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Apple scab infection periods at the Hudson Valley Lab as recorded by the NEWA station and posted 
on-line at http://newa.cornell.edu/index.php?page=weather-station-page&WeatherStation=hig   

Event Start date & time End date & time 

McIntosh  
growth  
stage 

Wet 
hr 

Avg 
temp 
(F) 

Rain 
(in) 

Split 
wetting 

1 4/4/11 3:01 4/5/11 16:00 Early green-tip 19 42 0.44 Yes 

2 4/12/11 16:01 4/14/11 8:00 Green-tip 34 45 0.91 Yes 

3 4/16/11 16:01 4/20/11 21:00 Quarter-in green 50 45 2.04 Yes 

4 4/23/11 2:01 4/25/11 14:00 Early tight cluster 28 48 0.82 Yes 

5 4/27/11 2:01 4/27/11 8:00 Tight cluster 6 61 0.23  

6 4/28/11 8:01 4/28/11 15:00 Pink 7 64 0.67  

7 5/3/11 23:01 5/4/11 17:00 King bloom 18 52 0.88  

 Friday, May 6th:  Found first scab lesions in the M.9 Jerseymac controls. 

8 5/15/11 5:01 5/20/11 8:00 Petal fall 101 56 2.78 Yes 

9 5/22/11 4:01 5/24/11 9:00  29 58 0.34 Yes 

10 6/9/11 1:01 6/9/11 22:00  14 68 0.13 Yes 

11 6/11/11 7:01 6/13/11 4:00  24 59 0.51 Yes 

12 6/17/11 2:01 6/17/11 19:00  14 63 2.11 Yes 

13 6/22/11 8:01 6/25/11 10:00  53 66 2.66 Yes 

14 6/28/11 23:01 6/29/11 8:00  9 64 0.60  

15 7/3/11 5:01 7/4/11 9:00  28 67 0.43  

16 7/8/11 12:01 7/9/11 8:00  20 67 0.68  

17 7/24/11 4:01 7/26/11 9:00  32 68 0.80 Yes 

18 8/3/11 15:01 8/4/11 8:00  17 67 0.11  

19 8/6/11 16:01 8/11/11 8:00  46 67 2.23 Yes 

20 8/13/11 22:01 8/16/11 11:00  58 65 2.33 Yes 

21 8/18/11 8:01 8/19/11 19:00  9 69 0.50 Yes 

22 8/21/11 12:01 8/21/11 21:00  7 73 0.70 Yes 

23 8/25/11 9:01 8/26/11 9:00  17 68 1.42 Yes 

24 8/27/11 13:01 8/28/11 15:00  25 68 5.49 Yes 

25 9/5/11 2:01 9/6/11 11:00  29 64 2.09 Yes 
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Weather data    Spray dates for various plots-               M.9        Pond             N40  

  Date 
Avg. 
temp. 

Max. 
temp, 

Min. 
temp. 

LW 
hr 

Total 
rain 

Hours 
RH>90% 

Avg. 
wind 

Solar 
radiation 

Growth 
stage 

Spray 
date 

Inter- 
ven-
ing 
rain 

Days 
since 
last 
spray 

Spray 
date 

Days 
since 
last 
spray 

Days 
since 
last 

spray 
Spray 
date 

Inter- 
ven-
ing 
rain 

Days 
since 
last 

spray 
```````````````````````"

Fri 4/1/11 33 37 30 22 0.35 20 3.2 630               
Sat 4/2/11 41 51 34       3.8 2650               
Sun 4/3/11 43 53 35       2.8 2410               
Mon 4/4/11 44 53 37 13 0.06 6 3.5 870               
Tues 4/5/11 45 55 36 10 0.39 6 4.1 640               
Wed 4/6/11 39 50 30 6 0.02 5 3.7 2660               
Thur 4/7/11 42 54 35 10 0.03 10 2.2 2690               
Fri 4/8/11 44 52 34       3.9 3260               
Sat 4/9/11 48 62 33     6 4.8 6930 GT              
Sun 4/10/11 50 58 41       4.8 2770               
Mon 4/11/11 63 80 49 3   8 7.7 4930               
Tues 4/12/11 55 69 47 9 0.20 5 5.9 1000               
Wed 4/13/11 45 47 43 22 0.71 24 6.1 530               
Thur 4/14/11 53 65 44 9   9 6.1 6720 QIG X    X        
Fri 4/15/11 46 56 37       7.1 6530           X    
Sat 4/16/11 41 48 36 10 0.93 8 6.0 930               
Sun 4/17/11 51 57 44 10 0.75 8 6.8 5780               
Mon 4/18/11 49 59 40 4 0.03 1 4.5 4960 HIG              
Tues 4/19/11 41 44 40 16 0.33 21 7.4 1220               
Wed 4/20/11 46 56 40 19 0.01 24 2.9 1230               
Thur 4/21/11 47 52 38     2 8.0 5850               

Fri 4/22/11 41 51 30       4.1 3180 
3/4th in-
green X 2.05 8 X 2.05 8 X 2.05 7 

Sat 4/23/11 46 56 37 14 0.67 20 2.8 730               
Sun 4/24/11 59 71 53 17 0.03 15 3.6 3330               
Mon 4/25/11 54 58 51 9 0.12 24 4.0 1670               
Tues 4/26/11 67 82 54 1   10 5.8 6360               
Wed 4/27/11 68 77 61 9 0.23 12 6.0 3750 Pink              
Thur 4/28/11 65 70 62 7 0.68 17 6.4 1980 A few early flowers open         
Fri 4/29/11 56 66 44 1   1 4.8 5940 full pink on pond macs X 1.73 7     
Sat 4/30/11 55 64 46 2     7.8 7410              
Sun 5/1/11 58 69 44       4.4 6650  X 1.73           
Mon 5/2/11 54 64 45 1     3.9 3050           X 1.73 10 
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Weather data    Spray dates for various plots-               M.9        Pond             N40  

  Date 
Avg. 
temp. 

Max. 
temp, 

Min. 
temp. 

LW 
hr 

Total 
rain 

Hours 
RH>90% 

Avg. 
wind 

Solar 
radiation 

Growth 
stage 

Spray 
date 

Inter- 
ven-
ing 
rain 

Days 
since 
last 
spray 

Spray 
date 

Days 
since 
last 
spray 

Days 
since 
last 

spray 
Spray 
date 

Inter- 
ven-
ing 
rain 

Days 
since 
last 

spray 
```````````````````````"

Tues 5/3/11 63 76 53       3.5 5330               
Wed 5/4/11 51 60 46 18 0.88 20 4.3 1260               
Thur 5/5/11 52 61 44       3.8 6710               
Fri 5/6/11 57 68 44       4.8 6840       X 0.88 7     
Sat 5/7/11 57 65 51 4 0.02   3.7 4490               
Sun 5/8/11 55 65 42     6 5.2 5190               
Mon 5/9/11 58 66 50       8.9 7630 full bloom on Macs and JM         
Tues 5/10/11 59 69 47       7.0 7930               
Wed 5/11/11 59 70 49   0 4.9 5690               
Thur 5/12/11 63 76 52   1 3.4 7820  X 0.90           
Fri 5/13/11 57 65 49   6 3.9 2740           X 0.90 11 
Sat 5/14/11 59 62 56 1  1 4.7 1340               
Sun 5/15/11 57 60 53 21 0.32 24 3.0 820               
Mon 5/16/11 54 56 52 24 0.34 24 5.1 600               
Tues 5/17/11 55 61 51 19 0.70 24 6.1 1050               
Wed 5/18/11 59 66 56 18 0.92 22 5.7 1300               
Thur 5/19/11 63 72 58 15 0.50 17 4.2 3760 Petal Fall N40   X 2.42 13     
Fri 5/20/11 60 70 56 9  18 2.6 4280           X 2.78 7 
Sat 5/21/11 62 75 52 10  14 2.9 7730  X 2.78 9         
Sun 5/22/11 59 60 55 5 0.15 24 3.7 1390               
Mon 5/23/11 57 62 52 16 0.19 24 2.8 840               
Tues 5/24/11 68 78 61 10  12 2.6 3390               
Wed 5/25/11 69 79 57   5 3.5 7810               
Thur 5/26/11 71 81 59   5 5.1 7410       X 0.67 7     
Fri 5/27/11 73 84 61   7 4.2 7140           X 0.34 7 
Sat 5/28/11 73 82 64   11 3.7 7450               
Sun 5/29/11 73 82 65   9 4.3 3970               
Mon 5/30/11 75 86 66 4 0.49 13 2.7 5200               
Tues 5/31/11 6 85 65   2 3.5 7880  X 0.83 10         
Wed 6/1/11 77 86 66   8 4.2 5750               
Thur 6/2/11 65 72 54    5.6 6030               
Fri 6/3/11 62 73 49    5.3 8280               



1 November 2011 Rosenberger et al., Highland, NY, Final Report Page 5 

Weather data    Spray dates for various plots-               M.9        Pond             N40  

  Date 
Avg. 
temp. 

Max. 
temp, 

Min. 
temp. 

LW 
hr 

Total 
rain 

Hours 
RH>90% 

Avg. 
wind 

Solar 
radiation 

Growth 
stage 

Spray 
date 

Inter- 
ven-
ing 
rain 

Days 
since 
last 
spray 

Spray 
date 

Days 
since 
last 
spray 

Days 
since 
last 

spray 
Spray 
date 

Inter- 
ven-
ing 
rain 

Days 
since 
last 

spray 
```````````````````````"

Sat 6/4/11 62 77 50    1.7 6570               
Sun 6/5/11 60 66 52   7 2.7 3530               
Mon 6/6/11 68 80 57   8 4.1 8060               
Tues 6/7/11 73 85 57   5 3.4 7680               
Wed 6/8/11 79 91 65   5 2.9 7000               
Thur 6/9/11 74 90 66 14 0.13 13 3.0 5640               
Fri 6/10/11 71 79 65 9  10 4.0 6330               
Sat 6/11/11 63 68 58 19 0.13 17 4.6 1140               
Sun 6/12/11 62 68 56 7 0.24 20 3.2 2660               
Mon 6/13/11 63 70 57 5 0.14 10 2.1 5810               
Tues 6/14/11 59 63 53 12 0.04 16 4.9 2400               
Wed 6/15/11 64 79 49     7 3.3 7560   X 0.68 15 X 1.17 20       
Thur 6/16/11 67 77 54   7 2.7 6060           X 1.13 19 
Fri 6/17/11 65 75 60 14 2.11 19 2.8 2550               
Sat 6/18/11 70 82 60  0.01 10 2.5 6850               
Sun 6/19/11 68 75 60   7 3.9 7020               
Mon 6/20/11 67 79 54   9 2.3 7440               
Tues 6/21/11 70 83 58   9 1.6 4760               
Wed 6/22/11 69 72 67 13 0.49 24 1.8 1800               
Thur 6/23/11 67 69 65 18 1.39 24 2.6 1060               
Fri 6/24/11 65 69 63 14 0.53 24 2.8 1200               
Sat 6/25/11 69 78 61 10 0.26 12 2.4 4350               
Sun 6/26/11 70 78 60   6 2.1 5960               
Mon 6/27/11 71 83 59   0.01 7 2.6 7930   X 4.80 12 X 4.80 12 X 4.80 11 
Tues 6/28/11 73 81 63   6 3.5 5320               
Wed 6/29/11 69 78 63 9 0.61 9 2.0 4940               
Thur 6/30/11 69 81 57   3 1.8 8680               
Fri 7/1/11 64 75 48   6 1.1 3520               
Sat 7/2/11 70 82 55 5  9 1.2 4110               
Sun 7/3/11 65 68 62 18 0.54 18 2.5 1130              
Mon 7/4/11 73 83 66 10 0.01 11 1.7 5410               
Tues 7/5/11 74 85 60  0.53 5 2.0 8220               
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Weather data    Spray dates for various plots-               M.9        Pond             N40  

  Date 
Avg. 
temp. 

Max. 
temp, 

Min. 
temp. 

LW 
hr 

Total 
rain 

Hours 
RH>90% 

Avg. 
wind 

Solar 
radiation 

Growth 
stage 

Spray 
date 

Inter- 
ven-
ing 
rain 

Days 
since 
last 
spray 

Spray 
date 

Days 
since 
last 
spray 

Days 
since 
last 

spray 
Spray 
date 

Inter- 
ven-
ing 
rain 

Days 
since 
last 

spray 
```````````````````````"

Wed 7/6/11 75 87 61   5 3.3 7780               
Thur 7/7/11 74 83 65   7 3.5 6640               
Fri 7/8/11 68 77 65 13 0.66 17 2.4 3060               
Sat 7/9/11 72 84 63 9 0.02 11 2.8 7370               
Sun 7/10/11 72 81 58   4 2.0 7160               
Mon 7/11/11 78 87 66     5 3.1 7460   X 2.37 14 X 2.37 14 X 2.37 14 
Tues 7/12/11 81 90 73   3 2.1 7570               
Wed 7/13/11 73 84 66 2 0.19 1 3.3 6550               
Thur 7/14/11 69 78 58   1 6.0 8210               
Fri 7/15/11 71 83 59   4 2.0 7920               
Sat 7/16/11 74 85 60   6 2.5 6780               
Sun 7/17/11 77 87 65    3.7 7910               
Mon 7/18/11 77 85 71 3  3 2.2 3920  Jerseymac harvest         
Tues 7/19/11 76 85 68 3  9 3.5 7430               
Wed 7/20/11 76 88 63   5 3.0 6820               
Thur 7/21/11 83 93 72   7 4.1 7110               
Fri 7/22/11 88 100 78    2.9 7850               
Sat 7/23/11 80 94 71 1  1 2.2 4570               
Sun 7/24/11 77 85 72 9 0.08 11 1.9 3720               
Mon 7/25/11 68 74 65 13 0.69 13 2.5 820               
Tues 7/26/11 72 84 64 11 0.04 14 2.5 6560               
Wed 7/27/11 72 84 60     8 2.1 8070   X 1.00 16         
Thur 7/28/11 73 83 61     8 2.1 5640         X 1.00 17 X 1.00 17 
Fri 7/29/11 74 80 71 4 0.10 12 3.5 2930               
Sat 7/30/11 77 85 69   4 3.1 8020               
Sun 7/31/11 75 86 61   5 2.2 7920               
Mon 8/1/11 75 88 64 1 0.01 7 0.9 6350               
Tues 8/2/11 76 87 64   7 0.0 6740               
Wed 8/3/11 70 82 61 8 0.11 10 0.2 4650               
Thur 8/4/11 72 82 66 9  12 0.4 4250               
Fri 8/5/11 73 84 60 1  10 2.1 6390               
Sat 8/6/11 72 77 68 7 1.08 17 1.6 1980               
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Weather data    Spray dates for various plots-               M.9        Pond             N40  

  Date 
Avg. 
temp. 

Max. 
temp, 

Min. 
temp. 

LW 
hr 

Total 
rain 

Hours 
RH>90% 

Avg. 
wind 

Solar 
radiation 

Growth 
stage 

Spray 
date 

Inter- 
ven-
ing 
rain 

Days 
since 
last 
spray 

Spray 
date 

Days 
since 
last 
spray 

Days 
since 
last 

spray 
Spray 
date 

Inter- 
ven-
ing 
rain 

Days 
since 
last 

spray 
```````````````````````"

Sun 8/7/11 76 85 68 15 0.25 17 2.5 5530               
Mon 8/8/11 74 83 64 15 0.03 14 2.2 4580               
Tues 8/9/11 70 78 64 10 0.47 17 2.2 2420       Ginger Gold harvest     
Wed 8/10/11 73 83 63 11 0.40 12 1.9 6470               
Thur 8/11/11 69 79 59 9  9 1.3 6560               
Fri 8/12/11 69 83 53 0 0.27 7 1.6 7790   X 2.72 16         
Sat 8/13/11 69 81 58 3 0.02 11 1.7 3880               
Sun 8/14/11 66 69 61 24 0.42 24 2.5 880               
Mon 8/15/11 67 70 64 22 1.81 24 3.1 970               
Tues 8/16/11 66 74 61 12 0.08 18 3.9 4000               
Wed 8/17/11 71 84 59 6   10 1.6 6710   X 2.33 5       X 5.05 20 
Thur 8/18/11 70 80 63 7 0.23 15 1.6 3890         X 5.05 21     
Fri 8/19/11 70 82 64 4 0.27 17 1.8 5000               
Sat 8/20/11 70 83 59 4  11 1.9 6980               
Sun 8/21/11 71 79 65 7 0.70 16 3.2 2990               
Mon 8/22/11 68 76 59   11 2.2 8100               
Tues 8/23/11 65 77 53   7 1.8 7380           
Wed 8/24/11 68 78 58   5 4.6 4890           

-- N40 on-tree SBFS 
evals & HoneyC hvst 

Thur 8/25/11 71 74 67 7 1.42 19 4.5 1330               
Fri 8/26/11 72 82 64 10 0.00 14 1.4 6610               
Sat 8/27/11 70 77 66 9 0.42 22 2.7 1830               
Sun 8/28/11 68 72 66 17 5.07 15 8.9 980               
Mon 8/29/11 73 75 70 0 0.00 0 4.5 3690               
Tues 8/30/11 66 79 53 4  12 2.2 7030               
Wed 8/31/11 68 84 56     12 1.5 4840               X 8.11 14 
Thur 9/1/11 69 79 60   10 2.6 5470           
Fri 9/2/11 68 76 59   8 2.5 5650           
Sat 9/3/11 72 83 62   13 3.2 5430           

-- N40 on-tree fruit 
eval, trts 1-8  

Sun 9/4/11 74 82 70 1  19 3.8 1870               
Mon 9/5/11 69 73 62 19 1.23 21 3.5 750               
Tues 9/6/11 61 64 59 21 1.49 24 6.1 1210       Mac harvest (0.75 in rain AM prior to hvst) 
Wed 9/7/11 59 61 57 20 1.32 24 6.1 680               
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Weather data    Spray dates for various plots-               M.9        Pond             N40  

  Date 
Avg. 
temp. 

Max. 
temp, 

Min. 
temp. 

LW 
hr 

Total 
rain 

Hours 
RH>90% 

Avg. 
wind 

Solar 
radiation 

Growth 
stage 

Spray 
date 

Inter- 
ven-
ing 
rain 

Days 
since 
last 
spray 

Spray 
date 

Days 
since 
last 
spray 

Days 
since 
last 

spray 
Spray 
date 

Inter- 
ven-
ing 
rain 

Days 
since 
last 

spray 
```````````````````````"

Thur 9/8/11 65 75 60 10 2.52 24 5.3 2300  Redcort harvest         
Fri 9/9/11 68 80 63   20 3.5 3340               
Sat 9/10/11 67 77 59     14 4.5 6430   X 15.35 24 X 15.35 23     
Sun 9/11/11 64 70 59   18 3.5 2590               
Mon 9/12/11 70 79 61   13 2.5 6300               
Tues 9/13/11 70 80 61   11 3.5 5720           Royal Court harvest 
Wed 9/14/11 71 80 65     14 2.2 5460               X 6.56 14 
Thur 9/15/11 58 65 46 9 0.46 21 3.4 690               
Fri 9/16/11 53 64 44   12 2.7 6480               
Sat 9/17/11 53 61 44   11 3.0 3640               
Sun 9/18/11 56 66 46   10 3.4 6460               
Mon 9/19/11 55 66 42   11 2.8 6350               
Tues 9/20/11 60 68 53 7 0.12 22 2.6 2020  Golden Del. harvest          
Wed 9/21/11 65 73 59 6 0.10 20 2.8 2810               
Thur 9/22/11 68 76 64 14 0.48 24 1.2 2160               
Fri 9/23/11 66 68 64 18 0.59 24 2.7 640               
Sat 9/24/11 71 75 67 10 0.03 21 1.5 2400               
Sun 9/25/11 69 77 62   12 3.5 3540               
Mon 9/26/11 70 81 61   16 2.0 4670               
Tues 9/27/11 69 81 63 7  20 1.6 3430               
Wed 9/28/11 65 69 63 20 0.50 11 2.5 450               
Thur 9/29/11 64 71 57 21 2.36 13 2.8 1230               
Fri 9/30/11 61 72 49 1  12 3.2 2650           Cameo harvest 
Sat 10/1/11 54 59 46 12 0.33 24 7.1 1370               
Sun 10/2/11 53 65 44 6 0.30 17 5.2 3910               
Mon 10/3/11 51 59 42 12  16 2.3 4170               
Tues 10/4/11 54 64 46 17 0.18 20 3.2 2240               
Wed 10/5/11 59 70 50 3  9 4.2 5780       Golden Del.harvest     

Weather data is from the HVL NEWA weather station and is available on-line at http://newa.cornell.edu/  
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Background on Field Testing Methods Used for Fungicide Evaluations at the Hudson Valley Lab 
 
Experimental design: 

Randomized complete block with four replicate plots for each treatment. 
Treatments are blocked somewhat differently every year and plots are re-randomized every year except for 

special multi-year trials. However, the objective is always to maximize the homogeneity of plots within 
each rep.   

Blocking may be done on the basis of land slope, differences in anticipated inoculum density, tree quality, or 
anticipated effects of treatments from the previous year.  Blocks do not always consist of contiguous 
plots. 

Plots contain one tree of each of three cultivars, or (in the Pond block) one tree grafted with two cultivars 
plus an adjacent Golden Delicious tree. 

Methods: 
Treatments are applied to drip with a handgun, using the following assumptions: 

• Per-acre rates on product labels are designed to provide protection for mature orchards that would 
require (at least) 300 gal of dilute spray if they were sprayed to drip. 

• Therefore per-acre rates provided in company protocols are divided by 3 to arrive at a rate/100 gal 
of dilute spray. 

• Using a handgun to spray trees to drip ensures 100% coverage of fruit and foliage, but the actual 
amount of product used may exceed the nominal rate/A if trees are over-sprayed in our efforts to 
ensure 100% coverage. However, "over-spraying" will have not have any effect on disease 
control because the excess product runs off onto the ground as soon as individual leaves have 
been wetted to drip.  The only exceptions occur for products that are active via root uptake or 
products/mixtures that contain excess surfactant (see the next bullet). Otherwise, regardless of 
how many gallons of spray (i.e., how much product) are applied to the tree, the effective rate is 
still equal to the rate/A and the actual amount of spray solution that is applied per tree becomes 
irrelevant. 

• Excess surfactants can pose problems because, with reduced water tension, a leaf sprayed with 
small uniform droplets that do not coalesce may actually retain more liquid (and therefore more 
active ingredient) than a leaf that is sprayed to drip.  (More research may be needed on this 
issue?) 

• Spraying to drip is a standard testing protocol used for at least a century, and when done properly 
results will correspond very closely with results from airblast applications and commercial 
grower experience. 

Most treatments are applied from the ground with the applicator stepping between trees to spray both sides of 
each tree while the tractor is parked at the end of the plot.  However, when large numbers of treatments 
received the same product mix, treatments may be applied with a handgun while the person manning the 
handgun slowly drives by the plots, doing first one side of all plots in a row and then the other side. 

Treatments are usually applied between 5 AM and 10 AM when wind speeds are usually lowest.  However, 
this means that the earliest treatments may be applied to wet leaves (from dew or night rains) while later 
treatments are applied to dry leaves.  By spraying to drip, we assume that dilution from water present on 
leaves/fruit before sprays are applied is minimized because the trees are fully "washed" with the spray 
solution. 

