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Abstract Ethephon is useful pesticide as ethylene precursor,
which is an efficient plant hormone to produce functional
secondary metabolites. However, the residual safety of ethephon
was not studied on various crops. In here, the dissipation pattern
of ethephon residue in soybean leaf was investigated both on the
foliar and drenching applications. The biological half-lives of
ethephon residues were 26.6, and 21.1 h on the once, and double
foliar applications, respectively. Although the residue after three
days from the final application was up to 60.6 mg kg™, the residue
was below the limit of quantitation on the dried soybean leaf. In
addition, drenching application of ethephon could increase the
residue up to 36.3 mgkg™' after 20.1 h from the application,
however, the treatment would not affect to the total phenol content
significantly (p >0.01).
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Ethephon ethylene A7AZ 19653 #2 7fgso] A= 4
2 AREEE FokolH, shllolle v, &, dlE, | A4, 4,
v, BE], Ak, Qo] AT, EvtE, iRINE, ¥&, 97t
55, sut) AME F UEE 7Y Aot olE] uigh F
257388715 (MRL)YS 0.05-5.0 mgkg ' 22 A w]of A3k
(KFDA 2017), T ¥ & thr9] #=o] gk ethephon 73]
87150] A o] UA] ¢o} ethephonS F2)Eol| ALgsl= A+
Gt A= Pl tigh ol A Eofof gt

A 7154 B2 Y de AE ARHEH A2 22
< e A9t 7158 S ASsle ATE U A ¢
Ad 7 X&Ele] gkom | o]#fst AE E5)| flavonoid, xanthone,
anthocyanin, terpene, saponin & TI¥3F HA ZZo 3z}
7154 So] AZEHo] YriDas 5, 2016, Rasheed 2016). &
3], flavonoid2} 7+ polyphenold] & =2 i1slHS n}
gog 3o, ut, vlolels, FH T ohSs AW o 3
A5 BT e AoE dEA AEskE Qe diF A A
TE YR AP ckSingh 5, 2009; Amatori 5, 2016;
Gabbay Alves %, 2017). ©|&]3+ 7154 flavonoid 5 isoflavone
A2l genistein, daidzein 52 estrogen FAFEZEZ &<,
2%, 95 59 @%°] EIHUtH(Duan &, 2003; Mathey
%, 2007; Miao 5, 2012; de la Parra 5, 2016).

HT A &AEFH 71548 B4 diE st se
AFAEL ethylened} 22 AlE 2GS &8dl= A+E &
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gl Q, o] F AE APyl £4% ethephons &3
polyphenol A4+ A7} tekslA] K= Utk Miao 5, 2012;
Teng?} Lee 2013; Kims, 2015; de la Parra %, 2016).

ZZ Yuk 52016y 5 F Lo 2HE isoflavones thEF
ArkslEdl Adaetder, o]lE fE AJE5E2#9] ethylene>
Ne7] 2l Agsks WHES ARSI o dATtellA Yuk
5016y AFAo] ofd ZFPA PN L] ethylene M=
ethephons 74 GAEs= WHS AMS-3IATE 3FAIEE, ethephon
T dollM ZFE871Te] AAE AUA AL, F A A
ethephon ZHF 74l gt A7t s BHI® nprf gloh
A, & AFtlxe T 4 ALY F ethephons ZHHA
S #F AN T A T AR AL HEE AR, F

AzE F o AFA ethephon ZHF WS H7tsh
1573 polyphenol A4S 13 *{2]3F ethephon®] F4
lstaral skt

& ol rlo

flo & 1o H
N o

A 2
A%k R A7

Ethephon %t QB AlES flt] AMg3E #4868 I35
XA A2kl (trimethylsilyl) diazomethane solution (2.0 M in
diethyl ether)3} Folin-Ciocalteu’s phenol Sigma-aldrich Co.
Ltd. (St. Louis, MO, USA)ZHE] F3lo] Agsloiom, 3
ol ALg-3F 819 acetonitrile’} acetoneS Merck Co. (Darmstadt,
German)ollA] 48k}, K3, total flavonoid <} total phenol
4& 98l A8 ethanol> Fisher Scientific Co.
(Hampton, VI, USA) A& A831992™, aluminum chloride
9} sodium acetate, sodium carbonate:= Shinyo Pure Chemicals
Co. (Hyogo, Japan)ollX] T-4&te] AREIATE AFEAA A}
4% o= AgroTech Co. (Seoul, Republic of Korea)] ol
EIE AA(AL 39%)E Alsolld Felste] ARt

