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ABSTRACT

Background: As the Positive List System (PLS) is implemented in broad application to agricul-
tural products, attention to the correct use of pesticides is also needed in the production of mulberry
leaves and fruit. In this regard, three types of pesticides against mulberry popcorn disease were
applied 2 - 3 times both in the field and greenhouses to prepare safety standards. Residual pesticide
analysis was conducted on mulberry fruits and leaves.

Methods and results: Three pesticieds, thiophanate-methyl, thiophanate-methyl - triflumizole and
fluopyram registered as PLS pesticides for mulberry popcorn disease, were sprayed in the Wanju
and in Buan regions, after which residual pesticide analysis was conducted using high-performance
liquid chromatography (HPLC). As three pesticieds were either undetected or below the permissi-
ble level in mulberry fruit, demonstrating that they were suitable for safe spraying. However, 5.6
mg/kg of thiophanate-methyl was detected in the greenhouse after three application, which was
slightly above maximum residue limit (MRL). Furthermore the level of thiophanate-methyl - triflu-
mizole was higher than 0.2 mg/kg (“Gwasang No. 2” variety, spraying twice) or similar to 0.09
mg/kg (“Daesim” variety, spraying thrice) the permissible level (0.17 mg/kg) as the thiophanate-
methyl was detected in mulberry leaves in the greenhouse.

Conclusions: The spraying frequency for controlling mulberry popcorn disease in greenhouses
should be limited to two times or less, especially when mulberry leaves are treated with thio-
phanate-methyl - triflumizole careful consideration is required if the leaves are to be used as food
materials.
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Table 1. Pesticide MRLs against popcorn disease on mulberry
fruits in Korea.

Numbers Pesticides (;A;L‘;) N;gg;?;;f
1 Cabendazim 5.0 2
2 Fluopyram 5.0 2
3 Fluquinconazole 2.0 2
4 Flutolanil 5.0 3
5 Fluxapyroxad 0.5 2
6 Hexaconazole 0.5 1
7 Penthiopyrad 2.0 2
8 Thifluzamide 0.2 1
9 Thiophanate-methyl 5.0 2
10 Trifloxystrobin 5.0 2
11 Triflumizole 2.0 2

YMaximum Residue Limit (MRL)
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300 7He] oS A9 AT F olEAE Al %=
A Sk
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5. 9 T M
5.1. BADPD| @ 2AEA

ot FAHE AAE] Yal L 2 3 -3 3 AT
T ek ool wolol RisoF BAS Agilent 6460

triple quadrupole LC/MS/MS system (Agilent Technologies,
Inc., Santa Clara, CA, USA)2} Agilent eclips XDB-C18
Column (4.6mm x 150 mm, 5 /m, Agilent Technologies, Inc.,
Santa Clara, CA, USA)S ANt ¥4%272 Table 29}
7o}, Carbendazim, thiophanate-methyl, fluopyram, triflumizole
9] Z} retention time= ©F 4.7, 59, 92, 11.8 min ©|%t}
(Fig. 1).

5.2. A2 =Y

Carbendazim, thiophanate-methyl, fluopyram, triflumizole
1000 pg/ml EFEL acetonitriles ©]-&3le] TAIERE 343
0.01, 0.02, 0.05, 0.10, 0.20, 0.50, 1.00, 5.00 xg/ml 2]
2243 Ax 7, FAT AEFEY 100 7T 29
B &Y 900 o] 7t s=E FFEE 100 =
0.001, 0.002, 0.005, 0.010, 0.020, 0.050, 0.100, 0.200,
0.500 pg/ml "E B A7 (matrix matched calibration) &<
S wEo], 7 &9 ¥ 10 iE LC/MSMS systemol] T
3to] YERt chromatogram’d2] peak W42 7|E02 HREA
s AMdsisltt (Fig. 2).
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Table 2. Instrument and conditions for the LC/MS/MS analysis of
residual pesticides in mulberry fruits and leaves.

