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A Study on the Effect of Carbaryl Wettable Powder
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Abstract Honeybee semi-field tests were carried out to assess the effect of carbaryl wettable powder (WP)
50% from April to May, 2017. The experiment included three treatment groups (control, toxic reference
(diflubenzuron WP), and carbaryl WP), each with three replicate tunnels. Mortality, flight activity, brood
development, and condition of colonies were assessed during the testing period (28 days). Sever adverse
effects of carbaryl WP were detected in the terms of the mortality and flight activity from the days of
application to three following days but were observed lasting no more than 4 days. Brood termination rates
(BTR) for marked eggs were 29.3%, 77.3%, and 68.8% in the control, toxic reference and carbaryl WP
groups, respectively. Even though clear adverse effects on the brood development were observed, no adverse
effects on the overall survival of the colonies could be observed in the carbaryl WP treatment.
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2006 Tl A 9ol BE o]fE EHEC] 1A §lo]

A= B AH(CCD: colony collapse disorder)o] H31%|
= % g vFlME B AT ASH R e
Al ok L# A UTHEllis et al., 2010). Z Uelo g n}
olfX Y, WAy, 715st 55 Bt e
8 A9 F R FoFS AL Utk wEbA ZhelA
= Bl 9L PAE FS Al S8 2l 54
AEHE P53kl Q1 7 A8kl st

EUY Pl=r¢] = QJelA) |7k Tier AlSHE 7HALL
At Tier | BANM= B2 9§52 S5, Tier 29
Aol & BEoEI A S (semi-field test), Tier 3THAGIAE ©F
A E (full-field testys XP3HEE =] UTHEFSA, 2012;
USEPA, 2014).
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AlEE AP== HodtkEENEd A Al 2014-36
3, 5 2 AAY] §571%). 3% @A Tier 3979 Al
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W gkl AIE M-S OECD No. 7590 al33h= AlEW
o2 AL gd ¢kl st oK Phacelia tanacetifolia), ©F8

AR Sinapis arvensis), 3 (Brassica napus) 722 4 4

ok = AL A e e, ¢ £ TS
T, 5 dEE S4ske Al@RO|tHOECD No. 75, 2007).
v %5 9S=E A3 $lsiA= BFD(brood area
MdE AREsl=t] BFDE 48| dol| A 2kt
2} 3k Yege)ye A= E=A Ado| BFD 0do] &
th AlFEZ A2 2~39719 BFD 0¥< A3t Ald &2
% 3 BFD +5, +10, +16, +229] & §Zo] A=
G HEste] of g @] Alle] AQEE AFHol
71&9] HWrply s ge] sofo] e ¢RE 5, Al
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T} o2 S0} Becker et al. 2015y SU3 292X
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2003). T4, FHFA Aol s B vk A S
W Hx FEote] A=Az Fdxe =4
dimethoate?} diflubenzuron &A1 S A¥Este] A|FHS 1=
StlaL o] ¢F A E =S ARSI THChon et al., 2017).
FHhH o] EA A5 carbaryl> Al shehd A s}
A2 F2 AR-E I ). Carbaryl> AChE AsjAl 24 7
SE R AR AR AR AHE] A § AREA
Fes7re] =4 HsjalEzt v BarE L Qi Carbaryl
AR 4 HE L S 72 0.84, 0.15 ug/bee® =
Hol| ZAdo] w9~ 7}3}th(Sanchez-Bayo and Goka, 2014).
TS carbaryl 7814 2] RT,s(Residual Time to 25% mortality)
e 5 oo g AR VIO el XA A=
A} 2ol gbds] 21 -, A ol O 1S ¢ AlA
% carbaryl T3 E ARg-aFEtaL FH-8EAL QiTt.
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% 5m, #°] 3meIUL UHIZE 3 mm ©]ke] FALE 23]
o AEZHES w2 sHEEsol A es Sujolx] &3
E e AR AAsn. A Aok 20164
1099 B8t o Al soF A2l Aol WsHA of
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(250 g ai/ha in 400 L tap water/ha)E AE3ISIT), A}
< 78 45 T 2715 ARESIAIL(DIA sprayer
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Table 1. Evaluation of mortality of honey bees

carbaryl 23tH| SAmIt 101

Time of the test

Evaluations of mortality

Before application (day -3 to -1)
On the day of application (day 0)

