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- This study provides toxicological aspects of EF on nontarget organisms and crops in agricultural settings.
- A sodium silicate-based method to mitigate the EF-induced phytotoxicity could potentially extend its usage beyond
quarantine applications to broader agricultural practices.
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Abstract: Ethyl formate (EF) is a naturally occurring insecticidal compound and is used
to control pests introduced from abroad, in quarantine, by a fumigation method. In
particular, it is mainly used as a substitute for methyl bromide and is less toxic to humans
and less harmful to plants. This study aimed to investigate the possible acute toxicity of EF
to useful organisms, and how to reduce phytotoxicity in watermelon, zucchini, and oriental
melon. After fumigation with EF for 2 h, the LCso values for earthworms, honey bees,
and silkworms were 39.9, 709, and 17.9g m™, respectively. The degree of susceptibility to
EF was in the order of earthworms, silkworms, and honey bees based on the LCsp value,
and EF fumigation induced stronger acute toxicity to honey bees. Phytotoxicity was
observed in watermelon leaves treated with a concentration of 75g m™ EF, and when
treated with a concentration of 10.0 g m™, it was confirmed that the edges of watermelon
leaves were charred and seemed to be damaged by acids. Zucchini and melon, and
other cucurbits, showed strong damage to the leaves when treated with a concentration
of 10g m™3, and sodium silicate, at concentrations of 10% and 20%, was used to reduce
phytotoxicity. Therefore, acute toxicity towards nontarget organisms and phytotoxicity
during the fumigation of EF should be reduced for efficient agricultural pest control.
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o[ 0] E (Ethyl formate, EF)+= S5A1¢] W2 E=
A}o] E (methyl bromide) 2] tHAIA| = A H A] TheFet
d HE2] HAO AFEEA L glom HA [ E
Jo] F2 olf= FUNT WA= ARgstAt T

7t AYE D Yok ESARA AT FAE of

2 AF-E Bl AR o Fes ASIIAL A B
= 50~400 g m~ G0l A A 2] A7k 24~72*17P° 2R
+ T o] AGelES HED 4 U (Muthu et al.

1984; Agarwal et al. 2015; Kwon et al. 2022a). ©]2{3t ]
dEmo|ES AL sl Hih A= A
ko g AQtsto] 9], @of, EntE gl 13 A5t
A Yl FF9 iFS PAIsks A5 AAlste] LolFA
e, guli7HRol, H5otke It E, HHtol-golf 5ol dist
o 1.5gm™ 9] 0= 124 S5 A 25t o gl 7t
Folot BpolgAREL2 93.3% ole] A% aitE e
Ul ont HHbo] ol o] 552 20% HITHo] ITH(Kwon
et al. 2019).
E oH2 A7olA Kwon et al. (2022b)2 o2 EHo|E
of g7k olof gt oFa et oo w2 oS s
7] §Isted Al 7141 &5 AIZHA 2, 4 9 124130l Bk
ZP‘Z'OJ HOE EE3AZ oM BE AEFolA el
| A] kgt e, Aol
e

siEQl AL FE WAHSH] 2

B

$

B EHo|E AT s/} Qs AAolth(Kim ef al.
2023b). WrebA], o2 20| ECS] AJdekeA FH o] A8
7Fs/d= W17l flste] 71E 445 Folo] A8 A= 5
A AEE T E I 2= S, o), 9] Fofl o
gF om0 E Q] A 55/4dS UEt=A] ZAlSteof &
Aow Amw,
Nz AeEAe AgEE o

