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Abstract This study aimed to investigate the residual distribution of pesticides in peppers with UAV across
different growth stages and to look into the characteristics of difenoconazole in peppers concerning UAV
application methods and sprayers. To assess the residual uniformity of difenoconazole at different levels of
height (top, middle, bottom) and growth stages (early, mid, late), the coverage ratio (%) on Water sensitive
paper (WSPs) was calculated. Additionally, the residues of difenoconazole were evaluated with variations in
UAV application condition and sprayer equipment. The results revealed an horizontal coverage ratio was
inconsistent with coefficient of variation (52.94-165.64%) in all test plots. In addition, The skewness of the
coverage ratio based on height exceeded 1 in all growth stages, which means coverage ratio was unequally
distributed. Especially, the coverage ratio of difenoconazole on WSPs decreased from the top to the bottom
during the mid and late growth stages of pepper (p <0.01). Moreover, kurtosis indicated considerable outliers
with values of 0.54 and 8.47. Consequently, the aerial application was deemed most effective during the
initial growth phase of peppers. However, doubling the application volume at the 5 km/h of flight speed wth
UAV resulted in an approximately twofold increase of the coverage of difenoconazole on WSPs at all
heights. Therefore, it seems suitable for the mid to late growth stages of peppers. Thus, utilizing UAV
appears to be a reasonable choice for Korean agriculture, particularly in cases where labor shortages are
prevalent despite lower residue of difenoconazole compared to conventional sprayer plot.
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val, PHIY 16} 34 NS 8 3d A7 o 33] A%

ohe Ao, HYAEe] 74 2,008 344S 428 3Y
A7HA] Fof 33] AEsl= Aot} B3k difenoconazole®]

IF T 7HF5]-8-7]5 (maximum residue limit, MRL)S 1.0
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Fig. 1. The scene of field trials. A, The unmanned aerial vehicle used in the experiment; B, The view of the test site; C, Water
sensitive paper placed on top of the pepper; D, Water sensitive paper placed in the middle of the pepper; E, Water sensitive paper
placed on the bottom of the pepper; F, Water sensitive paper after pesticide application.

dFe FAEL Skm/he SEEEFHE AEsR= AT

Hi x5 T TR 2023 69 230 1A} A
stlem, 23k Axe 78 204 (ASF7), 33
A¥xe 89 174 RS0l At w1319} 2
A} Aol 500 mL Al F ZHF 1803} 190 mL A3
ok ASS7l0 A= AT A gAE 34 500
mL & 170 mL AE33, IEF M= 1,000 mL &
340 mL AEET B8 ATTe D3 27 =30 AE
St Al AEQD T2 E571(KCS 1062)5 o]-8-3te] A
5371 2 3719 6,000 mL AEATH FFAE T 7}
AR AeAe ME FoleFoll ERaL, IF £ A
©@a7] Sls) Aoz PR sl RO 7 Qg o
A5t} 23 A B oA 9Y 1F Eols LR
A

ok B9 2 AFste] AT Ao} B AT

=
Ho
e
N

>

o wo} WRFS vimsdc. B A2l oA Az
F AT AT 5UT PR Ang Ao
W, AEE 4PUE MEA 255 Sejololol 28 A7t
slo] 4% F B4 A7 200 WER sk,

Ao g 717

Difenoconazole (5=, >99.58%) 3%~ Dr. Ehrenstofer
GmbH (Augsburg, Germany)ollA 439, Stock solu-
tion ZA|A] A& methanolzt HAg] & 7171240 ARE-
¥ acetonitrile> Merk (Darmstadt, Germany)A| = 5 liquid
chromatography (LC) ¥4J0] 7}53+ LiChrosolv 555 At
43121 tE. QUEChERS EN packets} dispersive-SPE tube=

Agilent Technologies (California, US)2| A|&-S A3t}
32} 5574+ Wasserlab (de Navarra, Spain)2] Autwomatic
Plus 1+241%-2 ©]&3F1L, o573l H7He formic acid
(X%, >98.0%)= Merk (Darmstadt, Germany)H|#2S AR
siirk. dAel #4 5 AHE F%71= SPEX Sample
Prep (Metuchen, US)2] 2010 Geno/Grinder AE°|0L,
Vortex mixere Scientific industry (New York, US)<]
Vortex-Genie 2 AlFo|th. E3H, Q427 A =ehit
A (& )(Incheon, Korea)2] Combi-514R A|3Zo|AT}.

