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Abstract Honeybee semi-field tests were carried out to assess the effect of pesticides from 2016 to 2020 in
Korea. The experiments included three treatment groups (control, toxic reference (diflubenzuron or
dimethoate), and test chemicals), each with three replicate tunnels. The dimethoate emulsifiable concentrate
(EC) 46% (400 g, 600 g dimethoate a.i/ha) and diflubenzuron wettable powder (WP) 25% (600 g, 800 g
diflubenzuron a.i./ha) were used as reference chemicals. The mortality of honey bees, flight activity, brood
termination rate (BTR), brood index (BI), and compensation index (CI) from 5 year experiments were
analyzed for this study. The dimethoate treatment group had a significant impact on the mortality of
honeybees and flight activity compared to the control groups, but there were no significant differences in
honey bee mortality and foraging activity between the control and the diflubenzuron group, as it is not
acutely toxic to adult bees. The mean BTR values ranged from 20.5 to 47.3% in the control groups from
2016 to 2020. The toxic reference treatment with dimethoate or diflubenzuron led to a drastic reduction in
the brood development, resulting in mean BTRs ranging from 68.0 to 100.0%. These two chemicals could be
appropriate as toxic reference compounds, depending on the study aims, for semi-field tests in Korea.
According to the results of the five-year test, it is assumed that BTR <40% for controls and BTR > 70% for
the reference groups could be the appropriate test validity standards. Since the number of available domestic
studies (15 repetitions) were very low, and have been conducted only in one place, it is necessary to
accumulate more data sets to present reasonable test validity standards by conducting a ring test of semi-field
test with other domestic institutions in the near future.
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AR R oF 3000152 2= 5 84%7F 2250l <&
EHE Q2 slEu(Williams, 1994; Klein et al.,
2007) o] & Bo] °F 90%°] H& HlFS AL Sirk
(Allsopp et al., 2008). 82 F8 2= Akl F23k 3}
Haj7) Mulag Algebe 53] Aol w9 7H] Ql
= sHEmjZeelth. eutel e I 5 ALz
A =l shEnjzle] AAA 7HAE oF 59x90® 45t
3 S1Th(Jung, 2008). E+ W =] 50% o]/Fe] WEoRE
HE o 6 km oY Yt} sHESES 57wl &
& oY 7] ARE Foto] tdet e9=E ° 4 =
%4 4 Jtk(Beekman and Ratnieks, 2000).

HZ e MRS ZelA BEet ol §lo] &
el 30% ool ] ARME gt §3S/dH(CCD:
colony collapse disorder)’©] LAY3}HA] (Vanengelsdorp et
al., 2007; Potts et al., 2010a) = 7| 5=<] 727} AJejAl
2 sG] B4 S = F Atk vt AR
3 )tK(Gallai et al., 2009; Lebuhn et al., 2013).

=8 A A 8910 ® WA, s, 715wst, A4
A £, EF, velgs A T2 Bl gled)
(Carreck et al., 2002; Potts et al., 2010b; Smith et al.,
2013; Vanbergen et al., 2013; Staveley et al., 2014) 7L =
TS T8 U F R A ESkAL lth(Johnson et al.,
2010; Blacquiére et al., 2012). ©]o] Zt=tol|A= <kl of
g =8 SAANTEHE Sk s ETHE AAlske E
Hel FEgFE WA= s FAIskaL UTHOEPPEPPO,
2010a).

FH vlselxs = a4 H7T Tier 1 @A &
W g {50 FHEEAE, Tier 28A9M = HHok]AE
(semi-field test), Tier 3HAINA = kA E (full-field test)
S Y8l 5o]UTHEFSA, 2012; USEPA, 2014).

A4 S =4 R E £ 3PAIR o] FoiA o
W, Tier 19AM= = FASHEE € AInE,
Tier 227014 = QAEFE8AIE, Tier 39A A= ©F2
AEe TS IAEY] UtkEEISE A Al
2021-4%, 5F 5 AAe] 5571%). A2 SHEHAS
Me = woRRAANEE S HE FHe] iz
o AR A7 4 FAEAEETE dFEAE dEEld
(Chon et al., 2017, 2018). T3t & o)Al &R 2019
d 39 SRR (EENSA LA Al 202145, woF B
AAe] =715l 2B A

ool EHol| vAlE S Wk (semi-field) <2l
A F7ksle Al 2= dA] EPPO No. 170(4) (2010b),
OECD No. 75 (2007) ¥ Ooment et al. (1992) A|&® o] S

th. Oomen AEHE AFEHe] X3He A §HS HE

= [e) ?i
Oomen AW} 2] U 2E0] &=
AF Yy

=

= 2N
dxsto] WEo| SR EE
= il

U 0= A3},

Z OECD No.75¢1 7]9kst Hlope] Ay #d =gso
FEe FAow WEEy rt. EUd A9iii=
201195E 20143714 =83t 6271 Wk E <] brood
termination rate (BTR) 3t #413}2L OECD HHoke|A & H
o] R4 AFeHS 331 th(Becker et al., 2015). Liickmann
and Tanzler (202052 19979FE 201997k =4, 292,
A SoA 3E Oomen E OECD No.75 A&
BTR % vl #4139t

