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Abstract This study was conducted to develop an efficient spray calendar to control diseases in production
of grapes to be exported to United States of America and Hong Kong by use of fungicides permitted by
maximum residue levels (MRLs) in both USA and Hong Kong in ‘Campbell Early’ (Sangju, Gyeongbuk)
and ‘Kyoho’ (Gyeongsan, Gyeongbuk) vineyards managed in Wakeman’s training system under the rain-
shelter system. Fungicides including azoxystrobin, boscalid, difenoconazole, dimethomorph, fenhexamid,
fludioxonil, iprodione, kresoxim-methyl, pyraclostrobin, myclobutanil, tebuconazole, trifloxystrobin, were
preliminarily selected and sprayed to the vineyards at vine growing stages, which are before budding, before
blooming, berry development, veraison, and ripening stages in 2015 to 2016. After fungicides were sprayed
as scheduled in the vineyard, the incidence of diseases on the trees was counted before fruit harvest, and
characteristics and chemical residues were investigated in harvested fruits. Leaf spot were shown to be
inhibited the most effectively in treatment 2 in vineyards for exportation to USA, and in treatment 2 in
vineyards for exportation to Hong Kong in 2015, and in treatment 4 for exportation to both countries. There
is no significance between fungicide treatment and non-treatment in fruit characteristics such as cluster
weight, berry weight and total soluble solid contents. Chemical residue was never detected or was detected in
the levels lower than MRL in fungicide-sprayed treatment. Selected chemicals and optimum timing to spray
them in vineyards in this study can provide very useful information in developing efficient safe spray
calendar which is acceptable for grape importing countries, and to promote exportation of Korean grapes to
foreign countries.
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Fig. 1. Air temperature and precipitation of Gyeongsan (A) and Sangju (B) region from 2015 to 2016. Scores of weather condition
represent averages from the data for the latest 30 years.

Table 1. List of pesticides applied in this study

Active ingredient

Pesticide %) Dilution rate Coverage of diseases Brand name

Azoxystrobin (SC)” 21.7 2,000 Downy mildew Otiba (Syngenta)
. Downy mildew, leaf spot. .
b) y s Ppot,

Azoxystrobin (WP) 10 1,000 ripe rot, bird's-eye rot Anmista (Syngenta)
Azoxystrobin- 10 . .
Difenoconazole (SC) 113 4,000 Ripe rot, leaf spot Amistatop (Syngenta)
Boscalid- 13.6 . .
Pyraclostrobin (WG)? 6.8 2,000 Ripe rot Bellisplus (Kyung nong)
Difenoconazole (SC) 10 2,000 Ripe rot, leaf spot, bird's-eye rot ~ Purmi (Dongbu)
Difenoconazole (WG) 10 2,000 Ripe rot, leaf spot, bird's-eye rot Boguard (Syngenta)
Dimethomorph- 16 Ripe rot, leaf spot, .
Pyraclostrobin (SC) 9.5 2,000 downy mildew Casting (Dongbang/Agro)
Fenhexamid (SC) 42 1,000 Grey mould Teldor (Bayer)
Fenhexamid- 30.5 Grey mould, ripe rot, .
Tebuconazole (SC) 5.8 1,500 leaf spot, bird's-eye rot Tibracc (Kyung nong)
Fludioxonil (SC) 20 2,000 Grey mould, ripe rot Sapphire (Syngenta)
Iprodione (SC) 43 1,000 Grey mould Robral (Sungbo Chem.)
Kresoxim-methyl (WG) 50 3,000 Leaf spot, downy mildew Haebeach (Sungbo Chem.)
Myclobutanil (WP) 6 1,500 Powdery mildew Cysten (Kyung nong)
Tebuconazole (WP) 25 2,000 Grey mould, ripe rot Silvacur (Bayer)
Tebuconazole- 20 . .
Trifloxystrobin (SC) 10 3,000 Ripe rot Nativo (Bayer)
Trifloxystrobin (SC) 22 2,000 Ripe rot, leaf spot, bird's-eye rot ~ Print (Bayer)