During exposure period in the tunnels
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

« shortly before application
* 2 h after application
« in the evening after daily flight activity of the bees

once a day at the same time of the day in the morning
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)

Day of application (day 0)

Day following application (day 1)

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

once a day during the flight activity of the bees

« shortly before application
* 0.5 h after application

* | h after application

* 2 h after application

* 4 h after application

* 6 h after application

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

once a day during the flight activity of the bees
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= gEEe B W 4 1w’ 78S A st &

23T} Table 20 AAlE Ao wpel vz 253}
Wi & FE Dol ¥ A 5 S AT 5
e}

©: 10-15%) ZA 34}

+10, +16, +22, +28)°ﬂ AA é A —
A (7 B Aol %01 U= HE] ), A4e
el &), 7 Anjae] Ak, sHE 9 Ho| (7
H] WAl t)gl H]E)o]AH(Chon et al., 2017).

22t B7}(Brood assessment)
N&717r B9t 2 B2 A E 200712] Dege)yS EE
HAE o]8sly FASINY W fF ASEE W]
D 022 A4t} skt
g%l% @9 5 ESEAE "Hrlebr] fs) 0914 59
%4 BFD +5, +10,
o Akt dAE

Table 39 UrEM] o=

EZ E 4} A (Photobox)
EEEAE AdATo] AAISE W (Jeker et al., 2012)
Farste] Azt o AAS AV Chon et al. (2017)9]]

Table 3. Expected brood stage at each assessment day for eggs
atBFD 0

Assessment date Brood stage in marked cells

BFD 0 Eggs (1)*
Assessment date Expected brood stage in marked cells
BFD +5 days (£ 1day)  young to old larva (2, 3)

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

“The recorded growth stages are transferred into values counting
from 0 to 5; 0: termination of development; 1: egg stage; 2: young
larvae; 3: old larvae; 4: pupal stage; 5: empty or again filled with
brood

capped cells (4)
capped cells shortly before hatch (4)
empty cells or egg containing cells (5)

AT LB F7] 1.2%x0.6x 1.5m (L x W x H)
oL ZH| FU7F oA 2HRkE Y = Itk AF-S
NIKKOR 18-105 mm 1:3.5-5.6G ED #:=7} )= NIKON
D300S 7H|2tE ol&ste] LS EFsidinh. 7=
exposure time 1/6s, F-number F/4.8, aperture 4.5, ISO 200,
focal length 52 mmZ A3 T} AH]F o|nA= ZFH
2 27 Microsoft PowerPoint 20102 #413}9it}. BFD 0
Aol 20071 9] & AR A= Gt A= EFg
AFI(BFD 0y~ 21 200709] A& 2502 A4S &
T A% A5 ol g AHR onjA] 9o HAF

oF A 42 ST,
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Brood termination rate (BTR)
BTRE Th&} o] Asiint
BTR= (@54 g & 43 waeo] wesx)

g o] bRt Alo) & 57 x 100

Brood index (BI) and compensation index (CI)

BlE & 5 29 Aol S<tuith 2t BFD H7H ol
RS SIStk ®7E Al ddEE T gl mudl
o 1%E S A5E Relsdnh. o 4% o] A4
o Sl =] B3 AY BFD +5¥0lA +162-5<t
17} (BFD 020 2l B Aol ghek, ThA
o] 4ol o) g5l oot ATiglol, Br1Ls} 7Y ol
o= 0 AZstslth. ¥=-¢ Bl= BFD U7 & H7He

o kg B 3 F B3 A S o] FHir,

i X

T T L 1

rulo

oI - 24 - 2EE
Cle &+ 3159 x|3o|w 7} BFD 7t AL s} ;1=
/\-lE1 j ]—Eoﬂ E]—O]Q /tha-ﬁ]tl]—_ EEHE 1_,_]:/1 } ]

e

s el 4 °P°ﬂ Ago] glo| HHE Folaket. B
29| Cle & BFD 9] W7k 49l 32 B 3
F 22 49 #i vhro] Pl

