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 Cornell's Hudson Valley Lab 
 

2002 Summary of Rainfall, Jerseymac Phenology, Apple Scab Infection Periods, 
and Scab Ascospore Maturity and Discharge at the Hudson Valley Laboratory 

 
  Scab ascospore 
  information             Wetting periods     
 M.9 block % cumm. %     avg. rain-  Mill's 
 Jerseymac mature dis-   start dura- temp fall rating  
Date growth stage spores charged  date time tion (°F) (in.) 1°   2° (or comments) 
29 Mar  1.0 0.0 30 Mar 0030 9.0 48.6 0.08 - 
    31Mar 2300 12.0 47.2 0.16 - 
02 Apr GT 
03 Apr  2.3 0.0 03 Apr 1445 6.0 43.8 0.28 - 
08 Apr  4.9 0.0 09 Apr 2200 5.0 48.2 0.07 - 
12 Apr HIG 20.0 0.0 12 Apr 1500 19.0 56.2 0.03 M — Very dry leaves 
    13 Apr 1630 12.5 60.2 0.13 M — Spores immature 
    14 Apr 2030 12.0 61.8 0.59 M — Night wetting 
16 Apr TC   16 Apr 0300 1.0 60.7 Tr - 
18 Apr  PK 
19 Apr BL   19 Apr 1330 6.0 75.6 0.44 L 
    20 Apr 0200 4.0 56.5 Tr - 
    20 Apr 1400 1.0 60.0 0.01 - 
    22 Apr 0445 1.0 41.1 0.02 - 
    22 Apr 1015 11.0 40.9 0.02 - 
    25 Apr 1145 20.0 39.0 0.56 - 
    28 Apr  0200 30.5 46.5 1.36 M — Significant 
    30 Apr 1745 14.0 40.8 0.07 - 
 
    02 May 0430 23.5 49.1 0.35 M — Significant 
    07 May 0445 4.0 56.5 0.05 - 
08 May PF   09 May 0315 7.75 49.7 0.03 - 
    09 May 2130 11.0 51.0 0.02 L 
    12 May 1030 46.5 49.6 2.11 H   +?  Significant 

16 MAY ACTIVE SCAB LESIONS FOUND IN UNTREATED TREES.  
POTENTIAL NOW EXISTS FOR SECONDARY SCAB INFECTIONS 

    17 May 2330 15.0 43.0 1.05 - - 
    26 May 0430 8.0 53.3 0.10  + 
    28 May 0245 8.0   
    Split wetting with 4 hours dry  63.6 0.42  + 
    28 May 1445 21.75 
    30 May 0400 3.5 60.2 0.01  - 
    31 May 0345 3.5 62.9 Mist  - 
    31 May 1400 18.75 63.3 1.47  + 
 
    05 Jun 0500 6.75 65.0 0.64  + 
    05 Jun 2315 35.5 60.9 2.17  + 
    12 Jun 1430 3.5 76.0 0.26  - 
    14 Jun 0845 29.5 57.5 0.73  + 
    15 Jun 2045 13.25 55.3 0.22  + 
    16 Jun 1545 0.5 70.4 0.02  - 
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2002 Summary of Rainfall, Jerseymac Phenology, Apple Scab Infection Periods, 
and Scab Ascospore Maturity and Discharge at the Hudson Valley Laboratory 

 
       Wetting periods     
       avg. rain-  Mill's 
     start dura- temp fall rating  
    Date time tion (°F) (in.) 1° 2° 
    22 Jun 1615 16.0 70.7 0.15  + 
    23 Jun 2100 11.5 70.2 0.23  + 
    26 Jun 1530 2.5 76.5 0.07  - 
    27 Jun 1945 13.75 71.8 0.45  + 
    28 Jun 1730 2.25 77.3 0.03  - 
 
    09 Jul 1630 15.5 68.4 0.20  + 
    15 Jul 0345 3.0 64.9 Fog  - 
    19 Jul 1445 16.75 69.3 0.15  + 
    23 Jul 1445 12.75 67.2 0.55  + 
    28 Jul 0000 8.5 66.0 Mist  + 
    28 Jul 2245 10.25 74.3 0.10  + 
 
    02 Aug 1515 17.5 69.1 0.32  + 
    05 Aug 0530 5.25 61.7 0.23  ? 
    16 Aug 1445 0.5 86.4 0.01  - 
    20 Aug 0145 8.0 65.4 0.62  + 
    24 Aug 0430 26.75 60.3 0.20  + 
    26 Aug 0330 4.25 56.4 Dew  - 
    29 Aug 0315 30.75 58.2 1.54  + 
 
    01 Sep 1545 1.5 63.8 0.02  - 
    04 Sep 0215 8.5 70.5 0.13  + 
    14 Sep 2145 2.0 72.2 0.01  - 
    15 Sep 0930 26.5 70.8 1.60  + 
    17 Sep 0700 0.5 56.8 0.01  - 
26 Sep Golden Delicious Harvest  26 Sep 1500 40.5 59.6 1.85  + 
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2002 MAXIMUM AND MINIMUM TEMPERATURES AND PRECIPITATION  

Hudson Valley Laboratory,  Highland,  NY 
All readings were taken at 0800 EST on the dates indicated 

        MARCH                APRIL                    MAY                   JUNE                  JULY                AUGUST          SEPTEMBER         
 Date Max Min Precip Max Min Precip Max Min Precip Max Min Precip Max Min Precip Max Min Precip Max Min Precip 
 1 38 20  61 46 0.16 54 35 0.07 84 53 1.47 87 70  93 67  74 53  
 2 47 19  59 30  64 46 0.28 86 58  88 69  95 66  66 57 0.02 
 3 55 29  60 44  52 44 0.06 74 46  95 74  96 67 0.32 70 58  
 4 62 27 0.42 70 31 0.28 57 33  71 44  97 71  92 65  81 68 0.13 
 5 39 15  50 21  67 41  72 60 0.64 96 65  91 72 0.23 85 58  
 
 6 33 22  43 27  72 43  84 66 1.06 79 56  89 66  77 48  
 7 55 29  46 20  79 55 0.05 67 55 1.11 80 56  75 53  77 49  
 8 53 31 Tr 47 36  79 54  71 48  87 57  78 53  82 53  
 9 58 38 0.01  58 43  67 48 0.03 74 52  92 67  81 53  87 55  
 10 66 36 0.31 75 45 0.07 62 48 0.02 84 59  90 64 0.20 83 57  91 62  
 
 11 43 21  61 38  75 46  79 59  79 49  89 60  90 63  
 12 41 26  62 32  69 49  91 69  76 49  93 64  78 46  
 13 44 27  61 49 0.03 53 48 0.75 83 56 0.26 81 54  95 67  73 46  
 14 44 33 0.03 71 52 0.13 53 45 1.36 68 59  86 62  97 67  84 52  
 15 63 37  75 59 0.59 61 42  61 55 0.72 82 63  98 66  83 69 0.01 
 
 16 63 45 0.18 81 59  66 40  61 54 0.23 92 64  95 74  76 68 1.60 
 17 54 25 Tr 88 61  80 62  74 51 0.02 85 59  95 70 0.01 73 54 0.01 
 18 43 30 0.11 94 63  74 37 0.91 78 50  95 71  92 71  77 52  
 19 38 33  91 62  51 34 0.14 78 56  97 67  96 68  78 54  
 20 45 33 0.43 85 55 0.44 58 30  82 54  89 63 0.14 92 63 0.62 78 61  
 
 21 40 30 0.01 64 43 0.01 56 30  84 56  84 62 0.01 81 58  81 63  
 22 54 18  58 37 0.02 59 32  85 62  86 65  84 59  80 70  
 23 32 19  44 36 0.02 68 38  89 67 0.15 95 75  82 67  82 65  
 24 46 28  53 28  76 46  87 68 0.23 97 62 0.55 77 59 0.04 72 47  
 25 54 31  61 34  84 48  85 65  81 59  63 58 0.16 73 49  
 
 26 43 29 0.09 51 32 0.56 68 52 0.10 84 66  79 60  82 54  73 55  
 27 46 31 0.44 54 28  67 55  92 69 0.07 71 64  82 58  63 54 0.89 
 28 53 26  63 42 0.50 78 60  89 69 0.45 79 65  83 61  72 56 0.96 
 29 57 28  49 45 0.86 72 58 0.41 86 60 0.03 85 71 0.10 77 57 0.73 70 43 
 30 61 38 0.08 49 37 0.02 76 58  85 58  97 74  59 57 0.81 67 48  
 31 66 45     81 61 0.01    94 64  73 56  
Avg/ 
Total 49.5 29.0 2.11 62.8 41.2 3.69 67.0 45.3 4.19 79.6 58.1 6.44 87.1 63.6 1.00 85.7 62.4 2.92 77.1 55.9 3.62 
5-yr mean 
  1997-2001— — 59.6 38.4 2.79 71.1 49.0 4.03 79.4 57.9 4.17 83.2 60.8 3.64 82.4 61.2 2.65 74.2 52.8 4.24 
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APPLE (Malus xdomestica  ‘Jerseymac’, ‘Redcort’, ‘Golden Delicious’) D. A. Rosenberger, F. W. Meyer, and K. L. VanCamp 
 Apple scab; Venturia inaequalis NY State Agricultural Experiment Station 
 Cedar apple rust; Gymnosporangium juniperi-virginianae Cornell’s Hudson Valley Laboratory 
 Quince rust; Gymnosporangium clavipes PO Box 727, Highland, NY  12528  
 Powdery mildew; Podosphaera leucotricha 
 Summer rots;  Botryosphaeria species 
 Flyspeck; Zygophiala jamaicensis 
 Sooty blotch; species complex 