FRIF O A5 A= &7 739 v Aot
(Kyung et al. 2019). O]‘W OﬂE]i‘]ﬂ Eof ofsto] HEF

16
o 454 712 AT B 2t Bag Agolth
e xdolEx B3 WA 47 7FeESIE ] formic

acid®} ethanol® 7tE3EHE= EA0] Atk (Mata-
Segreda 2000). <549 £ 7IAdH=E 25 § 4
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Ao ZHRshes B4 7] et 7t B 2le
™ (Jeon et al. 2022), 2 EZHO|EHTh= 7hpEa 4Hz
o] Fei= Qloﬂ T 01'011 ofs HE e o drkal weke
6H /\]-E AF A

o Els
19909 =5 4| 2YFE] 0] = (neonicotinoids) &t
FA9 A FAAE fI5te] A&t SAEHA
o] ntrro] ok AEAE ot WA EE 4 3l
= 2RI o] = QIg o) gt 5= 4E 57
S}t (Lentola ef al. 2020). ©] A5 55}o] HE| 27}
H (methiocarb)+= LDsp #t2= &Y 421~693 ng= Ut
Ef a1 HHAHC) EJoFE 2 X8 E (thiacloprid) SFAI= &
AT 16.9x10° ng 0 2 A W =4S Yeigltt. o2t
A, Lentola et al. (2020)2 =22 £ 79 M’%Zﬂ
= AA L] AMEEele At vl B2 =l Hitt =
7t et Ajrstlet. vlssHA AF el & ‘?‘3"
% cyfluthrin 2 tritrichlorfon®] A= gt &
‘d= 7ot & ASAE AxE 299 A
O] thfd Ao ztol7F ARGl oH of 7o thgt
22 TARR] QAT (Lee et al. 1989). ]} Zo] Ak
kAol gt &7 F vl EARE] tig 542 5
Sh= A} @A ofn] AMBE= FekAof HiRt ieE Al
Aol g F454 H7ke AAE B Qlok(Park et al.
2017). k=& A7 48417} 967t = AR - oJo]
(Caprinus carpio)®ll ™ote] 1,483&2] AFAol &gt 2]
AES SA7 A 153 (LCs0<0.5mg L) 0.2 BFE
£ 52 2035 F A2, 253 (0.5<Cso<2mg L) &
FEE FOR2 1,04370% ) T1ev, 2 E AfTbol o
7d gkel Jsk= glglom 48A17F W =44 9] Wddo]
7102 WA= T (Park et al. 2017).
Al soFe] A @ AeE40] 8488 9 HEA
eF SABIE Slste] S EA T EA-o
(Eisenia fetida)E ©|-8ot= A A7} 270 =] Slet 2|23
ol FUENS A& A= H & 71 E o= AL
= dHA glong ol gigt 542 Ar|Ho=w %‘?SZH
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Highg o] £ JF& ot ExIFolel gk =4
T (endosulfan) 9] FF2 AFELNA LCs gk°] 9.7 mg
kg 'olglom ol2|qt 42 fluorene % phenanthrene
o] Eg=AdolA A A BEE7|E 5HlHH(Nam
et al. 2017). ©|9} H]=SHA] 457} kS| A|Po] 5=
AE& A2 HEZAT A (Filter paper contact test)= ©]
goto] AT Aol A= clothianidin, fenpyroximate,
pyridaben@] 79 Z]Fo]o] dist] As] 3 =4S
HER 1AL LCsp A4 0.28FE] 0.72 mg cm 29| HI9|=2 1}
E}STH(Wang et al. 2012).

2 A= o2 xZHolEE %“‘?ﬂﬁﬁ% A
A& A5 —?45]'01 e

1O
Ao
L

oM.
o2,
U m{u

= —1
S ABEGE 3451 S1510] S, T, AL A1
S92, olo] ela) Wle 4B Agtst w5RIE
giotel oA LZAOIES] 71525 42 % oie) ZEA
2 AAT & A+ sodium silicateE ©]-&5}o] ks 75}

Q75 Ayt

2. M= 3 Yy

21 MEEE

Agof| A8t ethyl formate (EF)+= Sigma-Aldrich (St.
Louis, MO, USA)°llA F5}1 17, sodium silicate powder
(NaySiz07) = EAMFE-F A (Duksan Pure Chemicals Co.,
Ltd., Ansan, Korea)©l| 4] F-ufjsto] A8t

