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Abstract This study was carried out to investigate the pesticide residue pattern among different leafy
vegetables applied with foliar spraying under greenhouse and to check extrapolating from some residue trial
data to other minor crops. Leafy vegetables used in this study were: Mustard greens (Brassica juncea L.),
Kale (Brassica oleracea L.), Dacheongchae (a kind of pak-choi (Brassica rapa subsp. chinensis L.)), Leaf
broccoli (Brassica oleracea var alboglabra), Perilla leaf (Perilla frutescens (L.) Britton var. Frutescens), Leaf
lettuce (Lactuca sativa L.), Swiss chard (Beta vulgaris L. subsp. vulgaris) and Red leaf chicory (Cichorium
intybus L. var. foliosum Hegi). These are cultivated all year under indoor or outdoor and cut the leaf from
plant continuously during harvest time. The amounts of pesticide deposit in/on the continuous harvesting
leafy vegetables were affected by the ratios of leaf area to weight. Ratio of perilla leaf was the largest among
crops as 58 cm?’/g. The residue levels of 7 pesticides in/on perilla leaf were the highest than those of other
crops through the statistical analysis from zero day to fifth day after last application. The representative crop
in 8 crops was perilla leaf selected based on the amounts of daily consumption and the high residues. This study
suggest that the continuous harvesting leafy greens should be separated from the one time harvesting leafy
vegetables for the pesticide recommendations because of different harvesting habits and pre-harvest intervals.
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ANA IAIZE RS & 252 Behner funnel “dollA] o2

Z|(No.6)ell EHAIA &< S7kstaL F712] acetone 50 mL
2 AL g 8715 Hlojle] oo ozl Sfeiint. of 3t
alg 1L &9 BT 7|7 /7 450 mL, X3}
2194 50 mLe}t dichloromethane 50 mLE ¥ F&7]
(TAITEC Corp. SR-2W, U¥)Z 250 rpmeollA] 5&7+ &

stal ZFo| s ZelE wrk] AAskAch s
dichloromethaneZ2 sodium sulfate anhydrous S5 5]
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Table 1. UPLC operating conditions for the analysis of boscalid, cyazofamid, dimethomorph, fludioxonil, methoxyfenozide, and
pyraclostrobin

Instrument Waters (USA) - ACQUITY UPLC with PDA (Photodiode Array)
Column ACQUITY UPLC® BEH C,g, 100 mm x 2.1 mmi.d., 1.7 um
Column temp. 40°C
Injection Vol. 3.0uL
Flow rate 0.4 mL/min.
Mobile Phase Mixed ratio (v/v, %)
Time Distilled water Acetonitrile
Initial 90 10
9.2 35 65
11.0 35 65
Gradient condition 1 39 70
15 30 70
16 0 100
17 0 100
18 90 10
20 90 10
Wavelength methoxyfenozide 225 nm

boscalid, dimethomorph 254 nm
cyazofamid, fludioxonil, pyraclostrobin 275 nm

boscalid 7.7 min., cyazofamid 8.8 min., dimethomorph 6.7, 7.0 min., fludioxonil 7.2 min., pyraclostrobin 9.4

Retention time min., methoxyfenozide 8.1 min.

Table 2. UPLC operating conditions for the analysis of imidacloprid

Instrument Waters (USA) - ACQUITY UPLC with PDA (Photodiode Array)
Column ACQUITY UPLC® BEH Cg, 100 mm x 2.1 mm i.d., 1.7 pm
Column temp. 40°C
Injection Vol. 3.0uL
Flow rate 0.4 mL/min.
Mobile Phase Mixed ratio (v/v, %)
Time Distilled water Acetonitrile
Initial 90 10
6 60 40
. . 8 60 40
Gradient condition
9 0 100
11 0 100
12 90 10
14 90 10
Wavelength 275 nm
Retention time 3.0 min.
Ch(Tomlin, 2006). S4014 5934 62z TAZe] & o) HIRSIZL ARH F 7RIl Fofol 4y A
HEo] A&Fg zH o A 7H4o] 5 mRte g 7350l defgte] =5 FRPAS AT 7P
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Table 3. Recoveries and limits of quantitation of pesticides
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Fortified Recovery (%) Limit of
Pesticide concentration quantitation
(mgkg™) Mustard greens Kale Dacheongchae Leaf broccoli (mgkg™)
Imidacloorid 0.2 86.5+2.3Y 85.1+2.5 84.0+4.0 817+ 1.5 01
P 2.0 912+1.0 94.8+2.0 86.7+3.1 85.7+2.1 '

. 0.2 91.7+£0.7 926+ 1.1 983+1.2 923+£55
Methoxyfenozide 5, 99.6+0.5 99.4 +0.4 98.0+2.0 95.7+5.1 01
Cvazofamid 0.2 97.4+£2.6 922456 103.3+4.0 106.7+1.2 01