Ethephon BAE)

20169 79 S AFA] vlHWE k] AFEGN B A
= AAEIITE Yuk $(2016)2] A7A#AE EYE /S A
ol oEHlE HA| 4008 FAA-S 24h THHoZ 77} 135]9} 2
FEslglom, oFel abgake 300 mL 10a'o|Qt). HE A
e 72h A AR F Q AEE sl 8
% ethephon HFHSHE H7FSISITh Al@24M
& olo|2 vixof o} AHAR &7 F 8 | h
olofo] e} A B EAEIA, —20°ColAM WE H
ZHF FAol ARS-SISITH

i

\S]
=
‘494 _101,

f S dor pin R ok
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Ethephon #FA]

20174 79 7 WAFA) ARTishL Rl 115000 ack
TUREES AMEEle] Aghr] A Fell ofElE A4 200809} 400
vy BAele ¥E 7 200mL¥ 13] sk ok A 2h
T HE 36h BHA A F A AEE FEEGH, 1h o]
Yol =elolojo]l A2 AMgsle] B2 Bajelal, —20°CoA WE
BB} 27 240 AHgsit.

Table 1 Instrumental condition of GC-MSD for the quantitative analysis
of ethephon

Instrument Agilent 7890A with autosampler
Column Agilent DB-35 Capillary Column, 30 mx250 pm,
0.25 pm
Detector 5975C mass spectrometry, temperature 270°C
Temperature Inlet: 180°C, Source: 200°C, Quad: 150°C
Temp (°C) Rate (°C/min) Hold (min) Total (min)
100 2.00 2.00
Oven condition 130 10.00 2.00 10.00
150 15.00 0.00 30.00
290 30.00 3.00 37.67
Injection volume 1 uL (Split 10 : 1)

Ton mass-to-charge

(SIM) 110 (quantitative ion), 109 (qualitative ion)

Ethephon Z{FE-4

Ethephon #FH4& Takenaka(2002)2] Wiol| uwel gas
chromatography-mass spectrometry (GC-MSD)&- AR8-8}¢] T}
I o] B 54 #AE T 4 AE 1.0ge 15mL
conical tube] 0.1 M HCle] 23} acetonitrile 10.0 mLE ¥
o] 308 Bt 170 pmollA] 1 FE3GTE F& A5 94
E2](4000 rppm, 10min, 4°C) & 454 1.0mLE FH3IL,
1.0 mL (trimethylsilyl) diazomethane solution®2 ‘&4 30
74 methylation 3ttt frEASt € A8 HAEF71E ©l
L35l FE819 L, FE AEE acetone 1.0 mLE A-&3) 8
F 022 um syringe filter2 13 § GC-MSD (Agilent Co.,
Santa Clara, CA, USA)Z EA390th. “JAle 7]17184 20
Table 1°] “FERAA.

Ethephon ZFE4Y A%

Ethephon ¥FEZ-2 acetone2 183147 1,000mgL™" stock solution
S Ax3 F 005 0.1, 0.5, 1.0, 2.0, 50, 100mg L F%=
2 working solution A|Z3}3 1.0mL working solution®]]
(trimethylsilyl)diazomethane solution 1.0 mLZ %] methylation
3IA T Methylation ® ZFEH A4 7|7/ 3flA 55 &
acetone 1.0 mLZ A3 T GC-MSZE EA3I3om, 30K A]
Y 5 FFSe ARSI ethephon EFEHHAS ZA QT
EEAFAY = 099988 YERE, F oA ethephon 7
25| (limit of quantitation, LOQ)E 0.05 mg kg ']t} 3
& AP 1.03} 5.0mgkg” F oA AAsle] 105.1%<}
104.5%= SRIFJSL, AP 47 FEFAAE 4.1%= &
FREA ol ATt

Az T A=
FgE F YE 60°CE FAHE dry ovenolld 3 AHE
24h Bt AxEP oM, AxE F U2 UAVIE Esle] &

Aol ARg-sktt.