Apple Disease Control with DMI and Strobilurin Fungicides, 2002. Treatments were compared using three-tree plots 
containing one tree of each cultivar on M.9 rootstocks.  Treatments were replicated four times.  Unsprayed buffer rows were 
maintained between sprayed rows.  Plots within rows were separated by cedar trees that provided inoculum for cedar apple rust and 
minimized drift between plots. Populations of V. inaequalis in the test orchard were still near baseline for sensitivity to DMI 
fungicides when tested in 1999.  Fungicide treatments were sprayed to runoff using a handgun at 220 psi.  Application dates with 
corresponding Jerseymac growth stages were 16 Apr (tight cluster), 24 Apr (full bloom); 4 May (petal fall), 16 May (1c); 28 May (2c), 
11 Jun (3c); 27 Jun (4c), 19 Jul (5c); 13 Aug (6c).  Spring was exceptionally dry with the first apple scab and rust infections occurring 
during a rain that started on 28 April.  Primary apple scab infection periods occurred 28-29 April (31 hr wetting, 47 F, 1.36 in. rain), 2-
3 May (24 hr, 49 F, 0.35 in. rain), and 12-14 May (47 hr, 50 F, 2.11 in. rain).  Important secondary scab infection periods occurred 17-
18 May (15 hr, 43 F, 1.05 in. rain), 26 May (8 hr, 53 F, 0.10 in. rain), 28-29 May (30 hr, 64 F, 0.42 in. rain), 31 May (19 hr, 63 F, 1.47 
in. rain), and 5-7 June (42 hr, 62 F, 2.81 in. rain).  Five more secondary scab infection periods occurred between 12 and 30 Jun, four 
occurred during July, and four more occurred during August.  However, July and August were exceptionally hot and dry with only 
1.56 in. of rain between 30 Jun and 18 Aug. Trickle irrigation was used to maintain tree growth.  Incidence of foliar diseases was 
evaluated by observing all leaves on 20 clusters or terminals per tree except that only the eight youngest leaves on 20 terminals were 
used to assess powdery mildew. Disease on fruit was assessed by observing 50 fruitlets per tree in June and 100 fruit per tree at 
harvest.  Fruit finish on Golden Delicious was evaluated using a scale of 1-5 wherein 1= no russet, 2= raised lenticels, 3 = net-like 
russeting sufficient to down-grade fruit from USDA Extra Fancy, 4= heavy net-like russetting, and 5 = very severe russet.  After 
harvest evaluations were completed, all of the sound Golden Delicious fruit were incubated for 10 days at 70 °F and 100% relative 
humidity to allow quiescent or incubating infections to develop visible symptoms.  The incidence of decays visible at harvest and 
decays visible after incubation were combined in a single repeated-measures analysis to determine treatment effects on fruit decays 
(mostly Botryosphaeria species).  Statistical analyses were performed using SuperANOVA software (Abacus Concepts, Berkeley, CA). 

Because of the dry summer, the absence of any scab infections prior to full bloom, and the low carry-over inoculum in this test 
orchard, apple scab was relatively easy to control during the 2002 season.  BAS 516 is a prepackaged mix of BAS 500 and BAS 510, 
so the two components were tested separately in treatments 10 and 11 using the same rates that were present in BAS 516 as used in 
treatment 9.  BAS 500 used alone was just as effective as BAS 516 (the mixture) for all diseases except powdery mildew.  BAS 516 
provided better control of mildew than either component used alone.  The fact that BAS 516 provided better mildew control than most 
other treatments with DMI and strobilurin fungicides is partially attributable to the fact that BAS 516 was applied on June 11 (7-8 
days before mildew was evaluated) whereas most other treatments received only captan on June 11.   The season-long program of 
contact fungicides (treatment 2) was less effective against early terminal leaf scab on Jerseymac than any of the other treatments 
except BAS 510, presumably because most treatments provided post-infection control of scab infections initiated during rains on 12-
14 May and 26 May whereas the contact fungicides did not.  Procure 4SC was slightly less effective than Procure 50W (treatment 4 
vs. 5) as judged by terminal leaf scab on Redcort and cedar apple rust on Golden Delicious fruit. None of the treatments provided 
complete control of cedar apple rust on terminal leaves because some rust infections occurred during June when captan was applied in  
most of the plots.  Incidence of rust on leaves was significantly higher in treatment 8 where Sovran was applied in two consecutive 
sprays (16 and 28 May) than in treatments 4, 5, or 7 where Sovran was applied on only one of those dates.  Thus, programs of 
alternating strobilurin and DMI fungicides will provide better rust control than programs where strobilurin fungicides are used in 
consecutive sprays.  The mean fruit finish rating on Golden Delicious for the standard Nova-Dithane-Captan program (treatment 3) 
was 2.4.  Other treatments had russet ratings ranging from 2.2-2.6 and were not significantly different from treatment 3, except that 
treatment 10 had a significantly higher russet rating of 2.9 (data not shown in tables).  Reasons for increased fruit russetting in 
treatment 10 are unknown.  Very little flyspeck, sooty blotch, or summer fruit rot developed in any treatments because of the hot, dry 
summer. 

On the following tables, comparisons of particular interest are boxed using a dotted line. 
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Material and rate of        Application dates (x)                      % scab infection on Jerseymac   
formulated product    Apr       May      Jun     Jul  Au    terminal leaves1             fruit2    
per 100 gal 16 24   4  16 28  11  27  19   13 25 Jun 20 Aug 24 Jun 22 Jul 
1. Control ..............................................   -  -  -  -  -  -  -  -  -  .......  64.2     e4 91.8         e 93.0     c 99.3   c 
2. Dithane 75DF RSNT  1 lb  ...............  x  x  x  x  x  -  -  -  -  
 Captan 50W 1 lb .............................   -  -  -  -  -  x  x  x  x .........  7.4   c 9.7     c 0.5 a 3.8 a 
3. Nova 40W 1.5 oz + Dithaney  ...........  x  x  x  x  x  -  -  -  -  
 Captan 50 W 1 lbz  ..........................   -  -  -  -  -  x  x  xz  xz .........  1.0 ab 2.3 abc 0.0 a 0.3 a 
4. Sovran 50W 1.33 oz  ........................  x  - - x  - - - - - 
 Procure 50W 3.3 oz + Dithaney  ......   - x  x  - x  - - - - 
 Captan 50W 1 lb ............................... - - - - - x  x  x  x .........  2.0 ab 3.3 abc 0.0 a 0.8 a 
5. Sovran 50W 1.33 oz  ........................  x  - - x  - - - - - 
 Procure 4SC 3.3 fl oz + Dithaney  ...   - x  x  - x  - - - - 
 Captan 50W 1 lb .............................   - - - - - x  x  x  x .........  3.6  bc 7.3   bc 0.0 a 0.3 a 
6. Flint 50W 0.67 oz  ............................  x  - x  - x  - - - - 
 Nova 40W 1.5 oz + Dithaney  .........   - x  - x  - - - - - 
 Captan 50W 1 lbz ............................   - - - - - x  x  x  xz  ........  0.7 a 1.0 ab 0.0 a 1.3 a 
7. Sovran 50W 1.33 oz  ........................  x  - x  - x  - - - - 
 Nova 40W 1.5 oz + Dithaney . ........   - x  - x  - - - - - 
 Captan 50W 1 lbz ............................   - - - - - x  x  x  xz  ........  2.0 ab 2.4 abc 0.0 a 0.5 a 
8. Sovran 50W 1.33 oz  ........................  x  - - x  x  - - x  - 
 Nova 1.5 oz + Polyram 80DF 1 lb  .   - x  x  - - - - - - 
 Captan 50W 1 lbz ............................   - - - - - x  x  - xz ........   1.9 ab 3.8 abc 0.0 a 0.3 a 
9.   BAS 516 0.349 lb ...........................  x  x  x  x  x  x  x  x  x .........  0.8 a 1.4 ab 0.0 a 0.3 a 
10. BAS 500 0.25 lb .............................  x  x  x  x  x  x  x  x  x .........  1.0 ab 0.4 a 0.0 a 0.3 a 
11. BAS 510 0.142 lb ..........................   x  x  x  x  x  x  x  x  x .......  14.6    d 33.0       d 3.5   b 25.0  b 
 
