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     and Spray Timing for 2012 Trials  20 November 2012 

Date M.9 Pond N40 pearsstone fruit
growth 
stage

Spray dates with spray interval in 
days followed by rain during the 

interval ( &  hr wetting on 3rd line)max 
temp

min 
temp LW hr total rain

RH! 
90%

avg 
wind 

solar 
rad. !

Th 3/1/12 35 31 22 0.57 24 1.1 27
F 3/2/12 34 29 3 0.28 24 3.5 61
Sa 3/3/12 56 33 11 0.43 14 3.6 140
Su 3/4/12 42 28 3.2 126
M 3/5/12 39 22 4.8 246
Tu 3/6/12 42 18 3.2 232
W 3/7/12 60 32 8 233
Th 3/8/12 69 47 1 0.01 4 11.4 198
F 3/9/12 46 30 5 0.12 4 5.1 197
Sa 3/10/12 39 24 3.8 221
Su 3/11/12 62 29 6.7 253
M 3/12/12 70 41 5.6 234 ST
Tu 3/13/12 74 52 3 5.2 191
W 3/14/12 66 47 1 3.5 257
Th 3/15/12 55 39 7 3.9 213
F 3/16/12 52 41 5 0.02 24 4.8 67
Sa 3/17/12 66 42 4 14 2.8 213 GT
Su 3/18/12 71 43 15 5.9 205
M 3/19/12 77 49 10 3.7 232
Tu 3/20/12 74 53 2 4.8 267 QIG
W 3/21/12 71 56 17 3.3 112
Th 3/22/12 80 51 2 11 4.5 260 M1
F 3/23/12 72 56 9 3.6 218 HIG X M
Sa 3/24/12 64 51 6.1 127
Su 3/25/12 54 42 5 0.01 2 1.5 94
M 3/26/12 49 32 6 6.9 271
Tu 3/27/12 46 25 5.7 330
W 3/28/12 60 37 3 0.11 1 4.3 321
Th 3/29/12 50 37 0.01 7.4 266
F 3/30/12 50 29 5.5 546
Sa 3/31/12 38 30 14 0.38 17 4.7 65
Su 4/1/12 45 35 9 0.21 16 2.1 142 TC X-9 T1-9
M 4/2/12 51 32 8 0.01 7 7.6 413 0.51 0.51
Tu 4/3/12 60 28 5.9 366
W 4/4/12 62 44 5.6 547
Th 4/5/12 50 37 6.9 294
F 4/6/12 52 30 6.2 426
Sa 4/7/12 57 33 6 455 M1
Su 4/8/12 63 37 4.5 587
M 4/9/12 57 45 5.7 274 PK
Tu 4/10/12 57 43 5 354
W 4/11/12 51 39 5.3 271 X-10 T2-10
Th 4/12/12 56 40 7.4 421 0.22 0.22
F 4/13/12 65 40 3.1 607 KB T1-22 M2-6
Sa 4/14/12 71 39 3.9 562 0.73
Su 4/15/12 73 57 3.6 381
M 4/16/12 87 60 7 4.8 538
Tu 4/17/12 73 54 6.5 453 FB
W 4/18/12 55 42 6 236 X-7
Th 4/19/12 72 41 1 4.2 573
F 4/20/12 75 49 6 4.7 577 M-9 T2-7 M3-7
Sa 4/21/12 76 49 3 0.37 11 5.5 445 PF-mac
Su 4/22/12 47 39 15 0.64 24 10.2 137
M 4/23/12 52 39 18 0.56 24 7.9 97
Tu 4/24/12 55 37 4 0.01 9 6.3 402
W 4/25/12 58 36 3 3.8 353
Th 4/26/12 59 34 1 9 2.6 152 X-8 M4-6
F 4/27/12 52 35 4 0.02 4 4.4 419 1.58 1.60 1.58
Sa 4/28/12 59 33 3.3 388 0.91

Su 4/29/12 60 34 5.1 408
M 4/30/12 64 32 4.1 306  
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Date M.9 Pond N40 pearsstone fruit
growth 
stage

Spray dates with spray interval in 
days followed by rain during the 

interval ( &  hr wetting on 3rd line)max 
temp

min 
temp LW hr total rain

RH! 
90%

avg 
wind 

solar 
rad. !

Tu 5/1/12 61 48 8 0.28 19 3.4 73
W 5/2/12 54 49 4 0.02 24 2.9 54 PF-GD T3-12
Th 5/3/12 59 49 12 0.15 24 3.1 71 12 mm JM 1.90
F 5/4/12 76 52 9 0.46 19 3.6 172 T3-14 M5-8
Sa 5/5/12 70 56 13 4.9 171 2.51 0.93
Su 5/6/12 66 49 2 4.3 199

M 5/7/12 66 47 3 0.01 8 3.5 261 X-11
Tu 5/8/12 58 52 13 0.38 18 4.7 66 0.94
W 5/9/12 70 57 12 0.05 22 2 131
Th 5/10/12 60 45 10 0.32 12 2.3 140
F 5/11/12 69 44 5 3.4 272 0.76

Sa 5/12/12 80 43 3.5 224 I T4-10 0.98

Su 5/13/12 82 56 3 2.7 357 1.37 M6-9
M 5/14/12 70 59 15 0.38 17 2.4 149 0.76
Tu 5/15/12 65 59 24 0.60 24 2.2 34
W 5/16/12 77 61 11 15 3.1 294
Th 5/17/12 67 47 3 6.5 270 T4-13
F 5/18/12 74 44 5 2.6 272 X-11 1.74
Sa 5/19/12 81 48 3 3.3 148 1.73
Su 5/20/12 82 54 5 2.8 305
M 5/21/12 64 56 11 0.61 12 1.7 29 M7-8
Tu 5/22/12 69 57 17 0.73 24 2.8 71 0.98
W 5/23/12 77 59 2 22 2.5 253

Th 5/24/12 73 62 24 2.6 135

F 5/25/12 75 61 6 0.04 22 3.5 169 X-13 M-8

Sa 5/26/12 84 65 5 0.14 19 2.6 296 2.32 1.38
Su 5/27/12 81 61 7 0.02 11 2.7 401
M 5/28/12 85 65 9 0.02 13 3.2 431
Tu 5/29/12 88 66 5 0.65 14 3 389
W 5/30/12 80 62 13 0.32 18 2.3 317
Th 5/31/12 80 57 6 2 4 188
F 6/1/12 72 53 1 0.02 8 3.9 185 X-14 X-7 M-7 T1-11
Sa 6/2/12 71 57 12 0.72 14 3.9 126 2.53 1.19 1.19 2.53
Su 6/3/12 73 50 4 0.01 12 1.7 212
M 6/4/12 60 52 9 0.05 10 4.3 73
Tu 6/5/12 63 49 0.01 12 3.9 109
W 6/6/12 74 48 5 0.34 9 1.6 259
Th 6/7/12 76 50 14 0.15 3 2 404
F 6/8/12 77 53 14 0.16 1 1.9 354
Sa 6/9/12 72 55 5 0.03 0.6 86
Su 6/10/12 84 60 3 2.1 402
M 6/11/12 77 59 5 4.4 185
Tu 6/12/12 70 58 10 0.46 3.1 47
W 6/13/12 74 61 10 1.07 5.1 330
Th 6/14/12 77 59 7 5.8 521
F 6/15/12 78 51 5 2.1 354 X-14 T2-14
Sa 6/16/12 81 49 6 1.9 496 3.02 3.02
Su 6/17/12 73 54 11 2.9 172
M 6/18/12 71 51 11 3.3 281
Tu 6/19/12 76 60 14 3.7 235
W 6/20/12 96 67 4 1.8 514
Th 6/21/12 96 71 5 1.4 399
F 6/22/12 87 67 5 2.00 5 2.2 401 X-21 ST1-21
Sa 6/23/12 85 63 0.01 1 2.2 216 3.02 3.02
Su 6/24/12 80 56 1 1 2.7 110
M 6/25/12 74 56 16 0.41 1 1.6 79
Tu 6/26/12 71 51 2 2.8 164
W 6/27/12 82 57 3 3 145
Th 6/28/12 89 61 4 2.3 109
F 6/29/12 92 68 4 0.06 4 2 278
Sa 6/30/12 91 66 6 2.2 343 X-8
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Date M.9 Pond N40 pearsstone fruit
growth 
stage

Spray dates with spray interval in 
days followed by rain during the 

interval ( &  hr wetting on 3rd line)max 
temp

min 
temp LW hr total rain

RH! 
90%

avg 
wind 

solar 
rad. !

 

Sa 6/30/12
Su 7/1/12
M 7/2/12
Tu 7/3/12
W 7/4/12
Th 7/5/12
F 7/6/12
Sa 7/7/12
Su 7/8/12
M 7/9/12
Tu 7/10/12
W 7/11/12
Th 7/12/12
F 7/13/12
Sa 7/14/12
Su 7/15/12
M 7/16/12
Tu 7/17/12
W 7/18/12
Th 7/19/12
F 7/20/12
Sa 7/21/12
Su 7/22/12
M 7/23/12
Tu 7/24/12
W 7/25/12
Th 7/26/12
F 7/27/12
Sa 7/28/12
Su 7/29/12
M 7/30/12
Tu 7/31/12
W 8/1/12
Th 8/2/12
F 8/3/12
Sa 8/4/12
Su 8/5/12
M 8/6/12
Tu 8/7/12
W 8/8/12
Th 8/9/12
F 8/10/12
Sa 8/11/12
Su 8/12/12
M 8/13/12
Tu 8/14/12
W 8/15/12
Th 8/16/12
F 8/17/12
Sa 8/18/12
Su 8/19/12
M 8/20/12
Tu 8/21/12
W 8/22/12
Th 8/23/12
F 8/24/12
Sa 8/25/12
Su 8/26/12

91 66 6 2.2 343 F-8
91 68 9 2.2 235 2.48
85 63 6 2.3 167
85 61 9 1.9 114 F-18 F-18
90 68 9 0.27 11 1.4 153 2.48 2.48

84 69 10 3.6 333
87 62 8 2 129 Ftrt-14
86 63 2 0.02 4 0.9 119 2.75

85 61 6 0.4 320 35

83 58 1 1.9 109
83 54 3 7 1.6 104
88 57 3 7 2.6 153
88 65 0.02 6 3.4 188
89 69 8 2.4 489
87 70 2 11 2.3 548 F-14
85 68 10 0.54 22 1.7 251 0.31
89 67 8 0.33 12 1.1 523
91 68 10 3.3 481 F-14 F-14
93 73 2 0.01 18 3 488 1.18 1.18

79 66 13 4.4 451
69 61 16 0.50 15 3.3 116
79 61 9 0.19 2.4 601
82 62 0.67 4 3.1 593
83 66 8 0.22 13 2.7 322
90 67 3 3.1 537 Ftrt-18
85 58 7 2.4 674 F-11 2.50

84 64 10 0.65 10 2.9 310 2.46 63

85 69 8 0.03 7 2.9 406
74 67 8 0.34 2.9 80
77 65 5 0.03 2.3 272
82 64 7 2.3 443
78 65 9 1.9 331 F-14
82 65 4 2.8 360 2.64

88 66 8 2.2 584 F-16
90 67 7 2.1 523 2.64

90 71 5 2.7 568
84 71 8 0.47 15 3.6 347
82 64 5 9 1.6 313
83 58 4 1.9 511
87 64 9 2 505 Ftrt-15
87 69 2 14 2.1 399 F-15 1.52

73 64 8 0.68 17 1.8 49 1.52 44

83 64 5 0.03 20 2.5 272
83 68 8 2 550
84 62 8 1.3 296
76 62 8 0.20 5 1 152
80 59 8 0.81 8 1.9 304
84 62 7 1.4 437 F-16
83 61 5 0.04 6 2.3 356 F-8 2.19

76 59 9 0.20 7 2.4 430 1.72
74 53 5 1.6 416
79 56 4 0.13 5 1.4 389 F-18
78 59 9 0.05 10 1.4 253 2.43

81 57 7 1.6 358 Ftrt-14
85 61 5 1.9 487 2.14

87 59 3 1.6 494 58

83 62 2 1.7 315
83 62 2 2.1 459



Weather Data (NEWA), Highland, NY Rosenberger et. al. Page 4 
     and Spray Timing for 2012 Trials  20 November 2012 

Date M.9 Pond N40 pearsstone fruit
growth 
stage

Spray dates with spray interval in 
days followed by rain during the 

interval ( &  hr wetting on 3rd line)max 
temp

min 
temp LW hr total rain

RH! 
90%

avg 
wind 

solar 
rad. !

 

W 8/22/12
Th 8/23/12
F 8/24/12
Sa 8/25/12
Su 8/26/12
M 8/27/12
Tu 8/28/12
W 8/29/12
Th 8/30/12
F 8/31/12
Sa 9/1/12
Su 9/2/12
M 9/3/12
Tu 9/4/12
W 9/5/12
Th 9/6/12
F 9/7/12
Sa 9/8/12
Su 9/9/12
M 9/10/12
Tu 9/11/12
W 9/12/12
Th 9/13/12
F 9/14/12
Sa 9/15/12
Su 9/16/12
M 9/17/12
Tu 9/18/12
W 9/19/12
Th 9/20/12
F 9/21/12
Sa 9/22/12
Su 9/23/12
M 9/24/12
Tu 9/25/12
W 9/26/12
Th 9/27/12
F 9/28/12
Sa 9/29/12
Su 9/30/12
M 10/1/12
Tu 10/2/12
W 10/3/12
Th 10/4/12
F 10/5/12

81 57 7 1.6 358 Ftrt-14
85 61 5 1.9 487 2.14

87 59 3 1.6 494 58

83 62 2 1.7 315
83 62 2 2.1 459
80 64 6 1.21 11 2.3 239
86 65 9 0.14 12 2.4 217
77 59 9 4 483 F-12
79 51 5 2.4 509 1.77
88 61 8 3.5 514
86 68 11 3.1 547
80 66 1 6 2.5 368
71 62 17 1.4 156
77 65 19 0.28 11 1.3 114
79 67 10 0.40 9 3.9 231
79 62 3 10 1.6 242 Ftrt-15
86 66 3 1.9 438 2.03

81 62 7 0.57 13 3.7 265 48

75 54 13 0.13 9 1.4 171
71 47 0.02 7 2.4 172
72 44 3 2.2 104
79 48 11 2 160
80 55 8 2.4 94
79 59 12 2.8 144
71 53 2 0.09 8 2.5 241
74 47 8 1.6 131
76 48 11 2.3 170 RC Hvst
72 59 17 2.54 19 5.7 30
69 46 7 0.07 6 2.8 77
67 41 14 2.3 63
69 49 18 2.1 58 Ftrt-15
70 55 4 0.54 10 2.4 19 3.42 0.81

67 41 8 0.02 11 242 46 22

66 41 12 1.7 130 Hvst-35
70 43 6 3.7 434 6.19

66 57 6 0.08 9 3.3 46
68 51 8 3.2 13
56 47 23 1.39 10 1.8 11
63 54 10 0.12 9 2.9 16
66 49 10 0.07 14 1.4 149
69 45 8 9 4.1 10 Harvest Hvst-33
59 49 20 0.95 21 0.2 16 6.32
63 54 19 0.03 23 0.2 62
67 57 23 0.13 22 0.5 43
77 52 10 0.01 13 1.6 82 Hvst-cameo

3.34

141



Apple Scab Infection Periods Rosenberger et al., Highland, NY Page 5 
 23-24 Oct 2012 

!
Apple Scab Infection Events (March 1 - September 6, 2012) as recorded by the NEWA Station at the 

Hudson Valley Lab in Highland, NY.   

     Average Rainfall  
     Start and end of wetting periods           temp (F) (in inches) Split 
Start of wetting    End wetting     Total hours during during the wetting 
Date time Date time of wetting wetting wetting period period?  

4/21/12  21:01 4/24/12  3:00 36 42 1.58 Yes  
5/1/12  5:01 5/4/12  8:00 31 51 0.9 Yes  
5/7/12  22:01 5/10/12  9:00 35 56 0.75 Yes  
5/14/12  6:01 5/16/12  10:00 30 62 0.54 Yes  
5/21/12  12:01 5/22/12  16:00 28 62 1.47   
5/26/12  18:01 5/28/12  8:00 21 66 0.18 Yes  
5/29/12  18:01 5/31/12  2:00 20 65 0.97 Yes  

6/1/12  22:01 6/2/12  11:00 13 58 0.74   
6/3/12  17:01 6/4/12  21:00 9 56 0.06 Yes  
6/6/12  16:01 6/9/12  15:00 37 58 0.68 Yes  
6/12/12  13:01 6/13/12  9:00 20 64 1.53   
6/25/12  0:01 6/25/12  23:00 14 62 0.4 Yes  

7/4/12  3:01 7/4/12  23:00 9 71 0.24 Yes  
7/15/12  14:01 7/16/12  8:00 18 70 0.6   
7/20/12  1:01 7/21/12  9:00 26 62 0.54 Yes  
7/23/12  6:01 7/23/12  13:00 6 70 0.08 Yes  
7/26/12  5:01 7/29/12  14:00 31 69 1.05 Yes  

8/5/12  12:01 8/6/12  1:00 10 75 0.46 Yes  
8/10/12  11:01 8/11/12  16:00 8 73 0.71 Yes  
8/14/12  17:01 8/15/12  9:00 16 67 1.01   
8/17/12  19:01 8/18/12  9:00 14 66 0.24   
8/20/12  19:01 8/21/12  9:00 14 62 0.18   
8/27/12  15:01 8/28/12  9:00 16 70 1.33 Yes  
9/4/12  16:01 9/5/12  11:00 19 72 0.65   

Dry conditions last 23 hours at download Download Time: 9/6/2012 10:00   
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APPLE (Malus x domestica 'Jerseymac,' 'Redcort,' 'Golden Delicious') D. A. Rosenberger, F. W. Meyer,  
 Apple scab; Venturia inaequalis  A. L. Rugh, L. R. Sudol, and T.M. Hyatt 
 Cedar apple rust; Gymnosporangium juniperi-virginianae Cornell's Hudson Valley Laboratory 
 Quince rust; Gymnosporangium clavipes PO Box 727, Highland, NY  12528  
 Powdery mildew; Podosphaera leucotricha  
 Black rot: Botryosphaeria obtusa 
 Bitter rot: Colletotrichum species 
 Leaf burn; physiological phytotoxicity 
 Fruit russet; physiological 
 
Evaluation of New Fungicides for Early-Season Disease Control in Apples, 2012. 

Treatments were replicated four times in a randomized block design. Each plot contained three trees, one tree of each 
cultivar, on M.9 rootstocks. Half of the orchard was planted in 1986 and the other half was planted in 1995. Trees in this test 
block were spaced 32 ft between sprayed rows, 7.5 ft between trees within rows, and 15 ft between plots within rows. The 
space between sprayed rows contained a buffer row of either similar apple trees or of stone fruit trees. Plots within rows were 
separated by cedar trees that provided inoculum for rust diseases and minimized drift between plots. The fungicides tested 
were applied using a high-pressure handgun and trees were sprayed to drip. Treatment dates and application schedules are 
shown in Table 2. Although not specified in any of the relevant protocols, Trts 2-8 were all sprayed with Rally+Manzate Pro-
Stick on 18 May to suppress mildew and rust diseases that were still active at that time because those diseases would not have 
been controlled by the fungicides used in the rest of the summer program in these treatments.  

Scab infections from the first infection period that occurred 21-24 Apr (1.6 in. rain, 36 hr wetting, 42°F) when trees were 
at petal fall were visible by 7 May. Additional primary scab infection periods (with the corresponding rainfall, hr of wetting, 
and mean temperatures) occurred 1-4 May (0.9, 31, 51), 7-10 May (0.75, 35, 56), 14-16 May (0.54, 30, 62), 21-11 May (1.47, 
28, 62), 26-28 May (0.18, 21, 66), and 29-31 May (0.97, 20, 65). Additional scab infection periods included five in June, five 
in July, and six in August. The period from 15 Jun to 25 Jul was dry with a total of only 1.9 in. rain. Details of data collection 
are provided in table footnotes. All data was analyzed using SuperANOVA statistical software package from Abacus 
Concepts.  

Jerseymac is extremely susceptible to apple scab (significantly more so than McIntosh). Testing fungicides on Jerseymac 
allows us to differentiate fungicide treatments that would provide similar levels of control on cultivars that are somewhat less 
susceptible, such as Cortland (Redcort in this planting), Empire, and almost all other cultivars except for McIntosh and 
Ginger Gold.  Jerseymac is also a good host for mildew in this block where it is adjacent to Redcort because the latter 
provides a great overwintering host for mildew that then spreads to Jerseymac as the season progresses. Golden Delicious in 
this block provides a rust susceptible cultivar and is also useful for assessing effects of treatments on fruit finish. 

The lack of apple scab infection periods prior to petal fall diminished the usefulness of this trial for treatments that were 
applied only during the prebloom periods or during bloom. Disease incidence on cluster leaves was minimal even in the 
unsprayed control trees, and we were therefore unable to use cluster leaf assessments to document effects of prebloom 
treatments. The rainfall between sprays during summer may have removed cover spray protection at various points, thereby 
allowing continued spread of secondary scab in plots where primary scab was poorly controlled and growth of sooty blotch 
and flyspeck. If one assumes that all fungicide residues are removed by 2 inches of rainfall, then trees would have been left 
unprotected during periods shown below: 

  Accumulations during unprotected intervals prior to the dates indicated:* 
  No. of days Hours of wetting Hours >90% RH      Rain 
 Spray date or with no fungi- By Cumu- By Cumu- fall 
 harvest date cide protection date lative date lative (in inches) 

 1 Jun ............................................    3 20 20 42    42 0.53 
 15 Jun ..........................................    2 10 30 12 54 1.02 
 3 Jul .............................................  10 26 56 51 105 0.48 
 18 Jul ...........................................    0 0 56 0 105 0.00 
 2 Aug ...........................................    7 30 86 45 150 0.64 
 20 Aug .........................................    5 23 109 34 184 0.43 
Harvest of Golden Del. (25 Sept) .......  19 85 194 204 388 3.99 
* Based on the assumption that all fungicide residues are depleted by two inches of accumulated rainfall following 

the applications, and calculated using the online weather data from the NEWA station at Highland, NY. 
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Comments on results from the tables: 

Table 1: Fungicide resistance analysis, based on leaves collected from this block in June of 2011. 

• This data was provided courtesy of Dr. Kerik Cox at the Geneva Experiment Station. 

• The scab population had shifted strongly toward DMI resistance with 6.7% of the isolates tested being fully resistant to 
the DMI fungicides. 

• The scab population also had 6.7% of isolates resistant to strobilurin fungicides, but the mean for relative growth of the 
entire population was still very low. 

Table 3: Mildew in mid-May (1st evaluation). 

• Programs that included a DMI fungicide (Trts 3-4-12-13) tended to have better mildew control than those without DMI 
fungicides, although Trt 5 with the unknown Product K followed by Omega was also very effective. 

• Note that Trts 2 & 11 had identical programs during the period of interest except that the latter received the first Omega 
spray on 7 May. 

• This mildew data was collected prior to the Rally/Manzate spray that was applied to Trts 2-8 on 18 May, so mildew 
assessments were not affected by the Rally application. 

• The lack of a mildewcide in the Fontelis treatments at PF and 1C led to reduced mildew control in these plots. 

Table 4: Mildew in late May (2nd evaluation). 

• Mildew incidence in the controls was higher than in the mid-May evaluations, but mildew in treated plots followed the 
same pattern as noted in the mid-May evaluations. 

• The Rally/Manzate spray that was applied to Trts 2-8 on 18 May presumably helped to suppress mildew development in 
those treatments during the latter half of May. 

Table 5: Scab on terminal leaves. 

• Evaluations made during late May presumably were not influenced by the Rally/Manzate spray that was applied to Trts 
2-8 on 18 May because scab infections that occurred after 18 May would not yet have been visible on leaves in control 
plots or in other treatments that did not receive the Rally/Manzate spray.  

• Evaluations made during July were impacted by both early-season scab control (i.e., numbers of lesions producing 
conidia) and by the effectiveness of summer spray programs. 

• IKF-5411 failed to provide adequate control of scab when applied alone (Trt 9). 

• For Jerseymac leaves evaluated on 9 July, Fontelis + Captan (Trt 7) had less scab than Fontelis used alone (Trt 8) or than 
Fontelis + Manzate (Trt 6), presumably because Captan is a stronger scab fungicide than Manzate and because Fontelis 
applied alone on 18 May may not have redistributed enough to provide scab control during the infection period of 21-14 
April which occurred at petal fall just as trees were entering their spring growth flush and were rapidly producing new 
terminal leaves. 

• Indar + Captan (Trt 12) was consistently more effective than Koveral combined with Topguard or Pristine (Trt 13), but it 
is not possible to determine whether this difference is attributable to the contact fungicides (Captan vs. mancozeb, i.e., 
Koveral in this case) or to the other components of these treatments (i.e., Indar vs. Topguard alternated with Pristine). 

Table 6: Fruit scab in June. 

• All of the treatments provided comparable control of apple scab on Redcort. On Jerseymac, however, Fontelis used alone 
(Trt 8), as well as both treatments involving IKF-5411 (Trts 10-11) and the Koveral/Topguard/Pristine treatment (Trt 
13), all had more scab on Jerseymac than the standard contact fungicide program of Manzate + Captan (Trt 2). 

• These ratings and those later in the season may have been influenced by the Rally/Manzate spray that was applied to Trts 
2-8 on 18 May. 

Table 7: Fruit scab at harvest. 

