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Weather and Infection Periods Rosenberger, Meyer and Rugh 
 Cornell University's Hudson Valley Lab 
 
  Scab ascospore counts    Wetting periods          
 M.9 block % cumm.    dura- avg. rain-  Mill's 
 Jerseymac mature % dis-   start tion temp fall rating  
Date growth stage spores charged  date time (hr) (°F) (in.) 1°   2° 
  1 Apr Silver tip     1 Apr 1600 22.5 41.6 0.13 - 
      2 Apr 1945 14.0 44.7 0.02 - 
      4 Apr 0900 26.0 37.5 0.70 - 
12 Apr Green tip   12 Apr 0100 31.5 37.0 0.84 - 
20 Apr Quarter-inch green 
    15 Apr 0330 53.75 39.0 4.56 L 
25 Apr Early tight cluster   25 Apr 1530 13.25 45.4 0.25 - 
    26 Apr 0815 2.5 45.8 - 
 COMBINED WETTING PERIOD STARTING 25 Apr  1530 15.75 45.5 025 - 
    27 Apr 0115 15.25 48.7 0.30 - 
    27 Apr 2015 13.0 51.4 - 
 COMBINED WETTING PERIOD STARTING 27 Apr  0115 28.25 50.0 0.30 M 
28 Apr Tight Cluster   29 Apr 0100 5.5 52.8 - 
    30 Apr 0115 6.25 45.0 <0.01 - 
  2 May Pink     2 May 0215 8.5 48.5 0.22 - 
  4 May King Bloom     7 May 0415 3.0 36.1 Dew - 
  9 May Full Bloom   10 May 0100 6.5 61.9 Dew - 
    11 May 0315 3.5 64.8 Dew - 
    12 May 2100 1.75 59.6 <0.01 - 
15 May Petal Fall 
  16 MAY  ACTIVE SCAB LESION FOUND IN UNSPRAYED CONTROL  SECONDARY INFECTION NOW POSSIBLE 
    16 May 1315 18.0 60.6 0.36 M + 
    17 May 2215 11.0 49.9 0.04 - + 
 COMBINED WETTING PERIOD STARTING 16 May  1315 29.0 56.6 0.40 H + 
    19 May 0815 27.25 52.4 0.31 H + 
    25 May 2130 11.75 65.7 0.44 M + 
    27 May 0745 2.75 63.8 Dew - - 
    28 May 0000 10.0 65.1 0.03 L + 
    29 May 0445 2.0 80.3 Dew - - 
    30 May 0330 2.25 49.6 Dew - - 
    31 May 1815 15.0 64.9 0.42 M + 
      1 Jun 1730 2.0 73.4 0.13 - - 
      2 Jun 0500 3.5 66.3 Dew - - 
      2 Jun 2230 10.0 68.3 0.01 L + 
      3 Jun 1330 47.75 65.2 2.08 H + 
 COMBINED WETTING PERIOD STARTING 31 May  1815 78.25 65.8 2.64 H + 
      9 Jun 0100 4.25 69.3 Dew  - 
    10 Jun 0630 4.25 63.7 0.01  - 
    10 Jun 1915 2.0 66.6 0.03   
    11 Jun 0645 3.0 63.3 0.01   
    11 Jun 2130 11.75 65.2 0.06   
    13 Jun 0015 6.75 63.6 Dew   
 COMBINED WETTING PERIOD STARTING 10 Jun  0630 27.75 64.5 0.11  + 
    19 Jun 2200 13.5 69.2 0.24  + 
    21 Jun 2215 2.0 63.2 Dew   
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Weather and Infection Periods Rosenberger, Meyer and Rugh 
 Cornell University's Hudson Valley Lab 
 
  Scab ascospore counts    Wetting periods          
 M.9 block % cumm.    dura- avg. rain-  Mill's 
 Jerseymac mature % dis-   start tion temp fall rating  
Date growth stage spores charged  date time (hr) (°F) (in.) 1°   2° 