£

FA%A IBM SPSSE AME-5191t). HolE= Shapiro-
Wilk’s testS ARE-Slo] HEEE Levene’s tests A3}
o] SEA AL s3It} Dunnett’s t-testS AF&-alo] A}
£ (>control), H]8J €5 (<control), BTR (>control), BI (<con-
trol) Z&] 3L CI (<control}& H]i3l7] ¢ THEH|a (o=
0.05)5 F3sk3ich.

Table 4. Data on the climatic conditions during the experimental period

Date Days of experiment Temperature (°C) Rel. humidity (%) Rain (mm)
mean max min mean max min
18-Apr -3 13.5 21.9 8.8 81.0 97.5 51.6 0.5
19-Apr 2 12.3 17.7 6.1 60.2 90.9 29.0 0
20-Apr -1 11.6 152 8.6 68.6 95.9 349 3
21-Apr 0 12.3 18.8 6.8 74.4 97.4 429 0
22-Apr 1 12.7 20.3 6 70.5 96.5 273 0
23-Apr 2 13 22.1 5.1 62.7 92.9 322 0
24-Apr 3 14.5 229 49 54.4 89.4 239 0.5
25-Apr 4 16.9 222 11.1 96.0 93.2 46.4 5.5
26-Apr 5 15.3 20.5 8.7 614 94.8 27.1 0.5
27-Apr 6 12.1 19.1 5.1 54.4 91.5 20.9 0
28-Apr 7 14.9 242 7.2 54.1 81.2 15.9 0
29-Apr 8 17.6 253 79 49.6 94.2 12.5 0
30-Apr 9 20 26.8 13.8 53.4 81.6 40.5 0
01-May 10 18.3 28.3 10.3 66.4 94.9 259 0
02-May 11 18.7 27 11 62.1 91.7 30.4 0
03-May 12 19.6 279 11.2 59.9 92.6 30.9 0
04-May 13 19.9 274 12.8 63.4 91.9 29.6 0
05-May 14 18.9 25.5 15.7 77.6 95.4 48.0 11.5
06-May 15 15.5 21.9 9.8 59.2 94.4 15.8 0
07-May 16 14.9 22.8 8.5 67.7 90.6 332 0
08-May 17 17.1 233 9.7 55.5 92.0 239 0
09-May 18 15 18.2 12.6 82.5 95.2 58.4 15.5
10-May 19 15 17.2 12.5 88.0 95.7 67.3 2.5
11-May 20 19.9 26.7 14.7 68.9 83.9 38.0 0
12-May 21 19.8 233 14.6 73.8 91.9 56.9 0
13-May 22 18.5 25.6 13.6 76.6 93.9 49.9 0
14-May 23 15.7 21.6 10.3 65.0 95.6 26.2 0
15-May 24 15 21.2 9 68.5 91.7 375 0
16-May 25 15.5 22.5 9.9 70.4 92.7 40.2 0
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@712 B F 8319 W7k W SO AT F 300 2
7% =4 o(OSmm)«] Hl7} HiEth B A A7 sof A
N7 &S 2k, AEFE, FrES Table 49 e F 8UFE 2697HA]= 33]9] HI7F RS B|7F | 59 9
Wit woF AxYETE 797 HE W §oF =E717 A, 109< Zﬂﬂ Sfale Bt 712 20°C7F ERAaL HAL 28°C
et H 72 12.1°C~16.9°C HaL Bl 20°C7} A& 744 2HE fA AT
Table 5. Mortality of worker bees during the experimental phase
Control Diflubenzuron WP 25% Carbaryl WP 50%
day? mean” SD? mean SD mean SD
day -3 294.7 154 2323 70.1 3753 126.0
day -2 150.3 46.7 67.3 323 117.0 40.1
day -1 213.7 64.2 127.3 36.1 183.0 17.7
daily mean day -3 to day-1b.a.” 219.6 72.3 1423 83.5 225.1 1342
day 0 318.7 80.0 143.7 29.0 1142.3 170.4
day 1 92.7 30.7 36.7 20.6 3153 80.6
day 2 235.0 3255 101.3 25.7 609.7 169.5
day 3 222.0 119.8 127.7 31.8 336.0 124.1
day 4 3013 70.8 165.3 54.6 293.3 422
day 5 248.7 79.6 155.7 27.4 317.7 37.7
day 6 291.7 117.9 170.3 35.7 251.7 36.8
day 7 219.0 76.0 123.0 452 277.0 823
daily mean day 0 to day7a.a.” 241.1 70.9 128.0 43.5 4429 (*) 304.0
day 8 10.3 2.5 10.0 2.0 13.7 6.5
day 9 7.3 3.5 8.0 1.7 6.7 0.6
day 10 183 10.8 113 4.0 20.0 7.9
day 11 19.7 13.6 7.0 1.7 26.7 19.1
day 12 7.3 4.0 8.0 1.0 20.0 18.5
day 13 16.3 6.7 7.3 2.9 14.7 13.3
day 14 19.7 8.5 18.0 5.6 19.0 14.7
day 15 83.7 23.8 92.7 11.0 130.7 459
day 16 8.7 3.8 4.0 2.6 16.7 6.8
day 17 19.7 13.6 7.0 1.7 26.7 19.1
day 18 - - - - - -
day 19 45.7 20.0 34.0 4.0 43.7 11.6
day 20 13.0 7.0 11.0 6.6 15.7 2.1
day 21 45.7 18.6 28.3 244 333 19.3
day 22 52.3 15.0 46.7 15.9 100.7 19.0
day 23 14.0 3.0 83 2.5 20.7 5.7
day 24 15.0 44 17.3 5.8 21.7 11.0
day 25 17.3 3.8 10.3 5.5 17.3 3.1
daily mean day 8 to day 25a.a. 244 20.6 19.4 22.1 322 329
daily mean day 0 to day 25a.a. 93.7 111.4 54.1 59.6 163.6 (*) 256.7

