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Abstract

A fungicide spray program consisting of 11 applications was developed to control four major

apple diseases; Alternaria leaf spot, apple blotch, bitter rot, and white rot. The developed fungicide spray
program was applied in apple orchards from 2014 to 2018 to monitor disease incidence. As a result, the
developed fungicide spray program effectively controlled Alternaria leaf spot and apple blotch on leaves, with
disease incidence rates of 0.6% and 0.21%, respectively. Furthermore, the incidence rates of bitter rot and
white rot on fruits were reduced to below 1%, demonstrating that effectively controlled compared to untreated
trees. Therefore, the developed fungicide spray program can lead to contribute to the efficient management of
major apple diseases, reduced fungicide use, and lower production costs.

Key words Apple, Apple blotch, Bitter rot, Fungicide spray program, White rot
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Table 1. Fungicides used in this experiment

No. Name of A.LY Formulation type® Mode of action Al (%) Abbreviation
1 Acibenzolar-S-methyl+Chlorothalonil SC PO1+M 1.4+44.5 Asm+Chl
2 Acibenzolar-S-methyl+Dithianon SC PO1+M 1.8+30 Asm+Dit
3 Bacillus subtilis QST 713 SC P06 5 x 10°%cfu/g Bas
4 Bordeaux mixture WP MO1 - Bom
5 Captan WP Mo04 50 Cap
6 Cyprodinil(& list of APs)+Difenoconazole EW D1+G1 24.1+8.4 CyptDif
7 Difenoconazole+Iminoctadine triacetate ME G1+MO07 3+15 DiftImt
8 Dithianon SC M09 66 Dit
9 Dithianon+Pyraclostrobin WG MO09+C3 24+8 Dit+Pyr
10 Fluazinam WP C5 50 Flz
11 Fluopyram+Tebuconazole SC C2+Gl1 17.7+17.7 Flp+Teb
12 Fluopyram+Trifloxystrobin SC C2+C3 21.3+21.3 Flp+Tri
13 Fluquinconazole SC Gl 10 Flq
14 Fluquinconazole+Flusilazole SC G1+G1 7+1.5 Flg+Flu
15 Fluxapyroxad SC C2 153 Flx
16 Fluxapyroxad+Pyraclostrobin SC C2+C3 4.6+8.3 Flx+Pyr
17 Iminoctadine triacetate SL MO7 25 Imt
18 Kresoxim-methyl WG C3 50 Kre
19 Mancozeb WP MO3 75 Man
20 Metconazole SC Gl 20 Met
21 Metiram WG MO3 55 Mer
22 Propineb WP MO03 70 Pro
23 Pyraclostrobin EW C3 22.9 Pyr
24 Pyrimethanil WP D1 30 Pym
25 Tebuconazole SC Gl 25 Teb
26 Tebuconazole+Trifloxystrobin SC G1+C3 20+10 Teb+Tri
27 Trifloxystrobin SC C3 22 Tri
28 Triflumizole WP Gl 30 Trf

YA.L : Active ingredient
YEW : Emulsion, oil in water, ME : Microemulsion, SC : Suspension concentrate, SL : Soluble concentrate, WG : Water dispersible granule,
WP : Wettable powder