Material and rate of            % scab infection on Redcort       % terminal leaves with mildew3 
formulated product  terminal lvs1               fruit2                 Redcort Jerseymac     
per 100 gal 25 Jun 24 Jun 5 Sep 18 Jun 19 Jun 
1. Control .......................................................53.9       e4 9.7   b 51.1   b 66.7      d 55.9      e 
2. Dithaney // Captan 50W 1 lb ........................7.4  bcd 0.0 a 0.2 a 38.3    c 42.5     d 
3. Nova 40W 1.5 oz + Dithaney  
 Captan 50 W 1 lbz  .....................................3.4 abc 0.0 a 0.2 a  7.7 ab 11.4  bc 
4. Sovran 50W 1.33 oz  
 Procure 50W 3.3 oz + Dithaney  
 Captan 50W 1 lb ........................................2.1 ab 0.0 a 0.0 a  6.9 ab 13.1  bc 
5. Sovran 50W 1.33 oz  
 Procure 4SC 3.3 fl oz + Dithaney  
 Captan 50W 1 lb ........................................8.7   cd 0.0 a 0.0 a 10.6   b 18.6    c 
6. Flint 50W 0.67 oz  
 Nova 40W 1.5 oz + Dithaney  
 Captan 50W 1 lbz .......................................1.3 a 0.0 a 0.0 a  5.6 ab 12.0  bc 
7. Sovran 50W 1.33 oz  
 Nova 40W 1.5 oz + Dithaney . 
 Captan 50W 1 lbz .......................................1.7 a 0.0 a 0.0 a  7.2 ab 9.1 ab  
8. Sovran 50W 1.33 oz  
 Nova 1.5 oz + Polyram 80DF 1 lb  
 Captan 50W 1 lbz .......................................2.6 ab 0.0 a 0.0 a  8.1   b 14.2  bc 
9.   BAS 516 0.349 lb ......................................1.5 a 0.0 a 0.0 a  2.5 a 3.8 a  
10. BAS 500 0.25 lb ........................................1.4 a 1.7 a 0.7 a  4.1 ab 12.2  bc 
11. BAS 510 0.142 lb ................................... 13.7    d 0.0 a 1.5 a  8.1   b 15.3  bc 
1 All leaves on 20 terminals per tree were evaluated for apple scab.   
2 Fifty fruitlets per tree were evaluated for scab during June and 100 fruit per tree were evaluated at harvest (Jul to Sep). 
3  The 8 youngest leaves on 20 terminals per tree were used for mildew ratings.  Repeated measures analysis for decays at 

harvest and decays after incubation. 
4 Means separations:  Fishers Protected LSD (P≤0.05) applied to arc-sine transformed data; arithmetic means are shown. 
y Dithane 75DF RSNT 1 lb.           
z Topsin M 70W 3 oz was added to Captan in the last one or two sprays as indicated on the spray application table. 



Apple Disease Control with  Rosenberger, Meyer, & Van Camp, Page 6 
DMI and Strobilurin Fungicides  Cornell's Hudson Valley Lab, Highland, NY 

 
  % Golden Delicious  
Material and rate of          Application dates           with cedar apple rust  % fruit with quince rust 
formulated product    Apr      May         Jun    Jul Au term. lvs. fruit   Jerseymac  Redcort 
per 100 gal 16 24   4  16 28   11  27  19  13 16 Jul1 26 Sep2   22 July2 5 Sep2 
1. Control ..............................................   -  -  -  -  -  -  -  -  -  .......  70.7      e4 7.3       d  47.2     c 10.4   b 
2. Dithane 75DF RSNT  1 lb  ...............  x  x  x  x  x  -  -  -  -  
 Captan 50W 1 lb .............................   -  -  -  -  -  x  x  x  x .......  12.8 ab 1.0 ab  0.3 ab 0.0 a 
3. Nova 40W 1.5 oz + Dithaney  ...........  x  x  x  x  x  -  -  -  -  
 Captan 50 W 1 lbz  ..........................   -  -  -  -  -  x  x  xz  xz .......  10.4 a 1.0 ab  0.0 a 0.0 a 
4. Sovran 50W 1.33 oz  ........................  x  - - x  - - - - - 
 Procure 50W 3.3 oz + Dithaney  ......   - x  x  - x  - - - - 
 Captan 50W 1 lb ............................... - - - - - x  x  x  x .......  13.3 ab 1.2 ab  0.0 a 0.2 a 
5. Sovran 50W 1.33 oz  ........................  x  - - x  - - - - - 
 Procure 4SC 3.3 fl oz + Dithaney  ...   - x  x  - x  - - - - 
 Captan 50W 1 lb .............................   - - - - - x  x  x  x .......  10.9 ab 4.4     cd  0.0 a 0.3 a 
6. Flint 50W 0.67 oz  ............................  x  - x  - x  - - - - 
 Nova 40W 1.5 oz + Dithaney  .........   - x  - x  - - - - - 
 Captan 50W 1 lbz ............................   - - - - - x  x  x  xz  ......  11.4 ab 1.0 ab  0.0 a 0.7 a 
7. Sovran 50W 1.33 oz  ........................  x  - x  - x  - - - - 
 Nova 40W 1.5 oz + Dithaney . ........   - x  - x  - - - - - 
 Captan 50W 1 lbz ............................   - - - - - x  x  x  xz  ......  16.5  b 0.7 ab  0.0 a 0.2 a 
8. Sovran 50W 1.33 oz  ........................  x  - - x  x  - - x  - 
 Nova 1.5 oz + Polyram 80DF 1 lb  .   - x  x  - - - - - - 
 Captan 50W 1 lbz ............................   - - - - - x  x  - xz .......  26.9    c 1.2 ab   0.0 a 0.6 a 
9.   BAS 516 0.349 lb ...........................  x  x  x  x  x  x  x  x  x .......  15.6  b 1.9   bc  1.9   b 0.6 a 
10. BAS 500 0.25 lb .............................  x  x  x  x  x  x  x  x  x .......  13.7 ab 0.2 a  1.5 ab 0.0 a 
11. BAS 510 0.142 lb ..........................   x  x  x  x  x  x  x  x  x .......  53.8     d 1.6 ab  48.5     c 7.4  b 
 
Material and rate of            % fruit with flyspeck             % Golden Del. % Golden  
formulated product  Redcort       Golden Delicious     with sooty blotch Delicious 
per 100 gal 5 Sep2 26 Sep2 incubated3 after incubation3 with decay 4 
1. Control ........................................................ 8.0     c4 6.1   b   20.9     c 21.4   b 12.2     c 
2. Dithaney // Captan 50W 1 lb ........................0.5 ab 0.0 a  0.0 a 0.3 a 2.6 ab 
3. Nova 40W 1.5 oz + Dithaney  
 Captan 50 W 1 lbz  .....................................1.0 ab 0.0 a 0.7 ab 1.0 a 0.7 a 
4. Sovran 50W 1.33 oz  
 Procure 50W 3.3 oz + Dithaney  
 Captan 50W 1 lb ........................................1.5 ab 0.5 a  1.6 ab 0.7 a 2.5 ab 
5. Sovran 50W 1.33 oz  
 Procure 4SC 3.3 fl oz + Dithaney  
 Captan 50W 1 lb ........................................0.5 ab 0.0 a  1.9   b 0.3 a 2.6 ab 
6. Flint 50W 0.67 oz  
 Nova 40W 1.5 oz + Dithaney  
 Captan 50W 1 lbz .......................................1.7  b 0.0  2.8 ab 0.8 a 3.0   b 
7. Sovran 50W 1.33 oz  
 Nova 40W 1.5 oz + Dithaney  
 Captan 50W 1 lbz .......................................1.1 ab 0.2 a  2.0   b 0.5 a 1.1 ab 
8. Sovran 50W 1.33 oz  
 Nova 1.5 oz + Polyram 80DF 1 lb  
 Captan 50W 1 lbz .......................................0.8 ab 0.0 a  0.5 ab 0.0 a 2.0 ab 
9.   BAS 516 0.349 lb ......................................0.2 ab 0.0 a  0.0 a 0.0 a 2.2 ab 
10. BAS 500 0.25 lb ....................................... 0.4 ab 0.0 a  0.5 ab 0.0 a 0.7 a 
11. BAS 510 0.142 lb ..................................... 0.0 a 0.6 a  0.6 ab 0.3 a 3.3 ab 
1 All leaves on 20 terminals per tree were evaluated for rust.        2 100 fruit per tree were evaluated for diseases at harvest. 
3  Fruit were incubated at 70 F and 100% relative humidity for 10 days prior to evaluation. 
4 Means separations:  Fishers Protected LSD (P≤0.05) applied to arc-sine transformed data; arithmetic means are shown. 
y  Dithane 75DF RSNT 1 lb.           
z  Topsin M 70W 3 oz was added to Captan in the final one or two sprays as indicated on the spray application table. 
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APPLE (Malus xdomestica  ‘Jerseymac’, ‘Ginger Gold’) D. A. Rosenberger, F. W. Meyer, and K. L. VanCamp 
 Apple scab; Venturia inaequalis NY State Agricultural Experiment Station 
 Cedar apple rust; Gymnosporangium juniperi-virginianae Cornell’s Hudson Valley Laboratory 
 Quince rust; Gymnosporangium clavipes PO Box 727, Highland, NY  12528  
 Powdery mildew; Podosphaera leucotricha  
 Flyspeck; Zygophiala jamaicensis 
 Sooty blotch; species complex 