URsY 2A4Y
A& 10gS 50mL conical centrifuge tube (Falcorn™,

USA)P 3% % acetonitrile 10 mLE 3718k 1,300 rppm
o2 587 A& FEs9Hh &3 Al59 QuUEChERS
EN extraction packet (4 g magnesium sulfate, 1 g sodium
chloride, 1g trisodium citrate dihydrate, 0.5 g disodium
hydrogencitrate sesquihydrate)S 7FsH & 1,300 rpmol|A]
1387F ZEd o, o] Fof 3,500 rpmell A 557+ A4 2
ST FAAE 84 4 1 mLE 150 mg magnesium
sulfate, 25 mg primary secondary amine (PSA) ¥ 2.5mg
graphitized carbon black (GCB)°] €]} dispersive-SPE
tubedl] FH7Fste] 30%7F Wk & 12,000 rppmOE SEZF
A4 ek 1 & 23S syringe filter (PTFE, 0.22
um)E &34} acetonitrileS: ©]-8-3k4 50:50 (v/v)ZE matrix
matching+ § Table 19l A|AF LC-MS/MS #4202
FrEeke T4
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Table 1. LC-MS/MS conditions for the residual analysis of difenoconazole in pepper
<LC condition> |
Instrument ExionLC™, AB SCIEX, USA
Column ACQUITY UPLC® CSH C18, 2.1 mm L.D. x 100 mm L. (1.7 um particle size)
Flow rate 0.2 mL/min
A: 0.1% formic acid in distilled water
B: 0.1% formic acid in acetonitrile
Time (min) A (%) B (%)
0.0 80 20
Mobile phase 0.8 80 20
1.0 10 90
5.8 10 90
6.0 80 20
10.0 80 20
Injection volume 1 uL
<Mass condition>
Instrument QTRAP 5500 system, AB SCIEX, USA
Ionspray voltage 5500V Nebulizer gas 50 psi
Curtain gas 20 psi Drying gas 50 psi
Collision gas 10 psi Scan type MRM mode
Drying gas Temp. 500°C Ion source ESI+
<MRM condition> |
Precursor ion Ion transition
Compound T ——
(m/z) Quantitation ion (m/z) CE® (V)  Confirmation ion (m/z)  CE (eV)
Difenoconazole 406.2 251.0 33 188.0 57
? Collision energy
EREIE R
3% % difenoconazole®] %3 (Limit of quantita- ¢ g * .. B
tion, LOQ)= Z2vHE1H 4 signal/noise ratio’} 10 ©]/F 2 .
ol T2 HAerH(Saadati et al., 2013). LT3+ I1F F * P
difenoconazole®] 3]5=& A1¥L LOQ, LOQ2| 108 2 50 & w ®s - |
wje] GEol ) Seatel AAey 2 A)71RAES] fEA ’ LI
A B C

< AFSIATHFAO, 2016).
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Fig. 2. Methods for water sensitive paper treatment to validate
the accuracy of coverage calculation program. A, 1 cm’ treat-
ment; B, 2 cm? treatment; C, 3 cm? treatment.



23, IBM Corporation, USA) A2ZE o]
Fo] AS A7 2 A5A] wjA| o
FoFe] =xH)9] W% (Frequency),
man’s rank correlation 42 E3f

[}
S4e Aslh. BE, 35 T FTEE T IRF

>
k)
i
1
r (o]

ol
O
of
>

2 d9 FAHEA (one-way analysis of variance, ANOVA)
% Duncan®| ©77% (Duncan’s multiple range test) 3
EYEE 737 (Independent sample t-testyS F3f AEHH
o

- Xiongzhe Han - 210[7] - BMI2 - 71 - &80 - F&

aF

70.8-107.7%1912™, RSD=

483 RSDE FAO(2016) 7150 #-8Haitt.

HA S} Aol AgEglol
3). A ZEE A X2

S|
89.5-110.3%=

=
& A=k A Adsivha AdE i

ZF AN@%eko] 3FEL Table 20 A|A S vle} 7ho)