The order in which treatments is applied is varied from one application to the next so as to minimize 
potential impacts of applying sprays early in the day compared to later in the day or impacts from any 
potential residues left in the tank from one spray to the next (despite careful rinsing). 

For products that are tested at multiple rates, we start with the lowest rate and work up to the higher rates or 
to tank-mix combinations, with minimal rinsing of the sprayer between treatments. 
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When switching from one product to the next, the sprayer tank is pressure rinsed, the filter is removed and 
rinsed, and two exchanges of water are run through the pump and hose before the next product is 
measured into the tank. 

Outcomes from any series of treatment comparisons are strongly affected by the spray interval and the timing 
of applications throughout the season.  For example, applying sprays 24-48 hr after critical scab infection 
periods will make DMI, anilinopyrimidine, stroby, and SDHI fungicides look much better than contact 
fungicides like the mancozeb fungicides or captan whereas applying treatments just ahead of infection 
periods will frequently result in similar levels of disease control for all classes of products.  Applying 
treatments 72-96 hr after infection will generally favor performance of DMI fungicides (at least where 
there is little or no DMI-resistance) over all other fungicide classes. We usually try to create at least one 
post-infection timing and one extended-interval spray during each season (sometimes one in spring and 
another in summer) so as to allow superior products to be differentiated from others that have less 
residual and/or post-infection activity.  

However, options for spray timing are always limited by predicted weather conditions and/or time required 
to apply treatments in other plots.  We do not attempt to apply a series of treatments until we can identify 
a 4-hr period that will be rain-free with predicted winds not exceeding 5 mph (and preferably with winds 
< 3 mph). Rainfall that disrupts treatments as they are being applied on any date can make it almost 
impossible to interpret results because some treatments will have been applied and dried before the rain, 
some will be washed off before they dry, and some will be applied after the rain. 

Maintenance sprays (insecticides, foliar nutrients, whole block fungicide treatments that preceded or follow 
the test treatments) are applied with an airblast sprayer that delivers ca 50 gal/A. 

Water is metered into spray tanks with a flow meter that is recalibrated each spring and retested periodically 
during the season. 

Data collection and statistical analyses: 
We attempt to time our data collections so as to maximize the probability of capturing the data most likely to 

show differences among treatments.  For example, work in PA many years ago showed that mildew signs 
on older terminal leaves gradually disappear or become less obvious.  We therefore rate only the 8 
youngest terminal leaves so as to avoid "diluting" the differences with large numbers of older leaves that 
are unlikely to contribute useful data.  We also try to make counts as soon as possible after 
signs/symptoms appear on leaves/fruit because delaying too long can allow early-season results to be 
confounded by later summer infections, especially in cases where secondary infections developing 
during summer may unevenly distributed depending on how much early-season disease is present in 
adjacent plots. 

In some cases, we harvest fruit prior to commercial maturity so as to preserve data on fruit decays that would 
otherwise be lost when decayed fruit drop to the ground prior to harvest. 

Except for powdery mildew ratings, we usually evaluate all leaves on a set number of clusters or terminal 
shoots. Because the number of leaves per cluster or terminal varies, we usually do NOT have exactly the 
same number of observations/plot.  We do not attempt to weight the analyses for the number of 
observations. Instead we use the mean disease incidence for each rep (total # diseased leaves divided by 
# number of observed leaves) as the basis for statistical analyses. 

All analyses are done using the Super-ANOVA program on an old Mac computer running Mac OS9.6. 
Data expressed as percentages are routinely subjected to the arc-sine transformation prior to analysis, and 

count data that is not normally distributed is subjected to the log transformation prior to analysis.  Letter 
separations are derived from the transformed data, but arithmetic means are shown in the tables. 

Letter separations are assigned using Fisher's protected LSD, meaning that treatments differences not are 
considered statistically significant if the P-value from the analysis is >0.05. 

Data from multiple cultivars may be analyzed together in a split-plot analysis in situations were I suspect that 
the larger dataset may provide better treatment separations.  
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M.9 block fungicide trial, 2011 
 
Orchard and experimental design: 

All trees are on M.9 rootstock. 
The eastern three test rows were planted in 1986; the remainder of the orchard was planted in 1995. 
Test cultivars include: 

• Jerseymac: super-susceptible to scab; good for quince rust; OK for powdery mildew due to inoculum coming 
from Cortland; provides early fruit data with normal harvest at the beginning of August. 

• Cortland (Redcort strain): good for evaluating scab, quince rust, mildew, frog-eye leaf spot, black rot fruit 
decay, sooty blotch & flyspeck (SBFS). 

• Golden Delicious (Smoothee): good for evaluating cedar apple rust, quince rust, necrotic leaf blotch, and effects 
of pesticides on fruit finish. 

Rows are separated by buffer rows of apples (1986 planting) or buffer rows of stone fruits (1995 planting). 
Plots within rows are separated by cedar trees that supply rust inoculum and limit spray drift. 
Randomized complete block design with four replicate plots for each treatment. 

 
Comments on seasonal development, spray-timing rationale and impacts of that timing: 

A few scab infections may have occurred during the 3rd potential infection period which occurred 16-20 Apr, and 
lesions from those infections showed up by 6 May.  However, there were very few infections from this period, and 
the first really significant scab infection period was 23-25 Apr when trees were at early tight cluster.  As usual, 
when the first major scab infection period is delayed until tight cluster, scab pressure is relatively light for the 
season. 

The spray interval between the pink spray on 30 Apr and the bloom spray on 12 May was purposely extended beyond 
the normal 7-10 day spray interval because weather was cool and dry and tree growth was progressing slowly. 

The petal fall spray on 21 May was delayed beyond petal fall due to rain events, and then was further delayed by one 
day so as to allow products with some post-infection activity to be differentiated from products that provide only 
protectant activity.  All residues from the 12 May spray would have been removed by 18 May when rainfall since 
12 May exceeded 2 inches.  Infections occurring on 19 May therefore presumably had to be controlled via post-
infection activity from the 21 May application. 

The long intermittent wetting event from 15-20 May was ideal for quince rust infections on fruit and for cedar rust and 
scab infections on new terminal leaves that were unfolding rapidly during this peak period for the spring growth 
flush. 

An extended summer spray interval was used because summer conditions were relatively dry during June and July.  
However, two closely spaced sprays were applied on 12 and 17 Aug to compensate for intervening rains and to 
keep fruit relatively free from summer infections of SBFS. 

A final cover spray of Pristine was applied to all plots to suppress symptom development on Golden Delicious fruit 
from summer disease infections that may have occurred during the two tropical storm events that occurred 27-28 
Aug and 5-8 Sep.  The final spray was not applied prior to 8 Sep because we wished to harvest Redcort fruit before 
the final spray was applied to see if early-season treatments had any effects on the incidence of summer diseases 
that would develop on Redcort during the late-summer rains. 

 
Results: Comments on results are provided below each of the data tables on the following pages. 
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Table 1: Treatments and treatment dates for the M.9 block. 

Rates of formulated product       Spray dates: 4/14 4/22 5/1 5/12 5/21 5/31 6/15 6/27 
      per 100 gal of dilute spray    Growth stage: GT TC PK BL PF 1C 2C 3C  

  1. Control ................................................................................  -- -- -- -- -- -- -- --  
  2. Penncozeb 75DF 1 lb.......................................................... Py P P P P P P TCz  
  3. IKF-309 300SC 1.33 fl oz + Penncozeb 1 lb...................... P X X X X X X TC  
  4. Omega 4SC 4.6 fl oz........................................................... P x x x x x x TC  
  5. Omega 4.6 fl oz alternated with   
 Inspire Super 2.82EW 4 fl oz + Penncozeb 1 lb ............... P O InS O InS O InS TC  
  6. Omega 4.6 fl oz blocked with 
  Inspire Super 4 fl oz + Penncozeb 1 lb............................. P O InS InS O O InS TC  
  7. Inspire Super 4 fl oz + Penncozeb 1 lb ............................... P x x x x x x TC  
  8. Rally 40WSB 2 oz + Penncozeb 1 lb ................................. P x x P x x x TC  
  9. Nordox 75WGx  21.2 oz + Penncozeb 1 lb ......................... x -- -- -- -- -- -- --  

Indar 2F 2.67 fl oz + Penncozeb 1 lb + LI-700 1 qt .......... -- x x x x x x 
Indar 2.67 fl oz + Captan 80WG 1 lb + LI-700 1 qt.......... -- -- -- -- -- --  x  

10. Flint 50WG 0.83 oz + Koverall 75DF 1 lb......................... P -- x -- x -- -- --  
Topguard 1.04DC 4.33 fl oz + Koverall 1 lb ....................-- x -- x - x x TC  

11. Merivon 500SC 1.83 fl oz + Silwet L-77 3.84 fl oz........... P x x P x x RP TC  
12. Merivon 1.33 fl oz + Silwet L-77 3.84 fl oz....................... P x x P x x RP TC  
13. Merivon 1.33 fl oz  
 + Silwet L-77 3.84 fl oz + Captan 80WG 10.67 oz........... P x x P x x RP TC  
14. Merivon 1.33 fl oz + Silwet 3.84 fl oz+ Penncozeb 1 lb.... P x x P x x RP TC  
z Summer sprays for Trt-9 were all applied with a handgun except that all plots including controls were sprayed on 10 Sep 

with Pristine 14.5 oz  applied with an airblast sprayer in 74 gal of water/A.  Other summer cover sprays were applied via 
airblast sprayer (74 gal of spray solution/A) to all plots except Trts-1 and 9, and these sprays were Topsin M 9 oz/A + 
Captan-80 32 oz/A on 27 Jun, 11 and 27 July, and 12 Aug; Topsin M 16 oz/A + Captan-80 32 oz/A on 17 Aug; then 
Pristine on 10 Sep as previously noted. 

y P = Penncozeb 75 WDG 1 lb/100 applied alone;  RP = Rally 40WSB 2 oz + Penncozeb 75 WDG 1 lb;  O = Omega 4.6 fl 
oz; InS = Inspire Super 4 fl oz + Penncozeb 1 lb; TC = Topsin M plus Captan as noted in the footnote on summer 
sprays. 

x Nordox 75WG is 83.9% cuprous oxide with a metallic copper equivalent of 75%. 

Comments for Table 1: 
Product formulations are shown only with the first mention of each product within the table. 
Trts 2-3-4 are all considered contact or protectant fungicide programs.  IKF-309 is being tested as a mildewcide and 

therefore had little or no effect on scab. 
Trts 5 thru 10 all involved DMI fungicides in various schedules, mixtures, and alternations. 
Trts 11 thru 14 were tests of Merivon, BASF's new fungicide, which is a combination of Xemium (fluxapyroxad) plus 

pyraclostrobin. 
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Table 2: Apple scab on leaves Cluster leaf scab (%)y       Terminal leaf scab (%) y     
  Jersey- Red Jersey- Red Golden 
  mac Cort mac Cort Delic. 
Products and rate/100 galz 7 Jun 17 Jun 13 Jun 17 Jun 6 July 

  1. Control ................................................................................. 12.0     cx 5.9   b 27.2      e 17.4    d 13.9       e 
  2. Penncozeb 1 lb.....................................................................   1.4 ab 1.2 a 5.6     d 4.2    c   1.8    cd 
  3. IKF-309  1.33 fl oz + Penncozeb 1 lb (6 applictns) ............   0.6 ab 0.6 a 4.1     d 2.5   c   3.7      d 
  4. Omega 4.6 fl oz (6 applications) .........................................   1.6   b 0.2 a 0.3 abc 0.0 a   0.5 abc 

  5. Omega 4.6 fl oz altern'd InSpr 4 fl oz + Pncb 1 lb ..............   0.0 a 0.0 a 0.6 abc 0.0 a   0.0 a 
  6. Omega 4.6 fl oz blocked InSpr 4 fl oz + Pncb 1 lb .............   0.0 a 0.0 a 0.2 abc 0.0 a   0.1 ab 
  7. Inspire Super 4 fl oz + Penncozeb 1 lb (6 applictns)...........   0.0 a 0.0 a 0.0 a 0.1 ab   0.0 a 
  8. Rally 2 oz + Penncozeb 1 lb ................................................   0.6 ab 0.0 a 0.3 abc 0.8 ab   0.4 abc 
  9. Indar 2.67 fl oz (all season) +Pzb 1 lb or Cap-80 1 lb.........   0.0 a 0.2 a 0.8    bc 0.0 a   0.8   bc 
10. Flint 0.83 oz + Koverall 1 lb 
 Topguard 4.33 fl oz + Koverall 1 lb .................................   1.5 ab 0.3 a 0.3 abc 0.0 a   0.0 a 

11. Merivon 1.83 fl oz + Silwet L-77 3.84 fl oz........................   0.0 ab 0.8 a 1.0    c 0.7  b   0.2 ab 
12. Merivon 1.33 fl oz + Silwet L-77 3.84 fl oz........................   0.3 ab 0.0 a 0.1 ab 0.0 a   0.0 a 
13. Merivon1.33 + Slwt 3.84 fl oz + Capt-80 10.67 oz.............   0.0 a 0.0 a 0.0 a 0.2 ab   0.0 a 
14. Merivon 1.33 + Slwt 3.84 fl oz+ Pncb 1 lb .........................   0.0 a 0.0 a 0.0 a 0.0 a   0.0 a 
z See treatment details in Table 1.       
y Based on evaluating all leaves on 15 clusters per tree or terminal shoots per tree. 
x Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test. 
 
Comments for Table 2: 

All treatments except Trts-2-3 gave excellent control of foliar scab. 
The fact that Omega provided better control of terminal leaf scab on Jerseymac and Redcort than did Penncozeb in Trts-

2-3 suggests that Omega may have a bit more postinfection activity than Penncozeb.  Presumably the scab on the 
Penncozeb treatments developed during the long intermittent wetting event from 15-20 May when rains had depleted 
fungicide residues midway through the wetting period and control was somewhat dependent on postinfection activity 
from the 21 May application that was made after the infection period. 

Trt-7 (six applications of Inspire Super plus Penncozeb) provided slightly better control of terminal leaf scab on 
Jerseymac and Golden Delicious than a similar program of Indar (Trt-9), but Rally plus Penncozeb (Trt-8) was just as 
effective as Inspire Super in this orchard where the scab population is still mostly DMI-susceptible. 
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Table 3: Scab on fruit                       % fruit with apple scab   
  Jerseymac-           Redcort                Golden Del. 
  harvest fruitlets at harvest harvest 
Products and rate/100 galz 18 Julyy 17 Junx  9 Sepw 20 Sepw 

  1. Control .......................................................................................  95.8       ev 26.7     c 66.8         e  9.6   b 
  2. Penncozeb 1 lb...........................................................................  19.0      d   3.2   b   3.3     cd  1.3 a 
  3. IKF-309  1.33 fl oz + Penncozeb 1 lb (6 applictns) ..................  23.2      d   1.9 ab   7.5       d  1.6 a 
  4. Omega 4.6 fl oz (6 applications) ...............................................    6.0     c   2.6   b   1.7   bc  0.4 a 

  5. Omega 4.6 fl oz altern'd InSpr 4 fl oz + Pncb 1 lb ....................    0.7 ab   0.0 a   2.1   bc 0.0 a 
  6. Omega 4.6 fl oz blocked InSpr 4 fl oz + Pncb 1 lb ...................    2.3 abc  0.0 a   0.4 ab  0.0 a 
  7. Inspire Super 4 fl oz + Penncozeb 1 lb (6 applictns).................    0.7 ab   0.0 a   0.0 a  0.0 a 
  8. Rally 2 oz + Penncozeb 1 lb ......................................................    5.7   bc   0.0 a   1.7   bc  0.8 a 
  9. Indar 2.67 fl oz (all season) +Pzb 1 lb or Cap-80 1 lb...............    2.7 abc   0.0 a   0.0 a  0.4 a 
10. Flint 0.83 oz + Koverall 1 lb 
 Topguard 4.33 fl oz + Koverall 1 lb .......................................    3.3 abc   0.0 a   0.8 ab  0.8 a 

11. Merivon 1.83 fl oz + Silwet L-77 3.84 fl oz..............................    3.3 abc   1.3 ab   0.0 a  0.5 a 
12. Merivon 1.33 fl oz + Silwet L-77 3.84 fl oz..............................    0.0 a   0.0 a   0.0 a  0.0 a 
13. Merivon1.33 + Slwt 3.84 fl oz + Capt-80 10.67 oz...................    0.0 a  0.5 ab   0.4 ab  0.4 a 
14. Merivon 1.33 + Slwt 3.84 fl oz+ Pncb 1 lb ...............................    2.0 abc   0.0 a   0.8 ab  0.4 a 
z See treatment details in Table 1.       
y From 75 fruit/tree.         
xBased on evaluating all fruitlets on 15 clusters per tree (mean of 54/tree). 
w From 60 fruit/tree.         
v Means within columns followed  by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test. 
 
Comments for Table 3: 

Harvest ratings on Jerseymac were complete two weeks before fruit were fully mature because the high incidence of scab 
and quince rust in control plots was causing fruit to drop prematurely. 

Fruit scab incidence on Jerseymac was higher for treatments that depended on Penncozeb alone (Trts 2-3) than for the 
Omega treatment (Trt-4), but the Omega treatment had more fruit scab than many of the other treatments. 

Trts 3 and 4 where scab control was dependent on Penncozeb had more fruit scab on Redcort at harvest than did 
treatments involving Merivon, Indar, Topguard alternated with Flint, or the 6-spray program of Inspire Super plus 
Penncozeb. 
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Table 4: Powdery mildew Percent terminal leaves with powdery mildewy   
  Jerseymac- Redcort Grand means:   
Products and rate/100 galz  13 Jun 17 Jun both cultivarsx 

  1. Control ................................................................................................12.7   bcx 30.4            g 21.5      d 
  2. Penncozeb 1 lb................................................................................... 20.5     c 12.9         ef 16.7    cd 
  3. IKF-309  1.33 fl oz + Penncozeb 1 lb (6 applictns) ..........................   7.3   b 11.2       def 9.2  bc 
  4. Omega 4.6 fl oz (6 applications) ........................................................12.1   bc 21.3         fg 16.7    cd 

  5. Omega 4.6 fl oz altern'd InSpr 4 fl oz + Pncb 1 lb ............................   9.8   bc 5.2   bcd 7.5  b 
  6. Omega 4.6 fl oz blocked InSpr 4 fl oz + Pncb 1 lb ...........................   7.3   b 7.0     cde 7.2  b 
  7. Inspire Super 4 fl oz + Penncozeb 1 lb (6 applictns).........................   0.8 a 1.3 abc 1.1 a 
  8. Rally 2 oz + Penncozeb 1 lb ..............................................................   0.0 a 0.0 a 0.0 a 
  9. Indar 2.67 fl oz (all season) +Pzb 1 lb or Cap-80 1 lb.......................   0.0 a 0.4 ab 0.2 a 
10. Flint 0.83 oz + Koverall 1 lb 
 Topguard 4.33 fl oz + Koverall 1 lb ...............................................   0.0 a 0.0 a 0.0 a 

11. Merivon 1.83 fl oz + Silwet L-77 3.84 fl oz......................................   0.3 a 0.0 a 0.1 a 
12. Merivon 1.33 fl oz + Silwet L-77 3.84 fl oz......................................   0.4 a 0.2 ab 0.3 a 
13. Merivon1.33 + Slwt 3.84 fl oz + Capt-80 10.67 oz...........................   0.2 a 0.0 a 0.1 a 
14. Merivon 1.33 + Slwt 3.84 fl oz+ Pncb 1 lb .......................................   0.0 a 0.3 ab 0.2 a 
z See treatment details in Table 1.       
y Based on evaluating the eight youngest terminal leaves on the bourse shoots from 15 clusters per tree. 
x Means within columns followed  by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test. Grand means are from split-plot analysis of both cultivars; the cultivar*mildew interaction was 
significant (P=0.036). 

Comments for Table 4:  
Mildew pressure in this block was relatively low, but the protectant fungicides (Trts 2 and 4) did not provide satisfactory 

control, and the Inspire Super/Omega treatment (Trts 5-6) were also weak on mildew. However, the six-spray 
program of Inspire Super (Trt-7) provided adequate mildew control. 

IKF-309 did not provide an acceptable level of mildew control as compared to other products in this trial. 
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Table 5: Rust diseases on leaves Cluster leaf rust (%)y Terminal leaves with rust (%)y  
  Jersey- Red Jersey- Red- Golden  
  mac Cort mac cort Delicious 
Products and rate/100 galz 7 Jun 17 Jun 13 Jun 17 Jun 8 July 

  1. Control ...................................................................................27.9   bx 38.2   b 2.0   b 13.7   b 49.8         f 
  2. Penncozeb 1 lb.........................................................................0.0 a 0.8 a 0.0 a 0.2 a 11.8        e 
  3. IKF-309  1.33 fl oz + Penncozeb 1 lb (6 applictns) ................0.0 a 0.0 a 0.0 a 0.0 a 3.9       d 
  4. Omega 4.6 fl oz (6 applications) .............................................0.0 a 0.0 a 0.0 a 0.0 a 1.4 abcd 

  5. Omega 4.6 fl oz altern'd InSpr 4 fl oz + Pncb 1 lb ..................0.0 a 0.0 a 0.0 a 0.2 a 0.0 a 
  6. Omega 4.6 fl oz blocked InSpr 4 fl oz + Pncb 1 lb .................0.7 a 0.2 a 0.1 a 0.0 a 0.7 abc 
  7. Inspire Super 4 fl oz + Penncozeb 1 lb (6 applictns)...............0.0 a 0.0 a 0.0 a 0.0 a 0.0 a 
  8. Rally 2 oz + Penncozeb 1 lb ....................................................0.0 a 0.0 a 0.0 a 0.0 a 0.0 a 
  9. Indar 2.67 fl oz (all season) +Pzb 1 lb or Cap-80 1 lb.............0.3 a 0.0 a 0.0 a 0.0 a 0.0 a 
10. Flint 0.83 oz + Koverall 1 lb 
 Topguard 4.33 fl oz + Koverall 1 lb .....................................0.3 a 0.0 a 0.0 a 0.0 a 0.1 ab 

11. Merivon 1.83 fl oz + Silwet L-77 3.84 fl oz............................0.5 a 2.2 a 0.0 a 0.0 a 3.2    cd 
12. Merivon 1.33 fl oz + Silwet L-77 3.84 fl oz............................0.3 a 0.0 a 0.2 a 0.1 a 0.3 ab 
13. Merivon1.33 + Slwt 3.84 fl oz + Capt-80 10.67 oz.................0.0 a 0.0 a 0.0 a 0.2 a 1.6  bcd 
14. Merivon 1.33 + Slwt 3.84 fl oz+ Pncb 1 lb .............................0.0 a 0.0 a 0.0 a 0.0 a 2.3  bcd 
z See treatment details in Table 1.       
y From all leaves on 15 clusters or terminal shoots per tree. 
x Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test. 

Comments for Table 5:  
Leaf rust in this block can be caused by either cedar apple rust (Gymnosporangium juniperii-virginianae) or hawthorn 

rust (G. globosum).  It is also possible that Japanese apple rust (G. yamadae) may be present in the block, but we have 
not confirmed its presence.  Rust species on apple leaves are best identified by examining aecia that form on the 
bottom surfaces of leaves in August. We have not determined the prevalence of the various species in this block, but 
we believe that cedar apple rust is the predominant type of rust in our orchards. 