Apple Disease Control with Contact Fungicides, 2002. Treatments were applied to 16-yr-old trees on M.9 rootstock. 
Populations of V. inaequalis in the test orchard were still near baseline for sensitivity to DMI fungicides when tested in 
1999.  High levels of scab inoculum were present in this orchard, but spring was exceptionally dry with no opportunity for 
apple scab or rust infections until trees were in full bloom.  Trickle irrigation was used to maintain tree growth.  Treatments 
were replicated four times in two-tree plots that contained one tree of each cultivar.  Application dates with corresponding 
Jerseymac growth stages were 2 Apr (green tip), 12 Apr (half-in. green), 19 Apr (king bloom), 30 Apr (late bloom); 8 May 
(petal fall), 20 May (1c); 3 Jun (2c), 19 Jun (3c); and 8 Jul (4c).  Primary apple scab infection periods occurred 28-29 April 
(31 hr wetting, 47 F, 1.36 in. rain), 2-3 May (24 hr, 49 F, 0.35 in. rain), and 12-14 May (47 hr, 50 F, 2.11 in. rain).  
Important secondary scab infection periods occurred 17-18 May (15 hr, 43 F, 1.05 in. rain), 26 May (8 hr, 53 F, 0.10 in. 
rain), 28-29 May (30 hr, 64 F, 0.42 in. rain), 31 May (19 hr, 63 F, 1.47 in. rain), and 5-7 June (42 hr, 62 F, 2.81 in. rain).  
Five more secondary scab infection periods occurred between 12 and 30 Jun, four occurred during July.  However, July was 
exceptionally hot and dry with only 1.0 in. of rain. Trickle irrigation was used to maintain tree growth.  Incidence of foliar 
diseases was evaluated by observing all leaves on 20 clusters or terminals per tree except that only the eight youngest leaves 
on 20 terminals were used to assess powdery mildew. Disease on fruit was assessed by observing 50 fruitlets per tree in 
June and 100 (or all available) fruit per tree at harvest.  Fruit finish on Ginger Gold was evaluated using a scale of 1-5 
wherein 1= no russet, 2= raised lenticels, 3 = net-like russeting sufficient to down-grade fruit from USDA Extra Fancy, 4= 
heavy net-like russetting, and 5 = very severe russet.  After harvest evaluations were completed, all of the sound Ginger 
Gold fruit were incubated for 14 days at 70 °F and 100% relative humidity to allow quiescent or incubating infections to 
develop visible symptoms. Statistical analyses were performed using SuperANOVA software (Abacus Concepts, Berkeley, 
CA). 

 Due to the dry summer and the absence of any scab infection periods prior to full bloom, apple scab was relatively 
easy to control during the 2002 season.  The two lowest concentrations of TD 2448-01 did not provide adequate control of 
fruit scab on the highly susceptible Jerseymac cultivar. None of the TD 2448-01 treatments adequately controlled rust 
diseases or mildew.  The lowest concentration of TD 2448-01 provided better suppression of rust diseases than the higher 
concentrations, and the same phenomenon was noted with flyspeck on Ginger Gold fruit following the postharvest 
incubation period. Although the lowest and highest concentrations produced significantly different levels of flyspeck 
control, regression analyses of flyspeck incidence from the 20 plots involving TD 1448-01 (4 replicates X 5 treatments) 
showed that the relationship between rate and flyspeck incidence was not linear (P=0.69, R2=0.17). Why the lowest 
concentration of TD 1448-01 was more effective than the high concentration for control of rust diseases and flyspeck is 
unknown.  However, it is possible that the higher concentrations caused sub-lethal injuries to plant cells or tissues, thereby 
making them more susceptible to fungal invasion.  The incidence of quince rust in some treatments decreased between the 
first Jerseymac rating on 7 Jun and the final rating on 23 Jul because many severely infected fruit dropped from the trees 
before harvest.  Rust diseases were not controlled in the treatment involving Vangard because infections on fruit and leaves 
occurred prior May 8 when Penncozeb was first applied in those plots.  Vangard was not expected to control mildew or rust 
diseases;  it was used in the first four applications only to demonstrate its activity against apple scab.  Two prebloom 
applications of Cuprofix Disperss Blue did not cause any increase in fruit russetting in this test, but applying Cuprofix MZ 
in five applications (through petal fall) resulted in a significant increase in russetting on Ginger Gold. 

On the following tables, comparisons of particular interest are boxed using a dotted line. 
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Material and rate         % scab on Jerseymac           % scab on Ginger Gold  
of formulated product    term. lvs                  fruit        term lvs         fruit  
per 100 gal1 2 Jul5 19 Aug 24 Jun4 23 Jul 5 Jul3 24 Jun2 15 Aug 

Control .............................................................................  28.1 b6 57.4  b 88.0   d 87.1  d 15.8    d  7.5   c 12.2   c 
Penncozeb 75DF  1 lb (2 - 30 Apr) 
 Penncozeb 75 DF  1 lb + 
  Nova 40W  1.5 oz (8 May - 3 Jun) 
 Topsinx + Captan 50W  1 lb (19 Jun – 8 Jul) ................  1.0 a 2.6 a  0.0 a 0.3 a 1.7 abc  0.5 ab 0.0 a 
Vangard 50W  1.67 oz (2 – 30 Apr) 
 Penncozeb 75DF  1 lb (8 May – 3 Jun) 
 Topsinx + Captan 50W  1 lb (19 Jun – 8 Jul).................. 1.0 a 4.1 a  0.0 a 0.6 a 0.4 abc  1.5  b 0.0 a 
Cuprofix Disperss Blue 20 DF  3.3 lb (2, 12 Apr) 
 Penncozeb 75 DF 1.5 lb +Microthioly (19 Apr; 8 May) 
 Penncozeb 75 DF 1.5 lb (30 Apr) 
 Topsinx + Microthioly (20 May; 3 Jun) 
 Topsinx + Ziram 76DF  1 lb (19 Jun – 8 Jul) .................  2.0 a 4.0 a  1.0 ab 1.8 ab 1.4  bc  0.0 a 0.3 ab 
Cuprofix MZ30  42DF  2 lb (2 Apr - 8 May) 
 Topsinx + Microthioly (20 May; 3 Jun) 
 Topsinx +Ziram 76DF  1 lb (19 Jun – 8 Jul) ..................  1.8 a 4.6 a  0.0 a 0.9 a 1.6    c  0.0 a 0.3 ab 
 TD 2448-01 40SC  1.48 fl oz (2 Apr – 8 Jul).................... 1.4 a 3.7 a  4.0    c 27.8   c 1.1 abc  0.5 ab 1.0   b 
 TD 2448-01 40SC  2.22 fl oz (2 Apr – 8 Jul ..................... 0.4 a 1.6 a  2.0  bc 7.6  b 0.9 abc  1.5  b 0.5 ab 
 TD 2448-01 40SC  2.96 fl oz (2 Apr – 8 Jul).................... 0.4 a 3.3 a  0.5 ab 3.4 a 0.3 abc  0.0 a 0.6 ab 
 TD 2448-01 40SC  4.44 fl oz (2 Apr – 8 Jul).................... 0.2 a 1.7 a  0.0 a 3.2 ab 0.0 a  0.0 a 0.0 a 
 TD 2448-01 40SC  5.93 fl oz (2 Apr – 8 Jul).................... 0.2 a 1.3 a  0.5 ab 2.2 a 0.1 ab  0.0 a 0.6 ab 
 
Material and rate         % fruit with quince rust               % cedar apple rust  
of formulated product        Jerseymac         Ginger Gold GG lvs GG fruit 
per 100 gal1 7 Jun2 23 Jul    15 Aug 24 Jul 15 Aug 
Control ................................................................................ 90.7   d6 65.9  cd 45.2    e 73.9      g 25.4   d 
Penncozeb 75DF 1 lb (2 - 30 Apr) 
 Penncozeb 75 DF 1 lb + 
  Nova 40W 1.5 oz (8 May - 3 Jun) 
 Topsinx + Captan 50W 1 lb (19 Jun – 8 Jul) ...................  1.6 a 0.0 a 0.0 a 3.7 a 0.0 a 
Vangard 50W 1.67 oz (2 – 30 Apr) 
 Penncozeb 75DF 1 lb (8 May – 3 Jun) 
 Topsinx + Captan 50W 1 lb (19 Jun – 8 Jul)................... 48.2 b 27.7  b 40.1   de 49.4   cd 28.9    d 
Cuprofix Disperss Blue 20 DF 3.3 lb (2, 12 Apr) 
 Penncozeb 75 DF 1.5 lb +Microthioly (19 Apr; 8 May) 
 Penncozeb 75 DF 1.5 lb (30 Apr) 
 Topsinx + Microthioly (20 May; 3 Jun) 
 Topsinx + Ziram 76DF 1 lb (19 Jun – 8 Jul) ....................  1.6 a 1.5 a 1.3 a 47.2   c 0.7 a 
Cuprofix MZ30 42DF 2 lb (2 Apr - 8 May) 
 Topsinx + Microthioly (20 May; 3 Jun) 
 Topsinx +Ziram 76DF 1 lb (19 Jun – 8 Jul) .....................  0.7 a 2.1 a 8.0  b 59.9   def 5.8  b 
 TD 2448-01 40SC 1.48 fl oz (2 Apr – 8 Jul)..................... 59.6 bc 44.9  bc 13.5  b 24.9  b 9.7  bc 
 TD 2448-01 40SC 2.22 fl oz (2 Apr – 8 Jul ...................... 87.0   d 74.8    d 28.0   cd 55.1   cde 20.6    d 
 TD 2448-01 40SC 2.96 fl oz (2 Apr – 8 Jul)..................... 81.6  cd 66.5   cd 26.6   cd 65.9     efg 21.0    d 
 TD 2448-01 40SC 4.44 fl oz (2 Apr – 8 Jul)..................... 74.9  cd 60.4   cd 28.1   cd 72.0        g 18.6   cd 
 TD 2448-01 40SC 5.93 fl oz (2 Apr – 8 Jul)..................... 82.1   d 70.6    d 24.1   c 68.6       fg 19.3    d 
1 Application dates were 2, 12, 19, 30 Apr;  8, 20 May;  3, 19 Jun;  8 Jul. 
2 All fruitlets in 25 clusters per tree were rated for the presence of quince rust infections.  Total number of fruitlets ranged 

from 29 to 89 with an average of 55 fruitlets rated per tree. 
3 Eight youngest leaves on twenty terminals per tree were rated for mildew on 12 June. 
4 Based on evaluation of 50 fruitlets per tree 
5 All leaves on 20 terminals per tree were evaluated or the presence of apple scab on 2 July. 
6 Numbers within columns followed by the same small letter do not differ significantly, Fisher's Protected LSD (P ≤ 0.05).  

