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Abstract  Strawberries are one of the main commodities in Korea
and have been exported over 30 million dollar. And the safety has
recently become an important issue in the agro-trade, pesticide
residue is most important matter of safe agricultural products. As
strawberries can be cultivated using elevated production system,
so it is possible to use the drenching. When spraying the
pesticides, the use of drenching can be lower amount of residual
than using foliar treatment. In this study, time sequential residual
amount of pesticides were compared between drenching and foliar
application in strawberries. Pesticides were treated with the
standard and double dosage and samples were collected at 0, 3, 6,
9, 13, 16 and 21 day and analyzed by LC and LC-MS/MS after
liquid-liquid extraction and QUEChERS. Two pesticides were
detected less than 1 mg/kg in all samples for drenching treatment.
Carbendazim residues in drenching treatment were 5 to 25 times
lower than foliar application. And azoxystrobin was not detected
in strawberries of drenching treatment.
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Agtar E2)71% gk @A) ejvete] 2riAp) e E
ZaARel A SR w9 WEA] AL FAHZ(08) 84.1
hadllA(°14) 663.72 6 & AFTF 115% FEoZ A 6|
o] Z7¥slal JTHKo 2015). ol&dt Fs7]E wWslel] uet
S7FARNA s ATl Foke AT AR Axsta A
o @Al 7 FEeE A5 AR 55 T HES 47%
FEOZ vlg B3 AHO|t(RDA 2016). FRPIAMEAA
oM BAF AR TE2HA &S TS ARESe A T
el fitEER ARgo] A= vk AR FrlelA =
AT A FRE ol wEd AEat da, Wl W
Ao G3}F oo ALH o ARl e AHol)

olf et Aee Wl B ApeMe A FAA] @)
= 5 AP ] 55 JUE A% zAER E8F &
WEE AT o] AAA 754 A7E S8t Al
Aokl AYFFolY 2 B oS 98 wol AMgshe
azoxystrobin 2 carbendazimS A3l oH, A 22| <t
A TS SsiA adAplske B7] s7tel AldEeks 7
A 2 AT AHY S W sRE T AAge] bE R
F HaAIES FYsiaich

A % Y
ANEsF

Azoxystorobin®] E3F(99.5%), carbendazim®] ETE(99.0%)
= &% Dr. Ehrenstorfer GmbH (Augsburg, Germany)olA
A3ted AME-3FATE AzoxystrobinZt carbendzim-S  acetonitrile
(Merck, Darmstadt, Germany), methanol (Merck)>. 2 Z}7z¢
1,000, 200 mg/L. stock solution2 A|Z3F TR o5 AXE &
k2 azoxystrobin 21.7% H’38Al 2 carbendazim 60%
SIS olgsiaint. oAl et o|stehA] AdAe
Table 13} 7k,

AEFE € EZAE

7] o gF (Fragarid X ananassa Duch ‘Maehyang’ )50 2
A A el R Al FAA ) FTlellA AlES F
Ak AF7ZEE 20164 49 4LRE] 27U7A] WFEA
t}. A¥EF azoxystroboin, carbendazime ZH2F Y % #TwF
2] o} FebAAE7IE 2 2l FEAETEE AEe 2
g3t A HEle ko] FE3] Ae A2 AEA,

Table 2 LC and LC-MS/MS conditions for analyzing the pesticides

Table 1 Physicochemical properties of azoxystrobin and carbendazim

Azoxystrobin Carbendazim

QL O
e NN H Q
Chemical structure T © oY C N N/\H oet
CN O~ ~OCH; P Nr?—
OCH;4
Mol. wt. 403.4 191.2
V.p. (mPa) 1.1 x 107 mPa (20°C)  0.09 mPa (20 °C)
Kow logP 2.5(20°C) 1.51 (pH7)
Solubility in water 6 mg/L 29 mg/L.