• Treatment rankings were similar to those noted on Table 6 for scab evaluations done in June, although on Jerseymac 
none of the Fontelis treatments (6-7-8) matched the effectiveness of the Indar treatment in the harvest ratings. 
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Table 8: Rust diseases on leaves. 

• Rust infections on Redcort appear as small lesions with an orange dot at the center (as compared to necrotic leaf spot 
lesions which did not have any orange at the center of the lesions). These rust lesions remained very small and never 
developed into normal rust lesions with pycnia and aecia because of the host/pathogen incompatibility on this cultivar. 

• Most of the rust on leaves is cedar apple rust, but a low proportion of the lesions may have been caused by hawthorne 
rust (Gymnosporangium globosum).  It is also possible that Japanese apple rust (Gymnosporangium yamadae) is present 
in our orchards, but we have not yet confirmed its presence.  These three species can only be identified with certainty 
after aecia form on leaves in late summer. 

• All treatments provided good control of rust on leaves except for those involving IKF-5411.  In Trt 10, IKF-5411 + 
Manzate had a high incidence of rust because it did not receive the Rally/Manzate spray that was applied to Trts 2-8 on 
18 May and it then received only Captan on 29 May when most other plots were treated with Captan plus Topsin M.  
The 18 May application of Rally/Manzate provided postinfection activity that would have control rust infections that 
occurred during the infection period of 14-16 May. Although Topsin M is not considered effective against rust diseases, 
it may have supplied a bit more suppression than Captan used alone as it was in Trt 10.  

Table 9: Necrotic leaf spot (NLS). 

• NLS on Jerseymac is almost exclusively attributable to rust infections that were initiated and then failed to develop due 
to host/pathogen incompatibility on this cultivar. Rust spores that are prevented by fungicides from initiating infections 
do not produce leaf spots. However, where infections are initiated, cells killed by the initial invasion of rust become 
visible as NLS lesions that contain no pathogens or the rust-induced lesions may later be colonized and enlarged by other 
fungi. 

• Necrotic leaf spot on Redcort is a combination of rust-induced leaf spot as on Jerseymac and frog-eye leaf spot caused 
by Botryosphaeria obtusa. The presence of the latter explains why some treatments controlled NLS on Jerseymac but 
were less effective on Redcort. Small lesions on Redcort that had an orange dot at the center were counted as rust 
infections and were not counted as NLS. 

Table 10: Terminal leaves with edge burn or large necrotic spots in mid-June 

• Photos of the damaged leaves are shown in Figure 1 at the bottom of page 14. 

• Damaged leaves were noted primarily in the Koveral/Topguard/Pristine treatment (#13), so only a limited number of 
treatments were evaluated for these disorders to provide comparisons with other key chemistry groups.  

• For both cultivars evaluated, the damage was clearly exacerbated by the Koveral/Topguard/Pristine treatment. 

• We did not use any adjuvants when applying Topguard, but a review of our records showed that we had applied 
streptomycin with LI-700 (1 pint of LI-700 per 100 gal) on 16 April when trees were at king bloom and again on 4 May 
when we still had straggler flowers at petal fall. The streptomycin sprays were applied with an airblast sprayer calibrated 
to deliver 50 gal of spray solution per acre. Topguard sprays were applied on 18 April and 7 May. Apparently the 
streptomycin plus LI-700 applied two or three days prior to the Topguard sprays had altered the leaf surface conditions 
enough to allow enhanced uptake of the Topguard and the resulting leaf burn that we observed.  

• In a similar trial last year (2011), we also noted significant leaf injury on Golden Delicious trees that had been sprayed 
with Topguard. A check of our 2011 spray records revealed that we had applied Topguard on May 12 and followed that 
with an application of streptomycin plus Regulaid (1 pt/100 gal) on 13 May. 

• The injury may be attributable to our practice of applying fungicides under test by spraying trees to drip using a 
handgun. Scientists in other states who applied Topguard in similar treatments via airblast sprayer have not reported any 
leaf injury from Topguard sprays.  

Table 11: Incidence of quince rust on fruit. 

• All of the treatments provided acceptable control of quince rust.  However, some of the control in Trts 2-8 may have 
derived from the Rally that was applied on 18 May since Rally is known to provide extended post-infection control of 
quince rust. 

Table 12: Incidence of quince rust at harvest. 

• As with earlier assessments of quince rust (Table 11), most treatments provided acceptable control of quince rust. 
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Table 13: Fruit with no diseases in early evaluations. 

• All of the treatments provide excellent control of fruit diseases on Redcort and Golden Delicious, but treatments varied 
in their effectiveness on Jerseymac, primarily because of the relatively high incidence of scab on this cultivar. 

Table 14: Fruit with no disease at harvest. 

• Results parallel those shown in Table 13, but percentages of clean fruit at harvest were lower than in previous 
assessments because of some additional spread of scab during summer and because harvest assessments included 
summer fruit decays and sooty blotch and flyspeck. 

Table 15: Leaves with no visible diseases. 

• This table provides an indication of total disease suppression by the various fungicide programs. 

• The full-season program of Indar + Captan was significantly more effective than other programs when results from the 
three cultivars were combined in a split-plot analysis. 

Table 16: Summer diseases on fruit at harvest. 

• Except for Jerseymac, the incidence of bitter rot was low in the control plots.  

• IKF-5411 alone was less effective than most other treatments for suppressing bitter rot on Redcort and Golden Delicious. 

Table 17: Summer diseases and fruit finish on Golden Delicious at harvest. 

• IKF-5411 used alone (Trt 9) was weaker than most other treatments for all of the summer diseases evaluated on Golden 
Delicious. 

• Fontelis followed by the high rate of Captan (Trt 8) failed to control black/white rot on Golden Delicious, but the reason 
for this unexpected failure is not clear. 

• Treatments that resulted in less than 20% of fruit out of grade due to surface russet (trts 2-6-7-10-11) all received 
Manzate at 3 lb/A in the petal fall and 1st and 2nd cover sprays except for Trt 11 where Omega was applied at first and 
second cover.  Mancozeb applied at petal fall and early cover sprays may suppress Aureobasidium pullulans, an 
epiphytic yeast-like fungus that can contribute to fruit russetting in damp weather.  The only other treatment that was 
statistically equivalent to the best treatment for minimizing russet was Trt 8 where the high label rate of Captan was used 
at petal fall and 1st cover. 

 

 

 

 
TABLE 1. Analysis of fungicide resistance in the M9 block from leaves collected in June 2011 (Courtesy of Dr. Kerik Cox). 

           

Orchard name: M9 Block      

Fungicide 
class 

Common name 
Trade 
names 

Baseline 
Average RG1 

Threshold 
Average RG1 

Your Orchard 
Average RG1 

% of Isolates over 
90% or % with 

qualitative 
resistance2 

guanidines Dodine Syllit FL 28.1 54.9 10.1 0 

DMI Myclobutanil Rally 
40WSP 

24.7 55.0 48.3 6.7 

DMI Difenoconazole Inspire 24.7 55.0 21.9 0 
QoI (Stroby) Trifloxystrobin Flint 5.6 22.5 2.2 6.7 
  

     RG = relative growth on agar amended with the discriminating dose of fungicide compared to growth on control plates. 
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TABLE 2.  Products, formulations, rates, and treatment timings. 
   Treatment applications were made on the following schedule 
 Fungicides and rates of  GT TC PK BL PF 1C 2C 3C 4 & 6C 5&7 C 8C 
Trt formulated product/A 23 1 11 18  26 7 18 29 15 Jun 3 Jul 21 
No. (Rate/100 gal = [rate/A]/3) Mar Apr Apr Apr Apr May May May 17 Jul 2 Aug Aug 

  1.  Control (no fungicide all year) 

  2.  Manzate Pro-Stick 75WDG 3 lb ....... M ......... M ..... M ...... M ...... M ...... M ..... MR 
 Captan 80WDG 3 lb .................. C ......... C ..... C ....... C ........ C ....... C ................. CT ........ CP ......... CT ........ Pristine 

  3.  Manzate Pro-Stick  3 lb .................... Vg ........ M ......  ..........  ..........  ..........  ...... MR 
 Product K  ....................................  ...........  ....... X ....... X 
 Omega 4SC  14 fl oz ....................  ...........  ........  ..........  ........ X 
 Inspire Super 2.85EW  12 fl oz ...  ...........  ........  ..........  ..........  ........ X 
 Captan-80  3 lb .............................  .......... C ......  ..........  ..........  ..........  .......... ....... CT ........ CP ......... CT ........ Pristine 

  4.  Manzate Pro-Stick  3 lb .................... Vg ........ M ......  ..........  ..........  ..........  ...... MR 
 Product K  ....................................  ...........  ....... X ....... X 
 Omega  14 fl oz ............................  ...........  ........  ..........  ........ X 
 Inspire Super  12 fl oz ..................  ...........  ........  ..........  ..........  ........ X  
 Captan-80  3 lb .............................  .......... C ......  ..........  ..........  ..........  .......... ....... CT ........ CP ......... CT ........ Pristine 

  5.  Manzate Pro-Stick  3 lb .................... Vg ........ M ......  ..........  ..........  ..........  ...... MR 
 Product K  ....................................  ...........  ....... X ..... skip ..... X 
 Omega 14 fl oz .............................  ...........  ........  ..........  ..........  ........ X 
 Captan-80  3 lb .............................  .......... C ......  ..........  ..........  ..........  .................. CT ........ CP ......... CT ........ Pristine 

  6.  Manzate Pro-Stick  3 lb ..................... M ......... M ..... M ...... M ...... M ...... M ..... MR 
 Fontelis 1.67SC  14 fl oz .............  ...........  ....... X ....... X 
 Captan-80  3 lb ........................... C ......... C ......  ..........  ......... C ....... C ................. CT ........ CP ......... CT ........ Pristine 

  7.  Manzate Pro-Stick  3 lb ..................... M ......... M ......  ..........  ........ M ...... M ..... MR 
 Fontelis  14 fl oz ..........................  ...........  ....... X ....... X 
 Captan-80  3 lb ........................... C ......... C ..... C ....... C ........ C ....... C ......... ....... CT ........ CP ......... CT ........ Pristine 

  8.  Manzate Pro-Stick  6 lb .................... M6 ....... M6 .....  ..........  ..........  ..........  ...... MR 
 Fontelis  20 fl oz ..........................  ...........  ....... X ....... X 
 Captan-80  5 lb .............................  ...........  ........  ..........   ....... C5 ..... C5 ................ CT ........ CP ......... CT ........ Pristine 

  9.  IKF-5411 400SC  12.5 fl oz .............. X ......... X ..... X ....... X ...... X ....... X  ...... X ....... X .......... X ........... X  .............. X 

10.  IKF-5411 12.5 fl oz ........................... X ......... X ..... X ....... X ...... X ....... X ....... X ....... X .......... X ........... X  .............. X 
 Manzate Pro-Stick  3 lb ............. M ......... M ..... M ...... M ...... M ...... M ....... M 
 Captan-80W  3 lb .........................  ...........  ........  ..........  ..........  ..........  ................... C .......... C ........... C  .............. C 

11.  Manzate Pro-Stick  3 lb ..................... M ......... M ..... M ...... M ...... M 
 Captan-80  3 lb ........................... C ......... C ..... C ....... C ........ C 
 Omega 13.8 fl oz ..........................  ...........  ........  ..........  ..........  ........ X ....... X ....... X .......... X ........... X  .............. X 

12.  Captan-80  3 lb ................................ MK ....... C ..... C ....... C ........ C ....... C ....... C ....... C .......... C ........... C  .............. C 
 Indar 2F 8 fl oz ............................  .......... X ..... X ....... X ...... X ....... X ....... X ....... X .......... X ........... X  .............. X 
 LI-700  1pt ...................................  .......... X ..... X ....... X ...... X ....... X ....... X ....... X .......... X ........... X  .............. X 

13.  Koveral 75DF  3 lb ............................ X ......... X ..... X ....... X ...... X ....... X ....... X 
 Topguard 1.04SC  13 fl oz ...........  .......... X ......  ......... X ........  ........ X ....... X ........  
 Pristine 38W  16.5 oz ................. X ..........  ....... X ........  ........ X .........  .................. CT ........ CP ......... CT ........ Pristine 
MR = Manzate Pro-Stick 3 lb + Rally 40WSB 6 oz/A applied on 18 May; Vg =  Vangard 50WDG  5 oz applied on 23 Mar; 
CT = Captan-80 12oz + Topsin M 70WSB 4 oz;  CP = Captan-80 12 oz + ProPhyt 16 fl oz; MK = Manzate Pro-Stick 75W 3 
lb/A plus Kocide  46.1%DF 3.5 lb/A. 
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TABLE 3.  Results from the first powdery mildew evaluation. 

   Terminal leaves (%) with powdery mildew in mid-May  
  Jerseymac Redcort Grand means) 
Fungicide programs z 17 May y 18 Mayx for treatments w 

  1.  Control ......................................................................................  26.7        e v 26.1      e 26.4             h 
  2.  Manzate 3 lb + Captan 3 lb (=M/C) (6x) ..................................  22.3      de 25.5      e 23.9           gh 
  3.  M/C, Prod K, Omega, Inspire Super .........................................    7.7 ab 8.3   bc 8.0   bcd 
  4.  M/C, Prod K, Omega, Inspire Super .........................................    6.5 ab 4.6 ab 5.5 abc 
  5.  M/C, Prod K, Omega ................................................................    6.0 ab 4.3 ab 5.2 abc 
  6.  M/C (2x), Fontelis 14 fl oz + Manzate (2x), M/C (2x)  ............  11.1   bc 10.7  bcd 10.9    cde 
  7.  M/C (2x), Fontelis 14 fl oz + Captan (2x), M/C (2x) ...............  14.4   bcd 16.2   cde 15.3     def 
  8.  Mz 6 lb (2x), Fontelis 20 fl oz (2x), Captan 5 lb (2x) ...............  13.5   bcd 16.3   cde 14.9     def 
  9.  IKF-5411  12.5 fl oz (full season) .............................................  10.8   bcd 9.8  bc 10.3    cde 
10.  IKF-5411  12.5 fl oz + Mz or Capt. (full season) .....................  11.5   bcd 23.3       e 17.4       efg 
11.  M/C (5x), Omega 13.8 fl oz (summer) .....................................  22.7     cde 20.9     de 21.8         fgh 
12.  Indar 8 fl oz + Captan 3 lb (full season) ...................................    3.6 a 2.2 a 2.9 a 
13.  Koveral 3 lb + Topguard 13 fl oz or Pristine 16.5 oz ...............    7.9 ab 1.6 a 4.8 ab 
Grand means for cultivars ................................................................  12.6 13.1 
z For details of product rates and application timings, see Table 1. 
y Based on evaluation of the eight youngest unfolded leaves on 15 terminals per tree (Jerseymac). 
x From evaluation of all available full-sized leaves on 15 terminals/tree (mean = 112 lvs/tree, range = 83 to 155 lvs/tree). 
w Grand means from split-plot analysis across both cultivars: P-values for effects of treatments, cultivar, and the 

treatment*cultivar interaction were  <0.001, 0.668, and 0.590, respectively. 
v Means followed by the same small letter are not significantly different (P≤0.05) as determined by applying Fisher's 

protected LSD to the results from split-plot analysis. 
 
TABLE 4.  Results from the second powdery mildew evaluation. 

   Terminal leaves (%) with powdery mildew in late-May  
  Jerseymac Redcort Grand mean 
Fungicide programs z 30 May y 31 May x for treatment w 

  1.  Control ......................................................................................  32.5       de v 35.4           f 34.0           f 
  2.  Manzate 3 lb + Captan 3 lb (=M/C) (6x) ..................................  29.3    cde 15.6       de 22.5         ef 
  3.  M/C, Prod K, Omega, Inspire Super .........................................    6.7 ab 9.1   bcd 7.9   bc 
  4.  M/C, Prod K, Omega, Inspire Super .........................................  17.3   b 8.2 abcd 12.7     cd 
  5.  M/C, Prod K, Omega ................................................................  12.4 ab 2.9 abc 7.7 abc 
  6.  M/C (2x), Fontelis 14 fl oz + Manzate (2x), M/C (2x)  ............  18.4   bcd 10.1     cd 14.3     cde 
  7.  M/C (2x), Fontelis 14 fl oz + Captan (2x), M/C (2x) ...............  13.4   bc 11.4     cd 12.4     cde 
  8. Mz 6 lb (2x), Fontelis 20 fl oz (2x), Captan 5 lb (2x) ................  10.9 ab 8.2 abcd 9.6     cd 
  9.  IKF-5411  12.5 fl oz (full season) .............................................  15.1   bcd 4.4 abcd 9.8     cd 
10.  IKF-5411  12.5 fl oz + Mz or Capt. (full season) .....................    9.9 ab 30.3         ef 20.1       de 
11.  M/C (5x), Omega 13.8 fl oz (summer) .....................................  37.7         e 28.7         ef 33.2           f 
12.  Indar 8 fl oz + Captan 3 lb (full season) ...................................    2.6 a 1.0 ab 1.8 a 
13.  Koveral 3 lb + Topguard 13 fl oz or Pristine 16.5 oz ...............    8.2 ab 0.7 a 4.4 ab 

Grand means for cultivars ................................................................  16.4 B 12.8 A 
z For details of product rates and application timings, see Table 1. 
y From evaluation of all full-sized Jerseymac leaves on 15 terminals/tree (mean = 155 lvs/tree, range = 102 to 189 lvs/tree). 
x From evaluation of all full-sized Redcort leaves on 15 terminals/tree (mean = 164 lvs/tree, range = 113 to 187 leaves/tree). 
w Grand means from split-plot analysis across both cultivars: P-values for effects of treatments, cultivar, and the 

treatment*cultivar interaction were  <0.001, 0.036, and 0.285, respectively. 
v Means followed by the same small letter are not significantly different (P≤0.05) as determined by applying Fisher's 

protected LSD to the results from split-plot analysis. 
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TABLE 5.  Results from evaluations of apple scab on terminal leaves. 
                           Terminal leaves (%) with scab z            Grand means  
           Jerseymac             Redcort Golden Del for treatments 
Fungicide programs  29 May 9 Jul 31 May 5 Jul from 4 obsrvtns y 
 1.  Control ........................................................  35.8      d x 57.8        f 23.6          f 29.5      d 36.7        f  
 2.  Manzate 3 lb + Captan 3 lb (=M/C) (6x) ....    3.2 ab 8.3  b 1.5 abcd 4.6 ab 4.4  bc   
 3.  M/C, Prod K, Omega, Inspire Super ...........    3.2 ab 10.8  bc 0.6 abc 3.1 ab 4.4 abc   
 4.  M/C, Prod K, Omega, Inspire Super ...........    1.6 ab 8.6  b 2.2 abcd 1.4 a 3.5 ab   
 5.  M/C, Prod K, Omega ..................................    2.2 ab 13.2  bcd 0.3 a 5.4 abc 5.3  bc   
 6.  M/C (2x), Fontelis 14 fl oz + Manzate (2x)     3.0 ab 23.6       e 3.1  bcde 4.8 abc 8.6    cd   
 7.  M/C (2x), Fontelis 14 fl oz + Captan (2x), .    1.1 ab 7.7  b 1.7 abcd 4.1 abc 3.6 abc   
 8. Mz (2x), Fontelis 20 fl oz (2x), Captan (2x)    2.6 ab 20.6     de 3.5    cde 7.1 abc 8.4    cd   
 9.  IKF-5411  12.5 fl oz (full season [FS]) .......  15.4     c 52.3         f 7.0         e 10.5     c 21.3        e  
10. IKF-5411  12.5 fl oz + Mz or Capt. FS) .....    4.1 ab 17.0  bcde 8.5         e 5.6 abc 8.8    cd   
11. M/C (5x), Omega 13.8 fl oz (summer) .......    1.6 ab 16.9   cde 1.3 abcd 2.8 ab 5.7   bc   
12. Indar 8 fl oz + Captan 3 lb (full season) .....    0.6 a 0.9 a 0.3 ab 1.9 a 0.9 a   
13. Koveral 3 lb + Topguard or Pristine ............   4.5   b 22.3     de 5.3       de 8.7   bc 10.2      d 
Grand means for cultivars ..................................   6.1 AB 20.0 C 4.5 A 6.9 B 
z Based on evaluation of all full-sized leaves on 15 terminals/tree.  
y Grand means from split-plot analysis across all four evaluations; P-values for effects of treatments, cultivar, and the 

treatment*cultivar interaction were  <0.001, <0.001, and 0.001, respectively. 
x Means followed by the same small letter are not significantly different (P≤0.05) as determined by applying Fisher's 

protected LSD to the results from split-plot analysis. 
 
 
 
TABLE 6.  Results from evaluations of apple scab on fruit in June. 
                     Fruit (%) with apple scab in June z  
  Jerseymac Redcort Grand mean 
Fungicide programs  26 Jun 26 Jun for treatment y 
 1.  Control ........................................................................................ 82.0       ex 68.0   b 75.0         e  
 2.  Manzate 3 lb + Captan 3 lb (=M/C) (6x) ....................................   1.5 a 0.5 a 1.0 ab  
 3.  M/C, Prod K, Omega, Inspire Super ...........................................   2.0 a 1.5 a 1.8 ab  
 4.  M/C, Prod K, Omega, Inspire Super ...........................................   5.0 abc 1.5 a 3.3 abc  
 5.  M/C, Prod K, Omega ..................................................................   0.5 a 0.0 a 0.3 a  
 6.  M/C (2x), Fontelis 14 fl oz + Manzate (2x), M/C (2x)  .............. 10.0 abc 4.0 a 7.0   bc  
 7.  M/C (2x), Fontelis 14 fl oz + Captan (2x), M/C (2x) .................   7.0 abc 2.0 a 4.5 abc  
 8.  Mz 6 lb (2x), Fontelis 20 fl oz (2x), Captan 5 lb (2x) ................. 19.5     c 1.0 a 10.3     c  
 9.  IKF-5411  12.5 fl oz (full season) ............................................... 62.5      d 6.0 a 34.3       d  
10.  IKF-5411  12.5 fl oz + Mz or Capt. (full season) ...................... 23.0   bc 0.5 a 11.8   bc  
11.  M/C (5x), Omega 13.8 fl oz (summer) ...................................... 12.0 abc 1.5 a 6.8   bc  
12.  Indar 8 fl oz + Captan 3 lb (full season) ....................................   2.0 ab 0.0 a 1.0 ab  
13.  Koveral 3 lb + Topguard 13 fl oz or Pristine 16.5 oz ................ 17.0   bc 5.5 a 11.3     c  
Grand means for cultivars ................................................................  18.8 B 7.1 A 
z Based on evaluation of 50 fruitlets per tree.  
y Grand means from split-plot analysis across both cultivars: P-values for effects of treatments, cultivar, and the 

treatment*cultivar interaction were  <0.001, <0.001, and 0.132, respectively. 
x Means followed by the same small letter are not significantly different (P≤0.05) as determined by applying Fisher's 

protected LSD to the results from split-plot analysis. 
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TABLE 7.  Results from evaluations of apple scab on fruit at harvest. 

                      Fruit (%) with apple scab at harvest  
  Jerseymac Redcort Golden Del. Grand means for 
Fungicide programs z 17 Jul y 20 Aug x 29 Sep w trts: 3 cultivars v 

 1.  Control .................................................................................. 98.7       g v 75.1        e 25.1     c 66.3           f 
 2.  Manzate 3 lb + Captan 3 lb (=M/C) (6x) ...............................  6.3 abc 5.7 abc 1.3 ab 4.4 abc 
 3.  M/C, Prod K, Omega, Inspire Super ......................................  4.8 abc 1.0 a 1.2 ab 2.4 abc 
 4.  M/C, Prod K, Omega, Inspire Super ......................................  2.6 ab 2.2 ab 0.0 a 1.6 a 
 5.  M/C, Prod K, Omega .............................................................  4.3 abc 0.7 a 0.4 a 1.8 ab 
 6.  M/C (2x), Fontelis 14 fl oz + Manzate (2x), M/C (2x)  ........ 12.0  bcde 8.0   bcd 0.8 ab 7.0   bcd 
 7.  M/C (2x), Fontelis 14 fl oz + Captan (2x), M/C (2x) ........... 12.7    cde 3.3 abc 0.4 a 5.5 abc 
 8.  Mz 6 lb (2x), Fontelis 20 fl oz (2x), Captan 5 lb (2x) ........... 21.3      de 4.3 abc 0.8 a 8.8     cd 
 9.  IKF-5411  12.5 fl oz (full season) ..........................................60.0         f 18.3       d 5.4   b 27.9         e 
10.  IKF-5411  12.5 fl oz + Mz or Capt. (full season) ................ 25.3      de 5.6 abc 0.8 a 10.6     cd 
11.  M/C (5x), Omega 13.8 fl oz (summer) .................................  6.4 abcd 7.0 abc 0.4 a 4.6 abc 
12.  Indar 8 fl oz + Captan 3 lb (full season) ...............................  2.0 a 1.0 a 0.8 a 1.3 a 
13.  Koveral 3 lb + Topguard 13 fl oz or Pristine 16.5 oz .......... 28.5         e 12.3     cd 2.1 ab 14.3       d 

Grand means for cultivars ........................................................... 21.9 C 11.1 B 3.0 A 
z For details of product rates and application timings, see Table 1. 
y From evaluation of 75 Jerseymac fruit/tree (when available): Mean was 74/tree, with a range of 50 to 77 fruit/tree. 
x From evaluation of 75 Redcort fruit/tree (when available): Mean was 73/tree, with a range of 39 to 77 fruit/tree. 
w From evaluation of 60 Golden Delicious fruit/tree (when available): Mean was 58/tree, with a range of 26 to 61 fruit/tree. 
v Grand means from split-plot analysis across three cultivars: P-values for effects of treatments, cultivar, and the treatment* 

cultivar interaction were all <0.001. Grand or simple means followed by the same small letter are not significantly 
different (P≤0.05) as determined by applying Fishers Protected LSD test to the means from the split-plot analysis. 