Column Agilent eclips XDB-C18 (150 mm x 4.6 mm, 5 m)
Flow rate 0.9 m{/min

Column temperature 30C

Injection volume 104

Solvent A; 5 mM Ammonium formate, 0.1%
formic acid in Distilled water, Solvent B; 5 mM

Mobile phase Ammonium formate, 0.1% formic acid in
methanol
Time Solvent A Solvent B
1.0 85 15

Gradient system 1.5 40 60

10.0 10 90

12.0 10 15
lonization mode ESI
Gas temperature  350C
Drying Gas 10.0 mé/min

Nebulization Pressure50 psi

Capilary voltage Postive (4,000 V) Negative (3,500 V)

Polarity; positive
Product

Precursor Fragmetor

. ion ion V) CEV)
Carbendazim 192.1 160.1 90
192.1 132 90

Nebulization Pressure; 25 psi

Polarity; positive

Precursor  Product  Fragmetor

) ion ion V) CEV)
Thiophanate-methyl 343 1511 100 X
343 93.1 100 49

Nebulization Pressure; 25 psi

Polarity; positive

Precursor  Product  Fragmetor

ion ion V) CEWV)
Fuopyram 3969 1731 120 20
396.9 208.1 120 30
Nebulization Pressure; 25 psi
Polarity; positive
| | Preicounrsor Pr?(;j#ct Frag(r\1/q)etor CE(V)
Triflumizole 346.1 73 100 15
346.1 278 100 23

Nebulization Pressure; 25 psi
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4
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1.5+
14
0.5

45 55 6.5 .5
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T T T
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Acquisition Time (min)

Quantitation Results
Compound

Carbendazim

fluopyram

Triflumizole

RT
4769
9.251

11.897

Sample Chromatogram
+ TIC MRM (= -> =) PR2006-34(1).d (PR2006-34(1))
x10 5]
1.1
14
0.9
0.8
0.7
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0.5
0.4
0.3
0.2
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Counts

Resp
1990034
319

12

Final Conc
1.3626
0.0002
0.0000

mg/kg
ma/kg
ma/kg

-

64 65 66
Acquisition Time (min)

6.1 6.2 6.3

Quantitation Results
Compound
thiophanate-methyl

RT
5.938

Resp
555883

Final Conc

7.7360 ma/kg

Fig. 1. Chromatogram of thiophanate-methyl (Wanju, greenhouse) and retention time.

A5 1mlE 02m syringe filter (Minisart®, Sartorius

Co., Bohemia, NY, USA)Z o735t LC/MS/MS 45 ¢
3t stock solution® 2 AM-3F T

s, Tsnt 2
oUish wolo] ARF} FHE 3 WEo sPow, Fi

7o 2 YepiY. © thiophanate-methyls F&3g ol w2
%52 carbendazim©O E F-3E 7] wjie] Qr]9} wWole]
thiophanate-methyl®] % AH#zhe T332k 7Ho] Aitsle]
carbendazim®. 2 A5}

Carbendazim = carbendazim + (thiophanate-methyl x 0.56)
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Carbendazim
Carbendazim - 8 Levels, 8 Levels Used, 16 Points, 16 Points Used, 0 QCs

thiophanate-methyl

thiophanate-methyl - 8 Levels, 8 Levels Used, 16 Points, 16 Points Used, 0 QCs
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Fig. 2. Calibration curve for residual pesticide analysis of mulberry fruit and leaf.

Q3 49 6 old
oA AXE T
AATH

wEha o] 3 WA AE = B AEsre] Wol
13438k (Table 3)2F Z2u) 8-S 72 3sle] Table 49} 7+
o] Attt FF 392 A< thiophanate-methyl (73}
A1), thiophanate-methyl-triflumizole (573+A]), fluopyram (<
FrsiAl) oAl A 49 647 49 1390l 2 3] AAIEA
ok 9] sk Wl oA A B FES AS A
of whet 2] At Y 25 FE 1 /K971 4€

Table 3. Growth stage of mulberry winter buds in spring.