JSuspension concentrate
®Wettable powders
“'Water dispersible granule



Table 2. Time table for spraying fungicides used for production of grape exportable to USA and Hong Kong in 2015

) USA Hong Kong (HK) USA/HK
Spraying Cont.
Rep. 1 Rep. 2 Rep. 3 Rep. 1 Rep. 2 Rep. 3 Rep. 4
Ist Early-April  Tebuconazole  Tebuconazole Tebuconazole Tebuconazole Tebuconazole Tebuconazole Tebuconazole Tebuconazole
(Pre-budding) (WP) (WP) (WP) (WP) (WP) (WP) (WP) (WP)
2ndMid-May ~ Fenhexamid  Fludioxonil Fenhexamid- Fludioxonil Fenhexamid ?:Sf:;‘gﬁe Fenhexamid Fenhexamid
(Pre-bloom) (SC) (SO) Tebuconazole (SC) (SO) (SC) (SC) (SC) (SC)
3th Early-June Iprodione Iprodione Boscalid- Iprodione Trifloxystrobin Trifloxystrobin Iprodione Iprodione
(Flowering) (WP) (WP) Pyraclostrobin (WG) (WP) (SO) (SO) (WP) (WP)
4th Last-June (Berry Azoxystrobin Trifloxystrobin Azoxystrobin Fenhexamid- Azoxystrobin Fenhexamid- Myclobutanil
Tebuconazole Tebuconazole
enlargement stage) (WP) (SO) (WP) (WP) (WP)
(WP) (SC)
5Sth Early-July ) Dimethomorph- ) ) Trifloxystrobin )
(Veraison) Pyraclostrobin (SC) (SO)
6th Mid-July Trifloxystrobin Difenoconazole Trifloxystrobin Azoxystrobin Trifloxystrobin Azoxystrobin Kresoxim-methyl
(Veraison) (SC) (WG) (SC) (WP) (SO) (WP) (WG)
7th Early-August Boscalid- Azoxystrobin Azoxystrobin- Dimethomorph- Azoxystrobin- Dimethomorph- Trifloxystrobin
(Maturation) Pyraclostrobin (WG) (WP) Difenoconazole (SC) Pyraclostrobin (SC) Difenoconazole (SC)  Pyraclostrobin (SC) (SC)
Table 3. Time table for spraying fungicides used for production of grape exportable to USA and Hong Kong in 2016
) USA Hong Kong (HK) USA/HK
Spraying Cont.
Rep. 1 Rep. 2 Rep. 3 Rep. 1 Rep. 2 Rep. 3 Rep. 4
Ist Mid-April ~ Tebuconazole  Tebuconazole Tebuconazole Tebuconazole Tebuconazole Tebuconazole Tebuconazole Tebuconazole
(Pre-budding) (WP) (WP) (WP) (WP) (WP) (WP) (WP) (WP)
2nd Mid-May  Fenhexamid Fenhexamid- Fenhexamid- Fenhexamid Fenhexamid- Fenhexamid Fenhexamid Fenhexamid
(Pre-bloom) (SC) Tebuconazole (SC)  Tebuconazole (SC) (SC) Tebuconazole (SC) (SC) (SC) (SC)
3th Early-June Iprodione Difenoconazole ) Iprodione Trifloxystrobin Trifloxystrobin ~ Tebuconazole-Tri
(Flowering) (SO) (SO) (SC) (SC) (SC) floxystrobin (SC)
(Be4th Iégls;[‘;h::jen t Azoxystrobin- Trifloxystrobin Iprodione Azoxystrobin- Fenhexamid- Myclobutanil
Y s tageig Difenoconazole (SC) (SC) (SO) Difenoconazole (SC)  Tebuconazole (SC) (WP)
5th Mid-July Trifloxystrobin Azoxystrobin Trifloxystrobin Trifloxystrobin Azoxystrobin Fenhexamid- Difenoconazole
(Veraison) (SC) (SC) (SO) (SO) (WP) Tebuconazole (SC) (WG)
6th Early-August Azoxystrobin- Difenoconazole Azoxystrobin Azoxystrobin- Dimethomorph- Dimethomorph- Trifloxystrobin
(Maturation) Difenoconazole (SC) (WP) (SC) Difenoconazole (SC)  Pyraclostrobin (SC)  Pyraclostrobin (SC) (SC)
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Table 4. LC/MS/MS operation conditions for residue analysis of pesticides in grape berries