The angular transformation was used for the statistical analyses, but arithmetic means are presented in the tables. 
x Topsin M 70WP  3 oz 
y Microthiol Disperss 80 DF  1 lb 
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Material and rate % JM lvs Ginger Gold fruit at harvest4  % GG fruit 
of formulated product with mildew % fruit with russet with flyspeck 
per 100 gal1 12 Jun3 flyspeck rating5  after incubation6 

Control ......................................................................................  70.5     f7 8.1   d 2.25  bc 16.9         e 
Penncozeb 75DF  1 lb (2 - 30 Apr) 
 Penncozeb 75 DF  1 lb + 
  Nova 40W  1.5 oz (8 May - 3 Jun) 
 Topsinx + Captan 50W  1 lb (19 Jun – 8 Jul) .........................  0.8 a 0.0 a 1.87 a 1.0 ab 
Vangard 50W  1.67 oz (2 – 30 Apr) 
 Penncozeb 75DF  1 lb (8 May – 3 Jun) 
 Topsinx + Captan 50W  1 lb (19 Jun – 8 Jul)........................  51.1     e 0.2 ab 2.13 abc 0.0 a 
Cuprofix Disperss Blue 20 DF  3.3 lb (2, 12 Apr) 
 Penncozeb 75 DF 1.5 lb +Microthioly (19 Apr; 8 May) 
 Penncozeb 75 DF 1.5 lb (30 Apr) 
 Topsinx + Microthioly (20 May; 3 Jun) 
 Topsinx + Ziram 76DF  1 lb (19 Jun – 8 Jul) ........................  20.8 bc 0.0 a  1.99 ab 0.9 ab 
Cuprofix MZ30  42DF  2 lb (2 Apr - 8 May) 
 Topsinx + Microthioly (20 May; 3 Jun) 
 Topsinx +Ziram 76DF  1 lb (19 Jun – 8 Jul) .........................  13.4 b 0.8 abc 3.61     d 0.0 a 
 TD 2448-01 40SC  1.48 fl oz (2 Apr – 8 Jul)..........................  44.7     de 1.0  bc 1.99 ab   4.4 abc 
 TD 2448-01 40SC  2.22 fl oz (2 Apr – 8 Jul ...........................  37.2     de 2.3    c 2.26    c 3.9   bc 
 TD 2448-01 40SC  2.96 fl oz (2 Apr – 8 Jul)..........................  37.0     de 1.3  bc 2.18  bc 8.5     cde 
 TD 2448-01 40SC  4.44 fl oz (2 Apr – 8 Jul)..........................  26.6 bcd 1.4  bc 2.19  bc 7.1     cd 
 TD 2448-01 40SC  5.93 fl oz (2 Apr – 8 Jul)..........................  31.6   cd 2.1  bc 2.11 abc 12.3       de 
1 Application dates were 2, 12, 19, 30 Apr;  8, 20 May;  3, 19 Jun; 8 Jul. 
2 50 fruitlets per tree were evaluated for the presence of scab on 24 June. 
3 All leaves on 20 terminals per tree were evaluated for the presence of apple scab on 5 July. 
4 Fruit ratings are from all available fruit up to a maximum of 100 fruit/tree.  Range was 58-100 with a mean of 94.3 fruit/tree. 
5 Fruit russeting was rated for 75 fruit per tree using a scale of 1-5 wherein 1= no russet, 3 = sufficient russet to down-grade 

fruit from USDA Extra Fancy, and 5 = severe russet. 
6 Fruit were held at room temperature and 100% RH for 12 days and re-rated. Incidence of sooty blotch after incubation 

ranged from 0.6 to 8.2% with no significant differences among treatments (P=0.19).   
7 Numbers within columns followed by the same small letter do not differ significantly, Fisher's Protected LSD (P ≤ 0.05).  

The angular transformation was used for the statistical analyses, but arithmetic means are presented in the tables. 
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Do Flint and Sovran Redistribute with Rain?  Cornell's Hudson Valley Lab, Highland, NY 
 
Objective:  Determine if Sovran and Flint redistribute sufficiently following application to protect leaves 

on rapidly expanding terminal shoots, or whether better protection of new leaves is provided by using 
a combination of mancozeb plus either Sovran or Flint. 

 
 Methods:  To test the protectant and redistribution capabilities of fungicides, a block of trees was left 
completely unsprayed until the first primary scab lesions appeared on terminal leaves.  Treatments were 
then applied to replicated plots on 24 May and 4 June, and the entire block, including control trees were 
sprayed with Captan 50W 1 lb/100 gal 16 days after the second application of test fungicides.  This 
approach ensured the simultaneous presence of both high levels of scab inoculum and rapidly growing 
terminal shoots.  The extended intervals between fungicide treatments was ensured that that at least a few 
terminal leaves developing after each application of test fungicides would be exposed during a scab 
infection period before the next spray was applied.  Incidence of scab on terminal leaves was used as an 
indicator of how well fungicides redistributed to protect new foliage. 
 The orchard used for this experiment was planted in 1998 using trees on MM.111 rootstocks with 
M.9 inter-stems.  Each replicate contained one Golden Delicious tree and one two-part tree in which the 
lower scaffolds were McIntosh and the upper portion of the tree was grafted to Ginger Gold.  Treatments 
were applied to drip using a handgun and a high-pressure sprayer set at 150 psi.  Incidence of scab and 
cedar apple rust were assessed at various times later in the season. 
 To further assess how well fungicides redistribute to new foliage, potted trees that had received no 
prior fungicide sprays were exposed beneath each McIntosh/Ginger Gold tree from 29 May through 3 
June.  The field treatments applied on 24 May had weathered for five days and had been exposed to 0.52 
inches of rain before potted trees were exposed beneath them.  The potted trees were Rome Beauty on 
MM.111 rootstocks that had been planted into 2-gal pots in May 1995 and had been maintained in pots 
since that time.  At the time trees were used for this experiment, each potted tree had at least 4-8 inches of 
terminal growth on 2-10 vigorously growing terminal shoots.  For each treatment, two potted trees were 
placed beneath each of the four replicate McIntosh trees in the field except that three potted trees were 
exposed beneath each unsprayed control tree.  The potted trees were exposed to a short wetting period 
with 0.01-inch rain on 30 May that may have redistributed some fungicide.  That rain was followed by a 
severe Mill’s infection period on 31 May-1 June with nearly 1.5 inches rain.  After exposure in the field, 
the potted trees were returned to the greenhouse and held at approximately 75 F until mid-July. They 
were then evaluated to determine the proportion of leaves that were infected with apple scab, powdery 
mildew, and cedar apple rust.  Each terminal shoot on each tree was evaluated on a leaf-by-leaf basis with 
leaf positions noted and numbered counting from the base of the shoots.   
 After data collection from potted trees was completed, the data from control trees were used to 
determine the maximum number of leaves per terminal shoot that were susceptible to infection during the 
5-day exposure period.  The maximum numbers of susceptible terminal leaves per shoot for scab, mildew 
and rust were determined to be 4, 4, and 7, respectively.  The maximum number of susceptible leaves per 
plant (number per shoot x number of shoots on the plant) was then used as the divisor for determining the 
percentage of susceptible leaves on each plant that actually became infected. 
 
 Observations on scab development: The timing and duration of prebloom wetting periods did not 
allow many scab infections to occur prior to bloom.  Scattered primary scab lesions were noted on 
McIntosh leaves on 21 May and these presumably resulted from the infections that occurred 28 April to 2 
May.  Because weather during May was very cool, scab infections initiated on 12 May were not yet 
visible at the time this experiment was initiated on 24 May.  Mean temperature from 12-24 May was 52.5 
F, a temperature at which 15 days would be required for lesions to appear according to the modified Mills 
chart developed by A.L. Jones.  Therefore, the first scab spray was applied 2-3 days before symptoms 
from the major May 12 infection period became visible.  
 Trees were actively growing through June.  Rains on 5-6 June, just after the second application of test 
materials, totaled 2.8 inches and should have removed most residue for subsequent infection periods on 
14 and 15 June.  However, by 14-15 June, the supply of primary inoculum had been exhausted and only 
limited numbers of conidia may have been available in that trees treated with Nova, Sovran, or Flint. 
 