198 71222 49 8¢, 4¢ 15¢°] 2 3] =& 3 3
thiophanate-methyl (F5HA)E 333t iyl F52
7191 49 7UE 7O 49 149, 49 21U 28] &
3] thiophanate-methyl-triflumizole (F3HA)E AE3 T of
7 FES AT7IY 42 148 S VIEeR 49 219, 4¢ 28
el fluopyram (HFsHAS 2 3] B 3 3] AEA
A e A R e B 49 2099 44
2799l thiophanate-methyl, thiophanate-methyl-triflumizole,
fluopyram 3 &2 ¢HAIE 2 3] AESIATE &5 i F
TS AT 9277 39 31YE ok 1 25 FEE
o 7 o wskoy} F F5 BF A1 4Y 20¢0)Un
49 2042 Foto] I 25 FEH 4o Ui FE

w

o3
r-
L

i Leaf expending date
Type c.)f Region Cultivar Budding date Leaf opening P &

cultivation date st 3rd 5th
Daesim 31 March 20 April 24 April 27 April 5 May

Waniju Daesun 8 April 19 April 25 April 28 April 5 Ma
Outdoors J & P . P ) P . P , Y
Gwasang 2 8 April 13 April 19 April 25 April 4 May

Buan Gwasang 2 6 April 20 April 27 April 30 April 5 May
Daesim 31 March 7 April 12 April 19 April 21 April
Wanju Daesun 31 March 12 April 17 April 271 April 25 April

Greenhouse J & P P p' p.
Gwasang 2 19 March 26 March 31 March 7 April 9 April

Buan No investigation” 6 April

"No investigation; COVID-19 and occurrence of cold temperature damage.
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Table 4. Spray date of pesticide against popcorn disease on mulberry tree.
Type of cultivation Region Pesticide Spray date
st 2nd 3rd
Thiophanate-methyl
Wanju Thiophanate-methy!-Triflumizole 20 April 27 April -
Outdoors FIu'opyram
Thiophanate-methyl
Buan Thiophanate-methyl-Triflumizole 20 April 27 April -
Fluopyram
Thiophanate-methyl 1 April 8 April 15 April
Wanju Thiophanate-methyl-Triflumizole 7 April 14 April 21 April
Fluopyram 14 April 21 April 28 April
Greenhouse . : ;
Thiophanate-methyl 6 April 13 April -
Buan Thiophanate-methyl-Triflumizole 6 April 13 April -
Fluopyram 6 April 13 April -

A F5 o] Aol sidEo, de] ) 2%
FE2 1 /19714 st e
52 Fotun) Ar7E 7 A AR AlSo] wglon) |
A7 8 Y, 3 /MA7le 59 2 5 971 1 €9 2

L.

ne] woJe] whgo] WYHFE A7k Wik el
o}

N

7} ojals 2 05 2A or) el ok okt B

7t 7

of A Akl B2 3e Hols BFolt obAl Helel ela) 77k 2.7%, 33%¢)
Qr] w3y WHES Hlon, x| vlE] o] Y
2] Aol et sp2olME 24zt 1.2%9) 1.6%2 2A}
=9Ik, b s ) oAl vlAe] wbpel WS 10%sh
W] 38 2o ol or] Fao] gk A EHE Ve
We sR1sien

2. YAl oHlIK2Ioll W2 2C|o] el wuis

3 5] o] wIy WAHIE Al erle] 43 Uy
S AT (Table 5). =419 49 64 8Yol| A1
o, Aol Hjsl g5o] whE 3R] g 74zt 59 25d
59 27900 ZARSIITE T AT 5o Heke] ] Bt

A5 shoe] T 25, il @ oA EEel or) wey
WEELS 2 0.7%, 1.7%, 1.3%°10em, §<b 349-2~9
thiophanate-methyl, thiophanate-methyl-triflumizole, fluopyram
3 % ool et ov #3 wHES 4 33%, 1.3%,
0.3%°] AT}

Table 5. Occurrence rate of sclerotial disease on mulberry fruits according to type of farm and pesticide.

Type of cultivation Region Pesticide doisce(;zgzrrlwcren Lﬁ:)ee(r)ri/sfcr Iuei:;)t(ioa/ol | Inve;t;gtztion
Thiophanate-methy!
Wanju Thiophanate-methyl-Triflumizole 2.7 8 June
Outdoors Flu-opyram
Thiophanate-methy!
Buan Thiophanate-methyl-Triflumizole 3.3 8 June
Fluopyram
Thiophanate-methyl 0.7
Wanju Thiophanate-methyl-Triflumizole 1.7 25 May
Fluopyram 1.3
Greenhouse -
Thiophanate-methy! 3.3
Buan Thiophanate-methyl-Triflumizole 1.3 27 May
Fluopyram 0.3
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Table 6. Ripening time of mulberry fruits by cultivation type and region.