    26 Jun 0345 3.25 68.6 Dew   
    27 Jun 2045 12.0 70.9 0.13  + 
    28 Jun 1645 1.75 80.4 Tr   
 COMBINED WETTING PERIOD STARTING 27 Jun 2045 13.75 71.9 0.13  + 
    30 Jun 2300 9.75 58.3 0.06  + 
      2 Jul 0315 3.75 51.4 Dew   
      3 Jul 0315 4.25 50.4 Dew   
      4 Jul 0200 5.75 56.5 Dew   
      4 Jul 1230 21.0 66.9 0.79  + 
      5 Jul 1930 14.0 66.4 0.91  + 
      6 Jul 1530 2.0 75.0 0.03   
      7 Jul 0015 7.25 60.0 Dew  + 
 COMBINED WETTING PERIOD STARTING   2 Jul 0315 67.75 62.9 1.73  + 
      9 Jul 0015 7.5 72.0 0.01  + 
    11 Jul 1745 13.5 64.5 0.24  + 
    17 Jul 0445 2.0 64.7 Dew   
    18Jul 0415 11.25 69.5 0.14  + 
    19 Jul 0045 8.0 65.4 Dew  + 
    19 Jul 1245 3.75 74.8 0.66   
    19 Jul 2345 8.0 73.9 0.03  + 
 COMBINED WETTING PERIOD STARTING 18 Jul 0415 31.0 71.0 0.83  + 
    23 Jul 0945 22.0 63.7 1.16  + 
    25 Jul 0330 4.0 62.2 Dew   
    26 Jul 0245 4.75 65.6 Dew   
    27 Jul  2215 12.25 68.8 0.37  + 
    29 Jul 0230 5.25 67.8 Dew   
    30 Jul 0300 4.75 66.7 Dew   
      1 Aug 0515 2.0 64.4 Dew   
      2 Aug 0345 4.0 66.8 Dew   
      3 Aug 0515 2.0 69.5 Dew   
      3 Aug 2045 3.5 71.7 0.01   
      7 Aug 0000 8.25 70.4 Dew  + 
      7 Aug 2200 12.0 74.9 0.60  + 
      9 Aug 2245 35.0 58.4 2.28  + 
    12 Aug 0245 5.0 62.5 Dew   
    13 Aug 0245 8.25 70.0 0.01  + 
    15 Aug 0230 5.5 57.8 Dew   
    16 Aug 2215 10.25 68.4 0.09  + 
    17 Aug 2230 10.0 56.7 0.40  + 
 COMBINED WETTING PERIOD STARTING 17 Aug 2215 20.25 62.6 0.49  + 
    20 Aug 0330 1.5 57.3 Dew   
    20 Aug 1645 39.0 59.0 0.52  + 
    25 Aug 0245 5.25 72.6 Dew   
    26 Aug 0745 1.25 71.9 Dew   
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 Cornell University's Hudson Valley Lab 
 
  Scab ascospore counts    Wetting periods          
 M.9 block % cumm.    dura- avg. rain-  Mill's 
 Jerseymac mature % dis-   start tion temp fall rating  
Date growth stage spores charged  date time (hr) (°F) (in.) 1°   2° 

    27 Aug 0400 3.75 64.0 Dew   
    28 Aug 0515 2.25 63.9 Dew   
    30 Aug 0500 3.0 64.4 Dew   
    30 Aug 2130 8.0 64.5 0.03  + 
      2 Sep 0300 5.25 67.8 Dew   
      4 Sep 0600 2.0 62.4 Dew   
      7 Sep 0500 3.0 63.9 Dew   
      8 Sep 0130 6.5 69.9 Dew   
      8 Sep 1815 16.75 71.4 0.03  + 
    10 Sep 0515 7.75 68.0 0.85  + 
    11 Sep 0415 18.75 67.0 0.89  + 
 COMBINED WETTING PERIOD STARTING 10 Sep 0515 26.5 67.3 1.74  + 
    13 Sep 0430 3.75 49.2 Dew   
    14 Sep 0130 7.25 56.7 Dew   
    15 Sep 0200 10.0 63.5 0.21  + 
    17 Sep 0400 4.25 42.1 Dew   
    18 Sep 0045 8.75 45.2 Dew   
    19 Sep 0030 9.25 46.1 Dew   
    20 Sep 0245 5.75 52.8 Dew   
    21 Sep 0145 7.75 60.3 Dew  + 
    22 Sep 0100 7.75 58.3 Dew  + 
    22 Sep 1145 1.0 71.7 <0.01   
 COMBINED WETTING PERIOD STARTING 22 Sep 0100 8.75 59.9 <0.01  + 
    23 Sep 0115 4.75 60.1 Dew   
    24 Sep 0600 2.0 49.7 Dew   
    25 Sep 0600 2.25 53.4 Dew   
    27 Sep 0200 4.5 68.5 Dew   
    27 Sep 2345 10.25 65.6 0.03  + 
    30 Sep 0400 4.75 47.7 Dew   
      1 Oct 0415 4.25 49.9 Dew   
      2 Oct 0245 6.75 50.1 Dew   
      2 Oct 2330 10.0 58.9 Dew   
      4 Oct 0030 8.25 63.6 Dew   
      5 Oct 0345 6.0 61.1 Dew   
      6 Oct 0315 6.0 61.0 Dew   
      6 Oct 2030 12.75 69.0 0.01  + 
      8 Oct 1745 60.75 61.2 0.49  + 
    11 Oct 1630 19.0 55.9 0.85  + 
 COMBINED WETTING PERIOD STARTING   8 Oct 1745 79.75 60.0 1.34  + 
16 Oct  Last Golden Delicious harvest completed 
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2007 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 45 21 0.01* 55 28  74 45  89 61 0.42 82 54 0.06 87 64  75 54  
 2 37 25 0.69 57 34 0.13 67 46 0.22 88 63 0.13 75 50  88 66  75 48  
 3 46 26 0.70 52 41 0.02 68 39  88 66 0.01 74 48  92 69  76 54  
 4 50 28 0.01 64 36  69 37  79 59 1.44 81 55  92 66 0.01 84 61  
 5 40 25  39 35 0.70 68 39  69 61 0.62 74 64 0.79 91 58  80 57  
 
 6 38 4  44 24  69 42  79 48 0.02 87 64 0.91 84 67  70 58  
 7 16 5  38 24  61 35  67 42  84 58 0.03 84 68  82 63  
 8 22 8 0.02 39 23  69 40  75 56  83 64  87 71 0.59 89 69  
 9 30 2 0.01 41 27  79 49  89 68  90 70  94 67 0.01 91 69 0.03 
 10 31 8  46 28  87 60  81 64  93 70  82 59 1.82 82 67  
 