#AF A 25 4 1579 100 mLY T3k 27
FAE T A7 F), 3, 6, 9, 12, 16, 21¥0) H -3

o
% 7
7t 97 4Bl U BN AANAT, ABUEL HA

2 Fejolga Wdel] g A%

75 B4

7] 20 g2 HFS ¥ methanol 60 mLE H7F3F $ 250 rppm
(Combi-shakerNB-101MT, N-Biotek, Bucheon, Korea)ol* 30
it e A FE AlRE A He & Zsds
20mL, &5 200mLE #7}sle] dichloromethane (Merck)
100, 50mL= 28] Fujk - FajH 55510 SmL n-hexane :
acetone (95:5, v/v) EF8v=E A&3l] sFth. Florisil (FL)
cartridge (1 gy ©]83F Solid Phase Extraction (SPE) "~
2k9S A3 TE FL cartridge®] n-hexane2 & SmLE
conditioningdt ¥, A& FEN 5mLE loadingsla, 1x} 27N
o (n-hexane : acetone =90 : 10, v/v)S SmL & w8, 2%}
719 (n-hexane : acetone =70 : 30, v/v) 20 mLE ©]-&3lo] &
Z33th & qE 40°C ol3tellA HHEE3te] 10mL
acetonitrileZ |83 ¥ T UHPLC/PDAE °]&3le] #4131
TH(Table 2).

2718 55 S0mL plastic tubeol]l FFF 3 15mL 1% acetic
acid’} Z&4E acetonitriles H7FH & 1300 rpm (1600 MiniG,
SPEX sample Prep, Metuchen, NJ, USA) 5%-5<F zekslsin).
2" 5 Agilent QUEChERS Extract kit AOAC 2007. 01 (6g
magnesium sulfate (MgSOy4), 1.5g sodium acetate (NaOAc))

Azoxystrobin Carbendazim
Instrument . UHPLC-PDA . HPLC-UVD
(Shimadzu Nexera X2, Japan) (Agilent 1100 HPLC system, USA)
Column Shim-pack GIS-ODS Luna 5p C1 8(2)_,
3 pm, 100x0.3 mm, id 250%4.60 mm, 5 micron
Mobile phase Water/Acetonitrile=50:50 (v/v) Water/Acetonitrile=40:60 (v/v)
Column temperature 40 °C 40 °C
Wave length 250 nm 220 nm
Injection volume 5uL 10 ul.
Flow rate 0.4 mL/min 1 mL/min
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£ ket & 1300 rppm, 305%7F EE T 3500 rpm (Combi-
514R, Hanil, Gimpo, Korea)ollA 587} 4Eg]sle] A 8
mLE F3ATh A 8§ mLE Agilent QUEChERS dispersive
kit 15mL (1200 mg MgSO,, 400 mg PSA)l F71e & 28
ZF voltex mixerg ©]83F] EE t 3500 rppm, 5%7F 94
2 it dAEeE /‘]EE N 4mLE ASEE o
5 @7]elM FLE ©]8-3 SPE AAZHES 919 “3’47&;-4 5
A&}A H&s T acetonitrile 4 mLE |-8-313+ F UHPLC/
PDAE ©]&3e] £4 o}%ili‘r(Table 2).
7] 20 g& AF3F T methanol 60 mLE F7FSH ¥ 250 rpm
(Combi-shakerNB-101MT, N-Biotek, Bucheon, Korea)ol|A 30
%"J RS & 7ot sigink. Aot AlEE 23
4 20mL, S/ 200 mLet 37 500 mL wefofFoll &1
f#, IN HCIE #71sld pH indicator strip (Merck)S ©]-8-3]
pH 2 3o 2 ZA3IMTE Dichloromethane 100, 50 mLZ 2
=38t e, 789 55 1IN NaOHE ©]&-3i]
-Or]Q} FY3 WHo 7 pH 7-82 ZA3Ith. Dichloromethane
100, 50 mL sodium sulfateS EZAZ1 T 40°C o]l ZF
s 81, =3 AES 10mL acetonitriled] 83 &}
o] HPLC/UVDel| #HZFEA] 3} THTable 2).