0 5% BEY 24
Pl ogislel 27 5o 3P BHS 93 Audes A% J9 AR
G EUAT Y AFE 27 48 04 32 Aol op AU S6hold
AxkekT. RO FRAREA ARG /1ET B

LC Condition
System AB SCIEX TQ 3500 LC/MS/MS system, Agilent HPLC 1200 series
Column Capcell PAK, MGII, C18, 2.0 x 100 mm, 3 um (Shiseido, Japan)
Flow rate 0.2 mL/min
Injection volumn 2ul
Mobile phase A : DW (5 mM Ammonium Formate, 0.1% Formic Acid)
B : MeOH (5 mM Ammonium Formate, 0.1% Formic Acid)
Gradient Time (min) A (%) B (%)
0.0 85 15
1.0 85 15
1.5 40 60
10.0 10 90
15.0 10 90
25.0 2 98
25.1 85 15
30.0 85 15
MS Condition
Ion source Turbo Spray ESI
Gas Temperature 400°C
Curtain gas 20 psi
Collision gas 9 psi
Ion spray voltage 5500 V
Gas 1 50 psi
Gas 2 45 psi
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Table 5. Incidence and control value of leaf spot in grapevine leaves sprayed with fungicides for production of grapes exportable to

USA and Hong Kong in 2015

Campbell Early

Kyoho

Country Treat. Vineyard |

Vineyard 2 Vineyard 3

Infected leaves Control value

Infected leaves

Control value Infected leaves Control value

(%) (%) (%) (%) (%)
Cont.  932+43a" - 97.8+1.2a - 37.0 £4.0a -
1 452 +8.8b 51.5 39.7 £5.2b 59.4 14.5 £2.6b 60.8
USA 2 75+13c¢ 91.9 13.7+63c 86.0 63 +3.3b 83.0
3 247+13.7¢ 73.5 343+ 11.1b 64.9 12.7+7.8b 65.7
4, 247 +6.0¢ 73.5 305+ 11.4b 68.8 5.8+3.3b 84.3
Cont.  92.0+5.7a - 973 +4.6a - 63.0+48a -
1 9.8+ 1.4¢ 89.3 138+ 11.3¢ 85.8 16.8 £ 4.8bc 733
Eggg 26.0+10.5b 71.7 63.0+ 14.8b 353 20.7+5.4b 67.1
3 8.8+0.3c 90.4 93 +6.0¢ 90.4 14.5 +4.9bc 77.0
4 132+33¢ 85.7 63.5 £29.4b 34.7 8.8+ 1.6¢ 86.0

“Means * SD. Mean seperation within columns by Duncan’s multiple range test at 5% level.
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Table 6. Incidence and control value of leaf spot in grapevine leaves
USA and Hong Kong in 2016