 11 42 27 0.19 47 22  83 64  72 59 0.05 94 72  59 51 0.46 71 64 0.87 
 12 47 22  52 34 0.25 80 55  83 61 0.06 85 58 0.26 82 59  70 55 0.87 
 13 52 33  41 35 0.59 72 49  83 61  81 58  86 68 0.01 71 47  
 14 61 39  46 36  67 34  67 55  83 58  86 54  73 54  
 15 75 44 0.19 53 35 0.39 73 54  68 52  83 63  81 56  73 55 0.15 
 
 16 53 25 0.23 42 33 3.88 89 64  78 55  87 64  84 62  66 41 0.06 
 17 25 21  45 39 0.29 82 50 0.36 83 56  84 64  86 65 0.09 63 40  
 18 33 18 0.42* 46 39  67 48 0.04 87 64  87 70 0.13 78 52 0.40 67 42  
 19 38 21 0.03* 48 43  59 48 0.01 84 63  77 64 0.01 73 50  70 43  
 20 42 31 0.04* 62 37  55 50 0.30 87 68 0.24 78 68 0.69 72 56  75 50  
 
 21 45 15 0.13* 69 36  72 50  79 52  78 55  68 58 0.13 81 58  
 22 42 25  76 40  68 41  82 58  82 59  61 56 0.39 82 56  
 23 58 40 0.03 78 47  73 47  72 49  82 63  65 61  75 51  
 24 52 31  87 62  78 52  74 45  68 59 1.16 73 62  77 48  
 25 55 36 0.23 71 39  89 58  82 58  79 61  82 71  78 51  
 
 26 50 31  59 39 0.25 89 61 0.44 87 68  84 65  91 70  87 64  
 27 52 36 0.01 64 44 0.30 84 58  95 70  87 70  80 63  89 68  
 28 68 42  55 47  82 62 0.03 94 69 0.13 86 67 0.37 82 63  84 64 0.03 
 29 56 30  66 57  84 50  90 62  84 67  84 62  72 54  



 30 50 25  61 42  77 49  76 50  81 66  85 64  73 46  
 31 61 35     84 57     87 63  87 65 0.03  
Avg/Total 45.5  25.1 2.94 54.8 36.9 6.80 74.8 49.5 1.40 80.9 58.8 3.12 82.6 62.3 4.41 81.5 62.0 3.94 76.7 55.0 2.01 
* snow melt 
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APPLE (Malus ×domestica 'Jerseymac,' 'Redcort,' 'Golden Delicious') D. A. Rosenberger, F. W. Meyer, and A. L. Rugh 
 Apple scab; Venturia inaequalis Cornell's Hudson Valley Laboratory 
 Cedar apple rust; Gymnosporangium juniperi-virginianae PO Box 727, Highland, NY  12528  
 Quince rust; Gymnosporangium clavipes   
 Powdery mildew; Podosphaera leucotricha  
 Frogeye leaf spot; Botryosphaeria obtusa 
 Fruit rots; Botryosphaeria sp. 
 Flyspeck; Zygophiala jamaicensis 
 Sooty blotch; species complex 
 Fruit russet 
 
Effectiveness of new SI and strobilurin fungicides and combinations, 2007. 
 