= Nl A AFEA AP, FAEE, FAUE

=

T2 ¥35E=d EPPO 170(4)(2010b)ollA = At Z TS
2 #d FA50l 71903 dimethoate?} IGR(insect growth

regulator) AI€<] fenoxycarbs A& 4= loial HASIL
3 OECD No.75%14+= fenoxycarbS, Oomen et al
(1992)°14= fenoxycarb®} diflubenzurons WJZ2TS
= AASkAL A

IGR AlE ¥k = FA5Ad = F3S AR BA
2 =9 brood] FFE PRIt Tasei, 2001). IGR A€
fenoxycarb®} diflubenzurons ©Fe|g<EollA H7hsk Al@E
ol w=ZW  fenoxycarbS 200-600 glha F5O0 2 A3
oA = Bre] T8l 7F R UK Gerig, 1991).
3+ Thompson et al. (2005)°] ]3P fenoxycarbe ©717F
o 43} -5 AXE sl on 9558 HAAIZT

Diflubenzuron 2% 34ZHAR, 719 4 JAA=Z
28318, 2 UH]E (Lepidoptera) 3% 52 WAIsk=H
AREEITHEPA, 1997). Diflubenzuron <73H4 110-400 g/ha
7F AEE oA A Edolu 5] S FFE
W] QI RH(Emmett and Archer, 1980), diflubenzurons
of o4 o] A (ovicidal)S 7HAA7) AL brood X|ARS-ol ©F
71Meg2 A7t s PAe R duEA o
(Thompson et al., 2005).

=) Ed wope A EHS OECD No. 758 71522 A
e T3 OECD AWM= UL
fenoxycarbs ARE-SIES AA|E o] QARE oA = 5ok
TAIZ 3l fenoxycarbs AHEE 4= §17] wiitol dimethoate
FA9}l diflubenzuron F3HAIE A3l AlFHOlEHE =
253t

OECD No. 75 A2 = & frolM spde]ol 2at
mini-Plus &S ARE-ate] TARIE AJFHORE AA7EA|
A Aol e F2 A o] Stk whEbA
715 2 Az FH vff- tE FHdA FAE 2
AAER Aujate] 75k wrope| AP ] FA T 2 A
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A, B = A = 2016202035 FE S =
W nlolalg o] FA T 9 FAZ T (dimethoate 141,
diflubenzuron 4=3}A|)e] =2 HoJe|(FH XA} 7AS, Y]
385 7)A| 4, brood termination rate (BTR), brood index,
compensation index)E Hlal FAate] =] Ald a4 7|
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Y 2 AIE CIxtel

U5 A7) (NAS)(35°49'40.7 "N, 127°02'44.9"E) °F
9 A 24 959 WAL BES AX s thFig. 1). 7t
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Fig. 1. Design of the tunnel (modified from Chon et al., 2017)

SHElE Y YNUER F2 CloE 24 101

I m FEo]2 AL 80% o Wi v A& A1&kslsint.
7t At TP, U, Aded Agees
datlon 7+ Agd 3uks "]340}"3‘3} & de] 4
°] o3 B A2A stal Hde| ¢, F, Skl A4S

teol 8 FAXE QojFiint. 74 HE °}°ﬂ FERE WA
0}04 oA &5 FTHIAL T AXE Nolle F2E
i HOR o] AA LAEA FEF siSith = whof
ST 201658 202003704 v 1314 3}l om
FAEEE FEES, FHANUZRTELS dimethoate 4 46%
9} diflubenzuron 5-8HA4 25%E AHE-8F3ATE. Dimethoate=
F710A] AF Ao acetylcholinesterase (AChE) A3l A|¢]
oh EE HE 9 HAEA LDy 2 247 0.1 pg/bee F
¥ E=2jo] v~ E=TH(Pesticide Properties DataBase, PPDB).
Diflubenzuron2 benzoylurea52] IGRA A5A|2 7)€l
g AfA R 2ok, 5] B 2uE Wallete
A2 WUHEFSA, 2015). 24 HE: 9 A=y
LDs, @t 742 >74.2 ug/bee, > 9.1 pg/bee ©]th(Pesticide
Properties DataBase, PPDB).
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2012)°04 AHERE oS 1% 2 dxgs dAsislen
diflubenzuron F3HAIS] 74 EH woRe]A]Y ]’H AHE-g
AP A7 {1171 w2l O]ﬁ] AlgellA] diflubenzuron 400 g
ai/has A3 W £ broodoll tiek FaFol it
AT A7 Tasei, 20018 HIR O 2 A¥ S HAYs19c) F
At 59 v eEo] &gl A7kl 3E(400 L/ha)
< At 2016d9E YHNZZLCZE dimethoate

