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Abstract This study was conducted to compare of the pesticide residue amounts in fruit trees applied by
different sprayers and spray volumes. Apple tree was used as a sample tree, and speed sprayer, power sprayer
and knapsack motorized sprayer were tested. For similar sprayer and spray volume, the concentration of
fluquinconazole and flusilazole in apple leaves were obtained respectively, for speed sprayer 8.33 and 2.15
mg/kg, for power sprayer 4.56 and 1.10 mg/kg, and for knapsack 4.55 and 1.12 mg/kg. The results showed
that the treatment using speed sprayer had highest efficiency. The pesticide residues in apple leaves sprayed
by 3 different spray volumes (560, 336 and 230 L/10a) using speed sprayer were 10.76 mg/kg, 8.32 mg/kg,
6.04 mg/kg on fluginconazle and 3.04 mg/kg, 2.14 mg/kg and 1.47 mg/kg on flusilazole, respectively, indicating
that the higher the volume, the higher the residues. The results from this study can be used as scientific basis
for evaluating the field trial data for pesticide registration and the spray volume setting for fruit trees in Korea.

Key words Deposit amount, pesticide residue, sprayer, spray volume.
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o YA 7ol ok A F el o8 Y
WA IS JERIATE 18.2%2] &k AME-EF AFo]7t Stk
3BTk 718l SEET WA v R e 95
A E o BEFOZ It} Ao ofdlo] T
2= v 3 U] AR o] dof Eds FEEE
2 A YT FQd RY A0 wHdS &
T AUth(Kang et al., 2003). 53] 5oFe] 3 Ffo] gt
Tl AR gl 7hed FEEF7Q] 49 AL viA
ate] A dol HAE 5 it ol

7] & F3F =] 4ol

Wdsbr] flsl Akel 2715 A & air induction spray*¥
Mo sjurg Ao] AvjEszgolololn t)7] F Ak
o] WE £x2 oS AXE 4 A HAUk(Hislop
t al., 1995). o] WA= /WS o] &ate] &9 ulgy
dof o|FAomH I

o o

Bahe BE 54 AU 99 T 22

9| 2}
gro] =4 wWhgo] AU Koo et al, 2007). Zhu &
3

Macnichol 5(1997)2 kromekote 7+5AS ©]-&3}o] 33
WA o] BAEALE A skl THHAR] Al E S oS3
3. Jeon 5(2016) filter paperE ©|-&3le] - w=olof u}
HatgS 49 vt Sl
o v} FEESES AT ANE = e 2

h=} ~
% Bl HEEFE “ofolo] EET/A FuT W

Wep Aol AR B YAYS SEEY
8 35of RAe] Mg o B P et 1248
g Fus ot HEEYe) 4Y2 IF TANEE B
S8 Aol 2| E2aaole], BT, WA
FYRTIE olg3e] B4 AT WFFF $4S
ool AL/E HEEYPE SoF DA vwsieic,

= =

& HETFL Dr. Ehrenstorfer GmbH (Augsburg,
Germany)AF] fluquinconazoles?} flusilazoleE 93t At
231913, S5E 227 98.5%, 98%SITHTable 1). AL
&F2 fluquinconanzole, flusilazole R &3+ &=Fo] 21zt
7%, 1.5%R1 N FrshA (Behs, A2g)e ARSI &
TEE acetonitrile 591 1,000 mg/L stock solutions ZA)|
319 -20°C W5 Bt & g 2o wE} working solution
o7 34 st ARSI Ao ©]&-3gh acetonitrile
MerckAH(Merck KGaA, Germany)2] HPLC gradeZ %3}

Table 1. Chemical structures and physico-chemical properties
of pesticides

Common name Chemical structure and properties

| |
OC UC
F\CﬁLN
N/)\N/%
v N
N=/

Fluquinconazole - Class : Triazole
- Molecular weight : 376.2
- Melting point : 191.9°C
- Water solubility : 1.15 mg/L (pH 6.6, 20°C)
- Form : white, crystalline powder
- KowLogP : 3.24 (pH 5.6, 20°C)

N
I
HCQNN
3
: ,Si)
F E
- Class : Triazole
- Molecular weight : 315.4
- Melting point : 53°C
- Water solubility : 45 mg/L (pH 7.8, 20°C)

- Form : white, crystalline powder
- KowLogP : 3.74 (pH 7, 25°C)

Flusilazole

o AlMgstom gujol 71ek formic acid (>98% purity)
= Sigma aldrich (St. Louis, USA)IA Y3t
QuEChERS #AX2]& <Igt A|eF QuEChERS extraction
packet (AOAC Method)®} dispersive SPE 2 mL+= Agilent
Technologiesol| A T-i3te] ARE-3FATE.