 Results: All of the fungicide treatments provided some control of scab, cedar apple rust, and quince 
rust in the orchard trees (Tables 2 & 3).  Dithane used alone was less effective than other fungicides for 
controlling leaf scab, but only the Nova-Dithane combination was more effective than Dithane alone for 
controlling scab on McIntosh fruit.  The Nova-Dithane combination provided the best control of cedar 
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apple rust on leaves.  None of the treatments were as effective against leaf rust as they were against apple 
scab. 
 Scab and mildew were significantly suppressed in the potted trees that were placed beneath sprayed 
trees (Table 4).  The potted trees were never directly exposed to any sprays.  Therefore, disease control on 
potted trees must have resulted from (i) redistribution of fungicide residue from the field trees to the 
potted trees, (ii) postinfecton and/or antisporulant effects of fungicides that would have reduced the 
amount of secondary inoculum present in some field trees, or (iii) a combination of redistribution and 
postinfection/antisporulant activities.  Redistribution of fungicide residues might have occurred via 
airborne vapors or via rain splash. 
 Fungicides with post-infection activity (Nova, Sovran, Flint) probably suppressed development and 
release of scab conidia from infections initiated on field trees on 12 May, whereas the Dithane treatment 
would not have suppressed sporulation from those lesions.  Consequently, the inoculum concentrations in 
test trees during late May and early June were probably affected by the fungicides that were applied on 24 
May.  The second application of test fungicides on 4 June may have had post-infection activity against 
scab infections that occurred 31 May to 1 June in field trees.  As a result, the redistribution test posed by 
weather events in early June (rains 5-6 June and infection periods 14-16 June) may have been 
compromised by non-uniform distribution of scab inoculum among trees in the field trial. 
 Suppression of inoculum, however, could not account for the rust control observed on potted trees 
because rust inoculum is wind-dispersed from cedar trees.  Sprays applied to the apple trees would not 
have influenced development and dissemination of rust spores.  The fungicide treatments controlled cedar 
apple rust on potted trees less effectively than they controlled rust and mildew on those same trees, but all 
of the treatments provided a significant level of rust control.  Despite the fact that Sovran and Flint are 
considered only moderately effective against rust, they provided rust control on potted trees similar to that 
provided by Dithane alone.  That rust data from potted trees shows that Flint and Sovran redistributed at 
least as well as Dithane under the conditions of this test. 
 This trial provided no evidence to support the hypothesis that Sovran and Flint are more effective 
against apple scab when tank mixed with mancozeb than when they are used alone.  Results might have 
been different if the trial had been conducted earlier in the season when ascospores are the sole source of 
inoculum because the antisporulant activity of fungicides would not have affected ascospore 
concentrations.  Sovran and Flint might also perform less well in an orchard with DMI-resistant apple 
scab because the strobilurin fungicides have less activity against mycelial growth of DMI-resistant scab 
as compared to wild-type strains of apple scab.  (Presumably, loss of activity against mycelial growth 
would translate into loss of antisporulant activity as well).  Further testing will be required to determine if 
tank-mixing mancozeb with Sovran or Flint has advantages for orchards with DMI-resistant strains of 
apple scab. 
 
Conclusions: 

1. Sovran and Flint are just as effective against apple scab when used alone as when they are tank 
mixed with mancozeb. 

2. Sovran and Flint redistribute to new foliage at least as well as Dithane does. 
3. Sovran and Flint used alone can suppress scab nearly as well as the combination of Nova plus 

Dithane, even when applied to unprotected trees that contain primary scab lesions.  
Nevertheless, neither DMI nor strobilurin fungicides should be used as “bail out” 
materials because doing so will speed selection of fungicide-resistant populations of scab 
and mildew. 

4. Sovran and Flint might perform less well in an orchard with DMI-resistant apple scab than they 
did in this test orchard. 
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Table 1.  Rain fall and wetting events relevant to the Pond Block Trial, 2002. 
 Start hours mean inches  scab 
 time wet temp rain  infection 
12 May 1030 46.5 49.6 2.11 + 
17 May 2330 15.0 43.0 1.05 -  
26 May 0430 8.0 53.3 0.10 + 1st spray 24 May 
28 May 0245 8.0    
            Split wetting with 4 hours dry  63.6 0.42 + 
28 May 1445 21.75 
30 May 0400 3.5 60.2 0.01 - Potted trees 
31 May 0345 3.5 62.9 Mist -  exposed 29 May 
31 May 1400 18.75 63.3 1.47 +  to 3 June 

05 Jun 0500 6.75 65.0 0.64 + 2nd spray 4 June 
05 Jun 2315 35.5 60.9 2.17 + 
12 Jun 1430 3.5 76.0 0.26 - 
14 Jun 0845 29.5 57.5 0.73 + 
15 Jun 2045 13.25 55.3 0.22 + 
16 Jun 1545 0.5 70.4 0.02 - 
 

 
 
Table 2:  Effects of fungicide treatments on control of apple scab in orchard trees. 
 % McIntosh      Grand mean for 
Material and rate of terminal lvs.                    % fruit with scab                   % control across 
formulated product  with scab2        McIntosh             Ginger Gold     all scab ratings 
per 100 gal1 28 Jun 2 Jul3 8 Aug4 2 Jul2 8 Aug4 (leaf and fruit) 
Control .......................................... 67.6    d5 68.4     c 81.4     c 66.8 45.4    c — 
Dithane 75DF RSNT  1 lb ............ 38.2   c 23.8   b 22.2   b 29.4 13.0  b 61.2    c 
Nova 40W  1.5 oz + 
 Dithane 75DF RSNT  1 lb .......... 9.7  a 8.1 a 5.5 a 11.6 3.6 ab 89.0  a  
 
Sovran 50W  1.33 oz + 
 Dithane 75DF RSNT  1 lb ........ 15.0 ab 18.9  b 18.1  b 12.0 5.1 ab 79.5 ab 
Sovran 50W  1.33 oz .................... 16.2  b 21.1  b 17.3  b 12.5 5.3 ab 77.3 ab 
Sovran 50W  2.1 oz .....................  13.3 ab 13.4 ab 9.8 ab  9.6 4.2 ab 84.5 ab 
 
Flint 50W  0.67 oz + 
 Dithane 75DF RSNT  1 lb ........ 13.4 ab 12.4 ab 21.8  b 28.9 4.3 a 73.4   bc 
Flint 50W  0.67 oz ........................ 12.9 ab 18.6 ab 20.9  b 17.4 5.2 ab 76.4   b 
Flint 50W  1 oz ............................. 12.4 ab 12.1 ab 17.9  b 11.3 2.6 a 82.7 ab 
P value ............................................ <0.001 <0.001 <0.001 0.078 0.0001 0.006 
1 Treatments were applied on 24 May and 4 Jun.  All plots including the controls were sprayed with Captan 50W  2 

lb/100 on 20 Jun. 
2 All leaves on 20 terminals per tree were evaluated. 
3 Fruitlets were evaluated on 2 Jul by observing either 50 arbitrarily-selected fruitlets per tree or all available fruitlets 

if <50 per tree. Numbers of fruitlets observed per tree ranged from 7 to 50 (mean = 32) for Ginger Gold and from 
6 to 50 (mean = 28) for McIntosh. 

4 All fruit were harvested and evaluated on 8 Aug.  Numbers of fruit per tree ranged from 5 to 86 (mean = 29) for 
Mcintosh and from 8 to 83 (mean = 39) for Ginger Gold. 

5 Numbers within columns followed by the same letter are not significantly different (Fisher’s Protected LSD, 
P≤0.05).  The arc-sine transformation was used for statistical analyses, but the means presented in the table are 
arithemetic means. 
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Table 3:  Effects of fungicide treatments on control of rust diseases in orchard trees. 
 % Golden Delicious    % Ginger Gold fruit with4      
Material and rate of terminal leaves cedar  quince  
formulated product  with cedar apple rust3 apple rust rust  
per 100 gal1      17 Jul  8 Aug 8 Aug  
Control .............................................  44.6       d 20.1  b 14.5  bc  
Dithane 75DF RSNT  1 lb ...............  39.9     cd 17.0  b 15.7  bc  
Nova 40W  1.5 oz + 
 Dithane 75DF RSNT  1 lb ............ 12.3 a 0.0 a 0.0 a  
 
Sovran 50W  1.33 oz + 
 Dithane 75DF RSNT  1 lb ...........  25.6   bc 18.9  b 28.4   c  
Sovran 50W  1.33 oz .......................  19.0 ab 17.4  b 12.4  b  
Sovran 50W  2.1 oz .......................    25.9   bc 18.4  b 14.4  b  
 
Flint 50W  0.67 oz + 
 Dithane 75DF RSNT  1 lb ...........  25.0   bc 18.6  b 18.3  bc  
Flint 50W  0.67 oz ...........................  33.5   bcd 13.0  b 11.7  b  
Flint 50W  1 oz ................................  28.5   bcd 21.9  b 8.2  b  
P value .............................................. 0.007 0.0001 0.0003  
1 Treatments were applied on 24 May and 4 Jun.  All plots including the controls were sprayed with Captan 50W  2 
lb/100 on 20 Jun. 
3 All leaves on 20 terminals per tree were evaluated for the diseases on the dates indicated. 
4 All fruit were harvested on 8 Aug.  Total number of fruit ranged from 8 to 83 per tree (mean = 39). 
 
