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Abstract: The effectiveness of adjuvants was evaluated in enhancing deposition within
target spray area and reducing off-target pesticide drift during UAV-based pesticide
applications. Tricyclazole, a widely used fungicide formulation in rice cultivation, was
selected to measure deposition behavior using a Cellulose Deposition Sampler (CDS).
The results demonstrated that the inclusion of paraffin and lecithin type adjuvants
increased average depositions in CDS and rice plant samples (panicle and green leaf
blade). Drift patterns were influenced by wind direction, and higher wind speeds
were associated with increased drift rates. Compared to the untreated control, the
relative drift reduction ratio ranged from -1.3 to 34.6% for the paraffin adjuvant
and from 33.8 to 65.9% for the lecithin adjuvant, with greater drift reduction observed
at higher wind speeds. Pesticide residue levels in harvested brown rice remained below
the maximum residue limit (MRL) across all treatments, ensuring food safety of adjuvants.
These findings indicate that the use of adjuvants in UAV-based applications can effectively
reduce drift, improve application efficiency, and promote environmental sustainability
in agricultural practices.

Keywords: Deposition, Off-target drift, Paddy field, Rice, Tricyclazole, Unmanned aerial
vehicle
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U] PG Ao TRsSle] SOF MGG ARAIT ol FRAT $oF YIS HASAIT TEE 54 714E Hgtol
Mo o] B2 ENAL WAL Ko AAH S AL B FY 5 ArH4). ol B AL PG Has
T, A% 7R3 5 Aol Z1of% & Uk B3 RGN UAVY B8 =5 W A JoE P 9rE oA
gmgele] A4 AM 5 R oL AFATHs)

2Lk UAVE] 2 (roton)ol A MAISHE 3195 (downwash)o] L} 913 wleho] 89102 Qls oFe] Mol ]4to] uhAy
9 7hs Aol TYAE thr] 74 4 YUk SHEES UAVZE 4R BlRskAL o5 o 2ejo] o8 AAEE URE, ool
=% 9 Ao v WEE 38 891 F shtolthel. AolA AAZoR WAsHE we E3F HlAHS OAIRIT,
Bdo] AUSE HAHE THs A0l FUISHEL, BE HlALY ko] A w274,

FBUR A ok NFo| B Aol e WM ult HEE vjolstol

=0

o 1 =
HARO R fuME 4 QU B U Q150 thE RAM8L HASs o] Zlofd 4 Utko10). EIF R AL T U ARAY
HIAR AZETE W 4 A S SRGOEM UAVE 0|83t 5ok ALE WS HHB 4 ALz, ol vl
AR5 7]oj2 Bt opfel, $HOE WSS FHBYY FS FaAYIE BEHOE HgINo] A% 15T AL H
[si3

A B4 SO Myl card} A9} 2L 57 HE £TE ALGel0] 5o AHe] RAEE WS o]

14, e Y B AR ) sore) B AREE 24T 4 ks Ao) aATlH, B9 gans

# Lo 9] ARgol olelch Lo ol uA Wele] BEAT b B AR FAY T AREHS BAAL,
of 7let ARO] BES BAHEA Spectrophotometer) FOE 2o w0l eHise). Teft oleiat e 42

NEE S 3go] wEUSFHoIY], 4T ANE AR5 4G aFATE Ao| Bt 5] A/ B Srx
SIAL E A28 ke Aol o 4EAS ol " et Ut

olZe HAt S AP ES BT HEY 5 U= HUL=E cellulose paperE 83 A4 o] Ut Cellulose
paper= 710 QIS WA ot S-S HATE thofdt B 7oA 8o &8 4 Stk ETT cellulose 242 5494
HZo] HiZ 45| o] Mylar card SOIA HAS = QU= HF FHIRE (rebound) AAE o 5 ook F2E 592 methanol
¥ Z2 2 A = 7HsstER, ARntE - AFRAY] 52 &80t 5 ARES AT SHY 5 A7) AA
& Cellulose Deposition Sampler (CDS)7} &1} AufjZ]of| A =oF H]ARS: Jl37]-0}‘:—121] AFR-= dF 9itH18].

AAAL 5orol A A3HE USRI HIAL AR 919 oF HEAe] WAL HAAolth AHAL oo EH

ol BHld] o 2USH BRHEE F1, o] EHlo] P10 RAHES FouA S| TeES HAtT
L GRS PPAUG9). BT BAAL 5] T 2 AFE Solel oFE A44E o, BF A8FS
M= 54 A anE 4 —’F— UA HeH20].

Tricyclazole (5-methyl-1,2,4-triazolo[3,4-b][1,3]benzothiazole) triazole] AAZ ¥ Q] = EHI} -2 ol WAES A3
Z2 AGET, o] ATAL BAZY Wehd A4S SAslo] WL AT ABL L1, d5T BAANE ABE
] W2 RN 2 AGHT Yo FEAR B oI 2223], Lo wicyclaroles} L ATAE A2 UAVE
FET 20w FASIER] Zot AR 2N b BlAtE o] R X o|Qlz Sk 4 glom, o= FH AEAC FA44
A FFE "E 4 Utk WA FFHE F tricyclazole?] HIAF AT AE MRS 7R F AT GA A SH0ks
2ol e 9 A &5 FHader| gt A ‘%_}74101‘:}

rO mﬂ: [‘Il‘ O

ol

H 3= UAVE 83t 2|4 9] 5oF H]ARS: CDSE &-83do] Fristal, A&A ARE G50 WE tricyclazole]
5 %“J% ‘31311‘3}% Eﬂ EZo] gitt. BRI FFAE & B3 A He| byl vijX|H CDSE EJH FekS A 24T