Redcort and Jerseymac cultivars are not considered rust-susceptible because rust infections are unable to complete their 
life-cycles on these cultivars.  However, rust spores can germinate and initiate infections on these cultivars before the 
host-pathogen incompatibility arrests fungal development.  The data reported as rust infections in this table was based 
on leaf spots that had visible orange spots in their centers that are typical of rust infections. 

Data collected in June showed that all of the treatments provided excellent control of rust on leaves of Jerseymac and 
Redcort.   

On Golden Delicious terminal leaves (last column on the right): 
• The protectant programs with Penncozeb (Trts 2-3) were weaker than programs that included DMI fungicides (Trts 

5-10), presumably because post-infection activity was required to control rust that occurred near the end of the 
long infection period from 15-20 May. 

• Trt-3 had less rust than Trt-2, suggesting that IKF-309 may have some activity against rust or contributed to 
improved activity of the Penncozeb that was applied with IKF-309. 

• Omega alone (Trt-4) provided acceptable rust control. 
• When viewed as a group, the Merivon treatments were a bit weak on rust.  We know that Flint and Sovran act only 

as protectants against rust despite that fact that these same products provide 48-72 hr post-infection activity 
against scab.  Thus, it seems likely that it is the pyraclostrobin that is controlling rust on leaves in the Merivon 
treatments and those treatments failed to control rust that became established at the end of the 15-20 May infection 
period when complete control could have been achieved only via post-infection activity from the 21 May 
application. 
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Table 6: Rust diseases on fruit                    Quince rust (%)           Golden Del at harvest 
  Jerseymac          Redcort            Quince  Cedar apple 
  harvest Fruitlets at harvest rust rust 
Products and rate/100 galz 18 July 17 Junx  8 Sepw 20 Sep 20 Sep 

  1. Control ................................................................................. 68.5     d  23.2    c 9.7     c 24.4       d 7.0   b 
  2. Penncozeb 1 lb....................................................................... 0.3 a    0.0 a 0.4 ab 0.0 a 1.7 a 
  3. IKF-309  1.33 fl oz + Penncozeb 1 lb (6 applictns) .............. 1.0 a    0.0 a 0.8 ab 0.8 ab 0.4 a 
  4. Omega 4.6 fl oz (6 applications) ......................................... 21.1   c    6.0  b 8.7     c 7.9     c 0.8 a 

  5. Omega 4.6 fl oz altern'd InSpr 4 fl oz + Pncb 1 lb ................ 0.0 a    0.0 a 1.7 ab 0.0 a 0.0 a 
  6. Omega 4.6 fl oz blocked InSpr 4 fl oz + Pncb 1 lb ............... 0.0 a    0.0 a 0.4 ab 0.0 a 0.0 a 
  7. Inspire Super 4 fl oz + Penncozeb 1 lb (6 applictns)............. 0.0 a    0.0 a 0.4 ab 0.0 a 0.0 a 
  8. Rally 2 oz + Penncozeb 1 lb .................................................. 0.0 a    0.0 a 0.0 a 0.0 a 0.0 a 
  9. Indar 2.67 fl oz (all season) +Pzb 1 lb or Cap-80 1 lb........... 0.0 a    0.5 a 0.0 a 0.0 a 0.0 a 
10. Flint 0.83 oz + Koverall 1 lb 
 Topguard 4.33 fl oz + Koverall 1 lb ................................... 0.0 a    0.0 a 0.0 a 0.0 a 0.0 a 

11. Merivon 1.83 fl oz + Silwet L-77 3.84 fl oz........................ 11.5  b    2.9  b 2.1   b 4.9   b 0.8 a 
12. Merivon 1.33 fl oz + Silwet L-77 3.84 fl oz.......................... 2.1 a    0.7 a 0.4 ab 0.8 ab 0.4 a 
13. Merivon1.33 + Slwt 3.84 fl oz + Capt-80 10.67 oz............... 0.0 a    0.0 a 0.0 a 2.8 ab 0.8 a 
14. Merivon 1.33 + Slwt 3.84 fl oz+ Pncb 1 lb ........................... 0.3 a    0.0 a 0.0 a 0.4 a 0.0 a 
z See treatment details in Table 1.       
yBased on evaluating all fruitlets on 15 clusters per tree (mean of 54/tree)      
x From 75 fruit/tree.         
w Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test. 

 
Comments for Table 6:  

Quince rust (G. clavipes) infects only fruit and none of the apple cultivars are fully resistant to quince rust.  Fruit are 
most susceptible to quince rust from tight cluster through pink and again from petal fall to first cover.  The open 
blossom petals may to some degree "protect" the flower hypanthium (which eventually becomes the apple fruit) from 
quince rust infections during bloom. 

Although Penncozeb (Trt-2) did not provide complete control of foliar rust infections on Golden Delicious (Table 5), it 
still provided complete control of quince rust.   

Omega alone (Trt-4) failed to control quince rust even though it protected leaves from rust diseases. 
I cannot explain why the low rate of Merivon (Trt-12, as well as 13-14) protected Jerseymac fruit from quince rust 

whereas the higher rate in Trt-11 did not. 
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Table 7: Necrotic leaf spot Cluster leaves with Terminal lvs with leaf spot (%)y 
  necrotic leaf spot (%)y Jersey- Red- Golden  
  Jerseymac Redcort mac cort Delicious 
Products and rate/100 galz     7 Jun 17 Jun 13 Jun 17 Jun 8 July 

  1.  Control .................................................................................  41.3   bx 83.5       d 19.9     c 46.0     d 15.7  
  2.  Penncozeb 1 lb.....................................................................    2.2 a 8.1 abc   1.4 ab 16.2   bc 5.8  
  3.  IKF-309  1.33 fl oz + Penncozeb 1 lb (6 applictns) ............    0.9 a 6.3 abc   1.8   b 18.4    c 6.0  
  4.  Omega 4.6 fl oz (6 applications) .........................................    1.2 a 5.4 abc   1.2 ab 4.6 a 7.9  

  5.  Omega 4.6 fl oz altern'd InSpr 4 fl oz + Pncb 1 lb ..............    0.6 a 8.0 abc   2.0 ab 6.2 a 5.7  
  6.  Omega 4.6 fl oz blocked InSpr 4 fl oz + Pncb 1 lb .............    0.3 a 9.2   bc   1.3 ab 16.2  bc 4.6  
  7.  Inspire Super 4 fl oz + Penncozeb 1 lb (6 applictns)...........    0.3 a 5.3 abc   1.1 ab 6.8 abc 6.2  
  8.  Rally 2 oz + Penncozeb 1 lb ................................................    1.1 a 3.9 abc   0.5 ab 7.6 abc 3.1  
  9.  Indar 2.67 fl oz (all season) +Pzb 1 lb or Cap-80 1 lb.........    0.0 a 4.2 abc   1.3 ab 10.6 abc 1.8  
10.  Flint 0.83 oz + Koverall 1 lb 
 Topguard 4.33 fl oz + Koverall 1 lb ..................................    1.2 a 10.5     c   1.1 ab 4.3 a 14.6  

11.  Merivon 1.83 fl oz + Silwet L-77 3.84 fl oz........................    0.5 a 4.7 abc   0.6 ab 8.9 abc 2.4  
12.  Merivon 1.33 fl oz + Silwet L-77 3.84 fl oz........................    0.6 a 2.0 a   1.0 ab 5.8 ab 4.4  
13.  Merivon1.33 + Slwt 3.84 fl oz + Capt-80 10.67 oz.............    0.9 a 5.1 abc   0.3 ab 5.9 ab 1.6  
14.  Merivon 1.33 + Slwt 3.84 fl oz+ Pncb 1 lb .........................    0.3 a 3.5 ab   0.5 a 5.9 a 4.3  
z See treatment details in Table 1.       
y From all leaves on 15 clusters or terminal shoots per tree. 
x Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test. 
 
Comments for Table 7: 

Necrotic leaf spot (NLS) on both cluster leaves and terminals leaves (i.e., all data in this table) consists of rust-induced 
NLS and also frog-eye leaf spot caused by Botryosphaeria obtusa, but it is almost impossible to distinguish between 
the two causes based on visual symptoms. B. obtusa can invade leaves directly and cause frog-eye leaf spot. Frog-eye 
leaf spot is more common in Redcort than on Jerseymac or Golden Delicious, and inoculum is usually unevenly 
distributed within trees, coming primarily from overwintering fruitlet mummies that died after fruit thinning the 
previous year but remained attached to the tree. Rust-induced NLS is usually uniformly distributed throughout trees 
(at least on leaves of the same age) and develops when leaf cells are initially killed by germinating rust spores, the 
rust fails to survive due to either host incompatibility reactions or to application of fungicides with post-infection 
activity, and secondary fungi then use the dead cells as an entry point for invading the leaf and enlarging the lesion.  
If the rust infection develops sufficiently to produce an orange pigment at the center of the lesions, we classify the 
spot as a rust infection and it would be reported in the data on Table 5. However, we often find both NLS and small 
rust infections on the same leaf, and those leaves would be counted as infections in both Table 5 and Table 7. 
Secondary organisms commonly isolated from rust-induced NLS include Alternaria species, Phomopsis species, and 
Botryosphaeria obtusa. (The rust fungi are obligate parasites and therefore cannot be recovered when making 
isolations from leaves.) The best protection against rust-induced NLS is application of fungicides that protect leaves 
from rust infections.   

On cluster leaves and on Jerseymac terminal leaves, all treatments reduced the incidence of NLS compared to the 
control, but there were few differences among treatments and no treatment provided complete control for all three of 
those data sets. 

Treatments showed more differences on Redcort terminal leaves, probably because of some treatments were more 
effective than others for controlling frog-eye leaf spot which was more prevalent on Redcort than on the other 
cultivars. 
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Table 8: Golden Delicious terminal leaf ratings          Percent Golden Delicious terminal leaves:  
  Necrotic Leaves yel- Missing Leaves with  
  leaf spot lowed by  leaves no disease 
Products and rate/100 galz 6 Julyy NLB 8 Julyx 6 Julyy 6 Julyy 
  1. Control .......................................................................................15.7    9.4      d 1.3   b 38.9          f 
  2. Penncozeb 1 lb.............................................................................5.8  10.0      d 0.0 a 81.7       de 
  3. IKF-309  1.33 fl oz + Penncozeb 1 lb (6 applictns) ....................6.0  1.5 ab 0.0 a 86.8     cde 
  4. Omega 4.6 fl oz (6 applications) .................................................7.9  21.3        e 1.2   b 88.9   bcd 
  5. Omega 4.6 fl oz altern'd InSpr 4 fl oz + Pncb 1 lb ......................5.7  11.3    cd 0.0 a 94.2 ab 
  6. Omega 4.6 fl oz blocked InSpr 4 fl oz + Pncb 1 lb .....................4.6  10.3      d 0.2 ab 94.6 ab 
  7. Inspire Super 4 fl oz + Penncozeb 1 lb (6 applictns)...................6.2  1.1 ab 0.2 ab 93.6 abc 
  8. Rally 2 oz + Penncozeb 1 lb ........................................................3.1  1.3 a 0.0 a 96.5 a 
  9. Indar 2.67 fl oz (all season) +Pzb 1 lb or Cap-80 1 lb.................1.8  1.8 ab 0.0 a 97.3 a 
10. Flint 0.83 oz + Koverall 1 lb 
 Topguard 4.33 fl oz + Koverall 1 lb .......................................14.6  48.8        f 7.3     c 78.0         e 
11. Merivon 1.83 fl oz + Silwet L-77 3.84 fl oz................................2.4  2.4 ab 0.1 ab 93.9 abc 
12. Merivon 1.33 fl oz + Silwet L-77 3.84 fl oz................................4.4  4.5   bcd 0.0 ab 95.3 ab 
13. Merivon1.33 + Slwt 3.84 fl oz + Capt-80 10.67 oz.....................1.6  2.4 ab 0.2 ab 96.5 a 
14. Merivon 1.33 + Slwt 3.84 fl oz+ Pncb 1 lb .................................4.3  4.4 abc 0.4 ab 93.0 abc 
z See treatment details in Table 1.       
y From all leaves on 15 clusters or terminal shoots per tree. 
x NLB= necrotic leaf blotch; data are from whole-tree estimates by two observers, one on each side of each tree. 
x Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test. 

Comments for Table 8: 
The data for necrotic leaf spot in the first column in Table 8 is the same data as shown in the right-hand column of Table 

7.  It was included here so that it could be directly compared to other data presented in this table. 
Necrotic leaf blotch (NLB) is a disease of unknown etiology that occurs primarily on Golden Delicious trees.  Affected 

leaves develop large irregularly shaped necrotic areas and then turn bright yellow and drop from the trees.  "Waves" 
of yellowed leaves develop at unpredictable intervals during mid to late summer.  Dr. Turner Sutton studied this 
phenomenon in North Carolina in the 1970's and concluded that NLB is a physiological disorder that can be managed 
by using fungicides containing metal ions, especially zinc.  However, in recent years I have noted that many of the 
newer fungicides are affecting the incidence of NLB in my test plots. For a variety of reasons, I now suspect that 
NLB is caused either directly or indirectly (via toxic metabolites or creation of a strong nutrient sink) by 
Aureobasidium pullulans, by far the most common leaf epiphyte on apples. A. pullulans was shown by Dr. Tom Burr 
at Geneva to be a contributing factor in development of fruit russetting on Golden Delicious.  Other studies, 
especially those by Dr. John Andrews' group in Wisconsin, suggest that A. pullulans is a nutrient scavenger that 
rapidly builds to high populations wherever free nutrients appear on plant surfaces, or even on the sides of buildings 
where it is a component in mildews on paint.  On apples, A. pullulans may reach toxic levels on leaves primarily 
when humid conditions favor its growth while at the same time there is limited rainfall that would otherwise remove 
exuded nutrients from leaf surfaces.  If my hypotheses are correct, then fungicides could affect NLB either by causing 
leaf injury that exacerbates nutrient leakage and promotes A. pullulans, or fungicides might reduce NLB by direct 
toxicity to A. pullulans. 

Trts 4 and 10 both exacerbated NLB in this trial whereas the DMIs in Trts 7-8-9 kept NLB below levels observed with 
Penncozeb alone (Trt-2).  IKF-309 and the Merivon treatments also suppressed NLB. 

"Missing leaves" were determined by noting empty nodes when terminal leaves were rated on 6 July.  Causes of missing 
leaves were either severe rust infections (especially in the controls) or NLB, with the latter accounting for the high 
incidence of missing leaves in Trt 10. 

The leaf yellowing from NLB can develop very quickly, although the development of brown necrotic spots occurs more 
slowly and precedes the rapid development of yellowed leaves.  In this plot, the yellowed leaves were not especially 
noticeable when terminals were collected for detailed observations on 6 July whereas treatments showed striking 
differences in the amounts of leaf yellowing when trees were observed just two days later on 8 July. 

Data on "leaves with no disease" were from the detailed observations on 6 July and indicate leaves that were free of rust, 
scab, and NLS.  Necrosis from NLB was not included when determining if leaves were "disease-free."  
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Table 9: Summer diseases on Redcort fruit at harvest                          % Redcort fruit at harvest with:y    
  Sooty  OG for Bitter  Black/white  
Products and rate/100 galz blotch Flyspeck SBFSx rot rot  

  1. Control ..............................................................................99.5     dw 100.0        g 99.1       d  2.6 a 21.8          f 
  2. Penncozeb 1 lb..................................................................12.9 abc 44.0  cdef 7.9     c  0.0 a 4.6      de 
  3. IKF-309  1.33 fl oz + Penncozeb 1 lb (6 applictns) .........17.5  bc 53.3      ef 9.2   bc  0.4 a 3.3    cde 
  4. Omega 4.6 fl oz (6 applications) ........................................7.9 abc 58.7        f 7.5     c  0.8 a 6.6        e 
  5. Omega 4.6 fl oz altern'd InSpr 4 fl oz + Pncb 1 lb .............7.5 abc 35.3  bcd 2.1 abc  0.0 a 0.8 abc 
  6. Omega 4.6 fl oz blocked InSpr 4 fl oz + Pncb 1 lb ............8.6 ab 30.5 abc 4.1 abc  0.4 a 3.3 abcde 
  7. Inspire Super 4 fl oz + Penncozeb 1 lb (6 applictns)..........5.0 a 29.2 abc 4.2 abc  0.0 a 2.5   bcde 
  8. Rally 2 oz + Penncozeb 1 lb .............................................20.4     c 53.8      ef 9.2     c  0.4 a 1.3 abcd 
  9. Indar 2.67 fl oz (all season) +Pzb 1 lb or Cap-80 1 lb......11.1 abc 16.6 a 0.0 a  0.0 a 1.2 abcd 
10. Flint 0.83 oz + Koverall 1 lb 
 Topguard 4.33 fl oz + Koverall 1 lb ..............................18.3   bc 49.6     def 9.6     c  0.0 a 0.4 ab 
11. Merivon 1.83 fl oz + Silwet L-77 3.84 fl oz.......................8.3 abc 41.7  bcde 5.4   bc  0.0 a 1.3 abcd 
12. Merivon 1.33 fl oz + Silwet L-77 3.84 fl oz.....................12.4 ab 42.1  bcde 9.0   bc  0.0 a 1.6 abc 
13. Merivon 1.33 + Slwt 3.84 fl oz + Capt-80 10.67 oz.........10.4 abc 52.1        ef 8.7   bc  0.0 a 0.0 a 
14. Merivon 1.33 + Slwt 3.84 fl oz+ Pncb 1 lb ........................2.9 a 26.4 ab 0.4 ab  0.0 a 0.8 abc 
z See treatment details in Table 1.       
y From evaluation of 60 fruit/tree or all available fruit if less than 60. 
x Fruit that were out of grade for SBFS had infections that would have precluded them from the USDA Extra Fancy grade. 
w Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test. 

Comments for Table 9:  
Except for Trt 9, which received hand-gunned sprays that included Indar throughout summer, and the controls (Trt-1) 

that were left unsprayed through summer, all of the other treatments had the same summer spray regime.  Therefore, 
treatment effects that are shown here (except for Trts 1 and 9) are attributable to effects of the fungicides on early 
stages of these diseases as they were becoming established soon after bloom. 

Indar (Trt 9) provided excellent control of SBFS with no fruit judged out-of-grade.  However the handgun applications of 
Indar throughout summer (compared to the airblast applications of Topsin-Captan to the other plots) may have been a 
factor because the handgun applications may have provided more complete coverage of fruit than airblast sprays. 

None of the treatments provided complete control of sooty blotch and flyspeck (SBFS), but many of the SBFS infections 
were small enough or were located in the calyx or stem cup areas where infections are ignored during grading.  As a 
result, the percentage of fruit out of grade for SBFS was much lower than the percentages of fruit showing signs of 
SBFS.   

Much of the SBFS probably developed during the 22 days between the last spray that Redcorts received on 17 Aug and 
harvest on 8 Sep, a period during which we received 15.4 inches of rain and 140 hr of wetting (as recorded 
electronically on the NEWA station at HVL).  

Flyspeck is always difficult to control on Redcort and other Cortland strains, perhaps in part because Cortland trees 
frequently produce two or three fruit/cluster even under excellent fruit thinning regimes.  These clustered fruit make 
complete fungicide coverage very difficult and also tend to hold moisture for longer periods following rains or dews. 
Redcort may also have been more susceptible to SBFS than Golden Delicious under conditions of this test because 
the Redcort were ripening (and therefore probably had more sugars leaching through the skin) during the time when 
heavy rains occurred as compared to Golden Delicious which ripened later and were protected with another spray on 
10 Sep after the Redcort were harvested. 

Inspire Super plus Penncozeb (Trt 7) provided better control of flyspeck than the standard program of Rally plus 
Penncozeb (Trt 8), thereby confirming earlier work indicating that Inspire Super has excellent activity against 
flyspeck. 

Merivon plus Captan (Trt 13) had significantly more flyspeck than Merivon plus Penncozeb (Trt 14), and the latter was 
also better against flyspeck than Penncozeb used alone (Trt 2).  

