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Analysis of Azoxystrobin and Difenoconazole in Brown Rice and Dried
Straw Using LC-MS/MS, and Comparison of Efficacy by UAV Spraying
with Different Dosages and Adjuvants
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Abstract: This study aimed to evaluate residue levels and the efficacy of UAV-based
fungicide application using different dosages and adjuvants to control of rice brown
leaf spot (Cochliobolus miyabeanus). Method for analyzing azoxystrobin and difenocona-
zole residues in brown rice and dried straw were established using LC-MS/MS, achieving
method limit of quantitation (MLOQ) values of 0.005 mg/kg for brown rice and 0.008
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mg/kg for straw. Recovery rates ranged from 73.7 to 110.3%, meeting the required

Korean J. Environ. Agric. 2024, 43, 365-375 accuracy standards. Brown rice residue levels were below the MLOQ for all treatment
groups. The application of 75% dosage with Adj. Il resulted increased residue levels
Received: November 29,2024 (mean; 0.27-0.53 mg/kg) in straw compared to the same dosage without adjuvants
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(0.23-0.27 mg/kg), showing residue levels comparable to those observed at 100% dosage
(0.34-0.39 mg/kg). Disease control efficacy, evaluated by the infested leaf area, improved
by 32.9% with the use of Adj. Il at 75% dosage compared to 100% dosage without

Online ISSN: 2233-4173 adjuvant. These findings suggest that optimized UAV spraying strategies, including the
Print IS5N: 1225-3537 use of specific adjuvants, can effectively control rice brown leaf spot while reducing
fungicide usage.
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AFY WS o) SEo] gt 27149 AgA] A Baolth, HIol B7IRITe] 74 U TYsjo] B Kof Ao
ol SjAsh 1A}, LRI8E7] (unmanned aerial vehicle; UAV)E $-83+ a3 9217} 2287 QT3] Sa] 52 )
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SIGFYA A AEAL WPAY] X 2] Ae] A2 AT ¥4k oftarget drif)o] AT 2= o] HoIT Bat
9t e HAFES ShotE o] YHlE 2T Bt ohuet 2w YA tet 9L Tk 53] FARTY A4

AR Qlsto] Azallgro] AgtE o] TPARE tjH] A oFA| A3Vt E7IRIY|, o Hl4lte] Ads] W EA] o sE
FRAECR %t e S4EA7 2T & qlon, I A e 9 vEA Ao it S AT = AH(5).
olget ZAIE sfdst] A B F stz A&HA(adjuvants) ARgo] ATHs]. AAA= SRR E BEAME X

(droplet) 715 S7HI7IAY £ 24| AX F HlAES £ 31 AFoA Y A2 88 FIAZ 5 AUTH7-9].
ol & FaHE AT A Aoe Z8 4 o], T A2 FFor FaE FAATIAY H FAE & AT Eee
FtH10].

MAFHUE S FAT 4= &= 59F Fa4E O 2= azoxystrobin, difenoconazole 5-°] It} Azoxystrobin [methyl (E)-2-(2-
((6-(2-cyanophenoxy)pyrimidin-4-yl)oxy) phenyl)-3-methoxyacrylate] 2 strobilurin?] At A2 (Fig. 1a), v]EZEgo} $5 B35}
A I (complex II1)2] ubiquinol At} H-2](Qo)ollA] cytochrome b@} cytochrome cl 7+ AR} AE-S Zdsto] oyR] A4 7|12
AA|oto] HYeto] AJ-S At 11]. Difenoconazole [1-((2-(2-chloro-4-(4-chlorophenoxy)phenyl)-4-methyl-1,3-dioxolan-2-
yl)methyl)-1H-1,2,4-triazole]- triazoleZ] A<FA| = (Fig. 1b), FF0]2] AHE 14a-BHEIAAE JA5t0] o 2 AH|E(ergo-
sterol) g Asfioles At 7122 7HIHH12]. ol&2 49| ARt 287122 S AN TRl gt Fas ISt
tH13,14]. 53] A= O AE71232 7 592 B8 35 dAl AR8olA de WAl Rt ofyzt et AP
o= 7]oqste] § A&2{0lal ARl A RS 7T 4 AnH15]. A2 FAFSHA A+ F shz HepdolA
1A IEF 75 o|-&sto] £EZ X0 azoxystrobind} difenoconazole FA|E A XY W =& FHo| 2 27| FAFS HIt
Sk ARZE letie]. 1Ry f-EluEte] 2 E8ste FRATE7] 5 st HEIFE(ER)NA s oAl digh b7 H7h
ofE B7he AT vk flon, FAFS A Al AaFAQ] Ao it A= vlEgt Aol