.
. B A7 A7E 59 @G04 UAVE o8t 58H<l
of AMg-0] Qb4 U B KB 1t 7144 A4 7o)

ot

https://doi.org/10.5338/KJEA.2024.43.17
Korean J. Environ. Agric. 2024, 43, 174-187

175 https://www.korseaj.org



Article

M= 5y

At M=

Tricyclazole (£ 99.4%)< Sigma-Aldrich (St. Louis, MO, USA)o|A] 151921, LC-MSH water= Merck (Darmstadt,
Germany)OflA] -5t} LC-MSHE methanol®} formic acid (>99%)+= Thermo Fisher Scientific (Waltham, MA, USA)J|A] 4+
o} tt. HPLCH acetonitrile> Samchun Chemical (Seoul, Korea)ollA] F+15+%1. 2™, HPLCH ethyl acetate %! methanol
Duksan Pure Chemical (Seoul, Korea)o| 4] T+ TE Magnesium sulfate (MgSO,, 4 )2} sodium chloride (NaCl, 1 g)& Z3FsH
QuEChERS Original &8 7]E Y primary secondary amine (PSA, 25 mg), octadecyl (Cys, 25 mg), MgSO, (150 mg)E X3t
dispersive solid phase extraction (dSPE):= Agilent Technologies (Santa Clara, CA, USA)OJA] Y3} CDSE cellulose
thin-layer chromatography (TLC) paper (17CHR, 7] 1 mm, Whatman International Ltd., Maidstone, UK)°f| &¢Fu]& ZZ(10
cm x 10 cm)S 9 99 =& WZ o] 50 cm’0| L= AZ5IAt 5oF AES =A1E 8% tricyclazole U 15% ferimzone
BAFSHA|(SC, Kyungnong, Daegu, Korea) Attt HA A (paraffin, 24%)E XE &3 FZA| Caress= Dongbangagro (Seoul,

Korea)ol|A] L4319 2.1, soy lecithin (48.8% w/v)& E3FSE AZA| Gondor+= De Sangosse (Agen, France)o|A] T3}t

HIAH AR AA|

AlY 2R = e Bobt ShAHI FARA] tofd frzto g AAgstglon, & A9 nE AFAHE A B0
*IﬂﬁI‘%i‘:I- CDSE H3E AX Hejot vja79 FHo| 7k 9F 130 cm %0]9] Edfo] AX|stch(Fig. 1). AXE 932 m)
FH Z 37019 CDSE MAstglom, A §hg - 1, 3,5, 7, 10 m HH 22 CDSE F7F Aot 15(Row)S 2ottt
o]2]gt Row= 8 m 7HH 0 &2 F THAl E(R1-5) HIX| ]It A2+ G1~G3ol= 59 A& sull 5 UotA 3]4sto] Axstglo
o, AR 0 R Glof& AHAE YA LI, G20 CaresE 2% TFo| HEF F7151% 21, G39= Gondors 1% 50|

0 cos 4 VAV Spray pathway

28m 10m 28m 10m 28m
10m 7m‘m3mlm 4m Im3imSmTm 10m 10m TmSm3mim 4m 1m3mﬂm7m 10m 0m "TmSm3mim 4m Im3im5m7m 10m
1 1 1 1 1 ] 1 1 1 1 1 1 1 ] 11 ] [ 1 1 ] 1 1 ] L1 ]
T I T T T T 1 T T T T T T T T T T I T T T T L] 1 T T T 1 T T T T T
1 | I I B | [} LI T | I 1 | I O B | I LI I I | I 1 | I B | 1 I I B | 1
1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 | I R B | [} | I T B | I 1 | I O B | I | I I | 1 1 | I I R | 1 | I R B | 1 8m
1 | I I B | 1 LI T B | I 1 | I R B | I LI I I | 1 1 | I I R ) 1 | I I B | 1
1 I I B | 1 LI B B | ] 1 I B B | I I D B | ] 1 | I I B ) 1 o 1
Rs— G ~01 G O CHOGIH Q-1 G- -1 Rs—- £ -0l G O CHOCK C-Q1 -3 G- -0l Rs— G -0l G Q- CHOCK Q- Q13 G -Gl 1
ol ol ool
1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8m
1 ] ] ] 1 1 1 ] [} ] 1 ] 1 ] ] | ] 1 [ 1 1 1 1 ] ] 1 1 1 [ 1
1 L L | 1 L L ) [} 1 | L ) | L L I 1 L ) 1 L L) 1
w50 5 R0 - it -0 RG34 O R o bl g
1 | I I B | [} LI I | [} 1 | I I B | I LI I B | I ] | I I B ) 1 | I I B | 1
1 | I I B | 1 LI T B | I 1 | I O B | | LI I B | I 1 | I R ) 1 | I R B | 1 &m
1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 | I I B | [} LI I | [} o 1 | I O B | I | I I I | I 173 1 | I B ) 1 | I B B | 1
1 1 1 1 1 1 1 1 || 1 & 1 1 1 1 1 1 1 1 || 1 @ 1 1 1 1 1 1 1 1 I | 1
R3— O -0-0 O 0000 O-0-0 O -0 1 < r—+O--040 0-00000-0-0 0 -0+ £ p40-00000000-000 -0 [4m
1 | I I B | 1 | I T B | I = 1 | I O B | I | I I I | 1 = 1 | I I R | 1 | I I N | 1
1 ] ] ] 1 1 1 ] [} ] m ] 1 ] ] ] | 1 ] [ ] m 1 1 1 ] ] 1 ] ] [ 1
1 ] ] 1 1 1 1 1 [} ] 1 ] 1 ] ] | ] 1 [ ] 1 1 1 ] ] 1 ] ] [ 1 8m
1 1 ] 1 1 1 |} ] |} ] 1 | ] 1 1 I 1 ] [ 1 1 ] 1 1 1 1 ] ] [ 1
1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R2— € -0 3 O CHOCK Q-3 O -0 Re— O -0 {3 O LHOCKH 0O 3 (- -0 Re— O -0 L3 OF LHOCK Q-0 3 O -0
ol e o e o i
1 | I R B | [} LI I B | I 1 | I R B | | I I B | I 1 | R T | 1 I R | ) 8m
1 1 1 1 1 1 1 1 [} 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [ 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 [ | 1 1 1 1 1 1 1 1 1 1 1
Rt— G -0 O CHOGIO Q- Q13 G -0 Ri— G -0 0 QF (OGO Q-0 Q- -0 Rt G =010 OF QOGO Q-Q1-0 OF -0 1
R T B R ] A R R B A
1 | I I B | [} | I T | I 1 | I B | I | I I B | I 1 | I I B | 1 | I R B | 1 8m
1 | I R I | 1 LI I B | I 1 | I B | | I I B | I 1 | I I B | 1 I R I | 1
1 1 1 I 1 1 1 I [} I 1 I 1 1 1 1 1 1 [ I 1 I I 1 1 1 1 I 1 1
G1 G2 G3
Pesticide (8 X dilution) Pesticide (8 X dilution) Pesticide (8 X dilution)
+ +
Adjuvant Cares 2% Adjuvant Gondor 1%