2719 5g& 50mL plastic tubedl] T T 15mL 1% acetic
acid7} E3HE acetonitrileZ 713+ F 1300 rpm, 5550} Ry
3ttt ¥ 3 QuEChERS Extract kitE 713k 3 1300
pm, 3027F EE TR 3500 rpmolld] 5E7F AR sl A
A 1 mLE FH3ATE AFS NS AOAC 2007. 01. (150
mg MgSO,, 50mg GCB, 50 mg PSA) WS o]&3le] E9f
UE 2mL YR Ho] 3027t voltex mixers ©]-8-51]
EE v 12000 rpme] SEZ SE7F 4R st YR

g Az A 500uLEs AFHIT F 500 ule] 0.1%
formic acidE -3 acetonitrile®] E01UE 2mL vialol| 7]
2 HPLC-MS/MSZE #4319 tHTable 3).

EFAF] 4 2 e

FEAEY e

& AlY
#3814 working solutions $]43}] LC=

0.05, 0.1, 02, 0.5, 1.0, 2.0, 50 mg/kge] &AL WEL,
LC-MS/MSE 0.01, 0.05, 0.1, 0.2, 0.5 mgkg FFO=2 ¥

A|BE o] &3l 348t matrix matched EFE1S THE0{A]
Table 2-4¢] 71718427004 Uehd chromatograph ’de] peak
WAL 7o g FdEges 2Pt 71719 AEeHAlE It

371 flsiA LColA 0.01, 0.025, 0.05, 0.1 mgkg, LC-MS/
MSelAE 0.005, 0.01, 0.025, 0.05mgkg EFENL 717]9|

FY3td SN ratio} 3 ol LulE HESHA, 10 o]dd ol
Az Agdsiacth Egk 99 T2 peak WA S 9]
L3 HdFde AL Hrkelith

Aldsefol] ARRH azoxystrobm carbendazim 3|55 APS
Al Fx2l A8l EFEEN 10 mgkge ©l&3te] 0.5, 2.5

mg/kgTEO 2 HIFEIATHN =3). EFE H7F F FAY A
Bob S8 F 3087 WA F Qo] WHos 3egS At

F3ct.
W7 2 AR A P

27] F A9 39S Wl azoxystrobin, carbendazim®] FHF

Table 3 LC-MS/MS conditions for analyzing carbendazim in strawberry
leaves

Agilent 1200 HPLC with Agilent 6410 triple-
quadrupole MS

YMC-Pack Pro C18 RS 100x3 mm I.d, 3 um
A: Water with 0.1% formic acid

B: Acetonitrile with 0.1% formic acid

Instrument

Column

Mobile phase

Time (min) A(%) B(%)
0 95 5
Gradient table 2 30 70
5 30 70
8 95 5
9 95 5
Flow rate 0.2 mL/min
Column temp. 40 °C
Injection volumn 10 pL
Ionization mode ESI Positive
Scan type MRM
Precursor ion . .
Compound name (m/z) Quantifier Qualifier
Carbendazim 192.1 160.1 132.1
Fe AT AEsi Ad=Esislen, g W=
2EE ZIFH dolHE  Excel(Microsoft Excel 2010,
Redmond, WA, USA)S o]&sle] T|ZE 2 T first order
kineticsoll o] A|FadE Fi=ste] kit A= ? A=

WS ARt

A3 9 33
F AgEde] A% 2 I

@7]

7] 2 =@7]9] = azoxystrobin, carbendazim® E{F7 g
g—a}] 98l LC ¥ LC-MS/MSE ol&sisitt. Adile] 4
1# R)= 0.99 ooz Fadt xS UrE‘rlH?ii Al
oFo] A =FSHA (limit of quantitaion, LOQ}‘: 0.01-0.05 mg/kg
AZo] At 2] 5 AEEe] 348S 73.4-100.6% I
K Table 4).

ox .|>4 mﬁ

@7 T AT % A9 AYA % AFEA

D7) F azoxystrobinS T AX F 021U B AFYF T
ARS71ER Tl E el Al ZH2E 0.1-1.7, 0.3-5.0 mgkg 0]
Ah(Fig. 1). A o]&ste] B7] 5 azoxystrobin®] WHF
7= 4.8 E 5790t o9t 22 AI= Angioni 5(2004)
] Z2k2E HdolA Auisks E7] 5 azoxystrobin i
°=‘1%Loﬂﬁb 599 0-15¢ B9 7] S azoxystrobin FHF
2 0.2-0.6 mglkg oI, F]AAE o]&ste] A& Wb
u7lt 7842 2 AAe} tha Aolrt ATk £ A9
AZ= Angioni 5(2004)2] A= THAEE 0.1 gl FEO
AEER T B A1 7ht 0.2, 04g/L FEOFE HIAE
| zfol2 Rlal FEe] Apol7t HAE AR AvE).
g sohslle B H 7l oaf FEEE SErF vhEA o
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Table 4 Recoveries of pesticides in strawberry fruits and leaves