£ A7 5242 FRAFE71 HEFEE Z8oto] A FHEel Higt aatAQ FRAIFSHAN S Esth] s AAH

cl o
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0
0)\)\0 ’Ji Cl
HaC o |

ﬁ HaC™ OnF O~c Hs
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\_/
(a) Azoxystrobin (b) Difenoconazole
methyl (E)-2-(2-((6-(2-cyanophenoxy)pyrimidin 1-((2-(2-chloro-4-(4-chlorophenoxy)phenyl)-
-4-yl)oxy)phenyl)-3-methoxyacrylate 4-methyl-1,3-dioxolan-2-yl)methyl)-1H-1,2.4-triazole
Chemical Formula: CpH17N305 Chemical Formula: C19H;7C1)N303
Molecular weight: 403.394 Molecular weight: 406.263
Monoisotopic mass: 403.11682 Monoisotopic mass: 405.06470
LogP: 2.5 LogP: 436

Fig. 1. Systematic names and physicochemical properties of (a) azoxystrobin and (b) difenoconazole.
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CheFRt Ayt A&HA| 27104 azoxystrobin} difenoconazole ¥HAQ] ZHRa} WA RIS H| w3t Aot A4 = IR

= B7HE flof LC-MS/MS 7]7]& o]&sto] An|et MY F AdA BAHE g-doly, 1 fa4E Brlekyleh 455 2

oFg B7HE Sl FAFTHA Al HH 2AS E&oto] A2A| o] e 5 S84 Y 9 =AY AE ks
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Alof S M=

Azoxystrobin (&£ 99.3%)-2 Sigma-Aldrich (St. Louis, MO, USA)ol|A] 1519 2.1, difenoconazole (99.3%)< Dr. Ehren-
storfer Gmbh (Augsburg, Germany)oj|A] =43}t Formic acid (>99%)2} methanol (LC-MSH)< Thermo Fisher Scientific
(Waltham, MA, USA)O A 45Tt Water (LC-MSH)= Merck (Darmstadt, Germany)o| 4] 74519321, HPLCH acetoni-
trile (MeCN)Z} ethyl acetate (EtOAc)2 Samchun Chemical (Seoul, Korea) & Duksan Pure Chemical (Seoul, Korea)ol| A Z}Z}
TAoI Tt QuUEChERS ¥ % magnesium sulfate (MgSO4)+= Daejung Chemical & Metals (Siheung, Korea)oflA] -5l 0™,
sodium chloride (NaCl)- Junsei Chemical (Tokyo, Japan)ollA] S]35I T}, Dispersive solid-phase extraction (dSPE; primary
secondary amine; PSA 25 mg, octadecyl; Cis 25 mg H MgSO, 150 mg) tubet= Agilent Technologies (Santa Clara, CA, USA)°J|A]
T3ttt 59F AEL ofu AEFE 17.4% azoxystrobin W 11.3% difenoconazole A}<=3}A|(suspension concentrate; SC) =
Syngenta Korea (Seoul, Korea)o|A] Lo}t A2HA| Leytron (Adj. I) Y Cares (Adj. II)+= Kyungnong (Daegu, Korea) U
Dongbangagro (Seoul, Korea)olA] Z+Z} G158ttt

HE EE2H I i HEY BEEEM (matrix-matched standard solution) X =

Azoxystrobin 2 difenoconazole 522 acetonitrileZ 85510 22+ 1,000 mg/L &Y o] FHEE A X}t Y
2 S3sto] i HE7F 200 mg/LYl ESFEHo| ELEE 5P 0 M, o]F acetonitrileZ TA| 2 5]45}0] 0.002~50 mg/L
(250000 ng/mL) W] BEBAG 271 Azslo] 8 AR A R AFH 18 Fo] TR, LY REGAS
A7) s soF FAT Alm FE5F 03 mLY EFEEY 03 mLE ETFSHA 11 (viv) BlE0] HEE 5tof | Alm &
1.25~250 ng/mL ¥ HZ AR F 1.0~250 ng/mL7} HEF 5t BE X4 BX HA7LA] -20°Co|A EIdIA .