Type of cultivation Region Cultivar Early ripening period Maturity period Late ripening period

Daesim 27 May 3 June 10 June
Outdoors Wanju Daesung 27 May 3 June 10 June
Gwasang 2 27 May 1 June 8 June
Buan Gwasang 2 3 June 10 June 17 June
Daesim 2 June 9 June 16 June
Greenhouse Wanju Daesung 2 June 9 June 16 June
Gwasang 2 20 May 27 May 3 June
Buan Gwasang 2 20 May 27 May 3 June

9 ot SIS 93 7% AEE 227, %), 0 _;7] 2 Algel] FASAIZ XE]§ thiophanate-methyl (F73}A]),

URE ZAFSIATE (Table 6). 257] 35 -4-*} 2% =X thiophanate-methyl-triflumizole (5°3HA]), fluopyram (¥/3<5-3}

LU= &5 B AR ke el B 59 2001011
T AFEl] 69 397EA 2 F3b 28] 71~—6W°L}

A9 74 zHzb 59 27 - 6¥ 8 () 6¥ 3Y - 6
4 17¢d (F9hE XA7E zpol7t YElstTh 25 929 o
A9 O FES 69 295 E 69 169 Aolel] F3e &
Ak v J]Oﬂ*ﬂ gk oj= 59 279 - 69 10¥
2 93]y h-LnT) Wit

3. 2HIx2] 2re| 9 Ty §d

A Fo kb A o] Ar=dg Rl ofshd
AR 5= e B 83 FolH, ot
Ve e &g 238l 12 Foltt (MFDS, 2020). °] &

ekl

ol AET 5

A 3 Fo FFFAFIHE7]E (MRL; Maximum Residue
Limitye 2z} 5.0, 2.0, 5.0 mgkg o]t}

HE 9U]9] thiophanate-methyl SFAl|ol gt F<kzkRFs]
/71F8 ¥% (3.0 mgkg), oFEYo} (3.0 mgkg), EE2} (2.0
mgkg), EFHE (02 mgkg) 5 O WlEFET Fo
triflumizole®] A-%-olle 7] (2.0 mgkg)e} 2oy EHEA
(1.0 mgkg), B4 (0.1 mgkeg)R T}t =t} Fluopyrame &
7] (3.0 mgkg)Rtt EouU ¥ (5.0 mgkg), WEHF (6.0
mg/kg)et 2 <ol

LU FEA viFE (NAS, 2017)9] Q] a3y HWHA|
A Fel| wet w=x)9F skl 2 3] -3 3] AEdE & 9_‘:]%
Tt 2FREF AAE A A, 2 3] AEd 2

Table 7. Results of residual pesticides analysis of mulberry fruits sprayed with 3 pesticides to prevent popcorn disease on mulberry tree in

outdoor cultivations.

Type of . Pesticides Residual pesticides (mg/kg)
- Region Harvest date — - -
cultivation (Number of spray) Carbendazim Fuopyram  Triflumizole
. . Tst 2 June 0.026+0.016% <0.010 < 0.010?
Thiophanate-methy! (twice) ;
2nd 8 June 0.035+0.021¢ < 0.010 < 0.010
Wani ThiOphanate_methyl- Tst 2 June 0.016=0.01 Ofg < 0.010 < 0.010
u . ) .
) Triflumizole (twice) 2nd 8 June 0.012+0.0028 <0.010 < 0.010
. Tst 2 June < 0.010 < 0.010 < 0.010
Fluopyram (twice)
2nd 8 June < 0.010 < 0.010 < 0.010
Outdoors
. . Tst 3 June 0.587+0.023* < 0.010 < 0.010
Thiophanate-methyl (twice)
2nd 8 June 0.115%+0.004¢ < 0.010 < 0.010
Thiophanate_methy|~ Tst 3 June 0.117£0.002¢ < 0.010 < 0.010
Buan . . . b
Triflumizole (twice) 2nd 8 June 0.208+0.005 <0.010 < 0.010
. Tst 3 June 0.063+0.000¢  0.012-0.000° < 0.010
Fluopyram (twice) J b
2nd 8 June 0.048+0.001% 0.008=0.000 < 0.010

"Carbendazim of residual pesticides calculated was carbendazim + (thiophanate-methyl X 0.56). *

2<0.010; below detection of minimum

detection amount of residual pesticides. MRL (maximum residue limit); carbendazim 5 mg/kg, fluopyram 5 mg/kg, triflumizole 2 mg/kg. Data
represent means = SD of three independent experiments. "Mean within a column followed by the same letters are not significantly different

based on the Duncan’s Multiple Range Test (DMRT, p < 0.05).
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Table 8. Results of residual pesticides analysis of mulberry fruits sprayed with 3 pesticides to prevent popcorn disease on mulberry tree in
greenhouse cultivations.