A(400 g a.i./ha in 400 L tap water/ha), diflubenzuron 53}
A (600 g a.i/ha in 400 L tap water/ha)s AH&-3131t}. 2017,
2018, 2019d9)= UARFC =2 diflubenzuron F3HA)
(800 g a.i/ha in 400 L tap water/hays A3t 2020
o= dimethoate +41(600 g a.i/ha in 400 L tap water/ha)

& QT FF ATANE SN B B8 A}

4519 ZL(MSB-100S, Maruyama, Japan) A|@2HEe] 12
| sofo] AXHEE TR AFS Itk T E &
74 B3 B QbellM ASst v B A5Y A
ol 97§¢] MWE-S 2km HoXl HE 5 FAaRE o] FsI3ith
= A A, v EE, E 5 dSEEE 28Ye
A&717F 1t H7retd .

)

715 =A
959 B +93 & 1 km Bl =544 | 7]
7 BERY 2R, HUEE, F tolHE ARt F

ki 715t

Table 1. Evaluation of mortality of honey bees
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Table 1] Zﬂ/\]% 27 (Chon et al., 2018)°] W} &
He Hd 7 o 5 AE 2 HE 243t dead bee trapell
A 3t
HEES

ZFEd G 309 1 m® 78S A ste] 1 N eES
53Tt Table 290 AAIE L7l (Chon et al., 2018) )
gt 2 F95 dole Y (flying)t 3HEull BEshe
H(flowering)E &2 A7+ E<Hel: 10-15%) SA AT

k2t B7HBrood assessment)
b = dss =S 98 X E
s

ulag olgale] 7 ¥
BFD (brood area fixing day) 09 ‘&

& 200705 X4

Time of the test

Evaluations of mortality

Before application (day -3 to -1)

Once a day at the same time of the day in the morning

On the day of application (day 0)

* Shortly before application
* 2 h after application
« In the evening after daily flight activity of the bees

During exposure period in the tunnels

Once a day at the same time of the day in the morning

Up to day +28 after BFD (out of tunnels; only in dead bee traps)

Once a day at the same time of the day in the morning

BFD = Brood area fixing day

Table 2. Evaluation of flight activity

Time of the test

Evaluations of flight activity

Before application (day -3 to -1)

Once a day during the flight activity of the bees

Day of application (day 0)

« Shortly before application
« 0.5 h after application

« 1 h after application

* 2 h after application

* 4 h after application

* 6 h after application

Day following application (day 1)

Three times during the flight activity of the bees
(10:00, 13:00, 17:00)

During exposure period in the tunnels (day 2-7 after application)

Once a day during the flight activity of the bees
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Table 3. Expected brood stage at each assessment day for eggs at BFD 0

Assessment date

Brood stage in marked cells

BFD 0 Eggs

Assessment date

Expected brood stage in marked cells

BFD +5 days (+ 1day)

BFD + 10 days (+ 1day)
BFD + 16 days (+ 1day)
BFD + 22 days (+ 1day)

young to old larva

capped cells

capped cells shortly before hatch
empty cells or egg containing cells

BFD = Brood area fixing day

3} /\H]_q._o_ 243 35133 T} _LEtﬂ-/\oﬂ/q g3l _/,\_H]_d- o]
A= Microsoft PowerPoint 20102 #4131t W &%
=S W) S 22 2 BYe B2 APt A
+ &9 ARRI(BFD 0pIM A8 A& aFe= A3
S TS BFD #24 Y(BFD +5, +10, +16, +22(x1))o] &
%
Z

=

N'
e

3k &m)gt ofm|A] Qo] AAFol A E4& 33T
e Ao b §F SSHAE Hrishr] Ssl 0914 59
ATE et 2ol sk 0 2 FE, 1 Degy),
2: o]AH3(L1-L2), 3: i%" (L3-L5), 4: Hdl)7], 5: -3}
S Ul Al EE o FF07 A Al N: F(nectar),
P: Sk (pollen). Table 3o F7Hd ¥ o A ©AE U
ERH21tH(Chon et al., 2018).