AEX L H2l7 A% 2 UAVE 223 59 Am

A7 438 A AR Bak SYES AYT AEGOR dFslon) 858 USAE AT TG
2o wat AT Gl FATH(50 mL/10 a) 7|SE 02 88l 5]4(100% dosage)sto] F5AESIHOH, G2~G4= Gl AEoFF
of 75% dosage’} =S 107HH S|MBHITE GITt G2 ARAIS B7FskA] ool AEA] Hele] ek ofef Hjolo] whE ok
HILE vwshr] A 7|12 A= Aokt &t % G39]i= Leytrons ARZY F 0.5% ogo] HEs 71 A6t oH
G49ll= CaresE 2% o] H== A sto], A2HA| {0 g 2= H]J-J’-"?;_L T U=EF ST e A= AlEY A%
AEFE EotATh AL HE TASH] Hsf 24 iﬂ:rL Atol 3 mo] &% TS AASHh AT AA| A2 WA
80 m’ (4~20 m)&, °|F 35Eol AyT ¥HELE 7MY £

UE*FJ%EKSGJOS Hankooksamgong, Seoul, Korea)E -85t FA-FAEE ZR T g A 7]of G0l sHof 33] 4
SHATE A 272 Q& F50] 2 m/s 0|5kl 204 Ik 3 m, HFPEE 11 km/hE AL, keE2 XR-11001 (Spraying
Systems Co., Glendale Heights, IL, USA)Z 2 40 psiolA] ZsolR o W& £ 13 m/sHth

of

TS| | Zoh(ofsr) Shol why
Aol we AT WA 57 B 5ENFY wo U 949 §571%9) okn A97E e gasiol
J- Z [e)fe] H

g ] e
THFAHEEIEH, 2023). AT FER AEA] 307014 o A4 HH F Y HES IR, ol IE X
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cheat 2ol ERGTk But gL (0.0%) 3H91 ol 2 HuF 1749k 2 Wk 1~ 27 Bl 2L Wk 104 o] (0.2%); 3]

Sofl 2 a2~ 371 E= oF 207H9] 22 wgRko] AFAN(0.5%); Z EF 4~ 579k ol 22 R A E= 30 ~40719] A2
o] AFA(1.0%), 3HH 9 1~2780] A9] BRI dolAY 319} Qlofl == F R 10~ 157871 AMA(2.0%), 519§l 2~3%0]

) |

SEH0E AT 2 WHH 30~ 407 ALA(5.0%), 5] U 2~370] YA AST T Qo 2 Yt 5~67h7F AA(11.0%)

A9 4o Eodote] 7849 Qo] &3] Ee FEAHOE A 7 <ol oF 107]9] ko] wSSHAl AHA(25.0%).
EAEA =232 MYSTAT (version 0.72, DOSBox platform; Systat Software Inc., San Jose, CA, USA)& A8-5l 00,

Al 7F HRrHAE 59 §-9/44E ERlsh] el |79 ths ¥9] A% (Duncan's Multiple Range Test; DMRT)Z AR8-6F%]

o}, 24HE4 (analysis of variance; ANOVA) Z¥}of whet G257} 81R1E 4%, DMRT+ A2+ ZF B¥RPHAE9] Hel-2 H|wsh

7] 93t AFE AA (post-hoc test) & 28| QlTh,

NE 271 % Ff2)

A w4 87190 108EFF 4 Agatd dvjot RS 3ukEA A% 7, 89 B9 HUEsI3
ok drje 7o 25 9 EAA S wegRl o s £I5kit. BE AlRs TEto|oto]AF ARGSto] mhARh &,
A A7A 20°C A FF ARG A=t A BE A BEsAt Alm JAAYE A dvl 5 ¢ (HE 3 9= 7
mL (HZ 12 mL) water2 &5-33H158)%F &, 0.1% formic acid -3 MeCN/EtOAc (1:1, v/v) 10 mL (HZ9] -2, MeCN/EtOAc
(1:1, v/v) 12 mL)E €1l Geno/Grinder (1600 Mini-G, SPEX SamplePrep, Metuchen, NJ, USA)E AR&5}] 1,300 rpmof| A 187
sttt 0]F QuEChERS H(MgSO, 4 g, NaCl 1 g)2 22 & 1,300 rpmOl|A] 187F F7FARSE ofS, YAE ] 7](1248,
Labogene, Lillered, Denmark)S ARE-510] 3,500 rpmOflA] 55 &2t YAIEZSIA. 459 1 mLE dSPE (PSA 25 mg, Ci; 25
mg, MgSO, 150 mg)Z * 2|3t & ulo] 22 YA E2]7](M15R, Hanil Scientific, Gimpo, Korea)E AR5} 13,000 rpmo]|A] 5&
¢ FAEYsH AR S A5 45 0.3 mLE MeCN 0.3 mLe} 29513 0on, HFFEF 1 uLE F5to] LC-MS/MS
2 A5k