INE=E2S

N

R 20 I = I R e i S e o S R i
FH7IEAE Well = ARRLE ol& silen 2014d

of

108 14436 20143 102 15Y o|E7F TAAIFS A3
siior 109 142 ¥ 78 A4 4 AP, das
B ALY HAEE 193, 108 15¢0 A2 9 A

P AIRS AAEITh Al F52 $AE ARSIIAL
Atk o] Al FEj= Aol AR e AT Al
A 2m, 78 4m Aok AT AlolE HA 12m
olde] $ETE Fon AR canopy widthe 2.3+
0.2 m, canopy height= 3.5+0.3 m %It}
s MEEY

2v|Esxgolo]d] AXEFS Table 20 HERHSITEH
Lee 52007y 23|=2xgolo] ALgAbe] 85%7F 200
L~500 L ' ¢lollM Azditky B yaigich ole & A3
A AR A, F, 3L = v FELR ol BT
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Fig. 1. Spray of speed sprayer (A), power sprayer (B) and knapsack motorized sprayer (C) in apple orchard.

Table 2. Sprayers and spray volumes used at the study

Pressure Spray volume
(MPa) (L/10a)

560
ATOMII-1000 1.5 336
230

Byumyang 80A 1.2 360
MS073H-20-A 2.0 313

Sprayer Model

Speed sprayer

Power sprayer
Knapsack sprayer
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U - ZFAEE A3 (fluquinco-
nazole 7%, flusilazole 1.5%, SCY& AFE-sIAY. Az
10008] 3]4g-Ho] HEE ZASIHOH BE AET|A
FU3 Mgl AXEFT desle] AT A
EFE IEFFH A=F7EA 560 L/10a, 336 L/10a, 230
L/10aC2 Axag AAste] Aot 24X 5o
A7 HnE 3] AMeE Axr)e 2vEizge)o] s
AE]dllolo], ATOMII-1000), FZEF7]1(HY, 80A), i+
2] S EE7](Maruyama, MS073H-20-A).0H, 23] =2
zgolojo] A9 A 1.0mme 1.2mm =& 22 12714

)

Syjeszolole] E72 olede HMskE T 24 gt
Ao VEFTE A=F7A] AL 19(1.1 km/h), A&
(1.9 km/h), A4:35H2.9 km/h) Al ©HA] A2 2233

ANEMF ¥ Hxe
ORA| A 3-447F F oFAIZE O mkE T R F
W, %, ot Ure] AlEe] 9= 7 kg, ARele]
= 7 500 g¥ AF AT A EE FA] A2 AA
4535 st N E AAS F & 22 ARgste] 7S}
sigion], Altelel A9 B F sefolojolag Azlal
o] #Ase T o] &ath. Ak, A BF polyethylene
bagdll 885t -20°CelA] Haste] ZHFA ol ARE-sHitt.

RS 24

Fluquinconazol (98.5%) ¥ flusilazole (98%)E acetonitrile
20 mLoll ZHzF 20.3 mg, 20.41 mg¥ =9 1000 mg/L stock
solutiong ¥HE &, o]& TAHA = 3]43ke] 0.01, 0.025,
0.05, 0.1, 0.25, 0.5, 1, 2.5 mg/L ¥ 7AZFAS $3F matrix
matched standardE ZANSIAT Alhe] 749 #2335 15¢
Al&ol| acetonitrile 15 mL2 7Hlom Alzelel ¢ 75¢
o] AB9 7.5mLe] & 7} 3 & 15mLe acetonitrile
& oItk 2 & J771E ARE-ske] 250 rpmell M 302
" 3193 QuEChERS extraction kit (4 g magnesium
sulfate, 1 g sodium chloride, 1g sodium citrate, 0.5g
disodium citrate sesquihydrate)s Ho] 1%7F <02 &
o] FAh AR 71E o€t 3500 rpmellA] 3% FQF
% w2 & ¢ H Y 1 mLE F3l QuUEChERS dispersive
kit (150 mg MgSO, 50 mg PSA, 50 mg C18)l %74 30%
7k vortexingS 3+ ¥ 12000 rpmol|A] 3E-E9F YAEIE
3199Tth. QUEChERS dispersive kitollA 4dS 3k &
LCMS/MSE: ©]8-3to] 4313t} 7171242 AB SCIEX
AF] 3200 Q TRAP® (Applied Biosystems, USA) LC/MS/
MSE ARESIATE ©]F22 0.1% formic acid7} 3= o]
AUE acetonitilex} distilled waterE ©]-8-3}912™ positive
modedlA] A3k 241 9] AdEAE =0]7] 915t MRM
modeE ARE-SFHL Hlo|E] 2= Analyst 1.62 ZZ 17
& ARkl HolH S £4¢] 49+= R 3.1.1 222
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Table 3. LC-MS/MS conditions for the analysis of fluquinconazole and flusilazole