 
TABLE 8.  Results from evaluations of rust diseases on leaves. 

            Terminal leaves (%) with rust infections x  
  Redcort Golden Del. Grand means for 
Fungicide programs  31 May x 5 July treatments (2 cult.) x 

  1.  Control ........................................................................................  9.6   b w 44.3     c 26.9       d   
  2.  Manzate 3 lb + Captan 3 lb (=M/C) (6x) ....................................  0.8 a 4.2 a 2.5 a   
  3.  M/C, Prod K, Omega, Inspire Super ...........................................  0.9 ab 4.1 a 2.5 ab   
  4.  M/C, Prod K, Omega, Inspire Super ...........................................  1.0 ab 2.0 a 1.5 a   
  5.  M/C, Prod K, Omega ..................................................................  0.6 ab 3.1 a 1.8 a  
  6.  M/C (2x), Fontelis 14 fl oz + Manzate (2x), M/C (2x)  ..............  0.0 a 2.6 a 1.3 a  
  7.  M/C (2x), Fontelis 14 fl oz + Captan (2x), M/C (2x) .................  1.4 ab 1.7 a 1.6 a  
  8.  Mz 6 lb (2x), Fontelis 20 fl oz (2x), Captan 5 lb (2x) .................  0.8 ab 1.6 a 1.2 a  
  9.  IKF-5411  12.5 fl oz (full season) ...............................................  4.4 ab 30.1   bc 17.2     c  
10.  IKF-5411  12.5 fl oz + Mz or Capt. (full season) .......................  2.3 ab 21.4   b 11.8     c  
11.  M/C (5x), Omega 13.8 fl oz (summer) .......................................  1.6 ab 7.0 a 4.3   b  
12.  Indar 8 fl oz + Captan 3 lb (full season) .....................................  1.2 ab 3.3 a 2.2 ab  
13.  Koveral 3 lb + Topguard 13 fl oz or Pristine 16.5 oz .................  0.8 a 3.5 a 2.2 a  

Grand means for cultivars .................................................................   1.9 A 9.9 B 
z Based on evaluation of all full-sized leaves on 15 terminals/tree  
y Rust infections on Redcort appeared as small necrotic lesions with orange dots at their centers. 
x Grand means from split-plot analysis across both cultivars: P-values for effects of treatments, cultivar, and the 

treatment*cultivar interaction were  <0.001, <0.001, and 0.007, respectively. 
w Means followed by the same small letter are not significantly different (P≤0.05) as determined by applying Fisher's 

protected LSD to the results from split-plot analysis. 
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TABLE 9.  Incidence necrotic leaf spot (mostly rust-induced leaf spot) on leaves. 
          Terminal leaves (%) with necrotic leaf spot z  
  Jerseymac Redcort Grand mean 
Fungicide programs  29 May 31 May for treatment y 
 1.  Control .......................................................................................    9.3   b x 23.9       d 16.6           f 
 2.  Manzate 3 lb + Captan 3 lb (=M/C) (6x) ...................................    2.8 a 6.1 a 4.5 abcd 
 3.  M/C, Prod K, Omega, Inspire Super ..........................................    2.2 a 9.2 abc 5.7   bcde 
 4.  M/C, Prod K, Omega, Inspire Super ..........................................    1.8 a 13.1   bc 7.5     cde 
 5.  M/C, Prod K, Omega .................................................................    1.3 a 5.7 a 3.5 abc 
 6.  M/C (2x), Fontelis 14 fl oz + Manzate (2x), M/C (2x)  .............    1.4 a 4.0 a 2.7 ab 
 7.  M/C (2x), Fontelis 14 fl oz + Captan (2x), M/C (2x) ................    1.1 a 5.5 ab 3.3 abc 
 8.  Mz 6 lb (2x), Fontelis 20 fl oz (2x), Captan 5 lb (2x) ................    1.3 a 8.1 abc 4.7 abcd 
 9.  IKF-5411  12.5 fl oz (full season) ..............................................    3.4 ab 14.4     cd 8.9         e 
10.  IKF-5411  12.5 fl oz + Mz or Capt. (full season) .....................    3.7 a 13.1   bc 8.4       de 
11.  M/C (5x), Omega 13.8 fl oz (summer) .....................................    1.1 a 5.6 a 3.4 ab 
12.  Indar 8 fl oz + Captan 3 lb (full season) ...................................    1.0 a 4.3 a 2.6 ab 
13.  Koveral 3 lb + Topguard 13 fl oz or Pristine 16.5 oz ...............    0.9 a 3.4 a 2.1 a 
Grand means for cultivars ................................................................    2.4 A 9.0 B 
z Based on evaluation of all full-sized leaves on 15 terminals/tree  
y Grand means from split-plot analysis across both cultivars: P-values for effects of treatments, cultivar, and the 

treatment*cultivar interaction were  <0.001, <0.001, and 0.788, respectively. 
x Means followed by the same small letter are not significantly different (P≤0.05) as determined by applying Fisher's 

protected LSD to the results from split-plot analysis. 
 
TABLE 10.  Incidence terminal leaves with edge burn or large necrotic spots in mid-June. 
  Terminal leaves (%) with edge burn or necrotic spots z 
  Redcort Golden Del. Grand mean 
Fungicide programs    13 Jun    14 Jun for treatment y 
 1.  Control ......................................................................................     5.0     c 10.2 a 7.6   b 
 2.  Manzate 3 lb + Captan 3 lb (=M/C) (6x) .....................................  3.8   b 4.4 a 4.1 a 
 4.  M/C, Prod K, Omega, Inspire Super ............................................  4.4 ab 3.8 a 4.1 a 
 7.  M/C (2x), Fontelis 14 fl oz + Captan (2x), M/C (2x) ..................  3.3 a 1.7 a 2.5 a 
12.  Indar 8 fl oz + Captan 3 lb (full season) .....................................  4.2 ab 4.1 a 4.2 a 
13.  Koveral 3 lb + Topguard 13 fl oz or Pristine 16.5 oz ..............   18.8       d 17.6   b 18.2     c 
Grand means for cultivars ...............................................................     6.6 A 7.0 A 
z Based on evaluation of all full-sized leaves on 10 terminals/tree; Mean number of leaves/terminal shoot was 11.6 for 

Redcort and 11.7 for Golden Delicious. 
y Grand means from split-plot analysis across both cultivars: P-values for effects of treatments, cultivar, and the 

treatment*cultivar interaction were <0.001, 0.588, and 0.132, respectively. 
x Means followed by the same small letter are not significantly different (P≤0.05) as determined by applying Fisher's 

protected LSD to the results from split-plot analysis. 
 

     
Figure 1.  Left: large necrotic leaf spotting on Golden Delicious of the type evaluated and reported in Table 10. Center and 

right: edge burn observed on Redcort trees on 13 June. 
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TABLE 11.  Incidence of quince rust on fruit in early-summer. 

               Fruit (%) with quince rust z          Golden Del. fruit 
  Jerseymac Redcort Golden Del. (%) with cedar 
Fungicide programs  26 Jun 26 Jun 13 Jul apple rust 25 Sep y 

 1.  Control ............................................................................. 13.5   b x 23.0   b* 12.3   b 10.1   b  
 2.  Manzate 3 lb + Captan 3 lb (=M/C) (6x) ..........................  0.0 a 0.0 a 0.0 a 0.0 a   
 3.  M/C, Prod K, Omega, Inspire Super .................................  0.0 a 0.5 a 0.0 a 0.0 a   
 4.  M/C, Prod K, Omega, Inspire Super .................................  0.0 a 0.0 a 0.0 a 0.0 a   
 5.  M/C, Prod K, Omega ........................................................  0.0 a 1.0 a 0.0 a 0.8 a   
 6.  M/C (2x), Fontelis 14 fl oz + Manzate (2x), M/C (2x)  ....  0.0 a 0.5 a 0.0 a 0.0 a   
 7.  M/C (2x), Fontelis 14 fl oz + Captan (2x), M/C (2x) .......  0.0 a 0.0 a 0.0 a 0.0 a   
 8. Mz 6 lb (2x), Fontelis 20 fl oz (2x), Captan 5 lb (2x) ........  0.5 a 0.5 a 0.7 a 0.9 a   
 9.  IKF-5411  12.5 fl oz (full season) .....................................  1.5 a 0.0 a 0.5 a 1.7 a   
10.  IKF-5411  12.5 fl oz + Mz or Capt. (full season) ............  1.0 a 0.0 a 0.0 a 0.0 a   
11.  M/C (5x), Omega 13.8 fl oz (summer) ............................  0.0 a 0.5 a 0.0 a 0.8 a   
12.  Indar 8 fl oz + Captan 3 lb (full season) ..........................  0.0 a 0.5 a 0.0 a 0.4 a   
13.  Koveral 3 lb + Topguard 13 fl oz or Pristine 16.5 oz ......  0.0 a 0.0 a 0.0 a 0.4 a   

P-values .................................................................................    0.001 <0.001 0.001 <0.001 
z Based on evaluation of 50 fruitlets per tree.  
y From evaluation of 60 Golden Delicious fruit/tree (when available): Mean was 58/tree, with a range of 26 to 61 fruit/tree. 
x Means followed by the same small letter are not significantly different (P≤0.05) as determined by applying Fisher's 

protected LSD to the results from split-plot analysis. 
 
 
TABLE 12.  Incidence of quince rust on fruit at harvest. 

                         Fruit (%) with quince rust at harvest   
  Jerseymac Redcort Golden Del. Grand means for 
Fungicide programs  16 Jul 20 Aug 25 Sep trts: 3 cultivars 

 1.  Control ............................................................................. 32.6     c 22.4     c 6.2   b 20.4     c 
 2.  Manzate 3 lb + Captan 3 lb (=M/C) (6x) .........................   1.0 a 0.0 a 0.0 a 0.3 a 
 3.  M/C, Prod K, Omega, Inspire Super ................................   0.7 a 0.0 a 0.0 a 0.2 a 
 4.  M/C, Prod K, Omega, Inspire Super ................................   1.3 a 0.0 a 0.0 a 0.4 a 
 5.  M/C, Prod K, Omega .......................................................   1.0 a 0.0 a 0.4 a 0.5 a 
 6.  M/C (2x), Fontelis 14 fl oz + Manzate (2x), M/C (2x)  ...   1.0 a 0.3 a 0.0 a 0.4 a 
 7.  M/C (2x), Fontelis 14 fl oz + Captan (2x), M/C (2x) ......   0.3 a 0.0 a 0.0 a 0.1 a 
 8.  Mz 6 lb (2x), Fontelis 20 fl oz (2x), Captan 5 lb (2x) ......   3.0 a 0.0 a 1.9 a 1.6 a 
 9.  IKF-5411  12.5 fl oz (full season) .................................... 10.0   b 3.7   b 0.8 a 4.8   b 
10.  IKF-5411  12.5 fl oz + Mz or Capt. (full season) ...........   2.0 a 0.0 a 0.0 a 0.7 a 
11.  M/C (5x), Omega 13.8 fl oz (summer) ...........................   4.9 0.3 a 0.0 a 1.8 a 
12.  Indar 8 fl oz + Captan 3 lb (full season) .........................   1.0 a 0.3 a 0.4 a 0.6 a 
13.  Koveral 3 lb + Topguard 13 fl oz or Pristine 16.5 oz .....   1.1 a 0.0 a 0.0 a 0.3 a 

Grand means for cultivars .....................................................    4.6 A 2.1A 0.8 B 
z From evaluation of 75 Jerseymac fruit/tree (when available): Mean was 74/tree, with a range of 50 to 77 fruit/tree. 
y From evaluation of 75 Redcort fruit/tree (when available): Mean was 73/tree, with a range of 39 to 77 fruit/tree. 
x From evaluation of 60 Golden Delicious fruit/tree (when available): Mean was 58/tree, with a range of 26 to 61 fruit/tree. 
w Grand means from split-plot analysis across three cultivars: P-values for effects of treatments, cultivar, and the 

treatment*cultivar interaction were  <0.001, <0.001, 0.094, respectively. 
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TABLE 13.  Percentages of fruit with no diseases in early evaluations. 

  Incidence (%) of fruit with no disease z        Grand means 
  Jerseymac Redcort Golden Del. for treatments 
Fungicide programs  26 Jun 26 Jun 13 Jul (on tree) over 3 cultivars y 

 1.  Control .............................................................................   8.0         h x 25.0   b 80.8   b 37.9           f 
 2.  Manzate 3 lb + Captan 3 lb (=M/C) (6x) ......................... 98.5 abc 99.5 a 100.0 a 99.3 ab 
 3.  M/C, Prod K, Omega, Inspire Super ................................ 98.0 ab 98.0 a 100.0 a 98.7 abc 
 4.  M/C, Prod K, Omega, Inspire Super ................................ 95.0 abcd 98.5 a 100.0 a 97.8 abc 
 5.  M/C, Prod K, Omega ....................................................... 99.5 a 99.0 a 100.0 a 99.5 a 
 6.  M/C (2x), Fontelis 14 fl oz + Manzate (2x), M/C (2x)  ... 90.0    cdef 95.5 a 100.0 a 95.2     cd 
 7.  M/C (2x), Fontelis 14 fl oz + Captan (2x), M/C (2x) ...... 93.0   bcde 98.0 a 100.0 a 97.0 abcd 
 8.  Mz 6 lb (2x), Fontelis 20 fl oz (2x), Captan 5 lb (2x) ...... 80.0          f 98.5 a 98.8 a 92.4       d 
 9.  IKF-5411  12.5 fl oz (full season) .................................... 36.0          g 94.0 a 98.5 a 76.2         e 
10.  IKF-5411  12.5 fl oz + Mz or Capt. (full season) ........... 76.0        ef 99.5 a 100.0 a 91.8     cd 
11.  M/C (5x), Omega 13.8 fl oz (summer) ........................... 88.0      def 98.0 a 100.0 a 95.3   bcd 
12.  Indar 8 fl oz + Captan 3 lb (full season) ......................... 98.0 abc 99.5 a 99.5 a 99.0 abc 
13.  Koveral 3 lb + Topguard 13 fl oz or Pristine 16.5 oz ..... 83.0        ef 94.5 a 100.0 a 92.5       d 

Grand means for cultivars .....................................................  80.2 C 92.1 B 98.3 A 
z Based on evaluation of 50 fruitlets per tree.  For Jerseymac and Redcort, fruit were rated for scab and rust diseases whereas 

Golden Delicious were observed only for rust diseases. 
y Grand means from split-plot analysis across three cultivars: P-values for effects of treatments, cultivar, and the 

treatment*cultivar interaction were  <0.001, <0.001, and 0.008, respectively. 
x Means followed by the same small letter are not significantly different (P≤0.05) as determined by applying Fisher's 

protected LSD to the results from split-plot analysis. 
 
TABLE 14.  Incidence of fruit with no disease at harvest. 

                           Fruit (%) with no disease at harvest   
  Jerseymac Redcort Golden Del. Grand means for 
Fungicide programs  16 Jul z 20 Aug y 25 Sep x trts: 3 cultivars w 

 1.  Control ............................................................................    0.7         e v 2.0       d 0.0     c 0.9           f 
 2.  Manzate 3 lb + Captan 3 lb (=M/C) (6x) ........................  92.0 ab 82.7 ab 90.0 a 88.2 abcd 
 3.  M/C, Prod K, Omega, Inspire Super ...............................  94.5 ab 85.0 ab 95.5 a 91.7 ab 
 4.  M/C, Prod K, Omega, Inspire Super ...............................  96.1 a 85.0 ab 93.8 a 91.6 ab 
 5.  M/C, Prod K, Omega ......................................................  95.0 a 92.3 a 88.8 a 92.0 ab 
 6.  M/C (2x), Fontelis 14 fl oz + Manzate (2x), M/C (2x)  ..  87.3 abc 73.6   bc 93.4 a 84.8     cd 
 7.  M/C (2x), Fontelis 14 fl oz + Captan (2x), M/C (2x) .....  87.3 abc 87.0 ab 97.1 a 90.5 abc 
 8.  Mz 6 lb (2x), Fontelis 20 fl oz (2x), Captan 5 lb (2x) .....  75.0     c 77.4   b 88.7 a 80.3       d 
 9.  IKF-5411  12.5 fl oz (full season) ...................................  35.6       d 59.7     c 59.6   b 51.6         e 
10.  IKF-5411  12.5 fl oz + Mz or Capt. (full season) ..........  72.7   bc 84.1 ab 94.6 a 83.8   bcd 
11.  M/C (5x), Omega 13.8 fl oz (summer) ..........................  88.6 abc 84.7 ab 91.3 a 88.2 abcd 
12.  Indar 8 fl oz + Captan 3 lb (full season) ........................  97.0 a 83.9 ab 96.7 a 92.5 a 
13.  Koveral 3 lb + Topguard 13 fl oz or Pristine 16.5 oz ....  70.8     c 75.7   bc 94.6 a 80.4       d 

Grand means for cultivars .....................................................  76.4 B 74.8 B 83.4 A 
z From evaluation of 75 Jerseymac fruit/tree (when available): Mean was 74/tree, with a range of 50 to 77 fruit/tree. 
y From evaluation of 75 Redcort fruit/tree (when available): Mean was 73/tree, with a range of 39 to 77 fruit/tree. 
x From evaluation of 60 Golden Delicious fruit/tree (when available): Mean was 58/tree, with a range of 26 to 61 fruit/tree. 
w Grand means from split-plot analysis across three cultivars: P-values for effects of treatments, cultivar, and the 

treatment*cultivar interaction were  <0.001, <0.001, 0.151 respectively. 
v Means followed by the same small letter are not significantly different (P≤0.05) as determined by applying Fisher's 

protected LSD to the results from split-plot analysis. 
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TABLE 15.  Percentages of leaves with no diseases in early ratings. 

   Terminal leaves (%) with no visible disease y    Grand mean 
  Jerseymac Redcort Golden Del. for treatment 
Fungicide programs z 29 May 31 May 5 Jul over 3 cultivars x 

 1.  Control ............................................................................  37.3          f w 36.6         e  39.3       d 37.7           f 
 2.  Manzate 3 lb + Captan 3 lb (=M/C) (6x) ........................  67.0       de 77.7   bc 91.5 a 78.7     cd 
 3.  M/C, Prod K, Omega, Inspire Super ...............................  88.5 ab 80.6 abc 93.1 a 87.4   b 
 4.  M/C, Prod K, Omega, Inspire Super ...............................  80.0 abcd 77.6   bc 96.5 a 84.7   bc 
 5.  M/C, Prod K, Omega ......................................................  82.4   bcd 90.3 ab 91.8 a 88.2   b 
 6.  M/C (2x), Fontelis 14 fl oz + Manzate (2x), M/C (2x)   .. 79.6   bcde 80.9 abc 94.3 a 84.9   bc  
 7.  M/C (2x), Fontelis 14 fl oz + Captan (2x), M/C (2x) .....  84.5 abcd 80.5 abc 94.2 a 86.4   bc 
 8.  Mz 6 lb (2x), Fontelis 20 fl oz (2x), Captan 5 lb (2x) .....  84.1 abcd 80.1 abc 91.6 a 85.3   bc 
 9.  IKF-5411  12.5 fl oz (full season) ...................................  70.8     cde 73.7     c 62.7     c 69.1         e 
10.  IKF-5411  12.5 fl oz + Mz or Capt. (full season) ..........  81.5   bcd 53.1       de 75.3   bc 70.0         e 
11.  M/C (5x), Omega 13.8 fl oz (summer) ..........................  62.7         e 65.6     cd 90.0 ab 72.8       de 
12.  Indar 8 fl oz + Captan 3 lb (full season) ........................  95.7 a 93.2 a 94.8 a 94.6 a 
13.  Koveral 3 lb + Topguard 13 fl oz or Pristine 16.5 oz  .... 85.3 abc 90.5 ab 88.6 ab 88.1   b  

Grand means for cultivars .....................................................  76.9 A 75.4 A 84.9 B 
z For details of product rates and application timings, see Table 1. 
y Based on evaluation of all full-sized leaves on 15 terminals/tree  
x Grand means from split-plot analysis across three cultivars: P-values for effects of treatments, cultivar, and the 

treatment*cultivar interaction were  <0.001, <0.001, and 0.089, respectively. 
w Means followed by the same small letter are not significantly different (P≤0.05) as determined by applying Fisher's 

protected LSD to the results from split-plot analysis. 
 
TABLE 16.  Incidence of summer diseases on fruit at harvest. 

         Fruit (%) with bitter rot           Redcortx harvested 20 Aug with:  
  Jerseymac Redcort Golden D. Black/ Fly- Sooty 
Fungicide programs z 16 Jul y 20 Aug x 25 Sep w white rot speck blotch 

 1.  Control ................................................................ 19.8   b v 5.0     c 2.3   b 15.4     c 78.2         e 20.8     c 
 2.  Manzate 3 lb + Captan 3 lb (=M/C) (6x) ............   0.7 a 0.0 a 0.8 a 0.7 a 11.3 abcd 1.3 a 
 3.  M/C, Prod K, Omega, Inspire Super ...................   0.0 a 0.0 a 0.0 a 2.0 ab 10.7 abcd 2.3 ab 
 4.  M/C, Prod K, Omega, Inspire Super ...................   0.0 a 0.3 a 0.8 a 2.0 ab 9.4 abcd 1.6 a 
 5.  M/C, Prod K, Omega ..........................................   0.7 a 0.0 a 0.0 a 1.3 ab 5.4 abc 0.3 a 
 6.  M/C (2x), Fontelis 14 fl oz + Manzate (2x),  ......   0.0 a 0.3 a 0.4 a 2.0 ab 16.1       d 2.0 a 
 7.  M/C (2x), Fontelis 14 fl oz + Captan (2x) ..........   0.0 a 0.0 a 0.0 a 0.7 a 9.0 abcd 1.0 ab 
 8. Mz (2x), Fontelis 20 fl oz (2x), Captan (2x) ........   1.3 a 0.7 ab 0.0 a 2.1 ab 14.7     cd 2.9 ab 
 9.  IKF-5411  12.5 fl oz (full season) .......................   3.3 a 1.7   b 3.8   b 2.7 ab 14.3     cd 6.7   b 
10.  IKF-5411  12.5 fl oz + Mz or Capt. ...................   2.3 a 0.3 a 0.0 a 2.3 ab 4.0 a 5.4 ab 
11.  M/C (5x), Omega 13.8 fl oz (summer) ..............   0.4 a 0.0 a 0.4 a 4.0   b 5.3 ab 0.3 a 
12.  Indar 8 fl oz + Captan 3 lb (full season) ............   0.0 a 1.0 ab 0.0 a 3.0 ab 9.7 abcd 3.0 ab 
13.  Koveral 3 lb + Topguard or Pristine ..................   0.0 a 0.3 a 0.0 a 1.0 a 11.0   bcd 4.3 ab 

P-values ....................................................................  <0.001 <0.001 <0.001 0.001 <0.001 0.001 
z For details of product rates and application timings, see Table 1. 
y From evaluation of 75 Jerseymac fruit/tree (when available): Mean was 74/tree, with a range of 50 to 77 fruit/tree. 
x From evaluation of 75 Redcort fruit/tree (when available): Mean was 73/tree, with a range of 39 to 77 fruit/tree. 
w From evaluation of 60 Golden Delicious fruit/tree (when available): Mean was 58/tree, with a range of 26 to 61 fruit/tree. 
v Means followed by the same small letter are not significantly different (P≤0.05, Fisher's protected LSD). 
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TABLE 17.  Incidence of summer diseases and evaluation of fruit finish on Golden Delicious harvested on 25 Sep. 