ol yM H 137

sprayed with fungicides for production of grapes exportable to

Campbell Early

Kyoho

Country Treat. Vineyards 1

Vineyards 2 Vineyards 3

Infected leaves Control value

Infected leaves

Control value Infected leaves  Control value

(%0) (%) (%0) (%0) (%) (%)
Cont. 943 +2.52" - 86.7+7.8a - 56.5+13.4a -
1 54.8+5.8¢c 41.9 61.8+6.0b 28.7 2.8+ 1.4c 95.0
USA 2 47.5+3.5¢ 49.6 33.0+1.8¢c 61.9 2.7+ 14c 953
3 80.3 +3.8b 14.8 82.7+2.3a 4.6 21.0+£10.8b 62.8
4 35.0+4.0d 62.9 33.3+2.8¢ 61.5 6.7+2.8¢c 88.2
Cont. 943 +2.5a - 86.7+7.8a - 56.5+13.4a -
1 68.7+7.1b 27.2 69.0 £2.3b 20.4 5.7+2.8b 90.0
Egﬁg 2 84.8 + 4.4a 10.1 80.0 + 1.5a 7.7 22.0+13.3b 61.1
3 85.7+9.3a 9.2 87.0+0.5a 0.4) 17.2£10.1b 69.6
4 35.0+4.0c 62.9 333+2.8¢ 61.5 6.7+2.8b 88.2
“Means * SD. Mean seperation within columns by Duncan’s multiple range test at 5% level.
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o] EAIHol|A kel 1WA 2](Table 3)9] tebuconazole,
fenhexamid, iprodione, azoxystrobin, trifloxystrobin, dife-
o] ok z& 3, tebuconazole, fenhexamid,
tebuconazole-trifloxystrobin, myclobutanil, difenoconazole,

trifloxystrobin 5] A&k oA 33} 27]9] 2l Fal

tlo o -{m

noconazole
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Table 7. Fruit characteristics of ‘Campbell Early’ and ‘Kyoho’ grapes harvested in vineyards sprayed for exportation to USA and

Hong Kong in 2016
) luster weigh Berry weigh . luble soli Acidi
Country Vineyard Treat. C uste(g) eight err;;g)e ght Berry skin color So u(lzpe;)o ds E‘Vi‘ )ty

Cont.  358+61.3a” 55+0.52" Black 18.1+0.92" 0.98+0.11a"

1 433 +36.0a 6.1+1.1a Black 17.0+ 1.8a 1.01 £ 0.09a

(Campbﬁll Early) 2 394+ 17.7a 6.0£0.8a Black 179+ 1.1a 0.92+0.15a

3 382+41.8a 52+03a Black 17.8+0.5a 1.04 £0.10a

USA 4 422 +40.4a 57+0.7a Black 19.2+0.4a 0.83+0.03a

Cont. 403 + 34.0a 13.8+1.7b Purple black 20.2£0.5a 0.73 £ 0.30a

1 521+45.7a 16.8+0.1a Purple black 17.7 £ 2.4ab 0.81+0.28a

(Ky30ho) 2 481 + 80.6a 14.5+ 1.8ab Purple black 19.0 +2.0ab 0.74 £ 0.20a

3 453 +70.9a 14.4 £ 1.0ab Purple black 17.6 +2.1ab 0.77+£0.13a

4 524 £76.5a 14.0 + 1.6b Purple black 16.2+0.8b 0.81+£0.06a
Cont. 358 +61.3a 5.5+0.5b Black 18.1+0.9a 0.98 +0.11ab

1 433 +36.0a 6.7+ 1.1a Black 17.0+ 1.8a 0.83+0.11b
(Campbﬁll Early) 2 394+ 17.7a 5.5+0.8b Black 179+ 1.1a 0.95+0.07ab

3 382+41.8a 5.8+0.3ab Black 17.8+0.5a 1.04 + 0.08a

4 421 +114.8a 5.7+0.7ab Black 19.2+0.4a 0.83 +0.03b

Hong Kong

Cont. 403 £34.0a 138+ 1.7a Purple black 20.2+0.5a 0.73 £0.30a

1 502 £ 101.0a 14.5+0.6a Purple black 17.6 +2.5ab 0.89+0.18a

(Ky30ho) 2 433 +75.0a 147+2.4a Purple black 17.6 + 1.0ab 0.72 £ 0.06a

414 +£55.2a 148+0.1a Purple black 18.7+ 1.3ab 0.89+0.18a

4 524 +76.5a 14.0+ 1.6a Purple black 16.2+0.8b 0.81 £ 0.06a

“Means * SD. Mean seperation within columns by Duncan’s multiple range test at 5% level.