. Low (0.5 mg/kg) High (2.5 mg/kg) ) LOQ
Pesticide Substrate K
Recovery(%) RSD(%) Recovery(%) RSD(%) (mg/kg)
A robi Strawberry fruits 73.4+3.8 5.1 100.6+14.4 14.3 0.999 0.05
ZoXystrootn Leave 76.4+3.8 5.0 81.4+7.5 9.3 0.999 '
Carbendazi Strawberry fruits 91.242.4 2.7 86.1+9.2 10.7 0.999 0.05
arbendazim Leaves 81.3+3.3 4.1 83.5+3.7 45 0.999 0.01
6.0 A oR AEss W B B wiE Aol 93 %
(A) + Standard dosage

B Double dosage

Residues (mg/kg)

0 5 10 15 20
18.0
(B) + Standard dosage

150 B ® Double dosage

-
~
o

9.0 1

6.0 -

Residue(mg/kg)

3.0 1

0.0

0 5 10 15 20
Days after application

Fig. 1 Residue pattern after foliar application of pesticides in strawberry
fruits. (A) azoxystrobin, (B) carbendazim

Eh=d] olefsk a%le] 27lo] gEpA Edl&=rt tEA U
Bt Aog AGEthKwon 5, 2004). T3 Auibale] xjo)
2 Q8] JRFdel tEA dehbetl, EEkE EdoA 9]
B AAule] A whae] Zjol7t FEks mxl A
o7 JFET Lee 5(2011) o EAoME Ewo] AlAdAu)eh
HZ7FA] 5 azoxystrobin®] FHF=F H|wol|A 5<ke] whl7|
= v Al A 156, ARl 13382 xjolE LE}
e Ag g1

7] 5 azoxystrobin®] 21¥ FU Ea&L VEE L 2|
2 rollAl 94 E 96% = Hzlulgrell BAIgle] 21Y ol
90% o) Foe] EdllEe A I8 Lee 5(2013)]
A F azoxystrobin®] FHFEA Aolx FURPHANTIE &
3 ST 102 T oF 60% EEAL, B AT E 12
d £ 80% wINEIBZ, B7|olA azoxystrobin] U WE 3]
&7t epll= A8 gRlsii

Carbendazime %7] FFAE F 021¥ B Ale=d 7
T 7IEAE T Aol 22t 2.8-10.5, 3.2-15.1
mg/kgol AL 21Y o|F %7 U¥] ztzt 75, 79% FEo=R
A= Aoz IFEAJY. B7] 5 carbendazim®] WHI7|=

8.4Uoldtt. Li 52016y FFo M2 T2 Al AP E
WlE 3 carbendazim®] FFFF ATE FdAs =, T
7} 2.1, 22, 389 A&, 27] AFFS 0508 mgkg 5
Fo 2 YePdtl Lee 5(2017) ZE ¥Heo §REE ¥WHZ
< S7HA 27 e FES §EUF EAIBKA] R FHE
Hlgl] 54v) =& RS /It BuEdth @e SRR
Qlall EHAo] AN 7Rl EntEd vlgte] 2 Zo
2 AEEY B3 g7 g2A] et A2 27135,
AFA7] g A3 zpo] WO = AT

@7 F AT % FF AN % AFEA

7] T #F AP WS W T IFEF2 azoxystrobin®lA]
£ i Ao 9dAtel 0.1 mgkg FEOE AEEHAL,
Uz AgzAdHEe EF ERE FHAu =r]elA
azoxystrobin AW WHAIE 8] AFAE HAYHo=z A
XE FojR=H azoxystrobing 5 2] dt] FTHY M2
APl E @7 T HIF=7F 0.1 mgkglZ U] FFEE
7] (Maximum Residue Limit, MRL)?l 1.0 mgkgR Tt} w2
FEOE HEE] wWFe] T A FAVF glg A=
Hozlo

97| & carbendazime TF A E o]g3f] AES & 0-
219 Bt AFFo] ND-1.1 mgkg 55202 YElth AEs
o FARe] 9UAIA] FETE Uk & ko] EaEA]
%3 H|=3 B FEOE fAHE A2 UEHTHFig. 2).
Ho] 475 B34 @716X ok A5 A 9Y Tl Haw
T2 AEHe Aoz vhddr.