 Treatments were replicated four times using three-tree plots containing one mature tree of each cultivar on M.9 
rootstocks.  Rows containing test plots were separated by buffer rows, and plots within rows were separated by cedar trees 
that provided inoculum for rust diseases and minimized drift between plots. Because all available plots were used for 
fungicide treatments, data for "control" trees was collected from four arbitrarily designated plots in the buffer rows, and the 
"control" data therefore was not included in statistical analyses of results.  Tree bud stages were 1 Apr - silver tip, 12 Apr - 
green tip,  25 Apr - early tight cluster, 28 Apr -  tight cluster, 2 May - pink, 4 May - king bloom, 9 May - full bloom, 15 May 
- petal fall.  Apple scab infection periods occurred 27-28 Apr (28 hr, 50 °F), 16-18 May (29 hr, 57 °F), 19-20 May (27 hr, 52 
°F), 25-26 May (12 hr, 66 °F), 28 May (10 hr, 65 °F), 31 May-5 Jun (78 hr, 66 °F). There were four additional secondary 
infection periods in June and 10 in July. The entire block, including the control trees, was sprayed with Dithane 3 lb/A plus 
Damoil 4 gal/A on 21 Apr using an airblast sprayer adjusted to deliver 100 gal of spray solution per acre. Test fungicides 
were applied three times by spraying trees to drip using a handgun at 200 psi. Treatments were applied 1 May (three days 
after the 27 Apr infection period), 18 May (two days after the 16-17 May infection period, one day ahead of the 19 May 
infection period), and 30 May (five days after the 25 May infection period, just ahead of the infection period beginning on 31 
May). We allowed abnormally long periods between sprays due to extended dry weather and our desire to test post-infection 
activity of the fungicides. On 21 Jun,  Flint 2 oz/A was applied to the entire block with an airblast sprayer.  No other 
fungicides were applied throughout the remainder of the season. The rains of 27-28 Apr favored development of frogeye leaf 
spot, with most infections developing on leaves located beneath over-wintering fruitlet mummies that supplied inoculum for 
leaf infections. Severity of frogeye leaf spot was assessed by having two observers each rate both the east and west sides of 
each Redcort tree, thereby securing four observations per tree. Frogeye leaf spot was rated using the following scale: 1 = no 
leaf spot loci evident; 2 = one or two small leaf spot loci; 3 = moderate, 4 = heavy, and 5 = severe leaf spot. Scab pressure 
was relatively light due to extended dry periods from 12-25 Apr and from 28 Apr to 16 May. Very little mildew developed in 
test plots because the weather prior to and during bloom was too dry to allow mildew infection and rains beginning at petal 
fall removed much of the mildew inoculum from shoots showing primary infections. Data was analyzed using SuperANOVA 
software from Abacus Concepts. 
 Dithane applied alone did not provide adequate control of scab on either leaves or fruit (Table 1) because Dithane 
lacks post-infection activity. Flint was more effective than Evito (fluoxastrobin) for controlling scab on both leaves (grand 
mean of three cultivars) and fruit. Distinguish is a package mix containing 60 and 420 g a.i./L of trifloxystrobin and 
pyrimethanil, respectively. Both rates of Distinguish provided scab control equivalent to that provided by Flint.  Nova 
(myclobutanil) and both rates of Mettle (tetraconazole) failed to adequately control leaf scab on Redcort and fruit scab on 
Jerseymac when they were applied alone, presumably because these SI fungicides lacked the residual activity needed to 
protect fruit from infection periods that developed more than four days after the treatments were applied.  Inspire 
(difenoconazole) and Indar (fenbuconazole) applied alone were comparable to the best treatments for controlling scab on 
Jerseymac fruit, but Indar was less effective than Inspire for controlling leaf scab on Redcort. The Mettle-Dithane and Nova-
Dithane combinations also allowed four to eight percent infection of Redcort terminal leaves whereas the Indar-Dithane 
combination was comparable to the best treatments. Treatments 2 to 5 all contained strobilurin fungicides and were more 
effective for controlling frog-eye leaf spot than Dithane or than Mettle or Inspire used alone (Table 2). Conversely, 
treatments 2 to 5 were less effective for controlling rust infections on Golden Delicious than were treatments where Dithane 
was used in combination with Nova, Mettle, or Indar. Flint suppressed rust on leaves more than either rate of Distinguish as 
might be expected since the high rate of Distinguish contained only 85% as much Flint as the treatment where Flint was used 
alone. 
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Table 1. Incidence of apple scab on leaves and fruit. 

Fungicides and rate               Terminal leaves with apple scab (%) y                   Fruit with scab (%)  
of formulated product Jersey- Red- Golden Grand means Jerseymac Redcort 
per 100 galz mac cort Delicious  for leaf scab 30 Jul x  18 Sep 

Unsprayed controlsw ..........................  49.9 50.9 22.2 41.0 72.0 23.3 

  1. Dithane 75DF  1 lb ......................  18.2       ev 14.4          gv 7.4   bv 13.3        fv    7.3     c u nd 
  2. Flint 50WDG  0.67 oz .................    2.4 abc 0.9 ab 1.0 a 1.4 ab   0.0 a 0.6 ab 
  3. Evito 4F  1.3 fl oz + 
 LI-700 16 fl oz ............................    4.7     cd 4.6    cdef 1.4 a 3.6   cde   4.0  bc 0.6 ab 
  4. Distinguish 480SC 2.33 fl oz .......    2.8 abc 1.0 a 0.8 a 1.5 ab   1.0 ab 0.0 a 
  5. Distinguish 480SC 4.7 fl oz ..........   1.6 ab 0.6 a 0.6 a 0.9 a   0.0 a 0.0 a 
  6. Nova 40W  1.67 oz ......................    1.3 ab 5.8     def 1.1 a 2.7  bcd 14.0       d 0.3 ab 
  7. Indar 2F  2.66 fl oz ......................    0.6 a 3.8  bcde 1.2 a 1.9 ab   2.5 abc 0.0 a 
  8. Mettle 125ME  1.33 fl oz ............    6.4       d 9.0        fg 1.2 a 5.5       e 15.0       de 1.3   b 
  9. Mettle 125ME  1.67 fl oz ............    3.8   bcd 7.7       ef 1.3 a 4.3     de 25.0         e 3.0     c 
10. Inspire 250EC   1.33 fl oz ............    1.4 ab 0.6 a 0.2 a 0.7 a   1.0 ab 0.0 a 
11. Mettle 125ME  1.33 fl oz + 
 Captan 80 WDG  10 oz ..............    2.0 abc 1.9 abcd 0.6 a 1.5 ab   0.5 ab 0.0 a 
12. Mettle 125ME  1.33 fl oz + 
 Dithane 75DF  1 lb .....................    1.7 ab 4.6     def 0.4 a 2.2 abc   2.0 abc 0.7 ab 
13. Indar 2F  2.66 fl oz + 
 Dithane 75DF  1 lb .....................    1.2 abc 1.5 abc 0.1 a 0.9 a   0.0 a 0.0 a 
14. Nova 40W  1.67 oz + 
 Dithane 75DF  1 lb .....................    1.3 ab* 7.9       ef 1.3 a 3.5  bcd   0.5 ab 1.0 ab 