opN
2]
o
1o
u
4z
o,
E
ifie)
-
2,

LC-MS/MS 7|17| =A

59F £ Shimadzu (Kyoto, Japan) Nexera A T Z0tE T2 Z(liquid chromatograph)2} 17AE LCMS-8040 AF5-AS=
A} A=FEA 7] (triple quadrupole mass spectrometer)S ARE-5lo] =35ttt AR AR EE E4 548 E517] Y9f Cad-
enza CD-Cj column (3 pm, 2 x 150 mm; Imtakt Corp., Kyoto, Japan)& AR5l TE 0] 54 A= 0.1% formic acid T+ water=
T}, o] 5AF BE 0.1% formic acid -3 methanol2 A E|QItt. o] 54} BY HETHlE 90%2 A|Zote] 028 B9
ST 7, 338 B 071 A515Ack OfF 013 B 987 B4k 5] 248 B FA540] column v} BEEE A7}
Aok F5 A= FAS A3l ol 0.1% 5% 98%NA HHAl 90%= £ F 3.4+ FAISIAT. Column oven 2=
40°CE FABFR O™, FZ(flow rate) 0.2 mL/min, FY%F(injection volume) 1 plZE A5 T).

B AZFEA 7] (tandem mass spectrometer)+= positive electrospray ionization (ESI+)E AFE-5}9T}. Collision-induced dis-
sociation (CID)& 7}AR Oof23(Ar, &% 99.999%) AME-5}F T Ion source W desolvation line (DL)3} heat block?] &&=
Z¥Z} 250°Ce} 400°CE A5 th. Drying gas®} nebulizing gas®] 42 242 15 L/min ¥ 3 L/min°| %t} dlojg E42
Shimadzu LabSolutions 2~ E ¢]]0](version 5.60 SP2)E AF8-5l0] 42385} th. Azoxystrobind} difenoconazole2] multiple reaction

monitoring (MRM) transition &7 2 WEE A]7H(retention time; tp)< Table 13} ZT},

Table 1. Multiple reaction monitoring (MRM) transitions and retention times (tg) for azoxystrobin and difenoconazole in LC-MS/MS

MRM transition
Pesticide tr Monoisotopic mass lonization type Precursor ion > Product ion (CE, V)
Quantifier Qualifier
Azoxystrobin 1.86 403.1 [M+H]+ 404.4 >344.4 (21) 404.4 > 183.3 (40)
Difenoconazole 2.73 405.1 [M+H]+ 406.3 >251.2 (27) 406.3>337.3(17)
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WA AZF3HA (Method Limit of quantitation; MLOQ)= AR HF8Y 3 signal-to-noise ratio
(SN} 108 ZTpHe B4 SR 2YH 9FA RS 14 5 BHIN FEE ABARAE o189 BrAes
O B5g A= 2] o, Amol A BEEAL A2jsto] 001, 0.1, 5 mghkeo] HEE T F WAt} 4T
59k AZ2utE ALY signal (area)S &It 3]4&S T=E513ITE WA A (matrix effect, ME)&= AR HEFEH O]
AFA 71271(a)5 &l EZEH9] 71=27](b)2t HlaLste] AFSHE Ut o] g2 WE-&(%ME) 2 SHAFS 4= glor, 11 4]
(e Te3t 2k

%ME=(a—b) +bx100 (1)

A
A HL 74E QUEChERSHOE MeCNI} EtOACE 1:1 H[EE B35t 8uj& %517 PSA 2 Cis &3 sorbentS
283t dSPEE Aot Aol EE o], An|et HF F ferimzoned} tricyclazoleo] sl -3t 3l4&3 240 wid @y}
(ME)E E9l v} QIt}[17-19]. AzoxystrobinT} difenoconazole Z+Z} log P 2.5} 4.369] thA H|=249Q1 /-7]5}8H&E(Fig. )&,
g AAYHE A48T & IS Ao WstitH20]. FHE BAHO f84 A5 o MLOQ, A v% ¥ 4
A4/, ME ¥ 3583 ZRlstth