Fig. 1. Arrangement of Cellulose Deposition Samplers (CDS) for measuring pesticide deposition in target spraying area and off-tar-
get drift in paddy field.
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%S 27 ol AR FFe 4P RS IR BNtel A 1 2T F 47 2717
VY A BHE TS APstel 48T BAOAL PAA] Aol 2 2T Aol 10 me] UF FAG 2%
A2 o) 5ok A S HEFAGHES BYale] 9% Q20 AT ool A P

UAV 59 8 9 A2 47
59 Ax= HE|FEQ YMR-08 (Yamaha Motor, Iwata, Japan) RS AFE-5lo] £33l HLt. A AL 1% 3 m, H|F
£ 11 km/hE Ao, =& XR-11001 (Spraying Systems Co., Glendale Heights, IL, USA)Z 43 40 psiol| A 2ot 2
W SEC 13 misi Aokt ATE F4 2 mis 0|51l ZAGIA A 741014 104] Aolo] 43 54 e}, RS sy

o A12] QHAALR 7|2l whet 20224 79 229, 8K 129, 9K 21Y0] ZHzH 1314 & 33] Helstqn}. AR 7]|7F 2 Holo AL
893} 99 F X, FAIAE 9ol 3 A vl WL SPEA L5, &, S5 5 IE 8909 YFS A5 Y8

Al Aol HEFHE SAOl B9 AE3IGTh CDSE AX A% 75t0] WAt L A& AsH] sl FolgFol ol

ofo]AufAof St s SA AFAR RISt £4 A7HA] -20°Co A Bastoint. UAV 28 Al Ag9] 27] 72

& W71 13 #E6Ah B AR 2A7F0] At FAIZE utE F s B oAt AEAEY] 9 E S S 80k

o 528 712 S A% B o4 AR ¥ 953 O @] SR B A Alme ofolautid Yol il B
A5 GA7|E ARgote] Edtojofo|Aet 3 24 B FASSI oM, A A7HA] -20°Co A Estinh

HZEEW X U A& MK2|

Tricyclazole EFE2 acetonitrileZ 3]45}0] 1,000 mg/L EFHPNo] HEE A X5ttt FEEHL 0.0025, 0.005, 0.01,
0.025, 0.05, 0.1, 0.25, 0.5, 1, 2, 5, 10 & 100 mg/L FE==Z TAE 4ot o, =7t2 t|&d X7 (matrix-matched) FF-EH-E
AZsH] Y8 /8 FEENT} ko] HIIER] 4L X7 FE2HE 1:1 (viv) H[EE &3F5Ha] 0.00125, 0.0025, 0.005, 0.0125,
0.025, 0.05, 0.125 ¥ 0.25 mg/L7} H == ¥t BE EF LN BH HA7FR] -20°ColA Y5 EAs T

CDS 4] tricyclazole—% FZ0o17] Yl F dFulE ZAS A ASE F cellulose TLC paperE 50-mL Q4EZ FHo] Y11

methanol (40 mL)S ]-?l' 3, Geno/Grinder (1600 Mini-G, SPEX SamplePrep, Metuchen, NJ, USA)E AR&519] 1,300 rpmOf A
B2 A5kt FEE2 0.22 um PTFE membrane filterS E3] o351, o3 &5 300 pLe} acetonitrile 300 pLE

@@3}04 g B & OF 1 ulE LC-MS/MS o] 453t Al 7171 £7-& Table 19] YeERH AT

Al f a2 BAHAL ATFSHA (Method Limit of quantification; MLOQ), A4S A A4, 3148 W matrix effect
(Uﬂf—__]_&-l})—- 5] ASoFAtt. MLOQE AlS o &2 H]E<(Signal-to-noise ratio; S/N)°] 10 o]AQ] A s AL
cellulose TLC paper®] TH9] W& (50 em)G H7F (ug) o2 EAHCH AFA 0] 2442 sl 7L 49 ZHARAE AXxlst
of rlelAtt 34e 4 A8 542 MLOQ, 10MLOQ, 100MLOQ =7t EEE cellulose TLC paper©] 1, 10, 100 mg/L2]
EZEEH(100 pL)yS ZH2+ H7st t1S AAEste] LC-MS/MSE £4 ; 51 5k Ui 34 529 HE&E HAE(%) HEE
LFEFU Q. Matrix effect B]&(% ME)> M AP #2800 Gul #5802 FFAY 7|75 Blasto] Astaion, 44
(1) ot} Zrt.