Grand mean for cultivar .....................    3.3 B 4.4 C 1.2 A   
z Treatments were applied 1, 18, and 30 May.  See text for details. 
y From evaluations of all leaves on 15 terminals per tree. Jerseymac and Redcort data is from terminals collected 26 Jun 

whereas Golden Delicious terminals were collected on 9 Jul. 
x From 50 Jerseymac or 75 Redcort fruit arbitrarily selected from each tree.   
w Control plots were not included in the analysis of variance. 
v Numbers within columns followed by the same letter do not differ significantly (Fisher's Protected LSD, P ≤ 0.05) as 

determined from split plot analysis across three cultivars. P-values for effects of fungicide, cultivar, and fungicide X 
cultivar interaction were <0.001, <0.001, 0.067, respectively.  The angular transformation was used for the analysis of 
percentage data, but the arithmetic means are reported. 

u Numbers within columns followed by the same letter do not differ significantly (Fisher's Protected LSD, P ≤ 0.05). The 
angular transformation was used for the analysis of percentage data, but the arithmetic means are reported. 
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Table 2. Effects of treatments on frogeye leaf spot, powdery mildew, and rust diseases. 

                                    Disease incidence (%)   
 Frogeye leaf mildew: cedar apple rust  quince rust 
Materials and rate spot ratings Jerseymac - on Golden Del.  on Jerseymac 
of formulated product for Redcort terminal  terminal leaves  fruit w  
per 100 gal 11 Jun z lvs. 18 Jun y   9 Jul x  30 Jul  

 Unsprayed controls t ...................................   3.25 8.3      60.0  2.5  

  1. Dithane 75DF  1 lb .................................  2.17     efg u 6.4   b u 15.4      def u  0.0 a u  
  2. Flint 50WDG  0.67 oz ............................  1.44 abc 1.0 a 13.3    cd  1.0   b  
  3. Evito 1.3 fl oz + LI-700 16 fl oz .............  1.19 ab 1.5 a 21.0        ef  0.0 a  
  4. Distinguish 480SC 2.33 fl oz ..................  1.44 abc 0.8 a 25.5          f  0.0 a  
  5. Distinguish 480SC 4.7 fl oz ....................  1.13 a 1.5 a 14.8      de  0.0 a  
  6. Nova 40W  1.67 oz .................................  1.75   cde 0.4 a 10.5  bc  0.0 a  
  7. Indar 2F  2.66 fl oz .................................  1.75   cde 1.0 a 12.6    cd  0.0 a  
  8. Mettle 125ME  1.33 fl oz .......................  2.44        g 0.4 a 16.6      def  0.0 a  
  9. Mettle 125ME  1.67 fl oz .......................  2.31       fg 0.2 a 11.2    cd  0.0 a  
10. Inspire 250EC  1.33 fl oz ........................  2.25       fg 0.6 a 8.2 bc  0.0 a  
11. Mettle 1.33 fl oz + Capt-80 10 oz ...........  1.63  bcd 0.4 a 11.0    cd  0.0 a  
12. Mettle 1.33 fl oz + Dithane 1 lb .............  1.69   cde 0.4 a 3.7 ab  0.0 a  
13. Indar 2.66 fl oz + Dithane 1 lb ...............  1.75   cde 1.7 a 2.2 a  0.0 a  
14. Nova 1.67 oz + Dithane 1 lb ...................  1.94    def 0.6 a 1.6 a  0.0 a  

 
 
Table 3. Effects of treatments on fruit disease incidence and russetting on Redcort 

Materials and rate    Disease on Redcort fruit 18 Sep (%)w  Golden Delicious 
of formulated product  sooty Blk/wht Bitter fruit out of grade s 
per 100 gal flyspeck blotch rot rot from russet (%) 

Unsprayed controls t .....................................   50.0 20.1  6.6 0.3 37.4 

  1. Dithane 75DF  1 lb ..................................  nd nd nd nd 57.8       d 
  2. Flint 50WDG  0.67 oz ............................   17.6 ab 0.6  1.2 0.0 a 31.4 abc 
  3. Evito 1.3 fl oz + LI-700 16 fl oz .............   20.2   bc 1.0  1.0 0.0 a 42.0   bcd 
  4. Distinguish 480SC 2.33 fl oz ..................   25.6   bcde 0.7  3.3 0.3 a 24.7 ab 
  5. Distinguish 480SC 4.7 fl oz ....................   22.2   bcd 0.6  1.3 0.0 a 33.5 abc 
  6. Nova 40W  1.67 oz .................................   27.7   bcde 1.3  4.0 0.3 a 49.0     cd 
  7. Indar 2F  2.66 fl oz .................................   22.4   bcd 0.3  5.0 0.0 a 40.9   bcd 
  8. Mettle 125ME  1.33 fl oz .......................   37.8         e 2.9  4.9 0.3 a 14.6 a 
  9. Mettle 125ME  1.67 fl oz .......................   37.7         e 3.1  3.4 1.3   b 37.7   bcd 
10. Inspire 250EC  1.33 fl oz ..........................   7.9 a 0.3  4.3 0.0 a 57.6       d 
11. Mettle 1.33 fl oz + Capt-80 10 oz ...........   35.2       de 2.7  2.3  0.0 a 23.5 ab 
12. Mettle 1.33 fl oz + Dithane 1 lb .............   33.2     cde 1.7  1.7  0.0 a 30.2 abc 
13. Indar 2.66 fl oz + Dithane 1 lb ...............   20.5   bc 0.3  3.0  0.3 a 20.1 ab 
14. Nova 1.67 oz + Dithane 1 lb ...................   33.0      cde 2.0  5.0 0.3 a 22.5 ab 
z Rating scale: 1 = no leaf spot; 2 = one or two  small leaf spot loci; 3 = moderate, 4 = heavy, and 5 = severe leaf spot. 
y From the eight youngest unfolded leaves on 15 terminals per tree. 
x From evaluations of all leaves on 15 terminals per tree. 
w From 50 Jerseymac, 75 Redcort, or 50 Golden Delicious fruit arbitrarily selected from each tree. 
v Control plots were not included in the analysis of variance. 
u Numbers within columns followed by the same letter do not differ significantly (Fisher's Protected LSD, P ≤ 0.05). The 