Instrument Agilent 1200 HPLC with AB Sciex 3200 Q TRAP
Column Phenomenex prodigy 100 x 2 mm [.d. 3 um
Mobile phase A : 0.1% Formic acid in water
p B : 0.1% Formic acid in acetonitrile
Gradient table Time (min) A (%) B (%)
0 40 60
15 40 60
MRM Pair Pesticide Ql Q3
Fluquinconazole 376.03 307.2,287.1
Flusilazole 316.10 247.3,165.2
Flow rate 0.25 ml/min lonspray votage 5,500V
comlumn temp. 25°C nebulizer gas pressure 60 psi
Injection volume S5ul dying gas pressure 55 psi
Ionization mode ESI Positive dying gas temp 550°C
Scan type MRM Run time 15 min
HE 0] 831 9™ Tukey®] HSD AR S o] &3t B4 & Table 4. Recoveries and RSDs of fluquinconazole and
A& 3}, 717184 A4S Table 33 7294t} Fluquin- flusilazole in apple leaves

conazole, Flusilazole Z}2}F2] matrix matched standardS- ©]
&3l LCMSMS ¥ #HAAZEZH(Minimum  Detectable
Amount, MDAYS SIS o] & 53f ofef 2ol wh} 4
Z3H) (Limit of Detection, LOD)Z AF&3}3it}.

LOD (mgkg) = [MDA (ug) / & FUF (uL)]
< (3 A gele] BalmL)/ Al AR (@)

23 H 0E
MRS BM AEY AS
A Fore] AREHe 98l LOMSMSE ol8-sto

fluquinconazole} flusilazole 22| matrix matched standard
T AFAES ZRI g A3} Algel Abgel BiRolx A
AFRY)7E 0.999 o)/ Fe] Fsg A48e Bt HadE
Z(Minimum Detectable Amount, MDA) Alzke} AlzkQ)
B 0.025 ngol AL, o] & v O R A5k B3, 34
=2 723k 71&3HA (Limit of Detection)= AFFe] 79
0.005 mg/kg, AF ] 7% 0.01 mgkgS = At 4
S & F AT A A AS5S flste] AA)
Al A 58] AR e} H|Szgt o] HEE ARele] 73
1, 5 mg/kg, AFHe] 7% 0.1, 0.025 mg/kge] H7Fs= 5=
o] HEE ForS AMlste] HASAL, E3 AZTHA ]
100) 2 50019] T% FElo 2 FAY HAES AAIS vk A
Fele] B4 90.1~102.9%013L, AFHE 94.4~99.4%2
2 BAe] Aol ASEATHTable 4-5).

L
oX oo -

!

Pesticide Fortification ~ Recovery MDA® LOD
level (mghkg) (%)+SD  (ng) (mgkg)

0.1 101.5+2.1

) 0.5 1004+ 1.8
Fluquinconazole 0.025 0.01

1.0 99.4+0.7

5.0 94.4+1.0

0.1 99.8+1.5

) 0.5 99.1£0.6
Flusilazole 0.025 0.01

1.0 993+ 1.6

5.0 98.3+0.3

“Minimum detectable amount.

