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Abstract |

Pollination is the important natural process for fruiting. However, too high fruit bearing leads to
lower quality fruit production. Thus, the flower and fruit thinning is becoming crucial. The use of the
chemical agents such as carbaryl and lime sulfur is increasing because of the labor and cost
benefit. We tested the foliage residual toxicity of two chemicals against the honey bee and bumble
bee along with DAT (days after treatment) on buckwheat. Results indicated lower toxic effect of
lime sulfur on both honey bee and bumble bee. Carbaryl showed low toxic only on bumble bee but
high toxic on honey bee. Residual toxicities were higher than 60% even until 21 DAT. Foliar
residues were 180, 110 and 18 ppm of carbaryl at 1, 10 and 18 DAT, respectively. This study
suggests that lime sulfur is relatively safe to both bees and carbaryl is less toxic to bumble bee, B.
terrestris but highly toxic to honeybee, A. mellifera even until 21 DAT.
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5t FHtH(Free, 1970). 9-2ubefo| A 2pp0f A4
AR AN LS 12329 A2 FAME o, &
ol ofgk shEufj 7ol it AA A 7HA) = oF 62
O 2 o) 24 A AN 0] 50% == 5785t
3 A TH(Jung, 2008). -2 UpEtol| A AP A o' Sk
uH7H = H_Q_OE o]_Q_Q = =0 Okigm(Apls
mellifera L.), %5 4 H(Bombus terrestris), ™ 2] 27}
91 1(Osmia comifions) S| 91k o] % oF3H o] &
A Hlgo] 589% %2 7Hd WL, AT 9 28.8%,
7 HE = 13.4% 50| th(Lee et al., 2007; Yoon et al.,

2008; Yoon et al.,2012 ).

2 ol A T3 AE 2 HolB A A
w5 ] Bto] WA S718l T Qi Aol B
PPOIAE AL B 2] Bk Zol7] 19 Behe Al
A€ ©]-8:3132 21eHKim e al. 200). 4= A4
oA HshH T} 2 e WAL B F okay o
207 we - E¥S 93 H(Kim and Jung, 2013).
o]o]| A sl/# uto] A5} B¢ o w a}eh4] 2| 3}/ 1}
Aol gt =827} S7Fskal U thJang et al., 1998). Al
ol A= 3FehA HBHA| & Fhube| o] EA| AHEA)|
ol carbaryl-2- 2 AF8-5FaL Q) O L, carbaryl-2 L HF=
oF A5 = 5 Aol *}351 = ASA0] 7] wfZoll A
B2ty A5 ARGo = 1% EH sl Al 7} th=
Hawo] Qlek =3k %féi Joll A= A A = A
&%¢! carbaryl- i}xﬂi A8 EAIBEAL Qlom,
AbpEo] h 5] 219 =5t M Bf AEof 25
2hd 3] A A% Carbaryl% A8l Erefar gHskar §l
t}. Carbaryl®] th A 2}gh== A 3] -7 A (lime
sulfur)7} 2 24| &2 0]-8-&| 31 §l O L} A 3}/ A 1A = A]
o] a4 SHA A3 FHEA E ) carbarylo] =
Al 7= A2 Aek(Yoon, 2011). ool 5 T ol A=
carbaryl o]-8o| £2] 911 Q1= Aol T
carbaryl th 4| SFeH-E2 2H7] 913 =
o] 2] 1L Q] th(Byers, 2003; Good Fruit Grower, 2003;
Mahvash et al., 2009).
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Fig. 1. Generalized carbaryl degradation pathway (USEPA, 2003)
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St o1 2. Sl e LSteh 448
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2006; KCPA, 2014). 2-8- A=-2 =1 2] o A= 2| 72}
o] A-g-ww, ol A= A, ARHE-A)), B,
LU, FH S| A8 A8 sieS
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P LS e E A8, o= Hé]
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AR Fol 4 AtaTsh ApAol BA e
Z o &2 et A 9lth(Yoon,2011).

AFZHF Aol A= 2 7Hg-0 2 ARE-E ™, AME-4] 7]
L o] a8 25 SuAWA )2 A Hof 9t
(Kwon, 2011). Carbarylo]] |3t &1} 2}-8-7] 22 A 1}
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2208 w3 A BSHE W 7]e} ot Bo] 314l
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Q 3}FCHUSEPA, 2003).