 
 
Table 4.  Effects of fungicide treatments on incidence of scab, mildew and cedar apple rust that developed on potted 

trees following field exposure beneath McIntosh/Ginger Gold trees in the field during the interval from 29 May 
to 3 Jun 

Material and rate of    % disease control 
formulated product  % of susceptible leaves with disease observed on susceptible leaves 
per 100 gal1 Scab Mildew Rust Scab Mildew Rust  
Control ...........................................51.2   c  52.0   c 81.6    d — — — 
Dithane 75DF RSNT  1 lb ...............9.7  b  29.7  b 48.4   c 81.1 42.9 40.7 
Nova 40W  1.5 oz + ..........................  
  Dithane 75DF RSNT  1 lb ........1.2 ab    3.6 a 9.8 a 97.7 93.1 88.0 
 
Sovran 50W  1.33 oz + ......................  
  Dithane 75DF RSNT  1 lb ........1.4 ab    2.9 a 16.6 ab 97.3 94.4 79.7 
Sovran 50W  1.33 oz .......................0.0 a    6.9 a 30.4  bc 100.0 86.7 62.7 
Sovran 50W  2.1 oz ......................   5.0 ab  17.2 ab 26.2 ab 90.2 66.9 67.9 
 
Flint 50W  0.67 oz + ..........................  
  Dithane 75DF RSNT  1 lb ........0.0 a    4.4 a 15.2 ab 100.0 91.5 81.4 
Flint 50W  0.67 oz ...........................1.7 ab    6.4 a 21.4 ab 96.7 87.7 73.8 
Flint 50W  1 oz ................................0.8 ab    0.6 a 24.2 ab 98.4 98.5 70.3 
P value .............................................. <0.001 <0.001 <0.001 
The number of shoots available for evaluation was 2 to 10 per potted tree with an average of 5.56 shoots per tree.    
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 Effectiveness of Captan, Mertect 340F, and Scholar for Protecting Apples from Stem-End Invasion by 
Penicillium expansum, 2001-2002.  The objective of this experiment was to determine if postharvest fungicide 
treatments could be used to prevent stem-end infection of Empire apples during controlled atmosphere (CA) storage.  
Treatments were replicated four times using 25 fruit per replicate in a randomized block design.  For each 
replication, all of the fruit were harvested from a single tree, thereby allowing experimental error attributable to tree-
to-tree variations in fruit susceptibility to be isolated in the blocking factor.  Apples were harvested, treated, and 
packed for storage on 1 Oct. Mean fruit firmness at harvest was 18.4 lb and the mean starch index was 3.4 on a scale 
of 1 (immature) to 8 (fully mature) as determined using the index chart developed by Blanpied and Silsby [1992. 
Predicting Harvest Date Windows for Apples. Cornell Cooperative Ext. Information Bull 221, 12 pages]. Non-
wounded fruit were inoculated and treated simultaneously by  dipping fruit for 30 seconds into treatment solutions 
that contained 50,000 conidia/ml from a benzimidazole-resistant isolate of P. expansum (P-301).  The inoculum was 
prepared by washing conidia from 7-day old cultures of P. expansum that were grown on potato-dextrose agar.  The 
spore concentration was determined using a hemacytometer and appropriate volumes of the concentrated spore 
suspension were then added to each treatment tank.  Following treatment, fruit were allowed to dry for two hours.  
They were then placed on spring cushion trays, packed into fiberboard boxes, and transported to a CA storage.  Fruit 
were held at ambient outdoor temperatures (55-70 F) from the time that they were treated until they were placed into 
a commercial CA room 30 hours later.  A Hobo temperature recorder was included in one box of packed fruit and 
showed that the temperature of the packed fruit finally dropped below 40 F. on 5 Oct (96 hour after packing) and 
stabilized at 34.9 F by 10 Oct.  CA conditions (< 5% oxygen) were established by 7 Oct and were maintained until 
the room was opened on 30 May.  Mean oxygen level in the room was 1.5%.  Carbon dioxide levels in the CA room 
were adjusted to 0.5-1.0% from 8 Oct until 27 Dec. and were maintained at 1-2% thereafter.  Fruit were transported 
back to the Hudson Valley Lab on 5 Jun and warmed to 43 F during transport.  Fruit were then held in air storage at 
34 F., were evaluated for stem-end decay and for evidence of Penicillium sporulating on stems on 6 and 26 June, 
and finally were held at 60-70 F for another 7 days prior to the last evaluation on 3 Jul. 

 Incidence of stem-end decay remained relatively low over all three evaluation dates in this trial, but larger 
numbers of fruit had sporulating Penicillium on their stems.  (Fruit with stem-end decay nearly always had 
Penicillium sporulating on the stems, so the means shown for percentages of fruit with sporulation on the stems 
includes the decayed fruit as well as non-decayed fruit with stem infections. Mertect 340F had no effect on decay 
development because the inoculum was from a benzimidazole-resistant isolate of P. expansum.  By 26 Jun, fruit 
treated with captan had significantly less stem-end decay than either of the control treatments, but captan failed to 
control decay development after fruit were moved to warmer temperatures for the last week of storage.  Scholar 
provided near-perfect control of stem infections.  Although a few fruit from the Scholar treatment were reported 
with sporulation on stems for the 6 Jun observation date, the evidence of sporulation was so slight (or mis-
identified) as to be overlooked in subsequent evaluations. 
 
 
Material and rate % fruit with Penicillium   
of formulated product         sporulating on the stem       % fruit with stem-end decay 
per 100 gal 6 Jun 26 Jun 3 Jul 6 Jun 26 Jun 3 Jul 
Control without DPA ....................  16.0  b 24.0  b 26.0  b 6.0     11.0   c 12.0  b 
Control ...........................................  19.0  b 32.0  b 34.0  b 4.0 8.0   c 8.0  b 
Captan 50W  2.5 lb ........................  10.0 ab 16.0  b 19.0  b 2.0 2.0 ab 5.0  b 
Mertect 340F  16 fl oz ...................  14.0  b 27.0  b 28.0  b 4.0 6.0  bc 9.0  b 
Scholar 50W  8 oz .........................    2.0 a 0.0 a 0.0 a 0.0 0.0 a 0.0 a 
P value .............................................  0.028 <0.001 <0.001 0.139 0.001 0.002 
Shield Liquid DPA at 1000 ppm was included in all treatments except ‘Control without DPA’. 
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Effectiveness of Scholar for Controlling Blue Mold Decay in Stored Apples, 2001-2002. The objectives of 

this trial were to evaluate effectiveness of Scholar applied at various rates and in combinations with other products 
that might be included in postharvest treatments of apples.  Empire fruit were harvested at maturity on 26 Sep 2001. 
Fruit were held in at 35F cold air storage until 20 Nov.  Fruit firmness was 17.5 lb at the time the experiment was 
initiated on 20 Nov.  Each fruit was wounded on a single hemisphere using a large cork fitted with three finishing 
nails spaced about 1 cm apart in a triangular pattern. Wounds created on the fruit were approximately 3 mm deep by 
2 mm in diameter and simulated stem punctures, a common entry site for P. expansum in apples. Each treatment was 
replicated four times using 25 fruit per replicate. Baskets containing wounded fruit were dipped for 30 sec into 
treatment solutions that contained the various treatments plus 10,000 conidia of P. expansum per ml.  Twenty 
percent of the inoculum was from a benzimidazole-resistant isolate of P. expansum P-301) and 80% was from a 
benzimidazole-sensitive isolate (P-99). Inoculum was prepared by using sterile water that contained 0.01% Tween 
20 to wash conidia from 8-day old cultures growing on potato-dextrose agar plates.  Spore concentrations of the 
stock solutions were determined using a hemocytometer and appropriate amounts of stock solution were added to 
each treatment tank. The pH of the treatment solutions was measured just before fruit were treated and varied from a 
low of pH 7.3 for the treatment involving Decco 405 Calcium Chloride used alone to a high of pH 8.0 for the 
treatment involving Scholar at 16 oz.  Following treatment, fruit were allowed to dry for two hours.  They were then 
placed on spring cushion trays, packed into fiberboard boxes, and moved to cold air storage at 34 F.  Incidence of 
decay was evaluated monthly beginning in January.  Fruit were considered decayed if there was evidence of decay at 
any of the three wounds. 

All of the treatments involving Scholar provided excellent control of P. expansum.  Activity of Scholar was not 
adversely affected by the addition of calcium chloride, Mertect 340F, or diphenylamine (DPA).  When used alone, 
Mertect 340F failed to provide adequate control of P. expansum even through 80% of the inoculum came from a 
benzimidazole-sensitive isolate.  

 
 
Materials and rates of formulated                    % fruit with blue mold decay   
product per 100 gal of drench solution1 17 Jan 14 Feb 14 Mar 
Control.............................................................................. 76.9     c2 90.0     c 94.0     c 
Decco 405 Calcium Chloride (CaCl2)  1.35 gal ............... 81.0     c 93.0     c 94.0     c 
Mertect 340F  8 fl oz ........................................................ 42.0   b 69.0   b 79.0   b 
 
Scholar 50W  2 oz ............................................................   0.0 a 0.0 a 0.0 a 
Scholar 50W  4 oz ............................................................   0.0 a 0.0 a 2.0 a 
Scholar 50W  8 oz ............................................................   0.0 a 0.0 a 0.0 a 
Scholar 50W  16 oz ..........................................................   0.0 a 1.0 a 2.0 a 
Scholar 50W  16 oz without DPA....................................   0.0 a 0.0 a 0.0 a 
 
Scholar 50W  2 oz + 
 Decco 405 CaCl2  1.35 gal............................................   0.0 a 0.0 a 1.0 a 
 Merterct 340F  8 fl oz ...................................................   0.0 a 0.0 a 1.0 a 
Scholar 50W  16 oz + 
 Decco 405 CaCl2  1.356 gal..........................................   0.0 a 0.0 a 0.0 a 
 Mertect 340F  8 fl oz ....................................................   0.0 a 0.0 a 0.0 a 
P value .............................................................................  <0.001 <0.001 <0.001 
1 Decco NoScald DPA was used at 1000 ppm (40 fl oz/100 gal) in all treatments except where indicated. 
2 Numbers within columns followed by the same letters do not differ significantly, Fisher's Protected LSD (P ≤ 