Z E 4t A (Photobox)
FEHAE AT Chon et al. (2017, 2018)14 HA}
?‘lﬁﬁi v A2 Sl Asiith. 2ERA A7)
x0.6x 1.5m (Lx Wx HPRIIZ &H3 SH=E 283
=3 123 3131tk NIKON D300S 74 2HAF-S NIKKOR 18-
105 mm 1:3.5-5.6G ED #=)E o]&3to] 2naeE 23}
Att. 7HE= exposure time 1/6s, aperture 4.5, 1SO 200,
F-number F/5.0, focal length 50 mmZ 274313t}
H G Fwollx AHEE o]Fate] ARIEE S & &

] Eol ¥ m7bA] 5% ol o] Aol AR,

Brood termination rate (BTR)
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Brood index (BI) and compensation index (CI)
Bl & 5 L9 Aol 7t Stvith BFD #5 <
2ol AlLkS 3HTE BFD 371 Il o= dd @A

Al
of =g AL 157E /A A Folsiith AdE &

BFD #7143 371 o5 04 AElstat}. 2k B9
BI= BFD ¥ Az ¥=2 Hrig Ao e 2% sk &

FFE AR Ao = o] it

Cle &+t 3|59 Axoly 7zt gtnit} BFD &3 Uzt
of Akt A2 i gld dIdaA TS Edj2
138 58712 45 Fosisint). BIgk €2 Ao] BFD ¥
7tdel sigshe A% waAol Et‘o}xl Fll= A <l

2 Ako] Qlof MSHA(Y, f5, HulZly7E YW )
T AFE Foset. 7 B C BFD &2 dApE =2
W7k Aol g BT et & dEE dA Ao £E

o} et

ol

=

EARAE [BM SPSS 20.0 (SPSS Inc., Chicago, 1L,
USA)S AHE-3199 . HioJE= Shapiro-Wilk’s testS ARE-3}
oq z%;fz\% 7424& ng O}MJ‘ Leveneiﬂ =5 B} 747%
(Levene’s test) 3Fth Dunnett’s t-testS AFE3F] XA} 7]
(> control), H]8J 5 7HA|5(< control), BTR (> control),
BI (< control), CI (< control)2 H|2&}7| 93] thzH| (0=
0.05)5 a3t
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Table 4= &9 HoRRIAIH-S F8)¢t 51d(2016-2020) &
kel 713l lHE HoFET 2016%-8— 49 159%H 5¢
13Y7H4], 201798 49 18U R E 59 179714, 20188&
49 23d9HEH 59 214714, 2019 4% 1645 59
149714, 202092 49 7U5E 59 6474 AlES K13
sk Al 717F &<t 2016132 123], 2017@% 83], 2018
dL 93], 20199 53], 202032 63] H|7F YR B
=2717F Beb uF 7188 15924.9°C (201641), 18.8-24.2°C
(20179)), 15.5-25.9°C (2018d), 10.1-28.3°C (2019%), 11.3-
23.8°C (2020:3)01%0 e, 20163 =0l & FoF Axd o g
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Table 4. Climatic conditions during honeybee semi-field study from 2016 to 2020
(a) 2016
2016 Days of Temperature (°C) Rel. humidity (%) .
. Rain (mm)
date experiment mean max mean max
15-Apr ~ 17-Apr 3~-1 11.8~150 17.8~239 709~76.5 932~984 D-2:13.5,D-1:9.0
18-Apr ~ 25-Apr 0~7 11.7~17.0 159~249 589~926 87.9~96.6 DO: 1.0, D3: 31.0
D8: 0.5, D9: 29.5,
26-Apr ~ 13-May 8~25 132~195 15.1~272 51.1~894 824~954 DI10:3.0,D14:8.0,D15:16.0,
D18: 0.5, D22: 18.0, D25: 0.5
(b) 2017
2017 Days of Temperature (°C) Rel. humidity (%) .
. Rain (mm)
date experiment mean max mean max
18-Apr ~ 20-Apr 3~-1 11.6~13.5 152~219 602~81.0 909~975 D-3:0.5,D-1: 3.0
21-Apr ~ 28-Apr 0~7 121~169 188~242 541~960 812~97.4 D300, DA,
29-Apr ~ 17-May 8~26 149~20.0 172~283 49.6~88.0 81.6~957 DI14:11.5,D18:15.5,D19:2.5
(c)2018
2018 Days of Temperature (°C) Rel. humidity (%) .
. Rain (mm)
date experiment mean max mean max
23-Apr ~ 25-Apr 3~-1 138~153 15.1~214 593~89.0 925~94.5 D-3:18.5,D-2: 3.0
26-Apr ~ 03-May 0~7 120~204 155~259 63.7~883 86.2~93.7 D6: 38.0
D10:12.5,D11:16.5,D16:17.5,
04-May ~ 21-May 8~25 140~26.1 187~29.7 484~948 65.1~98.6 DI17: 5.5, D21: 0.5, D22: 5.0
(d)2019
2019 Days of Temperature (°C) Rel. humidity (%) .
. Rain (mm)
date experiment mean max mean max
16-Apr ~ 18-Apr 3~-1 12.8~143 220~229 455~680 81.9~923
D4:20.0, D5: 0.5,
19-Apr ~ 26-Apr 0~7 9.0~17.7 10.1~283 66.8~90.1 87.1~96.3 D6: 6.0, D7: 1.5
27-Apr ~ 14-May 8~25 11.0~203 13.6~282 46.6~887 79.5~95.8 D10:31.0
() 2020
2020 Days of Temperature (°C) Rel. humidity (%) .
. Rain (mm)
date experiment mean max mean max
07-Apr ~ 09-Apr 3~-1 7.1~93 138~164 58.0~663 86.6~914
10-Apr ~ 17-Apr 0~7 7.1~14.6 11.3~23.8 493~749 78.8~927 D7:4.5
D8:3.5,D9: 15.5,
18-Apr ~ 06-May 8~26 7.1~20.7 10.7~28.1 469~89.8 63.8~96.1 D22: 0.5, D23: 22.5. D25: 1.0
°F 1mme] HI7F WHA 3¢ ¥ 31mm® H7} Wit T Y] s E A 5 4 39 o]Fo) Hl7t
201745 E ¢ A T 34 0.5 mme] W% He 4 ok =38 20194, 202008 BE 3 717F FoF v
o] HIZF WAL 4, 592l v7F Wt 20189 %0lE 5 710] 10.1°C, 11.3°C Q1 & 375 A3t 6% &
1w 717 B