AU 592 MLOQE Rlsh= Wiioll= HFA Y 71&7]2k MLOQ 9 5%9] signal®] EFHAE o]-&-sto] Alitst
= WA ARuEIHALO] o)d (peak)o]l iRt SINE A Sk W40l UtH21]. & AFtolAe A W o8, S/NO]
0 oS W&ol 24 AR HEEHoZ AHSIFTh du| AR F azoxystrobin} difenoconazole®] MLOQE 0.005
mg/kgO] ™ (Table 2), HE A& F F A& 2] MLOQE 0.008 mg/kgo] ITHTable 3). F A|ZoA MLOQ #}o|7} LAY eh= AL
A& o8] FE-80 9 vjgo] HAA B EobA WA St= IAuj9] Afo] wiZolth HAZ dn] i8] AE T Hl&o]
o} thge] &7 Soi7tof & 580] At AR IEA QtH19). F 5% HF FAOU Codexo| A 8Fdh= JHRAA
A AL (E= HAAFEE)RA 001 mg/kg oJ5ks WSS AR Uehd, FA37] 59F X A9 ZHR5of 7=
883514 &8 4 QUTHFAO, 2016; Codex Alimentarius Commission, 2017).

AGAHY B HIL FZE LM =4 7|E HAu| A& F 1.25~250 ng/mL, HE A& & 1.0~250 ng/mLE A& FFOo g
el ele W 242} 0.005~1.0 mg/kg R 0.008~2.0 mg/kgo]l dFdh= F=ot. HIFAS] HH| FL7F LOQ 71 200~ 2508

—

Table 2. Method limit of quantitation (MLOQ), recovery rate, and storage stability for azoxystrobin and difenoconazole in brown rice
at three different fortification levels

Compound name Concentration Recovery in brown rice (%) Mean+SD? RSD”
(MLOQ) (mg/kg) Trial 1 Trial 2 Trial 3 (%) (%)
0.01 82.9 86.0 88.2 85.7+2.7 3.1
Azoxystrobin 0.1 109.6 109.9 103.0 107.5+3.9 3.7
(0.005 mg/kg) 5 983 96.0 922 95.5+3.1 3.3
0.1 (stability?) 108.1 107.2 93.4 102.948.2 8.0
0.01 83.6 90.6 89.9 88.0+3.8 44
Difenoconazole 0.1 109.3 112.1 109.6 110.3+1.6 14
(0.005 mg/kg) 5 100.1 93.9 86.8 93.6+6.6 7.1
0.1 (stability®) 101.1 98.6 104.5 101.4+2.9 29

3 Standard deviation; P Relative standard deviation; ¢ Storage period: 9 d.
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Table 3. Method limit of quantitation (MLOQ), recovery rate, and storage stability for azoxystrobin and difenoconazole in dried rice
straw at three different fortification levels

Compound name Concentration Recovery in dried straw (%) Mean+SD? RSD”
(MLOQ) (mg/kg) Trial 1 Trial 2 Trial 3 (%) (%)
0.01 86.5 9.1 115.9 99.5+15.0 15.0
Azoxystrobin 0.1 86.3 86.5 86.4 86.4%0.1 0.1
(0.008 mg/kg) 5 86.1 88.1 88.4 87.5+1.3 1.4
0.1 (stability®) 84.5 86.1 82.0 84.242.1 24
0.01 77.9 70.2 73.0 73.7+39 53
Difenoconazole 0.1 81.6 81.9 88.9 84.1%4.1 49
(0.008 mg/kg) 5 816 98.0 97.2 923493 10.0
0.1 (stability®) 86.7 82.6 84.1 84.6+2.0 23

? Standard deviatio; ® Relative standard deviation; ¢ Storage period: 24 d.

2o, o]&= 4= ppm (mg/kg) 502 5% A|RAALE HE7|(detector)o]| 4 2] 5= L S}(signal saturation) §1°] &I -signal
7k9] H] hﬂr7—‘ﬂ7} FAHES & 5 ok Bt gt Ao A4S ERlstaat A A ERistgl o, midE Y EEE
H 7]1% &n] A|ZOA #* 0.9981-0.9982 (Fig. 2a, b), A A|FOA #* 0.9980-0.9990 (Fig. 2¢, d)& UER} A9l jof A
3|7 HHAL 5 5L signalzto] AAE & Aot A0 FRIEQT 9] &l EEEHoA Q] AFAY]  0.9965~
099922 UElLHFig. 2) MR BFEH| 2 Hejol FAksHH, whaba] dnjel B4 F3EH wjdo] o]t s-signal
7 jE e FEsHA g2 Eelstlth