Y 2.0 99.4+43 943+4.0 101.0+4.0 1143 +4.1 '
Dimethomoroh 0.2 89.3+2.5 83.6+0.6 101.7+2.9 91315 01
P 2.0 98.1+£0.9 95.1+14 1150+ 5.6 99.0+£3.6 '
Pyraclostrobin 0.2 92.1+£23 88.7+4.6 1103+ 1.9 103.3+£2.6 01
yr 2.0 994+14 94.7+£3.8 110.7£ 1.5 113.7£5.7 '
Boscalid 0.2 89.5+2.7 101.2+4.1 108.0£3.6 103.0+0.8 01
2.0 99.1£0.6 94.0+2.8 103.3+3.1 109.3+4.6 '
Fludioxonil 0.2 90.4 £4.6 89.3+2.0 1073 £33 90.0+3.7 01
2.0 974+12 94.6+5.6 1057+ 1.3 97.7+£0.5 )
“Means average * standard deviation of three replicates
Fortified Recovery (%) Limit of
Pesticide concentration quantitation
(mgkg™) Perilla leaf Lettuce Swiss chard  Red leaf chicory (mgkg™)
Imidacloprid 0.2 91.1+£3.0° 90.3+£2.8 883123 88.6+1.8 0.1
P 2.0 85.9+0.4 84.0+19 93.5+44 89.9+0.2 '

. 0.2 82.7+6.7 103.1+2.3 99.6 0.5 95.5+72
Methoxyfenozide 2.0 93.7+23 1052+2.6 99.8+0.4 99.2+0.7 01
Cvazofamid 0.2 106.1£3.5 1022+1.9 99.6 £4.1 92.7+£1.0 0.1

y 2.0 92.8+2.6 99.4+0.7 949+29 98.0+0.6 '
Dimethomoroh 0.2 104.7+4.7 912+12 929+4.0 939+14 0.1
P 2.0 93.8+1.8 93.4+238 959+32 95.8+£2.5 '
Pyraclostrobin 0.2 92.1+£23 83.6+3.0 100.2+4.1 101.3+1.1 0.1
yr 2.0 994+14 88.6+5.2 96.9+2.1 98.9+£0.9 '
Boscalid 0.2 954+19 92.6+4.6 913+33 94.1+£0.6 0.1
2.0 91.7+£0.5 96.2+0.9 99.7+1.8 974+£22 '
Fludioxonil 0.2 80.4+0.8 90.6 £2.1 94.7+6.8 100.2+ 0.6 0.1
2.0 77.5+£1.6 92.0+42 101.3+3.0 944+04 '

“Means average * standard deviation of three replicates
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H AT Je 2 PRt A+ wjFE JAFe Hee 1 Atk AE F 59 FI3 AR F cyazofamid®] RS
w2 Bt GAATF 252 AU AYS dE AZA 1.01 mgkg "Bt SPAN7E 149 mgkg ' o=, ﬂu-
ZAEZ 3= v AT HE2E FEZI 32 A2 E R dioxonil®] FFFE Az 0.81mg kg'Huk tA7t

2R 3h= QAFEOE LR XITHCCPR, 2013). £ A 1.15 mg kg "0 2 tAollA] Tha E=UAIRE T2 5% FoF

YoM e A&rgE e GALFE FE e 5 52 F AEL Aot oiE]r AL} JE2Zee FoF
A2 e o2 pro] A7k 2R S Hlasksl. x}-vgr‘j/‘*— a}:— ‘;L%]Prﬁ FE 5 5U7RA] AR oL T A
B} Skt LA FHFHFE AZATE 0.3 g/day AH] H]

AR, CHEx|, dE2EL Y ALY & s TR Hlu stof, A= AAA Y] dFoR FAAY dYddFTFS
WS 42HE 0] FoR RS MY T AAYERE A 0.04 g/day ot} wetr FFFES 9 A&, wiFSE
HEWH, methoxyfenozide, cyzaofamid, pyraclostrobin, 4250 Y BAERE TR Fo] B AEFHAYC ¥

]
imidacloprid % dimethomorph®] 24X F-2tgke- AR < AZBNE FHEAL 82 F iRl B AU 1
St A7 SAHERFS Zhel7h YAV AR 2R FAAE A vlazske Aol dEjAelztal Azt =
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oM O EUATH(Table 5). FE F 29 237 gopdRaEe Ao Aol AAHHUSH Ripley (2003 22 F
AR 2k A7 2o 7F GIAY AR O] 2Rl B B 19 AY F sopbFge] Aduiy Q45 F ARG A