                     Fruit (%)y              Mean fruit 
  Black/ Fly- Sooty Out-of-grade x from: russet rating 
Fungicide programs z white rot speck blotch SBFS w russet (scale of 1-5) 

 1.  Control ................................................................  4.8    c u 98.5     d 98.0   c 79.8    c 24.1   bcde 2.14 ab 
 2.  Manzate 3 lb + Captan 3 lb (=M/C) (6x) ............  0.0 a 9.2  bc 0.8 a 0.8 a 17.5 abc 2.12 ab 
 3.  M/C, Prod K, Omega, Inspire Super ...................  0.0 a 2.9 a 0.8 a 0.0 a 20.7   bcd 2.19 ab 
 4.  M/C, Prod K, Omega, Inspire Super ...................  0.8 ab 4.6 ab 0.0 a 0.4 a 29.2     cde 2.24 abc 
 5.  M/C, Prod K, Omega ..........................................  0.4 a 9.5  bc 0.8 a 0.8 a 30.3     cde 2.28 abc 
 6.  M/C, Fontelis 14 fl oz + Manzate (2x), M/C   ....  0.4 a 4.2 ab 1.7 a 0.4 a 8.3a 2.01 a 
 7.  M/C, Fontelis 14 fl oz + Captan (2x), M/C .........  0.0 a 1.7 a 1.3 a 0.0 a 17.9 abc 2.08 a 
 8. Mz (2x), Fontelis 20 fl oz (2x), Captan (2x) ........  7.3  bc 1.9 a 0.0 a 0.0 a 20.1 abcd 2.15 ab 
 9.  IKF-5411  12.5 fl oz (full season) .......................  3.3  bc 20.8    c 28.3  b 7.1   b 34.6        de 2.40   bc 
10.  IKF-5411  12.5 fl oz + Mz or Capt. ...................  2.1 abc 2.5 a 0.0 a 0.4 a 12.9 ab 2.04 a 
11.  M/C (5x), Omega 13.8 fl oz (summer) ..............  2.1 abc 4.2 ab 2.9 a 0.8 a 19.2 abcd 2.05 a 
12.  Indar 8 fl oz + Captan 3 lb (full season) ............  0.4 a 1.7 a 0.0 a 0.4 a 32.1       de 2.27 abc 
13.  Koveral + Topguard or Pristine .........................  0.4 ab 2.5 a 0.0 a 0.4 a 40.8         e 2.52     c 

P-values ....................................................................   0.019 <0.001 <0.001 <0.001 0.003 0.029 
z For details of product rates and application timings, see Table 1. 
y From evaluation of 60 Golden Delicious fruit/tree (when available): Mean was 58/tree, with a range of 26 to 61 fruit/tree. 
x Fruit that would not meet grade standards for USDA Extra Fancy grade. 
w SBFS = sooty blotch and flyspeck. 
v Fruit surface russetting for each apple was evaluated by observing the most severe russetted face of each fruit and assigning 

a russet rating where 1= no russet or raised lenticels; 2= raised lenticels; 3 = slight russetting between lenticels; 4 =  
extensive russet lines over sections of the fruit; 5= solid russetting visible on fruit surfaces. Fruit rated 3, 4, or 5 were 
considered out-of-grade. 

u Means followed by the same small letter are not significantly different (P≤0.05, Fisher's protected LSD). 
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APPLE (Malus x domestica  'McIntosh,' 'Ginger Gold', 'Golden Delicious') D. A. Rosenberger, F. W. Meyer,  
 Apple scab; Venturia inaequalis  A. L. Rugh, L. R. Sudol, and T.M. Hyatt 
 Cedar apple rust; Gymnosporangium juniperi-virginianae Cornell's Hudson Valley Laboratory 
 Quince rust; Gymnosporangium clavipes PO Box 727, Highland, NY  12528  
 Fruit russet; physiological  
 
New SDHI Fungicides Used Alone or in Combinations for Early-Season Disease Control on Apples, 2012. 

 

Treatments were replicated four times in a randomized block design in a 14-yr-old orchard containing trees on MM.111 
rootstocks with M.9 interstems planted with 25 ft between rows, 10 ft between trees within rows, and 20 feet between plots 
within rows. Each plot consisted of one tree on which the lower scaffolds were McIntosh and the upper portion of the trees 
had been grafted to Ginger Gold. Plots within rows were separated by 10-ft-tall cedar trees that limited drift from one plot to 
another, and cedar hedges of a similar height were located on two sides of this triangular orchard. As a result, apple trees in 
this block were exposed to extremely high concentrations of inoculum for cedar apple rust and quince rust. All treatments 
were applied with a tractor-powered high-pressure handgun at 250 psi and trees were sprayed to drip. Treatment dates and 
details of the product application schedules are listed in the footnote for Table 2. Sprays other than the designated test 
products were applied with an airblast sprayer to all plots including control trees.  The airblast sprayer was calibrated to 
deliver 52 gal of spray solution per acre in this block. 

No apple scab infection periods occurred until the time that McIntosh trees were at late bloom. Scab infections from the 
first infection period that occurred 21-24 Apr (1.6 in. rain, 36 hr wetting, 42°F) when trees were nearing petal fall were 
visible by 7 May. Additional primary scab infection periods (with the corresponding rainfall, hr of wetting, and mean 
temperatures) occurred 1-4 May (0.9, 31, 51), 7-10 May (0.75, 35, 56), 14-16 May (0.54, 30, 62), 21-11 May (1.47, 28, 62), 
26-28 May (0.18, 21, 66), and 29-31 May (0.97, 20, 65). Additional scab infection periods included five in June, five in July, 
and six in August. The period from 15 Jun to 25 Jul was dry with a total of only 1.9 in. rain. Details of data collection are 
provided in table footnotes. All data was analyzed using SuperANOVA statistical software package from Abacus Concepts. 

Because of the dry prebloom weather, only the applications made on 2 May (petal fall) and 14 May (1st cover) had any 
impact on treatment comparisons. There was not enough disease to be worth evaluating on cluster leaves, and the incidence 
of scab on terminal leaves and fruit in control plots remained low. All of the treatments had less scab on Mac terminal leaves 
on 4 Jun than was present in the control plots (Table 2), but that was not true for evaluations of Mac and Ginger Gold 
terminal leaves later in June when many of the treatments were not significantly different from the controls. Grand means 
from combined analysis of the 29 Jun Mac and 20 Jun Ginger Gold showed that Luna Sensation provided better scab control 
than Luna Tranquility and a number of other treatments, and Luna Sensation was the only treatment that was superior to the 
standard program of Captan plus Manzate. BAS700 used alone (Trt 9) was more effective than the combination of BAS700 
plus Manzate Pro-Stick (Trt 10) in the combined analysis for both cultivars. If the adjuvants in Manzate Pro-Stick impede 
redistribution of the BAS700, that could have contributed to this unexpected result because redistribution of the sprays 
applied on 2 and 14 May would have been critical for controlling scab on the new terminal leaves that were unfolding rapidly 
during this time. Rainfall was recorded on 10 of the 22 days during which the sprays applied on 2 and 14 May should have 
controlled scab. Thus, there was adequate rainfall to redistribute fungicides that were not tightly bound to leaves. All of the 
treatments provided good control of apple scab on fruit (Table 3), although the Flint + Manzate combination (Trt 3) was 
weaker than most other treatments when Mac fruit were evaluated on 26 Jun. 

All of the treatments except the Captan + Manzate combination suppressed powdery mildew (Table 4), but Luna 
Sensation was stronger than Luna Tranquility in the 21 May evaluation and showed the same trend in the second evaluation. 
The combination of BAS700 and BAS914 provided the best control of rust on terminal leaves (Table 4). On Ginger Gold, 
Luna Tranquility, Merivon + Captan, BAS700 used alone, and BAS700 + Captan were no better than the controls, and on 
Golden Delicious the latter two had more rust than the controls. Because rust was more prevalent than scab on leaves in this 
trial, the percentages of leaves with no disease followed the same pattern observed for rust diseases (Table 5), with the 
combination of BAS700 + BAS914 providing the largest proportion of disease-free leaves. None of the treatments were 
better than the Captan + Manzate standard for protecting Ginger Gold fruit from cedar apple rust (Table 6). 

Weather conditions during the prebloom, bloom and petal fall periods caused an unusual amount of raised lenticels and 
fruit russetting in this block (Table 8).  Ginger Gold, which is usually not prone to russet, had 60% of control fruit out-of-
grade due to russet. All of the treatments suppressed russet, but Manzate combinations with Captan (Trt 2), Flint (Trt 3), 
Merivon (Trt 7) and BAS700 (trt 10) had the lowest incidence of russet although most other treatments were statistically 
equivalent.  None of the treatments had any impact on frost-related damage on Ginger Gold or on surface russet on McIntosh 
(Table 9). 
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TABLE 1: Analysis of fungicide resistance in the test block used for this trial based on leaves collected in 
June of 2011 (Courtesy of Dr. Kerik Cox). 

    

Orchard name: Pond Block     

Fungicide 
class 

Common name 
Trade 
names 

Baseline 
Average RG1 

Threshold 
Average RG1 

Your Orchard 
Average RG1 

% of Isolates over 
90% or % with 

qualitative 
resistance2 

guanidines Dodine Syllit FL 28.1 54.9 30.4 0 

DMI Myclobutanil Rally 
40WSP 

24.7 55.0 59.8 18.2 

DMI Difenoconazole Inspire 24.7 55.0 22.8 0 
QoI (Stroby) Trifloxystrobin Flint 5.6 22.5 4.3 0 
 

 
RG = relative growth on agar amended with the discriminating dose of fungicide compared to growth on 

control plates. 

 

 
Figure 1 (above): Frost damage to Ginger Gold apples showing frost cracks (left) and frost ring (right).  Effects of treatments 

(or lack thereof) on the incidence of these frost-related injuries is shown in Table 9. 
 
Figure 2 (right): Golden Delicious apples rated as having frost 

damage. The apple in the lower left has frost cracks similar to 
those shown on Ginger Gold in Figure 1.  The apple on the 
lower right shows frost-induced russet in a pattern that 
suggests the flower petals froze to the fruitlet surface during 
late bloom.  The stem-end russetting on the apple in the rear 
may or may not be directly related to frost, but apples with 
severe stem-end russet were counted as having frost injury 
because this kind of damage was unusually prevalent in this 
block as compared to other blocks on our farm where the 
recorded temperatures 27-30 April were several degrees 
warmer than those recorded in this test block. 
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Table 2. Effects of treatments on foliar scab. 
                  Terminal leaves with scab (%) y  
Fungicides and rates of formulated   Ginger Grand means 
products applied per acre         McIntosh           Gold both cultivars 
(rates/100 gal = [rate/A]/3) z 4 Jun 29 Jun 20 Jun 20 & 29 Jun x 
  1. Control ............................................................................................. 6.4     c w  9.9   b 7.6     c 8.6       d 
  2. Captan 80WDG 2 lb + Manzate Pro-Stick 75DF 3 lb  .................... 0.7 ab  5.7 ab 1.2 ab 3.4   bc 
  3. Flint 50WDG 2 oz  + Manzate Pro-Stick 3 lb .................................  0.7 ab  1.7 a 0.6 ab 1.1 ab 
  4. Luna Sensation 4.2SC 4 fl oz  + Manzate Pro-Stick 3 lb ................  0.0 a  0.9 a 0.2 a 0.5 a 
  5. Luna Tranquility 4.16 SC 11.2 fl oz  + Manzate Pro-Stick 3 lb .....  0.8 ab  2.0 a 2.5 abc 2.3   b 
  6. Merivon 4.17SC 4 fl oz + Sylgard 309 4 fl oz/100 .........................  0.4 ab  4.2 ab 2.4 abc 3.3   b 
  7.      (same as trt #6) + Manzate Pro-Stick 3 lb ..................................  0.5 ab  2.0 a 1.1 ab 1.5 ab 
  8.      (same as trt #6) + Captan-80 2 lb  ..............................................  0.5 ab  2.2 a 0.9 ab 1.5 ab 
  9. BAS700 2.47SC 3.3 fl oz + Sylgard 4 fl oz  ...................................  1.0   b  3.6 ab 1.6 abc 2.6   b 
10.      (same as trt #9) + Manzate Pro-Stick 3 lb ..................................  1.1   b  4.8 ab 6.2   bc 5.5     c 
11.      (same as trt #9) + Captan-80 2 lb  ..............................................  1.1   b  1.5 a 1.6 ab 1.6 ab 
12.      (same as trt #9) + BAS-914  4 fl oz  ..........................................  0.4 ab  2.2 ab 0.6 ab 1.4 ab 
P-value (or grand means for cultivars) ...............................................  <0.001 3.4 B 2.2 A    
z Treatments indicated were applied to drip with a handgun on 1 Apr (tight cluster), 11 Apr (pink), 2 May (petal fall), and 14 

May (1st cover).  Other fungicide sprays were applied via airblast to the entire orchard, including control plots as follows:  
Manzate Pro-Stick 3 lb/A was applied on 23 Mar (green tip), 20 Apr (bloom) and 25 May (2nd cover); Flint 2 oz/A + 
Captan-80 2 lb/A was applied on 1 Jun; Topsin M 70WSB 12 oz/A + Captan-80 2 lb/A were applied on 22 & 30 Jun, 25 
Jul, and 2 Aug; Flint 2.5 oz/A was applied on 14 July: and Pristine 38W 15 oz/A was applied on 17& 29 Aug. 

y Foliar scab evaluations are from all leaves on 15 terminals/tree, with  the  number of leaves per terminals averaging 13.1 
and 15.1 for Macs on 4 and 29 Jun, respectively, and 12 leaves/terminal for Ginger Gold on 20 June. 

x Grand means from split-plot analysis across both cultivars: P-values for effects of treatments, cultivar, and the 
treatment*cultivar interaction were  <0.001, 0.001, and 0.7.02, respectively.   

w Means followed by the same small letter are not significantly different (P≤0.05) as determined by applying Fisher's 
protected LSD to the results from split-plot analysis. 

 
 
Table 3. Effects of treatments on fruit scab. 
                              Fruit with scab (%)     
Fungicides and rates of formulated Ginger Mc- Mc- Ginger Golden 
products applied per acre Gold Intosh Intosh Gold Delicious 
(rates/100 gal = [rate/A]/3) z 20 Jun y 26 Jun y 14 Aug s 8 Aug w 1 Oct v 
  1. Control ...................................................................  11.0  b u 9.7     c 9.7   b 13.3   b 5.6     c 
  2. Captan-80 2 lb + Manzate Pro-Stick 3 lb  ................  2.0 a 0.5 ab 0.0 a 0.7 a 0.7 ab 
  3. Flint 2 oz  + Manzate Pro-Stick 3 lb ........................  6.0 a 2.3   b 0.3 a 1.7 a 0.0 a 
  4. Luna Sensation 4 fl oz  + Manzate Pro-Stick 3 lb ...  0.5 a 0.0 a 1.6 a 0.3 a 0.0 a 
  5. Luna Tranquility 11.2 fl oz  + Manzate P-S 3 lb .....  0.5 a 0.0 a 0.3 a 1.0 a 0.7 ab 
  6. Merivon 4 fl oz + Sylgard 309 4 fl oz/100 ...............  1.5 a 0.0 a 1.3 a 0.7 a 0.9 ab 
  7.    (same as trt #6) + Manzate ProStick 3 lb ..............  2.0 a 0.5 a 0.0 a 0.0 a 0.0 a 
  8.    (same as trt #6) + Captan-80 2 lb  .........................  1.0 a 0.5 a 0.7 a 0.3 a 0.0 a 
  9. BAS700 3.3 fl oz + Sylgard 4 fl oz  .........................  2.0 a 0.0 a 0.7 a 2.0 a 0.7 a 
10.    (same as trt #9) + Manzate ProStick 3 lb ..............  3.4 a 0.0 a 1.5 a 1.0 a 3.7   bc 
11.    (same as trt #9) + Captan-80 2 lb  .........................  0.5 a 0.0 a 2.6 a 1.0 a 0.3 a 
12.    (same as trt #9) + BAS914  4 fl oz  .......................  1.0 a 0.0 a 1.0 a 1.0 a 0.3 a 
P-values ........................................................................... 0.030 <0.001 0.001  <0.001 0.001 
z See the first footnote on Table 1 for details of fungicide formulations and spray timing. 
y Ginger Gold and McIntosh fruit evaluations in Jun were based on observations from 50 fruit/tree. 
s McIntosh fruit evaluations on 14 Aug were from 75 fruit/tree (if available): mean was 67/tree; range was 12 to 77/tree). 
w Ginger Gold fruit evaluations on 8 Aug were from 75 fruit/tree. 
v Golden Delicious fruit evaluations on 1 Oct were from 75 fruit/tree. 
u Means followed by the same small letter are not significantly different (P≤0.05, Fisher's protected LSD). 
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Table 4. Effects of treatments on the incidence of powdery mildew and rust on leaves. 
        Terminal leaves (%) with rust x  
Fungicides and rates of formulated % Ginger Gold term.  Ginger Golden Grand mean 
products applied per acre leaves with mildew y Gold Del. for both 
(rates/100 gal = [rate/A]/3) z 21 May 20 Jun 20 Jun 29 Jun cultivars w 
  1. Control .....................................................................  22.3    c v 15.3      d 48.5          e 30.1   b 39.3     cde 
  2. Captan-80 2 lb + Manzate Pro-Stick 3 lb  ................  17.9    c 13.9    cd 33.2   bc 27.4   b 30.3   b 
  3. Flint 2 oz  + Manzate Pro-Stick 3 lb ........................    3.5 ab 2.4 ab 30.3   bc 29.1   b 29.7   b 
  4. Luna Sensation 4 fl oz  + Manzate Pro-Stick 3 lb ...    1.5 a 3.1 ab 32.7   bc 28.4   b 30.8   bc 
  5. Luna Tranquility 11.2 fl oz  + Manzate P-S 3 lb .....    6.0   b 5.3   bc 40.1     cde 31.3   bc 35.7   bc 
  6. Merivon 4 fl oz + Sylgard 309 4 fl oz/100 ...............    1.1 a 1.5 ab 33.8   bcd 34.1   bc 33.9   bc 
  7.      (same as trt #6) + Manzate ProStick 3 lb ............    4.0 ab 3.3 ab 30.0   b 30.4   b 30.2   b 
  8.      (same as trt #6) + Captan-80 2 lb  .......................    2.5 ab 0.9 a 43.5       de 32.0   bc 37.8   bcd 
  9. BAS700 3.3 fl oz + Sylgard 4 fl oz  .........................    5.1   b 1.3 ab 45.9         e 48.4       d 47.1         e 
10.      (same as trt #9) + Manzate ProStick 3 lb ............    1.9 ab 4.8   bc 33.3   bc 32.0   bc 32.7   bc 
11.      (same as trt #9) + Captan-80 2 lb  .......................    2.3 ab 2.1 ab 49.9         e 41.3     cd 45.6       de 
12.      (same as trt #9) + BAS914  4 fl oz  .....................    2.2 ab 1.1 ab 11.2 a 12.4 a 11.8 a 
P-value (or grand means for cultivars) ....................... <0.001 <0.001 31.5 B 36.0 A 
z See the first footnote on Table 1 for details of fungicide formulations and spray timing. 
y From observations on the all unfolded leaves on 15 terminal shoots/tree. Mean number of leaves/tree was 148 (range 121 to 

183) on 21 May and 180 (range 150 to 221) on 20 June. 
x From observations on the all unfolded leaves on 15 terminal shoots/tree. Mean number of leaves/tree for Ginger Gold on 20 

Jun was 180 (range 150 to 221) and for Golden Delicious on 29 Jun was 211 (range of 156 to 249). 
w Grand means from split-plot analysis across both cultivars: P-values for effects of treatments, cultivar, and the 

treatment*cultivar interaction were  <0.001, 0.004, and 0.138, respectively.   
v Means followed by the same small letter are not significantly different (P≤0.05. Fisher's protected LSD). 
 

Table 5. Effects of treatments on factors that are primarily associated with rust diseases. 
 % Ginger Gold terminal  Golden Delicious Mac leaves  
Fungicides and rates of formulated  leaves on 20 Jun with  y  terminal lvs (%) (%) on 20 Jun 
products applied per acre No necrotic on 29 Jun with with moderate to 
(rates/100 gal = [rate/A]/3) z disease x leaf spot w necrotic blotches v severe yellowing u 
  1. Control .....................................................................  34.2        e t 40.2        e 18.9 41.6     c 
  2. Captan-80 2 lb + Manzate Pro-Stick 3 lb  ................  50.8  bcd 21.1 ab 17.7 31.0   bc 
  3. Flint 2 oz  + Manzate Pro-Stick 3 lb ........................  48.4    cd 38.9      de 22.7 13.6 ab 
  4. Luna Sensation 4 fl oz  + Manzate Pro-Stick 3 lb ...  56.8  bc 21.3 ab 14.1 9.4 a 
  5. Luna Tranquility 11.2 fl oz  + Manzate P-S 3 lb .....  45.6      d 34.6    cde 18.4 15.6 ab 
  6. Merivon 4 fl oz + Sylgard 309 4 fl oz/100 ...............  56.8  bc 27.2 abc 18.7 11.2 a 
  7.      (same as trt #6) + Manzate ProStick 3 lb ............  60.2  b 28.8  bcd 20.4 22.9 ab 
  8.      (same as trt #6) + Captan-80 2 lb  .......................  47.8    cd 31.1  bcde 19.3 14.2 ab 
  9. BAS700 3.3 fl oz + Sylgard 4 fl oz  .........................  45.4      d 35.7    cde 23.4 37.4     b 
10.      (same as trt #9) + Manzate ProStick 3 lb ............  50.7  bcd 33.0    cde 19.2 17.8 ab 
11.      (same as trt #9) + Captan-80 2 lb  .......................  45.0      d 33.2    cde 19.7 18.0 ab 
12.      (same as trt #9) + BAS914  4 fl oz  .....................  73.6 a 17.9 a 23.2 18.9 ab 
P-values ........................................................................... <0.001  0.002 0.870 0.003 
z See the first footnote on Table 1 for details of fungicide formulations and spray timing. 
y From observations on the all unfolded leaves on 15 terminal shoots/tree. Mean number of leaves/tree for Ginger Gold on 20 

Jun was 180 (range 150 to 221). 
x Leaves that were free of scab, mildew, rust, and necrotic leaf spot.  Rust and necrotic leaf spot accounted for most of the 

disease in fungicide plots. 
w Necrotic leaf spots were small circular spots <3 mm diameter and generally were associated with failed rust infections. 
v Necrotic blotches on Golden Delicious leaves were irregular shaped areas of necrosis (cause unknown) that were usually > 

5 mm diameter (See Figure 4). 
u Yellowing on McIntosh leaves (see Figure 3) refers to yellowing around sites where rust spores initiated infections that 

failed to develop either due to the incompatible cultivar/pathogen interaction or to the post-infection activity of 
fungicides. 

t Means followed by the same small letter are not significantly different (P≤0.05, Fisher's protected LSD). 
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Figure 3.  Rust-induced yellowing on McIntosh leaves photographed on 19 June 2012.  Effect of treatments on the incidence 

of this phenomenon is reported in Table 5. 

 

  
 
 
 

Figure 4. Necrotic blotches of unknown etiology on Golden 
Delicious leaves photographed 19 June 2012. See Table 
5 for effect of treatments on this phenomenon. 

Figure 5.  Rust lesions on Ginger Gold photographed 
the same day as the Mac leaves in Figure 3. 
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Table 6. Effect of treatments on disease incidence on Ginger Gold fruit. 

             Disease incidence (%) on Ginger Gold fruit    
Fungicides and rates of formulated          At harvest on 8 Aug x    
products applied per acre     Cedar apple rust       Quince black lenticel 
(rates/100 gal = [rate/A]/3) z 20 Jun y 8 Aug w rust rot spots 

  1. Control .......................................................................  27.5       e w 24.4      d 7.3 1.7 1.0 
  2. Captan-80 2 lb + Manzate Pro-Stick 3 lb  ....................  1.0 ab 1.0 ab 1.3 1.0 1.0 
  3. Flint 2 oz  + Manzate Pro-Stick 3 lb ............................  1.5 ab 4.7   bc 0.7 1.4 0.0 
  4. Luna Sensation 4 fl oz  + Manzate Pro-Stick 3 lb .......  1.5 a 2.3 ab 1.3 0.3 0.3 
  5. Luna Tranquility 11.2 fl oz  + Manzate P-S 3 lb .........  3.5 abc 3.0 abc 1.0 0.3 0.7 
  6. Merivon 4 fl oz + Sylgard 309 4 fl oz/100 ...................  5.0     c 3.7 abc 1.0 1.0 0.7 
  7.      (same as trt #6) + Manzate ProStick 3 lb ................  1.5 ab 3.3 abc 0.3 0.0 0.3 
  8.      (same as trt #6) + Captan-80 2 lb  ...........................  3.0 abc 2.7 abc 0.3 0.3 0.0 
  9. BAS700 3.3 fl oz + Sylgard 4 fl oz  ...........................  13.9      d 7.7     c 2.7 1.3 3.7 
10.      (same as trt #9) + Manzate ProStick 3 lb ................  4.0   bc 1.3 ab 0.0 1.7 8.0 
11.      (same as trt #9) + Captan-80 2 lb  ...........................  4.0   bc 1.3 ab 0.0 0.0 0.0 
12.      (same as trt #9) + BAS914  4 fl oz  .........................  1.5 ab 0.3 a 0.7 0.0 0.0 

P-values ...........................................................................  <0.001 <0.001 0.221 0.856 0.206 
z See the first footnote on Table 1 for details of fungicide formulations and spray timing. 
y Ginger Gold fruit evaluations in Jun were based on observations from 50 fruit/tree. 
x Ginger Gold fruit evaluations on 8 Aug were from 75 fruit/tree. 
w Means followed by the same small letter are not significantly different (P≤0.05, Fisher's protected LSD). 
 
 
 
Table 7. Effect of treatments on disease incidence on Golden Delicious fruit. 

Fungicides and rates of formulated Disease incidence (%) on Golden Delicious fruit harvested on 1 Oct x 
products applied per acre Cedar apple Quince black fly- sooty no 
(rates/100 gal = [rate/A]/3) z      rust rust rot speck blotch disease 

  1. Control ......................................................................... 10.9     c 1.0 2.3     c 29.4 15.5 49.7       d 
  2. Captan-80 2 lb + Manzate Pro-Stick 3 lb  ....................   1.0 ab 0.0 1.0 abc 36.0 12.0 61.0    cd 
  3. Flint 2 oz  + Manzate Pro-Stick 3 lb ............................   1.0 ab 0.7 0.7 ab 37.6 20.3 57.1    cd 
  4. Luna Sensation 4 fl oz  + Manzate Pro-Stick 3 lb    .......1.0 ab 0.3 0.3 a 27.2 7.6 69.5  bc 
  5. Luna Tranquility 11.2 fl oz  + Manzate P-S 3 lb .........   0.7 ab 0.7 0.7 ab 34.7 13.9 59.4     cd 
  6. Merivon 4 fl oz + Sylgard 309 4 fl oz/100 ...................   1.3 ab 0.0 0.3 a 24.9 4.2 71.3   bc 
  7.      (same as trt #6) + Manzate ProStick 3 lb ................   0.0 a 0.0 2.0   bc 24.0 5.3 73.0 abc 
  8.      (same as trt #6) + Captan-80 2 lb  ...........................   1.7   b 0.3 0.7 ab 18.0 6.0 77.4 ab 
  9. BAS700 3.3 fl oz + Sylgard 4 fl oz  .............................   5.7     c 0.3 0.3 a 25.7 11.3 67.3   bc 
10.      (same as trt #9) + Manzate ProStick 3 lb ................   0.0 a 0.0 0.3 a 29.7 11.3 66.7   bc 
11.      (same as trt #9) + Captan-80 2 lb  ...........................   1.3 ab 0.3 0.3 a 35.7 13.3 56.0     cd 
12.      (same as trt #9) + BAS914  4 fl oz  .........................   0.0 a 0.0 0.0 a 10.6 4.6 87.4 a 

P-values .............................................................................  <0.001 0.383  0.040  0.069  0.222 0.004 
z See the first footnote on Table 1 for details of fungicide formulations and spray timing. 
x Golden Delicious fruit evaluations on 1 Oct were from 75 fruit/tree. 
y Means followed by the same small letter are not significantly different (P≤0.05, Fisher's protected LSD). 
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Table 8. Effects of treatments on fruit finish at harvest. 