9days -3 to -1 = days before application; day 0 to 25 = days after application

mean values of three tunnels per treatment group
9SD = standard deviation
9b.a = before application; 9a.a = after application

day 18 = there was heavy rain on the assessment day and therefore mortality of worker bees could not be assessed.

* = statically significant compared to the control
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Table 6. Mortality of pupae during the experimental phase

S
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e b R~ L= PN =]
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nx

ol vla Be 5o A A 7 WASAAT B
F 4AREE TA2S A AR B0 fee
AolE JERIA) 9tth. ol carbaryl S31A19] QHAAL
RO ERES L SR E R
% itk vk gTiERe] 28 A4 A S TR
3} ) o) BAROE §I3 Aol7} k. ol 2016

Control Diflubenzuron WP 25% Carbaryl WP 50%

day® total mean® SD? total mean SD total mean SD
day -3 5 1.7 1.2 0 0.0 0.0 2 0.7 0.6
day -2 3 1.0 1.0 0 0.0 0.0 0 0.0 0.0
day -1 1 0.3 0.6 4 1.3 2.3 2 0.7 1.2
sum day -3 to day -1 b.a.¥ 9 3.0 2.0 4 1.3 23 4.0 1.3 1.2
day 0 9 3.0 2.0 5.0 1.7 0.6 4.0 1.3 23
day 1 0.0 0.0 0.0 2.0 0.7 0.6 1.0 0.3 0.6
day 2 7.0 23 2.5 5.0 1.7 2.1 7.0 23 0.6
day 3 1.0 0.3 0.6 11.0 3.7 2.3 2.0 0.7 0.6
day 4 6.0 2.0 35 16.0 53 42 9.0 3.0 1.0
day 5 0.0 0.0 0.0 19.0 6.3 2.5 9.0 3.0 0.0
day 6 0.0 0.0 0.0 18.0 6.0 1.0 8.0 2.7 2.5
day 7 2.0 0.7 0.6 15.0 5.0 4.6 1.0 0.3 0.6
Sum day 0 to day 7 a.a.” 25 3.1 3.6 91.0 (*) 11.4 6.6 41.0 5.1 35
day 8 6 2.0 2.6 7.0 2.3 2.3 1.0 0.3 1.0
day 9 3 1.0 1.0 1.0 03 0.6 3.0 1.0 0.6
day 10 0 0.0 0.0 3.0 1.0 1.0 1.0 0.3 1.2
day 11 7 2.3 4.0 7.0 2.3 3.2 2.0 0.7 0.6
day 12 0 0.0 0.0 4.0 1.3 1.5 1.0 0.3 0.6
day 13 6 2.0 2.6 5.0 1.7 2.9 1.0 0.3 0.6
day 14 0 0.0 0.0 18.0 6.0 8.7 1.0 0.3 0.0
day 15 0 0.0 0.0 23.0 7.7 10.8 0.0 0.0 1.5
day 16 0 0.0 0.0 2.0 0.7 0.6 5.0 1.7 0.6
day 17 7 2.3 4.0 7.0 2.3 3.2 1.0 0.3 0.6

day 18 - - - - - - - - -
day 19 0 0.0 0.0 7.0 23 2.1 0.0 0.0 0.0
day 20 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