Table 2. Fungicide programs and diseases incidence sprayed in AW, ARG ZAATYWy JRYyeiys M4 s}
each experimental plot in 2014 3}, 4_ S ZAMME =2AEY oFF - kA
Date Fungicide programs A 71 meh el (EA, AR e e e
sprayed T1 T2 T3 B2014 e, oo Wal @A, AFHd9dan)E Bes
Apr. 16. Flg+tFlu  Flg+Flu  Flg+Flu  Flg+Flu EE AR AN 7HA] AR At 7 =0l
May 2. Fix CyptDif Cyp+Dif  Flx HE 2 m Aol Sle 7 F ] 7HAE o= A
May 13. Pro Pro Pro Pro 3o ZABIRAL, 15 3 % 2009 o), HEE He =
May 23. Teb+Tri  Teb+Tri Kre Kre ALttt LE Aol A % 02 ZAP}H S AFES A
Jun. 2. Dit Dit Dit Dit AR 71} Fetdn A A7, B 2wl PCR 7
Jun. 12. Cap Cap Cap Cap ALE FaElE o, 8 W FRARE id 625 10¢
Jun. 26. Flz Flz Flz Flz A 2% A0 AN 24 AT UF SAR
Jul. 11. Tri Tri Pyr Pyr 22 SAS 92 EAZE IS o]L3le] Duncan? T
Jul. 25. Asm+Dit  Asm+Dit  Asm+Dit Asm+Dit 9ROz AT SAS P<0.05 FFA AR
Aug. 11. Teb Teb Met Met a1t}

Aug. 22. DiftImt  Diftlmt  DiftImt  Dif+Imt
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Table 3. Fungicide programs and diseases incidence sprayed in each experimental plot in 2015

Fungicide programs
Date sprayed
T1 T2 T3 T4 B2015 Untreated

- Imt Imt Imt Imt Imt Imt

- Flx Flx Flx Flx Flx Flx
May 23. Pro Pro Pro Pym Pro Pro
Jun. 2. Teb+Tri Kre Teb+Tri Pro Kre Kre
Jun. 13. Dit Kre Teb+Tri Teb+Tri Dit -
Jun. 23. Cap Cap Cap Pro Cap -
Jul. 4. Flz Flz Flz Pro Flz -
Jul. 18. Tri Tri Tri Tri Tri -
Jul. 29. Asm+Dit Asm+Dit Asm+Dit Teb Asm+Dit -
Aug. 9. Teb Met Teb Pro Met -
Aug. 26. Dit+Pyr Dit+Pyr Dit+Pyr Teb+Tri Dit+Pyr -

Table 4. Fungicide programs and diseases incidence sprayed in
each experimental plot in 2016

Fungicide programs

Date

sprayed Tl T2 B2016  Untreated
Apr. 15. Flg+Flu Trf Trf Trf
May 5. Cyp+Dif Flq Flx Flx
May 14. Pro Pro Pro Pro
May 24. Teb+Tri  Teb+Tri Kre Kre
Jun. 4. Dit Dit Dit -
Jun. 14. Cap Mer Mer -
Jun. 29. Flz Flz Bom -
Jul. 14. Tri Tri Tri -
Aug. 3. Asm+Dit  Asm+Dit Asm+Dit -
Aug. 22. Met Teb Teb -
Sep. 6. Dit+Pyr  Asm+Chl Asm+Chl -

Table 5. Fungicide programs and diseases incidence sprayed in
each experimental plot in 2017

Fungicide programs

Date
sprayed Tl B2017-1 B2017-2 Untreated

Apr. 19. Man Bom Flp+Teb Bom
May 4. Cyp+Dif Flx Bas Flx
May 15. Pro Pro Pro Pro
May 29. Teb+Tri  Teb+Tri  Teb+Tri  Teb+Tri
Jun. 9. Dit Dit Dit -
Jun. 23. Cap Cap Mer -
Jul. 12. Flz Flz Flz -
Jul. 27. Tri Tri Tri -
Aug. 12. AsmtDit Asm+Dit Asm+Dit -
Aug. 26. Teb Met Teb -
Sep. 8. Flx+Pyr  Dit+Pyr ~ Asm+Chl -

Table 6. Fungicide programs and diseases incidence sprayed in
each experimental plot in 2018