am 334 (lime sulfur)= 48]0} §350] B82
Ao At Al = P Al s ol A AR
T]ar @ik 1881 et oA L BSHlA| o0 &
ARG o] grol MaL At S-S F Ao A
Y11 glo] 24 ol L 2k el g o2 By
Al A5 of grom, 2 AR Aol A= Aok =
T 7|9 o] &% 31 ¢lth(Jang and Lee, 1998; Jang e al.,
1998; Kim et al., 2008). X 3]-5-3}5HA|of 2]3t 7<4§} A}
37] ZF.O o 1_7}2 tﬂ—ol.i o] Xﬂ 0}7-]1,} O}-/‘Eﬂ a]
EAA Z7FE7E e ol R EAY ShE /L
B8 YIS Sl L A 288 o) Al

lﬁﬂﬂﬂﬁﬁﬂmdﬁi g 4
gt sk A S
AHA low, Hjof A k= Kim er al(2008) FEE
9w} A o] B Lo A% WA ebteh
1 2 skQich

wheba] B I Abr] A ShA THA| R AR

(¢}

2159 carbaryl?} lime sulfuro]] o3} oFg-2H 3} A
ol o] AAAEEA WIS B3| hiu) |
2 ot L st sl A3l A A = AFEEE 4 )
£ QPd 95 ol R 1A} A A 5 Tt

Iz & 4
AY2T

AT i SR o2 FeEH(Apis
mellifera)T} X| 5] % H(Bombus terrestris) S ©]-3-5F%
o R BUS EdehL ARPRAOIA A8 B

QS UollA ofe] ZmEol fle WAE & LS

F

AT A9 S AEe B gl Wel S 9la A
ul ) S-0] el S A oo m, 7|ek Atk w7 %
o whef ghe] Eli Fio|ch Aok e o T
% o740l A Hoprol A ARe A A 15
A7k A 3HA] oFe] o] Gl U 7]9] U
& AEslTh A §7) 717E 59 A ere] Aol

A HFoFA] == carbaryl, lime sulfure]| T}, Carbaryl-2- 74}

o] EA| AEAlolH, A 3]G A= At A
AFE EAI0 4RI eHAolt). o} 5 obAl A 2
ol A Ak A A = gol AR5 = oFA o] th(Kim
and Jung, 2013; Jang and Lee, 1998; Jang et al., 1998). 2F
A= AFeHe oFAIE F-dste] AEstlon, A
o 7} oFA)| 9] A Sk(lime sulfur: 3143ppm) 2 2 14
(carbaryl: 625ppm) 2 AHEE = 2 ABE S o] gl
QR SHB7IE0 bai/A] o)Astel H )
9 CHUSEPA, 2012b).
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Carbaryl 8= 3
< AlEdolA 0}04 % e =2l
Bk 27A2 A S S 3 A
W2 EPA Bl OECD2] E% =4 7hol=ziel
g 9 Hg 3t 7o th(OECD, 1998a; OECD,
1998b; USEPA, 2012a; USEPA, 2012b).
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A OFF G H L carbaryl} lime sulfur®] 22| S £31

/g o] UrEhURA] Skt A 2] =7t
A1 TE A7} AL AT (Table 1), B 0
A FA Y AR Bt A s WA &S
UT. whebA] 2} oFAl| A 2lqtol| A= A 2 AFgEll
GhE SRS ol §517] Skskon 2t okl o
o AFFETES o]85to] 23S 2853t Lime
sulfuro| A Qg5 A 3)-8ketAl 2] 3417
of 4X1 7} 52t %Al AL uf) APLE-L 13%, 2447k

EOHH

LSS I 27%2) AFEES BT A2 8417

ol ke AlF HH%Z 133} 4%0] . 2 2 244]

Zholidol] El 9 uff e EAIH S wf) AFL-ES UER
#] 9FQFCHTable 1).

Carbarylol| 4 QF3 TS| AYE-L OFA| U F 3
A7 1 Ao K= 907% A1 8, 8AITH e A
2] 0l M= 96% APrEo] Uittt oFA) ALE 53
ARY 1 QR BAZE e Aol A ARE

b A3 F 95| 252 gk Ao vy

sfo] AYRFEA 1S Bhely] Bl
AT 19049 1% M) Lo] A 100%

b

KN
T
0] o] &
Ry A=)
HoZ

Table 1. Foliar residual toxicities of lime sulfur and carbaryl on Apis mellifera and Bumbus terrestris workers in the cage tests.
Commercial products were applied at recommended dose for each chemical on buckwheat plants and bees were exposed

) Chemical Hours after Mortality (%, mean + SE)
Test insect
compound treatment 4hr 24hr
3 1.3+1.63 2.7+3.26
. 8 1.3+1.63 4+4.90
Lime sulfur
24 0+0 0+0
A. mellifera 48 0+0 0+0
3 66.7+8.64 90.7+5.89
Carbarvl 8 78.7+13.95 96 +£4.90
arvaty 2 10040 10040
48 92+2.83 100+0
3 0+0 0+0
. 8 0+0 0+0
Lime sulfur
24 0+0 0+0
) 48 0+0 0+0
B. terrestris 3 0+0 0+0
Carbarvl 8 0+0 1.3+1.63
arbaty 24 0+0 0+0
48 0+0 0+0
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Fig. 2. Foliar residual toxicities of carbaryl sprayed on buckwheat
(Fagopyrum esculentum) at producer's recommended dose
with field rate on honeybee, Apis mellifera. Until 21 Days
after treatment, mortalities were higher than 60%.