ME= 4 skoA9] midE7g #E8HT G £FEH9 signal9] HlES o|-&5to] B7lst= | @[22 I F BE2EHY

AFA 712719 8IS o] &3A A== WR(23]0] Utk 5o EAMolA = AF S AF2te] Uit 35 MEE ==51]
600000 - (a) 700000 - Dried siram (C)
B . , =77 11524
soo000 { OMnIIee A V= 1995x+336 600000 + A _:'2:26735;81324
. 70 2=0.9982 - S
s P ' $ 500000 - 0 p=2037x+52
£ 400000 A L =} e 2=0.9992
= y=1388x+650 = 100000 r#=10.9992
G ~ o < .
2 300000 e - ##=10.9977 (7] -
S e o ] .
= B = 300000 T
= 1 - ) = K-
2200000 A 2200000 - B
100000 et %ME = +43.8% %ME = +16.0%
1 A 100000 &
&°° &
0 & . . . . : . [ s m— . . . : . .
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Azoxystrobin concentration (ng/mL) Azoxystrobin concentration (ng/mL)
A Matrix-matched standard O Pure standard A Matrix-matched standard O Pure standard
2400000 1 (b) 2800000 - (d)
2000000 Brown rice y="7418x+4619 2400000 { Dried straw 7= 8398x+3481
—_ .0 #=09965 —_ ) 2= 0.9976
% 1600000 B 2R 3= 7910041861
Z y=5904r+2138 & i
2 1ooo0o B = 00981 % 1600000 1 77 09990
it T = 1200000
£, 800000 | 5, =
;%b AR = 800000 - S
%ME = -20.4% %ME =-5.7%
400000 o SR 400000 g},,@’
0 & : : : : : . 0 : : : : : .
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Difenoconazole concentration (ng/ml.) Difenoconazole concentration (ng/ml.)
A Matrix-matched standard O Pure standard A Matrix-matched standard O Pure standard

Fig. 2. Comparison of matrix-matched standard and pure standard calibration curves for azoxystrobin (a and c) and difenoconazole
(b and d) in brown rice (a and b) and dried straw (c and d), and their matrix effect values (%ME).
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Al F=2 T TS ARSHH, 4] (1)1} Zo] ALFsto] L2 %ME B 917F £20% O Q1 7% soft effect, -50% ©14 -20%
vjato] ALt +20% %3 +50% ©]5FY] HAQl 7J-F medium effect, -50% H|TFO] AL +50% Z3Q1 -9 strong effect® H-F-ok3L
ATH24,25].
Hu]9] 72 azoxystrobin¥} difenoconazoleo| A Z+Zt %ME +43.8% 2 -20.4%= WEFLY, 2% medium effect 8 I TH(Fig.
2a, b). 0]1‘ Y AR 2 BEHAA Y] ferimzoned} tricyclazole?] soft effect HAZ ERIE A= thE FAo| AT 17,18].
T 24 Ae 5Y AaolA At 5 F5Y R ARE ol8sto] WEAEAsIlonR, e AR i)
A a s ol BAHO AFol= A7 /it 13y sig B4HS S47F o8 ZUETY A=l
T Y FFNAE FFEE gl wet miEavr ek 4 qlomw ol FolsfoF ghri(26,27]. o] &2
AR, 5oF 179 E93kets 4, 83k, Ton source Yol A9 o] 23k 5 thfet %lo] BE# o= 283t
e, MEaNs Bo AR £ol7] fsixe F7HRL AA e kloly 314 59 MAE] At 7t
o2 AlRHh HAQ] 9 azoxystrobin¥} difenoconazoleO| Al Z+ZF %ME +16.0% 9 -5.7%% WEFY, T5 soft effect
CHEFig. 2¢, d). @] AR diH] sl a7t 4t ol F st 3lA4Hla ZfolQl Zo s Held. dnjet HE o Alm
o W& 77 2 mL/g (10 mL/5 g)9F 4 mL/g (12 mL/3 g)o.& HA|A wjHo] = v o S4=|9ict. cheet
oA F7F AA Qo] ] |07 QI %ME #He] A4S H S vl QI [23,28]. O F azoxystrobinO| A+ F AR
Of|A] signal enhancement, difenoconazoleo]| 4]+ signal suppressione 2o EAJEET A2 T2 tjA g3} FAFS HYO
s @l gt 71491 A7 9o Ao=® Helrh
A8 &% 0.01 2 0.1 mg/kg 50049 azoxystrobin¥} difenoconazole®] 3]4+& H7} A3} Hu|oAE Hat 85.7~110.3%
(relative standard deviation; RSD 1.4~4.4%, Table 2), HA A= HHF 73.7~99.5% (RSD 0.1~15.0%, Table 3)Z SANTE/
11312/2021 (2023) 7Fo|=RloA Q5H= 3]4& 518 W 91(70-120%, RSD 20% °|shE F%stxich. g 23t= dv|et
2] % azoxystrobin¥} difenoconazoled] Tt A H O Aok} IS USTIch ATFAS 2ot 27| AFAH A=Y
3% ARG E 5AFAY FE25S o]8oto] FAsto] BAsl=t, o|ufo] et HUE E3t 5|43 FU1e I8
7} ATH27]. A5 (5 mg/kg)ollAS] Bt F4e& ’cﬂulow B3t 93.6~95.5% (RSD 3.3~7.1%), WA= Hdd 87.5~92.3%
(RSD 1.4~10.0%)%2 WERY, S H £AS AFAS 205k 59 AlRoA R 342 &3 A=E Q= &40] 7Hsgt
Aoz SRIHIT Ao g Alg A7g717El 94 (&) H 244 (BI04 9] E2AFE] ARG Hee EIF Hat 84.2
~102.9% (RSD 2.3~8.0%)E WZ351o, sl 717t 5 azoxystrobind} difenoconazole?] 71291 Eol= WAY5HA] k22 &9l
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e EAHE vigog —‘:.'—?_60%'—‘30 A Al 5 AYF U HAZA| of Ho] T azoxystrobind} difenoconazole FHg-
SRISHATH(Table 4). A0] A& - B A2|FolA YA 529 7T MLOQ PIvko|3itt. ol & & OV#E
23, =StE IAOIA o4 B F2 ARSI Qe wofo]l ALt A AAH Aoz HATH29).