Table 4. Comparison of pesticide residues among mustard greens, kale, dacheongchae, leaf brocoli, perilla leaf, lettuce, swiss chard
and red leaf chicory after two times application with 7 days interval

Residue (mg kg™')”

Crop Imidacloprid Methoxyfenozide Cyazofamid Dimethomorph
0 day after application
Mustard greens 421b" 9.79b 795b 1426 b
Kale 091d 345¢ 091c 3.44d
Facheongchae 233¢c 8.79b 7.82b 4.08d
Leaf brocoli 0.83d 2.08 ¢ 1.50 ¢ 3.18d
Perilla leaf 5.58a 16.02 a 1570 a 1597 a
Leaf lettuce 4430 8.89b 6.69b 873 ¢
Swiss chard 473 b 8.68 b 7.72b 8.47¢
Red leaf chicory 2.78 ¢ 8.51b 6.64b 841c
2 days after application
Mustard greens 1.29¢ 6.70 b 353¢ 552¢
Kale 021e 2.15d 0.35d 1.09d
Dacheongchae 0.77d 471 ¢ 4.07c 0.90d
Leaf brocoli 0.14¢ 1.03d 051d 1.10d
Perilla leaf 249 a 11.86 a 10.70 a 773 a
Leaf lettuce 1.90 b 6.44b 4.15¢ 6.73b
Swiss chard 1.53¢ 6.90 b 547b 552¢
Red leaf chicory 1.30c¢c 5.69 be 425¢ 6.23 bc
5 days after application
Mustard greens 0.24¢ 1.99¢ 1.01d 097e
Kale <0.1f 0.67d 0.10e <0.1f
Dacheongchae 021e 1.65¢ 1.49¢ 094 ¢
Leaf brocoli <0.1f 0.57d <0.1e 0.66 ef
Perilla leaf 1.50 a 10.02 a 8.79a 627a
Leaf lettuce 1.06 b 3.77b 2.68b 3.94b
Swiss chard 0.41d 446D 2.85b 2.88¢c

Red leaf chicory 0.58 ¢ 4.03b 1.61c 2.08d
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Table 4. continued
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Residue (mg kg™)®

Crop
Pyraclostrobin Boscalid Fludioxonil

0 day after application
Mustard greens 5.55b” 39.69 b 6.80b
Kale 1.57d 10.79d 1.34¢
Facheongchae 530b 62.78 a 892 a
Leaf brocoli 1.30d 4.62d 1.30e
Perilla leaf 8.74a 63.30a 8.28a
Leaf lettuce 3.75¢ 33.83 be 5.63 cd
Swiss chard 3.65¢ 39.93b 6.58 be
Red leaf chicory 3.59¢ 30.25¢ 5.23d

2 days after application
Mustard greens 387a 31.99 be 4.88 ab
Kale 0.72¢ 424 ¢ 034¢e
Dacheongchae 251D 33.65b 3.65cd
Leaf brocoli 0.78 ¢ 249e 1.13e
Perilla leaf 435a 5120 a 5.16a
Leaf lettuce 2.87b 28.58 be 3.94 be
Swiss chard 2.59b 27.64 ¢ 3.66 cd
Red leaf chicory 233b 20.24d 2.82d

5 days after application
Mustard greens 0.63 de 9.39d 0.8le
Kale 0.11f 1.17e <0.1f
Dacheongchae 0.69d 12.67 cd 1.15d
Leaf brocoli 0.29 ef 1.10e 0.92 de
Perilla leaf 370 a 4597 a 4.02a
Leaf lettuce 1.53b 23.88b 2.99b
Swiss chard 1.33 be 1630 ¢ 1.87¢
Red leaf chicory 1.13¢ 10.75d 1.23d

9 This value is means of two field trials.

® Means within a column followed by the same letter are not significantly different (p < 0.05 ; Duncan’s Multiple Range Test)
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Table 5. Ratio of leaf area to weight of crops

Crop Leaf area/weight (cm%/g) Area/leaf (cm?) Weight/leaf (g)
Mustard greens 17+£2.99 107.6 £ 18.0 6.5+1.0
Kale 23+1.8 101.8+9.8 44+0.5
Dacheongchae 19+£1.0 77.3£7.9 41104
Leaf broccoli 25+0.9 86.0+9.6 34+03
Perilla leaf 58+5.5 82.6+8.7 14+0.2
Lettuce 27+53 1255+ 14.5 49+12
Swiss chard 21+£3.2 78.4+12.8 3.8+£0.7
Red leaf chicory 22423 61.8+t124 2.8+0.6
 This value is mean of five replicates.
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(Brassica juncea L.), A| ¥ (Brassica oleracea L.), T4l (a kind of pak-choi (Brassica rapa subsp. chinensis L.)), &
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