2.2, X|gol, Y, ol A5 A SHSHYME
2.2.1. X|go]
Aol ARESE SAIFHOI(E. fetida)= M5olA 2kg &

o=
3 HI, F0] 300~600 mg o= Fj7t & W
il AEst. Hiefoll o]- 8% EF A®ol &
HEQ} Hlo] A} E (Hungnong Seed Co., Ltd., Korea) &
= 2 & ARSI A1 o AU 2= 23+
2°C, T2 65+5% = FAIAIZT AF ol thet EF =
J 5382 OECD guideline 207°] wat M= AT,
o] ARERE QIS ESY 272 cocopeat 1kg, industrial

2

sand 7 kg, kaolin 2 kg, CaCO; 20 g& <%35to] pH #t=

Acute toxicity and phytotoxicity during ethyl formate fumigation

6.0+0.5 9= 2ot om it EF x5
9] 35%= sttt 485 =S 500 mL H|A A-F
2 400 g¥ a1 A 0] 7HA 10D}ﬂ’>“ 3REESHo] o
o} Z 30uta]E A 2|5t 23+£2°C, 50% ©142] &
9 RS fA5t 2F F 149 F AAEE S5t
71E35t3tt A AVHA 5782 %El& A= §Eg-5hH o]
o] 7153t AAlE AES Ao wdsie] AAES =
“gstct.

FF

222 &4

AE5d7 e 8% AT 4 (Edible Insect Research
Institute of Gyeongsangnam-do Agricultural Research &
Extension Services, Jinju, Korea)©llA] &4 (Apis mellifera)
4% °F 1,000m2]E EFEoF 2= 25°C, ST 35%

Z270014 #olE FFt Aot E el it EF
BEAAAE Aee=d 8 45 4074 Insect
breeding dish (SPL Life Science, Inc., Pocheon, Korea)®ll
3gkESto] W ©al Z 12072 E Aot oH, £5A
2] & AU 2k 25+2°C, FE-2 60£5%F FAIAIA,
4847 & A AeS SA5to] 7] S5k

2.2.3. roj
AEsd71Ed 825914 (Edible Insect Research
Institute of Gyeongsangnam-do Agricultural Research &
Extension Services, Jinju, Korea) oA Lo (Bombyx mori)
A& Aol 2= 15°C, AT 75% 204 K3t}
AoH, olFolliE L& 24 1°C, AUEE 80+5%F 4]
Stof AReRt & Aol ARSI roflofl High EF B/
NS Aelsed ol 3Eﬂ 307H2]4 insect breeding
dishoﬂ 3HEESo] Le] AL F 9outElE AFstalen,
SAY F 25 2411°C, FHEE 80+5% FAIAIA
48*]7P & A S S7dste] 7155k,

2.3.EF £3X2

=

o

EF (W, 99%)E ol-&ste] AFel, =8 45, 7ol 3
o gitoz oz;qa] AR 23519t} A} EF
2l5t7] 915l 6-L E= 12-L dIAIAOH lid S5l 22}
filter paperS 2+ T, syringeE ©]-&5to] s HE A7
Stol 7]8keh= WAS ARE-Sto] 2417 A 25t alnl. &4
2] 9] FLt A2 AZRE shiF Aol atAQl Hog o