          Incidence (%) of fruit with surface defects     Mean russet 
Fungicides and rates of formulated Macs on 14 Aug y Out-of-grade from russet      rating for  
products applied per acre rough  surface Ginger Gold Golden Del.w Golden Del. 
(rates/100 gal = [rate/A]/3) lenticels russet 8 Aug x 1 Oct at harvest 

  1. Control ........................................................................... 26.0 0.0 60.3        d   75.8         e 3.11       d 
  2. Captan-80 2 lb + Manzate Pro-Stick 3 lb  ...................... 16.7 0.3 5.0 ab 35.0 ab 2.19 a 
  3. Flint 2 oz  + Manzate Pro-Stick 3 lb .............................. 19.4 1.6 8.7 ab 42.6 abc 2.34 ab 
  4. Luna Sensation 4 fl oz  + Manzate Pro-Stick 3 lb ......... 38.5 1.0 12.3 abc 48.2  bcd 2.51 ab 
  5. Luna Tranquility 11.2 fl oz  + Manzate P-S 3 lb ........... 20.2 0.3 14.3 abc 35.1 ab 2.22 a 
  6. Merivon 4 fl oz + Sylgard 309 4 fl oz/100 ..................... 17.7 0.0 14.7 abc 43.7 abc 2.32 ab 
  7.      (same as trt #6) + Manzate ProStick 3 lb .................. 25.7 0.7 3.0 a 31.3 a 2.23 a 
  8.      (same as trt #6) + Captan-80 2 lb  ............................. 25.8 1.7 11.6 abc 27.2 a 2.21 a 
  9. BAS700 3.3 fl oz + Sylgard 4 fl oz  ............................... 21.2 0.3 19.5     c   55.0     cd 2.59   bc 
10.      (same as trt #9) + Manzate ProStick 3 lb .................. 18.6 0.0 3.3 a 38.6 abc 2.29 ab 
11.      (same as trt #9) + Captan-80 2 lb  ............................. 26.6 0.7 11.2 abc 31.1 a 2.24 a 
12.      (same as trt #9) + BAS914  4 fl oz  ........................... 19.7 1.6 19.3   bc 64.1       de 2.89     cd 

P-values .................................................................................. 0.314 0.616  <0.001 <0.001 <0.001 
z See the first footnote on Table 1 for details of fungicide formulations and spray timing. 
y McIntosh fruit evaluations on 14 Aug were from 75 fruit/tree (if available): mean was 67/tree; range was 12 to 77/tree). 
x Ginger Gold fruit evaluations on 8 Aug were from 75 fruit/tree. 
w Golden Delicious fruit evaluations on 1 Oct were from 75 fruit/tree. 
v Means followed by the same small letter are not significantly different (P≤0.05, Fisher's protected LSD). 
 

Table 9. Effects of treatments on factors that were or might be related to freeze damage that occurred in late April. 

                  Incidence (%) of fruit with surface defects        
 Macs y Ginger Gold x % Golden Deli- 
Fungicides and rates of formulated with evaluated 20 Jun      cious evaluated 
products applied per acre surface Frost  Frost 1 Oct with  
(rates/100 gal = [rate/A]/3) russet ring cracks frost  damagew 

  1. Control ..................................................................................  0.0  26.0 21.0 19.2 
  2. Captan-80 2 lb + Manzate Pro-Stick 3 lb  .............................  0.3 14.0 8.0 9.3 
  3. Flint 2 oz  + Manzate Pro-Stick 3 lb .....................................  1.6 23.6 9.0 9.0 
  4. Luna Sensation 4 fl oz  + Manzate Pro-Stick 3 lb ................  1.0 29.0 17.5 7.3 
  5. Luna Tranquility 11.2 fl oz  + Manzate P-S 3 lb ..................  0.3 31.0 16.0 14.1 
  6. Merivon 4 fl oz + Sylgard 309 4 fl oz/100 ............................  0.0 22.0 10.0 7.9 
  7.      (same as trt #6) + Manzate ProStick 3 lb .........................  0.7 24.0 11.0 7.7 
  8.      (same as trt #6) + Captan-80 2 lb  ....................................  1.7 30.8 17.4 8.0 
  9. BAS700 3.3 fl oz + Sylgard 4 fl oz  ......................................  0.3  32.4 11.9 6.3 
10.      (same as trt #9) + Manzate ProStick 3 lb .........................  0.0 17.3 9.5 11.0 
11.      (same as trt #9) + Captan-80 2 lb  ....................................  0.7 17.0 10.0 13.9 
12.      (same as trt #9) + BAS914  4 fl oz  ..................................  1.6 22.4 19.4 14.5 

P-values ..................................................................................... <0.616  0.269 0.597 0.555 
z See the first footnote on Table 1 for details of fungicide formulations and spray timing. 
y McIntosh fruit evaluations on 14 Aug were from 75 fruit/tree (if available): mean was 67/tree; range was 12 to 77/tree). 
x Ginger Gold fruit evaluations on 8 Aug were from 75 fruit/tree.  See Figure 2 for examples of the frost injury on Ginger 

Gold. 
w Golden Delicious fruit evaluations on 1 Oct were from 75 fruit/tree. 
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APPLE (Malus x domestica 'Jerseymac’,  'Redcort’, 'Golden Delicious') D. A. Rosenberger, F. W. Meyer,  
 Apple scab; Venturia inaequalis  A. L. Rugh, L. R. Sudol, and T.M. Hyatt 
 Copper residues Cornell's Hudson Valley Laboratory 
  PO Box 727, Highland, NY  12528  
 

OBJECTIVE:  The objective of this trial was to compare a traditional copper hydroxide formulation (Kocide 3000) with 
the new Mastercop formulation (copper sulfate) that contains a much lower concentration of elemental copper, and also to 
evaluate the effectiveness of a soil application of a proprietary product to determine its impact on foliar diseases. Both copper 
products were applied at label rates, but the Mastercop treatment contained only 12% as much elemental copper as the 
Kocide 3000 treatment. Both the copper foliar sprays and the soil treatment were applied only once, when trees were at green 
tip, which is the traditional timing for copper applications aimed at suppressing fire blight inoculum in apples.  Our intention 
was to leave trees unsprayed after green tip and to monitor suppression of apple scab during the prebloom period.  Apple scab 
was intended to serve as a surrogate measure of residual copper activity, and we assumed that copper residues capable of 
suppressing apple scab would also suppress fire blight. 
 

METHODS:  Treatments are shown in Table 1 and are numbered non-sequentially because these treatments were 
randomized along with a larger group of other conventional fungicide treatments. Treatments were replicated four times in a 
randomized complete-block design in an orchard planted in 2001 wherein each plot contained one Cameo tree on Bud.9 
rootstock and one tree each of Royal Court and Honeycrisp on EMLA.111 rootstocks with M.9 interstems. Trees were spaced 
at 10 ft between trees within the row and 25 ft between rows. Plots within rows were separated by large cedar trees that 
limited drift between adjacent plots. Except for the soil-applied Trt 12, the other treatments were applied using a PTO-driven 
high-pressure sprayer and handgun with the output pressure adjusted to 250 psi. Trees were sprayed to drip. Product K was 
sprayed on the soil surface within the herbicide strip beneath the treated trees, and the rate per sprayed acre was adjusted to 
the desired amount by using a timed application (via stopwatch) to deliver the appropriately adjusted concentration of 
product after determining the output per minute delivered by the Solo backpack sprayer used to apply the product. Product K 
(Trt 12) is a proprietary product that presumably does not include copper, but it was applied as a soil treatment at green tip 
and was included in this trial to measure its residual effectiveness against apple scab. 

Fungicides were applied to Trts 1-12-13-14 on 22 March. After the first spray at green tip, treatment 1 served as the 
control plot and was therefore left unsprayed until the entire block was treated with a cover spray of Manzate 3 lb/A on 25 
May, about three weeks after trees in this block reached petal fall.  Treatment 2, which was the commercial standard that was 
expected to provide complete control of scab, was applied on 13 and 20 Apr and on 4 and 17 May. Following the green tip 
applications on 22 March, Trts 12-13-14 were left unsprayed until petal fall and were then sprayed out with Manzate 3 lb/A 
on 4 and 17 May. 

Elemental copper concentrations on the sprayed trees were assessed by collecting tissue samples from the control and 
from copper treated trees on 22 Mar (after the sprays applied that morning had dried) and on 3 and 30 Apr.  Each sample 
consisted of 25 flower buds selected from the Cameo tree in each plot.  Samples from each tree were dried in a forced air 
oven at 120ºF for several days before they were sent for tissue analysis that was performed by A&L Eastern Laboratories, 
7621 Whitepine Road, Richmond, VA 23237. Samples from each replicate were dried and analyzed separately. Rainfall 
between the first and second sampling totaled 0.73 inches, and another 1.60 inches of rain occurred between the second and 
third sampling.  On the 30 Apr sample date, we also removed bark samples from each tree for a separate analysis of copper 
content because of concerns that differences in copper concentrations in the buds might have been masked by the increased 
amount of leaf tissue that had developed since the treatments were applied. The bark samples consisted of outer bark down to 
the cambium and consisted of rectangles approximately 14 mm wide by 25 mm high that were cut from the trunk three to five 
feet above the ground on three different sides of each tree using a Jones Patch budder, which is a device with 4 razor blades 
in a rectangular pattern that can be used to remove bark sections for grafting. A total of three bark samples were collected 
from the trunks of each tree that was sampled. 
 

RESULTS:  The Kocide treatment had higher copper residues than either the Mastercop treatment or the control plots on 
both of the first dates when copper residues were assessed (Fig. 1, Table 2).  Copper residues in the Mastercop-treated and 
the control trees (Trt 1) did not differ even for samples collected shortly after treatments dried on 22 Mar.  Additional 
analyses comparing only the Mastercop and control treatment (Trt 1) while omitting the other treatments shown in Table 1 
also failed to detect any significant differences in copper residues between those two treatments.  Comparing copper residues 
for Trts 1 and 12 using only the 22 Mar sample date was negative (P=0.17) as was the result from a repeated measures 
analysis of just those two treatments across all three sample dates (P= 0.163). However, if the mean background levels of 
copper detected in control plots are subtracted from treatment means for both the Kocide and Mastercop treatments as 
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measured on the 22 Mar and 3 Apr sample dates, and if the latter two treatments are then compared, the ratios of residual 
copper detected in Mastercop versus Kocide treatments were .114 and .150 for the 22 Mar and 3 Apr sample dates, 
respectively. The ratios for copper detected on the two dates is almost identical to the 0.116 ratio for the rates of elemental 
copper that were applied in the respective plots. Thus, not surprisingly, the comparative amounts of copper detected on the 
sprayed trees matched what one would expect given the differences in the rates of elemental copper that was applied.   

Unfortunately, our attempts to measure biological activity was compromised by the fact that no scab infection period 
occurred until 30 days after the test treatments were applied.  By that time, the trees were in full bloom. (Note that the 
cultivars in this block and the orchard location resulted in delayed phenology compared to our M.9 block which was nearing 
petal fall by 17 Apr.) The first infection period occurred 21-24 Apr (1.6 in. rain, 36 hr wetting, 42°F) and lesions from this 
infection period began appearing by 7 May. Additional primary scab infection periods (with the corresponding rainfall, hr of 
wetting, and mean temperatures) relevant to this trial occurred 1-4 May (0.9, 31, 51). Scab assessments were delayed until 14 
May to ensure that all infections that occurred during the 21-24 Apr infection period would be visible, but that delay added 
some ambiguity to the results. 

The standard program (Trt 2) provided complete control of early-season scab. Both Product K and Kocide had less scab 
than the control plots (Trt 1) when scab was evaluated on 14 May, suggesting that the 22 Mar applications may have helped 
to suppress scab in those plots.  However, there is a slight possibility that the scab assessments on 14 May were compromised 
by the fact that Trts 12-13-14 were all sprayed with Manzate at 10:35 AM on 4 May and the control plots were not sprayed 
on that date. It is possible that 4 May Manzate application could have suppressed scab that was developing from the infection 
period on 1-4 May although we do not know if infections from 1-4 May were fully visible at the time the data was collected. 
The mean temperature from 4 May to 13 May (prior to sample collection on 14 May) was 59.8ºF, and the modified Mill's 
table from A.L. Jones indicates that an incubation period of 11 days is required for scab infections to become visible.  
Therefore, anything that happened after 3 May should not have impacted the scab evaluations done on 14 May.  Furthermore, 
given the temperatures during the 24 hr prior to the 4 May Manzate application (mean of 55ºF), Manzate applied on 4 May 
would have provided only 12-18 hr post-infection activity.  Based on wetting hours recorded by our NEWA station, and 
assuming an 18 hr kickback for the Manzate application on 4 May, then prior to the kickback effect we had 24 hr of wetting 
with a mean temperature of 50.4ºF, which was enough to initiate scab infections that would not have been suppressed by the 
Manzate application on 4 May. Given all of these uncertainties, it is not at all clear whether the scab suppression noted for 
Trts 12 and 14, compared to the control plots, represents residual activity of these treatments or is only an artifact of our 
experimental design.  The data would have been less ambiguous if the scab evaluations had been done a few days earlier 
before there was any chance that the 4 May applications could skew the results. 

 
CONCLUSIONS:  Because there were no infection periods prior to 21 April, this was an inconclusive test for evaluating 

the scab control as affected by green tip applications of the copper and the soil-applied Product K. Copper residues from both 
treatments were fully depleted by the 2.3 inches of rain that occurred during the 39 days between the application date and the 
third residue sampling date. 

Copper residues detected by tissue sampling after sprays had been applied were proportional to the amounts of elemental 
copper that had been applied.  However, the residue data suggest that copper products with low concentrations of elemental 
copper such as Mastercop and Cueva (see Table 3) may be better suited for repeated in-season applications (as might be used 
to control scab in commercial orchards) rather than the traditional green-tip application for fire blight where the best results 
presumably occur if copper residues persist on trees for extended periods after application. 
 
Table 1. Products tested, growth stages and dates when they were applied. 
Fungicides and rates of    Growth stages and dates for treatments  
formulated product applied per acre GT z PK BL PF 1C 2C  
    (rate/100 gal = [rate/A]/3) 3/22 4/13 4/20 5/4 5/17 5/25  

  1. Control ........................................................................................................ M y .......  ..........  ..........  ...........  ......... M y  
  2. Flint 50WDG 2 oz + Manzate Pro-Stick 75DF 3 lb + Sylgard x .................  M ..... X y ...... X ....... X ......... X ........ M   
12. Product K (GT treatment only) .................................................................... X ........  ..........  ........ M ......... M ........ M   
13. Kocide 3000 46.1%DF 3.5 lb/A (GT only) ................................................. X ........  ..........  ........ M ......... M ........ M   
14. Mastercop 21.46%L 3 pt/A (GT only) ......................................................... X ........  ..........  ........ M ......... M ........ M   
z GT = green tip; PK = pink; BL = bloom; PF = petal fall; 1C = 1st cover; 2C = 2nd cover. 
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y M = dates when Manzate Pro-Stick 1 lb/100 gal was applied alone; X = dates that test products were applied. No fungicides 
were applied on dates/treatments that are blank.  

x Aplied with Sylgard 309 4 fl oz/100. 
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Table 2. Effects of treatments on scab incidence and on copper residues detected on test trees.  
Materials and rates % Cameo terminal       Copper ppm in tissue samples listed below  
of formulated product leaves with scab Buds Buds Buds Bark 
per Acre on 14 May 22 Mar 3 Apr 30 Apr 30 Apr 
1. Control (Manzate Pro-Stick 3 lb 
              applied only on 22 March) ....................    9.3     c 49.3   b 35.3   b 23.3 17.5 
2.  Manzate 3 lb/A   
      + Flint 50WD 2 oz/A  + Sylgard  ..................    0.0 a 
12.  PrK  8.5 fl oz/A ............................................    4.9   b 
13. Mastercop 5.4%  3 pts ...................................    6.9   bc    60.0   b 38.3   b 26.0 17.0 
14. Kocide 3000 30%  3.5 lb ...............................    5.5   b 143.3 a 55.3 a 22.8 22.0 
P value for treatment ..........................................   <0.001 0.001 0.001 0.578 ns 0.139 ns 
The Mastercop treatment contained only 11.6% as much elemental copper as the Kocide 3000 treatment (1.9 oz/A of 

elemental copper versus 16.8 oz/A. 
 
 
Table 3. Comparison of different copper fungicide formulations and the amounts of elemental copper that would be applied 
to apples at green-tip to control fire blight if the maximum label rates of the respective products were applied. 
  Metallic Labeled Maximum labeled  
 Copper copper rate/A for rate of metallic 
Product formulation equivalent apples copper/A/application 
Mastercop Copper sulfate pentahydrate 21.46% 5.4% 3 qt/A 5.2 oz/A 
Cueva Copper octanoate 10% 1.8% 2-4 qt/A 2.3 oz/A 
Kocide 3000 copper hydroxide 46.1% 30% 3.5-7 lb/A 33.6  oz/A 
Kocide 2000 copper hydroxide 53.8% 35% 6-12 lb/A 67.2  oz/A 
Nordox cuprous oxide 83.9% 75% 5-10 lb/A 120.0  oz/A 
C-O-C-S copper oxychloride 74.8% 50% 2-4 lb/100 gal 30.0  oz/A 
Bordeaux 2-2-100 Basic copper sulfate 98%* 53% 2 lb/A 17.0  oz/A 
Cuprofix Ultra 40 Disperss  basic copper sulfate 71.1% 40% 5-7.5 lb/A 48.0  oz/A 
* Most current labels for basic copper sulfate do not allow applications at the rates required to make the standard old 

Bordeaux 8-8-100 if one assumes this mixture would be applied at 300 gal/A or 24 lb of copper sulfate/A. 
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Figure 1. Effects of treatments and intervening rainfall on copper residues detected on three 

different dates after treatments were applied on 22 March. 
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APPLE (Malus x domestica 'Honeycrisp,' 'Royal Court,' 'Cameo') D. A. Rosenberger, F. W. Meyer,  
 Apple scab; Venturia inaequalis  A. L. Rugh, L. R. Sudol, and T.M. Hyatt 
 Cedar apple rust; Gymnosporangium juniperi-virginianae Cornell's Hudson Valley Laboratory 
 Quince rust; Gymnosporangium clavipes PO Box 727, Highland, NY  12528  
 Powdery mildew; Podosphaera leucotricha  
 Black rot; Botryosphaeria obtusa 
 
SDHI Fungicides for Apple Disease Control in Programs Limited to Two Chemistries per Treatment, 2012. 

The objective of this trial was to compare SDHI fungicides for their effectiveness in controlling early-season apple 
diseases.  We arbitrarily decided that all treatments involving SDHI fungicides would be applied with only two fungicide 
ingredients in the tank mix. Therefore products like Fontelis were mixed with another fungicide whereas package mix 
products such as Merivon, Luna Sensation, and Luna Tranquility were applied alone. Product K is a proprietary compound 
that may or may not include an SDHI fungicide, but we included it here on the assumption that is an SDHI package mixed 
with some other chemistry.  This trial also included several copper treatments applied only at green tip and a soil application 
of Product K at green tip.   

Treatments were evaluated in an orchard planted in 2001 wherein each plot contained one Cameo tree on Bud.9 rootstock 
and one tree each of Royal Court and Honeycrisp on EMLA.111 rootstocks with M.9 interstems. Trees were spaced at 10 ft 
between trees within the row and 25 ft between rows. Plots within rows were separated by large cedar trees that limited drift 
between adjacent plots. Leaves collected in June of 2011 and tested by Dr. Kerik Cox showed that the scab population in this 
block was high-resistant to myclobutanil but still susceptible to dodine, difenoconazole, and trifloxystrobin (Table 1). Except 
for the soil-applied Trt 12, treatments were applied using a PTO-driven high-pressure sprayer and handgun with the output 
pressure adjusted to 250 psi. Trees were sprayed to drip. Product K was sprayed on the soil surface within the herbicide strip 
beneath the treated trees, and the rate per sprayed acre was adjusted to the desired amount by using a timed application (via 
stopwatch) to deliver the appropriately adjusted concentration of product after determining the output per minute delivered by 
the Solo backpack sprayer used to apply the product. Treatment dates and application schedules are shown in Table 2. After 
the third cover spray was applied on 1 Jun, no other fungicides were applied until 22 Jun, by which time most data had been 
collected from these plots. Beginning on 22 Jun, the plots used for this trial were re-randomized and assigned to other 
fungicide treatments used for the summer trial reported on pages 35-43 of this report. Incidence of early-season diseases 
(scab, rust, black rot) were recorded when fruit in these plots reached maturity and were harvested, but the harvest data may 
have been confounded to some degree by the summer treatments that were applied to the re-randomized plots.  All data was 
analyzed using SuperANOVA statistical software package from Abacus Concepts.  

Scab infections from the first infection period that occurred 21-24 Apr (1.6 in. rain, 36 hr wetting, 42°F) when trees were 
at petal fall were visible by 7 May. Additional primary scab infection periods (with the corresponding rainfall, hr of wetting, 
and mean temperatures) occurred 1-4 May (0.9, 31, 51), 7-10 May (0.75, 35, 56), 14-16 May (0.54, 30, 62), 21-11 May (1.47, 
28, 62), 26-28 May (0.18, 21, 66), and 29-31 May (0.97, 20, 65). Our original intent was to apply our test treatments at tight 
cluster, pink, petal fall, and first cover with a mancozeb spray applied at bloom to break up the sequence of SDHI treatments 
into two blocks of two sprays each.  However, because no infection periods occurred until late bloom, we opted omit the 
intervening mancozeb spray so as to maximize our ability to detect differences among the fungicides being tested. 

Results from the copper treatment are discussed in a separate write-up on pages 26-28 of this report, but data is also 
included in the tables presented here. Incidence of foliar scab in the controls was low because of the dry weather and because 
control plots received a fungicide spray at green tip and then again beginning on 25 May. All of the SDHI treatments (Trts 3-
11) provided good control of scab on Cameo, but only Luna Sensation, Luna Tranquility, and Product K were better than the 
control when Royal Court leaves were evaluated on 7 Jun, and that group was joined by Syllit + Manzate for evaluations 
completed on 21 Jun (Table 3).  IKF-5411 + Manzate was less effective than most of the other treatments on Royal Court 
leaves, perhaps because it was applied without an adjuvant to enhance absorption into the leaves.  

Merivon provided the best control of scab on Royal Court fruit in the 11 Jun evaluation, but all of the other SDHI 
treatments were statistically equivalent to Merivon except for the treatments involving Luna Sensation and IKF-5411 (Table 
4). Treatments 2-11 all provided equivalent control of scab on Cameo in the 19 Jun evaluation. 

Mildew control on Royal Court was similar for Trts 2-10, but Trt 11 (Product K) was less effective than Trt 5 Fontelis + 
Manzate and Trt 9 (Luna Sensation (Table 5).  On Cameo, Trts 2-11 all provided excellent mildew control except for Trt 4 
(Syllit + Manzate) which was less effective.  

Treatments differed somewhat in their ability to control cedar apple rust on leaves and fruit and rust-related leaf spotting 
and leaf yellowing (Tables 5, 6, and 9). Treatments had no effect on the incidence of quince rust which was quite low even in 
the controls. Effects of treatment on the percentages of leaves with no diseases was largely driven by the incidence of rust 
and necrotic leaf spotting (Table 7). 
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A unique leaf yellowing became evident on Honeycrisp in early August. Insecticide sprays applied to this block shortly 
before the yellowing appeared included Imidan 3.4 lb/A plus Liquid Calcium 405 1 qt/A plus LI-700 1 pt/100 gal on 25 July 
and Leverage 360 2.8 fl oz/A plus LI-700 1 pt/100 gal on 2 Aug (for stink bug control). The cause of this late summer leaf 
yellowing is unknown, but severity of the yellowing was impacted by the early-season treatments that had been applied 
(Table 8). However, the amount of yellowing may also have been impacted by the summer treatments that were applied after 
these plots were re-randomized in June.   

Treatments differed in the amount of black rot evident on Cameo at harvest, with treatments involving Syllit and Product 
K providing less control than the better treatments (Table 9). However, these results may have been confounded by the 
summer treatments that were applied because the summer treatments also segregated in their effectiveness against black rot 
on Cameo (see page 41 of this report). 

 

TABLE 1: Analysis of fungicide resistance in the N40 block based on leaves collected in June of 2011  
(Courtesy of Dr. Kerik Cox). 