0.05).  The angular transformation was used for analysis of percentages. 
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Effects of Water Quality on Postharvest Decay Control in Stored Apples Treated with Scholar, 2001-2002.  
Small amounts of soil and organic debris commonly accumulate in the recycling drench solutions used to apply 
postharvest fungicides.  This experiment was designed to determine if activity of Scholar is affected by cleanliness 
of the treatment solution. Seven different concentrations of Scholar were applied to fruit using either clean water, 
water containing 4% (w/w) of a low-organic soil, or water containing a similar concentration of a high-organic soil. 
The low-organic soil was a silt-loam soil collected from 2 to 4 inches below the soil surface in a nearby orchard.  
The high-organic soil was collected from the same site by taking the top inch of soil, including grass roots and 
surface debris, and then further amending that with an equal volume of peat moss.  The low and high organic-matter 
soil contained approximately 1.2% and 14.5% organic matter respectively on a dry-weight basis as determined by 
ashing the soils.  On 15 Nov, 3.3 lb of the air-dried low-organic soil was added to one set of eight treatment tanks 
(20-gal capacity polyethylene garbage cans), and a similar amount of the high-organic soil was placed in another 
eight tanks.  A third set of eight tanks was used for clean water.  Water was added to make 10 gal of solution in each 
of the 24 tanks.  Scholar was added to seven of the eight tanks in each set to create the seven test concentrations of 
Scholar.  One tank of each soil type was used as a water control. All of the tanks containing Scholar solutions were 
held at approximately 60 F from 15-21 Nov (approximately 140 hours) to simulate the holding periods that might 
occur in commercial settings. The soil/Scholar solutions were stirred for several minutes three times on each of 3 
days during the holding period before the solutions were used to treat fruit.  The pH of the treatment solutions was 
measured on 20 Nov.  Inoculum was added to the treatment tanks approximately an hour before fruit were treated on 
21 Nov.  Inoculum consisted of 10,000 conidia per ml from a benzimidazole-resistant isolate of P. expansum (P-
301). Conidia were washed from 5-day old PDA plates using sterile water that contained 0.01% Tween 20.  Spore 
concentrations in the stock solutions were determined using a hemacytometer, and the final inoculum concentration 
of 10,000 spores per ml was achieved by adding appropriate amounts of stock solution to the treatment tanks. 
Empire fruit for this experiment were harvested 26 Sep and were held at 34 F until the day before treatments were 
applied. Each treatment was replicated four times using 25 fruit per replicate. Each apple was wounded on a single 
hemisphere using a large cork fitted with three finishing nails spaced about 1 cm apart in a triangular pattern. 
Wounds were approximately 3 mm deep by 2 mm in diameter and simulated stem punctures, a common entry site 
for P. expansum in apples. Fruit were wounded approximately 18 hr before treatments were initiated. Baskets 
containing 25 wounded fruit were dipped for 30 sec into the treatment/inoculum solutions. Treated fruit were 
allowed to dry for 4 hours before they were arranged on spring cushion trays, placed in wooden crates in a 
randomized block design, and moved to cold storage at 34 F.  Apples were evaluated for decay after 70, 98, and 138 
days of cold storage counting from the time that the first treatments were applied on 21 Nov. Fruit were considered 
decayed if any one of the three wounds developed decay. The software program “SuperAnova” from Abacus 
Concepts was used for the two-way analysis of variance (eight fungicide treatments X three water qualities) for each 
observation date.   

Seventy days after treatment, untreated control fruit had significantly more decay (29% incidence) than fruit in 
any of the Scholar treatments.  After 98 days of cold storage, fruit treated with the lowest rate of Scholar (0.5 oz) 
had developed more decay that other Scholar treatments.  By the last evaluation date, fruit treated with Scholar at 
1.0 oz/100 gal, the second from the lowest rate tested, had also developed more decay than fruit treated with higher 
concentrations of Scholar.  Water quality had no significant effect on fungicide treatment for any of the three 
observation dates.  However, there was a significant treatment X water quality interaction on the last evaluation date 
because the addition of calcium chloride to the lowest rate of Scholar, when compared to the same rate of Scholar 
used alone, caused more decay in the clean water treatment and less decay in the water amended with a high-organic 
soil. If the treatment involving calcium chloride is excluded, the pH of treatment solutions averaged 8.2, 7.7, and 
6.7, respectively for the clean water, water with low-organic soil, and water with high-organic soil, respectively.  
The pH of treatments involving calcium chloride was consistently 0.5 pH units lower than the means for other 
treatments in the same water quality groupings.  The variation in pH of the treatment solutions did not have any 
obvious effects on fungicide efficacy despite the fact that the fungicide solutions were held for nearly 6 days after 
mixing and before fruit were treated.  Gray mold noted in this experiment presumably was present on fruit when the 
fruit were harvested.  The incidence of gray mold remained low, and there were no significant differences among 
treatments after 70 or 98 days.  After 138 days, the incidence of gray mold in control fruit was significantly greater 
than in any of the treatments.  Water quality did not have any significant effect on incidence of gray mold.  Results 
from this experiment verify that aqueous solutions of Scholar remain effective for at least six days after mixing even 
if the treatment solutions contain soil and organic debris.  Scholar used at a minimum rate of 2 oz/100 gal provided 
excellent control of blue mold and gray mold in this trial despite the fact that apples were held longer in air storage 
than would ever occur in commercial practice. 
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 % fruit with blue mold on 30 Jan after 70 days of cold storage 
Material and rate     Water amended with    Grand means  
of formulated product clean low or- high or- for fungicide 
per 100 gal (21 Nov 01) water ganic soil ganic soil treatments  
Control ..........................................................  28.0   b 25.5   b 33.0   b 28.8   b 
Scholar 50W  0.5 oz + Decco 405 
 Calcium Chloride 1.35 gal ......................    1.0 a 0.0 a 1.0 a 0.7 a  
Scholar 50W  0.5 oz .....................................    1.0 a 1.0 a 1.0 a 1.0 a 
Scholar 50W  1.0 oz .....................................    0.0 a 0.0 a 0.0 a 0.0 a 
Scholar 50W  2.0 oz .....................................    0.0 a 0.0 a 0.0 a 0.0 a 
Scholar 50W  4.0 oz .....................................    0.0 a 1.0 a 0.0 a 0.3 a 
Scholar 50W  8.0 oz .....................................    0.0 a 0.0 a 0.0 a 0.0 a 
Scholar 50W  16.0 oz ...................................    0.0 a 0.0 a 0.0 a 0.0 a 
Grand means for water quality ......................   3.8  3.4  4.4  
P-values: treatment effects <0.001; water quality effects = 0.78; treatment x water quality interaction effects =0.99. 
 
 
 
 % fruit with blue mold on 27 Feb after 98 days cold storage  
Material and rate     Water amended with    Grand means  
of formulated product clean low or- high or- for fungicide 
per 100 gal (21 Nov 01) water ganic soil ganic soil treatments 
Control ..........................................................  63.0     d 53.9  b 68.0   c 61.6   c 
Scholar 50W  0.5 oz + Decco 405 
 Calcium Chloride 1.35 gal ......................  26.0    c 1.0 a 2.0 ab 9.7  b  
Scholar 50W  0.5 oz .......................................  7.0  bc 5.0 a 7.0  b 6.3  b 
Scholar 50W  1.0 oz .......................................  2.0 ab 2.0 a 5.0 ab 3.0 ab 
Scholar 50W  2.0 oz .......................................  0.0 a 3.0 a 1.0 ab 1.3 a 
Scholar 50W  4.0 oz .......................................  0.0 a 1.0 a 0.0 a 0.3 a 
Scholar 50W  8.0 oz .......................................  1.0 ab 0.0 a 0.0 a 0.3 a 
Scholar 50W  16.0 oz .....................................  0.0 a 0.0 a 0.0 a 0.0 a 
Grand means for water quality ...................... 12.4  8.2  10.4  
P-values: treatment effects <0.001; water quality effects = 0. 33; treatment x water quality interaction effects =0.22. 
 
 
 
          % fruit with decay on 8 Apr after 138 days of storage at 34 F.  
           Blue mold                       Gray mold       
Material and rate     Water amended with    Grand means  Grand means  
of formulated product clean low or- high or- for fungicide for fungicide 
per 100 gal (21 Nov 01) water ganic soil ganic soil treatments treatments 
Control ....................................................  74.0   c 75.0    c 87.0     d 78.7     d 2.7   b 
Scholar 50W  0.5 oz + Decco 405 
 Calcium Chloride 1.35 gal ................. 59.0   c 6.0 ab 8.0 ab 24.3  bc 0.7 a 
Scholar 50W  0.5 oz ...............................  29.0  b 23.0  b 32.0    c 28.0    c 0.3 a 
Scholar 50W  1.0 oz .................................  8.0 a 15.0 ab 17.0  bc 13.3  b 0.3 a 
Scholar 50W  2.0 oz .................................  4.0 a 5.0 a 5.0 ab 4.7 a 0.3 a 
Scholar 50W  4.0 oz .................................  3.0 a 7.0 ab 1.0 a 3.7 a 0.0 a 
Scholar 50W  8.0 oz .................................  2.0 a 4.0 a 2.0 a 2.7 a 0.0 a 
Scholar 50W  16.0 oz ...............................  2.0 a 2.0 a 5.0 ab 3.0 a 0.0 a 
Grand means for water quality ...............  22.6 17.1 19.6  
P-values: treatment effects on blue mold <0.001; water quality effects on blue mold = 0.48; interaction effects of 
treatment x water quality on blue mold = 0.007; and treatment effects on gray mold <0.001. 