rrj
N fUI[U
Al

\1

Ml
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27l 205 ARESrlT A7 ool Hiet EF 252 160 g
m™(0, 1, 5, 10, 20, 40, 60 g m ™), &H-Z 0.25~15g m™ (0,
0.25, 0.5, 1, 2.5, 5, 10, 15g m™), Foll&= 0.5~40 g m™ (0,
0.5, 1, 2, 4, 8, 15, 20, 40g m?)9] & W2 2A7F A7
stolct. A o], EH-2 12-L vlAAOIH S ARSI, ¢
ol 6-L tAZoEE AHgdte] E5A2latalt. HAAA
olf Wl EF £S48 Fg &els] flste] 7tx AlmE
Zy AZHatek 1-L Tedlar sample bag with polypropylene
fitting (SKC Inc., USA)®ll 50 mL syringeE ©]-&5}<]
100 mLA ZHSIALL, 5 0.5, 1, 2417 AF
Al=E HP-1 column (30 m length X250 um internal
diameter x 0.25 pm film)©| “&2% gas chromatography
coupled with flame-ionization detector (GC-FID, Agilent
6890N; Agilent, Santa Clara, CA, USA)E 2Ao}3]th &
gt 71719] &8 2&E 100°C, TUT 25+ 250°C, AE
7] 5= 290°CR 75ttt A9t 7FA0] BF e
external standards®]l Hieh T2 HAS 7|Fo 2 ALtE
137, Concentration X Time (CT) &= ©|&A o] AR
T Ae ARESto] AFESHITH(Kim ef al. 2021a). E54]
2] & gAFAolHE &5 Zste] @718 AAlskIe
™ 212} ZA1 50 AARE e 7Sl

HHAbE 3o Bt EF 52 275-L HAACTE oA
7.5,10g m™9] FER 2A17F F o]t HlA|A ]
Elol= WS G2t E5A7E WM & 71ek 4= 9l
L5 sty om 2 ZiAl= EFoll &= A 9kt A2
H EFO 5= S 9fell 275-L dIAACIE 9] 7tAE &
S %30 12, 1A13E, 241X ZFH 0 & 1-L Tedlar sample
bagell £}, & GC-FIDE £4519] CT & 9
oF T AFESHA.

G4, ol oH, oo v} 2HE 3F
Hastatt. =8t (Citrullus lanatus L)
(Nongwoo Bio Co., Ltd., Suwon, Korea)
ZRE FAE FA5HA Y, N8 (Cucucrbita moschata
Duchesne)2 ©FA|otEH (Asia Seed Co., Ltd., Seoul,
Korea), &% (Cucumis melo L. var makuwa)+= X%
(Jin Hung Seed Co., Ltd., Pyeongtaek, Korea) 2F-E 1%
stol Agatelct FUT FASL A KLl 4]
HE 60%, =& 25+1°C, 16:8 (light : dark) 2] FF7] X
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Aoz MFlHTE 347 H= A ARE 2ol
ARgSHik BF 23402  oFal7} 710 B9 ABEL
FUG 274 A9,

2.5. Sodium silicate FiX{g] A] kX2t H o}

Sodium silicate (SS)E A 2|ote] EFZ <l HA¥st=
oFg|o] A7t AT E Felstr] Yof] WA ke thate s

A& Zgstoict. 4 gt ZHA] WoflA] A2 E sk A
It Y} AAPE kx| ge tiET F o g el
Ae] FAolgt SSE A 2fsotal EF &5 2lsoklrh 4
|HL2 FFHTol SSE =9 10%<} 20%94 | W=
95°C°1W ZBoto] 5] =]l o] %o 4

Eé
m_\:—“
ol

5] A5]A] ARgsHRITE H A Al oz 949
g2 A2 AA F9of 10%<2F 20% SS
247y BRSHALE 2t Jdols s 7
SF AL 24|17 o)A Aol 4] Fxdsto] AHE B

o

1

°-l>°k0r10r}0T2Erzin9Lme
(o]
¢ fo 2=

= 71 °
e GOt EF £52 759 10gm™ T & A
2|5tk EF 250] B4 HAACIE S Zigste] 301

¢ A AAEL o] F SR S Tl
Blhe 792740 fA5HH. 79 2tell= ol FEE H|
wst7] ffsf 2 A2 1 e e ek st ARl &
FoFTE S EF 25202 QIgh @42 tf ApAls] #&
5t7] Qlste] Qo] EH-S It o U2 ZEISSA
(Carl Zeiss Co., Ltd., Oberkochen, Germany)—OJ axiocam
ERc 557} F2HH stemi 305 AAAWES ARg-oto] AR
= ZJstat.
CHE HHE 2591 ol 2t Zefofl it ss 2] <]
ofsf A Arg Eelshr] s A FLsHA de= A
sttt oHld A= =4 EF A2 skentt dA S
St Ao ZiAIE HAEE sHA] Gt ZIAIE =
2 F11 EF 3 A ottt BE 152 35HE0 2 A3}
Aok AP A Ol= 20% SS EHS EFoHHA R
MAolls S7T5 7oA o1F A-2ollA] F-2s] 34