All of the treatments suppressed the incidence of black/white rot, but the programs involving only protectant fungicides 
(Trts 2-3-4) were somewhat less effective than treatments that involved the DMI chemistry combined with a 
protectant fungicide (Trts 5-10) or treatments with Merivon (Trts 11-14). 
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Table 10: Summer diseases on Golden Delicious fruit                   % Golden Delicious fruit at harvest with: y   
    Out-of  Black/ Black 
  Sooty Fly- grade for Bitter  white specks 
Products and rate/100 galz blotch speck SBFSx rot rot < 2 mmw 
  1. Control ............................................................................100.0        ev 98.9     c  97.2     c 15.8   b 38.1     c 23.1  b 
  2. Penncozeb 1 lb....................................................................8.3  bcd 4.2 ab    0.0 a 0.0 a 0.0 a 0.8 a 
  3. IKF-309  1.33 fl oz + Penncozeb 1 lb (6 applictns) .........13.1    cd 8.2 ab    2.9 ab 0.0 a 1.7 a 0.4 a 
  4. Omega 4.6 fl oz (6 applications) ........................................8.3  bcd 15.0   b    2.9   b 0.8 a 3.3   b 0.0 a 
  5. Omega 4.6 fl oz altern'd InSpr 4 fl oz + Pncb 1 lb .............5.4 abcd 3.8 ab    0.0 a 0.0 a 2.9   b 1.3 a 
  6. Omega 4.6 fl oz blocked InSpr 4 fl oz + Pncb 1 lb ............7.5   bcd 4.2 ab    0.0 a 0.4 a 2.1 ab 0.4 a 
  7. Inspire Super 4 fl oz + Penncozeb 1 lb (6 applictns)..........0.8 a 1.7 a   0.0 a 0.0 a 0.0 a 0.4 a 
  8. Rally 2 oz + Penncozeb 1 lb ...............................................7.5  bcd 5.0 ab    0.8 ab 0.0 a 0.0 a 0.4 a 
  9. Indar 2.67 fl oz (all season) +Pzb 1 lb or Cap-80 1 lb........6.3 abcd 6.3 ab    0.8 ab 0.0 a 2.1 ab 0.8 a 
10. Flint 0.83 oz + Koverall 1 lb 
 Topguard 4.33 fl oz + Koverall 1 lb ..............................10.7       d 10.4   b    0.0 a 0.0 a 0.8 ab 1.3 a 
11. Merivon 1.83 fl oz + Silwet L-77 3.84 fl oz.......................2.1 ab 4.2 ab    0.4 a 0.0 a 2.6   b 0.9 a 
12. Merivon 1.33 fl oz + Silwet L-77 3.84 fl oz.......................4.2 abcd 3.3 ab    0.4 a 0.0 a 0.4 ab 0.0 a 
13. Merivon1.33 + Slwt 3.84 fl oz + Capt-80 10.67 oz............2.9 abc 3.8 ab    0.0 a 0.0 a 1.7 ab 0.0 a 
14. Merivon 1.33 + Slwt 3.84 fl oz+ Pncb 1 lb ........................5.8 abcd 3.3 ab    0.0 a 0.0 a 0.8 ab 0.0 a 
z See treatment details in Table 1.       
y From evaluation of 60 fruit/tree or all available fruit if less than 60. 
x Fruit that were out of grade for SBFS had infections that would have precluded them from the USDA Extra Fancy grade. 
w Black specks were mostly centered at lenticels and probably represented early stages of black rot infections.  
v Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test. 
Comments for Table 10:  

See the first three comments about summer sprays and SBFS under Table 9. 
All of the fungicide treatments provided excellent control of all diseases on Golden Delicious fruit compared to the 

unsprayed controls.  However, much of this disease control was attributable to the cover sprays of Topsin-Captan, and 
there were few relatively few differences among the fungicide treatments. 
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Table 11: Diseases on incubated Golden Delicious                   Disease incidence (% fruit affected)y    
    Out-of  Black/ Out-of 
  Sooty Fly- grade for Bitter  white grade for 
Products and rate/100 galz blotch speck SBFSx rot rot russetx 
  2. Penncozeb 1 lb................................................................. 20.4v 7.5 0.4 0.0 3.8 0.8 abv 
  3. IKF-309  1.33 fl oz + Penncozeb 1 lb (6 applictns) ......  ndu nd nd nd nd 0.5 a 
  4. Omega 4.6 fl oz (6 applications) ..................................... 21.6 21.4 1.3 0.0 3.0 0.5 a 
  7. Inspire Super 4 fl oz + Penncozeb 1 lb (6 applictns).......   9.6 3.3 0.0 0.0 2.5 1.2 abc 
  8. Rally 2 oz + Penncozeb 1 lb ............................................ 26.4 12.2 1.7 0.4 2.5 0.8 ab 
  9. Indar 2.67 fl oz (all season) +Pzb 1 lb or Cap-80 1 lb..... 16.3 9.0 5.1 0.4 2.1 3.9   bcd 
10. Flint 0.83 oz + Koverall 1 lb 
 Topguard 4.33 fl oz + Koverall 1 lb ............................. nd nd nd nd nd 0.0 a 
11. Merivon 1.83 fl oz + Silwet L-77 3.84 fl oz.................... 10.5 11.1 0.0 0.0 3.1 12.6       d 
12. Merivon 1.33 fl oz + Silwet L-77 3.84 fl oz.................... 16.3 10.8 0.4 0.0 1.7 4.2 abc 
13. Merivon1.33 + Slwt 3.84 fl oz + Capt-80 10.67 oz......... 20.7 8.0 0.4 0.0 1.3 0.9 ab 
14. Merivon 1.33 + Slwt 3.84 fl oz+ Pncb 1 lb ..................... 23.4 10.8 0.8 0.0 2.5 5.9     cd 
P-values for treatment effects...................................................0.494  0.139  0.422  0.577  0.868  0.005 
z See treatment details in Table 1.       
yAll fruit that had decays at the time of harvest evaluations (Table 10) were discarded, but for some of the treatments the 

remaining fruit (including those with visible SBFS at harvest) were incubated for 16 days at 68° F and 100% relative 
humidity to allow incubating infections to develop visible signs or symptoms.  Fruit from treatments 1, 3, 5, 6, and 10 
were not incubated after harvest. 

x Fruit that were out of grade for SBFS had infections that would have precluded them from the USDA Extra Fancy grade. 
w Fruit finish was rated on a scale of 1 to 5 where 1 = a smooth finish, 2 = raised lenticels, and 3 to 5 represent increasingly 

severe russetting.  Fruit rated 3 or higher would not be acceptable for USDA Extra Fancy grade.  
v Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test.  For parameters where no letter separations are shown, there were no significant differences among 
treatments. 

u nd = no data collected. 

Comments for Table 11: 
The incidence of SBFS was slightly higher for some treatments after incubation than during harvest evaluations, but 

there were no significant effects of treatment for either SBFS or fruit rots on incubated fruit. 
The higher rate of Merivon had more russetting than the lower rate applied alone, and the lower rate combined with 

Pencozeb had more russetting than the same rate applied with Captan. 
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Table 12: Fruit with no diseases at harvest                     Fruit with no disease (%)   
  Jerseymac Redcort fruit  Golden Delicious 
  fruit harvested harvested harvested  
 Products and rate/100 galz 18 July 9 Sep 20 Sep  
  1. Control .......................................................................................    0.0        f    0.0             h      0.0         e 
  2. Penncozeb 1 lb............................................................................ 81.0     de 53.5   cdef 87.1   bcd 
  3. IKF-309  1.33 fl oz + Penncozeb 1 lb (6 applictns) ................... 75.8     de 40.0         fg 82.7   bcd 
  4. Omega 4.6 fl oz (6 applications) ................................................ 73.9       e 35.5           g 75.8       d 
  5. Omega 4.6 fl oz altern'd InSpr 4 fl oz + Pncb 1 lb ..................... 99.3 ab 61.0   bcde 88.3   bc 
  6. Omega 4.6 fl oz blocked InSpr 4 fl oz + Pncb 1 lb .................... 97.7 ab 65.0 abcd 90.0   bc 
  7. Inspire Super 4 fl oz + Penncozeb 1 lb (6 applictns).................. 99.3 ab 67.9 abc 97.1 a 
  8. Rally 2 oz + Penncozeb 1 lb ....................................................... 94.3  bc 43.8         fg 89.6   bc 
  9. Indar 2.67 fl oz (all season) +Pzb 1 lb or Cap-80 1 lb................ 97.3 ab 75.9 a 86.3   bcd 
10. Flint 0.83 oz + Koverall 1 lb 
 Topguard 4.33 fl oz + Koverall 1 lb ........................................ 96.7 ab 47.5        efg 81.4     cd 
11. Merivon 1.83 fl oz + Silwet L-77 3.84 fl oz............................... 86.4    cd 53.7    cdef 88.8   bc 
12. Merivon 1.33 fl oz + Silwet L-77 3.84 fl oz............................... 97.9 ab 53.9      def 92.5 ab 
13. Merivon1.33 + Slwt 3.84 fl oz + Capt-80 10.67 oz.................. 100.0 a 47.1        efg 90.4 abc 
14. Merivon 1.33 + Slwt 3.84 fl oz+ Pncb 1 lb ................................ 97.7 ab 72.3 ab 91.7 abc 
z See treatment details in Table 1.       
x Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test. 
 
Comments for Table 12: 

The percentages of Jerseymac fruit with no disease is based on fruit that were free of scab and quince rust.  There were 
no fruit rots evident on Jerseymac when they were rated on 18 July other than rots that were associated with quince 
rust infections. 

The percentages of Redcort and Golden Delicious fruit that were free of disease meant that these fruit had no scab, rust, 
sooty blotch, flyspeck, or fruit rots. The relatively low percentages of Redcort fruit free of disease is attributable to 
the high incidence of SBFS at harvest. 
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Background on Pond Block Orchard and experimental design: 
All trees are on MM.111 rootstock with M.9 interstems. 
The orchard was planted in 1998 in a design that involved 50 two-tree plots wherein one tree was McIntosh and one 

tree was Golden Delicious. 
Trees were planted with 25 ft between rows, 9 ft between trees within the 2-tree plots, and 18 ft between plots 

within the rows. The spaces between plots within rows contain cedar trees that supply rust inoculum and limit 
spray drift. 

In 2000, the tops of the McIntosh trees were top-worked to Ginger Gold to create trees that have a lower tier of 
scaffold limbs that are McIntosh and an upper half of the tree that is Ginger Gold.  This allows us to collect 
data from three cultivars even though space limitations allowed for only two trees per plot. 

The orchard is triangular, with hedgerow or forest trees on two sides and a trimmed 14-ft tall cedar hedge on the 3rd 
side.  The orchard is located at the bottom of a hill with poor air drainage. Conditions generally favor high 
disease pressure for sooty blotch and flyspeck. 

Diseases monitored on the test cultivars: 
• Ginger Gold: good for evaluating scab, quince rust, cedar apple rust, powdery mildew, and black rot fruit 

decay. This cultivar matures in mid-August and therefore is often harvested before sooty blotch & flyspeck 
(SBFS) become evident on fruit. 

• Roger's McIntosh: susceptible to scab; good for evaluating rust-induced leaf spot. 
• Golden Delicious (Smoothee): good for evaluating cedar apple rust, quince rust, necrotic leaf blotch, and 

effects of pesticides on fruit finish. 
Experimental design is a randomized complete block with four replicate plots for each treatment. 

 
Comments on seasonal development, spray-timing rationale and impacts of that timing: 

A few scab infections may have occurred during the 3rd potential infection period which occurred 16-20 Apr, and 
lesions from those infections showed up by 6 May.  However, there were very few infections from this period, 
and the first really significant scab infection period was 23-25 Apr when trees were at early tight cluster.  As 
usual, when the first major scab infection period is delayed until tight cluster, scab pressure is relatively light 
for the season. 

The spray interval between the bloom spray on 6 May and the petal fall spray on 19 May was purposely extended 
beyond the normal 7-10 day spray interval because weather from 6 May to 14 May was cool and dry and tree 
growth was progressing slowly. 

All residues from the 6 May spray would have been removed by 18 May when rainfall since 6 May exceeded 2 
inches and also because of dilution onto the many new leaves that formed during this period.  Infections 
occurring on 18 May therefore presumably had to be controlled via postinfection activity from the 19 May 
application. 

The long intermittent wetting event from 15-20 May as ideal for quince rust infections on fruit and for cedar rust 
and scab infections on new terminal leaves that were unfolding rapidly during this peak period for the spring 
growth flush. 

The extended spray interval between 26 May and 15 Jun encompassed another long dry period and therefore tested 
the redistribution properties of products applied on 26 May that would have needed to be redistributed by rains 
on 30 May and again on 9-14 Jun to protect newly unfolding leaves.  

A final cover spray of Pristine was applied to all plots to suppress symptom development on Golden Delicious fruit 
from summer disease infections that may have occurred during the two tropical storm events that occurred 27-
28 Aug and 5-8 Sep.  The final spray was not applied until after McIntosh fruit had been harvested. 

 
Results: Comments on results are provided below each of the data tables on the following pages. 



1 November 2011 Rosenberger et al., Highland, NY, Final Report Page 25 
Pond Block 
 

 

Table 1.  
Treatment and rate of formulated  4/14 4/22 4/29 5/6 5/19 5/26 6/15 
  product per 100 gal of dilute sprayz GT TC PK BL PF 1C 2C 
  1. Control .............................................................................. -- -- -- -- -- -- CTy 
  2. Manzate Pro-Stick 75DF 1 lb ..........................................  Xy X X X X X CT 
  3. Agion-A 100L 5.26 gal + Tactic 8 fl oz ........................... X X X M1x 

Agion-A 100L 2.63 gal + Bond 16 fl oz ......................... -- -- -- -- X M1w CT 
  4. Agion-E 200L 5.26 gal + Tactic 8 fl oz............................ X X X M1 

Agion-E 100L 2.63 gal + Bond 16 fl oz .......................... -- -- -- -- X M1 CT 
  5. Manzate 1.33 lb + Vanguard 75WG 1.33 oz .................... X X X -- -- -- CT 

  Fontelis 1.67SC  6.55 fl oz ............................................ -- -- -- X X X  
  6. Manzate 1.33 lb + Vangard 1.33 oz.................................. X X -- -- -- M2v CT 

  Fontelis  6.55 fl oz ......................................................... -- -- X X X  
  7. Manzate 1.33 lb + Vanguard 1.33 oz................................ X X -- -- -- M2 CT 

  Fontelis 6.55 fl oz + Biocover MLT oil 2 qt ................. -- -- X X X  
  8. Manzate 1.33 lb + Vanguard 1.33 oz................................ X X -- -- -- M2 CT 

  Luna Sensation 500SC 1.67 fl oz .................................  --- -- X X X  
  9. Luna Sensation 1.33 fl oz ...............................................  M1 X X M1 X X CT 
10. Luna Sensation 1.33 fl oz + Manzate 1 lb ......................  M1 X X M1 X X CT 
11. Merivon 500SC 1.33 fl oz + Silwet L-77 3.84 fl oz .......  M1 X X M1 X X CT 
12. Merivon 1.83 fl oz + Silwet L-77 3.84 fl oz ...................  M1 X X M1 X X CT 
13. Rally 40WSB 2 oz + Manzate 1 lb .................................  M1 X X M1 X X CT 
z Formulations for the products applied are listed only the first time that they appear in the list of treatments. 
y Summer sprays consisting of Captan-80 32 oz/A + Topsin M 9 oz/A were applied on 15 Jun, 27 Jun, and 11 Jul to all 

plots including controls using an airblast sprayer that delivered 53 gal/A.  All plots except trts 2, 3, and 4 received an 
airblast spray of Captan + Topsin as described above on 27 Jul and handgun application of Captan-80 10 oz + 
Topsin M 5.3 oz/100 gal on 18 Aug.  Trt 2 received no fungicide sprays on 27 Jul or 18 Aug so that fruit from this 
plot could be used as comparisons for summer disease control achieved with the Agion sprays (trts 9-10) that were 
applied via handgun at the rates of 2.63 gal/100 gal along with Bond 16 fl oz/100 gal on those dates.  Finally, all 
plots were received another application of Topsin M 12 oz/A applied via airblast on 10 Sep after Ginger Gold and 
McIntosh fruit had been harvested. 

x X = dates when the listed treatment was applied. 
w M1 = Manzate Pro-Stick 75DF 1 lb/100 gal was applied alone. 
v M2 = Manzate Pro-Stick 75DF 2 lb/100 gal was applied alone. 

Comments: 
Trt 2 was applied to only two plots (i.e., the only two remaining from the 50 plots in the block), and one of these 

did not contain the Ginger Gold cultivar because the top-worked graft had died.  This treatment provides an 
indication of what a standard mancozeb program might have done and provides a comparison for the 
protectant-only Agion treatments.  However, trt 2 is not included in statistical analyses of results. 

The Agion products (trts 3-4) contain ions of copper, zinc, and silver. Manzate Pro-Stick 75DF 1 lb/100 gal was 
applied all plots in the Agion treatments on 6 and 26 May because the Agion treatments were causing severe 
phytotoxicity that we were afraid might damage the trees severely enough to cause tree death. 

Trts 5-6-7-8 involved rates and timings requested by DuPont.  The 2 lb/100 gal rate of Manzate used at first cover 
in trts 6-7-8 exceed what is allowed on the Manzate label. (The label would not have allowed any application 
of Manzate after bloom because the prebloom rate exceeded 1 lb/100 gal.) 

Trts 9 through 13 were all applied on the same schedule and all except trt 13 involve products in the SDHI group. 
Trt 13 is the commercial standard of Rally plus Manzate. 
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Table 2. Effects of treatments on leaf scab and powdery mildew. 
Material and rate of Cluster leaf scab (%)y  Terminal leaf scab (%)y  Mildew x 
formulated product Ginger G. Mac Mac Golden Del. Ginger G. 
per 100 gal z 1 Jun 2 Jun 19 July 11 July 7 Jun 
  1. Control .......................................................  2.0  7.1   bw  12.5   b  2.5   b  4.4   b 
  2. Manzate 1 lb (2 reps/ no analysis) .............  2.9 *v 4.3 *v 8.7 *v 2.7 *v 4.2 *v 
  3. Agion A 5.26 gal // 2.63 gal.......................  0.7  0.5 a  0.2 a  0.2 a  0.4 a 
  4. Agion E 5.26 gal  // 2.63 gal ......................  0.5  0.4 a  0.3 a  0.3 a  3.1   b 
  5. Mz+Vgd  3x// Fontelis 6.55 fl oz...............  0.0  0.0 a  0.2 a  0.2 a  0.0 a 
  6. Mz+Vgd  2x // Fontelis 6.55 fl oz..............  0.0  0.0 a  0.5 a  0.5 a  0.0 a 
  7. Mz+Vgd  2x// Font 6.55 + oil ....................  0.4  0.0 a  0.0 a  0.0 a  0.2 a 
  8. Mz+Vgd  2x// Luna Sens 1.67 fl oz...........  0.0  0.0 a  0.0 a  0.0 a  0.2 a 
  9. Luna Sensation 1.33 fl oz ..........................  0.4  0.5 a  0.5 a  0.5 a  0.0 a 
10. Luna Sens. 1.33 fl oz + Mzt 1 lb................  0.2  0.0 a  0.1 a  0.1 a  0.2 a 
11.  Merivon 1.33 fl oz + Silwet ......................  0.0  0.0 a  0.3 a  0.3 a  0.2 a 
12. Merivon 1.83 fl oz + Silwet .......................  0.0  0.0 a  0.0 a  0.0 a  0.0 a 
13. Rally 2 oz + Manzate 1 lb..........................  1.5  1.1 a  0.3 a  0.3 a  0.2 a 
P values for treatments.................................0.081ns 0.001 0.001 0.001  <0.001  
z For details of application dates and rates, see page 13.            y From all leaves in 15 spurs or 15 terminals/tree 
x From the eight youngest, fully-unfolded leaves on each of 15 terminals per tree. 
w Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test. 
v This treatment was not included in the statistical analysis due to lack of adequate tree numbers. 

Comments: 

The lack of significant apple scab spore discharge during the period from green tip to tight cluster limited the 
amount of scab that developed on cluster leaves. Secondary spread of apple scab was further limited by the 
cover sprays that were applied to all plots beginning on 16 Jun.  Because we counted all leaves when 
evaluating terminal leaves, the disease-free leaves that were produced after cover sprays were initiated diluted 
the effect of disease incidence on the earlier terminal leaves. 

Rains during the latter part of May limited development of mildew on early terminal leaves that were evaluated on 
7 Jun. 

All of the treatments provided equivalent levels of control except that Agion E failed to control mildew. 
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Table 3. Effects of treatments on fruit scab. 
Material and rate of                        % fruitlets or fruit with scab   
formulated product         McIntosh              Ginger Gold        Golden Del. 
per 100 gal z 6 Juny 6 Sepx 2 Juny 9 Augx 5 Oct 
  1. Control .................................................................. 53.0     cw 69.4     c 45.0   bw  17.8 *v  18.7 *v 
  2. Manzate 1 lb (2 Macs, 1 GG; no analysis) ............. 1.6 *v 15.0 0.0 *v 4.0 *v   0.8 *v 
  3. Agion A 5.26 gal // 2.63 gal..................................   2.0 a   3.1 ab 5.3 a    1.3 a    0.9 a 
  4. Agion E 5.26 gal  // 2.63 gal .................................   6.3   b   7.2   b 9.0 a    1.0 a    1.3 a 
 5. Mz+Vgd  3x// Fontelis 6.55 fl oz............................. 0.0 a   0.5 a 3.3 a   0.0a   0.0 a 
 6. Mz+Vgd  2x // Fontelis 6.55 fl oz...........................  1.1 a   0.0 a 14.8 a    0.0 a    2.5 a 
 7. Mz+Vgd  2x// Font 6.55 + oil .................................. 0.0 a   0.0 a 0.6 a    0.0 a    0.8 a 
 8. Mz+Vgd  2x// Luna Sens 1.67 fl oz........................  1.5 a   0.0 a 2.7 a    0.0 a    0.0 a 
  9. Luna Sensation 1.33 fl oz .....................................   0.8 a   1.7 ab 2.3 a    0.7 a    0.0 a 
10. Luna Sens. 1.33 fl oz + Mzt 1 lb...........................   1.0 a   0.5 a 0.6 a    0.0 a    0.4 a 
11.  Merivon 1.33 fl oz + Silwet ................................... 0.0 a   0.8 a 0.7 a    0.0 a    0.0 a 
12. Merivon 1.83 fl oz + Silwet .................................... 0.0 a   0.6 a 0.9 a    0.0 a    0.4 a 
13. Rally 2 oz + Manzate 1 lb.....................................   2.1 a   1.3 ab 0.6 a    1.7 a    0.4 a 
P-values for treatments ............................................... <0.001 <0.001  <0.001 0.068    0.099ns 
z For details of application dates and rates, see page 13.            y From all from all fruitlets in 15 clusters/tree 
x From 60 fruit/tree (McIntosh) or 75 fruit/tree (Ginger Gold). 
w Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test. 
v This treatment was not included in statistical analysis of this variable due to lack of adequate tree numbers or of trees 

that had enough fruit to evaluate. (Control fruit on Ginger Gold and Golden Delicious were severely damaged by 
quince rust in and dropped prematurely, leaving too few fruit to evaluate in plots that had a light fruit set anyway.) 

Comments: 

Although the incidence of foliar scab was relatively low in this block (see Table 2), the infections that occurred just 
prior to bloom and during bloom provided inoculum for secondary infections on fruit during the period 
between petal fall (19 May) and the start of cover sprays on 15 Jun.  

Most treatments provided good control of scab on fruit, but Agion E was weaker than most of the other treatments 
for controlling scab on Mac fruit. 

We were unable to detect any differences in control due to timing of Fontelis treatments or the addition of oil with 
Fontelis. 

There were no differences between the two rates of Merivon that were tested or among the three Luna Sensation 
treatments. 
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Table 4. Effects of treatments on rust and rust-related leaf disorders on spur leaves. 
Material and rate of % spur leaves with rust  y % G. Gold spur leavesy  % Mac spur 
formulated product    Mac G. Gold leaf necrotic leaves with 
per 100 gal z    2 Jun  1 Jun yellowing leafspot leaf spoty 
  1. Control ........................................................24.7    dx  80.3       e 20.8         e 21.6       d 61.3       d 
  2. Manzate 1 lb (1 rep GG, 2 reps Mac) .........   2.6 *w 0.0 *w 0.0  *w 7.0 *w 12.3 *w 
  3. Agion A 5.26 gal // 2.63 gal..........................5.5  bc  20.5      d 0.9 abc 1.9 ab 11.6     c 
  4. Agion E 5.26 gal  // 2.63 gal .........................1.9 ab  17.0    cd 3.9 abcd 8.2   bcd 11.6     c 
  5. Mz+Vgd  3x// Fontelis 6.55 fl oz..................1.0 a    0.0 a 8.1       de 5.8 ab 2.4 ab  
  6. Mz+Vgd  2x // Fontelis 6.55 fl oz.................0.4 a    0.6 ab 3.9 abcd 13.5     cd 7.9 abc  
  7. Mz+Vgd  2x// Font 6.55 + oil .......................0.0 a    0.9 ab 6.2   bcde 3.9 ab 6.5 abc  
  8. Mz+Vgd  2x// Luna Sens 1.67 fl oz..............1.3 ab    2.4 ab 0.4 ab 4.1 ab 9.5   bc 
  9. Luna Sensation 1.33 fl oz .............................0.4 a    2.9 ab 0.0 a 3.2 ab 6.0 abc  
10. Luna Sens. 1.33 fl oz + Mzt 1 lb...................0.0 a    5.9   bc 10.2     cde 4.4 ab 7.4 abc  
11.  Merivon 1.33 fl oz + Silwet .........................0.5 a    1.3 ab 0.8 ab 3.4 ab 3.0 a 
12. Merivon 1.83 fl oz + Silwet ..........................8.7    c    4.4 ab 4.2   bcde 2.3 a 14.9     c 
13. Rally 2 oz + Manzate 1 lb.............................0.0 a    1.7 ab 8.2       de 7.2 abc 2.2 ab  
P-values for treatments ......................................... .001 <0.001 0.005 <0.001 <0.001 
z For details of application dates and rates, see page 13.            y From all leaves on 15 spurs/tree. 
x Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test. 
w This treatment was not included in the statistical analysis due to lack of adequate tree numbers. 