Fungicide programs

Date

sprayed Tl B2018 Untreated
Apr. 16. Bas Man Man
Apr. 30. Flp+Teb Cyp+Dif Cyp+Dif
May 11. Teb+Tri Pro Pro
May 24. Pro Teb+Tri Teb+Tri
Jun. 8. Dit Dit -
Jun. 21. Flp+Tri Cap -
Jul. 6. Flz Flz -
Jul. 26. Tri Tri -
Aug. 16. Asm+Dit Asm+Dit -
Sep. 1. Teb Teb -
Sep. 13. Flx+Pyr Flx+Pyr -
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Table S1. Result for Control efficiency of 4 major diseases (Alternaria leaf spot, Apple blotch, Bitter rot and white rot) with different

fungicide spray program in 2014

Fungicide program and disease incidence (%)

Apple diseases Date C.V.
T1 T2 T3 B2014
Jul. 29 1.42% 0.5b 0.3b 0.7b 39.4
Aug. 11 2a 2.6a 1.7a 1.7a 38.1
. . Aug. 29 5.1a 3.1b 3.3b 1.0c 233
Alternaria leaf spot” Sep. 11 6.1a 23b 4ab 2.1b 33.5
Sep. 25 7.6a 4.6ab 6.5a 3.4b 26.4
Oct. 8 17.2a 6b 14.2a 7.1b 25.2
Aug. 11 0.1a 0.0a 0.0a 0.0a 1533
Aug. 29 10.2a 5.5b 2.1bc 0.5¢ 39.9
Apple blotch” Sep. 11 42a 1.8bc 3.2ab 0.3¢c 35.8

Sep. 25 15.2a 8.2b 5.0bc 1.0c 38.2
Oct. 8 22.7a 14.9a 14.8a 5.0b 333
Aug. 11 0.0b 0.2a 0.0b 0.0b 183.3
Aug. 29 1.6a 2.0a 0.4a 0.1a 116.7

Bitter rot” Sep. 11 1.6a 2.0a 24a 0.2a 75.4
Sep. 25 1.6a 2.0a 2.8a 0.9a 99.7
Oct. 8 2.6ab 2.3ab 4.5a 0.3b 81.3
Aug. 29 0.6a 0.5ab 0.lab 0.0b 94.6

White rof® Sep. 11 0.4a 0.2a 0.2a 0.0a 103.4
Sep. 25 0.6a 0.5a 0.7a 0.2a 78.6
Oct. 8 1.3a 0.3a 1.0a 0.2a 117

“The percentage of the diseased leaves among more than 200 examined leaves was used as the disease incidence.
YThe percentage of the diseased fruits among all the surveyed fruits was used as the disease incidence.

9Within a line, means followed by the same letter are not significantly different at the 5% level by DMRT.

Table S2. Result for Control efficiency of 4 major diseases (Alternaria leaf spot, Apple blotch, Bitter rot and white rot) with different fungicide

spray program in 2015
Fungicide program and disease incidence (%)
Apple diseases Date C.V.
Tl T2 T3 T4 B2015 Untreated
Jul. 22 0.0 0.0 0.0 0.0 0.0 10.0 -
Aug. 5 1.0b? 1.2b 1.0b 1.1b 2.0b 32.2a 30.1
Al -+ leaf spot? Aug. 21 1.5b 1.3b 1.6b 1.2b 2.6b 39.7a 482
craria feal Spo Sep. 4 1.8b 1.4b 2.0b 1.8b 23b 983a 7.0
Sep. 18 3.3cd 6.4b 2.0d 7.3b 4.5¢ 100a 43
Oct. 6 3.8cd 6.8b 2.2d 7.7b 4.9¢ 100a 6.8
Aug. 5 1.0b 0.9b 1.7b 1.2b 2.4b 20.8a 46.4
Aug. 21 1.5b 1.3b 1.7b 1.3b 2.1b 453a 69.0
Apple blotch® Sep. 4 2.0b 1.6b 1.5b 2.2b 2.8b 41.2a 474
Sep. 18 3.5bc 5.5bc 1.5¢ 5.9b 6.5b 86.3a 11.8
Oct. 6 3.9¢ 6.1b 2.3c 6.3b 7.1b 93.9a 143
Aug. 21 0.0 0.0 0.0 0.0 0.0 0.3 -
. b Sep. 4 0.0 0.0 0.0 0.0 0.0 1.3 -
Bitter rot
Sep. 18 0.0 0.0 0.0 0.0 0.0 2.6 -
Oct. 6 0.0 0.0 0.0 0.0 0.0 5.0 -
, Sep. 18 0.0 0.0 0.0 0.0 0.0 12 -
White rot”
Oct. 6 0.0 0.0 0.0 0.0 0.0 32 -