#F A SIS o AR weke] olddS gl fIEl
D71QelA FHRES AR 2719 S azoxystrobin
F AE F 0219 59 ND-48mgkg o2 UEL,
carbedazim N.D.-21.96 mg/kg <E°|ATh & Afol|A] E7]
o & FFFS carbendazim®] =4 UeRdE=H, ol A3}
£ B3l carbendazim®] ©]dAdo] ] 2 oz wohHEL)
Azoxystrobin Bt} =2 FEAHE o] 7HRHE =4 vE
We 9lo)7|= AT, Thm 5(2002)S ZHEAWolA B2k
ol SEE-E FuiAlSel Aol Jtka BISHTh
Carbendazime azoxystrobint} K, #ke] Hol dojgoz =4
AEE 7, S0l tigh &3l=rt E7] wieltt 1HE=R
s 5o SE sl EREE B9 /MEE olFsH
Hed dddoez S0 Fo dig &=t =2
carbendazimo] ©] AZE F3l =AU o =2 oS
T Ao=E ddtdd

Carbendazime &5 2] 310 Wl FH{Fo| 104 Fol=
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Fig. 2 Residue pattern after drenching of pesticides in strawberry fruits.
(A) azoxystrobin, (B) carbendazim
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Carbendazim A1@717F 52t 5 Aol we R
S HWBEIE W 5274 AolE YERITE Ahn (2007 Sl
FollA HiFol trifloxystrobing AR E EY #HF xRS
o AFEe] AP AeME 17.5-23.5 mgkg S0, &
ZF AYSRNE W 02-03 mgkeE 78-88H] A& FHFH zlo]7}
A3 )

FF Aol W}—— carbendazim®] 27

AlZke] A 45 R 2pol7t ZAEU.

=

FF vl Ae
s A A

=

6.0 1

(A) —+—Standard dosage
&0 ~@-Double dosage
g 40
Y]
£
] 30
3
=
0
2 20
10
0.0 T
0 3 6 9 12 16 21
30,0 —+—Standard dosage
(B) ——Double dosage

-
o
o

50 1

0.0

o B
w

6 9 12 16 21
Days after applicaton

Fig. 3 Residue pattern after drenching of pesticides in strawberry leaves.
(A) azoxystrobin, (B) carbendazim

Table 5 The degradation kinetics and half-lives of azoxystrobin and
carbendazim

Pesticide Dosage Regres_smn R2 Half-life
equation (days)
A obi Standard ~ y=1.71¢*" 0.97 4.8
ZOXYSHOOIN pyouble y=5.57¢ 014 0.94 5.7
Carbendazi Standard y=8.42¢ 006 0.81 9.3
ADENCZM 1y ouble y=12.49¢07 091 8.4

afo] Al g FHEe] ool ZHEFEH] HREe] Ea
7t WEARE 35 Mg B3 AEAW HE g
&=t =2]7] wi<oll (Mohapatra®}t Lekha 2016), *|2|A]7te

HE B

_4

AGHA AFF 2po|7} Fol=xs Zog AGE) Juraske &
(2009) o] BEvlE 5 imidaclopridE &F AWyl wE
FET Aol e 2 Aeh visgt S JERTE 49 A
3}"12 o imidacloprid®] 7] ZFo] 1.6 mgkgollA 28