Type of . Pesticides Residual pesticides (mg/kg)
LI Region Harvest date — - -
cultivation (Number of spray) Carbendazim Fuopyram Triflumizole
) , 1st 25May  1.027+0.049° < 0.010 < 0.010?
Thiophanate-methy! (twice)
2nd 29 May 0.836+0.0308 < 0.010 < 0.010
) ) st 25May  2.682%0.052" < 0.010 < 0.010
Thiophanate-methyl (3 times)
2nd 29 May 5.579+0.144% < 0.010 < 0.010
Thiophanate- Tst 2June  0.879+0.1328 <0.010 0.132+0.000°
Wan methyl-Triflumizole (twice) 2nd 8June  0.259+0.036" <0.010 0.036+0.000%
anju
) Thiophanate_ Tst 2 June 1.393+0.181°¢ < 0.010 0.181=0.01 5b
methyl-Triflumizole (3 times) 2nd 8June  0.327+0.058" <0.010 0.058+0.009¢
. Tst 5 June < 0.010 0.059+0.001¢ < 0.010
Greenhouse Fluopyram (twice) .
2nd 9 June < 0.010 0.030=0.000 < 0.010
) Tst 5 June < 0.010 0.190=+0.000¢ < 0.010
Fluopyram (3 times) J
2nd 9 June < 0.010 0.136=0.003 < 0.010
. . Tst 27 May 2.455+0.032¢ < 0.010 < 0.010
Thiophanate-methy! (twice) d
2nd 1 June 2.122+0.023 < 0.010 < 0.010
Buan . . . N
methyl-Triflumizole (twice) 2nd TJune  1.411£0.028° <0.010 0.153+0.012"
. Tst 27 May 0.074=0.006' 0.670+0.012°> 0.010+0.000°
Fluopyram (twice) .
2nd 1 June 0.023+0.001" 0.706%=0.012° < 0.010

'Carbendazim of residual pesticides calculated was carbendazim + (thiophanate-methyl x 0.56). < 0.010; below detection of minimum
detection amount of residual pesticides. MRL (maximum residue limit); carbendazim 5 mg/kg, fluopyram 5 mg/kg, triflumizole 2 mg/kg. Data
represent means = SD of three independent experiments. ‘Mean within a column followed by the same letters are not significantly different
based on the Duncan’s Multiple Range Test (DMRT, p < 0.05).

(Table 7)¢} 8F9-2~ (Table 8) AuolX= 2] ¢kl 3 5 = 4. CHIx|e] Blo| 59 Fig 54
T ARERE AFEA AU 818 7R olslE AEFELe *%_EHJ Bl Axd F e T2 6 Folu, o]
22X MAAE 7IFo 2 AP Felsith 2Hu F B A FAAIR AHed oY
thiophanate-methyl =3[A1E 3 3] X8t &= 392 W 2 thlophanate-methyloﬂ s gl 2 Fe] ezl
2} 3 erolA B8 7IEXRY FF =& 5.6 mgke ©] 5]87]20] 0.1"mg/kg & AAEo] ATt (MFDS, 2020). ©|&
HZSF AT} (Table 8). &, oFS, 9, HAAY L FEeln, A& AR AL
FOF A 3 wE REF R oA 3 F B 2 ol (5.0" mgkg), B4 (20 mgke), T (1.0" mgkg),
3] Axg BeEY 3 3] Axs A9 o STk ke (5.0 mgkg), 45 (5.0 mgkg), WiF (0.7 mg/kg), H]
Thiophanate-methyl2] 73-¢- 2 3] 233 otE 3 A]7]q SUE (5.0Tmgke), AAZ (5.0T mgkg), X7 (5.0T mgke),
wle} 77} 1.03 mghkg, 0.84 mghkg ZES JERIOM, 3 3] A Gl (1.0 mgke), HIE (SOmg/kg) FUE 2.0mgke) &
Z3k otl= 77t 2,68 mgkg, 558 mgkg ol HEH AT ThE Aol Blf wfg- v ol