Comments: 

McIntosh is not considered susceptible to cedar apple rust because rust infections are unable to complete their life-
cycles on McIntosh.  However, rust spores can germinate and attack leaf cells before host-pathogen 
incompatibility arrests fungal development.  The data reported as rust infections in this table was based on leaf 
spots that had visible orange spots in their centers that are typical of rust infections. Spots lacking visible 
orange centers were counted as necrotic leaf spot. 

Rust spots on leaves can be caused by either cedar apple rust (Gymnosporangium juniperi-virginianae) or hawthorn 
rust (G. globosum), and the infections cannot be distinguished except by examining the aecia on the undersides 
of leaves in August.  However, cedar apple rust predominates in our test blocks and probably caused most of 
the infections noted here. 

Trees in this test orchard are exposed to extremely high levels of rust inoculum because cedar hedges have been 
planted as wind breaks on two sides of the triangular block and cedar trees are used to separate plots within 
rows.  

For unknown reasons, the higher rate of Merivon (Trt 12) was less effective than the lower rate (Trt 11) against 
both rust and leaf spot on McIntosh spur leaves, and Luna Sensation + Manzate (Trt 10) had more leaf 
yellowing on Ginger Gold spur leaves than did Luna Sensation used alone (Trt 9).  

Fontelis applied with oil (Trt 7) had less necrotic leaf spot on Ginger Gold spur leaves than Fontelis applied alone 
on the same dates (Trt 6), but there were no other benefits from adding the oil. 
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Table 5. Effects of treatments on rust and rust-related leaf disorders on terminal leaves. 
Material and rate of         Terminal leaf rust (%)y    Mac terminal lvs (%) 19 July 
formulated product Mac Golden Del. Necrotic Leaf yel- 
per 100 gal z 19 Jul  11 Jul leaf spot lowing 
  1.  Control ..................................................................3.0     cdw 48.2     cd  33.7     c 25.3  
  2.  Manzate 1 lb (2 reps) ............................................2.9 *v 46.4 *v 22.4 *v    4.9 *v 
  3. Agion A 5.26 gal // 2.63 gal...................................2.3     c 54.9       d  22.1 ab 20.9 
  4. Agion E 5.26 gal  // 2.63 gal ..................................1.3   bc 52.8       d  18.8 ab 18.7 
  5. Mz+Vgd  3x// Fontelis 6.55 fl oz..........................  1.9     c 50.8       d  27.6   bc 17.9 
  6. Mz+Vgd  2x // Fontelis 6.55 fl oz.........................  5.5       d 54.1       d  20.8 ab 16.1 
  7. Mz+Vgd  2x// Font 6.55 + oil ...............................  3.4     cd 38.0   bc  22.3 ab 15.7 
  8. Mz+Vgd  2x// Luna Sens 1.67 fl oz.......................2.8     cd 44.4     cd 8.9 ab 15.9 
  9.  Luna Sensation 1.33 fl oz ....................................  0.4 ab 17.0 a  15.9 a 19.6 
10.  Luna Sens. 1.33 fl oz + Mzt 1 lb..........................  1.5   bc 37.5   bc  16.8 a 16.8 
11.  Merivon 1.33 fl oz + Silwet .................................  0.5 ab 30.9   b  17.0 a 8.6 
12.  Merivon 1.83 fl oz + Silwet .................................  2.6     c 43.8     cd  21.5 ab 15.4 
13.  Rally 2 oz + Manzate 1 lb....................................  0.0 a 17.6 a  14.6 a 11.8 
P-values for treatments ................................................0.001 <0.001 0.009 0.307 ns 
z For details of application dates and rates, see page 13.            y From all leaves on 15 terminals/tree 
x Leaf yellow refers to a general discoloration of leaves that occurs when severe rust infections are initiated on a non-

compatible host.  See photo B on page 40 of this report for an example of severe yellowing. Leaves were counted 
as yellowed if they showed any evidence of yellow discoloration similar to that shown in the photo. 

w Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 
Protected LSD test. 

v This treatment was not included in the statistical analysis due to lack of adequate tree numbers. 

Comments: 

None of the treatments provided complete control of rust on Golden Delicious terminal leaves because rust was still 
active in mid-June when this entire block was switched to summer sprays of Topsin M + Captan, neither of 
which can control rust infections.   

Rally is extremely effective against rust diseases, so any treatment that performed as well as the Rally + Manzate 
treatment (Trt 13) should be considered effective against rust. 

Luna Sensation used alone (Trt 9) was as effective as the Rally treatment for controlling rust on Golden Delicious 
terminal leaves, but the same rate of Luna Sensation used with Manzate (Trt 10) was less effective.  Reasons 
for this difference are not known, but it may be that the adjuvants that are included in Manzate Pro-Stik 
inhibited the activity of Luna Sensation against rust. Luna Sensation used alone at a higher rate (Trt 8) was also 
less effective that Trt 9, but this was probably due to differences in dates that Luna Sensation was applied in 
the two treatments.  In Trt 9, the last application of Luna Sensation on 26 May apparently provided better 
protection against rust than the 2 lb/100 gal of Manzate that was applied in Trt 8. 

None of the Merivon or Fontelis treatments provided rust control equal to that provided by Rally (Trt 13) or Luna 
Sensation (Trt 9). 

The lower rate of Merivon (Trt 11) provided better control of rust on both cultivars than the higher rate (Trt 12). 

Fontelis applied with oil (Trt 7) resulted in less rust on Golden Delicious leaves than Fontelis applied alone on the 
same dates (Trt 6). 
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Table 6. Effects of treatments on percentages of leaves with no disease. 
Material and rate of     % healthy cluster leaves y       % healthy terminal leaves y  
formulated product Ginger G. Mac Mac Golden Del. 
per 100 gal z 1 Jun 2 Jun 19 Jul  11 Jul 
  1.  Control ...............................................................  14.0        ex 51.6         e 45.5         e 47.0        d 
  2.  Manzate 1 lb (2 reps) ..........................................92.0 *w 81.7 *w 61.8 *w    48.8 *w 
  3. Agion A 5.26 gal // 2.63 gal................................  73.6     cd 84.3 abcd 59.8       d 44.2       d 
  4. Agion E 5.26 gal  // 2.63 gal ...............................  70.3       d 71.5      de 67.6 abcd 45.7       d 
  5. Mz+Vgd  3x// Fontelis 6.55 fl oz........................  87.7 abcd 97.6 a 60.2     cd 43.1       d 
  6. Mz+Vgd  2x // Fontelis 6.55 fl oz.......................  82.9   bcd 87.3 abcd 64.9   bcd 45.1       d 
  7. Mz+Vgd  2x// Font 6.55 + oil .............................  91.3 ab 82.6   bcd 66.4abcd 58.8   bc 
  8. Mz+Vgd  2x// Luna Sens 1.67 fl oz.....................95.2 ab 87.0 abcd 68.2 abcd 52.6     cd 
  9.  Luna Sensation 1.33 fl oz ..................................  93.6 ab 92.1 abc 70.6 abc 78.0 a 
10.  Luna Sens. 1.33 fl oz + Mzt 1 lb........................  90.8 ab 90.3 abc 69.8 abcd 59.9   bc 
11.  Merivon 1.33 fl oz + Silwet ...............................  94.5 a 91.3 ab 73.5 ab 65.4   b 
12.  Merivon 1.83 fl oz + Silwet ...............................  89.4 abc 78.6     cd 69.0 acd 53.6     cd 
13.  Rally 2 oz + Manzate 1 lb..................................  94.7 a 95.1 ab 75.6 a 77.7 a 
P-values for treatments ............................................. <0.001 0.002 <0.001 <0.001 
z For details of application dates and rates, see page 13.            y From all leaves in 15 spurs or 15 terminals/tree 
x Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test. 
w This treatment was not included in the statistical analysis due to lack of adequate tree numbers. 

Comments: 

Leaves rated as "healthy" had no disease of any kind and no rust-induced leaf yellowing. 

Because rust was poorly controlled in many treatments, the treatment differences in this table were largely 
determined by the amount of rust or rust-induced leaf spotting that was noted for various treatments. 
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Table 7. Effects of treatments on percentages of fruit with cedar apple rust. 
Material and rate of                           Fruit with cedar apple rust (%)             
formulated product                Ginger Gold                      Golden Deliciousx 
per 100 gal z 2 Juny 9 Augx 5 Oct 
  1.  Control ....................................................................... 30.0   bw 40.0 *v 15.6 *v 
  2.  Manzate 1 lb (2 reps) ..................................................  0.0 *v    9.3 *v 4.2 *v 
  3. Agion A 5.26 gal // 2.63 gal........................................   2.5 a 19.7        e 2.9 a 
  4. Agion E 5.26 gal  // 2.63 gal .......................................   0.0 a 12.6      de 0.0 a 
  5.  Mz+Vgd  3x// Fontelis 6.55 fl oz...............................   0.0 a 9.7  bcd 2.5 a 
  6.  Mz+Vgd  2x // Fontelis 6.55 fl oz..............................   0.0 a 13.9      de 4.6 a 
  7.  Mz+Vgd  2x// Font 6.55 + oil ....................................   0.0 a 12.1    cde 0.4 a 
  8.  Mz+Vgd  2x// Luna Sens 1.67 fl oz...........................   0.0 a 6.3  bcd 0.4 a 
  9.  Luna Sensation 1.33 fl oz ..........................................   0.0 a 2.3 ab 0.0 a 
10.  Luna Sens. 1.33 fl oz + Mzt 1 lb................................   4.5 a 8.4  bcde 4.2 a 
11.  Merivon 1.33 fl oz + Silwet .......................................   0.0 a 4.4  bc 3.3 a 
12.  Merivon 1.83 fl oz + Silwet .......................................   0.9 a 13.7      de 1.7 a 
13.  Rally 2 oz + Manzate 1 lb..........................................   0.0 a 0.0 a 0.0 a 
P-values for treatments ....................................................    0.009 0.001 0.093 
z For details of application dates and rates, see page 13.            y From all from all fruitlets in 15 clusters/tree 
x From 60 fruit/tree (Golden Delicous) or 75 fruit/tree (Ginger Gold). 
w Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test. 
v This treatment was not included in the statistical analysis due to lack of adequate tree numbers or lack of fruit on some 

trees.  Several of the Ginger Gold and Golden Delicious control trees had no fruit at harvest because severe rust 
infections caused premature fruit drop. 

Comments: 

All of the fungicides controlled cedar apple rust that was evident on Ginger Gold on 2 June, but none except Rally 
(Trt 13) provided complete protection against rust on Ginger Gold evaluated at harvest.  Apparently the first 
rating on Ginger Gold was completed before all of the infection on fruit had become visible. 

The lower rate of Merivon provided better control of rust on Ginger Gold fruit than the higher rate. 
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Table 8. Effects of treatments on percentages of fruit with quince rust. 
Material and rate of                         Fruit with quince rust  (%)     
formulated product      Ginger Gold         Mac Golden Del. 
per 100 gal z 2 Juny 9 Augx 6 Juny 5 Oct 
  1.  Control .........................................................................37.7   b 20.8 *v 7.3   b 3.6 *v 
  2.  Manzate 1 lb (2 reps) .....................................................0.0 *v 5.3 *v   0.0 *v 0.0 *v 
  3. Agion A 5.26 gal // 2.63 gal............................................1.6 a 3.7 0.0 a 0.4 a 
  4. Agion E 5.26 gal  // 2.63 gal ...........................................0.5 a 5.1 0.0 a 0.4 a 
  5.  Mz+Vgd  3x// Fontelis 6.55 fl oz...................................0.0 a 0.7 0.0 a 0.0 a 
  6.  Mz+Vgd  2x // Fontelis 6.55 fl oz..................................0.6 a 1.1 0.9 a 0.0 a 
  7.  Mz+Vgd  2x// Font 6.55 + oil ........................................0.0 a 0.3 0.0 a 0.0 a 
  8.  Mz+Vgd  2x// Luna Sens 1.67 fl oz...............................0.0 a 0.0 0.0 a 0.0 a 
  9.  Luna Sensation 1.33 fl oz ..............................................0.0 a 0.3 0.0 a 0.0 a 
10.  Luna Sens. 1.33 fl oz + Mzt 1 lb....................................0.0 a 0.3 0.0 a 0.4 a 
11.  Merivon 1.33 fl oz + Silwet ...........................................0.0 a 1.2 0.0 a 0.0 a 
12.  Merivon 1.83 fl oz + Silwet ...........................................0.0 a 1.0 0.0 a 0.4 a 
13.  Rally 2 oz + Manzate 1 lb..............................................0.0 a 0.0 0.0 a 0.0 a 
P-values for treatments .......................................................<0.001 0.171 ns <0.001  0.736 ns 
z For details of application dates and rates, see page 13.            y From all from all fruitlets in 15 clusters/tree 
x From 60 fruit/tree (McIntosh) or 75 fruit/tree (Ginger Gold). 
w Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test. 
v This treatment was not included in the statistical analysis due to lack of adequate tree numbers or lack of fruit on some 

trees.  Several of the Ginger Gold and Golden Delicious control trees had no fruit at harvest because severe rust 
infections caused premature fruit drop. 

Comments: 

All of the treatments provided fairly good protection against quince rust.  The incidence of quince rust on Ginger 
Gold at harvest on 9 Aug was somewhat higher in the Agion treatments than would be commercially 
acceptable, but treatment means were not significantly different due to relatively high variability among 
replicates within treatments. 
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Table 9. Effects of treatments on percentages of Ginger Gold fruit with flyspeck or sooty blotch. 
                                Ginger Gold fruit (%) affected        
Material and rate of    at harvest 9 Aug  After incubation for 14 days at 100% RHx 
formulated product Fly- Sooty Fly- Sooty  Out of grade 
per 100 gal z speck blotch speck blotch for SBFS  
  1. Control ...................................................................13.3 *v 36.7 *v 42.2 *v 77.3 *v 43.7 *v  
  2. Manzate 1 lb (1 rep).................................................1.3 *v 5.3 *v 33.8 *v 82.4 *v 55.4 *v  
  3. Agion A 5.26 gal // 2.63 gal.....................................4.7w  1.8 10.1 36.3 7.6   bcw  
  4. Agion E 5.26 gal  // 2.63 gal ....................................9.4 4.5 21.7 45.9 18.1     c  
  5. Mz+Vgd  3x// Fontelis 6.55 fl oz.............................5.3 0.0 10.9 18.2 1.3 a  
  6. Mz+Vgd  2x // Fontelis 6.55 fl oz............................2.1 0.3 n.d.u n.d. n.d. 
  7. Mz+Vgd  2x// Font 6.55 + oil ..................................2.0 1.0 n.d. n.d. n.d. 
  8. Mz+Vgd  2x// Luna Sens 1.67 fl oz.........................1.0 1.0 n.d. n.d. n.d. 
  9. Luna Sensation 1.33 fl oz ........................................2.0 2.7  8.0 33.5 4.0 ab  
10. Luna Sens. 1.33 fl oz + Mzt 1 lb..............................1.5 0.0  3.2 23.4 1.4 ab  
11. Merivon 1.33 fl oz + Silwet .....................................3.1 0.4  6.1 27.3 1.7 a  
12. Merivon 1.83 fl oz + Silwet .....................................3.1 4.3 7.7 22.2 4.4 ab  
13. Rally 2 oz + Manzate 1 lb........................................0.3 0.0  4.6 31.8 0.3 a  
P -values for treatments .................................................0.087  0.067  0.058 0.108  0.002 
z For details of application dates and rates, see page 13.                                      y From 75 fruit/tree. 
x Fruit were incubated for 14 days at 70° F and 100% relative humidity to allow incubating infections present at harvest 

to develop visible signs on fruit surfaces. Fruit that were out of grade had SBFS infections that would have 
precluded them from the USDA Extra Fancy grade. 

w Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 
Protected LSD test. Where no letter separations are shown, there were no differences among treatments. 

v This treatment was not included in the statistical analysis due to lack of adequate tree numbers or lack of fruit on some 
trees.  Several of the Ginger Gold control trees had no fruit at harvest because severe rust infections caused 
premature fruit drop.   

u n.d. = no data available: Fruit from this treatment were not incubated after harvest evaluations were completed. 

Comments: 

Except for Trts 2-3-4, all of the plots received cover sprays of Topsin M plus Captan on 15 Jun, 27 Jun, and 11 and 
27 Jul (the latter being the last spray before Ginger Gold fruit were harvested).  Thus, except for Trts 2-3-4, all 
of the differences in incidence of sooty blotch and flyspeck among treatments are attributable to effects of the 
petal fall and first cover sprays.  On Ginger Gold, there were no differences among Trts 5-9-10-11-12-13 for 
any of the variables in this table.  

Although we did not have enough trees with fruit to include them in the analysis, the controls that were left 
unsprayed until 15 Jun (Trt 1) had a much higher numerical incidence of SBFS and more fruit out of grade 
than any of the treatments that received the Topsin-Captan cover sprays through summer.  Thus, it appears that 
the fungicides applied at petal fall and first cover in Trts 5-9-10-11-12-13 played a significant role in reducing 
the incidence and severity of SBFS at harvest. 

The Agion treatments (Trts 3 and 4) were applied to Ginger Gold trees on 27 Jul  whereas no fungicide was applied 
to the single tree treated with Manzate (Trt 2). Trees treated with Agion E had more SBFS than other 
treatments that received a full-season summer program of Topsin-Captan, but Agion A provided control 
equivalent to other fungicide programs, and considerably better control than observed in the single tree in Trt 2 
where the last spray before harvest was omitted. Thus, Agion may have some activity against SBFS, but it is 
also possible that growth and/or visibility of SBFS on fruit from the Agion treatments was limited due to the 
severe fruit russetting that Agion caused. 
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Table 10. Effects of treatments on percentages of McIntosh and Golden Delicious fruit with sooty blotch or flyspeck. 
Material and rate of      Mac fruit on 6 Sepy          Golden Delicious fruit on 5 Octy    
formulated product  Sooty Fly- Sooty  Out of grade 
per 100 gal z Flyspeck blotch speck blotch for SBFSx  
  1. Control ..........................................................85.7       dw 82.0     c 41.9 *v 89.5 *v      22.3 *v 
  2. Manzate 1 lb (2 reps) ....................................84.2 *v 70.8 *v 71.7 *v 93.3 *v 38.3 *v 
  3. Agion A 5.26 gal // 2.63 gal..........................74.2     cd 73.4     c 53.0 a 60.4 a 21.0 a 
  4. Agion E 5.26 gal  // 2.63 gal .........................89.8       d 87.9     c 50.0 a 52.1 a 20.4 a 
  5. Mz+Vgd  3x// Fontelis 6.55 fl oz..................55.3   bc 35.2 ab 52.5 a 65.4 a 22.1 a 
  6. Mz+Vgd  2x // Fontelis 6.55 fl oz.................48.5 ab 32.8 ab 36.3 a 50.4 a 5.4 a 
  7. Mz+Vgd  2x// Font 6.55 + oil .......................60.1   bc 35.2 ab 39.2 a 44.6 a 13.3 a 
  8. Mz+Vgd  2x// Luna Sens 1.67 fl oz..............37.3 ab 31.9 ab 35.7 a 75.5 a 16.2 a 
  9. Luna Sensation 1.33 fl oz .............................44.6 ab 35.4 ab 42.1 a 65.8 a 11.3 a 
10. Luna Sens. 1.33 fl oz + Mzt 1 lb...................31.8 a 27.9 ab 42.1 a 72.1 a 19.6 a 
11. Merivon 1.33 fl oz + Silwet ..........................50.8   b 23.6 a 40.7 a 57.0 a 10.4 a 
12. Merivon 1.83 fl oz + Silwet ..........................54.9   bc 24.2 ab 62.5 a 70.0 a 31.7 a 
13. Rally 2 oz + Manzate 1 lb.............................47.5 ab 45.0   b 43.2 a 60.3 a 22.5 a 
P -values for treatments ..................................... <0.001 <0.001 0.436 0.081 0.364 
z For details of application dates and rates, see page 13.                              z From 60 fruit/tree. 
x Fruit that were out of grade had SBFS infections that would have precluded them from the USDA Extra Fancy grade. 
w Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test. 
v This treatment was not included in the statistical analysis due to lack of adequate tree numbers or lack of fruit on some 

trees.  Several of the Golden Delicious control trees had no fruit at harvest because severe rust infections caused 
premature fruit drop. 

Comments: 

Except for Trts 2-3-4, all of the plots received cover sprays of Topsin M plus Captan on 15 Jun, 27 Jun, and 11 and 
27 Jul, 18 Aug to Macs and Golden Delicious, and 10 Sep to Golden Delicious only.  Thus, except for Trts 2-3-
4, all of the differences among treatments are attributable to effects of the petal fall and first cover sprays on 
development of SBFS.  See comments on Table 9 for additional info on Agion comparisons. 

None of the treatments provided good control of SBFS in this block. We suspect that most of the SBFS infections 
occurred between 12 and 18 Aug because SBFS was almost completely controlled on Golden Delicious fruit in 
the M.9 block that were sprayed on a schedule similar to that used for this block except that the M.9 block 
received an additional spray on 12 Aug.  (See the weather/spray date table on pages 3-8 and the data from the 
M.9 block on pages 21-22 for details). The two test blocks also differ in other aspects that might affect SBFS 
in that the M.9 block has less hedgerow perimeter that might harbor SBFS inoculum and is located at the top of 
the hill with better air drainage.  Nevertheless, the huge differences between SBFS incidence in these two 
blocks is probably most attributable to the 21-day spray interval with > 5 inches of rainfall that occurred  
between 28 Jul and 17 Aug.   The long spray interval occurred because weather conditions between 6 and 16 
Aug were not conducive for applying treatments because we needed at least a 4-hr window to get all of the 
treatments applied. 

Disease control in Trts 6-7-8 was probably largely due to the high rate of Manzate that was applied in these 
treatments at first cover on 26 May and therefore cannot be attributed to the other products in these spray 
programs. 