5.9% °l3lZ2 AHsxd 3

o=

A

2% 353 438 BATHTable
BL o4l 14 mxg

IF 3 E34E %9 TR UL
e AR frel3 2ole AR SHATHp <0.05). Y Eold A mxH|9 WHolAFE AT AR
%RSDE 52.94-165.64%% 3% i ddEe IF
A g & A543 AARLO]l RYTHTable 4). ol Badd dFe
HjF(Kim et al., 2021a)9} Z3KKim et al., 2021b; Noh et
HRsY% ZHYH HE al., 2019)0llM %= WA sh= 71y Axgeke] FEalolrt
35 % difenoconazole®] HFEAE 0.01 mg/kgelATh. 7= 7€ 249 F71E AT 5 e BAY]
Table 2. Recovery of difenoconazole in pepper for the validation of residual method
. . Recovery (%)
Fortification (mg/kg) RSD (%)
Rep. 1 Rep.2 Rep. 3 Mean + SD
0.01 76.4 74.2 70.8 73.8+2.8 3.8
0.1 104.7 107.7 103.6 1053 £2.1 2.0
0.5 95.7 101.3 107.6 101.5+6.0 5.9
Table 3. Validation of program for calculating coverage of water sensitive paper
Treat(réllilzl; area (e eatment Coveraf(gz ,o%ecovery Coveragg3 ?;E;eatment R(X:/Ogir}l/ é;’)/;)
2.5 2.5 99.8
1 2.5 2.5 97.7
: 2.5 2.5 99.4
2.8 2.5 111.5
4 29 2.5 113.9
2.3 2.5 89.5
5.0 5.1 98.5
2 5.3 5.1 104.2
5 5.1 5.1 101.0
5.6 5.1 110.3
8 5.4 5.1 107.3
5.3 5.1 104.3
7.4 7.6 97.5
3 7.8 7.6 102.6
3 7.7 7.6 102.0
8.0 7.6 105.8
12 8.2 7.6 108.4
7.6 7.6 99.5
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Table 4. Frequency analysis of coverage ratio of WSPs according to growth stage of pepper and placement of WSPs

Flicht Coverage ratio” of WSP (%)
Growth g
velocity Placement of WSP . Mean = SD . Skewness Kurtosis
stage (km/h) Proportion (%RSD) Median  Mode
Top 45.15 1(811] 5i321'())8 151 0.00
Middle b - - -
Earl 11 1.62 2.39
y Horizental 3358 1('13;‘ 6i311')7 045 000
5 .
otiom . 0.85= 1.41
Vertical 21.29 (165.52) 0.21 0.00
Top 4552 "fszzigg')% 171 038
Middle 2571 ”()73 4i22')76 081 080
Middle 11 08 i‘o - 1.16 0.54
Horizental 19.91 '(91 53') 0.53 0.21
5 )
ottom . 035+ 039
Vertical 8.86 (110.88) 0.22 0.00
Top 48.14 1(']93;0%)1 15 0.11
Middle 24.42 0'(91% 25215';3 0.4 0.4
1 05 . 0.3 2.58 8.47
Horizental 16.75 '(123 54) 0.37 0.05
Bottom . 043+ 0.52
Vertical 10.71 (121.07) 0.2 0.04
Late ;
1.65+231
Top 4134 (139.66) 0.11 0.00
Middle 254 1'(0125?3159 03 0.00
5 0.85 i 104 222 478
Horizental 21.15 '(1 23 14) 0.48 0.01
5 .
otiom . 049+ 0.67
Vertical 12.13 (138.34) 0.1 0.01

3 Coverage ratio (%) = (each coverage of WSP/ total coverage of WSPs) x 100
® Considering canopy height of pepper, the coverages of both bottom and top were measured.

o]7] wj¥oll(Li et al., 2021b) F-<18¥ %uiﬁ, A e
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HATHRigby and Stasinopoulos, 2004). =, ZJ’—’FX
N3 AxFore ExH|E Eold w} AFH AdFS
AL, BE AF7)M FEH R AFFolA sHAFE L
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o] Bz 1 Hyo| e = 00]0]“1(Chang et al.,
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Table 5. Kruskal-Wallis analysis of coverage ratio of water sensitive papers according to growth stage of pepper
Placements of WSPs Growth stage Flight velocity (km/h) Mean rank X P
Early 11 48.72
Middle 11 59.12 0.154
T 5.260 :
o 11 53.24 (NS")
Late
5 40.92
Early 11 2
. Middle 11 45.36 0.089
Middle 4.845 :
11 36.64 (NS)
Late
5 32.00
Early 11 51.92
Middle 11 56.60
Horizental 2.032 0.566
11 46.08 (NS)
Late
5 47.40
Bottom
Early 11 50.9
Middle 11 49.08
Vertical 0.089 0.993
11 51.40 (NS)
Late
5 50.62
 Considering canopy height of pepper, the coverages of both bottom and top were measured.
® No significant differences exist at p > 0.05
Table 6. Spearman’s correlation coefficients between height and coverage of WSPs according to growth stage of pepper
i Correlation coefficient
Growth stage Flight speed Variables -
(km/h) Height Coverage
Height 1 -
Early 11
Coverage 0.101 1
) Height 1 -
Middle 11
Coverage 0.486 1
i1 Height 1 -
Coverage 0.333% 1
Late :
5 Height 1 -
Coverage -0.19 1

9 There are significant differences at p < 0.01

A
ax)