ME(%)=

) “2 —1/x100 (1)

A
=
&

o|2h, A=A, drl AlmoA Rk 7HAE QuEChERS WHZ AMEsto] F&5131TH5,24]. @19} o]2H9] ¢, 5 g9
dASH ARE 7 mLY 22 158 59 523518t th2, 0.1% formic acid”} 37} acetonitrile & ethyl acetate (1:1, v/v) E318
ol 10 mLE F7FoF] 1,300 rpmOf|A] 187F A &ol3ict. 3550 QuEChERS original §(MgSO4 4 g, NaCl 1 g)& F7}ol1L
1,300 rpmof|A] 13& 59t X&st th2 ¥4]&E2]7](1248, Labogene, Lillered, Denmark)E AR50 3,500 rpmO]|A] 58 F<9F AR
2Jto] acetonitrile 53} -89 28 Belstolrt §71801% | mLS dSPE FH] $70 F 12 59 TR TR, vlo] 22U
£2]7](M15R, Hanil Scientific, Gimpo, Korea)E AFH8-519] 13,000 rpmO)|A] 58 59t Y4 E 2|51} A5 300 pLE acetoni-
trile 300 pLe} &3toto] A B A5t ZHEAQ] HP-, A= 3 gol 12 mLe] B2 H7ISH &, 12 mLY] acetonitrile/ethyl acetate

rﬂ\i
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Table 1. LC-MS/MS conditions and multiple reaction monitoring (MIRM) conditions for tricyclazole analysis

Instrument LCMS-8040 QqQ with Nexera UHPLC (Shimadzu, Kyoto, Japan)
Column Cadenza CD-C18 (3 um, 150 x 2 mm; Imtakt Corp., Kyoto, Japan)
Oven temp. 40°C
Injection volume 1uL
Mobile phase A: 0.1% formic acid in water
B: 0.1% formic acid in methanol
Time (min) % A %B Flow (mL/min)
UHPLC Initial 20 80 0.2
0.2 20 80 0.2
35 8 92 0.2
3.6 2 98 0.2
6.0 2 98 0.2
6.1 20 80 0.2
9.5 20 80 0.2
Electrospray lonization (ESI) Positive
Analysis mod Multiple reaction monitoring (MRM)
DL temp. 250°C
MS Heat block temp. 400°C
Nebulizing gas 3 L/min
Drying gas 15 L/min
CID gas Argon (299.999%)
Data processing Shimadzu LabSolutions (version 5.60 SP2)
MRM transition
Pesticide tR Monrc::(;;copic lonization type Precursor ion > Product ion (CE, V)
Qualifier Qualifier
Tricyclazole 2.01 189.0 [M+H]* 190.1 > 163.1 (21) 190.1 > 136.1 (27)
(11, vv) EFGAOE 257 5 47]0] AHeMOR Buf L FASNA HF FE5E F 1 LS Hoto] LCMSMSE 2H3}
At
SH 24

Ziﬂ-? o ART Bt FA=E B7I6H] AAsh 54 &40l +FEH U A 42 R AZEfo](version 4.3.2)5

&5to] sttt A2t 7t Aol Bt d/AdE 1L 5to] Welch® ANOVAE ARESHY RO g ElstgloH[25], o]F
Games-Howell:& 0]-83t AL HHE $oIqleh. B4 §94& Uehll7] 18] Bzt Holl Yopslo = #7]ste] &350
o, A2 & s AT ARl Rfoju|et Aol et

2 9 oy
LC-MS/MSE 0|23t CDS Y &2 A E & EMHo| g4 &9l

Tricyclazole®] A4 CoH;N,SO|H, BARFL 189.24 g/molO|t}. LC-MS/MS £4-2 electrospray ionization (ESI) %o]|-235}
REE AR8Sto] AP0, tricyclazole> FARHHY)7E H7HE [M+H]" 0] 20 & 0] 235}%| Qi Th(Table 1). 42 Cadenza
CD-18 AH¥} LC-MS/MSS] th5HM--H Y B & (Multiple Reaction Monitoringg MRM) 2 EE- 0|85} AR WYoJlA] tricyclazole

2 Azstgnt
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CDS 3t #9] AFsoF Bz WAL 50 cm’o]H, E4E29 MLOQE 0.05 ug/CDS (ug/50 cm’)2 A Hc} ol cm’™3
1 ng +EOE tricyclazoles AEY 4+ U2 A= Wl H=7F 955k, BlibE 5] ARGS FuF +22= SHch=
g o-$- Zgsict A ¥l 0.05~10 pg/CDSOlH, * e 0.999% 43k 21 4A4S YER AT Tricyclazole?] 35482
MLOQ, 10MLOQ 2 100MLOQ Z=20] 4] 81.2~97.29%0] 1, AP FEZHMAHRSD)E 0.2~9.7%= SHlE|Qlch. B HAHo ko
RSDS} 3] 9431 1582 HGlou, Rl S5 SxolA B2 FUAT AZHS LRI Matrix effect (% ME)S
18%2 AR9] matri} 2AES] ] v)AE 2ol FETS St ol tricydasole £4 BN ool A7
B Aol HAIEJZFE HojFu, CDS Al=ofA HFA0 A EA4lo] 7HshE m|gtrt26].