o]: /\LE ‘6‘ 60] v ]:]]7]. 38 mm 141 20191,3__8_ 40] b‘oﬂ D‘: 15°C o])\]—o]ohq_ l-:.g_llz Ak _“;c_ Eil:]

20mme] H7F Wi AX F 5, 6, 79 HI7F WisiTh gk v & gsfofstA Rt S 4-59 &

202000 ok A & 790 .Smm/l H7F Wsith s AL S Foke 2wl oy

OECD No.75 Al@Weld e 717z 38 ¥ A7 5t &oF 43 gdoy teed7iAe Jdd v 92 +
g2 3)

S
£2 948 zdsol,

71€-0] <15°C, >30°C 2! 3|3}aL $-7](rainy periods)

£ F3lega W]FM Atk =ulellA AJE g 59 F1ke] 7]

’3F7L diFE OECD Algz7dol H§atth 20162 EY X[AF R

A9 Y ] EORALE 10A1ZF 3o H7F 1 mm WEA Table 5& 2016~20201d &9 WhokoA|g T, 9
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Table 5. Mortality of worker bees during the experimental phase
ear Treatment Brodn 1™ Diodmy7e  Stodm 25 Otodm s
Control 73.3£16.0 70.8 £44.5 104.1 +£38.2 93.5+424
2016  Toxic reference (dimethoate 400 g a.i./ha) 754+59 607.7(*)+ 778.0 67.7+29.4 240.5(*)+493.2
Toxic reference (diflubenzuron 600 g a.i./ha) 63.7+31.2 58.1+£49.6 99.4+46.0 86.2+50.2
Control 219.6+72.3 241.1+70.9 24.4+20.6 93.7+ 1114
2017 Toxic reference (diflubenzuron 800 g a.i./ha) 142.3 £ 83.5 128.0 +43.5 194+22.1 54.1+59.6
2018 Control 188.0+126.4 154.1+83.8 23.7+13.6 67.2+834
Toxic reference (diflubenzuron 800 g a.i./ha) 190.7 £ 72.6 174.8+94.7 19.0+ 10.6 70.9+943
2019 Control 159.9+137.7 90.6+51.0 9.7+£5.7 34.6+46.9
Toxic reference (diflubenzuron 800 g a.i/ha)  140.3+129.4 96.8 £40.5 15.0+ 12.6 4024452
2000 Control 269.4 +228.4 207.6+119.4 87+57 67.6+111.5
Toxic reference (dimethoate 600 g a.i./ha) 78.3(*)+57.3 257.6 £125.0 57(*)£3.8 80.3 £ 134.0