Ao 272 5oF AR 7|20 TE FTAE A(A Gl) azoxystrobin®l| 4] 0.34 mg/kg, difenoconazoleo]|A]
0.39 mg/kg®] Bt ARG EAth AR 59 7% D A7 (FHSAER, 2015) F Ata-g HE Y AFs0F 587 0lA
= g E4A4E oigt 5]-87]F0] AAE o] JA] 2t} Codex Alimentarius (2024)01| 4= azoxystrobin® MRLZ 15 mg/kg,
difenoconazole®] MRLZ 17 mg/kgP 2 AA5to], 87| HZlo] AF7HFL2 5|8 7]F2] 3% v|qto] Sl irt. Hajatzars]
(U F-4])S B3t azoxystrobin} difenoconazole] =& 2| Lof| gt AFaE2 $287](40 d)o|A] AZFSHA vlek(e]4ha} 0.017
~0.3 mg/kg(FEAN 2 FEE0{[30], & AT FAFSHE 74011/\1-4 RT T AR 29T 4 QASlth

G2E PAARE 7129 75% dosageZ A FH A oH, B A9 HFTF Wit 0.23~0.27 mg/kgC 2, 100% dosage 71& 67.6
~69.2%% 3F1%]QITH(Table 4). o]= %7] A& 75% dosageirz}t— 4 92 H89d], o]H A= ferimzoned} tricy-
clazole TA T F5AsH W40 2 Aol W S=&7] HA2] 100% dosage (1.05~3.11 mg/kg) FHF=F 7|5 75% dosage (0.78 ~
2.06 mg/kg) 7T HIE-Z 59.0~71.3%% UEHH 2 A5 TR g3} BSstATH31]. ol it 24 sof=s 33] A
sto] A7l #olz Holw, AFP(1~23]) AT A9 & FAGEC] BAIA &3 o= U3 IR LA TFY(33]) AT
Al 724 ARSI AoR AdEH.

(¢}
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Table 4. Residue levels for azoxystrobin and difenoconazole in brown rice and dried straw as affected by dosages and adjuvants