Acetonitrile/ethyl acetate (1:1, v/v) E£3-&H-S FEZ8|Z 5l= 7/JAH QuEChERS WS A-8s}lo] n|Xd<: ¥ o]Ah ZH&E4A|,
Ho] A RofA AF5FS E45MTH24]. Quality control (QC) A|RE ©]83t B4 fa84 &9l Axk, MLOQE 0.01 mg/kg,
P 4 0999 o2 Urektth 5148 w4 B ol 2B, nlo]A] 70~ 120% (RSD<10%)% LeFEom, o] SANTE
7okl Al AAlo= 58 HY(F]5& 70~120%, RSD 20% ©]o}) oW FH T} Matrix effect GF-2 soft effect B9 (+20%) o]
9l9lor, ol ZE wj@o] A5 v|RE FgFo] u|u|shS AJAFSITH27,28].

HE|SES| S8 4X He| Lof|A2] sof TR H|u
HE| T U 5oF Ax div] v 5 QF 849 I Wol T=rh29) ARt A 9 &I Rl FEEE

Al ZE AE (4 m Y] YoM R e vlasky] fdl, AldE Al A 35kt BEFHE o8 of dX
Al &7 2712 Table 29} 2Tk UAVE 7|E AR 20| vlg] A LS04 2HE Aoleke] A7 o 7] fzd, FF
2 FE5 5 YR aQlof met IR FAe] EEtAlE B EAH30,31]. & AR tREY A 2FolA Sl wEt
574 Bl 75_‘%’%]: | AFHe 4% Et(Fg. 2). 8 FlolAe 439 dF= ot =1 42 ¥9) U IFTJo| 52z
A-A CDS 1, 2110 o 4Rdt v, A A9 9¥ols 530l =0 A ¥ W AFFo] $(CDS 2, 3722 A
e g _/&Oﬂ/ﬂ% ool 2o, Ft fARH 528 AAe AR FEFE EA-
Table 2. Environmental conditions by date in Buan and Gunsan

Area Date Temperature (°C) Humidity (%) Wind Direction Wind Speed (m/s)

Buan Aug. 12 27.8 65.0 West (W) 0.7

Buan Sep. 21 21.3 60.0 East (E) 1.1

Gunsan Sep. 21 18.2 75.6 Northeast (NE) 0.9

rok

43 Bx A2 W19 W 9] #A = Fig 30 AAIST G12 34 0.7~ 1.1 m/s H oA *PW—, 2 48T
5 S UERE W, G229 G3= 55 SVl Wit 2hRgo] foRlsHAl Aasks B3 o, ol AY JARdEE
A= QI TH?=0.886~0.993, Fig. 3). o]2|3t A1 AXAS H7}5t Ax o] F& W3l o WgsHA ¥ vehyd,
o= ARAZ} WA 27| Exo| nXe FFoE HAY¥H 5 Qlvh Y¥rEoR Xd%?rxﬂ% HA O] P 275 F7HIZIANL
Aol AA F719] AAE FTHAA A2 BH ] HEk A F7ISHA Hoh32]. A2 A2 FA7} A o] Highol ofsf H]4tE
7] Fl2El13], A2HAE A7FeE AE AL o]t JFs e AZ 9] Hlgo] ARHA n A ] YdiFor FA F7lsto]
F&o| WE 2R Moy & A 02 HQIth Henry et al. (2015)2 71570l whE H2HA|9] aE A7 vf U=H|[33], A%
715193 km/h)of| M= AZA7F A2El Fqof|A AF 717} vjAFHT Fou|stA ¥ IA Yebgoy, 1% 717257
km/h)oll A= AA F717} ZhAssto] Z2te} w|A et 2+ f-ou]gk Ztol7} giint. o= Fig. 39| A3E S s, HM2HAl=
ARt o7 A F7|5 F7HAZE & dou, F50] B2 AF L At 44T ¢ U AR _E 3 5o}
22 OE &4 292 HF AX §9 W 5oF R Fouet 9T HAA 2 AR UERT

AT 21 A JE] WollA 9] 2R vl At 89 FoloA G3 A E|Fo] Bt IFd2 36.8 ug/CDSE 7HF &3k,
G2 36.0 ug/CDS, G1 14.5 ug/CD <2 & 745} th(Fig. 2a). G39} G29] ZF3F2 G19f| H|3] -9u|sHA] =32 ™ (p<0.05),