stod 248 S| 8 AT T EF EZAH2lech

m Ol

2,6. 34 &4

SSA Y Fkofl IhE AAReS ©]-85to] SAS software
version 9.4 (SAS 9.4, Cary, NC. SAS Institute Inc.)2] probit
Foll 95% A1Z|719] lethal concentration
(LC)*} lethal concentration-time (LCT)= At&3l%i Tt

.=
analysis=
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Fig. 1. Probit analysis of the mortality data from acute toxicity tests of earthworms and beneficial insects (honey bees and silkworms). Pre-
dicted probabilities for response were estimated by statistical analysis with (a) lethal concentration (LC) and (b) lethal concentration-time
(LCT) values based on mortality ratio after fumigating with ethyl formate (EF) 2 h.

3. 24 % %
3.1. X|go] 3L KE2F 23 (L, Fol)ofl tht

FHEINY

IIIH
i)

It O-‘NI of,
ool

O
-

oo
o X

R 2

N

‘P—% 3,
EF 2A17 &5 74131*1
2 247+ 39.9, 7.09, 17.9 g m %

5
Hv
& I >
> 2
2
3!
@ =
- B
2 =
o
K S
=

LCoo #9] -9+ A ol, B, Frelloll tishiA 22t 70.2,

13.9, 57.7 g m At} A o]} roflofl gt EF B4d57d
2 o] Hof @A yehdE glstainh EFoll thet
T/ AETF LCso & 715 2| B0l o, B 02 2
et om 2o, Folli= 22 E LCso 742 oF 5.6
9} 2.5ufofl SHFSFAATH(Table 1). EF 2A17F 53] 2] A] A]
o], B, oo thet LCTso a2 LCso w Hl W53
S of fFARRE 22 7= Ao UEgon 747t 39.4,
6.49, 15.8 g h m~ &2 == 3t (Table 2, Fig. 1b). =3
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Table 1. Lethal concentration (LC) values and probit results after ethyl formate (EF) fumigation against earthworms and beneficial insects

(honey bees and silkworms) for 2 h

LCx(gm™3, 95% Cl)

Organism Slope +SE df e
10 25 50 90 99

Bartwom 001 ono)  poecsnl)  (s4saas  @earis  radsy 00806 22 457

Honevbee atien  alesn  Goersd oM fzivg | C194EIsl s 81

Silkworm (7.623(—)'12 2.1) (11.;?'155.3) (15.;320.0) (27.8}339.9) (44.?332.9) ~N3x167 34 134

Table 2. Lethal concentration-time (LCT) values and probit results after ethyl formate (EF) fumigation against earthworms and beneficial

insects (honey bees and silkworms) for 2 h

LCTx(ghm™2, 95% Cl)

Organism Slope +SE df I's
10 25 50 90 99
Bartwom 07050 peossa  @36.008  Weoess  Grmy 08842 2 190
Honey bee (3.8%—65?.10) (4.52'j156.91) (6.0%i1306) (8.1%1(131.2) (11.25'139.2) Shexlsr st 12
Sikworm (6.0%?320) (5.1%—7 ; 35 0 1.2)51'51.9) (27.4;1104) (59.211—7751 ) TSI 3 Al