Azoxystrobin residue Difenoconazole residue
Sample Group Treatment Range Mean+SD?  Relative ~ Range MeanSD  Relative a-ratio”
(mg/kg) (mg/kg) ratio? (mg/kg) (mg/kg) ratio
G1 100% dosage <MLOQ” <MLOQ - <MLOQ <MLOQ - -
G2 75% dosage <MLOQ <MLOQ - <MLOQ <MLOQ - -
Brown rice
G3 75% dosage + Adj. | <MLOQ <MLOQ - <MLOQ <MLOQ - -
G4 75% dosage + Adj. Il <MLOQ <MLOQ - <MLOQ <MLOQ - -
G1 100% dosage 0.33-0.34 0.34+0.00 100% 0.32-043 0.39+0.06 100% 0.87
Dried st G2 75% dosage 0.19-0.26 0.23+0.04 67.6% 0.25-0.29 0.27%0.02 69.2% 0.85
ried straw
G3 75% dosage + Adj. | 0.09-0.13 0.11£0.02 32.4% 0.27-0.30 0.27%0.02 69.2% 0.40
G4 75% dosage + Adj. Il 0.26-0.28 0.27+0.01 79.4% 0.47-0.58 0.53%0.05 136% 0.51

3 Standard deviation; ? Analyte was determined below the MLOQ; 9 (relative ratio, %) = (mean residue at each group) + (mean residue at G1)
x 100; ¢ (active ingredient ratio) = (mean residue of azoxystrobin) = (mean residue of difenoconazole).

G37t Ga= &9F 75% dosageo]] 242t A& OhE HAAIE F719E AZH=, BAAA Y a3 W= 242 0.11~0.27 mg/kg
2 0.27~0.53 mg/kgP| AT} O] 100% dosage 7|5 G3 32.4~69.2%, G4 79.4~136% 2 HA3] thE 7 FAS YeErfAct
(Table 4). o= MEA] FARo] mhe} 23] BB A7 Gl Dok 4 USS Auath 53] Gag| Ad. IS A8
A9 G2 (75% dosage) Rt} FHHFeFo] O™, 100% dosage HH| difenoconzole®] FHHFHF H|&2 136%%E =4 UEIHTE o=
AZA| o] ARgo] oFF A 2ANAME I B&S FIAZ 5 AZS U|THh Marutani et al. (2006) FAZHA| 2§ A
B3 & carbaryl®] ¥H1717} 2Uol|A HH 6.5U7HA] S7FITRAL H A5k [32], HEHA] ARGoll mHE woF AP Y =ElsketAl
G ARG F5HE BT 5 Atk AT Gao] RPN FRFS MRL 7|2 3% ool= g, HHA AgS 47
Y ZHoIAE BAZE Qe Helsisict

Ao R fFaAdRe] SRl WE B F AFF ve2 AT Ay, AFA| FA2FQ] Gl G204 azoxystrobinit
difenoconazoleQ] ZrH5F H|&2 —],' 7+ 0.873}F 0.852 AT ko] Alahglo] A5} tH Table 4). BAFSHA ] 8- AJE SHFH|Ql
1.54 (17.3%/11.3%)9} Bl 5HH, =2 22| £ azoxystrobin©] Hrt Ml=7] 2455 & & At A #2791 G337}
G4 4%, offqt aZOXYStIObln«] 242 © 7HEsEo0] 040 H 0519 FREAR vES BT b A2l AR o8
FEARY 2UBE JFS UL AS HAT 4 Aow, ore] AHokE A8 12 U] AT BT Ho) A
N g 220 et 27149 477 BRIS A,

FRISSUH Z=20] [HE S22 MM FEIHoll Chet oF % H|w

A2HA| o] ARgol mhE A oFF AR A Wefjoll tiet Fa s AsHAZE 4 th= 271 vk wEhA 5oF A2
g 2 Y I E B ERIE 2 art ik ARFEE Hitt kA AE 5 HEHAEY HlEE H7Iskth(Table 5).
WU A E0] B2 Gl 15.8%, G2 16.8%, G3 15.7%, G4 10.6% = G49|A 9] Fa7} 71 45192 Sl Tt A7}
=A7F Ao g HE W 7T A9 5] X|5HA= F UK (Table 4), Adj. 110] 2J3t 7H7 @89 /A 7N FHE

Table 5. Efficacy in the control of brown leaf spot by different dosages and adjuvants on infested leaf area

Group R Infested leaf area (%) Relative efficacy
Trial 1 Trial 2 Trial 3 Mean+SD? (%)
G1 100% dosage 14.8 13.8 18.7 15.8+2.6 ab” -
G2 75% dosage 18.0 18.2 14.2 16.8+2.3 b -6.3
G3 75% dosage + Adj. | 14.8 15.5 16.8 15.7+1.0ab 0.6
G4 75% dosage + Adj. Il 8.5 10.5 12.8 10.6+2.2 a 329

? Standard deviation; P Significant differences (p<0.05) by DMRT are indicated by differing letters.
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