APy go] Lersth o] 52190 e A 2] ol A o
it 0% o1/Fe] AFgE o] e THReg. F=5.58,
df=1, 19, P=0029, Fig. 2). kA AFZ% 1= ZA|7ko] X
ol whe} carbarylel] theh R B el A o] Rt
54 AR vob Aol 9ot Lghe AN
o 4 ok mhebA] vl QJolA] cabaryle] B
Ao A7 7 eEhgdS o

Carbarylo]| 4] 214 A e 21914
o g 20& wAsie] B ®e F3t.

carbaryl A 2]% 34 (12} & AF3)7} 1042} & AF2E)

= E‘
E'_
A BAo

of TSI H AT 10,50, 100mm ¥ -2 W% A vlo]
A 271 10,50, 100mm & A 2]ofl 4 =% F 190 of
EHH O APEL 13~10.7%, 2L | A= 0~27%. 2~4L
N A= 0%2] AFgE©] LERA THTable 2).

Carbaryl AF3E § =5 & 119 & &)} carbaryl AF32
%) 28] ER(10mm)sto] ed T 12(112) H2]of A
OFEEH O APLE-S 81.3, 2.7%% tH(Slope=78 3, Fig.
3). B3 o] 59 FF L2 110, 12ppm o] o
(Slope=98, Fig. 3). whebA] t| U Sl of| A carbaryl& * 2]
Al EE EFEORA cabaryl S Sl e oA A7}
WA Sho] ARk 7F A A 7] = Al o & mhelr| Qi)

F A3 ol ol Ae] carbaryl & AEF 1ol
180ppm, 10 o] = 110ppm, 18 o= 18.6ppm©] & T}
(Reg. F=8145,df=1.1 P=0.073,Fig.4). Carbaryl 2} 332
Ab & Aol A =E - 104 10mm= 12.6ppm,
50mm-+= 109ppm, 100mm-= 7ppm= ZA}=] ¢ TH(Table
2). QAR EFREE 7] = 9Y 2 A SItKFig. 4)

5t e =4 7}
=

H715 vt

MA o7 AYoA Al A=, A=

= LTI

Table 2. Effect of simulated rainfall treatments on Apis mellifera residual toxicities and foliage residues after carbaryl spray. Two times
of rainfalls (10, 50, and 100mm each) were simulated 3 and 10 day after treatment of carbaryl and bees were exposed for 4

consecutive days

Mortality (%, mean & SE)

Foliage residues (ppm)

Simulated rainfall (mm/day) Day after treatment

24hr
1 (11* 274163 274163
2(12) 274163
10 12.6
3(13) 0+0
4(14) 0+0
1(11) 10.7 +8.64 10.7 +8.64
2(12) 0+0
50 10.9
3(13) 0+0
4(14) 0+0
1(11) 13+1.63 13+1.63
2(12) 0+0
100 7
3(13) 0+0
4(14) 0+0

*Number means the days after second rainfall treatment and number in the parenthesis means the days after carbaryl spray
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Fig. 3. Comparison of Honey bee, Apis mellifera mortality and
foliage residues between carbaryl only treatment and carbary
and rainfall treatment on 11 DAT of carbaryl. Rainfall was
simulated two times (3 and 10 DAT of carbaryl with 10mm
each) on 3 and 10 DAT of carbaryl.

So 2 o Lojxle}, i el AL 22 Alzke] sy
A 2 AR W=7} =2 carbarylY} lime sulfuro]] of
e RS Bkt e 085tk 1
2 Qo) A] carbaryl ¥} lime sulfure]] thh 534 1t A
FHFEY GAFEAES B S o lime
sulfur= -85 -} A ST G ol tgh ZhF54d o

= = ol A
© =2 =4S UER ok B3 carbarylof| A FE
EHHO [Tys= oFA leF 5 204 ool A = 2
J A o] =A Yeh AlS k4] 5kt

ol A FaEde) tigt JR TR SAAE =T
7], BEntE, 115 5o o|-&-&= AEA| AtAof
e B77F 5] o] o] A AL QIeK(Kim et al., 2008;
Kim et al., 2009; Ahn et al., 2008). Fipronil(H] 'd 1] 2}=)
o] < oFxE.Iu o] DO 0,007 ughbee, LCy,S 0.008
uglbee & = L Ow, Q7R s 28U7)
2] 90% ©174] AFgE©] U THKIm et al., 2009). Kim
et al 2008)> G 7] | A AHE-E]= A=A ol Thgh X+
=745 B7Fet 23} Fenpropathrin(H/d Al 5= Al
0% o142 =2 APYES H G oM, RT,s 7104 ©]
3O &2 LHERT