= 02mg/kg AN, FF AYg ErtEdAME XF
13Y T 02mghkelZ 7MY &2 w2t AEH $ 28Y
0.1 mg/kg ’\ZEE AZEA}. Juraske C(zoo9)94 Al
= A P Fa =] Aole 8HH Foe=dl, 28%
e 9 o 15HH e FEoR IR x}om ol ERT
E A19} Juraske 0(2009)4 Oq?“’ﬂ’ﬂ 5 A RS
) Al ER2 bRl o wobx kA FEelx A
A7t o £ Zo0= ATEh w4k A5 Ay o ¥
oF ZRigo] Yo HsHAIRt A AER TEEA] ¥ F
oFS I AP o] Axshs Al sk SNle|RR
G A AMEE F AEE BT AP 55 5o

o —lotf e

2

o
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Table 6 Residual difference of azoxystrobin and carbendazim in strawberry fruits

Days after application

Pesticide Treatments
0 3 6 9 12 16 21
Foliar application 1.7 1.5 0.7 0.4 0.3 0.2 0.1
Sgi)‘;‘;afed Drenching N.D. N.D. N.D. N.D. N.D. N.D. N.D.
& Residual difference
Azoxystrobin - —
Foliar application 5.0 4.5 3.0 1.0 1.1 0.8 0.3
322:‘2 Drenching N.D. N.D. N.D. 0.1 N.D. N.D. N.D.
& Residual difference 17
Foliar application 10.5 7.9 5.0 4.7 43 3.4 2.8
Si)f;iar;‘ Drenching N.D. 0.3 0.2 0.4 0.4 0.5 0.5
& Residul difference 26 25 13 11 7 5
Carbendazim - —
Foliar application 15.1 11.0 6.9 6.7 5.3 52 32
‘32::‘2 Drenching N.D. 0.4 03 0.8 0.4 0.5 0.7
¢ Residul difference 27 20 9 12 10 5
Not Detected
N - - _ Ahn XH, Lee SB, An WH, Kim JD (2007) Risk Assessment of
1 3 > zoko o v
Strjslofop & Alojrt. B3 A5 A9t sk AR v Trifloxystrobin in Chinese Cabbage by Foliar Application and
< F Jou BEErE =27] wiEe] MRLe|] W Foke Drenching. The Korean J Pestic Sci 11(1): 21-27

A RS et Bast,

e W) 8 R F ShiE v 30008 9 ol
2. T} S Qe A2 Y Tl e
fre Agaln o, AT FEe AdsE Ae o

Zost) SRS FAES YNstEE Qs sk
sl Zo] BiAolth. Bl TAANE olgs) Axtee

27

oA Jedl FHAFE o8 7, Y 2 T
A3 APsle] Fodsla ok S AX & w FF A

APAEE AMgsle ARG R o] o BA U
th 2 dAFeMe 7] T e A 2 AGAE
< o, Tk AFFE AAHeE vl T TS
FobdAMET|ER B FujEo R AE 3 F 0, 3, 6, 9, 13,
6 2 21 Yol 73 T —18°CollA BEH slgth B4=S LLE
-7 FZ&) 2 QuEChERSSY Ax3] & LC ¥ LC-MS/
MSZ B4 slgith. 238 oR #5 A ¢ Bl EE A
2ol 1 mgkg PITRe R HEFJH. & H4F 229 &
F A SIS o 2719 #AFH Aol= carbendazim®] 739
527 A DA =L, azoxystrobine FFAE] Al &
AZE =of vlud & A

rr c

fmﬁmlo@j&—{orshgm&

° 32 3

el

A~ —

Keywords ¥+ A2] - 49 2] - ©7] - Azoxystrobin -
Carbendazim
A 2 2 ATE TEATE SYvdde] sdaeE A

AFA @A E: PI01131204)2] Aol 2]&]] o] Foix R,
References

Angioni A, Schirra M, Garau VL, Melis M, Tuberoso CIG, Cabras P (2004)
Residues of azoxystrobin, fenhexamid and pyrimethanil in strawberry
following field treatments and the effect of domestic washing. J Food
Additives & Contaminants 21(11): 1065-1070

Ayala-Zavala JF, Wang SY, Wang CY, Gonza'lez-Aguilar GA (2004) Effect
of storage temperatures on antioxidant capacity and aroma compounds in
strawberry fruit. Swiss Soc Food Sci Technol 37: 687-695

Azodanlou R, Darbellay C, Luisier J, Villettaz J, Amado R (2003) Quality
assessment of strawberries (Fragaria species). J Agric Food Chem 51:
715-721