Orchard name: North-40     

Fungicide class Common name 
Trade 
names 

Baseline Average 
RG1 

Threshold 
Average RG1 

Your Orchard 
Average RG1 

% of Isolates over 90% or 
% with qualitative 

resistance2 

guanidines Dodine Syllit FL 28.1 54.9 27.0 0 

DMI Myclobutanil Rally 
40WSP 

24.7 55.0 89.4 55.6 

DMI Difenoconazole Inspire 24.7 55.0 36.5 0 
QoI (Stroby) Trifloxystrobin Flint 5.6 22.5 3.6 11.1 

1.  
 

  RG = relative growth on agar amended with the discriminating dose of fungicide compared to growth on control plates. 

 
 
Table 2. Products tested, growth stages and dates when they were applied. 
Fungicides and rates of    Growth stages and dates for treatments  
formulated product applied per acre GT z PK BL PF 1C 2C 3C 
    (rate/100 gal = [rate/A]/3) 3/22 4/13 4/20 5/4 5/17 5/25 6/1 

  1. Control ........................................................................................................ M y .......  ..........  ..........  ...........  ......... M y CF y 
  2. Flint 50WDG 2 oz + Manzate Pro-Stick 75DF 3 lb* x ................................  M ..... X y ...... X ....... X ......... X ........ M  CF 
  3. Syllit 3.4F 24 fl oz  + Manzate Pro-Stick 3 lb* ........................................... M ....... X ...... X ....... X ......... X ........ M  CF 
  4. Fontelis 1.67SC 14 fl oz + Indar 2F  6 fl oz*  .............................................. M ....... X ...... X ....... X ......... X ........ M  CF 
  5. Fontelis  14 fl oz + Manzate Pro-Stick 3 lb*  .............................................. M ....... X ...... X ....... X ......... X ........ M  CF 
  6. IKF-5411 400SC 12.5 fl oz + Manzate Pro-Stick 3 lb ................................. M ....... X ...... X ....... X ......... X ........ M  CF 
  7. BAS-700 2.47SC 3.3 oz + Manzate Pro-Stick 3 lb *  .................................. M ....... X ...... X ....... X ......... X ........ M  CF 
  8. Merivon 4.17SC 4 fl oz*  ............................................................................. M ....... X ...... X ....... X ......... X ........ M  CF 
  9. Luna Sensation 4.2SC  4 fl oz ...................................................................... M ....... X ...... X ....... X ......... X ........ M  CF 
10. Luna Tranquility 4.16SC 11.2 fl oz ............................................................. M ....... X ...... X ....... X ......... X ........ M  CF 
11. Product K (four spray) ................................................................................. M ....... X ...... X ....... X ......... X ........ M  CF 
12. Product K (GT treatment only) .................................................................... X ........  ..........  ........ M ......... M ........ M  CF 
13. Kocide 3000 46.1%DF 3.5 lb/A (GT only) ................................................. X ........  ..........  ........ M ......... M ........ M  CF 
14. Mastercop 21.46%L 3 pt/A (GT only) ......................................................... X ........  ..........  ........ M ......... M ........ M  CF 
z GT = green tip; PK = pink; BL = bloom; PF = petal fall; 1C = 1st cover; 2C = 2nd cover. 
y M = dates when Manzate Pro-Stick 1 lb/100 gal was applied alone; X = dates that test products were applied. CF = Captan 

80WDG 2 lb/A + Flint 50WG 2 oz/A.  No fungicides were applied on dates/treatments that are blank. All treatments 
through 17 May were applied with a handgun.  Treatments applied on 25 May and 1 June were applied with an airblast 
sprayer that delivered 50 gal of spray solution per acre. 

x Asterisks indicate treatments where test products were applied with Sylgard 309 4 fl oz/100. 
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Table 3: Effects of treatments on foliar apple scab. 
Fungicides and rates of                       Terminal leaves with scab (%)                 
formulated product applied per acre Cameo                  Royal Court                
    (rate/100 gal = [rate/A]/3)z 11 Juny 7 Junx 21 Jun  
  1. Control ...................................................................................  9.8      dew 4.7     cd 6.9    cd   
  2. Flint 2 oz + Manzatez 3 lb* ...................................................   0.6 abc 1.1 abc 2.5 abc   
  3. Syllit  24 fl oz  + Manzate 3 lb* .............................................  1.4   bc 2.3   bc 1.0 a   
  4. Fontelis  14 fl oz + Indar 6 fl oz*  ..........................................  1.2   bc 1.8 abc 2.2 abc   
  5. Fontelis  14 fl oz + Manzate  3 lb*  .......................................  0.7 abc 1.3 abc 2.0 abc   
  6. IKF-5411 12.5 fl oz + Manzate 3 lb .......................................  1.8     c 5.9      de 7.0      d   
  7. BAS-700 2 3.3 oz + Manzate  3 lb *  .....................................  1.7   bc 1.5 abc 4.2  bcd   
  8. Merivon  4 fl oz*  ...................................................................  1.0 abc 1.2 abc 1.8 abc   
  9. Luna Sensation   4 fl oz ..........................................................  0.1 a 0.4 a 0.9 a   
10. Luna Tranquility  11.2 fl oz ...................................................  1.4   bc 0.8 ab 1.4 ab   
11. Product K (four spray) ...........................................................  0.5 ab 0.5 ab 1.4 ab   
12. Product K  (GT treatment only) .............................................  8.4      d 9.5       e 6.9      d   
13. Kocide 3000 3.5 lb/A (GT only) ............................................13.2       e 11.0       e 9.7      d   
14. Mastercop 3 pt/A (GT only) ...................................................  7.0      d 9.0       e 6.6      d   
P-value .......................................................................................  <0.001 <0.001 <0.001 
z For details of product formulations and application dates, see Table 2. Asterisks indicate treatments where test products 

were applied with Sylgard 309 4 fl oz/100. 
y Based on evaluation of all leaves on 15 terminals/tree, which provided a mean of 215 leaves/tree. 
x Based on evaluation of all leaves on 15 terminals per tree, which provided a mean of 176 leaves/tree on 7 Jun and  

174 leaves/tree on 21 Jun. 
w Means within columns followed by the same small letter are not significantly different (P≤0.05, Fishers Protected LSD). 
 
Table 4: Effects of treatments on apple scab incidence on fruit. 
Fungicides and rates of                Fruit with scab (%)   
formulated product applied per acre            Royal Court                               Cameo  
    (rate/100 gal = [rate/A]/3)z 11 Juny 17 Sepx 19 Juny 5 Octw 
  1. Control ............................................................. 11.5         eu 4.9     cde  20.2   b 9.0   bcd 
  2. Flint 2 oz + Manzatez 3 lb* ..............................   0.5 ab 1.7 ab  2.0 a 0.8 a 
  3. Syllit  24 fl oz  + Manzate 3 lb* .......................   1.5 abc 1.7 ab  1.5 a 6.6 abu 
  4. Fontelis  14 fl oz + Indar 6 fl oz*  ....................   2.5 abcd 0.8 a  1.0 a 2.1 a 
  5. Fontelis  14 fl oz + Manzate  3 lb*  .................   1.5 abc 1.7 ab  1.5 a 3.7 ab 
  6. IKF-5411 12.5 fl oz + Manzate 3 lb .................   4.0   bcd 2.0 ab  2.0 a 1.3 a 
  7. BAS-700 2 3.3 oz + Manzate  3 lb *  ...............   1.0 abc 1.3 ab  3.0 a 4.6 abc 
  8. Merivon  4 fl oz*  .............................................   0.0 a 0.7 ab  1.5 a 0.4 a 
  9. Luna Sensation   4 fl oz ....................................   2.5 abcd 2.3 abc  1.0 a 1.4 ab 
10. Luna Tranquility  11.2 fl oz .............................   5.0     cd 3.0   bcd  1.8 a 2.5 ab 
11. Product K (four spray) .....................................   0.5 ab 1.0 ab  1.0 a 0.4 a 
12. Product K  (GT treatment only) .......................   8.0       de 5.3       de  13.0   b 11.2     cd 
13. Kocide 3000 3.5 lb/A (GT only) ......................   6.0       de 6.9         e  19.0   b 13.3       d 
14. Mastercop 3 pt/A (GT only) .............................   6.5       de 7.7       de  17.5   b 10.8       d 
P-value ....................................................................  0.001 <0.001 <0.001 <0.001 
z For details of product formulations and application dates, see Table 2. Asterisks indicate treatments where test products 

were applied with Sylgard 309 4 fl oz/100. 
y Based on evaluation of 50 fruitlets/tree. 
x Based on evaluation of 75 fruit/tree at harvest. 
w Based on evaluation of 60 fruit per tree where available (range = 9-61; mean = 52 fruit/tree). 
v Means within columns followed by the same small letter are not significantly different (P≤0.05, Fishers Protected LSD). 
u Attributable to a single replicate with 26% scabbed fruit whereas there was no scab in any of the other replicates. 
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Table 5: Effects of treatments on mildew and rust diseases. 
         Incidence of rust (%) on Cameo  
Fungicides and rates of Leaves with mildew (%)  Terminal         Rust on fruitw  
formulated product applied per acre Royal Court Cameo leaves Cedar-apple Quince  
(rate/100 gal = [rate/A]/3) z 23 Mayy  11 Junx 11 Junx 19 Jun 19 Jun 
  1. Control .................................................................  25.5       dv 6.4       d  54.3       d 28.8      e 2.9 
  2. Flint 2 oz + Manzatez 3 lb* ..................................    2.9 ab 0.6 a  24.5   bc 1.5 abc 0.5 
  3. Syllit  24 fl oz  + Manzate 3 lb* ...........................    6.1 abc 3.4   bc  11.7 a 0.5 ab 0.0 
  4. Fontelis  14 fl oz + Indar 6 fl oz*  ........................    2.6 ab 0.5 a  19.5 ab 0.0 a 0.5 
  5. Fontelis  14 fl oz + Manzate  3 lb*  .....................    1.5 a 0.5 a  11.6 a 0.0 a 0.0 
  6. IKF-5411 12.5 fl oz + Manzate 3 lb .....................    7.2 abc 1.3 ab  27.0   bc 1.5 abc 0.5 
  7. BAS-700 2 3.3 oz + Manzate  3 lb *  ...................    3.7 ab 0.1 a  28.0   bc 2.5 abc 0.5 
  8. Merivon  4 fl oz*  .................................................    5.0 abc 0.5 a  15.6 ab 3.5     c 0.0 
  9. Luna Sensation   4 fl oz ........................................    2.1 a 0.4 a  26.9   bc 3.0   bc 0.5 
10. Luna Tranquility  11.2 fl oz .................................    9.2 abc 0.7 a  40.1     cd 9.9      d 1.0 
11. Product K (four spray) .........................................  10.5   bc 0.3 a    9.9 a 0.5 ab 0.5 
12. Product K  (GT treatment only) ...........................    5.4 abc 2.8   bc  19.5 ab 0.5 ab 0.0 
13. Kocide 3000 3.5 lb/A (GT only) ..........................    5.2 abc 3.3     cd    9.2 a 3.0   bc 0.5 
14. Mastercop 3 pt/A (GT only) .................................  10.7     c 3.0   bc  11.6 a 1.5 abc 0.0 
P-value .........................................................................  0.002 <0.001 <0.001 <0.001 0.612  
z For details of product formulations and application dates, see Table 2. Asterisks indicate treatments where test products 

were applied with Sylgard 309 4 fl oz/100. 
y Based on evaluation of all full-sized unfolded leaves on 15 terminals/tree, which provided a mean of 157 leaves/tree. 
x Based on evaluation of all leaves on 15 terminals/tree, which provided a mean of 215 leaves/tree. 
w Based on evaluation of 50 fruitlets/tree. 
v Means within columns followed by the same small letter are not significantly different (P≤0.05, Fishers Protected LSD). 
 
Table 6. Effects of treatments on rust-related phenomenon (necrotic leaf spot and leaf yellowing). 
Fungicides and rates of Leaf rust         Necrotic leaf spotw           leaf yellowingv 
formulated product applied per acre Cameo Cameo Royal Court on Royal Court 
(rate/100 gal = [rate/A]/3) z 11 Juny 11 Juny 7 Junx on 21 Junx 
  1. Control ................................................................   54.3       du 32.1      d 36.7        f 30.3         ef 
  2. Flint 2 oz + Manzatez 3 lb* .................................   24.5   bc 16.8 abc 21.0  bcd 20.8     cde 
  3. Syllit  24 fl oz  + Manzate 3 lb* ..........................   11.7 a 16.1 a 18.6   bc 7.8 a 
  4. Fontelis  14 fl oz + Indar 6 fl oz*  ......................... 19.5 ab 17.3 abc 17.8   bc 11.3 ab 
  5. Fontelis  14 fl oz + Manzate  3 lb*  ....................   11.6 a 13.4 a 17.1   b 16.9   bcd 
  6. IKF-5411 12.5 fl oz + Manzate 3 lb ....................   27.0   bc 24.4    cd 29.6       e 25.9       def 
  7. BAS-700 2 3.3 oz + Manzate  3 lb *  ..................   28.0   bc 20.0 abc 25.3     de 17.0   bcd 
  8. Merivon  4 fl oz*  ................................................   15.6 ab 14.8 a 9.5 a 9.7 ab 
  9. Luna Sensation   4 fl oz .......................................   26.9   bc 18.9 abc 16.4  b 14.7   bcd 
10. Luna Tranquility  11.2 fl oz ................................   40.1     cd 24.1  bcd 27.8       e 36.4           f 
11. Product K (four spray) ........................................     9.9 a 14.1 a 25.0     de 10.7 ab 
12. Product K  (GT treatment only) ..........................   19.5 ab 17.2 abc 22.9   cde 15.8 abcd 
13. Kocide 3000 3.5 lb/A (GT only) ..........................    9.2 a 16.1 ab 20.6  bcd 9.8 abc 
14. Mastercop 3 pt/A (GT only) ................................   11.6 a 18.2 abc 21.7  bcd 6.4 a 
P-value .......................................................................  <0.001 0.003 <0.001 <0.001 
z For details of product formulations and application dates, see Table 2. Asterisks indicate treatments where test products 

were applied with Sylgard 309 4 fl oz/100. 
y Based on evaluation of all leaves on 15 terminals/tree, which provided a mean of 215 leaves/tree. 
x Based on evaluation of all leaves on 15 terminals per tree, which provided a mean of 176 leaves/tree on 7 Jun and  

174 leaves/tree on 21 Jun..\ 
w Most of the necrotic leaf spotting were from aborted rust infections, but some may also have been from Botryosphaeria 

obtusa, the cause of frog-eye leaf spot, especially on Royal Court. 
v Leaf yellowing is a result of heavy pressure from cedar apple rust.  See the photo of the same phenomenon on page 23 of 

this report. 
u Means within columns followed by the same small letter are not significantly different (P≤0.05, Fishers Protected LSD). 
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Table 7: Percentage of leaves and fruit that remained free of all diseases in early-season evaluations. 
    % Cameo 
Fungicides and rates of             % terminal leaves with no disease            fruit with  
formulated product applied per acre               Royal Court                 Cameo no disease 
(rate/100 gal = [rate/A]/3) z 7 Jun 21 Jun 11 Jun 19 Jun x 
  1. Control .....................................................................  56.2          i 71.7         fg 34.8         f 54.3       d 
  2. Flint 2 oz + Manzatez 3 lb* .....................................   76.7  bcde 82.9      de 68.6 abcd 96.0 a 
  3. Syllit  24 fl oz  + Manzate 3 lb* ...............................  74.7   cdef 95.2 a 74.4 ab 98.0 a 
  4. Fontelis  14 fl oz + Indar 6 fl oz*  ............................  80.2  bcd 92.9 abc 68.9 abcd 98.5 a 
  5. Fontelis  14 fl oz + Manzate  3 lb*  .........................  78.4  bcd 86.0    cde 76.8 a 98.5 a 
  6. IKF-5411 12.5 fl oz + Manzate 3 lb .........................  64.6           h 77.8        efg 61.3      de 96.5 a 
  7. BAS-700 2 3.3 oz + Manzate  3 lb *  .......................  75.2   cdef 85.3      de 64.2     cd 94.0 a 
  8. Merivon  4 fl oz*  .....................................................  89.3 a 94.8 ab 74.4 abc 95.0 ab 
  9. Luna Sensation   4 fl oz ............................................  82.9  b 90.5  bcd 65.6   bcd 96.0 a 
10. Luna Tranquility  11.2 fl oz .....................................  71.8      efgh 69.4          g 49.3         e 87.4   bc 
11. Product K (four spray) .............................................  73.2   defg 93.1 ab 76.4 ab 98.0 a 
12. Product K  (GT treatment only) ...............................  66.5         gh 82.0     def 62.8    cd 86.5   bc 
13. Kocide 3000 3.5 lb/A (GT only) ..............................  70.4      efgh 85.7     de 66.7 abcd 80.5     c 
14. Mastercop 3 pt/A (GT only) .....................................  68.6       fgh 89.5  bcd 67.0 abcd 81.5     c 
P-value ...........................................................................  <0.001 <0.001 <0.001 <0.001 
z For details of product formulations and application dates, see Table 2.  For details of fruit and leaf sampling, see footnotes 

on previous tables for data taken on the same dates. 
x Based on on-tree observations for scab and rust diseases only. 
 
 
Table 8: Effects of fungicide treatments on diseases and disorders of Honeycrisp evaluated on 3 Aug. 
Fungicides and rates of No. of reps with      % fruit on 3 Aug withy        Mean rating 
formulated product applied per acre fruit on 3 Aug (and   heat for leaf  
(rate/100 gal = [rate/A]/3) z no. of fruit by rep) Rust Russet injury yellowing x 
  1. Control ........................................................ 4  (12-19-30-18)   4.2 2.1   2.1 2.75       dw 
  2. Flint 2 oz + Manzatez 3 lb* ......................... 3  (60-0-19-60) 19.6 1.7  1.7 1.25 a 
  4. Fontelis  14 fl oz + Indar 6 fl oz*  ............... 2  (18-0-60-0) 5.0 16.1 16.1 2.25   bcd 
  5. Fontelis  14 fl oz + Manzate  3 lb*  ............ 4  (60-60-60-60) 2.5 1.3 1.3 1.50 ab 
  6. IKF-5411 12.5 fl oz + Manzate 3 lb ............ 3  (48-61-5-0) 0.0 1.1 1.1 1.50 ab 
  7. BAS-700 2 3.3 oz + Manzate  3 lb *  .......... 4  (60-61-60-16) 0.0 9.9 9.9 2.25   bcd 
  8. Merivon  4 fl oz*  ........................................ 4  (28-31-60-5) 1.3 6.0 6.0 1.75 abc 
  9. Luna Sensation   4 fl oz ............................... 3  (60-0-61-8) 0.0 7.4 7.4 1.75 abc 
10. Luna Tranquility  11.2 fl oz ........................ 3  (45-61059-0) 0.0 4.6 4.6 2.50     cd 
11. Product K (four spray) ................................ 2  (0-60-59-0) 0.0 6.8 8.7 1.50 ab 
12. Product K  (GT treatment only) .................. 3  (0-48-60-14) 0.0 6.4 6.4 2.25   bcd 
13. Kocide 3000 3.5 lb/A (GT only) ................. 2  (40-62-0-0) 2.5 1.6 1.6 2.00 abcd 
14. Mastercop 3 pt/A (GT only) ........................ 3  (0-60-60-60) 6.7 3.3 3.3 2.00 abcd 
P-value ................................................................  0.093 0.144 0.375 0.005 
z For details of product formulations and application dates, see Table 2. 
y Mean of 45 fruit/tree for those trees that had any fruit (range was 5 to 61 fruit/tree).  Only one plot in treatment 3 had fruit, 

and that treatment therefore was not included in the analyses.  Because of the large numbers of treatments that had less 
than four replicates with fruit (due to spring frosts), the data was analyzed using a completely random design rather than 
as a randomized complete block. 

x Honeycrisp trees were evaluated on 6 Aug on a scale of 1-3 (1 = no yellowing of leaves, 2= moderate yellowing, 3 = severe 
yellowing).  The cause of this yellowing is not known.  The yellowing was NOT the same as the typical yellowing of 
Honeycrisp leaves that resembles potato leafhopper damage and appeared more like trees suffering from spray 
phytotoxicity or from early senescence. 

w Means within columns followed by the same small letter are not significantly different (P≤0.05, Fishers Protected LSD). 
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Table 9: Effects of fungicide treatments on diseases and disorders of Royal Court harvested 17 Sep and Cameo fruit 

harvested 5 Oct. 
Fungicides and rates of Royal Court fruit (%) with:            Cameo fruit (%) with:   
formulated product applied per acre Quince Black cedar apple Black Fruit russet 
(rate/100 gal = [rate/A]/3) z rust rot rust rot (out-of-grade) 
  1. Control ..............................................................  3.1 4.0 9.7     cy 16.8   bcd 0.0 
  2. Flint 2 oz + Manzatez 3 lb* ...............................  1.0 3.0 1.3 abc 2.5 a 0.0 
  3. Syllit  24 fl oz  + Manzate 3 lb* ........................  0.3 4.0 0.4 ab 15.6     cd 0.0 
  4. Fontelis  14 fl oz + Indar 6 fl oz*  .....................  0.8 5.5 1.3 abc 11.2   bcd 0.0 
  5. Fontelis  14 fl oz + Manzate  3 lb*  ..................  0.0 1.3 0.8 ab 2.2 a 0.0 
  6. IKF-5411 12.5 fl oz + Manzate 3 lb ..................  1.3 1.7 0.0 a 5.2 abc 0.8 
  7. BAS-700 2 3.3 oz + Manzate  3 lb *  ................  1.3 4.9 3.8  bc 7.1 abcd 0.4 
  8. Merivon  4 fl oz*  ..............................................  0.7 2.0 2.5 abc 4.1 ab 1.2 
  9. Luna Sensation   4 fl oz .....................................  1.7 2.3 0.8 ab 6.9 abc 0.4 
10. Luna Tranquility  11.2 fl oz ..............................  1.3 4.6 7.3     c 12.0   bcd 0.0 
11. Product K (four spray) ......................................  1.3 5.7 0.0 a 16.8       d 0.5 
12. Product K  (GT treatment only) ........................  0.3 5.6 0.8 ab 6.1 abcd 0.8 
13. Kocide 3000 3.5 lb/A (GT only) .......................  1.1 6.5 0.0 a 10.7   bcd 0.8 
14. Mastercop 3 pt/A (GT only) ..............................  0.7 6.0 0.5 ab 9.4 abcd 0.4 
P-value ....................................................................  0.654 0.443 0.042 0.031 0.682  
z For details of product formulations and application dates, see Table 2.  For details of fruit sampling, see footnotes on 

previous tables for data taken on the same dates. 
y Means within columns followed by the same small letter are not significantly different (P≤0.05, Fishers Protected LSD). 
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APPLE (Malus x domestica 'Honeycrisp', 'Royal Court’, 'Cameo') D. A. Rosenberger, F. W. Meyer,  
 Black rot; Botryosphaeria obtusa  A. L. Rugh, L. R. Sudol, and T.M. Hyatt 
 Bitter rot; Colletotrichum species Cornell's Hudson Valley Laboratory 
 Sooty blotch and flyspeck; species complex PO Box 727, Highland, NY  12528  
 
Comparison of Inspire Super and Pristine for Controlling Summer Diseases on Apples, 2012.  
 

The objective of this trial was to compare Inspire Super and Pristine for their effectiveness as summer sprays and to 
determine how different spray intervals would affect the incidence of disease at harvest. In previous trials, Pristine has 
repeatedly proven to be more effective than Flint, Topsin M + Captan, or Topsin M + ProPhyt in terms of broad-spectrum 
activity against sooty blotch and flyspeck (SBFS) as well as against summer fruit decays. In several recent trials, however, 
Inspire Super has performed very well in summer sprays, but we lacked direct comparisons with Pristine, especially in 
programs where Pristine was used in more than just the last spray or two of the season. 

Treatments were evaluated in an orchard planted in 2001 wherein each plot contained one Cameo tree on Bud.9 
rootstock and one tree each of Royal Court and Honeycrisp on EMLA.111 rootstocks with M.9 interstems. Treatments were 
applied using a high-pressure handgun and trees were sprayed to drip. Treatment dates and application schedules are shown 
in Table 1, and the cumulative rainfall and hours of wetting between sprays or between the last spray and harvest for Royal 
Court and Cameo are shown in Table 2. Prior to this trial, this same block was used for evaluation of apple scab fungicides as 
described on pages 29-34 of this report. The last two fungicide sprays in that trial were applied across the entire block, so all 
plots had been treated uniformly since 25 May, four weeks before this trial was initiated. Plots were re-randomized for this 
summer treatment, but plots that served as controls or were used for IKF-5411 (Trt 6 in the spring trial) were excluded from 
this trial. Treatments were evaluated by observing 50 fruit per tree for signs of SBFS at varying time intervals through 
summer. Disease incidence was recorded for all three cultivars at harvest. 

 
Preliminary observations from the data tables (I have not yet had time for a thorough review of results!): 

Table 3: 
• Flyspeck first became evident in control plots on 10 Aug and had affected 99.5% of the fruit by 30 Aug.   
• Development of flyspeck was delayed in all treatments, but Treatments 2-3-4-5-6-12 generally had less disease than 

treatments 7-8-9-10-11. 
• Trts 7-8-9-10-11 showed a large increase in flyspeck incidence between 1 and 5 Oct, a period that included 72 hr of 

wetting.  After fruit were harvested on 5 Oct, they were held at ca. 55-65°F in a storage room until they were evaluated 
on 8 Oct.  Although it is possible that some additional SBFS signs appeared during the time between harvest and 
evaluation, we doubt that this was a significant factor because fruit were dry at harvest and during storage. 