b.a = before application; a.a=after application

iz Y AL fASFE HolFEr FAEEe HY
Wl Ha A WA G571 70.8~269.4712 STk, Dimethoate
A 5 Ul 32717 59 sAE § Ha XA}
AF7F 242+ 257.6, 607.7712] Atk Diflubenzuron ] 2]
Hd Ul Hat XAF A7 58.1~190.77H2] ek 20161
¥ AlEe] dimethoate A2+ HYE =&717F 5 3
o = XAPNAF7E 60770122 FA] 2]l Blsl] oF ou)
olAb Z7}5193th. Diflubenzuron 229 Ha B XA}
MATE FARTH FAXHCE F23 Zol7t fInor
o]+ diflubenzuron®] IGR A€ FFo= ¥ XA XAl
MAGo FFE FA BR7] witolch. FH niofeAJE2
AL Bl Qo] ME-S wiR|Ete] AlES a7 wiEel ¥

o] &3l F7tl g 2EH 25 uHA| ") ujeid HE
U= shtvl) €5 3 ¥ B o R Ui
o} HEd TS HolA =M A= Hd A4 HETt
FAE 20200 A B AHEEF AX A FAEF
o] i APIAG7E U RLET BAH 02 F-95H
Bokth, ol FA oA A A7 T2 Ah
Zol Juld oz i gEste = MAF7 BolA 7]
218k o7 =39tk 22 SynTech Research (2019)°]
Me 2 HolAE FeA HY U Ede 2EYAE
271 e FAgol U5S HY 593 H
d E(OECD AW 7|l wixlste] 2 XApRAITE
w3tk Aldd7 He SYd UES wAsis o
Fd PP BAZHCR o st B
HY FYol wixshs 2S Attt 20208 Al <]

Aol woF A A 3d Ft Hat XA} AT
AUzt JoEog gol woF A § A
Azl A4 A GFE vlas]7F o k. AR &
)2+ (dimethoate)®] &F A3E A3} $9] Ht XA A
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Miles (2003)2 spinosad 2/g<3HAI(SC)e] & F3=
H7sl7] 8l &= wkokeAlH S 423838192 ™ diemthoate
(400 g ai/hays PANZTOE A o Ha Y
AL WA GF7E FA R Rl vlEl] AR F 247K BAKCRE
I8 S7181$aL, Dinter and Samel (2015) cyantranili-
prole FAEAI(SE)S] & FaFs W7} sh7] sl wHiots]
AlFoA AN ZTE dimethoate FAE AFR-EII o H
dimethoate (400 g a.i/hays ] < 74 5t = 2|4} 7
AF7F FAE ] Hls] SAHCE foskA F7skaint.
Schur et al. (2003)2 SYollA € &4 RN H F
FINZA O Z fenoxycarb (Insega 25WG)E A3 57119]
ABAHE A5 Fexnoxycarb 22| & & X|APY
Are FFS BA FUAT FoF A 2F Fof] Wh7]

A WA= ZA F7FeF.

HI &S

Table 6 2016~202011 =1 WHRQIAIY Fxjg]wts}
o] vds AAFE yepdoh FA2e] %
AF A g vgeE AAFE 14.7-24.5 vl
¥ 5 7d B Ht vgSE MAFE 13.7-25.4 vl
o}, A Z dimethoate *|2)w-S FORAHE 2 H|3E
S A7 20164, 20201390 ZH2E 1.3, 0.50RI= A 7
3 B ngE o FASHA HPSE AT SAEUT
" diflubenzuron #2]t9] 75 v s A7 AL
A 5 FAXHSE Folgk Afol7} g om FAe|td vl
= EAFOoR 893 z}o)7t 9Tt ©o]= dimethoate
2 B Aol ARA R =3E HF A E oA
diflubenzurone IGRAIEZ £ AA| WU} f5agol] gk

> Ml ox
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Table 6. Flight activity of honey bees during the exposure phase in the treatments