U £] carbaryl®] A7} HEF=4 9] HlolHE &
A1 5}TH Table 33} 2o}, T 52 carbaryl®] LDsy -2 1-
402 ug/bee H U of] B35}, LCyZH- 0.11~192 ¥
Aol gttt 7| AE SAA4E o8-8t

250

[sS]
(=
S

—
W
S

100 Ny, @

Concentration (ppm)

W
(=]
/
/
f

1 6 11 16 21
Day after treatment

Fig. 4. Pattern of carabryl residue decomposition after spray at the
producer's recommended dose with field rate on buckwheat
during late summer in the greenhouse condition (Reg. df=1.1
F=8145,P=0.073).

LDyt LD %S 543 A3} LD g 4.190] 40 =2
245)900], LDZLS 042 o]512 2=k 2
ATl M FHAFE B7HE o FoEdol AR
/42 OF 18ppm(AFE-E 75%) o)L wf A WrERE
o1, 10ppm(AHEE 10%)0]5tY uff =g o] w7 Le}
Steh. 5t QpgE o] carbaryl w9 9o 5
oFerS 2ot A3 oF Mme(180ppm, AHLE 100%,
LD, =4 32ug/bee) ©]A; 220mg(20ppm, AFYE 100%,
LD, =440 ug/bee, 20ppm) ©|5}-2] o] HF3fjof A
Fo] 100%0] 4402 22 SAo] e 20w 2
A &) ¢l t}. LDgy=1.3 ug/bee(BCPC, 2006; Table 3)= 9|
Goko] < Slof Z-FFo] 20ppm(AHYE 75% ©17d)
2 79 9T H0] w2 9Jo] U3z S b
2 sets|gie.

= 2] o] A cabaryl(0.5 b ai/A)9] FFF{HE ==
2] 5 short grassof| 4] 120ppm, tall grassoi] A 55ppm©]| %1
T} == 35 56U short grass 12.57ppm, tall grass
5.76ppm O 2 = A& ZFFE0] 10%2 HAE it
R AP FHE 7= 225 3.7 o] ATHUSEPA,
2003). B AolA] AR IS B A
carbaryl(l b ai/Ay A2 3 2 vy Qo A<
carbaryl:> A3 % 1 of| = 180ppm, 109 of|+= 110ppm,
1810} 18 6ppmo] S EhFig. 4). EFF FAEF A
7= 99 = UEbytth AA| 2ol A carbaryl 425
= W S 7MYk A2 gt Aol A= E e
A 10mm B8 RS 0] QALFAE 12pmO.2
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Table 3. Previous reports of carbaryl toxicites on hony bee, Apis mellifera

. contact LDy, Oral LCs,
% a.

Author (Year) Study area o a.l (ug/bee) (ug/bee)
Stevenson (1968) USA Tech* 1.1 0.11
Stevenson (1978) USA Tech 1.3 0.14

Atkins et al. (1975) USA Tech 2
USA 99.1 0.231
Waltersdorfer (2002)
479 4.02 1.57

BCPC (2006) British 1 0.18

Kang (2009) Korea 50 1.92
*Tech: Technical grade carbaryl
LEbstTh 2 Aol A= ' ol A 2% carbaryl 2] aogsEd

= Iz
AT ol o Bl ol
AT} w3t 01914 Srrke] BE Hudto
3k gt Aelole A7} Aol cabayle 24
A7) B2 odehe sl A0 7 sholgt,

ZAlel 2

B QT BT ATTEA) PI0084SI Q] i
2]

90 o] Lol AUtk B3t o] ATE FURA
2 A2 FA A4 A AHE BA| 2] 7)) S
FgyYsUct
¥ 9

HBRFEA YT S M SR EEY
A58 o] QAT 210 2 Lhebteh. Cabaryl] 4
AR EARHE GE B B4 e e 2
© 2 Uik o], carbaryl 425 219744 % Al

ol At T0%01 4 AFgE ] UrERE T ThEkA
ol Af FE-E ] tigt carbarylo] 2hE=d2
717k vreRg et v o Al carbaryl A 2] of] He 44
AR Bk AES 190]= 180ppm, 100
110ppm, 18U fli= 18.6ppm O & LFEFSIT. A7
7= 90U & F7EE AT FEE ol iRk
54 obA 7]2-2 carbaryl AT 3 220] o)A}, AR
T 10ppm o5 A A = $lct.

1=

¢
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