• In paired treatments involving the same spray timings for Inspire Super and Pristine, Inspire Super was superior to 
Pristine in two of the three comparisons that showed significant differences (see means printed in bold type in Table 
3).  

• In the final evaluation, on 5 Oct, Inspire Super had less flyspeck than comparable Pristine treatments for all three of the 
paired timing comparisons (Table 4 and Fig. 1). 

Table 4: 
• Sooty blotch developed more slowly in control plots than did flyspeck.  Disease incidence in the controls reached only 

96% by the time of the last evaluation on 5 Oct.  The dip in flyspeck incidence noted on 14 Sep may reflect loss of 
colony viability due to undefined environmental parameters or it may just be a sampling artifact.  It cannot be 
attributed to red color development on the fruit because fruit were still green on 14 Sep. 

• Treatment means followed the same general patterns noted for flyspeck, but there were fewer significant differences 
among the treatments. 

• In paired treatments involving the same spray timings for Inspire Super and Pristine, Pristine provided better control of 
sooty blotch than did Inspire Super for two of the three comparisons from the last evaluation of fruit harvested 5 Oct. 

Table 5: 
• Honeycrisp harvested 23 Aug showed relatively little SBFS, but treatments 8-9-11 developed a lot more disease during 

postharvest incubation. 
• On Royal Court fruit at harvest, Inspire Super was superior to Pristine for flyspeck control in two of the three paired 

comparisons 
• Percent fruit out of grade due to SBFS was much lower than the disease incidence recorded for Cameo in Tables 3 & 4 

or for Royal Court (Table 9).  Thus, even though some treatments appeared to have a high disease incidence, Trts 2-4-
6-12 all had 6% or less fruit out-of-grade for SBFS for both Royal Court and Cameo. 



N40 Summer Trial Rosenberger et al., Highland, NY Page 36 
 20 November 2012 
 
Figure 2: 

• The full-season program (Trt-2) provided better control at the end of the season than any of the programs where one or 
two sprays were omitted during June and July.  

• The poorest control occurred where two of the first three treatments were omitted (Trts 7 and 9). 

Figure 3: 
• Omitting sprays toward the end of the season had less negative effects on disease control than omitting sprays earlier in 

the season as shown by the fact that most treatments in Fig. 3 topped out at less than 30% flyspeck and less than 40% 
sooty blotch whereas Trts 7 & 9 reached ca. 50% for both diseases (Fig. 3). 

Table 6: 
• Pristine provided better control of bitter rot than did Inspire Super in all 11 of the paired treatment comparisons in this 

table, and differences were significant in 4 of the 11 comparisons. 

Table 7: 
• Pristine provided better control of black rot than did Inspire Super in 10 of the 11 paired treatment comparisons in this 

table, and differences were significant in 2 of the 11 comparisons. 
• Some of the black rot may have become established on fruit as quiescent infections before this trial was initiated, so 

there is at least a slight possibility that the spring treatments applied in these plots may have impacted the amount of 
black rot that developed, thereby adding to the variability in our summer plots after they were re-randomized in June. 

Table 8:  
• Honeycrisp were sprayed on the same schedules used for Royal Court. 
• Some Honeycrisp trees carried only a light crop due to spring frosts.  Treatments with less than 5 fruit per tree in two or 

more replicates were not included in our data reports.  Fruit numbers for those treatments and replicates that were 
included varied considerably. 

• Treatments did not appear to affect disease incidence on Honeycrisp. 

Table 9: 
• Affects of treatments on flyspeck incidence for Royal Court are similar to those shown for Cameo (Table 4) and for fruit 

out of grade due to SBFS (Table 5). 
• In paired treatment comparisons, Inspire Super provided better control of flyspeck in all 6 of the comparisons shown in 

this table, and differences were significant in 3 of the 6 comparisons. 
• We do not know the reasons for the high variability  and concomitant inability to find significant treatment effects for 

sooty blotch. 
• However, Pristine was superior to Inspire Super for sooty blotch control in comparisons of Trts 4 vs. 5 and of 7 vs. 8, 

but not for 10 vs. 11.  

Figure 4: Graphical representation of treatment effects for various parameters measure on Royal Court fruit at harvest and 
again after incubation. 

 

Table 1. Products tested and dates when they were applied. 
 Jun Jul Jul Aug    Aug Sep Sep 
Fungicide program and rate/100 gal z 22 6 24 8     22 y 6 y 21 y 
  1. Control (no fungicides all summer) ............................................... -- ......... -- ......... -- ......... -- ......... -- ......... -- ........... -- 
  2. Inspire Super 4 fl oz (all summer) ................................................ X ......... X ......... X ........ X ......... X ....... Xc y ........ Xc 
  3. Inspire Super 4 fl oz (skip 6 Jul; end early) .................................. X ...................... X ........ X ........ Xc ....... Xc ...........  
  4. Inspire Super 4 fl oz (end early) .................................................... X ......... X ......... X ........ X ........ Xc .........  .............  
  5. Pristine 5 oz              (end early) ................................................... X ......... X ......... X ........ X ........ Xc .........  .............  
  6. Inspire Super 4 fl oz (skip 22 Jun) ..................................................  .......... X ......... X ........ X ......... X ........ Xc ......... Xc 
  7. Inspire Super 4 fl oz (skip 22 Jun & 6 July) ...................................  ....................... X ........ X ......... X ........ Xc ......... Xc 
  8. Pristine 5 oz              (skip 22 Jun & 6 July) ...................................  ....................... X ........ X ......... X ........ Xc ......... Xc 
  9. Inspire Super 4 fl oz (skip 22 Jun & 24 July) .................................  .......... X ..........  .......... X ......... X ........ X .......... Xc 
10. Inspire Super 4 fl oz (skip 22 Jun, 24 Jul, 6 Sep) ...........................  .......... X ..........  .......... X ......... X ..........  ........... Xc 
11. Pristine 5 oz              (skip 22 Jun, 24 Jul, 6 Sep) ...........................  .......... X ..........  .......... X ......... X ..........  ........... Xc 
12. Inspire Super 4 fl oz (skip 26 Jul, 8 Aug, 6 Sep) .......................... X ...................... X ..........  .......... X ..........  ........... Xc 
z Formulations were Inspire Super 2.85EW and Pristine 38W. 
y Xc = applied to Cameo only
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Treatments days rain wet days rain wet days rain wet days rain wet days rain wet
1.  Control  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---
2.  InSprS -7 sprays 21 3.02 84 14 2.8 35 18 2.5 63 15 1.5 44 14 2.1 58
3.  InSprS -5 sprays 21 3.02 84  ---  ---  --- 32 5.3 98 15 1.5 44 14 2.1 58
4.  InSprS -5 sprays 21 3.02 84 14 2.8 35 18 2.5 63 15 1.5 44 14 2.1 58
5.  Pristine - 5 sprays 21 3.02 84 14 2.8 35 18 2.5 63 15 1.5 44 14 2.1 58
6.  InSprS -6 sprays  ---  ---  --- 35 5.8 119 18 2.5 63 15 1.5 44 14 2.1 58
7.  InSprS -5 sprays  ---  ---  ---  ---  ---  --- 53 8.3 182 15 1.5 44 14 2.1 58
8.  Pristine 5 sprays  ---  ---  ---  ---  ---  --- 53 8.3 182 15 1.5 44 14 2.1 58
9.  InSprS -5 sprays  ---  ---  --- 35 5.8 119  ---  ---  --- 33 4 107 14 2.1 58
10. InSprS -4 sprays  ---  ---  --- 35 5.8 119  ---  ---  --- 33 4 107 14 2.1 58
11. Pristine - 4 sprays  ---  ---  --- 35 5.8 119  ---  ---  --- 33 4 107 14 2.1 58
12. InSprS -4 sprays 21 3.02 84  ---  ---  --- 32 5.3 98  ---  ---  --- 29 3.7 102
Hours of unprotected 
       wetting for Trt 2z 0 30 8 0 9

24-Jul6-Jul22-Jun

Spray intervals and rainfall/wetting accumulated
from the last fungicide application until the date shown

Table 2. Time, rainfall, and wetting accumulations between sprays for the N40 SBFS spray timing trial, starting
     from the last full cover spray of Captan 80WDG 2 lb/A + Flint 50WG 2 oz/A that was applied on 1 June. 

22-Aug8-Aug

 
 
 

Treatments days rain wet days rain wet days rain wet

Total un-
protected 
wetting 
hours days rain wet

Total un-
protected 
wetting 
hours

1. Control  ---  ---  ---  ---  ---  --- 123 16.8 354 280 141 20.7 519 435
2. InSprS -7 sprays 15 2.0 48 15 3.4 46 26 2.8 70 72 14 3.3 141 157
3.  InSprS -5 sprays 15 2.0 48  ---  ---  --- 40 5.0 128 134 29 6.8 187 203
4.  InSprS -5 sprays  ---  ---  ---  ---  ---  --- 40 5.0 128 117 44 8.8 235 237
5. Pristine - 5 sprays  ---  ---  ---  ---  ---  --- 40 5.0 128 117 44 8.8 235 237
6.  InSprS -6 sprays 15 2.0 48 15 3.4 46 26 2.8 70 77 14 3.3 141 162
7.  InSprS -5 sprays 15 2.0 48 15 3.4 46 26 2.8 70 153 14 3.3 141 217
8. Pristine 5 sprays 15 2.0 48 15 3.4 46 26 2.8 70 153 14 3.3 141 217
9.  InSprS -5 sprays 15 2.0 48 15 3.4 46 11 0.8 22 99 14 3.3 141 206
10.  InSprS -4 sprays  ---  ---  --- 30 5.5 94 26 2.8 70 121 14 3.3 141 245
11. Pristine - 4 sprays  ---  ---  --- 30 5.5 94 26 2.8 70 121 14 3.3 141 245
12.  InSprS -4 sprays  ---  ---  --- 30 5.5 94 26 2.8 70 176 14 3.3 141 250
Hours of unprotected 
       wetting for Trt 2z 3 7 0 100

21-Sep 5 Oct Cameo harvesty
17 Sep

Royal Court harvesty

Table 2 (continued). 
Spray intervals and rainfall/wetting accumulated

from the last fungicide application until the date shown

6-Sep

 
z "Hours of unprotected wetting" refers to the number of hours of wetting that accumulated prior to the spray date indicated if 

one assumes that all protection from the previous spray was eliminated by 2 inches of rainfall.  Wetting hours for 
calculating unprotected wetting durations were counted only for events that began after >2.0 inches of rain had already 
occurred except that on a few occasions where long wetting periods with large amounts of rain occurred, we added the 
wetting periods if the previous spray had already been exposed to >1.95 inches of rainfall. Where sprays were omitted, 
the unprotected hours were calculated by adding the unprotected hours noted for the period prior to the skipped spray 
plus all of the wetting hours recorded during the interval when the spray was omitted.  Treatment 2 was considered our 
"standard" program timing, so protection gaps for that program as applied to Cameo trees are shown at the bottom of the 
table.  

y Note that the harvest date for Royal Court was prior to the 21 Sep application date, and most Royal Court trees also were not 
sprayed on 6 Sep.  
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Table 3. Effects of treatments on development of flyspeck on Cameo fruit. 
                                    Cameo fruit with flyspeck (%)y    
Fungicide program and rate/100 gal z 10 Aug 30 Aug 14 Sep 1 Oct 5 Oct Grand meansx 
  1. Control  (no fungicides) .......... 33.7     d 99.5       f 100.0       f 100.0        f 99.5      f 86.6       f 
  2. Inspire Super  (all summer) ..............   1.0 a 3.4 a 7.6 a 16.5 abcd 5.4 a 6.8 a 
  3. Inspire Super  (skip 6/7, 9/20) ...........  1.0 a 7.0 abc 14.0 ab 14.5 abc 19.1  b 11.1 ab 
v 4. Inspire Super  (end early) .................    1.0 aw 3.4 a 7.6 a 14.0 ab 19.5  b 9.1 ab 
  5. Pristine  (end early) .................   0.5 a 3.0 ab 12.8 ab 9.0 a 41.3    cd 13.3 ab 
  6. Inspire Super  (skip 6/22) .................   1.5 ab 12.5  bcd 13.1 ab 16.3 abcd 23.8  b 13.4 abc 
  7. Inspire Super  (skip 6/22, 7/6) ..........   3.7 ab 17.5   cde 35.4     de 30.4    cde 49.4      d 27.3    cde 
  8. Pristine   (skip 6/22, 7/6) ..........   6.2   bc 28.0       e 45.7       e 34.3        e 63.7       e 35.6        e 
  9. Inspire Super  (skip 6/22, 7/6) ......      13.5     c 21.2      de 21.6  bcd 29.5      de 54.0     de 28.0      de 
10. Inspire Super  (skip 6/22, 7/6, 9/6) .. 13.5     c 21.2     de 21.6  bcd 23.5  bcde 48.4     de 25.6      de 
11. Pristine           (skip 6/22, 7/6, 9/6) ..   2.5 ab 12.7  bcd 29.6    cde 35.1        e 58.3     de 27.6    cde 
12. Inspire Super  (skip 7/6, 8/8, 9/6) ....   5.0  abc 17.2   cde 17.6 abc 16.0 abcd 28.5  bc 16.9  bcd 
Grand means for dates ..............................    6.9 A 20.5 B 27.2 C 28.3 C 42.6 D 
z For details of treatment timing, see Table 1. 
y Prior to counts made on 10 Aug, incidence of flyspeck in control plots only was determined on 24 Jul and 1 Aug and means 

were 0.0% and 17.0%, respectively. Data for the first four observation dates in the table above were collected by 
observing 50 apples per tree without removing them from the trees. Data from 5 Oct is from 60 fruit harvested from each 
tree (or all fruit available: range = 9 to 61 fruit/tree; mean = 52). 

x P-values for the repeated measure analysis for flyspeck over five observations dates for effects of treatment, date, and the 
treatment*date interaction were <0.001, <0.001, and <0.001, respectively. Letter separations were obtained by applying 
Fishers Protected LSD test (P≤0.05). 

w Data that is underlined was copied from another treatment that was treated identically in all sprays applied up until 6 Sep 
because we did not collect separate data from identical treatments. The first three observations for Trt 4 are from Trt 2 
and for Trt 9 are from Trt 10. 

v Shaded rows indicate pairs of treatments where Inspire Super and Pristine were applied on identical schedules.  Means in 
both type within those rows indicate comparisons where there were significant differences between the paired treatments. 

 
Table 4. Effects of treatments on development of sooty blotch on Cameo fruit. 
                                    Cameo fruit with sooty blotch (%)y   
Fungicide program and rate/100 gal z 10 Aug 30 Aug 14 Sep 1 Oct 5 Oct Grand meansx 
  1. Control  (no fungicides) ...........  29.0     c 54.5     c 27.0   bc 56.5     c 96.0         e 52.6     c 
  2. Inspire Super  (all summer) ...............    2.5 ab 3.2 a 10.6 a 13.5 ab 13.0 a 8.6 a 
  3. Inspire Super  (skip 6/7, 9/20) .............. 2.0 ab 7.0 ab 11.5 ab 9.0 ab 35.0   bcd 12.9 ab 
  4. Inspire Super  (end early) ......................2.5 ab 3.2 a 10.6 a 13.5 ab 26.2   bc 11.2 a 
  5. Pristine  (end early) ..................    2.0 ab 2.5 a 11.9 abc 6.0 a 18.9 ab 8.3 a 
  6. Inspire Super  (skip 6/22) ..................    4.1 ab 9.0 ab 15.4 abc 11.6 ab 28.3   bc 13.7 ab 
  7. Inspire Super  (skip 6/22, 7/6) ...........    4.7 ab 24.1   b 28.9     c 25.1   b 53.0       d 27.1   b 
  8. Pristine   (skip 6/22, 7/6) ...........    1.5 ab 7.2 ab 16.0 abc 12.9 ab 40.4     cd 15.6 ab 
  9. Inspire Super  (skip 6/22, 7/6) .............   9.5   b 8.1 ab 11.2 a 20.0   b 49.8       d 19.7 ab 
10. Inspire Super  (skip 6/22, 7/6, 9/6) ...    9.5   b 8.1 ab 11.2 a 13.4 ab 33.3   bcd 15.1 ab 
11. Pristine           (skip 6/22, 7/6, 9/6) ...    2.0 a 9.9 a 22.0 abc 22.3   b 47.5       d 20.7 ab 
12. Inspire Super  (skip 7/6, 8/8, 9/6) .....    2.5 ab 9.1 ab 14.0 abc 11.8 ab 39.1     cd 15.3 ab 
Grand means for dates ..............................    6.0 A 12.2 B 15.8 C 18.0 C 40.0 D 
z For details on spray timing, data collection, and shading/underlining/bold print in the table, see footnotes for Table 3. 
y Prior to counts made on 10 Aug, incidence of sooty blotch in control plots only was determined on 24 Jul and 1 Aug and 

means were 0.0% and 10.3%, respectively. 
xP-values for the repeated measure analysis for sooty blotch over five observations dates for effects of treatment, date, and 

the treatment*date interaction were<0.001, <0.001, and 0.003, respectively. 
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Table 5. Effects of treatments on flyspeck incidence or fruit out of grade due to SBFS across all 3 cultivars. 
 Percent Honeycrisp        Fruit (%) out of grade due to SBFSv  
 fruit with flyspecky                    Royal Courtx                  Cameow  
 at harvest after at harvest after incubation at harvest  
Fungicide program and rate/100 gal z 23 Aug incubationu 17 Sep 27 Sepu 5 Oct  
  1. Control  (no fungicides) ..................... 39.2     c 95.5       d 99.7         e 100.0         e 95.2       d 
  2. Inspire Super  (all summer) .........................   0.0 a 5.6 a 1.0 a 2.7 a 2.1 ab 
  3. Inspire Super  (skip 6/7, 9/20) .....................   0.0 a 12.6 a 6.7 abc 13.1 abc 2.1 ab 
  4. Inspire Super  (end early) ............................   0.9 a 13.0 a 3.4 ab 8.6 ab 1.7 ab 
  5. Pristine  (end early) ............................   1.8 a 13.5 ab 7.7 abc 21.3   bc 3.8 abc 
  6. Inspire Super  (skip 6/22) ............................   2.0 a 20.4 ab 5.7 abc 14.5 abc 0.0 a 
  7. Inspire Super  (skip 6/22, 7/6) .....................       10.9   bc 36.8     cd 6.0 abc 
  8. Pristine   (skip 6/22, 7/6) ..................... 15.6   bc 68.8     c 35.1       d 47.8       d 12.4   bc 
  9. Inspire Super  (skip 6/22, 7/6) .....................   7.8 ab 58.1     c 14.0     c 27.4   bcd 13.3     c 
10. Inspire Super  (skip 6/22, 7/6, 9/6) .............       6.7 abc 29.7   bcd 6.0 abc 
11. Pristine           (skip 6/22, 7/6, 9/6) .............   2.2 a 40.7   bc 31.7       d 36.9     cd 13.5   bc 
12. Inspire Super  (skip 7/6, 8/8, 9/6) .................     6.0 abc 13.7 abc 6.0 abc 
P-value  ............................................. <0.001 <0.001 <0.001 <0.001 <0.001 
z For treatment timings, see Table 1. For the significance of shaded data and bold-face type, see footnotes for Table 3. 
y Data for Honeycrisp from trts 7-10-12 were excluded because fruit were available from only one replicate in each of these 

treatments due to spring frosts. Actual fruit numbers evaluated for each replicate of the other treatments is shown in 
Table 8.  Because of the large amount of missing data (i.e., reps with no fruit), all data from Honeycrisp was analyzed 
using the analysis for a completely random design due to limitations of our statistical software package. 

x Data for Royal Court is from 75 fruit per tree. 
w Data for Cameo is from 60 fruit per tree or all fruit available: range = 9 to 61 fruit/tree; mean = 52. 
v Fruit out of grade due to sooty blotch and flyspeck did not meet the criteria for USDA Extra Fancy grade. 
u Fruit were incubated at 70°F and 100% RH for 10 days to allow incubating SBFS to become apparent on fruit surfaces. Fruit 

with decays at harvest were not incubated, so the numbers of fruit evaluated after incubation were somewhat lower than 
for fruit evaluated at harvest. 
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Figure 1. Increase in the incidence of SBFS on Cameo fruit over time showing the comparisons for Pristine (dotted lines) 

versus Inspire Super (solid lines) for three different timing comparisons (shown in three different colors). Letter separ-
ations shown to the right of each graph line are from the final evaluations from fruit harvested 5 Oct (see Tables 3-4). 
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Figure 2. Increase in the incidence of SBFS on Cameo fruit over time as affected by six different spray programs with Inspire 

Super wherein the starting times and/or the gaps between treatments were varied among treatments. Letter separations 
shown to the right of each graph line are from the final evaluations from fruit harvested 5 Oct (see Tables 3-4). 
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Figure 3. Increase in the incidence of SBFS on Cameo fruit over time as affected by five different spray programs with 

Inspire Super wherein the timing of the last spray and/or the gaps between treatments were varied among treatments. 
Note that the scale has been expanded compared to Figures 2 and 3. Letter separations shown to the right of each graph 
line are from the final evaluations from fruit harvested 5 Oct (see Tables 3-4). 
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Table 6. Effects of treatments on bitter rot across all 3 cultivars. 
                                    Fruit (%) with bitter rot   
            Honeycrispy                   Royal Courtx                   Cameow   
 at harvest after at harvest after incubation at harvest  
Fungicide program and rate/100 gal z   23 Aug incubationv 77 Sep    27 Sepv 5 Oct  
  1. Control  (no fungicides) ............................ 13.1 18.1   bc  4.0       d 4.3     c   7.7 abcd  
  2. Inspire Super  (all summer) .................................  5.8 10.1   bc 0.7 ab 2.0   bc 2.3 a  
  3. Inspire Super  (skip 6/7, 9/20) .............................  3.5 5.7 ab 1.0 abc 1.7   bc 7.5 abcd  
  4. Inspire Super  (end early) ....................................14.4 30.1     c 0.7 abc 2.1   bc 5.8 abcd  
  5. Pristine  (end early) ....................................  3.5 5.4 ab 0.0 a 0.0 a 3.3 abc  
  6. Inspire Super  (skip 6/22) ....................................  8.8 1.8 ab 1.0 abc 3.7   bc 13.3       de  
  7. Inspire Super  (skip 6/22, 7/6) .............................      1.4   bcd 2.1   bc 8.8   bcde  
  8. Pristine   (skip 6/22, 7/6) .............................  2.5 3.7 ab 1.0 abc 1.0 ab 2.5 ab  
  9. Inspire Super  (skip 6/22, 7/6) .............................  9.1 11.3 abc 2.3     cd 3.0   bc 7.5 abcde  
10. Inspire Super  (skip 6/22, 7/6, 9/6) .....................      1.3   bc 3.6     c 18.0         e  
11. Pristine           (skip 6/22, 7/6, 9/6) .....................  0.0 0.0 a 0.3 ab 1.0 ab 3.3 abc  
12. Inspire Super  (skip 7/6, 8/8, 9/6) .......................      1.3 abc 2.6   bc 12.1     cde  
P-value  .......................................................0.371 0.023 0.018 0.025 0.023  
See footnotes below Table 7. 
 