Year Treatment daily mean day -3 to day -1 °*  daily mean day 0 to day 7 **
Control 14.7+6.0 13.7+6.8
2016 Toxic reference (dimethoate 400 g a.i./ha) 173+54 1.3(%)£ 1.3
Toxic reference (diflubenzuron 600 g a.i./ha) 14.8+£5.7 154+7.6
2017 Control 194+134 19.2+4.5
Toxic reference (diflubenzuron 800 g a.i./ha) 13.5+9.9 17.7+5.7
2018 Control 154+7.0 19.1+£38.1
Toxic reference (diflubenzuron 800 g a.i./ha) 17.0£8.5 174+6.7
2019 Control 245+6.0 149+104
Toxic reference (diflubenzuron 800 g a.i./ha) 19.3(*)+3.1 13.2+94
2000 Control 22.8+3.7 254+12.1
Toxic reference (dimethoate 600 g a.i./ha) 18.0(*)+2.5 0.5(*)+0.9

b.a = before application; a.a=after application

Table 7. Brood termination rates of the marked cells in the case of eggs at BFD 0

Brood termination rate (BTR)

Year Treatment
Mean SD
Control 31.33 12.85
2016 Toxic reference (dimethoate 400 g a.i./ha) 83.50(%) 28.58
Toxic reference (diflubenzuron 600 g a.i./ha ) 68.00(*) 14.18
2017 Control 29.33 6.53
Toxic reference (diflubenzuron 800 g a.i./ha) 77.33(%) 26.63
2018 Control 20.50 14.57
Toxic reference (diflubenzuron 800 g a.i./ha) 100(*) 0
2019 Control 473 13.5
Toxic reference (diflubenzuron 800 g a.i./ha) 752 22.5
2000 Control 29.8 8.6
Toxic reference (dimethoate 600 g a.i./ha) 97.3(*%) 4.6

S 7 Fofol7| witeltt,

Miles et al. (2012)= spinosad’} &30l v|X|& FI=
rksl7] Qs 5, 282 T Aol g 10 &
W alopRAlH S BASI T BA AR Fxjelte] v
& MAFE He 15200 AR GRS dimethoate
F71(400-600 g ai/ha) AE F 74 T v A
7} 5rke] ol & AA Fhasision ol S AldA e
v S8 S YERIIT

Brood termination rate (BTR)

Table 7 2016~20201 &8 WlokeAIE FA 23 &
Azl BTR #& UeRATh F32w BTRES 20.5~
473%019t. FANET  dimethoate *]2]+2] BTRE
83.5, 97.3%°]2\t}. Diflubenzuron *2]72] BTRS 63.0~
100% ©IAe}. 20199 FA 28] BTRO] 47.3%°103
FduZ(diflubenzuron)?] BTR 3t 75.2%°|eH &

AR SZ FeIgt zpol7t gliTh. 20199 AEE Al 741
3 YO R TSk fA & HE o] FH o Agko
™ Ho] £Z£0 2 <lsf FA2]e] BTR #to] A U2 A
o2 dq&sitt. F 539 A F 439 FAE BTR #
o] ¢F 30%9] #S YElo ol Haydr Axel vl
3 2kS Ui iz dimethoate 5412} difluben-
zuron F3HA| 22l 25 BTRE®] 68.0% o] W&kl ¢k
Az 6 AP He BTR #kol 83.5%7F ke U
ez EFE Hdsirta wdE

L3} 2920 2011F00A 20143744 54702] Al
o] FHIYL AMEE WHESFEYE ) 20809 T
A2l FdE (fenoxycarb)®] BTR #42 2H2f 29.2 +
21.6%, 70.7 +£27.4% ©]AT}. T2 22 BTREC] 30% ©]
a1l HHE= A1) 61.5% 1AL 40% ©18H= 76.9% ©]
Aok PR BTR el 70% ©173<] Hole7F A
HHE S 2 56.6% ©]ATHBecker et al., 2015). Szczesniak
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et al. (2018)2 20143 €] 20174714 5Y, ek 2
2, ml=ollA] S=agst & HlekeAge] FAE] BTR #
S B9 em 1 A ZL(6U AlF), ZF2G A1),
2R AE), Pl=(1770 A1&)e] BTR 2= ZHF 30.2%,
19.4%, 41.8%, 50.6% ©Itt. wl=r3} 2#Qle] FAE-
BTR #2 A o2 U3} e vig)] =7 Jeps).
=U FAGZN A1E, 1571 B'8) ¥ BTR 32 31.65%
2 599 FA2T BTR @3 vls:et 43E Jehfisih
BTRE A3 fraAds Yeilie 88 4+ golth
FAglFolA v BTR 3 2 A9 §848 vepdoh
AR OECD AldWold = Aldfasdel dist +a142
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Brood index (BI) and compensation index (CI)

Table 8 Zd HhopIAIY 53 Fote] gt} P4
29| Bl 448 HAFTh T4 2] Bl 4 2.34~3.98¢]
ATt FAET dimethoate A 2]7-9] BIg-S 0.13~1.179]
2it}. Diflubenzuron *2]7¢] BI Z5 0.00~1.75 ©|At}.
201938 Fx2)72] BTRO] 47.3%9]917] W&ol BFD+22
BI fto] 2.630.2 o=z thE Wxkol 3 Alg 3t
B}k WA Uit