“The percentage of the diseased leaves among more than 200 examined leaves was used as the disease incidence.
YThe percentage of the diseased fruits among all the surveyed fruits was used as the disease incidence.

9Within a line, means followed by the same letter are not significantly different at the 5% level by DMRT.
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Table S3. Result for Control efficiency of 4 major diseases (Alternaria leaf spot, Apple blotch, Bitter rot and white rot) with different
fungicide spray program in 2016

Fungicide program and disease incidence(%o)

Apple diseases Date C.V.
T1 T2 B2016 Untreated
Jun. 13 2329 0.5b 0.7b 3.0a 379
Jun. 27 0.7b 0.3b 0.4b 15.8a 39.9
Jul. 8 1.3b 0.6b 0.9b 11.5a 184
Jul. 20 1.4b 0.6b 1.4b 44.7a 49.6
Alternaria leaf spot” Aug. 3 2.3b 1.2b 1.4b 86.6a 4.6
Aug. 18 6.5b 2.9¢ 6.0b 95.0a 6.1
Sep. 6 4.3b 1.6¢c 3.1b 95.6a 29
Sep. 23 6.4b 2.7d 4.4c 100.0a 22
Oct. 14 4.9b 4.6b 3.9b 100.0a 3.6
Jun. 13 0.0a 0.0a 0.07a 0.03a 163.3
Jun. 27 0.1b 0.1b 0.1b 1.5a 76.5
Jul. 8 0.1b 0.0b 0.0b 4.4a 50.7
Jul. 20 0.2b 0.1b 0.6b 234a 9.3
Apple blotch? Aug. 3 0.5b 0.2b 0.8b 27.4a 194
Aug. 18 0.9¢ 1.2¢ 3.3b 8.6a 28.4
Sep. 6 1.8b 1.2b 5.2b 30.2a 437
Sep. 23 2.6b 2.3b 6.7b 34.1a 34.8
Oct. 14 9.8bc 4.5¢ 15.6b 99.3a 13.1
Sep. 6 2.9b 0.0c 0.3¢c 9.0a 34.8
Bitter rot” Sep. 23 1.1b 0.1b 0.3b 20.5a 62.1
Oct. 14 2.6b 0.5b 1.4b 20.0a 247
Sep. 6 0.2b 0.0b 0.1b 6.4a 82.9
White rot” Sep. 23 0.1b 0.1b 0.0b 5.7a 61.9
Oct. 14 0.2b 0.1b 0.1b 7.7a 77.0

“The percentage of the diseased leaves among more than 200 examined leaves was used as the disease incidence.
YThe percentage of the diseased fruits among all the surveyed fruits was used as the disease incidence.
“Within a line, means followed by the same letter are not significantly different at the 5% level by DMRT.

Table S4. Result for Control efficiency of 4 major diseases(Alternaria leaf spot, Apple blotch, Bitter rot and white rot) with different
fungicide spray program in 2017

Fungicide program and disease incidence (%)