Table 5. Recoveries and RSDs of fluquinconazole and
flusilazole in apple

Pesticide Fortification ~Recovery MDA LOD
level (ngkg) (%)+SD  (ng) (mgke)
0.025 90.1+5.1
. 0.05 952+3.1
Fluquinconazole 0.1 10294 15 0.025 0.005
0.25 100.3+2.1
0.025 96.9+£2.7
. 0.05 97.5+2.5
Flusilazole 0.1 10104 1.9 0.025 0.005
0.25 100.6 +3.1
4T|E 5% BEY UL
Y RAELS Hs] 93 Agelns 4E 5
Sfolo] vhe ZA] Aol AR BHT A, A
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Table 6. Residues of fluquinconazole and flusilazole in apple leaves applied by different sprayers

Pesticide Sprayer Residues (mg/kg) +£ SD CV (%)
Speed sprayer 8.33 +1.02a 12.2
Fluquinconazole Power sprayer 4.55+0.78b" 17.1
Knapsack motorized sprayer 4.56 £0.36b 7.9
Speed sprayer 2.15+£0.27a 12.5
Flusilazole Power sprayer 1.10 £ 0.20b 18.2
Knapsack motorized sprayer 1.12£0.03b 2.7

9The means in the same column followed by the same letters were not significantly different, according to Turkey HSD test (p<0.05).

®This data shows a noticeable difference with a.

Table 7. Residues of fluquinconazole and flusilazole in apples applied by different sprayers

Pesticide Sprayer Residues (mg/kg) = SD CV (%)
Speed sprayer 0.06 + 0.006a 10
Fluquinconazole Power sprayer 0.04 £ 0.005b 12.5
Knapsack motorized sprayer 0.05 + 0.004ab? 8
Speed sprayer 0.02 £ 0.003a 15
Flusilazole Power sprayer 0.01 £ 0.002ab 20
Knapsack motorized sprayer 0.01 £0.001b 10

9This data doesn't shows a noticeable difference with a and b.

©] 7% fluquinconazole I =2 ojojolA 8.33 mg/
kg B2 FEER719F SHETIA 47} 4.56 mg/ke,
4.55 mg/kge] L, flusilazole®] 739~ A=z olo] 2,15
mg/kg, ¥4 FEEEY] 112mgke, $HEF7] 1.10
mg/kegZ YEFTHTable 6). Fluquinconazole®] ZHFo]
flusilazole®] FHF@ETH 49 A= =& 22 B F =)
ol A9l fluquinconazole®] 0] flusilazole®] THEFE.
o 4] A= E7) e Ao st HSD A4S
st A7 oS AmE 23 fluquinconazole,
flusilazole BFollX] FETF719} w2 ST F 4
FE719] 739 Fo A Zol7t gl ot F Ax 7o) Avje A
ZojolE Hua] WS w AyEizye]e] zhRako]
frolHes 2 A& & 5 A ole 2vEXZo]d]
Fargko] U] Aa7)o] Blal] djHoR 2 Aow
ST Abke] Z9-olli= fluquinconazole 7S A9

g o]} 0.06 mg/kg, FHIEF7] 0.04 m/kg, W4 &
== =]

0.02 mgkg, HHEF7] 0.01 mgke, ¥iF-2 FHEF7
0.01 mg/kg® B oI HTHTable 7). Ak T3+ HSD A4S 5
slo] §-o)4dS A E A3} fluquinconazole, fl usilazole &
oA mu|EAzgolo|e} FHEIETT|9] - froF Aol
£ AT vt FEET9] Agole 7 AR89
o] Zpo|7}t Yle AR ekttt Aueizgolo]e] A
G FHo air-fano] A I =FollA ol FEA] Y=
< HXWA olF, FEAIT)E air-assisted spray 2] o]t}
Hislop 5(1995)2 air-fan®] FFS Holwr] $ste] air-

assistance®] HEZE ofof AMEEA] ke A, F7F 28
H =2 ARG A o]HA Ml TR Uro] B
B A3} air-assistance®] o] AXH ALFE 72}
o] Bolrtky Yelgtt) o] air-assistance 7} F4E T
B2 YAEe] 72 "dvial w4 QA o] kg
ofal] o] FA7EA] FAtE|o] FA}go] Sojus Z0R o
B 5t uebr] avjeszglojoje] Fatgo] tf
Azl Higl 2 A& Avyjeizgolo]d] air-fanc]
A F2g o] Eolxlthal ket Algke] ol
2xglo]o]7} ymA] Aol BlsjA fojH o= F
do] Wou TEIH U Sof 5ojHoR LuEany
ojoj7} o E&A O E FAHUTA & F gl