angular transformation was used for the analysis of percentage data, but the arithmetic means are reported. 
t The majority of fruit rots and lenticel spots were caused by Botryosphaeria species. 
s Percent of fruit that would not meet grade standards for U.S. Extra Fancy due to russetting. 
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APPLE (Malus ×domestica 'Jerseymac,' 'Ginger Gold') D. A. Rosenberger, F. W. Meyer, and A. L. Rugh 
 Apple scab; Venturia inaequalis Cornell's Hudson Valley Laboratory 
 Cedar apple rust; Gymnosporangium juniperi-virginianae PO Box 727, Highland, NY  12528  
 Quince rust; Gymnosporangium clavipes   
 Powdery mildew; Podosphaera leucotricha  
 Flyspeck; Zygophiala jamaicensis 
 
Effectiveness of ProPhyt, Inspire, and Inspire Super for controlling early-season apple diseases, 2007.  
 
 ProPhyt (54.5% potassium phosphite; 4.2 lb/gal phosphorous acid equivalent), Inspire (difenconazole), and Inspire 
Super (50:50 mix of Inspire and Vangard 75W) were evaluated in an orchard established in 1991. The orchard contained two-
tree plots of 'Jerseymac' and 'Ginger Gold' on M.9 rootstocks. All treatments were replicated four times.  Treatments were 
applied on dates shown in the first table by spraying trees to drip using a high-pressure sprayer and a handgun at 200 psi 
except for one ProPhyt treatment.  In that delayed-dormant treatment, ProPhyt was applied 31 Mar to the soil within the 
herbicide strip beneath trees.  The intent was to simulate an application that might occur if ProPhyt was mixed with 
herbicides that are typically applied in spray volumes of 30 gal per acre of treated surface area. ProPhyt was therefore mixed 
in a 1:9 ratio with water and was delivered to the 8-ft by 8-ft herbicided area beneath each tree using timed applications from 
a Solo backpack sprayer that ensured delivery of the equivalent of 3 gal of ProPhyt per sprayed acre.   Trees in this treatment, 
and also in the treatment that received two early-season sprays of ProPhyt-plus-Damoil, were then left unsprayed until petal 
fall. Tree bud stages were 1 Apr - silver tip, 12 Apr - green tip, 25 Apr - early tight cluster, 28 Apr - tight cluster, 2 May - 
pink, 4 May - king bloom, 9 May - full bloom, 15 May - petal fall.  Apple scab infection periods occurred 27-28 Apr (28 hr, 
50 °F), 16-18 May (29 hr, 57 °F), 19-20 May (27 hr, 52 °F), 25-26 May (12 hr, 66 °F), 28 May (10 hr, 65 °F), 31 May-5 Jun 
(78 hr, 66 °F). There were four additional secondary infection periods in June and 10 in July. On 21 Jun, an airblast sprayer 
was used to apply a cover spray of Flint 50WDG 1 oz/A plus Elite 45DF 1.1 oz/A to entire block, including control plots.  No 
other fungicides were applied thereafter. Scab pressure was very light due to extended dry periods from 12-25 Apr and from 
28 Apr to 16 May.  Details of rating methods are provided in table footnotes. Data was analyzed using SuperANOVA 
software from Abacus Concepts. 
 