Agion (trts 3-4) was weaker than other fungicides against sooty blotch on Mac fruit, but there were few if any other 
treatment effects of interest. 
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Table 11. Effects of treatments on fruit finish and disease incidence on Ginger Gold fruit at harvest and after incubation. 
Material and rate of      Ginger Gold 9 Aug:y                 Ginger Gold after incubation 
formulated product finish Bitter Bl/wht Bitter  Bl/wht Soft    
per 100 gal z rating rot rot rot rot rotsw  
  1. Control ..........................................................3.34 *u     0.0  *u   0.0 *v   3.2 *u     3.2 *u  5.3 *u    
  2. Manzate 1 lb (2 reps) ....................................1.10 *u  0.0  *u   1.3 *v  2.7 *u   0.0 *u  4.1 *u   
  3. Agion A 5.26 gal // 2.63 gal..........................2.00   bv 4.5     b  2.4 44.3    c  6.7 13.8     c   
  4. Agion E 5.26 gal  // 2.63 gal .........................2.70     c 1.8   bc  0.8 22.3   b  2.4 6.4   bc   
  5. Mz+Vgd  3x// Fontelis 6.55 fl oz..................1.09 a 0.3 a  0.0   2.3 a  1.3 1.6 a   
  6. Mz+Vgd  2x // Fontelis 6.55 fl oz.................1.30 a 1.0 ab  3.0 n.d. n.d. n.d. 
  7. Mz+Vgd  2x// Font 6.55 + oil .......................1.28 a 0.0 a  0.9 n.d. n.d. n.d. 
  8. Mz+Vgd  2x// Luna Sens 1.67 fl oz..............1.14 a 0.0 a  0.3 n.d. n.d. n.d. 
  9. Luna Sensation 1.33 fl oz .............................1.06 a 0.3 a  0.0   3.0 a 1.3 5.4 ab   
10. Luna Sens. 1.33 fl oz + Mzt 1 lb...................1.18 a 0.0 a  0.3   3.4 a 2.1 5.5 ab   
11. Merivon 1.33 fl oz + Silwet ..........................1.16 a 0.0 a  0.4   4.4 ab 0.4 6.2   bc   
12. Merivon 1.83 fl oz + Silwet ..........................1.32 a 0.4 a  0.8   3.7 ab 0.3 7.8   bc   
13. Rally 2 oz + Manzate 1 lb.............................1.06 a 0.3 a  0.0   6.1 ab 1.7 8.4   bc   
P -values for treatments ....................................<0.001 0.001  0.349 ns  0.002   0.061 ns 0.035  
z For details of application dates and rates, see page 13 and the comments under Table 9.   
y From 75 fruit/tree. 
x Fruit finish was rated on a scale of 1 to 5 where 1 = a smooth finish, 2 = raised lenticels, and 3 to 5 represent 

increasingly severe russetting.  Fruit rated 3 or higher would not be acceptable for USDA Extra Fancy grade. 
w Soft rots could not be identified based on symptoms. Isolations from a few fruit showed soft rots were caused by 

Botryosphaeria obtusa (black rot) and Phomopsis.   
v Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test. 
u This treatment was not included in the statistical analysis due to lack of adequate tree numbers or lack of fruit on some 

trees.  Several of the Ginger Gold control trees had no fruit at harvest because severe rust infections caused 
premature fruit drop. 

Comments: 

Agion treatments caused significant russetting even on Ginger Gold, a cultivar that is usually relatively free of 
russet.  The Agion treatments also had more bitter rot than most of the other treatments, perhaps because the 
russet on the fruit surface provided more entry points for the bitter rot pathogen. 
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Table 12.  Effects of treatments on fruit finish and fruit rots on McIntosh and Golden Delicious at the time of harvest. 
                                          % fruit affected    
   McIntosh harvested 6 Sepy     Golden Delicious harvested 6 Sepy  
Material and rate of Out of   Out of 
formulated product grade from Bitter Blk/wht grade from Bitter Blk/wht 
per 100 gal z russetx rot rot russetx rot rot  
  1. Control ...................................................  60.3  bw  1.3 0.0  79.8 *v  10.5 *v 62.4 *v 
  2. Manzate 1 lb (2 reps/ no analysis) ............ 1.6 *v  4.2 *v 2.5 *v 0.0 *v    1.7 *v 15.8 *v 
  3. Agion A 5.26 gal // 2.63 gal...................  91.7   c   6.9 1.9  84.2       d    6.3     cd 31.7       d 
  4. Agion E 5.26 gal  // 2.63 gal ................. 100.0   c   0.0 0.0 98.3         e  12.9       d 34.6       d 
  5. Mz+Vgd  3x// Fontelis 6.55 fl oz...........    5.3 a  2.8 0.5  8.8 abc    1.3 ab 9.2 ab 
  6. Mz+Vgd  2x // Fontelis 6.55 fl oz..........  10.5 a   1.9 0.8  12.1   bc    0.8 ab 10.0   bc 
  7. Mz+Vgd  2x// Font 6.55 + oil ................    0.8 a  2.5 0.0  7.9 abc    5.4   bc 28.8     cd 
  8. Mz+Vgd  2x// Luna Sens 1.67 fl oz.......    3.8 a   2.5 0.4  1.3 a    0.0 a 3.7 ab 
  9. Luna Sensation 1.33 fl oz ......................    1.3 a   0.8 0.4  2.9 ab    1.3 ab 5.8 ab 
10. Luna Sens. 1.33 fl oz + Mzt 1 lb............    2.7 a   2.1 0.4  1.3 a    0.8 ab 8.3 ab 
11. Merivon 1.33 fl oz + Silwet ...................    4.1 a  4.4 0.0  16.9     c    0.0 a 1.6 a 
12. Merivon 1.83 fl oz + Silwet ...................    8.1 a  2.4 0.4  15.4     c    1.7 ab 14.6   bc 
13. Rally 2 oz + Manzate 1 lb......................    0.8 a   1.3 0.0  2.9 ab    1.7 ab 6.7 ab 
P-values for treatments ................................  <0.001 0.512 0.867 <0.001  <0.001 <0.001 
z For details of application dates and rates, see page 13 and the comments under Table 9.   
y From 60 fruit/tree. 
x Fruit finish was rated on a scale of 1 to 5 where 1 = a smooth finish, 2 = raised lenticels, and 3 to 5 represent 

increasingly severe russetting.  Fruit rated 3 or higher would not be acceptable for USDA Extra Fancy grade. 
w Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test. Where no letter separations are shown, there were no differences among treatment means. 
v This treatment was not included in the statistical analysis due to lack of adequate tree numbers or lack of fruit on some 

trees.  Several of the Golden Delicious control trees had no fruit at harvest because severe rust infections caused 
premature fruit drop. 

Comments: 

The Agion treatments caused severe fruit russetting in both cultivars and allowed a fairly high incidence of fruit 
decays on Golden Delicious.  The high incidence of black/white rots may have occurred because these decays 
are often more abundant where fruit were injured slightly early in the season (as would be the case for fruit 
with high levels of russet). 

The treatment involving Fontelis plus oil (Trt 7) had more black/white rot decay than Fontelis used alone on a 
slightly different schedule (trt 5). 

On Golden Delicious, the Merivon treatments resulted in more fruit russet on Golden Delicious than any of the 
three treatments involving Luna Sensation.  The Silwet used with the Merivon treatment may have contributed 
to fruit russetting since other surfactants have had this effect in previous trials. 

The lower rate of Merivon provided better control of black/white rots on Golden Delicious than the higher rate. 
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Table 13. Effects of treatments on percentages of disease-free fruit. 
Material and rate of                      % fruitlets/fruit with no disease   
formulated product        McIntosh                Ginger Gold              Golden Delicious 
per 100 gal z 6 Juny 6 Sepx 2 Juny 9 Augx 5 Oct 
  1. Control ......................................................... 42.3     cw   2.4   b  24.4   b 17.9 *v             0.0 
  2. Manzate 1 lb (2 reps/ no analysis) ................98.4 *v 7.5 *v   100.0 *v 76.0 *v       3.3 
  3. Agion A 5.26 gal // 2.63 gal........................  98.0 a 12.9   b  90.6 a 66.2       d 19.7 a 
  4. Agion E 5.26 gal  // 2.63 gal .......................  93.7   b 5.6   b  92.1 a 69.7       d 21.7 a 
  5. Mz+Vgd  3x// Fontelis 6.55 fl oz............... 100.0 a 37.7 a  96.7 a 85.0   bc 23.8 a 
  6. Mz+Vgd  2x // Fontelis 6.55 fl oz...............  98.0 a 40.4 a  84.6 a 79.7     cd 31.3 a 
  7. Mz+Vgd  2x// Font 6.55 + oil .................... 100.0 a 33.7 a  99.4 a 85.7   bc 26.3 a 
  8. Mz+Vgd  2x// Luna Sens 1.67 fl oz............  98.5 a 49.2 a  97.3 a 89.7   bc 22.4 a 
  9. Luna Sensation 1.33 fl oz ...........................  99.2 a 45.0 a  97.7 a 93.7 ab  25.0 a 
10. Luna Sens. 1.33 fl oz + Mzt 1 lb.................  99.0 a 55.1 a  99.4 a 89.8   bc 21.7 a 
11. Merivon 1.33 fl oz + Silwet ........................100.0 a 43.9 a   99.3 a 90.8   bc 34.0 a 
12. Merivon 1.83 fl oz + Silwet ....................... 100.0 a 40.9 a  98.1 a 79.2     cd 17.5 a 
13. Rally 2 oz + Manzate 1 lb...........................  97.9 a 35.4 a  99.4 a 98.0 a  31.4 a 
P-values for treatments ...................................... <0.001 <0.001 <0.001 <0.001 0.495 ns 
z For details of application dates and rates, see page 13 and the comments at the bottom of Table 9. 
 y From all from all fruitlets in 15 clusters/tree 
x From 60 fruit/tree (McIntosh and Golden Delicious) or 75 fruit/tree (Ginger Gold). 
w Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test. 
v This treatment was not included in the statistical analysis due to lack of adequate tree numbers or lack of fruit on some 

trees.  Several of the Ginger Gold and Golden Delicious control trees had no fruit at harvest because severe rust 
infections caused premature fruit drop. 

Comments: 

Fruit rated as having no disease were free of scab, rust diseases, SBFS, and summer fruit rots.  However, fruit that 
were severely russetted were still counted as disease-free if they shown none of the aforementioned diseases. 

The low proportion of disease-free McIntosh and Golden Delicious fruit at harvest was largely attributable to the 
high incidence of SBFS that developed on fruit in this block. 
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N-40 Block:  Orchard background and experimental design: 
The orchard was planted 3 May 2001 with tree rows planted on slight berms due to limited topsoil depth on this site. 
Each 3-tree plot consists of one tree of Honeycrisp on M.9 rootstock with MM.111 interstems, one Cameo tree on Bud.9 

rootstock, and one Royal Court tree (a strain of Cortland) on M.9 rootstock with MM.111 interstems. The Honeycrisp 
trees in this block were top-worked to a different strain of Honeycrisp in 2009 and therefore had only limited numbers 
of fruit this year.  We sprayed the Honeycrisp trees along with the other two cultivars, but did not plan to take data 
from them until we noted how much fruit decay had developed later in summer. 

Trees are 8 ft apart within plots with 24 ft between rows.  Plots within rows are separated by 15 ft, with a cedar tree 
planted in the middle of that space. Cedar trees supply rust inoculum and limit spray drift between plots within rows.  

Treatments were applied in a randomized complete block design with four replicate plots for each treatment. 
Test cultivars in the block and data-gathering strategy was as follows: 

• Cortland (Royal Court strain) is good for evaluating scab, quince rust, mildew, frog-eye leaf spot, black rot fruit 
decay, sooty blotch & flyspeck (SBFS). Even with good thinning, many fruit are produced in clusters of two, and 
keeping SBFS off of the contacting surfaces of the fruit is difficult. 

• Cameo is good for evaluating scab, quince rust, black rot fruit decay, sooty blotch & flyspeck. This cultivar does 
not mature until early October, so it provides a good test of residual activity of fungicides against SBFS and 
summer fruit rots during the relatively long interval between the last spray and harvest, and under the (usually) 
cooler conditions that prevail before late-season cultivars are harvested. 

• Honeycrisp is good for evaluating rust diseases and black and bitter rot fruit decays.   

Comments on seasonal development, spray-timing rationale and impacts of that timing: 
A few scab infections may have occurred during the 3rd potential infection period that occurred 16-20 Apr, and lesions 

from those infections showed up on Jerseymac trees in other blocks by 6 May.  However, there were very few 
infections from this period, and the first really significant scab infection period was 23-25 Apr when trees were at 
early tight cluster. As usual, when the first major scab infection period is delayed until tight cluster, scab pressure is 
relatively light for the season. 

Our objective was to apply early-season sprays on a 7-day interval as might be required for sulfur-based programs and for 
programs with protectant fungicides.  

The spray interval between 27 May and 14 Jun was purposely lengthened because of dry weather during that interval. 
The 21-day spray interval between 11 Jul and 17 Aug occurred because work and weather conflicts after 11 Aug prevented 

us from recovering these plots until 17 Aug.  As a result, plots were exposed to 5.05 inches of rainfall during this 
interval and this may account for the high incidence of summer diseases on fruit at harvest.  

Tables included in this report: 
Table 1.  Fungicides, formulations, rates, and spray dates used in this trial. 
Table 2. Effects of early-season treatments on the incidence of apple scab (Trts 1-8 only). 
Table 3. Effects of early-season treatments on rust-related leaf disorders on Royal Court based on leaf counts (Trts 1-8). 
Table 4. Effects of early-season treatments on powdery mildew, visual ratings for leaf damage on 1 Jun, and percentage of 

Royal Count leaves that had no disease or damage when rated on 24 Jun (Trts 1-8 only). 
Table 5. Effects of early-season treatments on rust diseases on leaves (Trts 1-8 only). 
Table 6. Effects of early-season treatments on cedar apple rust on fruit (Trts 1-8 only). 
Table 7. Effects of early-season treatments on quince rust on fruit (Trts 1-8 only). 
Table 8. Effects of early-season treatments on rust-related leaf disorders on Cameo (Trts 1-8 only). 
Table 9. Effects of early-season treatments on disease-incidence on Cameo fruit rated on 2 Sep  (Trts 1-8 only). 
Table 10. Effects of treatments on Honeycrisp fruit rots rated on 23 August (Trts 1-14). 
Table 11. Effects of treatments on incidence of flyspeck (Trts 1-14). 
Table 12. Effects of treatments on incidence of sooty blotch (Trts 1-14). 
Table 13. Effects of treatments on severity of sooty blotch and flyspeck (SBFS) (Trts 1-14). 
Table 14. Effects of treatments on the incidence of fruit with summer fruit decays (Trts 1-14). 
Table 15. Effects of treatments on percentages of fruit with no disease at harvest (Trts 1-14). 
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Table 1.  Fungicides, formulations, rates, and spray dates used in this trial. 
Treatment and rate of formulated 4/15 4/22 5/2 5/13 5/20 5/27 6/14 6/27 7/11 7/28 8/17 8/31 9/14 
      product per 100 gal of dilute sprayz GT TC PK BL PF 1C 2C 3C 4C 5C 6C 7C 8Cy 
  1. Control ...................................................  -- -- -- -- -- -- -- -- -- -- -- -- -- 
  2. Microthiol Disperss 80WG 1.2 lb ........  Xx X X X X X 

 Millers Lime-Sulfur Sol'n 29% 1.33 qt -- -- -- -- -- -- X X X X X X X 
  3. Organic  4.32 lb ....................................  X X X X X X X X X X X X X 
  4. Penncozeb 75DF 1 lb/ ...........................  X X X X X X TCw TC TC TC TC TC TC 

Microthiol Disperss 1.2 lb ...................  -- -- X X X X 
  5. IKF-5411 400SC 2.33 fl oz ..................   X X X X X X X X X X X X X 
  6. IKF-5411 3.25 fl oz ..............................   X X X X X X X X X X X X X 
  7. IKF-5411 4.17 fl oz .............................   X X X X X X X X X X X X X 
  8. BAS 70004  300 SC 1.53 fl oz  

+ Sylgard-309 1030SL  3.84 fl oz ........ Pv RPu RP RP RP RP X X X X X X X 
  9. Merivon 500SC 1.33 fl oz  

+ Sylgard-309 3.84 fl oz.......................  P RP RP RP RP RP X X X X X X X 
10. Merivon 1.83 fl oz + Sylgrd 3.84 fl oz ..  P RP RP RP RP RP X X X X X X X 
11. Pristine 38WG 4.83 oz  

+ Sylgard-309 3.84 fl oz.......................  P RP RP RP RP RP X X X X X X X 
12. Luna Sensation 500SC 1.33 fl oz .........  P RP RP RP RP X X TC TC TC TC/xt X X 
13. Luna Sensation 2.0 fl oz .......................  P RP RP RP RP X X TC TC TC TC/xt X X 
14. Rally 40WSB 2 oz + Penncozeb 1 lb .....P RP RP RP RP RP TC TC TC TC TC/Prs 

Pristine 4.83 oz ....................................  -- -- -- -- -- -- -- -- -- --  X X 
z Sprays were applied to drip with a handgun.  Rates per 100 gal of dilute spray are equal to 1/3rd of the rate/A. Product 

formulations are shown with the first mention of the product in this table, but are not shown thereafter. 
y The 14 Sept application was to Cameo only because the Royal Court had already been harvested. 
x X= product listed in the first column was applied.                         w TC= Topsin 3 oz/100 gal plus Captan 80W 1 lb/100 gal . 
v P= Penncozeb 1 lb/100 was applied alone.                                     u RP= Rally 2 oz/100 gal plus Penncozeb 1 lb/100 gal. 
t TC/x = Topsin plus Captan was applied to Honeycrisp and Cameo trees whereas the product listed in the first column was 

applied to Royal Court trees as the 30-day preharvest spray. 
s TC/Pr = Topsin plus Captan was applied to Cameo trees;  Pristine 4.83oz/100 gal  was applied to Royal Court trees. 

NOTES:   
The rate of Microthiol Disperss that was used in Trt 2 is lower than we would normally use to control scab and rust, but it 

was used here to match the amount of sulfur that was included in the Organic product tested in Trt 3. 
The rate of liquid-lime sulfur (LLS) used in Trt 2 is based on some of our previous work and represents a compromise 

between using higher rates for more effective control of SBFS and using lower rates so as to diminish injury that 
apparently promotes development of black rot on trees that are treated with LLS during summer. 

Organic (Trt 3) is a proprietary mix of sulfur and yucca extract. 
Microthiol Disperss was included in the Penncozeb standard (Trt 4) to suppress mildew. 
In Trts 12-13, the objective was to apply Luna Sensation in early cover sprays and again at 4 weeks and two weeks prior to 

harvest to determine how those sprays might impact development of SBFS and fruit rots.  However, because Royal 
Court is harvested much earlier than Cameo, the treatments applied on 17 Aug varied by cultivar, with Honeycrisp and 
Cameo getting another summer cover spray of Topsin + Captan while Royal Court received the 4-wk preharvest spray 
of Luna Sensation. 

Trt 14 represents a standard Rally-mancozeb program for early-season diseases followed by a standard summer program 
that ends with Pristine applied at 4 weeks and 2 weeks before harvest to match the application timing used for Trts 12-
13. Pristine in Trt 14 was applied without Sylgard and therefore may also provide a comparison to the residual activity 
of Pristine with Sylgard as applied in Trt 11. 
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Table 2. Effects of early-season treatments on the incidence of apple scab. 
 Cluster lvs  (%)y  Terminal lvs  (%)y                 Fruit with scab (%)         
Fungicides and rates of Royal  Royal  Royal  
formulated product Court Cameo Court Cameo Court Cameo Cameo 
per 100 galz 2 Jun 9 Jun 24 Jun 5 Jul 13 Sepx 2 Sepx  30 Sepx 
1. Control .......................................................  3.4 25.5     cw 16.6     c 43.8     c  69.3     d 70.0     d 51.2     c 
2. Microthiol Disperss 1.2 lb// LLS 1.3 qt.....  1.3 6.1   b 5.3   b 17.1   b  24.5    c 47.0   cd 36.3   bc 
3. Organic 4.32 lb ..........................................  1.5 0.8 ab 7.5   b 19.5   b  34.0    c 36.2  bc 23.9   b 
4. Penncozeb 1 lb/Microthiol Disp 1.2 lb......  0.3 0.4 ab 1.3 a 4.2 a    3.6 ab 8.0 a   0.8 a 
5. IKF-5411 2.33 fl oz ...................................  0.5 0.3 ab 1.7 a 4.4 a    1.4 a 6.0 a   2.3 a 
6. IKF-5411 3.25 fl oz ...................................  1.9 0.0 a 1.4 a 2.6 a    2.7 ab 15.0 ab   2.3 a 
7. IKF-5411 4.17 fl oz ...................................  2.1 0.0 a 1.4 a 2.8 a    7.3   b 4.0 a   4.0 a 
8. Rally 2 oz + Penncozeb 1 lb ......................  0.0 2.2 ab 2.0 a 3.6 a    5.7 ab 4.0 a   2.0 a 
P-values ......................................................  0.40 ns <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
z For details of application dates and rates, see Table 1. 
 y From all leaves on 15 spurs or 15 terminals/tree 
x From on-tree observations of 40 fruit Cameo fruit per tree on 2 Sep and evaluations of 60 arbitrarily selected fruit per tree that 

were harvested 13 Sep (Royal Court) or on 30 Sep (Cameo). The on-tree evaluations were made on 2 Sep because some 
treatments were expected to lose (via preharvest drop) large numbers of fruit that had developed summer fruit rots. The 
incidence of scab on fruit at harvest on 30 Sep was lower than for the 2 Sep assessment because severely diseased fruit had 
already dropped from the tree. 

w Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 
Protected LSD test.  The arc-sine transformation was used for statistical analyses, but arithmetic means are shown. 

Comments on Table 2: 
Neither of the potential organic treatments (Trts 2-3) provided adequate control of scab on fruit.  The rate of sulfur in Trt 2 

was too low, and the other ingredients that are mixed with that same rate of sulfur in Trt 3 were not effective for the 
treatment interval that was used in this trial. The 7-day interval prior to the 20 May application may have been 
especially problematic because 2.78 inches of rain fell during that interval and sulfur should have been re-applied after 
the first inch of rain. 

The IKF treatments were just as effective against scab as the contact fungicide standard (Trt 4) and the SI-mancozeb 
standard (Trt 8).  However, were unable to detect any effect of increasing rates with the IKF fungicide. 

Photos of diseases and symptoms evaluated and reported on Tables 3 and 4: 
 

 

 

 

 

 

 

 

 

 

 

A. Necrotic leaf spot on Royal Court, with fruitlet mummy that provided the inoculum shown in upper right corner. 
B. Severe rust-induced leaf yellowing on Royal Court, with moderate leaf burn at the bottom of the leaf. 
C. Severe leaf burn on Royal Court, illustrating the injury that sometimes develops on leaves like the one shown in Fig B. 
D. Rust lesions on Cameo in the same plot as the Royal Court leaf shown in photo B.  Cameo, a rust-susceptible cultivar, 

develops normal rust lesions whereas Royal Court does not. 

A B C D 
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Table 3. Effects of early-season treatments on rust-related leaf disorders on Royal Court based on leaf counts. 