day 21 0 0.0 0.0 1.0 03 0.6 0.0 0.0 0.0
day 22 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
day 23 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
day 24 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6
day 25 0 0.0 0.0 0.0 0.0 0.0 2.0 0.7 0.0
sum day 8 to 25 a.a. 29 1.7 2.8 85.0 (*) 5.0 6.5 18.0 1.1 1.3
sum day 0 to day 25 a.a. 54 22 3.1 176.0 (*) 7.0 7.1 59.0 24 29

9days -3 to -1 = days before application; day 0 to 25 = days after application

’mean values of three tunnels per treatment group

9SD = standard deviation

9b.a = before application; “a.a = after application

day 18 = there was heavy rain on the assessment day and therefore mortality of pupae could not be assessed.
* = statically significant compared to the control
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ol & AL HA| e AA|sh= AHEA carbaryl T3}
Al AA = AL JHA] 7 g BEgso] 9ES We

o
o AE & it

ST MY

Table 8 BFD 0Q93E] +28U7kA] 9] ¥ 7)) 4= W3}
£ YeldTh BFD 099 A2, YA, carbaryl
SHA| Mele] B = hA = 24 6905, 6417, 8396
2 B AA =27) 9 7000~8000 mHY EHe RN
o} FAEEe T WA F7F e F71ske] BFD +28
ol oF 37% o] S7FFAAIRE Y lZ diflubenzuron
A2l BFD +22d0l =9 JJA] 71 oF 15% ol A4
ST BFD +28%90] 98.7%Z 5718tk Carbaryl <=
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Table 7. Flight activity of honey bees during the exposure phase in the treatments

Control Diflubenzuron WP 25% Carbaryl WP 50%
days? number of bees number of bees number of bees
mean® SD® mean SD mean SD
day -3 25.0 3.5 16.3 1.5 9.8 04
day -2 323 3.5 25.8 4.0 25.3 1.5
day -1 1.0 0.6 2.7 0.6 1.2 0.5
mean day 0 b.a.¥ 19.2 0.7 9.2 2.2 12.1 0.5
daily mean day -3 19.4 134 13.5 9.9 12.1 10.0
to day 0 b.a.
mean day 0 a.a.® 17.7 1.2 12.4 1.2 1.7 0.3
day 1 14.3 0.3 239 3.0 1.2 0.8
day 2 20.0 1.5 28.1 0.7 4.7 1.2
day 3 28.2 2.7 11.1 1.5 8.6 24
day 4 15.0 0.9 16.0 1.3 9.6 2.7
day 5 22.1 0.8 17.3 0.7 13.0 1.8
day 6 19.9 1.1 17.8 1.5 12.9 3.1
day 7 16.0 0.9 15.0 1.7 12.2 34
daily mean day 0 19.2 45 17.7 5.7 8.0 (%) 49
to day 7 a.a.