 
Table 7. Effects of treatments on the incidence of black rot across all three cultivars. 
                                    Fruit (%) with black rot   
            Honeycrispy                   Royal Courtx                   Cameow   
 at harvest after at harvest after incubation at harvest  
Fungicide program and rate/100 gal z   23 Aug incubationv 77 Sep    27 Sepv 5 Oct  
  1. Control  (no fungicides) ............................ 21.2 22.3    5.3 10.6   8.1 abc 
  2. Inspire Super  (all summer) ................................   9.0 13.2    5.4 11.7   8.7 abc 
  3. Inspire Super  (skip 6/7, 9/20) ............................ 15.0 23.1    4.0 6.3   6.2 abc 
  4. Inspire Super  (end early) ................................... 35.1 26.3    3.2 7.1   9.6 abcd 
  5. Pristine  (end early) ...................................   1.8 1.8    2.3 4.3   5.0 ab 
  6. Inspire Super  (skip 6/22) ................................... 12.7 9.2    2.7 6.7 12.9   bcd 
  7. Inspire Super  (skip 6/22, 7/6) ............................         4.8 8.9 16.2     cd 
  8. Pristine   (skip 6/22, 7/6) ............................ 10.8 14.1    5.0 6.0   4.5 a 
  9. Inspire Super  (skip 6/22, 7/6) ............................   9.6 19.0    3.3 8.0   2.9 a 
10. Inspire Super  (skip 6/22, 7/6, 9/6) ......................     6.0 16.6 19.1       d 
11. Pristine           (skip 6/22, 7/6, 9/6) ....................   1.4 3.3    3.7 5.7   3.8 ab 
12. Inspire Super  (skip 7/6, 8/8, 9/6) ...........................     5.9 11.2   7.6 abc 
P-value  ....................................................   0.155 0.075  0.715 0.165 0.021 
z For treatment timings, see Table 1. For the significance of shaded data and bold-face type, see footnotes for Table 3. 
y Data for Honeycrisp from trts 7-10-12 were excluded because fruit were available from only one replicate in each of these 

treatments due to spring frosts. Actual fruit numbers evaluated for each replicate of the other treatments is shown in 
Table 8.  Because of the large amount of missing data (i.e., reps with no fruit), all data from Honeycrisp was analyzed 
using the analysis for a completely random design due to limitations of our statistical software package. 

x Data for Royal Court is from 75 fruit per tree. 
w Data for Cameo is from 60 fruit per tree or all fruit available: range = 9 to 61 fruit/tree; mean = 52. 
v Fruit were incubated at 70°F and 100% RH for 10 (Honeycrisp) or 14 (Royal Court) days to allow incipient decays to 

develop. Fruit with decays at harvest were not incubated, so the numbers of fruit evaluated after incubation were 
somewhat lower than for fruit evaluated at harvest. However, for both Honeycrisp and Royal Court, the means for fruit 
with bitter rot or black rot after incubation represent the totals for fruit with these diseases at harvest plus those additional 
fruit that developed decays during incubation. 
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Table 8. Effects of treatments on disease incidence at harvest. 
  Honeycrisp fruit with sooty blotch  
 No. of replicates with  after incubation for 
 fruit for evaluations at harvest 10 days at 100% 
Fungicide program and rate/100 gal z and no. fruit evaluatedy 3 Aug  relative humidityx 
  1. Control  (no fungicides) ........................................  3  (60-61-0-14) 3.3 54.2 
  2. Inspire Super  (all summer) ............................................  4  (60-60-19-60) 1.3 17.8 
  3. Inspire Super  (skip 6/7, 9/20) ........................................  3  (18-31-59-0) 0.6 22.5 
  4. Inspire Super  (end early) ...............................................  4  (58-60-60-5) 0.0 25.2 
  5. Pristine  (end early) ...............................................  3  (60-48-60-0) 0.0 13.9 
  6. Inspire Super  (skip 6/22) ...............................................  4  (45-62-61-15) 4.1 23.6 
  8. Pristine   (skip 6/22, 7/6) ........................................  4  (60-61-60-60) 1.7 20.5 
  9. Inspire Super  (skip 6/22, 7/6) ........................................  3  (28-60-60-0) 0.6 28.5 
11. Pristine           (skip 6/22, 7/6, 9/6) ................................  3  (40-0-60-60) 2.5 25.7 
P value  ......................................................... 0.749  0.841 
z For treatment timings, see Table 1.  
y Data for Honeycrisp from trts 7-10-12 were excluded because fruit were available from only one replicate in each of these 

treatments due to spring frosts. Actual fruit numbers evaluated for each replicate of the other treatments is shown in 
Table 8.  Because of the large amount of missing data (i.e., reps with no fruit), all data from Honeycrisp was analyzed 
using the analysis for a completely random design due to limitations of our statistical software package. 

x Fruit were incubated at 70°F and 100% RH for 10 days to allow incipient decays to develop. Fruit with decays at harvest 
were not incubated, so the numbers of fruit evaluated after incubation were somewhat lower than for fruit evaluated at 
harvest. However, for both Honeycrisp and Royal Court, the means for fruit with bitter rot  or black rot after incubation 
represent the totals for fruit with these diseases at harvest plus those additional fruit that developed decays during 
incubation. 

 
 
 
Table 9. Effects of treatments on incidence of sooty blotch and flyspeck on Royal Court fruit. 
         Royal Court fruit (%)y Royal Court from 17 Sep after 
         harvested 17 Sep with:      incubation at 100% RH for 10 d.x  
Fungicide program and rate/100 gal z Flyspeck Sooty blotch   Flyspeck Sooty blotch  
  1. Control  (no fungicides) .......................... 100.0           h 26.6 100.0          g 52.1 
  2. Inspire Super  (all summer) ..............................   33.5 a 6.1 44.9 a 22.2 
  3. Inspire Super  (skip 6/7, 9/20) ..........................   52.5 abc 22.7 62.6 abc 24.5 
  4. Inspire Super  (end early) .................................   45.3 ab 16.7 59.9 ab 26.2 
  5. Pristine  (end early) .................................   59.0   bcde 6.3 78.1    cd 8.9 
  6. Inspire Super  (skip 6/22) .................................   62.0   bcde 15.3 69.3   bcd 26.1 
  7. Inspire Super  (skip 6/22, 7/6) ..........................   72.4      efg 36.3 79.3      de 46.6 
  8. Pristine   (skip 6/22, 7/6) ..........................   87.6        fg 11.5 92.7       ef 13.0 
  9. Inspire Super  (skip 6/22, 7/6) ..........................   75.3    def 19.0 82.3     de 26.3 
10. Inspire Super  (skip 6/22, 7/6, 9/6) ..................   69.1   cde 9.6 82.6     de 19.3 
11. Pristine           (skip 6/22, 7/6, 9/6) ..................   89.7         g 24.0 95.8        fg 32.3 
12. Inspire Super  (skip 7/6, 8/8, 9/6) ....................   57.9   bcd 20.8 67.9  bcd 32.2 
P-values  ...................................................  <0.001 0.199 <0.001 0.078  
z For treatment timings, see Table 1. For the significance of shaded data and bold-face type, see footnotes for Table 3. 
y Data for Royal Court is from 75 fruit per tree. 
x Fruit were incubated at 70°F and 100% RH for 10 days to allow incipient SBFS to develop. Fruit with decays at harvest 

were not incubated, so the numbers of fruit evaluated after incubation were somewhat lower than for fruit evaluated at 
harvest. 
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Fig. 4. Effects of treatments on disease incidence on Royal Court fruit at harvest (left-side bar in each pair) and after 

incubation at 70°F and 100% relative humidity for 10 days after harvest (right-side bar in each pair). Circled treatments 
are pairs where Inspire Super and Pristine were applied on identical schedules. 
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PEAR (Pyrus communis 'Bartlett', 'Bosc') D. A. Rosenberger, F. W. Meyer,  
 Fabraea fruit and leaf spot: Fabraea maculata  A. L. Rugh, L. R. Sudol, and T.M. Hyatt 
 Sooty blotch and flyspeck; species complex Cornell's Hudson Valley Laboratory 
 Fruit decay; Botryosphaeria obtusa, B. dothidea PO Box 727, Highland, NY  12528  
 
Evaluation of New Fungicides for Controlling Fabraea Leaf Spot on Pears, 2012.  
 

Fungicides were compared for their effectiveness for controlling Fabraea leaf and fruit spot on pears in a research 
orchard where this disease had defoliated trees in August of 2011.  The trees in the test block had been planted in 1974 with 9 
feet between trees and 20 ft between rows.  The trees have been pruned annually so as to limit tree height to ca. 10 ft.  
Treatments were replicated four times in 4-tree plots that contained two trees of each cultivar. Bosc is more susceptible to this 
disease than Bartlett. Mancozeb is very effective against Fabraea leaf spot, so during the early part of the season the trees 
were protected with Manzate Pro-Stick at 3 lb/A applied at roughly 7-day intervals until all seven applications allowed on the 
label had been used.  We then initiated the test treatments, applying them six times at approximately 14-day intervals (see 
details in the footnotes of Table 1). The early-season mancozeb sprays were applied with an airblast sprayer set to deliver 70 
gallons of spray solution per acre.  Test treatments were applied to drip using a handgun and a tractor-mounted PTO-driven 
high-pressure sprayer set at 250 psi.  Pear growth stages for Bartlett were as follows: 19 March – swollen bud; 26 Mar –green 
cluster; 2 Apr –white bud; 9 Apr– first bloom; 16 Apr –full bloom; 23 Apr – fruit set. Spring and early summer were 
relatively dry, slowing the development of the leaf spot disease progression, but control trees showed considerable disease by 
mid-June. Fabraea spores can be disseminated by pear psylla, so we maintained excellent control of pear psylla by using two 
applications of Agrimek (20 fl oz/A) plus Biocover MLT oil (1 gal/A) applied on 26 Apr and 21 May.  When psylla began to 
appear later in the season, trees were treated with Delegate (4.5 oz oz/A) plus Asana (14 fl oz/A) plus LI-700 (16 fl oz/100 
gal) on 15 Jun. Danitol 2.4EC (20 fl oz/A) plus LI-700 (16 fl oz/100 gal) was applied on 2 and 14 Aug and to control late-
season stink bugs.  

 
Table 1. Effects of treatments on foliar infections on Bosc pear trees. 
          Foliar ratings on Bosc x  
Fungicides and rates per acre z    Visual whole-tree disease ratings (Bosc)y             % leaves  
  (rate/A divided 16  27  13 Grand means infected   % defoliation  
         by 3 = rate/100 gal)  Jul Jul Aug for 3 dates w 29 Aug 29 Aug 20 Sep 
 1. Untreated control  .............................  1.06    c 1.19   c 1.38    c 1.21   c 95.5     e 54.7    c 55.7   b 
 2. Flint 50WDF  2.5 oz z  ......................  0.25 ab 0.06 a 0.44 ab 0.25 a 46.0  bc 17.4 a 18.5 a 
 3. Fontelis 1.67SC  14 oz  
         + Flint  2.0 oz z  ............................  0.31 ab 0.06 a 0.56  b 0.31 a 61.3  cd 21.8 a 26.1 a 
 4. Merivon 4.17SC  4 fl oz z  ................  0.31 ab 0.50  b 0.63  b 0.48 ab 32.3 ab 23.0 ab 24.1 a 
 5. Syllit FL 3.4SC  16 fl oz z  ................  0.19 a 0.25 ab 0.13 a 0.19 a 18.3 a 20.8 a 28.5 a 
 6. Inspire Super 2.85EW 12 fl oz z .......  0.56   b 0.63  b 1.25   c 0.81  bc 74.5   d 34.2  b 46.9  b 
z All plots were sprayed with Manzate Pro-Stick 3 lb/A + LI-700 6 fl oz/100 gal using an airblast sprayer on 7, 13, 20 and 26 

April and on 4, 13, and 21 May.  Treatments listed above were applied on 1 & 15 Jun, 3 & 17 Jul, and 1 & 16 Aug. All 
treatments were applied in combination with the surfactant LI-700 used at the rate of 8 fl oz/100 gal. 

y Ratings based on four observations per plot (both sides of each of 2 trees) using a scale of 0 = no disease evident, 1 = a few 
spots or infection loci visible, and 2 = extensive leaf spotting evident. 

x Based on counting all nodes and leaves on 10 shoots on both Bosc trees in each plot.  Percent leaves infected was 
determined by adding infected leaves and empty nodes because defoliation was attributable to disease. 

w Grand mean from repeated measures analysis across three dates. P-values for effects of treatment, date, and the 
treatment*date interaction were <0.001, <0.001 and 0.080, respectively. 

v From evaluation of 60 fruit/plot or all available fruit if <60; lowest fruit count was 17, mean for all plots was 48. 
u Means followed by the same letter do not differ significantly (P≤ 0.05, Fishers Protected LSD). 
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The severe defoliation during late summer in 2011 caused trees in this block to produce relatively few flowers  in 2012, 
and fruit set was further reduced by several spring frosts. Therefore, the number of fruit available for evaluation was limited 
and some trees had no fruit.  None of the treatments provided complete disease control, perhaps because the accumulated 
rainfall between fungicide application on 1 and 15 Jun and 3 Jul totaled 3.0 and 2.5 inches, respectively, and fungicide 
protection was presumably exhausted after two inches of rain.  Had we shortened these two spray intervals so as to reapply 
fungicides after 2 inches of accumulated rainfall, we might have averted some of the disease that showed up in even the best 
treatments as the season progressed. 

During the first of three sequential evaluations of disease on Bosc trees during summer, the control plots had 
significantly more infections than any of the other treatments by 16 Jun, and those differences persisted through the summer 
except that disease incidence in the Inspire Super plots gradually increased until, by 13 Aug, it was no better than the control 
trees that were left unsprayed during summer. Neither Merivon (Trt 4) nor Fontelis plus Flint (Trt 3) performed better than 
Flint alone (Trt 2), so the SDHI fungicides do not appear to boost activity compared to the strobilurin Flint used alone. Inspire 
Super was less effective for protection foliage than Flint or Syllit for many of the evaluations reported in Table 1. Syllit used 
at the maximum label rate was as effective as Flint. Syllit provides a different chemistry group that can be used in rotations 
during summer to control Fabraea leaf spot.   
 
 
Table 2. Effects of treatments on disease incidence on Bosc and Bartlett fruit. 
            Fruit (%) infected with Fabraea:                  Bartlett fruit (%) on 22 Aug withx 
Fungicides and rates/acre z    Bosc on 4 Sep y  Bartlett on 22 Augx Sooty    
  (rate/A divided Any >5 spots Any >5 spots blotch or Fruit  No 
         by 3 = rate/100 gal)  infection per fruit infection per fruit flyspeck decays disease 
 1. Untreated control  ...................... 95.2   b 60.8   b 81.4   b w 25.3   b 42.0 4.3 14.2   b 
 2. Flint   2.5 oz z  ............................ 18.5 a 0.0 a 11.0 a 4.9 a 21.6 0.7 68.4 a 
 3. Fontelis   14 oz  
      + Flint   2.0 oz z  ....................... 28.1 a 10.1 a 6.5 a 5.0 a 23.3 1.2 71.1 a 
 4. Merivon  4 fl oz z  ...................... 23.8 a 1.6 a 7.2 a 0.4 a 14.3 2.3 75.8 a 
 5. Syllit FL  48 fl oz z  ...................   0.0 a 0.0 a 6.0 a 1.9 a 29.2 0.8 64.2 a 
 6. Inspire Super  12 fl oz z ............. 16.1v 3.2 4.2 a 3.8 a 43.4 0.0 54.7 a 
P values ............................................ 0.002 0.001 <0.001 0.009 0.160  0.113 <0.001 
z See footnote on Table 1 for details for fungicide applications and timing. 
y From evaluation of 60 Bosc fruit/plot or all available fruit if <60. Fruit counts were low due to spring frost. Only 16 of the 

24 plots had fruit, and those plots averaged only 29 fruit/plot.  Numbers of plots with fruit and total fruit from those plots 
were as follows: Trt 1— 3 plots, total of 21 fruit;  Trt 2— 3 plots, 118 fruit;  Trt 3— 4 plots, 142 fruit;  Trt 4— 3 plots, 
77 fruit;  Trt 5— 2 plots, 80 fruit;  Trt 6— 1 plot 31 fruit. Because data was available for a varying number of replicates 
for each treatment, data were analyzed using a completely random design.  Trt 6 was not included in the analysis because 
data were available from only plot. 

x From evaluation of 60 Bartlett fruit/plot or all available fruit if <60; lowest fruit count was 17, mean across all plots was 48. 
w Means followed by the same letter do not differ significantly (P≤ 0.05) as determined using Fisher's Protected LDS. 
v Because of a large number of Bosc didn't have any fruit several treatments were missing reps, therefore treatments were 

analyzed as completely random.  Treatment 6 had only one rep and was not included in the statistical analysis. 
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APPLE (Malus x domestica 'Gala’, 'Ginger Gold', 'Minneiska') D. A. Rosenberger, F. W. Meyer,  
 Frost injury  A. L. Rugh, L. R. Sudol, and T.M. Hyatt 
  Cornell's Hudson Valley Laboratory 
  PO Box 727, Highland, NY  12528  
 
Impact of Pristine and other Fungicides on Frost Damage in Apples, 2012. 
 

BACKGROUND: Pyraclostrobin fungicide, one of the two components in Pristine, has been heavily promoted for its 
"plant health" benefits and is widely used on field crops such as corn and soybeans to promote plant health and improve 
yields despite the fact that university scientists have debated the economics and wisdom of this strategy.  BASF has also 
presented in-house data at various specialist seminars showing that Pristine fungicide can make plants more resistant to 
environmental stresses such as drought and cold injury, but there are no published field data on whether Pristine applications 
can impact survival of flowers on tree fruit crops that are exposed to frost.  Therefore, with frosts predicted for late April in 
2012 when apple trees were in latter stages of bloom, we put together a quick field trial to evaluate the benefits of a Pristine 
application just prior to the predicted frosts. We also looked at impact of fungicide treatments in another plot where 
pyraclostrobin was included in some applications. 

METHODS: In the first trial, Pristine was applied at about 6 pm on a Saturday evening, 28 Apr, prior to a predicted 
heavy frost.  The treatment was applied to two Fulford Gala trees at one end of our N40 orchard and to six Minneiska trees at 
the other end of the same orchard. In both cases, the treated trees were paired with adjacent untreated control trees. The Gala 
trees were on M.9 rootstock and were planted in 2001.  The Minneiska trees were on Bud.9 rootstock and were planted in 
2003. The Minneiska trees were roughly 10-ft lower in elevation than the Gala trees. Temperatures at each of these two 
locations were recorded with an I-button temperature recorder set to record temperatures at the start of every hour beginning 
at noon on 27 Apr and continuing through noon on 30 Apr.  The I-buttons were fastened to trees about 3 ft above ground.  I-
buttons were calibrated by first setting them to record at 1-min intervals over a 24-hr period for 48 hr in an incubator set at 
41°F and then using the data from that calibration test to adjust final temperatures recorded by the respective I-button after 
they were placed in the field. 

Unfortunately, temperatures on the night prior to the test application (night of 27-29 Apr) had dropped further than 
expected and lows of 30.1 and 30.2°F were recorded for the Gala and Minneiska trees, respectively. However, following the 
Pristine application, low temperatures recorded for the Gala and Minneiska trees, respectively, on the next two nights were 
30.3 and 28.4°F for the night of 28-29 Apr and 30.3 and 28.4°F for the night of 29-30 Apr (Fig. 1). On 8 May, 50 arbitrarily 
selected fruitlets per tree were picked from both the treated and control trees and were measured with calipers to determine 
fruitlet diameter and then were sliced in half midway between the stem and calyx so that evidence of internal damage could 
be assessed.  Another 50 fruit per tree from Gala trees were evaluated on 12 July by counting seed numbers in each fruit. 

Data on frost damage was also collected from the Pond block fungicide trial reported on pages 19-25 of our 2012 
Fungicide Tests report.  This block included three treatments with Merivon (which contains pyraclostrobin).  An I-button 
placed in a tree near the center of this orchard recorded a low temperature of 27.5°F on all three frost nights.  Test treatments 
in this block were applied on 11 Apr (16 days before the first frost) and 2 May (5 days after the first frost).  Elevation in this 
block varies by about 10 ft.  

RESULTS: Pristine applications on 28 Apr impacted seed numbers, and to a lesser extent, fruit size (P=0.08) in the 
assessments made on 8 May (Table 1).  However, both the treated and untreated Gala trees developed a full crop and there 
was no visually evident difference in fruit size or crop load.  In fact, all four of the Gala trees were somewhat overcropped 
because no chemical or hand thinning was done on these trees.  When seed count was assessed again on 12 July, there was no 
longer any evidence of treatment effects, perhaps because trees preferentially shed the fruit with low seed counts during June 
drop. On the row of 9 Minneiska trees, there was no visual effect of the Pristine treatment (6 trees) as compared to controls (3 
trees).  On all of the trees, there was a clean line midway up through the canopy below which there were not fruit. The tops of 
all of the trees had a roughly equivalent number of fruit with significant frost damage (frost rings, frost cracks) on the lowest 
of the surviving fruit.  There was no visible benefit from the Pristine application. 

In the Pond block, there was no evidence that fungicides impacted the amount of frost damage noted on fruit at harvest 
(Table 2, Fig. 2). This was not surprising since the blocking pattern used to assign treatments within the Pond block orchard 
was not optimized for measuring effects of frost damage because each of the replicates (i.e., block-factor for the randomized-
block design) included both upper elevation and lower elevation trees. 

CONCLUSION: We found no evidence that Pristine provided any commercial benefits for reducing frost damage in 
these trials.  Even though we found an impact on seed count shortly after the frost, that did not translate into better survival 
on the Minneiska trees or differences in final fruit size or crop load on the Gala trees.  The evidence that Pristine did have 
some effect on seed count suggests that Pristine might actually be affecting tree responses to cold injury in a very limited 
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way, but the likelihood that those small effects could be translated into a significant improvement in cropping are relatively 
low given that we found no benefit from Pristine applied to the Minneiska trees where the consequences of frost injury in 
both treated and untreated trees varied from total crop loss to full cropping as one moved from the bottom to the top of each 
individual tree.  
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Figure 1.  Temperatures on three successive nights (27-30 Apr) in the orchards where data was collected as derived from 

hourly readings on I-button recorders. Ironically, the lowest temperature recorded was 30.3 for the Gala trees, 28.4, for 
the Minneiska trees, and 27.5 for the coldest part of the Pond Block, and in all three locations that identical low 
temperature was recorded on each of the three nights. Pristine was applied to the Gala and Minneiska trees at the time 
shown. QoI fungicides were applied in the Pond block on 1 Apr (tight cluster), 11 Apr (pink), 2 May (petal fall) and 
were not designed to evaluate their effect on cold injury. 

 
Table 1: Effects of Pristine on frost damage as determined by evaluating various indicators on two paired sets of Gala trees 

and one pair of Minneiska for a total of three replications. 
Formulated Mean fruitlet Ratings on 8 May:           Percent fruit on 8 May with: v                     Mean seed 
product applied  diameter on  internal  seeds     Normal No No internal Complete count in Gala 
per 100 galz 8 May (mm) y browningx numbersw seed count seeds browning browning on 12 Julyu 
Control ............................  5.1 0.8 1.6   bt 63.3   b 3.3 13.0 30.6 4.97 
Pristine 38W 5 oz ............  6.0 1.0 1.9 a 90.6 a 1.2 30.3 26.2 4.91 
P value .............................  0.082  0.150  0.003  0.026 0.288  0.120  0.288  
z Pristine was applied to drip using a handgun 5:30-6:30 pm on Sat, April 28, in advance of predicted frosts for the mornings 

of April 29 and 30.  However, there were also frosts earlier in the week that may have caused damage prior to this spray. 
Treatments were applied to two paired sets of Gala trees and to one paired set of Minneiska trees. Data from the two 
trees were analyzed together. 

y Fifty randomly-selected fruitlets per tree were harvested and their diameters were measured with calipers.  
x Internal browning was rated on a scale of 1= totally brown interior; 2=limited browning evident; 3= no browning. 
w Seed numbers were assessed on a subjective scale of 1= no seeds; 2= some seeds missing; 3= full complement of seeds. 
v Based on evaluation of 50 fruitlets per tree harvested on 8 May. 
u Based on counting seeds in 50 Gala fruit from each of two trees for each treatment. Seed counts per fruit ranged from 0 to 

10, with means as shown in the table. 
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t Means followed by the same letter are not significantly different as determined using Fisher's Protected LSD test (P <0.05). 
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Table 2. Effects of treatments on factors that were or might have been related to freeze damage that occurred in late April. 

 Ginger Gold fruit (%) x Golden Delicious 
Fungicides and rates of formulated on 8 Aug that showed:   fruit (%) harvested  
products applied per acre Frost  Frost 1 Oct that showed 
(rates/100 gal = [rate/A]/3) ring cracks frost damage 

  1. Control .......................................................................................  26.0 21.0 19.2 
  2. Captan-80 2 lb + Manzate Pro-Stick 3 lb  ................................... 14.0 8.0 9.3 
  3. Flint 2 oz  + Manzate Pro-Stick 3 lb ........................................... 23.6 9.0 9.0 
  4. Luna Sensation 4 fl oz  + Manzate Pro-Stick 3 lb ...................... 29.0 17.5 7.3 
  5. Luna Tranquility 11.2 fl oz  + Manzate P-S 3 lb ........................ 31.0 16.0 14.1 
  6. Merivon 4 fl oz + Sylgard 309 4 fl oz/100 .................................. 22.0 10.0 7.9 
  7.      (same as trt #6) + Manzate ProStick 3 lb ............................... 24.0 11.0 7.7 
  8.      (same as trt #6) + Captan-80 2 lb  .......................................... 30.8 17.4 8.0 
  9. BAS700 3.3 fl oz + Sylgard 4 fl oz  ...........................................  32.4 11.9 6.3 
10.      (same as trt #9) + Manzate ProStick 3 lb ............................... 17.3 9.5 11.0 
11.      (same as trt #9) + Captan-80 2 lb  .......................................... 17.0 10.0 13.9 
12.      (same as trt #9) + BAS914  4 fl oz  ........................................ 22.4 19.4 14.5 

P-values ............................................................................................... 0.269 0.597 0.555 
z Treatments indicated were applied to drip with a handgun on 1 Apr (tight cluster), 11 Apr (pink), 2 May (petal fall), and 14 

May (1st cover).  Other fungicide sprays were applied via airblast to the entire orchard, including control plots as follows:  
Manzate Pro-Stick 3 lb/A was applied on 23 Mar (green tip), 20 Apr (bloom) and 25 May (2nd cover); Flint 2 oz/A + 
Captan-80 2 lb/A was applied on 1 Jun; Topsin M 70WSB 12 oz/A + Captan-80 2 lb/A were applied on 22 & 30 Jun, 25 
Jul, and 2 Aug; Flint 2.5 oz/A was applied on 14 July: and Pristine 38W 15 oz/A was applied on 17& 29 Aug. 

x Ginger Gold fruit evaluations on 8 Aug were from 75 fruit/tree. 
w Golden Delicious fruit evaluations on 1 Oct were from 75 fruit/tree. 
w Means followed by the same small letter are not significantly different (P≤0.05, Fisher's protected LSD). 
 
 
 
 
Figure 2 (right): Golden Delicious apples 

rated as having frost damage. The 
apple in the lower left has frost cracks 
similar to those shown on Ginger Gold 
in Figure 2.  The apple on the lower 
right shows frost-induced russet in a 
pattern that suggests the flower petals 
frost to the fruitlet surface during late 
bloom.  The stem-end russetting on the 
apple in the rear may or may not be 
directly related to frost, but apples with 
severe stem-end russet were counted as 
having frost injury because this kind of 
damage was unusually prevalent in this 
block as compared to other blocks on 
our farm where the recorded 
temperatures 27-30 April were several 
degrees warmer than those recorded in 
this test block. 
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