          Royal Court cluster leaves y             
     Necrotic leaf spot             Rating  Royal Court term. lvs. (%) on 24 Juny 
Fungicides and rates of Percent Subjective  for leaf   Yel- 
formulated product affected     rating yellowing   Leaf  lowed Burned 
per 100 galz 2 Jun    2 Junx 2 Junw   spot leaves leaves 

1. Control .................................................... 63.4     dev 0.95      d 0.18  bc 43.2  bc 7.7   b 4.0 abc 
2. Microthiol Disperss 1.2 lb// LLS 1.3 qt.. 45.3   cd 0.63  bcd 0.18  b 40.1  bc 10.4   b 4.5     cde 
3. Organic 4.32 lb ....................................... 68.8       e 0.88    cd 0.28    c 49.5    c 9.3   b 7.9       de 
4. Penncozeb 1 lb/Microthiol Disp 1.2 lb... 12.8  b 0.15 a 0.00 a 32.1  b 0.3 a 0.8 a 
5. IKF-5411 2.33 fl oz ................................ 36.4   c 0.53  b 0.08 ab 29.1 ab 6.1   b 6.5   bcd 
6. IKF-5411 3.25 fl oz ................................ 35.0   c 0.55  bc 0.18  bc 28.0 ab 7.2   b 3.2   bcd 
7. IKF-5411 4.17 fl oz ................................ 48.3   cd 0.68  bcd 0.28    c 30.9   b 12.3   b 9.1         e 
8. Rally 2 oz + Penncozeb 1 lb ..................... 1.5 a 0.03 a 0.00 a 16.8 a 0.0 a 0.7 ab 

P-values (transformed data) ......................  <0.001 <0.001 0.004 0.007 0.002 0.002 
z For details of application dates and rates, see Table 1. 
y From all leaves in 15 spurs or 15 terminals/tree 
x From rating scale of  0 = none, 1 = 1 to 5 spots, 2 = > 5 spots/leaf. 
w From rating scale where 0 = no yellowing, 1 = <50% of leaf yellowed, 2 = > 50% of leaf yellowed. 
w Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test.  The arc-sine transformation was used for statistical analyses, but arithmetic means are shown. 
Comments on Table 3: 

Necrotic leaf spot (NLS) on both cluster leaves and terminals leaves consists of rust-induced NLS and frog-eye leaf spot 
caused by Botryosphaeria obtusa, but it is almost impossible to distinguish between the two causes based on visual 
symptoms.  B. obtusa can invade leaves directly and cause frog-eye leaf spot which is indistinguishable from rust-
induced NLS. Frog-eye leaf spot is more common in Royal Court than on Cameo, and inoculum is usually unevenly 
distributed within trees, coming primarily from overwintering fruitlet mummies that died after fruit thinning the 
previous year but remained attached to the tree. Rust-induced NLS is usually uniformly distributed throughout trees (at 
least on leaves of the same age) and develops when leaf cells are initially killed by germinating rust spores. The rust 
infections fail to survive due to either host incompatibility reactions or to application of fungicides with post-infection 
activity, and secondary fungi then use the dead cells as an entry point for invading the leaf and enlarging the lesion.  If 
the rust infection develops sufficiently to produce an orange pigment at the center of the lesions, we classify the spot as 
a rust infection and it would be reported as such. However, we often find both NLS and small rust infections on the 
same leaf, and those leaves would be counted as infections in both datasets. Secondary organisms commonly isolated 
from rust-induced NLS include Alternaria species, Phomopsis species, and Botryosphaeria obtusa. (The rust fungi are 
obligate parasites and therefore cannot be recovered when making isolations from leaves.) The best protection against 
rust-induced NLS is application of fungicides that protect leaves from rust infections.   

Leaf burn (photo on the previous page) occurs when rust injures leaves so severely that either entire portions of the leaves 
become necrotic from secondary organisms or the damaged leaf cuticle allows phytotoxic pesticides move into leaf 
tissue and kills cells.  Often leaf burn is a combination of both factors. 

The Rally-Penncozeb standard (Trt 8) provided excellent control of rust diseases (see the next table) and therefore also had 
less leaf spot than any of the other treatments.  Trt 8 had less leaf spotting than Trt 4 because the latter provided only 
protectant action against rust diseases whereas Rally provides excellent post-infection activity against rust diseases. Trts 
4 and 8 both prevented the leaf burn evident on other treatments. 
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Table 4. Effects of early-season treatments on powdery mildew, visual ratings for leaf damage on 1 Jun, and percentage of 

Royal Count leaves that had no disease or damage when rated on 24 Jun. 

 Powdery mildew Ratings of Royal Court leaf damage % Royal Court 
 (% of 8 youngest  on 1 Jun (2 observers, 1-5 rating scale) terminal leaves 
Fungicides and rates of terminal leaves  Necrotic leaf spot  Leaf burn with no yellow- 
formulated product on Royal Court) (frog-eye plus rust- (direct/indirect ing or disease 
per 100 galz     9 Juny  induced leaf spot)  rust damage)x 24 Junw 

1. Control ....................................................  4.2       dv   4.69        f 2.50  b   39.8       e 
2. Microthiol Disperss 1.2 lb// LLS 1.3 qt..  2.1     cd  3.63     de 2.63  bc  47.3   cde 
3. Organic 4.32 lb .......................................  0.6 ab  4.00      e 3.31  bc  43.3     de 
4. Penncozeb 1 lb/Microthiol Disp 1.2 lb...  0.8   bc  2.56  b 1.25 a 65.5  b 
5. IKF-5411 2.33 fl oz ................................  1.0 ab  3.38   cd 2.31  b  53.0  bcde 
6. IKF-5411 3.25 fl oz ................................  0.4 ab  3.00  bc 2.75  bc  61.3  bc 
7. IKF-5411 4.17 fl oz ................................  0.2 ab  4.13      e 3.63    c  58.1  bcd 
8. Rally 2 oz + Penncozeb 1 lb ...................  0.0 a  1.13 a 1.00 a 81.9 a 

P-values .................................................... <0.001 <0.001 <0.001 <0.001 
z For details of application dates and rates, see Table 1. 
y From the eight youngest fully unfolded leaves on 15 terminals/tree 
x Burn due to leaf penetration via aborted rust infections of either toxic levels of pesticides or secondary pathogens (see photo B 

and C on page 40). Means for both necrotic leaf spot and leaf burn are from 4 observations/tree (i.e., two observers rating 
two sides of each tree) using a scale of 1 = no damage to 5 = severe damage over much of the tree canopy. 

w Leaves free of scab, leaf spot, rust, and yellowing determined from actual counts of all leaves on each of 15 terminals/tree. 
w Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test.  The arc-sine transformation was used for statistical analyses of data expressed as percentages, but 
arithmetic means are shown. 

Comments on Table 4: 
Mildew pressure in this block was very low.  All of the fungicides except the low rate of sulfur (Trt 2) controlled mildew. 

The low mildew pressure in this block is probably attributable to extensive use of Rally in early-season sprays last year 
and the fact that early-season Rally sprays were used again this year on more than half of the plots in this block (Trts 8-
14), thereby reducing availability of inoculum for secondary spread. 

As explained on the previous page, evaluations for necrotic leaf spot, leaf burn, and terminals leaves with no yellowing 
follow the patterns shown for activity against rust diseases because rust affected large numbers of leaves even where 
scab was well controlled. 
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Table 5. Effects of early-season treatments on rust diseases on leaves. 

          Cluster leaves (%)y                    Terminal leaves (%)y  
Fungicides and rates of Royal  Royal   
formulated product Court Cameo Court Cameo  
per 100 galz  2 Jun 9 Jun 24 Jun 5 Jul  

1. Control ..................................................................  30.2    cx 64.6     d 18.8     d 52.1   c  
2. Microthiol Disperss 1.2 lb// LLS 1.3 qt................  11.2  b 10.9 ab 6.4  b 43.5   c  
3. Organic 4.32 lb .....................................................  25.4  bc 53.6   cd 10.3  bc 44.3   c  
4. Penncozeb 1 lb/Microthiol Disp 1.2 lb.................    1.5 a 2.4 a 1.3 a 30.0  b  
5. IKF-5411 2.33 fl oz ..............................................  22.9  bc 29.8  bc 12.7   cd 49.9   c  
6. IKF-5411 3.25 fl oz ..............................................  17.5  bc 46.4   cd 11.2  bc 51.6   c  
7. IKF-5411 4.17 fl oz ..............................................  30.9    c 38.6   cd 19.7     d 51.0   c  
8. Rally 2 oz + Penncozeb 1 lb .................................    0.5 a 0.0 a 0.1 a 1.7 a  

P-values (transformed data) ......................................<0.001 <0.001 <0.001 <0.001  
z For details of application dates and rates, see Table 1. 
y From all leaves in 15 spurs or 15 terminals/tree 
x Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test.  The arc-sine transformation was used for statistical analyses, but arithmetic means are shown. 
Comments on Table 5: 

Royal Court is not considered a susceptible to cedar apple rust because rust infections are unable to complete their life-
cycles on Royal Court.  However, rust spores can germinate and attack leaf cells before host-pathogen incompatibility 
arrests fungal development.  The data reported as rust infections in this table was based on leaf spots that had visible 
orange spots in their centers that are typical of rust infections. Spots lacking visible orange centers were counted as 
necrotic leaf spot. 

Rust spots on leaves can be caused by either cedar apple rust (Gymnosporangium juniperi-virginianae) or hawthorn rust 
(G. globosum), and the infections cannot be distinguished except by examining the aecia on the undersides of leaves 
in August.  However, cedar apple rust predominates in our test blocks and probably caused most of the infections 
noted here. 

Only Trts 4 & 8 provided acceptable control of rust diseases on leaves, and the combination of Rally plus Penncozeb (Trt 
8) provided better residual protection of later-developing terminal leaves on Cameo than did Penncozeb alone (Trt 4). 

The IKF treatments provided little or no control of rust on leaves. 
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Table 6. Effects of early-season treatments on cedar apple rust on fruit. 

                          Fruit with cedar apple rust (%)   
Fungicides and rates of Cameo Cameo Repeated measures 
formulated product on-tree rating  harvest rating  analysis across both 
per 100 gal 2 Sep 30 Sep dates 

1. Control ................................................................................76.0     c 62.4       e 69.2       d  
2. Microthiol Disperss 1.2 lb// LLS 1.3 qt..............................58.0   b 35.6   c 46.8     c 
3. Organic 4.32 lb ...................................................................66.4   bc 51.9     de 59.1     cd 
4. Penncozeb 1 lb/Microthiol Disp 1.2 lb................................ 5.0 a 5.4  b 5.2   b 
5. IKF-5411 2.33 fl oz ............................................................59.0   bc 39.8   cd 49.4     c 
6. IKF-5411 3.25 fl oz ............................................................62.0   bc 45.7   cd 53.8     c 
7. IKF-5411 4.17 fl oz ............................................................62.0   bc 45.1   cd 53.7     c 
8. Rally 2 oz + Penncozeb 1 lb ................................................ 0.0 a 0.0 a 0.0 a 

P-values (transformed data) .................................................. <0.001 <0.001  
z For details of application dates and rates, see Table 1. 
 y From all leaves in 15 spurs or 15 terminals/tree 
x From on-tree observations of 40 fruit Cameo fruit per tree on 2 Sep and evaluations of 60 arbitrarily selected fruit per tree that 

were harvested 13 Sep (Royal Court) or on 30 Sep (Cameo).  The on-tree evaluations were made on 2 Sep because some 
treatments were expected to lose (via preharvest drop) large numbers of fruit that had developed summer fruit rots. The 
incidence of cedar apple rust on fruit at harvest on 30 Sep was lower than for the 2 Sep assessment because severely 
diseased fruit had already dropped from the tree. 

w Means within columns followed by the same letter are not significantly different (P≤0.05) as determined applying Fisher's 
Protected LSD test to results from a repeated measures analysis across two dates.  The arc-sine transformation was used 
for statistical analyses, but arithmetic means are shown. P-value for the date-treatment interaction was 0.115. 

Comments on Table 6: 
Only Trt 8 provided complete control of cedar apple rust on fruit.  Penncozeb with sulfur (Trt 4) was less effective, 

presumably because some of the control provided by Trt 8 was attributable to the post-infection activity of Rally. 
The IKF treatments provided little or no control of cedar apple rust on fruit. 
 



1 November 2011 Rosenberger et al., Highland, NY, Final Report Page 45 
N40 Block 

 
 
Table 7. Effects of early-season treatments on quince rust on fruit. 

                                    Fruit with quince rust (%)   
Fungicides and rates of                        Harvest ratingsy   
formulated product Cameo on-tree Royal Court Cameo   Grand means 
per 100 galz  rating 23 Aug y  13 Sep 30 Sep both cultivars 

1. Control .......................................................................15.0   bx  6.9     cdx 6.8   bx   6.9   bt  
2. Microthiol Disperss 1.2 lb// LLS 1.3 qt.....................15.0   b  3.7   bc 6.7   b 5.2   b 
3. Organic 4.32 lb ............................................................9.0   b  3.0 abc 4.5   b 3.8   b 
4. Penncozeb 1 lb/Microthiol Disp 1.2 lb........................0.0 a  0.0 a 0.0 a 0.0 a 
5. IKF-5411 2.33 fl oz .....................................................8.0   b  7.9    cd 3.1   b 5.5   b 
6. IKF-5411 3.25 fl oz .....................................................8.0   b  4.5    cd 5.7   b 5.1   b 
7. IKF-5411 4.17 fl oz .................................................. 16.0   b 10.0      d 4.0   b 7.0   b 
8. Rally 2 oz + Penncozeb 1 lb ........................................0.0 a  0.0 a 0.0 a 0.0 a 

P-values (transformed data) ............................................0.001 <0.001 <0.001 
z For details of application dates and rates, see Table 1. 
y From on-tree observations of 40 fruit Cameo fruit per tree on 2 Sep and evaluations of 60 arbitrarily selected fruit per tree that 

were harvested 13 Sep (Royal Court) or on 30 Sep (Cameo).  The on-tree evaluations were made on 2 Sep because some 
treatments were expected to lose (via preharvest drop) large numbers of fruit that had developed summer fruit rots. The 
incidence of quince rust on fruit at harvest on 30 Sep was lower than for the 2 Sep assessment because severely diseased 
fruit had already dropped from the tree. 

x Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 
Protected LSD test.  The arc-sine transformation was used for statistical analyses, but arithmetic means are shown. 

t Means within columns followed by the same letter are not significantly different (P≤0.05) as determined applying Fisher's 
Protected LSD test to results from a split-plot analysis across both cultivars.  The arc-sine transformation was used for 
statistical analyses, but arithmetic means are shown. P-value for the cultivar-treatment interactions was 0.348. 

Comments on Table 7: 
Both Trts 4 and 8 provided complete control of quince rust, but none of the other treatments were effective. 
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Table 8. Effects of early-season treatments on rust-related leaf disorders on Cameo. 

          Cameo cluster leaves on 9 Jun                Cameo term'l lvs (%) y 
Fungicides and rates of          Leaf spot             Rating  No  No  
formulated product Percent Subjective  for leaf  disease Leaf  disease 
per 100 galz affectedy     ratingx yellowingw (%)y spot (%) 

1. Control .......................................................  23.4 0.33 0.10 13.9      dv  10.0 a 32.8     d 
2. Microthiol Disperss 1.2 lb// LLS 1.3 qt.....  25.9 0.31 0.04 65.4  b 11.7 a 43.3   cd 
3. Organic 4.32 lb ..........................................  21.5 0.36 0.07 33.8    cd 14.1 a 42.2   cd 
4. Penncozeb 1 lb/Microthiol Disp 1.2 lb........  7.0 0.07 0.01 89.9 a 15.3 a 58.8  b 
5. IKF-5411 2.33 fl oz ...................................  17.1 0.25 0.06 54.9  bc 14.1 a 44.5   cd 
6. IKF-5411 3.25 fl oz ...................................  15.9 0.27 0.03 44.5  bc 8.6 a 45.8  bc 
7. IKF-5411 4.17 fl oz ...................................  18.9 0.25 0.04 49.3  bc 6.7 a 47.4  bc 
8. Rally 2 oz + Penncozeb 1 lb ......................... 2.5 0.24 0.00 95.2 a 3.0 a 91.9 a 

P-values (transformed data) ............................  0.095 nsv 0.578 ns 0.250 ns <0.001 0.051 ns <0.001 
z For details of application dates and rates, see Table 1. 
y From all leaves in 15 spurs or 15 terminals/tree 
x From rating scale of  0 = none, 1 = 1 to 5 spots, 2 = > 5 spots/leaf. 
w From rating scale where 0 = no yellowing, 1 = <50% of leaf yellowed, 2 = > 50% of leaf yellowed. 
w Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test.  The arc-sine transformation was used for statistical analyses of data expressed as percentages, but 
arithmetic means are shown. 

v ns = no significant differences among treatments (P> 0.05). 
Comments on Table 8: 

Most of the leaf-spotting on Cameo was attributable to rust lesions that failed to develop, but still caused sufficient damage 
to appear as leaf spots.  The leaf spots may have been attributable to rust alone or to rust followed by other secondary 
organisms.  Many leaves with leaf spot also had visible rust lesions. 

Ratings for leaf spot on Cameo trees were highly variable within the block and were not significantly impacted by 
treatments. 

Ratings for leaf yellowing (see photo B on page 40) were low on Cameo because rust infections develop normal lesions on 
this cultivar and therefore rust does not cause much of the leaf yellowing symptom common on Royal Court trees. 

Leaves rated as having no disease were free of scab, rust, leaf spotting, and yellowing. 
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Table 9. Effects of early-season treatments on disease-incidence on Cameo fruit rated on 2 Sep.  

Fungicides and rates of              Cameo fruit (%) on 2 Sep with: y    
formulated product Sooty           Black rot         Bitter  No  
per 100 galz  blotch Flyspeck Decay Specksx rot disease  

 1. Control ......................................................  100.0       ew 100.0    d 24.0    cd   1.0 a 19.0     c   0.0       d 
 2. Microthiol Disperss 1.2 lb// LLS 1.3 qt....    67.0    cd 83.0   c 20.0   bcd 7.0 abc 11.0   bc   1.0     cd 
 3. Organic 4.32 lb .........................................    80.8      d 72.9   c 36.3       d 11.1   bc 17.0   bc   2.1     cd 
 4. Pennzb//Topsin M 3 oz + Captan-80 1 lb..     4.0 a 8.0 a 4.0 ab 6.0 ab   6.0 ab  63.0 a  
 5. IKF-5411 2.33 fl oz ...................................   61.0   bc 49.0  b 20.0   bcd 9.0 abc 26.0     c    5.0     cd 
 6. IKF-5411 3.25 fl oz ...................................   47.0   b 38.0  b 14.0   bc 13.0   bc 17.0   bc    9.0     c 
 7. IKF-5411 4.17 fl oz ...................................   44.0   b 44.0  b 17.0   bcd 17.0     c 26.0     c    5.0     cd 
 8. Rally-Pennzb//BAS 700 + Sylgrd-309 ......   54.0   bc 6.0 a 2.0 a 1.0 a   0.0 a  39.0   b 

P-values (transformed data) ............................  <0.001 <0.001 0.008 0.023 0.003  <0.001 
z For details of application dates and rates, see Table 1. 
y From on-tree observations of 40 fruit/tree on 2 Sep.  The on-tree evaluations were made on 2 Sep because some treatments 

were expected to lose (via preharvest drop) large numbers of fruit that had developed summer fruit rots. 
x Specks were black spots, usually centered on lenticels, that were less than 2 mm in diameter. We suspect that the majority of 

the specks were early symptoms of black rot, but some of them might have been bitter rot. 
w Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test.  The arc-sine transformation was used for statistical analyses, but arithmetic means are shown. 
Comments on Table 9: 

Disease incidence on fruit as shown in this table is attributable to both the early-season sprays and the summer program 
(see Table 1). The standard program of early-season protectants followed by Topsin M plus Captan during summer 
(Trt 4) provided the best control of the full complex of diseases shown in this table. 

None of the treatments provided complete control of sooty blotch and flyspeck (SBFS) in this trial, but the standard 
summer treatment of Topsin M plus Captan was far superior to any of the other treatments. We suspect that most of 
the SBFS infections occurred between 12 and 17 Aug because SBFS was almost completely controlled on Golden 
Delicious fruit in the M.9 block that were sprayed on a schedule similar to that used for this block except that the 
M.9 block received an additional spray on 12 Aug.  (See the weather/spray date table on pages 3-8 and the data from 
the M.9 block on pages 21-22 for details). The two test blocks also differ in other aspects that might affect SBFS in 
that the M.9 block has less hedgerow perimeter that might harbor SBFS inoculum and is located at the top of the hill 
with better air drainage.  Nevertheless, the huge differences between SBFS incidence in these two blocks is probably 
most attributable to the 20-day spray interval with > 5 inches of rainfall that occurred in this block between 28 Jul 
and 17 Aug.  Other diseases may also have become established during this 21-day spray interval. The long spray 
interval occurred because weather conditions between 6 and 16 Aug were not conducive for applying treatments in 
this block where we needed at least a 4-hr window to get all of the treatments applied. 

The IKF treatments did not provide acceptable control of any of the summer diseases shown in this table. 
BAS 700 + Sylgard (the summer program in Trt 8) provided complete control of bitter rot and excellent control of 

flyspeck, but was ineffective for controlling sooty blotch. 
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Table 10. Effects of treatments on Honeycrisp fruit rots rated on 23 August. 

Fungicides and rates of                     Honeycrisp fruit on 23 Aug (%)y            
formulated product Reps with Black Bitter No 
per 100 galz  fruit rot rot rots 

1. Control ....................................................................................  1 37.5*w   75.0*w 22.5*w   
2. Microthiol Disperss 1.2 lb// LLS 1.3 qt..................................  4 60.0  72.7 6.2  
3. Organic 4.32 lb .......................................................................  3 66.7  77.8 11.1  
4. Penncozeb //Topsin M 3 oz + Captan-80 1 lb ........................  2 38.1  33.9 34.7  
5. IKF-5411 2.33 fl oz ................................................................. 3  22.2  92.4 0.0  
6. IKF-5411 3.25 fl oz ................................................................  3 27.8  68.5 18.8  
7. IKF-5411 4.17 fl oz ................................................................  3 37.7  53.9 22.6  
Early-season Rally 2 oz + Penncozeb 1 lb, then: 
  8. BAS 700 + Sylgrd-309 .........................................................  3 28.1  66.8 18.6  
  9. Merivon 1.33 + Sylgrd-309 ..................................................  2 19.9  27.3 54.9  
10. Merivon 1.83 + Sylgrd-309 ..................................................  3 15.0  36.0 53.9  
11. Pristine + Sylgrd-309............................................................  2 25.6  25.0 60.1  
12. Luna Sensation 1.33 .............................................................  4 20.8  36.3 51.5  
13. Luna Sensation 2.0 ...............................................................  3 17.0  65.2 27.4  
14. Rally + Penn// Tops + Capt ..................................................  4 28.5  37.5 44.5  

P-values (transformed data) .........................................................   0.181 ns 0.150 ns  0.081 ns 
z For details of application dates and rates, see Table 1. 
y From all available fruit on the number of reps indicated; mean number of fruit/tree for the trees evaluated was 27.3,  

with a range 4-90. 
w Controls were not included in the analysis because fruit were available from only one tree. 
w Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test.  The arc-sine transformation was used for statistical analyses, but arithmetic means are shown. 
 
Comments on Table 10: 

The Honeycrisp data shows that none of the fungicide treatments were effective in preventing rots on Honeycrisp, 
although low fruit numbers and missing reps make this data less robust than I would like. These were top-worked 
trees that we had not planned to use for data collection, but we collected fruit rot data anyway when I noted how 
extensive the fruit rot problem was in this block.  Both in my plots and in some commercial orchards, we noted 
unusual amounts of bitter rot showing up in Honeycrisp, Macs, and some other early cultivars in late August, along 
with a higher-than-normal incidence of black rot fruit decay.   

My hypothesis is that much of the decay was initiated in heat-injured fruit that were damaged during the extremely hot 
weather that we had on July 21-22-23.  I suspect that fruit damaged by this heat wave (perhaps interacting with other 
factors, such as drought stress) lacked the normal plant defenses that provide significant protection against fruit rot 
pathogens.  

The hypothesis of heat-damage predisposing fruit to decay is supported indirectly by the observation that most of the 
initial decays we observed were on the sides of fruit that were directly exposed to sunlight. 