Cho JI, Ha SD, Kim KS (2004) Inhibitory effects of temperature, pH, and
potassium sorbate against natural microflora in strawberry paste during
storage. Korean J Food Sci Technol 36: 355-360

Ihm YB, Lee JS, Kyung KS, Kim CS, Oh KS, Jin YD, Lee BM (2002)
Control of Phythophthora capsici and residual characteristics by
drenching of pesticides on tomato in hydroponic culture system. The
Korean J Pestic Sci 6(4): 287-292

Juraske R, Castells F, Vijay A, Munoz P, Anton A (2009) Uptake and
persistence of pesticides in plants: Measurements and model estimates
for imidacloprid after foliar and soil application. J Harzard Mater 165:
683-689

Kim YH, Lee IB, Chun CH, Hwang HS, Hong SW, Seo IH, Yoo JI, Bitog JP,
Kwon KS (2009) Utilization of CO, Influence by windbreak in an
elevated production system for strawberry. J Bio-Environment Control
18 (1): 29-39

Ko IB (2015) Current Situation and Perspectives of Hydroponic System for
Strawberry Cultivation in Korea. Dissertation, Konkuk University

Kwon HY, Kim JB, Lee HD, Ihm YB, Kyung KS, Park IH, Choi J (2004)
Estimate of pesticide residues in tomato varieties using ratio of surface
area to weight. The Korean J Pestic Sci 8(1): 30-37

Lee CR, Hong JH, Lim JS, Lee KS (2011) Residue Patterns of azoxystrobin
and cyenopyrafen in grape between rainshield and plastic house
conditions. The Korean J Pestic Sci 15: 97-103

Lee DY, Kim YJ, Park MH, Lee SH, Kim SG, Kang NJ, Kang KY (2013)
Establishment of pre-harvest residue limit (PHRL) of fungicides
azoxystrobin and difenoconazole on prunus mume fruits. The Korean J
Pestic Sci 17(4): 307-313

Lee JW, Kim JY, Kim HG Hur KJ, Kwon CH, Hur JH (2017) Residual



J Appl Biol Chem (2017) 60(4), 313-319

319

characteristics of bistrifluron and chlorantraniliprole in strawberry
(Fragaria ananassa Duch.) for establishing pre-harvest residue limit. The
Korean J Environ Agric 32 (1): 57-62

Li H, Du H, Fang L, Dong Z, Guan S, Fan W, Chen Z (2016) Residues and
dissipation kinetics of carbendazim and diethofencarb in tomato
(Lycopersicon esculentum Mill.) and intake risk assessment. Regulatory
Toxic & Pharm 77: 200-205

MAFRA (2017) 2016 MARFA statistics. Ministry of Agficulture Food and
Rural Affairs, http://www.lib.mafra.go.kr. Accessed Sep 2017

Mohapatra S, Lekha S (2016) Residue level and dissipation of carbendazim
in/on pomegranate fruits and soil. Environ Monit Assess 188(7): 10

Nam MH, Jeon YN, Lee HC, Lee HD, Kang HK (2012) Comparative
analysis between healthy and powdery mildew-infected plants of
strawberry cultivar Seolhyang. Research in Plant Disease 18 (2): 80-85

NAQS (2017) 2016 Report on the status of residue of hazardous substances in
agricultural products, National Agricultural Products Quality Management
Service, Kimcheon

Park HI, Hwang JM, Kim BS, Lee MG, Choi YW, Lee MH, Jeong EJ, Kim
JH (2011) Residue of pesticides carbendazim and chlorpyrifos in
different parts of red pepper. The Korean J Pestic Sci 15(3): 246-253

Park KH, Kim SH (2011) A comparative study of consumer preference for
strawberries in korea and singapore. Korean J Agric Manag Policy 38:
321-340

RDA (2016) Export agriculture. Rural Development Administration, RDA
Web. http://www.nongsaro.go.kr. Accessed 12 Dec 2016

RDA (2017) Export agricultural products safe use technology. Rural
Development Administration, Available from: http://www.nongsaro.
go.kr. Accessed 12 Dec 2016