o
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(a) Buan (Aug. 12) # < W (0.7 m/s) A 27.8°C (65.0%)
G1 (Pesticide) G2 (Pesticide + Adj. Cares) G3 (Pesticide + Adj. Gondor)
#g/CDS)  — ST Cbpsz  Cps3 CDS1 CDS2 CDS3 CDS1 CDS2 CDS3
RS 21.9 13.6 0.9 29.8 21.6 25.0 51.0 51.6 53
R4 12.6 11.6 0.4 62.0 40.3 352 37.4 65.9 22.9
R3 11.9 20.9 3.1 4.9 44.9 52.4 44.9 44.7 1.4
R2 161 213 129 338 888 214 189 | 66.6 2.6
R1 37.2 31.4 1.2 17.2 49.7 13.0 66.4 69.3 3.9
Column mean  19.9 19.8 3.7 29.5 49.1 29.4 43.7 59.6 7.2
Gm‘;”s:‘”“ 145+109b 36.0£21.5a 36.8+257a
(b) Buan (Sep. 21) # ~ E(1.1mks) A 21.3 °C (60.0%)
G1 (Pesticide) G2 (Pesticide + Adj. Cares) G3 (Pesticide + Adj. Gondor)
Mg/CDS)  —ehST CDsz  CDs3 CDS1_ CDSz CDS3 _CDSI CDS2 CDS3
R5 3.8 12.8 11.6 5.2 18.8 17.9 13.0 17.5 17.2
R4 1.9 8.0 12.9 10.3 11.3 17.5 19.5 19.5 19.8
R3 160 72397 82 173 142 189 134 149 -
R2 21.4 8.1 151 5.9 22.1 141 13.9 9.3
R1 18.3 33 8.3 33 | 231 230 128 9.2 10.1
Column mean 123 11.2 11.2 8.4 17.9 18.3 14.5 14.1 20.2
Group mean 11.6£652 1492652 162+5.62
+sd
(¢) Gunsan (Sep. 21) d/ A NE (0.9 m/s) I 18.2 °C (75.6%)
G1 (Pesticide) G2 (Pesticide + Adj. Cares) G3 (Pesticide + Adj. Gondor)
®g/CDS)  — 5 ST Cbsz  Cps3 CDS1 CDS2 CDS3 CDS1 CDS2 CDS3
R5 4.7 10.9 19.8 23.1 27.1 7.5 19.2 22.7 23.8
R4 19.1 10.0 14.2 23.0 302 131 27.9
R3 55 15.4 16.2 224 14.0 15.6
R2 13.0 11.9 18.6 242 23.4 11.7 16.6
R1 315 28.2 33.2 27.6 10.7 10.0 21.6 17.0 33.9
Column mean  14.8 15.3 20.4 24.1 21.1 11.6 27.1 26.7 30.2
Gm“ips':e”“ 16.8+8.6 b 18.9+£7.4b 28.0+85a

(I

\A Wind direction (Wind speed) temperature (humidity)

Fig. 2. Distribution of tricyclazole deposition from UAV spraying in paddy fields at (a) Buan (Aug. 12), (b) Buan (Sep. 21), and (c)
Gunsan (Sep. 21). The deposited pesticides were collected by cellulose deposition samplers (CDSs). Statistically significant differ-
ences (p <0.05) are indicated by different letters (a, b).

40 - 36.8
35 A . B
_ 36.0~ r*=0.993
g 30 - ~a
8] >~ - J 28.0
sh 25 r=0.886 <
? S~ ~
§ 20 1 18.9 S e 162
= I @ 16.8 >~ ! )
E" 15 - 145 @ T Ttmeee—eeel L :“ ~ 14.9
g -
= r#=02310 [ ]
O 10 - 1.6
5 -
Buan (Aug.) Gunsan (Sep.) Buan (Sep.)
0 ! T ! T ! 1
0.6 0.7 0.8 0.9 1.0 1.1 1.2
Wind speed (m/s)
oGl AG2 BG3

Fig. 3. Relationship between wind speed and group mean deposition across different treatments and locations in the UAV spray
pathway.
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ol= AZA7L BF ARFES F7AE ] 7142 AJARRITE 99 BeloA= G3 16.2 pg/CDS, G2 14.9 pg/CDS, G1 11.6
ug/CDS= S%Eﬂr A3t FFS HEFH A2 L (Fig. 2b), Welch®] ANOVA &4 A3} X2t 7t {-2Ju|et Zfol= 1= A] 43t
ot B 22 d A A= G39] i ZHREFo] 28.0 ug/CDS, G2 18.9 pg/CDS, G1 16.8 pg/CDSE WEF O H(Fig. 2c), G13}
G3, G2¢} G3 7P°ﬂ BAXCE FOu|RE X0 (p<0.05)7F I Ut H¥EH 02 A2A| 7} F7FE A2 toA] S AE H Y
W tricyclazole®] B+t ZF7go] F7Fohs AdS HAoH, F50] A2 LTS FoU|et ZolF Hol= Aoz SRl
2 AFolA G3o| At HM2HA| Gondors TFRE ERLE Aol dREA 7P w2 ARFS EEH, ol= Gondord

IS 4891 soy lecithin®] 2J§t 0.2 THET} Campos et al. (20202 lecithinT} propionic acid”} Z3HE HA2A71 #3] 9]
FUH B BIIE ARAAS 1 HB0) HE0HE FAVIE B} Uckn HSkH3L. ok HAAV 4% Heel B
FEe AaAA A9 G4 9 B2 FHAI7)7] Qe s HHETH35,36).

SE AT HO|M| 2 L TR A H|m

CDsolA] Stelgh 25 o] AA) 2AEolA 9 i AoE wrgsh=A Selely] s, HF 4E F Bx A% P9
o ol A& 3 PAE St wieylaoles] 27] FAFE SAAGTable 9. 9 4N Bk ARG