Disease incidence was quite variable from tree to tree, and therefore we could not detect any benefits from the fungicides 
that were applied.    
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Table 11. Effects of treatments on incidence of flyspeck. 

                                    Fruit with flyspeck (%)   
Fungicides and rates of                         Harvest ratingsw   
formulated product Cameo on-tree ratings    Cameo   Royal Court Grand means 
per 100 galz  23 Aug y  2 Sepx 30 Sep 13 Sep both cultivars 

 1. Control ...........................................................100.0       hv  100.0    dv  100.0        fv  100.0       gv  100.0           hu 
 2. Microthiol Disperss 1.2 lb// LLS 1.3 qt.......... 44.0      f 83.0   c  87.7       e 95.2      fg 91.5          g 
 3. Organic 4.32 lb ............................................... 68.0      g 72.9   c  81.1       e 86.2     ef 83.6        fg 
 4. Pennzb//Topsin M 3 oz + Captan-80 1 lb......... 4.0 ab 8.0 a 20.0 ab 62.4  bcd 41.2    cd 
 5. IKF-5411 2.33 fl oz ........................................ 30.0     ef 49.0  b  59.8      d 89.2     ef 74.5         f 
 6. IKF-5411 3.25 fl oz ........................................ 17.0   de 38.0  b  42.3    cd 77.7    de 60.0       e 
 7. IKF-5411 4.17 fl oz ........................................ 35.0       f 44.0  b  61.9      d 89.8      f 75.9         f 
Early-season Rally 2 oz + Penncozeb 1 lb, then 
  8.  BAS 700 + Sylgard-309 ............................... 12.0   cd 6.0 a  38.9  bc 67.9   cd 53.4      de 
  9.  Merivon 1.33 + Sylgard-309 .......................... 1.0 ab n.d. 22.4 ab 47.7 ab 35.0 abc 
10.  Merivon 1.83 + Sylgard-309 .......................... 0.0 a n.d. 11.2 a 47.2 ab 29.2 ab 
11.  Pristine + Sylgard-309.................................... 1.0 ab n.d. 15.1 a 36.7 a 25.9 a 
12.  Luna Sensation 1.33 ....................................... 6.0   bc n.d. 21.8 ab 46.9 ab 34.3 abc 
13.  Luna Sensation 2.0 ......................................... 7.0   bc n.d. 16.8 a 36.8 a 26.8 ab 
14.  Topsin M 3 oz + Captan-80 1 lb 
 Pristine  4.83 oz (last 2 sprays) ................... 4.0 ab n.d. 17.7 a 56.3  bc 37.0   bc 

P-values (transformed data) ................................ <0.001 <0.001 <0.001 <0.001  
z For details of application dates and rates, see Table 1. 
y From on-tree observations of 25 fruit/tree. 
x From on-tree observations of 40 fruit/tree on 2 Sep. This is the same data shown in Table 9, but it is repeated here to show the 

disease progression that occurred during the intervals between evaluations done on 23 Aug, 2 Sep, and 30 Sep. 
w From harvest evaluations of 60 fruit/tree (or all available fruit if less than 60). 
v Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test.  The arc-sine transformation was used for statistical analyses, but arithmetic means are shown. 
u Means within this column followed by the same letter are not significantly different (P≤0.05) as determined applying Fisher's 

Protected LSD test to results from a split-plot analysis across two cultivars.  The arc-sine transformation was used for 
statistical analyses, but arithmetic means are shown. P-value for the cultivar-treatment interaction was 0.113. 

t n.d. = no data collected. 
Comments on Table 11: 

None of the treatments provided complete control of flyspeck.  One possible explanation for this incomplete disease 
control is provided in the comments for Table 9. 

Flyspeck incidence on Cameo increased on all treatments between 23 Aug and 30 Sep. 
Flyspeck is always difficult to control on Royal Court and other Cortland strains, perhaps in part because Cortland trees 

frequently produce two or three fruit/cluster even under excellent fruit thinning regimes.  These clustered fruit make 
complete fungicide coverage very difficult and also tend to hold moisture for longer periods following rains or dews. 

The grand means for harvest ratings across both cultivars show that the high rate of Merivon + Sylgard (Trt 10), Pristine + 
Sylgard (Trt 11), and the high rate of Luna Sensation (Trt 13) all provided better control of flyspeck than the standard 
Topsin M + Captan summer treatment (Trt 4).  

There were not significant rate effects for either Luna Sensation or Merivon treatments, both of which were evaluated at 
two rates.   

The IKF treatments also failed to show a consistent rate-effect. 
Using Pristine in the last two applications in Trt 14 did not result in any significant improvement in disease control 

compared to Trt 4 where Topsin and Captan were used throughout the summer. 
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Table 12. Effects of treatments on incidence of sooty blotch. 

                                    Fruit with sooty blotch (%)   
Fungicides and rates of                         Harvest ratingsw   
formulated product    Cameo on-tree ratings    Cameo   Royal Court Grand means 
per 100 galz  23 Aug y  2 Sepx 30 Sep 13 Sep both cultivars 

 1. Control ...........................................................100.0      ev  100.0       ev 100.0       ev 100.0     dv 100.0         ew 
 2. Microthiol Disperss 1.2 lb// LLS 1.3 qt.......... 48.0   cd   67.0    cd  84.6     d 83.2    c 83.9     cd 
 3. Organic 4.32 lb ............................................... 62.0     d   80.8      d  78.2     d 94.4    c 86.3       d 
 4. Pennzb//Topsin M 3 oz + Captan-80 1 lb.......   1.0 a     4.0 a  16.7 a 7.7 ab 12.2 a 
 5. IKF-5411 2.33 fl oz ........................................ 48.0   cd   61.0   bc  78.4   cd 76.8    c 77.6   bcd 
 6. IKF-5411 3.25 fl oz ........................................ 22.0  b   47.0   b  51.7  b 78.6    c 65.2   b 
 7. IKF-5411 4.17 fl oz ........................................ 34.0  bc   44.0   b  61.9  bc 78.1    c 70.0  bc 
Early-season Rally 2 oz + Penncozeb 1 lb, then   
  8) BAS 700 + Sylgard-309 ................................ 56.0     d 54.0   bc   55.6  b 80.4    c 68.0   b 
  9) Merivon 1.33 + Sylgard-309 .........................   2.0 a n.d.  13.6 a 17.5   b 15.5 a 
10) Merivon 1.83 + Sylgard-309 .........................   0.0 a n.d.  15.8 a 4.6 a 10.2 a 
11) Pristine + Sylgard-309...................................   0.0 a n.d.  14.1 a 5.0 a 9.6 a 
12) Luna Sensation 1.33 ......................................   1.0 a n.d.  24.1 a 10.9 ab 17.5 a 
13) Luna Sensation 2.0 ........................................   3.0 a n.d.  10.9 a 8.4 ab 9.7 a 
14) Topsin M 3 oz + Captan-80 1 lb 
 Pristine  4.83 oz (last 2 sprays) .................   2.0 a n.d.  18.0 a 11.5 ab 14.8 a 

P-values (transformed data) ................................ <0.001 <0.001 <0.001 <0.001 <0.001 
z For details of application dates and rates, see Table 1. 
y From on-tree observations of 25 fruit/tree. 
x From on-tree observations of 40 fruit/tree on 2 Sep. This is the same data shown in Table 9, but it is repeated here to show the 

disease progression that occurred during the intervals between evaluations done on 23 Aug, 2 Sep, and 30 Sep. 
w From harvest evaluations of 60 fruit/tree (or all available fruit if less than 60). 
v Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test.  The arc-sine transformation was used for statistical analyses, but arithmetic means are shown. 
u Means within this column followed by the same letter are not significantly different (P≤0.05) as determined applying Fisher's 

Protected LSD test to results from a split-plot analysis across two cultivars.  The arc-sine transformation was used for 
statistical analyses, but arithmetic means are shown. P-value for the cultivar-treatment interaction was <0.001. 

t n.d. = no data collected. 
Comments on Table 12: 

None of the treatments provided complete control of sooty blotch.  One possible explanation for this incomplete disease 
control is provided in the comments for Table 9. 

Flyspeck incidence on Cameo increased on most treatments between 23 Aug and 30 Sep. 
BAS 700, one component of Merivon, was not effective for controlling sooty blotch when used alone (Trt 8). 
Using Pristine in the last two applications in Trt 14 did not result in any significant improvement in disease control 

compared to Trt 4 where Topsin and Captan were used throughout the summer. 
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Table 13. Effects of treatments on severity of sooty blotch and flyspeck (SBFS). 

Fungicides and rates of Cameo on 30 Sepx        Fruit (%) out of grade due to SBFSw, x  
formulated product that were inedible  Cameo   Royal Court Grand means 
per 100 galz  due to SBFSy 30 Sep 13 Sep both cultivars 

 1. Control ......................................................................91.2         e v 99.4        f v  100.0         ev 99.7           f w 
 2. Microthiol Disperss 1.2 lb// LLS 1.3 qt...................   8.0   bc 61.2     de 66.8       d   64.0       de 
 3. Organic 4.32 lb ........................................................ 28.8       d 70.9       e 61.8       d   66.4         e 
 4. Penncozeb //Topsin M 3 oz + Captan-80 1 lb ............0.0 a 1.6 ab    13.3 a 7.4 a 
 5. IKF-5411 2.33 fl oz ................................................. 18.7   bcd 43.4    c 57.0     cd   50.2     cde 
 6. IKF-5411 3.25 fl oz .................................................   9.3   bc 34.5    c 42.0   bc   38.3   bc 
 7. IKF-5411 4.17 fl oz ................................................. 17.9     cd 45.8    cd 55.8   bcd   50.8     cd 
Early-season Rally 2 oz + Penncozeb 1 lb, then 
  8) BAS 700 + Sylgard-309 .........................................   6.3   b 32.6    c 35.5   b   34.1   b 
  9) Merivon 1.33 + Sylgard-309 ..................................   0.0 a 4.1   b 7.4 a 5.8 a 
10) Merivon 1.83 + Sylgard-309 ..................................   0.0 a 0.8 ab 7.1 a 4.0 a 
11) Pristine + Sylgard-309............................................   0.0 a 0.0 a 9.2 a  4.6 a 
12) Luna Sensation 1.33 ...............................................   0.0 a 2.9 ab 11.6 a 7.3 a 
13) Luna Sensation 2.0 .................................................   0.0 a 1.7 ab 2.5 a 2.1 a 
14) Topsin M 3 oz + Captan-80 1 lb 
 Pristine  4.83 oz (last 2 sprays) ..........................   0.0 a 2.5 ab 7.8 a 5.1 a 

P-values (transformed data) ......................................... <0.001 <0.001 <0.001 <0.001 
z For details of application dates and rates, see Table 1. 
x From harvest evaluations of 60 fruit/tree (or all available fruit if less than 60). 
y Fruit considered "inedible" were so discolored by SBFS that they would not have been considered edible by even the most 

indiscriminate consumers. 
w Fruit out of grade for SBFS would not meet USDA standards for Extra Fancy grade. 
v Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test.  The arc-sine transformation was used for statistical analyses, but arithmetic means are shown. 
u Means within columns followed by the same letter are not significantly different (P≤0.05) as determined applying Fisher's 

Protected LSD test to results from a split-plot analysis across two cultivars.  The arc-sine transformation was used for 
statistical analyses, but arithmetic means are shown. P-value for the cultivar-treatment interaction was 0.898. 

Comments on Table 13: 
None of the treatments totally prevented losses to SBFS for both cultivars (i.e., all treatments had some fruit out of grade).  

One possible explanation for this incomplete disease control is provided in the comments for Table 9. 
Trts 9 through 14 all protected fruit from SBFS just as well as the Topsin M + Captan standard (Trt 4), but none of them 

were better than the standard treatment. 
The program involving liquid lime-sulfur sprays during summer reduced the severity of SBFS on Cameo at harvest as 

shown by the differences in the percentage of fruit considered inedible, but the two treatments had similar proportions 
of fruit out of grade for USDA Extra Fancy. 

The IKF treatments reduced severity of SBFS (percent fruit out of grade) by roughly 50% compared to the unsprayed 
control trees, but the IKF treatments were less effective than Trts 9-14 and there was no evidence of a rate response 
among the three rates of IKF that were tested. 

BAS 700, one component of Merivon, was not effective for controlling SBFS when used alone (Trt 8). 
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Table 14. Effects of treatments on the incidence of fruit with summer fruit decays. 

Fungicides and rates of  Fruit with bitter rot (%)y    Fruit with black/white rot (%)y  
formulated product Royal Court Cameo Royal Court Cameo grand mean 
per 100 galz  13 Sep 30 Sep 13 Sep 30 Sep both cultivars 

 1. Control .............................................................. 5.8    cdefx 19.2   cdex     12.6         fx 28.1     cx 20.3       dw 
 2. Microthiol Disperss 1.2 lb// LLS 1.3 qt............ 6.1      def 16.8     def 11.3     def 30.3     c 20.8       d 
 3. Organic 4.32 lb ................................................. 6.8  bcdef 35.5       efg 9.2   cdef 58.8        34.0         ed 
 4. Pennzb//Topsin M 3 oz + Captan-80 1 lb......... 0.7 abc 16.3  bcd 2.3 ab 9.9   b 6.1     c 
 5. IKF-5411 2.33 fl oz .......................................... 7.7          f 37.8        fg 8.7       ef 39.3     c 24.0       de 
 6. IKF-5411 3.25 fl oz .......................................... 7.0        ef 35.2      efg 6.9  bcdef 24.4     c 15.6       d 
 7. IKF-5411 4.17 fl oz .......................................... 8.0          f 44.6         g 9.4     def 34.6     c 22.0       d 
Early-season Rally 2 oz + Penncozeb 1 lb, then 
  8) BAS 700 + Sylgard-309 .................................. 2.1 abcdef 1.2 a 1.7 abc 1.6 a 1.7 abc 
  9) Merivon 1.33 + Sylgard-309 ........................... 0.0 a 0.0 a 0.4 a 0.4 a 0.4 a 
10) Merivon 1.83 + Sylgard-309 ........................... 0.0 a 1.3 a 1.2 a 3.7 ab 2.5 abc 
11) Pristine + Sylgard-309..................................... 0.4 ab 0.4 a 2.5 abcde  0.8 a 1.7 abc 
12) Luna Sensation 1.33 ........................................ 5.7  bcdef 0.8 a 3.2 abcd 3.3 ab 3.3   bc 
13) Luna Sensation 2.0 .......................................... 0.8 abcd 5.1 ab 0.8 a 3.4 ab 2.1 ab 
14) Topsin M 3 oz + Captan-80 1 lb 
 Pristine  4.83 oz (last 2 sprays) ................... 2.3 abcde 4.6 abc 3.8 abcdef 2.1 ab 2.9   bc 

P-values (transformed data) ...................................0.004 <0.001 0.002 <0.001 <0.001 
z For details of application dates and rates, see Table 1. 
y From harvest evaluations of 60 fruit/tree (or all available fruit if less than 60). 
x Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test.  The arc-sine transformation was used for statistical analyses, but arithmetic means are shown. 
w Means within columns followed by the same letter are not significantly different (P≤0.05) as determined applying Fisher's 

Protected LSD test to results from a split-plot analysis across two cultivars.  The arc-sine transformation was used for 
statistical analyses, but arithmetic means are shown. P-values for the cultivar-treatment interaction was <0.001. 

Comments on Table 14: 
For treatments 1-8, comparing disease incidence of Cameo at harvest (shown on this table) with disease incidence on 

Cameo when rated on 2 Sep (Table 9) reveals that the incidence of both bitter rot and black rot increased somewhat 
during September for most of the treatments despite the fact that some of the most severely diseased fruit dropped 
from the tree between the two observation dates and therefore were not available for counting at the end of September.  
Thus, the incidence of summer fruit rots increased even more during September than the comparison of disease 
incidence on the two observation dates would suggest. 

Trts 8-14 all provided control of bitter rot and black rot that was at least as good as that provided by the Topsin M + 
Captan standard summer program (Trt 4). 

The high rate of Luna sensation (Trt 13) and the low rate of Merivon (Trt 10) provided better control black rot than the 
Topsin M + Captan standard (Trt 4) when results from Royal Court and Cameo were analyzed together. 

The IKF treatments did not provide acceptable control of summer fruit rots, and there was no evidence of a rate response 
among the three rates tested. 



1 November 2011 Rosenberger et al., Highland, NY, Final Report Page 53 
N40 Block 

Table 15. Effects of treatments on percentages of fruit with no disease at harvest. 

Fungicides and rates of              Fruit (%) with no disease at harvest y   
formulated product Royal Court Cameo Grand means for 
per 100 galz  13 Sep 30 Sep both cultivars 

 1. Control ...................................................................................... 0.0           fx    0.0           fx     0.0           fw 
 2. Microthiol Disperss 1.2 lb// LLS 1.3 qt.................................... 1.7         ef  0.0           f  0.9           f 
 3. Organic 4.32 lb ......................................................................... 6.5       de  0.0           f 3.3         ef 
 4. Penncozeb //Topsin M 3 oz + Captan-80 1 lb ........................ 34.1   b  59.8     c 46.9     c 
 5. IKF-5411 2.33 fl oz .................................................................. 4.1       de  5.5       de 4.8         e 
 6. IKF-5411 3.25 fl oz ................................................................ 11.5     cd  2.2         ef 6.8         e 
 7. IKF-5411 4.17 fl oz .................................................................. 5.2       def  0.4         ef  2.8         ef 
Early-season Rally 2 oz + Penncozeb 1 lb, then 
  8) BAS 700 + Sylgard-309 ........................................................ 19.5     c  15.7       d 17.6       d 
  9) Merivon 1.33 + Sylgard-309 ................................................. 46.9 ab  67.7 abc 57.3 abc 
10) Merivon 1.83 + Sylgard-309 ................................................. 44.2 ab  81.3 a 62.8 ab 
11) Pristine + Sylgard-309........................................................... 56.2 a  79.0 ab 67.6 a 
12) Luna Sensation 1.33 .............................................................. 41.8 ab  66.9 abc 54.4   bc 
13) Luna Sensation 2.0 ................................................................ 57.0 a  70.1 abc 63.6 ab 
14) Topsin M 3 oz + Captan-80 1 lb 
 Pristine  4.83 oz (last 2 sprays) ......................................... 33.9   b  65.8   bc 49.8     c 

P-values (transformed data) ........................................................<0.001 <0.001 <0.001 
z For details of application dates and rates, see Table 1. 
y From harvest evaluations of 60 fruit/tree (or all available fruit if less than 60).  Fruit counted as having no disease were 

completely free of scab, rust diseases, sooty blotch, flyspeck, and summer fruit rots.   
x Means within columns followed by the same letter are not significantly different (P≤0.05) as determined using Fisher's 

Protected LSD test.  The arc-sine transformation was used for statistical analyses, but arithmetic means are shown. 
w Means within columns followed by the same letter are not significantly different (P≤0.05) as determined applying Fisher's 

Protected LSD test to results from a split-plot analysis across two cultivars.  The arc-sine transformation was used for 
statistical analyses, but arithmetic means are shown. P-value for the cultivar-treatment interaction was <0.001. 

Comments on Table 15: 
The relatively high incidence of sooty blotch in this block had the greatest impact on reducing the proportions of fruit with 

no disease at harvest. 
The two treatments that might fit within an organic farming program for apples (Trts 2 & 3) both failed to produce an 

acceptable number of marketable fruit under the programs evaluated.   
IKF-5411 was primarily effective against apple scab and therefore failed to control other diseases. 
Substituting Pristine into the last two sprays in the standard Topsin M + Captan program (Trt 14) did not result in better 

disease control than the full season program of Topsin M + Captan (Trt 4). 
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Lady Apple Fire Blight Experiment 
!

!

Effects of Glyphosate on Secondary Spread of Fire Blight to Apple Shoots 

A preliminary summary of a project conducted by Leo Rosario, CALS/CCE Summer Intern at Cornell's Hudson Valley 
Lab, with assistance from Anne Rugh, Lindsay Sudol, Fritz Meyer, and Dave Rosenberger. 

Objectives:   
1. Determine if apple trees exposed to sublethal levels of glyphosate are more susceptible to secondary spread of fire 

blight (shoot blight) than non-exposed control trees. 
2. Determine if there is a rate effect for effects of glyphosate on fire blight. 
3. Determine if the timing of blight inoculation and glyphosate exposure impacts the secondary spread of fire blight to 

shoots. 

Methods: 
1. Treatments were replicated 4 times in a meadow orchard containing 6-tree plots of Lady Apple on MM.111 

rootstocks. 
2.  A single unfolding leaf on the two tallest shoots on each tree were inoculated on 10 June by wounding the 

leaf petiole with a dissecting needle dipped into a spore suspension. 
3.  Each treated leaf received 2 droplets @ 5 µl of Touchdown Total at a rate of 68 ml/L which is equal to 2 qt/sprayed 

acre in 30 gal of water, a rate commonly used by growers. Treatments were applied to a low limb on each tree 
either on 7 June (before inoculation) or on 16 June (after inoculation). 

4.  Trees were observed for fire blight 2-3 times/week and all secondary infections (i.e., not on inoculated shoots) were 
removed and counted for each tree in each plot. 

 
Results: 
                    Mean number of blighted shoots removed per tree   
            15 June to 8 July                                  9 to 22 July   
 Tree inoculation     Grand mean Tree inoculation    Grand mean 
 After Before across both  After  Before across both  
Glyphosate exposure treat treat inoc timings treat treat inoc timings 
Low (5 lvs/tree)..............................  2.0 a 3.1 a 2.6 A 3.9 5.2 4.5  
Medium (25 lvs/tree) .....................  2.1 a 2.5 a 2.3 A 3.5 3.1 3.3  
High (50 lvs/tree)...........................  4.3   b 4.1 a 4.2   B 6.2 5.5 5.9  
Means for inoculation ....................  2.8 A 3.3 A  4.5 A 4.6 A 
Results from a 2-say analysis of 2 inoculation timings and 3 rates of glyphosate exposure.  Means within columns followed 
by the same lower-case letter or grand means followed by the same upper case letter are not significantly different, P≤0.05.   
P-values for Log(n+1)transformed data for the dataset of 15 June to 8 July were  0.009, 0.807, and 0.124 for effects of 
glyphosate, inoculation timing, and the interaction, respectively.  The corresponding P-values for the dataset of  9 to 22 
July were  0.067, 0.604, and 0.121, respectively. 
 
 Inoculation Total no. of shoots removed per tree  
Glyphosate exposure timing 15 Jun to 8 July 9 to 22 July  
  1) Low (5 lvs/tree) .......................... after trt ................................. 2.0 a 3.9 
  2) Medium (25 lvs/tree) .................. after trt ................................. 2.1 a 3.5 
  3) High (50 lvs/tree)........................ after trt ................................. 4.3   b 6.2 
  4) Low (5 lvs/tree) .......................... before trt .............................. 3.1 ab 5.2 
  5) Medium (25 lvs/tree) .................. before trt .............................. 2.5 a 3.1 
  6) High (50 lvs/tree)........................ before trt .............................. 4.1 ab 5.5 
  7) Control: No Glyphosate ............. ............................................. 2.3 a 4.0 
P value for trt (Log (n+1) trans  .........................0.025 0.144  
Means within columns followed by the same lower-case letter are not significantly different as determined using Fisher's 
Protected LSD test (P≤0.05). 