LCToo %k9] 73-%- 2| Fgol, &9, frofloll tiaiA 2H2} 68.3,
13.3,117gh m™& o7} Aol it} &2 3= 7=
e AT o AT LCTso 44 71 EFel Higt d4A
Ar= Aol roll, B9 o= 27 yetgtew 29
o], ol 7k 247+ ' LCTso 749 oF 6.04H, 2.48] A =it
(Table 2). =&% LC} LCT @2 ot HokS o, &
5 287 A Al BHo] 2 o], Foflof HIs| EFell tiet
F5740] B A5k YehdS & 4 ek

o ESAZ AHEE O] 2 EF E5A 9] Aol FT
T4 3 T NT WAE Sl v sh-2of 285}
A7} Atk (Kwon et al. 2022b; Kim et al. 2023b). H]
ot~ Al Felof FFE = Hull7HEol (Bemisia
tabaci) YAE 91l EF 254 2] Al LCTy 71522 24
ZH A2 Al 1.67 gh m™, 4417 A2 Al 2.08 g h m™ A
7He Rt (Kwon et al. 2022b). T Th2 A-Fo A=
o] vk Au) A IS o e B

(Scirtothrips dorsalis)2] WAIE 915l EF &5AE AM&-ot

198 (©2023. Korean Society of Environmental Biology.

= A&7t QA (Kim et al. 2023b). & AFoAE E5
A o] & WAI7ERI LCTee 71502 4A17F A 2] Al
17.10gh m™ YA7HE E e} o]eF 22 EF &5419
A o8-S ol T A AT 5 e
25 W ES W 78 A1 A= Aol digt

& B7PF Aotk mhEhA, 2 Aol 4] ERIgH EF
Al oIt §=4 ZaE AA| @74l A8t
LCT WAI7ke}t Hlas] B, gufj7lsol & WAl £
CT 1.67~2.08 gh m™&= o], B4, oo gt =

5
ig o

o rr > o2 o rr Mol of oo off

o,

UATH (Table 2). ¥HH, A o2 =2 WA|7}E Ho
EEZAE Y] - LCTow @t 715 17.10gh m™2 4]
o9} FollO] AL LCTy ZHETF R3] Yo groz = 7}
2] Folle FFS 7122 & Ao g PeE T (Table 2).
T, Bl A 25 LCTy HAZFE A2
519 o BHO] LCTw?l 13.3gh m™S 9 202
E]o], o] o] Eieh W A7 o] EFe] 54

—
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7d 21d

Fig. 2. Evaluation of sodium silicate (SS) phytotoxicity in watermelon. Distilled water (DW) or 20% SS solution was sprayed, and then the
plants were photographed at 1, 7 and 21 days after pretreatment. The scale bar means 5cm.

2 Ay, 1
J2] =™ 25 A
21 5] 4 AT Qo] 2ol Eofel 178 o TS
T AL 72 91tk (Jeon et al. 2022). ©]2 g EF2] F
e EAL U808 AFRET Qe Y QYFE o
(neonicotinoids) &4 5ol £3] YF= Ho
H| TR AE0] BHo||A 2 AH o g 225 4
it} by, BF £549 A 5987 %
e MR IS BT T v
tiet FF B7HE olgsto], TFAY AIZH
Aol Sl e TR Aot 2702 Ba
et

r
FU
5:,
ol
m"f“h‘;&_

w2 N x8
N
ol

é

i)
o
Elowg o 4 &gl |n

ol
i

3.2, Sodium silicate (SS) M A2 & ¢t

EF 23X 2 st
of SFAl A =] =291 sSell 2]t oF9|
fI5ke] HF ZA|of] FAL A el
o], =

EF °fsfiA4 29
94 O 1 E O‘I-a‘l_

= 1= ]
20% SS 8-S BRsto] 21 Axp7kA] #HE5HY S

T WA LE F Zpe] °*°l ZNA7F 2 2375t ofFsli7t glaol
SRIE ATt (Fig. 2). T5A 2] F 793}l ¥t Ao 4
ol A= 7.5gm™ FE2 A2 H Aol A] o1<] 7Pt
of| A eFsfi7t = ATk (Fig. 3a). ©]=17F 2FdllE= 10g m™
T A2 RAelA o AsHA vehg e, oo 71
227} 77}‘?—}711 AlEIL Qo] mtE= @Ao] ZRIE ]It SS