Apple diseases Date C.V.
Tl B2017-1 B2017-2 Untreated
Jun. 29 0.0 0.0 0.0 0.0 ?
Jul. 19 0.16° 0.0b 0.2b 3.7a 44.4
Aug. 2 0.1c 0.2bc 0.6b 21.6a 9.2
Alternaria leaf spot” Aug. 18 1.3b 0.7b 1.6b 46.1a 229
Sep. 1 1.9b 1.0b 2.8b 44.1a 21.1
Sep. 19 5.2b 5.3b 7.4b 94.4a 224
Oct. 18 3.9b 8.0b 11.0b 100.0a 235
Jun. 29 0.0 0.0 0.0 0.0 ?
Jul. 19 0.3b 0.3b 0.5b 4.9a 25.7
Aug. 2 0.2bc 0.1c 0.4b 20.0a 53
Apple blotch” Aug. 18 2.0c 5.7¢ 16.3b 39.3a 22.1
Sep. 1 3.9d 7.0c 22.4b 57.2a 279
Sep. 19 8.3¢c 14.2bc 26.8b 95.7a 24.8

Oct. 18 10.2¢ 19.6bc 27.8b 100a 223
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Table S4. Result for Control efficiency of 4 major diseases(Alternaria leaf spot, Apple blotch, Bitter rot and white rot) with different
fungicide spray program in 2017

Aug. 18 0.0b 0.9b 1.1b 5.1a 73.7
Bitter rof” Sep. 1 0.6b 1.2b 1.5b 9.9a 41.7
Sep. 19 0.6b 1.9b 2.2b 13.2a 35.1
Oct. 18 1.2b 1.9b 1.8b 21.7a 25.5
Sep. 1 0.3b 0.0b 0.1b 2.6a 98.6
White rot” Sep. 19 0.8b 0.8b 0.1b 6.4a 67.3
Oct. 18 0.7b 1.3b 1.1b 15.0a 213

“The percentage of the diseased leaves among more than 200 examined leaves was used as the disease incidence.
YThe percentage of the diseased fruits among all the surveyed fruits was used as the disease incidence.
9Within a line, means followed by the same letter are not significantly different at the 5% level by DMRT.

Table S5. Result for Control efficiency of 4 major diseases (Alternaria leaf spot, Apple blotch, Bitter rot and white rot) with different
fungicide spray program in 2018

Fungicide program and disease incidence(%)

Apple diseases Date C.V.
T1 B2018 Untreated

Jun. 29 0.0b? 0.1b 3.2a 223

Jul. 12 0.3b 0.2b 3.7a 14.0

Jul. 26 0.3b 0.2b 4.8a 13.9

Alternaria leaf spot® Aug. 9 0.1a 0.3a 3.8a 81.6

po Aug. 24 0.5b 0.1b 7.8a 693

Sep. 7 0.6b 0.5b 15.7a 86.8

Sep. 22 0.4b 0.2b 20.9a 87.4

Oct. 9 0.3b 0.6b 21.5a 67.5

Jun. 29 0.02b 0.02b 0.05a 63.6

Jul. 12 0.04b 0.0b 2.4a 77.2

Jul. 26 0.0b 0.06b 4.0a 234

Aug. 9 0.0b 0.0b 1.0a 70.3

Apple blotch” Aug. 24 0.0b 0.02b 22a 18.5

Sep. 7 0.06b 0.19b 26.9a 44.5

Sep. 22 0.0b 0.27b 42.6a 31.8

Oct. 9 1.47b 0.21b 26.8a 77.8

Aug. 9 0.2b 0.0b 4.0a 81.6

Aug. 24 0.0b 0.0b 3.0a 20.0

Bitter rot” Sep. 7 0.0b 0.1b 4.7a 17.3

Sep. 22 0.0b 0.1b 5.1a 424

Oct. 9 0.0b 0.0b 11.6a 65.5

Aug. 24 0.0b 0.0b 2.3a 39.8

White rof” Sep. 7 0.2b 0.1b 4.0a 22.1

Sep. 22 0.1b 0.2b 5.4a 56.2

Oct. 9 0.0b 0.0b 12.0a 58.2

“The percentage of the diseased leaves among more than 200 examined leaves was used as the disease incidence.
"The percentage of the diseased fruits among all the surveyed fruits was used as the disease incidence.
“Within a line, means followed by the same letter are not significantly different at the 5% level by DMRT.
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