 All of the treatments involving Flint, Nova, Inspire, and Inspire Super had significantly less leaf scab than Dithane 
applied on the same schedule (Dithane standard #2). Treatments on 17 May were applied more than 16 hr after the start of 
rains on 16 May, and Dithane could not arrest infections established near the start of the 16 May wetting period whereas 
Flint, Nova, Inspire and Inspire Super controlled those infections.  Similarly, the 31 May applications occurred roughly 80 hr 
after the start of rains on 28 May, and Dithane again failed to arrest infections that were initiated prior to that spray.  ProPhyt 
applied in combination with either Captan or Dithane provided better control of scab on leaves than either of the Dithane 
standard treatments, but both of the ProPhyt combination treatments were applied on 10 May whereas both of the Dithane 
standard treatments had some sprays omitted.  (Dithane standard #1 was intended to match the timings used for the ProPhyt 
ground spray program, but we erred by spraying that plot on 10 May along with the ProPhyt combination treatments.)  The 
ground spray of ProPhyt applied on 31 Mar and then left unsprayed until 17 May provided better control of leaf scab than the 
Dithane standard #2 and was comparable to the Dithane standard #1 where trees were sprayed on 10 May. However, ProPhyt 
applied as a ground spray or in combination with Damoil failed to adequately control fruit scab on Jerseymac, although it was 
comparable to both of the Dithane standards. The low rate of Inspire Super failed to provide adequate control of fruit scab on 
Ginger Gold, but the slightly higher rate was effective.  Mildew pressure was very light. Neither of the Dithane treatments 
nor the ProPhyt-plus-Damoil treatment provided any control of mildew. The ProPhyt-Dithane combination treatment 
provided better control of rust than either of the Dithane standards, presumably because the combination was applied more 
regularly than either of the Dithane standards. The ProPhyt-Captan combination provided slightly less than 50 percent control 
of rust on leaves, a level of control that might be expected from Captan applied alone.  Much of the leaf spotting noted on 
Ginger Gold was caused by rust infections that were arrested prior to development of normal rust lesions.  Thus, the low rate 
of Inspire Super appeared to control rust, but the high incidence of leaf spot (greater than in control trees) suggested that it 
failed to suppress rust quickly enough to avoid cell death that ultimately resulted in leaf spotting. Incidence of cedar apple 
rust on fruit was less than one percent for all treatments including controls (data not shown).  None of the treatments caused 
any phytotoxicity or fruit russetting.  The most interesting result from this trial was the effectiveness of ProPhyt for 
controlling scab when it was applied as a ground spray at silver tip.  Although this was a light scab year with minimal scab 
pressure prior to petal fall, the results from this trial suggest that ground sprays of ProPhyt deserve further attention as 
supplements to scab fungicide programs. 
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Table 1. Spray schedule and incidence of scab on early terminal leaves. 
           Early terminal leaves with scab (%) z  
Material and rate  Spray schedule   Jersey Ginger Grand 
of formulated product 31  20 1 10 17 31 mac Gold means:  
per 100 gal Mar Apr May May May May 20 Jun 20 Jun both cultivars 

Control .......................................................   .........  ..........  ..........  ....................   ....... 13.9        ey 16.5         g 15.2     d 
Dithane 75DF  1 lb (Standard #1) ........... D

x
 ........  ..........  ........ D ....... D ......  D ......   3.5    cd 3.0    def 3.3   b 

ProPhyt 4.2L 1 gal + Damoil 2 gal ........... X ....... X 
 Dithane 75 DF  1 lb ............................  ..........  ..........  ..........  ........ D ......  D ......   3.7    cd 1.8  cdef 2.8   b 
ProPhyt 4.2L 3 gal/A ground spray .......... X 
 Dithane 75DF  1 lb .............................  ..........  ..........  ..........  ........ D ....... D ......   2.3  bc 2.9      ef 2.6   b 
ProPhyt 4.2L 21.3 fl oz + Dithane

w
 .......... X ....... X ...... X ....... X ....... X ....... X .....    1.1 ab 0.7 abc 0.9 a 

ProPhyt 4.2L 21.3 fl oz + Captan
v
 ............ X ....... X ...... X ....... X ....... X ....... X .....    0.6 ab 0.8 abcd 0.7 a 

 
Dithane 75DF  1 lb (Standard #2) ............ D ....... D ...... D .........  ........ D ......  D ......   6.8      d 4.5        f 5.7    c 
Flint 50WDG  0.67 oz .............................. D ....... D ...... X .........  ........ X ....... X .......  0.2 a 0.2 ab 0.2 a 
Nova 40W 1.33 oz  + Dithane

w
 ................ D ....... D ...... X .........  ........ X ....... X .....    0.7 ab 1.2  bcde 0.9 a 

Inspire 250EC 1.33 fl oz + Dithane
w
 ........ D ....... D ...... X .........  ........ X ....... X .....    0.3 ab 0.1 ab 0.2 a 

Inspire 250EC 1.33 fl oz ........................... D ....... D ...... X .........  ........ X ....... X .....    0.6 ab 0.1 ab 0.4 a 
Inspire Super 336SE 2.5 fl oz ................... D ....... D ...... X .........  ........ X ....... X .....    0.6 ab 0.0 a 0.3 a 
Inspire Super 336SE 2.83 fl oz ................. D ....... D ...... X .........  ........ X ....... X .....    0.4 ab 0.2 ab 0.3 a 
(See footnotes at the bottom of the page) 
 
Table 2.  Incidence of scab on fruit, and incidence of mildew, cedar-apple rust, and leaf spot on terminal leaves. 
          Fruit  with scab (%) u                    Jersey- Ginger Gold ter- 
Material and rate Jersey- Ginger- Grand mac term'l minal leaves with z  
of formulated product mac Gold means for leaves with cedar apple leaf 
per 100 gal 25 Jul 7 Aug treat ments mildew (%) t rust (%) spot (%) 