FFllA] 025~ 1.15 mg/kg, E4toflA] 0.24~1.35 mg/kgC 2 WEGT = 2 BFOA] ZREF G1 (0.24~0.25 mg/kg), G2
(0.61~0.71 mg/kg), G3 (1.15~1.35 mg/kg) <22 Fou|st Z717} SRI=EH AUt ZrEA| A= FQto]A] 0.82~2.75 mg/kg, At

oflA] 0.18~2.34 mg/kgO. 2 HEE|P oW, o]y} ulRTFX 2 Gl (0.18~0.82 mg/kg), G2 (0.76~1.26 mg/kg), G3 (2.34~2.75

mg/kg) =08 ZHFTgo] FoJustA F7tsto] MRA7E £Ql FFAE 2ANME e 27|ARFE TS SIS
Xu et al. (2019)9] AN = FoF Aol AAAS HF7Iet A5 AxHo] Bhft Slof B & Fat=Qlon M2kA] u|A 2
tiu] 7] ZHFaFo] 1.22~2.138) F7Fcka B gk v QIo}37]. TS G29F G3 Zhol|l= ZHEF Afo)7F TEEH L], ol 7+
A2HA| 9] &4, Spehs B4 Aoy A 7oy AE0 3 JH 53 22 ot &34 8919 719dste] A2kAl Aol
Aol eI E Ao & IHETh38]. & AFolA 9 e F 5 JF P ERL Fig 20 AJAE CDS b7 T AT
™, O]= CDS7} tricyclazole®] RFA Q1 77 Q42 AMA o= HABIL 22 AARIHE CDSE &1t 59F 25 549 ant
L zop ARz Belslolis], et P 2ANA FoF ARFL S Yoz 1 §840] AR

Mo =

Table 3. Pesticide residues in rice panicle and green leaf blades in Buan and Gunsan fields

Sample Field Group Residue range (mg/kg) Mean+SD? (mg/kg)

G1 0.16-0.30 0.25 £0.06 c*”

Buan G2 0.49-0.71 0.61 £0.09 b*

G3 0.78-1.42 1.15+0.28 a*

Rice panicle

G1 0.06-0.43 0.24 £0.17 c**

Gunsan G2 0.52-0.96 0.71 £0.18 b**

G3 0.87-2.01 1.35+ 043 a**

G1 0.61-1.05 0.82+0.19 c*

Buan G2 0.91-1.53 1.26 +0.23 b*

G3 2.21-3.16 2.75+0.49 a*

Green leaf blade

G1 0.12-0.24 0.18 £0.05 c*

Gunsan G2 0.63-0.93 0.76 £0.11 b*

G3 1.96-2.91 2.34+043a*

3 Standard deviation
e Statistically significant differences are indicated by different letters (a, b, ). Asterisks indicate levels of significance
*p<0.05 and **p<0.1.
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HAR|7} HIA X2l 0kl HE
CDSE B8T SHWL FTUE A Folshe 5ok HlAFS w8 A=lER FIsl 4 9tk o] Aolthus).
o Q1% % ek AL

,9goli= EEo = Qlg) 920 Eﬂ we A5t L}E}wn} 2o ZAAE HEE
o oz 98 Heka) AR SE0l o B Hlte] WY

4z MAZRE 1~ 10 m A MRS FAS] 9ok, A ReIToNAS] AL WSl W F DREL 10002 5o
B9 AFAS ATHHQ vlgw uremwnmable ) 39 I8 B2 88 P 55865, 98 RN 511-77.1%
99 FAONA] 173~ 508%E LT, ol E0] Qdake W Aow WL Fig 4a0] LERT Hle} Zol, Eo] Z71e

Ky

5 mE HelRolA & WMol B 20K ATE HATP-0529- Loo0). E5 Al AE oA E4e] 271o}
WA Aot AL BT (Figs. 4b~4D, 1~7 m TZIAE Bdo] WS uf el 7 Hlakee) Hol7t A9l glglot,
B4 Z7lo] et A7 vl Aolt AR FEH 58] G19 H4kgo] G2, Gl HlF © 27 F7tetEA G19)
AY B4 718717 the A ruc § 3A dekidh thek 10 m Azl Al HelT L w2 HASS Berh o)

AEA 7 UAV FEAE A 2% 9] YolAe] ulit A anzt acks AL tehfiel, S3] Edo] 2842 AHA 9| u)at
AgaI} §e SAsEe ofnjdt.

Table 4. Drift amounts and rates by UAV-based tricyclazole SC applications at different wind speeds

Eou PaLtJ:v\\fay Left side Right side  Drift amount Patl:)way Left rate? Right rate® Total)drift R(:éa(;li,vcetig:ﬁ
(mg) (mg) (mg) (mq) rate® (%) (%) (%) rate” (%) ratio® (%)

(a) Buan (Aug. 12, 2022), wind speed: 0.7 m/s

G1 4416 31.9 55 374 100 7.2 1.2 8.5 -

G2 1099.7 59.9 344 94.4 100 55 3.1 8.6 -1.3

G3 1088.0 47.7 12.3 60.0 100 4.4 1.1 55 349
(b) Buan (Sep. 21, 2022), wind speed: 1.1 m/s

G1 3721 0.0 286.8 286.8 100 0.0 771 771 -

G2 463.4 18.0 251.8 269.8 100 3.9 54.3 58.2 245

G3 528.6 18.1 251.8 269.9 100 34 47.6 51.1 338
(c) Gunsan (Aug. 12, 2022), wind speed: 0.9 m/s

G1 544.0 39.1 2373 2764 100 7.2 43.6 50.8 -

G2 596.7 24.6 173.8 198.4 100 4.1 29.1 333 34.6

G3 901.8 20.9 1355 156.5 100 23 15.0 17.3 65.9

) ) (residue amounts € each site)
A (drift rate, %) = x 100

(residue amounts € UAV pathway)

b (7otal drift rate, %) = (Left side rate) + (Right side rate)

(7otal drift ratio for G1)— (Total drift ratio for G2 or G3)

x 1
(7otal drift ratio for G2 or G3) 00

9 (Relative drift reduction ratio, %) =

F AARIE ZfolE HATE Cares= T2 U A9 4 FJER] paraffing ghF-otal 3loH,
Z0)= 3} Q& Ao HI1EQITH33,37]. Baseeth et al. (2010)= Gondor®] F8 A 39l
9 M 9 AH9| 2718 TAsje] SAF ALEI} epdTin BIsT ). ol 9F 277}

AAA ] FRo] B2
A 2712 Z7HAIA Hlak

H|&L
_%
lecithing Z7}stof AFx2gh 74
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Fig. 4. Relationship between wind speed and drift rates (sum of left and right side rates) at various distances from the UAV pathway.
(a) Total drift rate, drift rate at (b) 1 m, (c) 3 m, (d) 5 m, (e) 7 m, and (f) 10 m from the pathway.