Total phenol ¥4
Total phenol #2412 Yuk 5(2016)°] AFE-3F Folin-DenistH <
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Fig. 1 Dissipation pattern of ethephon residue in soybean leaf by foliar

application

Table 2 Dissipation regression equation and half-life of ethephon residue
in soybean leaf

Dissipation regression Biological

equation half-life (h)
Once application y=390.1¢26* (2 0.9909) 26.6
Double application  y=596.31¢%3* (2 0.9878) 21.1

ARl Az FY 020g2 70% ethanol =89 10.0 mL
of ¥ § 24h ¢ G FES0Th olF LAE (4000
rpm, 10 min, 4 °C)ste] 35 0.1 mLE test tubeol| #F 3}l
Folin-Ciocateu’s phenol 0.5mL<%} 1% sodium carbonate 1.0
mLE F7lsle] 187 $9 F 4o dxdedA 1587 43
F 685 nmollA] S35t Total phenol £41¢] 71EE4
< quercetin (Sigma-Aldrich Co.)& AM&-3}Th.

A &4

Total phenol #4130l tigh Al 42 F 93] HHE A|g
AZE vgoe2 FAZZIW R (ver 3.24, R Foundation,
AustriayS AHE-31] tukey testE: B3 el 0.019014 HA

shaic.

234 2 313

ZAEAE F F 9 F ethephon JFEFF

Yuk 52016y olElE S 4008 3)A F AP st
b, B Aexe oleh TS AlF 271 39% ofElE
HAE 4008 3|Mate] 13] A2|et 24h 744 23] AR
&3} ethephon FHF574S Fokr iz} &1t} Ethephon®] %
7] ZHEe 13]9) 23] AEEilS W ZFzb 395.8, 596.3 mg
kg2 VRS OH (Fig. 1), AESH w7|= 22 266h ¥
21.1 h2 Yepttk(Table 2). Yuk 52016y = <A A 3
o T isoflavone AYdFe] it Bl sIlom, of7]A
AAG g Aol s F 4 F ethephon THFFHS 13]
Aol 28] Aol ZH 54.6, 60.7mg kg2 Foly]

45

40
35
—~ 30
o y =-0.0798x2 + 3.213x + 3.9308
w 25 R?=0.9626
E
3 20
2
]
& 15
y =-0.0488x2 + 2.1823x - 4.0978
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Fig. 2 Dissipation pattern of ethephon residue in the leaf of soybean by
drenching application

ATk SAEE 8 F 24h B 7AFE F YolA= ethephon
Z77F LOQ wimte =z BRIl wehA, isoflavone &
F 4 A A Fade zhRekdAel grE £ EE A
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FAFAY 3 F 9 F ethephon FFEFT

Ethephon &5 *|2]A] ZFES Lolrr] {13 A2kl
s e ASH F AFS FA Ge Ave
27] 98, 39% olHE AA ) thal 50-4008] B]2jNL- zhzt
¥E 3 200mL AL, a7t YeRA] 2= 40000}
2008 S| Ae AHFEE Pz ST T delA
ethephon®] FHFFEE 20h A3 AR A&Hog2 F7lsk=
&S Yeplglen, 4o0uiek 2008] 3]4) X2]A] ethephon
o] A #F FE= 27 203 mgkg ' 363 mgkg o2 U}
Eior, Ao ez EdslE ATk 223 ht 20.1h
o=z 7}7F YeEPtHFig. 2). ¥ Algel F88 I Agel 7
T Y4 T AN AREErt A AxEd HA 1o ol
wekou, F polyphenol 443 7154 29 e 74
27(1,347 mg 100 g ")o} vlwste] BFA 2] AlE(1280-1322
mg 100g™)e} 24 o]zt 1A ekthp >0.01). webA,
#F Al F 9 5 ethephon FFoll J3FS FA, F o
% isoflavone?} 7-2 polyphenol AJ2tol|A] F5& qkst A=
VFERNA] ket

E

AT ERY oA A7AR] oEES ZAde] e
dg thalste] 7P WIS ARgEE woF T e, d= ol
b A=l Adtell ARSEAL STt 2 FoRRE A=
o]z} thaktkE}l o]k Aatell olERl Bl ofHE A2l
g A7 AlmE o, olElEe] ARebdl Ad A7t
R ZEiet) old B dFe T A oEES 7

Azt A5 Aelsle] Uepke AR Wake A7asich 4 A
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A FY 5 dEHIEY AR 1359 29 5‘13]"] 26.6h
Z 21.1he & SRIHA, AF 3¢ F o% W oflel] &2 Hj
60 mgkg el o), T AR F dEHES BHE E]Oi‘:]' iy
F A2 20.1h & H) DFE7t J«Wﬂi’iolﬁr dFA
o €3 Total phenol &% WH3l= FEER] A}

W) - kg
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