Yz ofN
SUR DA

Y

[ o o
ol
(r

u.
U

AnEAZ Ol ¥ZEHE s UFE H I
2y|ExxgololE o] &gt AL FHRE vla A3
AFele] 739~ fluquinconazoleS FEHIA 10.76 mg/kg,
FTEY 832mgkg, AEY 6.04 mgkeeldl, flusilazole2]
A9olle A=Y 3.04mgke, =Y 2.14mgke, AEY
1.47 mg/kgZ YERATE HSD AA S Folo] A EFPE &
oS A A3} fluquinconazole, flusilazole E5FofA
Z47e] =% MR oA Aol& B 5 d3leH, Bl &
TF FArke] golrs A Sl & 5 AUk AlellA
= fluquinconazole®] IEHE 0.07 mgkg, T=%F 0.06
mg/kg, A& 0.05 mgkgol 3L, flusilazole®] 79 VEFS
0.02 mg/kg, =% 0.02 mgkg, AEF 0.01 mgkeZ e}
Stk Al 9A] fluquinconazole?} flusilazole®] &3}
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Table 8. Residues of fluquinconazole and flusilazole in apple
leaves applied by different spray volume

Pesticide Spr(ag /Y(‘)’:)‘me (ml;/kesg)hfsm CV (%)
560 10.76 £ 0.77a 7.1

Fluquinconazole 336 832+1.01b 12.1
230 6.04+0.16¢c” 2.6
560 3.04£0.15a 49

Flusilazole 336 2.14+£027b 126
230 1.47 £ 0.06¢ 4.1

9This data shows a noticeable difference with a and b.

Table 9. Residues of fluquinconazole and flusilazole in apple
applied by different spray volume

Pesticide Spray volume Residues CvV
(L/10a) (mgkg)=SD (%)

560 0.07 £ 0.000a -
Fluquinconazole 336 0.06 £0.003a 5
230 0.05 £ 0.006b 12
560 0.02 +0.002a 10
Flusilazole 336 0.02£0.001a 5
230 0.01 £0.003b 30

of
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2
2
i
e
0

T, AT, 2B $F 5ol wet ol

2o 7 o 3 osloME AEH} FFL vFsh}
1 oPdellre A Frlslen Fatake SlekA] ¢
S0 SIS A B Rakgpo] Alsjdle] 9= A
Eifo| 371 EE HlElshe AFS BRYoY Ale] A
= AXET| TR Rage S0 A Fo=
ERAL E 5 At ol Be g S ATl ANE
A vjatEE B3] Qo] AR yE AxEY Ao I
23 Zlo7 Helth B Ao AAs Ax EgoM F
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FEL AT A FEFoR ATE sox Lt gles
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2 o ZyEsxyolo], FHEETY|, HRA FEEFI]E o|&ate] AlllA fluquinconazole flusilazole 3}

£ 5YS 2o R Axsty REoks BA st AxE BAES vwelon] Anesxgoloje] 39 4
EEFS IEY, TEY, AEY AHTE Fol vlwsidh A AlgSle] Rk T 5k BT AvEsorg
olojo] FAgto] FEEFIIeL wiFA FEEFIIC Hls] foF R @WdTH(fluquinconazole: ¥ E23E 0]
8.33 mg/kg, FHEEF7] 4.56 mgkg, BlF-2] FEEF7] 4.55 mg/kg; flusilazole: 29 =22 g olo] 2,15 mg/kg, 5
FE7] 1.10 mgkg, M54 FHETE7] 1.12 mgkg). 2 EAZFololo] A Eed Alalo] Fof Bateko Hak
o] F4= Halgko] wWglow EgHE §o]F xo]Z W rh(fluquinconazole: IEFF 10.76 mgkg, =% 8.32
mg/kg, AEH 6.04 mg/kg; flusilazole: LEH 3.04 mgkg, TEF 2.14 mgkg, AEHF 1.47 mgkg). ©|& A=
sk Ay AXEYPE & B3 B4 U 7| xAEEN FAFESES A% Al 71E 4 2 s

2~ 0]lo

W7l &go) 7hesh vyt o] Fx e AAS Y ZAAER 289 5 IS Ao Addh

Molo] sof, M), EEY, VY