9days -3 to -1 = days before application; day 0 to 25 = days after application

mean values of three tunnels per treatment group
9SD = standard deviation

9b.a = before application; ®a.a = after application
* = statically significant compared to the control
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Table 8. Number of bees per assessment per colony
(a) Number of bees per colony in the control group
BFD 0 BFD +5 BFD +10 BFD +16 BFD +22 BFD +28
tunnel # bees # bees # bees # bees # bees # bees
1 7137 8159 8894 9079 7258 8799
2 6455 7177 7702 7993 7909 7983
3 7123 8071 8757 9955 11580 11650
sum 20715 23407 25353 27027 26747 28432
mean 6905.0 7802.3 8451.0 9009.0 8915.7 9477.3
SD 389.8 5433 652.3 982.9 2330.2 1925.3
% 100.0 113.0 122.4 130.5 129.1 137.3
(b) Number of bees per colony in diflubenzuron group
BFD 0 BFD +5 BFD +10 BFD +16 BFD +22 BFD +28
tunnel # bees # bees # bees # bees # bees # bees
1 5702 5004 6288 5435 4354 6831
2 6920 7095 7472 8055 6385 6760
3 6630 8322 8191 7372 5449 5401
sum 19252 20421 21951 20862 16188 18992
mean 6417.3 6807.0 7317.0 6954.0 5396.0 6330.7
SD 636.2 1677.6 960.9 1359.1 1016.5 805.9
% 100.0 106.1 114.0 108.4 84.1 98.7
(c) Number of bees per colony in carbaryl group
BFD 0 BFD +5 BFD +10 BFD +16 BFD +22 BFD +28
tunnel # bees # bees # bees # bees # bees # bees
1 9906 9228 9659 6508 5490 6282
2 8030 7073 8567 6650 9491 9330
3 7254 7287 8911 11822 14800 12290
sum 25190 23588 27137 24980 29781 27902
mean 8396.7 7862.7 9045.7 8326.7 9927.0 9300.7
SD 1363.5 1187.2 558.3 3027.9 4670.3 3004.1
% 100.0 93.6 107.7 99.2 118.2 110.8
Z9A% B o A1 BED +109 olF ¥ &7 olgleh. TAzo) vls) FNEZ carbaryl A A
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Brood termination rate (BTR)
BFD 02 Z(ege)® 715S W FA2E, FAHURE,
carbaryl =314 A|2]+¢] BTRE ZH2t 29.3% 77.3%, 68.8%

o] th(Becker et
al., 2015).

Brood index (BI) and compensation index (CI)

BTR A#oA 58 4 9l%o] BFD +229914] 243
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Table 9. Brood termination rates of the marked cells in the case of eggs at BFD 0

Treatment Eggs 22 day after BFD 0 brood terminated
Group BFD 0 # BTR [%] Mean BTR [%]
200 63 315
Control 200 69 34.5 29.3
200 44 22.0
200 168 84.0
Diflubenzuron WP 25% 200 96 48.0 77.3 (*)
200 200 100.0
200 118 59.0
Carbaryl WP 50% 200 173 86.5 68.8 (*)
200 122 61.0

BFD 0 = brood fixing day 0; # = number of terminated cells; BTR = brood termination rate

* = statically significant compared to the control
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Fig. 1. Mean brood indices and compensation indices of eggs,
= statistically significant compared to the control.
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