Table 9= & WHORIAIY 5 5o FA 2wt} G4
2] CI 48 HoErh FA4 2 Cl 32 2.52~4.55¢]
At AN ZT dimethoate #]2)+2] CIEHE 0.67~1.959]
%I}, Diflubenzuron &2 CI 3+ 0.00~3.38 ©]it}.
O dxo] 4305 dlole]A| oA diflibenzuron® &)<
BFD+594] BFD+227F4] (I Zfo] 201402 Z7}sl= 7
S JERIA T 20189 % diflubenzuron ##]+& BTR %%

Table 8. Brood index during the observation period

Year

Treatment

Brood indices during the observation period (+1 day)

BFD 0 BFD+5 BFD+10 BFD+16 BFD+22
Control 1 2.52+0.07 2.98+0.33 2.80+0.42 3.43+£0.59
2016  Toxic reference (dimethoate 400 g a.i./ha) 1 1.17+£1.00  0.66(*)£1.02 0.66(*)+1.02 0.84(*)+1.29
Toxic reference (diflubenzuron 600 g a.i./ha) 1 1.51+0.47 1.57+0.67  1.28(*)£0.51 1.53(*)+0.57
2017 Control 1 2.54+0.12 2.92+0.33 2.89+0.32 3.52+0.35
Toxic reference (diflubenzuron 800 g a.i./ha) 1 1.75(*)£ 023 097(*)x1.16 091(*)=1.07 1.13(*)+1.33
2018 Control 1 2.63+0.22 3.15+0.58 3.19+0.56 3.98+0.73
Toxic reference (diflubenzuron 800 g a.i./ha) 1 0.09(*) £ 0.15 0.00(*) 0.00(*) 0.00(*)
2019 Control 1 2.38+0.26 2.34+0.51 2.27+0.53 2.63+0.68
Toxic reference (diflubenzuron 800 g a.i./ha) 1 1.48+1.24 1.24+£1.08 1.08 £0.97 1.24+1.13
2000 Control 1 2.68+0.21 3.14+0.15 3.03+0.18 3.52+0.42
1

Toxic reference (dimethoate 600 g a.i./ha)

0.95(%)£0.97 0.15(*)£025 0.15(*)%0.27

0.13(%) £ 0.23

BFD = Brood area fixing day

Table 9. Brood compensation index during the observation period

Compensation indices during the observation period (1 day)

Year Treatment
BFD 0 BFD+5 BFD+10 BFD+16 BFD+22

Control 1 2.52+0.07 2.99+0.33 2.83+043 3.61+£0.60
2016  Toxic reference (dimethoate 400 g a.i./ha) 1 1.18+1.00 0.67(*)+£1.02 1.18(*)+0.88  1.95+1.33

Toxic reference (diflubenzuron 600 g a.i./ha) 1 1.55+0.42 1.72£0.53 1.77(*)£0.05  2.12(*)+0.04
017 Control 1 2.60+0.07 3.38+0.12 3.71+0.14 426+0.20

Toxic reference (diflubenzuron 800 g a.i./ha) 1 1.75(*)+0.23  2.16£0.43 3.07+044  3.38(*)+0.32
2018 Control 1 2.68+0.24 3.40+£0.39 3.67+0.22 4.55+0.25

Toxic reference (diflubenzuron 800 g a.i./ha) 1 0.09(*) £ 0.15 0.00(*) 0.34(*)+0.58 0.67(*)x 1.15
2019 Control 1 2.52+0.18 2.84+0.438 3.05+£0.67 3.84+0.49

Toxic reference (diflubenzuron 800 g a.i./ha) 1 1.90 +0.88 1.77+1.18 1.68 + 1.21 2.53+1.55
2000 Control 1 2.72+£0.19 3.46+£0.05 3.52+0.18 421+0.12

1

Toxic reference (dimethoate 600 g a.i./ha)

L14(*)+ 1.04  0.70(*) + 0.90

0.96(*) % 1.01

141(*) = 1.70

BFD = Brood area fixing day
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Miles et al. (2012)2] oA F3E = nlofelA g
A5} oJ5hH YANZTEO R fenoxycarb®} dimethoate
S AHEEIS W FAE 25 CI7F BED +6, +10, +15,
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Schur et al. (2003)2 oA F3d 7)) ER HkoRo]A|
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At

U4 20162020040 FPE = WoRAE E4
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