AAW AL F7ha R QA8) 54 SEsk F7kstel Hlate] G W Wrh: AwbAQl Yejsh AXqtth o]F B
UAV A 99) oA AFA d7b} uake anthos 29 4 98 ¢ 4 Utk

SEa 24 W AT v Y ATE R0 S Table 40] AABALE AR BIANAL B, AT B
270, Ol AHAZ F7HE G2 D G3, 15652699 mg)e] F BlAITFo] AHA| MHLTL(GL, 276.4~286.8 mg)]
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S HIARE oMl o Wokth Rh E5o] ottt 2()oflMe Glo] BIARE 37.4 mgO 2 P A9kt 2hE G1 tv] A A=+
o] i A vlalk A& &0l e 27D, o)olAE G2 24.5~34.6%, G3 33.8~659%= B Z2HAof| o)t HjAL AZaT}
S| YERATH 28y 350] W2 2U@OIAME G29] A4 Bl At -13%=2 G13t Hluwstgle W Ak AgEdrt
$AUAL, G39] HIAF AghE2 34.9%E H|AF A EITE FofulohA Yergth wEbA At 34 220 M= F SR ARATL
o HIA Aztel] aatHo]glon, ofgt 34 20N A = soy lecithing et HAA7E vlAF Aol fEfokdlt. o= Skt
W UAV A A] AAZEe 2 vHE 4= 9l vighe] S0 wheh 2det AHAE ARSshe Aol &of HlAt Ao 244 de

A Ay,

pwolo] AAAF H/ A A% 99 U ol % SEA] 5o BFFo| F/HE AFS MU T2 (Table 3), ol
$& A AREFo| 59k 5]-87])&(Maximum Residue Limit; MRL)S 238 7FsAS AJASHSY. whaba] 28F A| o4 9] ¥ 9]

2 PUERL Wole) O RS LSS Aol BrAoIch $4 Ak B ARLS P21 2 003007

& UreRdTh(Table 5). Hel 7 7F AFF Aol HelolAl Gl ¥ 632 Gagt f2lulat Holt gglow], Giat
G3 Aol $oIFI Ao} S A2 Uehton, FAINE A2 7io] et Ao} G ACE Uiepich, e
SE HTo)N HFHFS I ol thek MRLE 07 mg/kgirh 10~238) @okow], chiie] Rsoke v Ao ol
9lol, £ FANA Aol AATC] ARego] AA PasHE AR Uehgrh3940). ol ARAES AgSHTE 8
A @rlo) AFsore] ehAT Sgol e ojud

[o

mg/kg =

Table 5. Tricyclazole residue levels in brown rice from different paddy fields (Buan and Gunsan)

Field Group Residue range (mg/kg) Mean+SD? (mg/kg) MRL” in rice (mg/kg)
G1 0.04-0.10 0.06+0.02 a°
Buan G2 0.02-0.03 0.03+£0.00b
G3 0.06-0.09 0.07+£0.01a
G1 0.02-0.11 0.07+£0.05a 07
Gunsan G2 0.01-0.04 0.03+0.01a
G3 0.02-0.09 0.06 £0.03a

3 Standard deviation
B Maximum residue limit in South Korea
d Statistically significant differences (p <0.05) are indicated by different letters (a, b)

2d
=

I

1‘5: TolA= UAVE o] &3t L&A 9] tricyclazole AX & ZHRata} vlA 79 W 5oF X7 FAE AT

AHAF ASHA = 0.05 pg/CDS (1 ng/cm?)E AA = o, CDsoﬂ/\‘] tricyclazole2 HE57] 93l 24 8442 43535
25_154, 2 4ot AUAHS ERIT 4= AT AE Z(4 m) HolA FHHEH 599 F F2 Gl (372.1~544.0 mg), G2 (4634~
10997 mg), G3 (528.6~1088.0 mg) <02 Z7}51glom, ol WA ALGoR Q8] 2] 7|7} AXT EH Fo] 7Hasto]
AR O] Fatgo] FH Aor wHEHY S8 AX HY U IR 4T AX HY 9 1~10 m7HR] Y] BlAE FE2 ST
4 F59 FFE IUth 53] F50] F7Istel wet A2HA| vlA el G19) Hl4hgo] MAHA] Al G22F G3° H|S
UL A STkt AEFE Eth ARAE ARSSE A2 o] At vl Ae2 At 35 27004 245~65.9%% LUEN
on, 32 F& 2UNAE G2& -1.3%, G3& 34.9%% AZA| 9 S/l we} & A& l‘n“’ﬂt‘r g Al =E dnle
5ok BE AEtolA MRL H[FFo 2 FHEE 0], o= MAAE H7Iet Axdio] £8k4 AE9] P RAAI JF=
0 X A] 22 AARRHEE ol2gt Ak HAAIE 7R Axdo] B3 A3 e W 5ok —.—Z}Ei F & BlAE Aol 7o

=)
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