Table 8. Fungicide residues (mg/kg + SD) in grapes sprayed as scheduled in 2015 and 2016

Vineyard Treat Year Tebuconazol Fenhexamid Iprodione Azoxystrobin Triflox-  Difenocona-  Pyraclos- Myclobutanil Dimetho- b ioxonil  Boscalid ~ Kresoxim-
ystrobin zole trobin orph methyl
2015 <0.01 <0.01 <0.05 - - - - - - - - -
Cont.
2016 <0.01 <0.01 - - - - - - - - - -
: 2015 0.01+£0.00 0.20£0.08 <0.05 0.17+£0.03 0.02+0.02 - <0.01 - <0.01 <0.01 <0.01 -
2016 <0.01 <0.01 0 029+048 0.12£0.00 0.01£0.00 - - - - - -
1 2015 <0.01 <0.01 - <0.01 0.09 +0.06 <0.01 <0.01 - - - <0.01 -
(Campbell 2
Early) 2016 <0.01 0.02+0.01 - 0.09+0.00 0.03+0.02 <0.01 <0.01 - <0.01 - - -
3 2015 <0.01 0.10£0.02 <0.05 020+£0.11 <0.01 <0.01 <0.01 - <0.01 <0.01 - -
2016 <0.01 0.03+£0.02 0 <0.01 0.01+0.00 - <0.01 - <0.01 - - -
4 2015 <0.01 <0.01 <0.05 - <0.01 - - 0.01+0.01 - - - <0.01
2016 <0.01 <0.01 - - 0.01£0.00 <0.01 - 0.01 £0.01 - - - -
2015 <0.01 <0.01 <0.05 - - - - - - - - -
Cont.
2016 <0.01 <0.01 - - - - - - - - - -
1 2015 <0.01 0.01 £0.01 <0.05 <0.01 <0.01 - 0.05+0.03 - <0.01 <0.01 <0.01 -
2016 <0.01 0.20+0.08 0 0.08+0.03 <0.01 0.02 +0.00 - - - - - -
2 2015 <0.01 <0.01 - <0.01 <0.01 <0.01 <0.01 - - - <0.01 -
(Campbell 2
Early) 2016 <0.01 0.03+£0.01 - 0.02+£0.01 0.03£0.01 <0.01 <0.01 - <0.01 - - -
3 2015 0.01£0.00 0.06+0.08 <0.05 0.04+0.01 0.04+0.03 <0.01 0.13+0.03 - 0.11+£0.04 <0.01 - -
2016 <0.01 0.01£0.00 0 0.01£0.00 0.01+0.00 - <0.01 - <0.01 - - -
4 2015 <0.01 <0.01 <0.05 - <0.01 - - <0.01 - - - <0.01
2016 <0.01 <0.01 - - 0.01+0.00 <0.01 - 0.01£0.01 - - - -
2015 0.08+0.01 0.62+0.05 <0.05 - - - - - - - - -
Cont.
2016 <0.01 <0.01 - - - - - - - - -
1 2015 0.02+0.02 <0.01 <0.05 0.05+0.05 0.03+0.03 - 0.06 +0.05 - <0.01 <0.01 0.01 £0.01 -
2016 0.02£0.00 <0.01 0 0.14+0.01 0.09£0.00 0.01£0.00 - - - - - -
3 2015 <0.01 <0.01 - <0.01 <0.01 <0.01 <0.01 - - - <0.01 -
(Kyoho) 2016 <0.01 0.02+£0.01 - <0.01 0.03+0.01 <0.01 <0.01 - <0.01 - - -
3 2015 0.05+0.06 0.69+0.28 <0.05 022+0.09 0.02+£0.02 0.09+0.01 022+0.10 - 0.20+0.08 <0.01 - -
2016 0.06£0.00 0.04+0.00 0 0.01 £0.00 0.02+0.00 - 0.03 +£0.00 - 0.10£0.00 - - -
4 2015 0.08+0.02 0.60+0.21 <0.05 - 0.15+0.07 - - 0.09+0.01 - - - 0.05+0.03
2016 <0.01 <0.01 - 0.01 +£0.00 <0.01 - 0.01+0.01 - - - -
MRL® USA/Hong Kong 52 4/15 60/20 2/10 2/3 4/4 2/2 1/1 32 2/2 52 1/1

*Maximum Residue Limit (mg/kg)
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