Thiophanate-methyl-triflumizole®] 73 2 3] Ax3 Qrt]= ot] Y SAE AT & or] A7) AH e m
3t Al7]o wle} ZFZ: thiophanate-methyl 0.88 mg/kg, 0.26 Qo] FFEt AAE AAS A3, 2 3] AT 12| (Table
mg/kg Z} triflumizole 0.13 mg/kg, 0.04 mg/kg 7+ JERH S 9) BRloME 27 Fo] HEFA] ¢9kou, thiophanate-

™, 3 3] AE3 QU= thiophanate-methyl 1.39 mg/kg, 0.33  methyl-triflumizoleS 2] 3k H-QF 3h$-2 W B eloA
mg/kg 2 triflumizole 0.18 mg/kg, 0.06 mgkgo]l HEFATE. thiophanate-methyl®] 0.20 mgkg (Vg 25, 2 3] Ax) A&
Fluopyram®] 73-%- 2 3] 4bxst Q)= & A7|d w2} zt How, & sk W el E 0.09 mgkg (HHA, 3 3]
Z} 0.06 mgke, 0.03 mgkg 7S UeEom, 3 3] Axd ¢ A¥) AEFPoEx 38 7|EXRT EAY ¥S3E £50)
t)= 742} 0.19 mg/ke, 0.14 mghkg o] AZE AT} (Table 8). t} (Table 10).
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Table 9. Results of residual pesticide analysis of mulberry leaves sprayed with 3 pesticides to prevent popcorn disease on mulberry tree in
outdoor cultivations.

Type Qf Region Pesticide Harvest Residual pesticides” (mg/kg)
cultivation (Number of spray) date  Carbendazim”  Fluopyram Triflumizole
Thiophanate-methy! (twice) 6.8 < 0.010 < 0.010 < 0.010?
Outdoors Buan  Thiophanate-methyl-Triflumizole (twice) 6.8 < 0.010 < 0.010 < 0.010
Fluopyram (twice) 6.8 < 0.010 < 0.010 < 0.010

""Carbendazim of residual pesticides calculated was carbendazim + (thiophanate-methyl X 0.56). ?<0.010; below detection of minimum
detection amount of residual pesticides. MRL (maximum residue limit); carbendazim 0.17 mg/kg. Data represent means = SD of three
independent experiments. "Mean within a column followed by the same letters are not significantly different based on the Duncan’s Multiple
Range Test (DMRT, p < 0.05).

Table 10. Results of residual pesticide analysis of mulberry leaves sprayed with 3 pesticides to prevent popcorn disease on mulberry tree in
greenhouse cultivations.

Type Qf Region Pesticide Harvest Residual pesticides” (mg/kg)
cultivation (Number of spray) date Carbendazim” Fluopyram Triflumizole
Thiophanate-methy! (twice) 5.29 0.013+0.002° <0.010 < 0.010?
Thiophanate-methyl! (3 times) 5.29 < 0.010 < 0.010 < 0.010
Wanju Thiophanate-methyl-Triflumizole (twice) 6.8 < 0.010 < 0.010 < 0.010
Thiophanate-methyl-Triflumizole (3 times) 6.8 0.091+0.007° < 0.010 0.011+0.001°
Ec')iig Fluopyram (twice) 6.9 <0.010 <0.010 <0.010
Fluopyram (3 times) 6.9 < 0.010 < 0.010 < 0.010
Thiophanate-methy! (twice) 6.1 0.027+0.003¢ < 0.010 < 0.010
Buan  Thiophanate-methyl-Triflumizole (twice) 6.1 0.199+0.005*  0.011+0.000° 0.019=0.002*
Fluopyram (twice) 6.1 < 0.010 0.249+0.006° < 0.010

Carbendazim of residual pesticides calculated was carbendazim + (thiophanate-methyl x 0.56). 2<0.010; below detection of minimum
detection amount of residual pesticides. MRL (maximum residue limit); carbendazim 0.17 mg/kg. Data represent means = SD of three
independent experiments. "Mean within a column followed by the same letters are not significantly different based on the Duncan’s Multiple
Range Test (DMRT, p < 0.05).
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