= ARH 2

kal-Wallis ZA3K(Table 5) I3 A+
W A F FIEE AEEeke] ExHE A5
ZpolE HolA| FUTHp <0.05). 2t 15 A5
E¥&e] J=E IHIPYS W(Table 4) 25 BH27] A
= 3o 23S #Ho= AU oR Y 2 4
BHAA T AEF7] HEe 0.542 9 (Platykurtic)
Hof TxHlo] Hufghad} AE|3e] xfol7t Ao r
e A AL, AS e 38 el FF
(Leptokurtic) EX5 Ko ujg} AjHoE TxH]o| o]
3] (outlier)7} @o] LS 73S B ATHLoperfido, 2020).
5, A mol AR woRe mXHlE AS 279
oPIAI7F 7H AL AFE A
A&7 A w
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Mr oo H1orft Y oo

Kol
=
B
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=
=

ke
T

A Folol] mE Iy

L=¥H]E spearman‘s correlation 413+ Z3}H(Table 6) 215
A&z 710 7A] =xu]E wold we} F942 2fols
HolA] UARHp <0.01), AEF7|eF $719] FBAT=
0.333-0.4862.2 oFsl 4 JHAAAE R (Rovai et al.,
2013). ©]&= spearman AT W 7)Eol wEr S
(moderate) == 7} 3H(strong) YA AATAE BY & T}
3 #erst 4= dt(Leclezio et al., 2015; Yan et al., 2019).
Bk 2 Aoa aFduje] 54 wkgste] s ol
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Table 7. Residue of difenoconazole in pepper according to growth stage of pepper and application method

Application method
Growth stage Residue (mean + SD, mg/kg)
. P-value®
Conventional spray UAV spray
Early -2 0.09+0.01 a” -
Mid 0.22+0.02a 0.03+£0.00 ¢ 0.00
Late 0.11+0.01b 0.07+0.01b 0.00

 Conventional spray was conducted at both mid and late stage of pepper

® The same small letters mean no significant differences within the same column at p < 0.05.
© There were significant differences between conventional spray and UAV spray at p < 0.05 level by t-test.

FAEE A7) Yelire 25 A527)0 A 8t
E Ao f23 Ao AtE Qi)

ArmdbHol e S34E 542 FFSY

A AF T dlfenoconazole s 24
217} Table 79 A|AISIATH 25 5 difenocona-
371719k BAGle] aF7F STl whet
froHo= gﬁ}— 73S BYOom(p<0.05), LE A
To|A 3F F difenoconazoled] ZFFHL2 FFILI|E
(1 mgkg) PITEOZ QPdgoll= A7 fivkal = ok
(Table 7). B3, 3713 A5F7]9F $7]9) difenoconazole®]
RS BRI 7 AFAE AR 2 A
S BAth(p <0.05). ol 2F F F EE&S AL
7} FRIFAE tin] Eokvhe Barok fo) 8kl th(Xiao

et al,, 2020). 2} F-olatgAy 2 FAaPatyo] e 3

00 21 X

Fo 8 F AhE YA vdE o AL, A9 284
2 FRlgFAl FAE g 22 AgS HAt
(Wang et al., 2019a,b). W2 FH =FHo| F53t 3=t

|
o] 7% FRIFgE A)E ol dsle W AT Jow
A ATHKim et al., 2023).
B3, Skmhe] HIREER S At Ml P (=)
E¥H= 11 kavh HTFAEF)S D2 254

2] o|(T AR-ZR-FPL A7)k o3 BEA S
oA AU (p<0.01, Table 6), B LELS AEEFF
w7k A%E BATkFie 3). ol FAY

B E 8|Ajole] Fafo] Ha} = Ay ol o] B} ul
FA3 kA ARRAS B3 (Zhan et al., 2022), A
o Z7Kge) me AR F AE ojHe) Bt %
go] 7N = Avhe BaLel FAFSIATH Wang et al., 2022).
T3, FRIFgE7e] ZEelA wAskE 613 (down-

Mmool Y 2 2 (m

B Top M Bottom (horizontal) [ Bottom (vertical) A M Top M middle [ Bottom (Horizontal) | Bottom (vertical) B
9 4
8 3
g7 g :
3
£ 6 . &
§ w
- 5 L4 E 2 N
-] -] *
g 4 & 2
s g
8 8’
2
.
1 L]
0 0
Placement of WsPs Placement of WsPs
M Top M middle [ Bottom (horizontal) [*] Bottom (vertical) c M Top M Middle [ Bottom (horizontal) [7] Bottom (vertical)
25 40
.
. 35
- 20 —_
£ . £ 30 :
& &
w 25
gL £
k3 S 20 .
.
% 10 g s
2 H 2
8 5 8§ 10 .
ﬁ_ s a <]
0 | 0 ——
Placement of WSPs Placement of WSPs

Fig. 3. Coverage of water sensitive paper according to pepper height by growth stage. A; Early stage, B; middle stage, C; late stage

(11 km/h), D; late stage (5 km/h).
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