£ 10% 32 20% A A 25t -2, oFoll A7t =+ 7hA
<} H]J]_O].Oﬂg_ ] M—;Hx% oZ 74 ].M_,_ Z=g} olo]| 7¥st
OFSIE KOl EF 10 g m™ ‘= A 2ol A = 20% SS A
2 A] oFsfiz7t axprt o FEeHA TR E QU (Fig. 3a).
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Fig. 3. Evaluation of ethyl formate (EF)-induced phytotoxicity reduction effect after sodium silicate (SS) pretreatment in watermelon. Phe-
notypes of watermelon (a) whole leaves and (b) leaf micrographs, 7 days after EF fumigation (EF 75g m™3, CT 8.568g h m™; EF 10g m™3,
CT 11.4g h m™). (a) The white triangles point to areas of phytotoxicity. The scale bar means 1 cm. (b) The red triangles point to areas where
the trichome is damaged. The scale bar means 20 um on the left and 10 um on the right image.

SS AA T LAME 2 Il A7 G112 Holx] et Ht
W, EF7.5g m™ S 2] Alofis 5atat R ARHA 20% S
Zﬁ%ﬂ A EFel 213t oFafi7} teol] G dame A4S

B3Itk (Fig. 4). 582 th2A] o 2413} 9] Qlof| 4] EF

9] ofslii= o 7PEAE 7 obd Q AA ol P = FH
2 oFelE Belon, 271U i FH 0] ofl= FFe 5
2] ok sfel-S B FTh(Figs. 3a, 4). T, 9 FH O] s A

2] Al Yof] Folgl= sso] FEj7t 2 AjolE Bk &
gt o] mHofA= o AAe] 24 I EeZ] FEE £
A5t EF 2% o 11 4] 711% " off o Hku

o) ol mHoIA | ss AR 20 A9 o wA AAe]
Jo] Hl7| Rtk B8 meo] Ho] Qi FHjS AL 5
9151t} (Figs. 3b, 5). T, EFO] ot kel % Z5o]

200 (©2023. Korean Society of Environmental Biology.

= FAHA Gt EF F 19T H ol HA FA"
ot o] &% Fof $EL Tl Qe I EHA EF
o] 7R o] doju TEANT} ofehg R AR THF
g 4= Ak weEEd o] F E—E—ﬁggpra IO R
A

1B
)

ol

il

o
2t
[>
m
o

27} ofsle] 1o 2 .
o=, 3} 2% 3% FIA S8 QoI EF £
ofsl wPgek oFsle s RS Fotel oAz
o] 71 Fsrom, ol 9ol ss WA Al & A
Y5o] el Aol QT oA Hisolet
= ALEAoL=] 55 Aell oIt oA
13|

=

e or

Hauofo|Eu AT S3A) 9] a2 7t
ot HHAlS AFE-SHS E}(Kim et al. 2021b, 2023a). ©]
SSA HE AR oFell7)1#e Hols REE Exst

o)
E
£

| -~ ) Y T I
of o s

;

R



Acute toxicity and phytotoxicity during ethyl formate fumigation

EF(@m™)

Fig. 4. Evaluation of ethyl formate (EF)-induced phytotoxicity reduction effect after sodium silicate (SS) pretreatment in zucchini and orien-
tal melon. Phenotypes of (a) zucchini and (b) oriental melon whole leaves photographed 7 days after ethyl formate (EF) fumigation (EF 75 g
m=3 CT104ghm™ EF10gm™, CT 12.0g h m™3). The control leaves (CON) were pretreated with 20% SS. The scale bar means 1.cm.

(a) (b)

EF(10gm™®)

Fig. 5. Leaf surface after ethyl formate (EF) fumigation of zucchini and oriental melon pretreated with sodium silicate (SS). Phenotypes of (a)
zucchini and (b) oriental melon leaf micrographed 7 days after EF fumigation. The control leaves (CON) were pretreated with 20% SS. The

scale bar means 20 ym on the left and 10 pm on the right image.
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