Control ......................................................... 57.0    c
s
 24.0     c

s
 40.5       d

s
   5.6       d

r
 51.2      e

r
 10.3   bc

r
 

Dithane 75DF  1 lb (Standard #1) ................  1.5 ab  0.0 a 0.8 abc    3.8     cd 8.3    c 6.3 ab 
ProPhyt 4.2L 1 gal + Damoil 2 gal 
 Dithane 75 DF  1 lb .................................  4.0   b  0.5 ab 2.3   bc    3.8     cd 6.4    c 3.4 ab 
ProPhyt 4.2L 3 gal/A ground spray .................  
 Dithane 75DF  1 lb ..................................  3.5   b  1.5 ab 2.5     c    2.3   bc 8.4    c 3.5 ab 
ProPhyt 4.2L 21.3 fl oz + Dithane

w
 ..............  0.0 a  0.5 ab 0.3 ab    0.8 ab 0.7 ab 1.4 a 

ProPhyt 4.2L 21.3 fl oz + Captan
v
 ................  0.5 ab  0.0 a 0.3 ab  1.9 abc 27.1     d 8.5   b 

 
Dithane 75DF  1 lb (Standard #2) ................  2.5 ab  0.5 ab 1.5 abc    6.3       d 9.1    c 4.1 ab 
Flint 50 WDG 0.67 oz ..................................  0.0 a  0.0 a 0.0 a 1.3 ab 3.3   b 9.4   bc 
Nova 40W 1.33 oz  + Dithane

w
 ....................  0.0 a  0.5 ab 0.3 ab    0.6 a 0.0 a 1.6 a 

Inspire 250EC 1.33 fl oz + Dithane
w
 ............  0.0 a  0.0 a 0.0 a   1.9 abc 0.9 ab 3.5 ab 

Inspire 250EC 1.33 fl oz ...............................  0.0 a  0.5 ab 0.3 ab   1.0 ab 0.0 a 5.6 ab 
Inspire Super 336SE 2.5 fl oz .......................  1.0 ab  4.9   b 3.0   bc   1.7 abc 0.1 a 23.7    c 
Inspire Super 336SE 2.83 fl oz .....................  0.0 a  0.0 a 0.0 a   1.3 ab 1.3 ab 7.2 ab 
z
 Fifteen terminals per tree were collected 20 Jun. All leaves on each terminal were rated for scab, rust, and leaf spot.  y Means separations were determined by applying Fisher's Protected LSD test  (P ≤ 0.05) to results from  the split-plot 

analysis of two cultivars. P-values for effects of fungicides, cultivar, and the fungicide-cultivar interaction on leaf scab 
are  <0.001, 0.170, and 0.864, respectively. x D indicates dates where Dithane 75DF  1 lb/100 gal was applied alone.        w Dithane 75DF 1 lb       v Captan 80WDG 10 oz u

 Fifty Jerseymac fruit per tree were rated 25 July. Fifty Ginger Gold fruit per tree were rated on 7 Aug 2007. t The eight youngest leaves on 15 terminals per tree were evaluated for the presence of mildew on 19 Jun. s
 Means separations were determined by applying Fisher's Protected LSD test (P ≤ 0.05) to results from  the split-plot 

analysis of two cultivars. P-values for effects of fungicides, cultivar, and the fungicide-cultivar interaction on fruit scab 
are <0.001, 0.34, and 0.007, respectively. r 

Means followed by the same letter are not significantly different (Fisher's Protected LSD, P ≤ 0.05). 
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APPLE (Malus ×domestica 'McIntosh,' 'Ginger Gold,' 'Golden Delicious') D. A. Rosenberger, F. W. Meyer,  
 Apple scab; Venturia inaequalis  and A. L. Rugh 
 Cedar apple rust; Gymnosporangium juniperi-virginianae Cornell's Hudson Valley Laboratory  
  PO Box 727, Highland, NY  12528   
 
Phosphite fungicides applied as trunk sprays fail to control apple scab, 2007. 
 
 Treatments were established to determine if phosphite fungicides applied to trunks of apple trees at bud break could 
suppress apple scab during the entire period between bud break and petal fall.  We evaluated trunk sprays of Agri-Fos (53.6% 
mono- and di-potassium salts of phosphorous acid; 3.35 lb/gal phosphorous acid equivalent), ProPhyt (54.5% potassium 
phosphite; 4.2 lb/gal phosphorous acid equivalent), and Phostrol (53.6% mono- and dibasic sodium, potassium, and 
ammonium phosphites; 4.32 lb/gal phosphorous acid equivalent).  Sovran was also applied as a trunk spray to provide a 
comparison between the phosphites and a non-phosphite fungicide.  All of the trunk sprays were applied in combination with 
Pentra-Bark (99.8% alkylphenol ethoxylate, polysiloxane polyether copolymer, propylene glycol), an adjuvant that has been 
reported to enhance uptake of phosphite fungicides through tree bark. The trunk sprays were also compared to a standard 
foliar spray program of contact fungicides (Dithane-Captan combination) and to Agri-Fos applied as a foliar spray. 
 Treatments were replicated four times using two-tree replicates in a randomized block design in a 9-yr-old orchard 
containing trees on MM.111 rootstocks with M.9 interstems. Each plot consisted of one Golden Delicious tree and one tree 
on which the lower scaffolds were McIntosh and the upper portion of the trees had been grafted to Ginger Gold. The foliar 
sprays were applied 31 Mar, 20 Apr, 1, 10 and 17 May by spraying trees to drip using a handgun and a high-pressure sprayer 
set at 200 psi. The trunk sprays were applied 30 Mar when trees were at silver tip. The product rates per gallon noted in Table 
1 were mixed with cold water (ca. 35° F) to a final volume of 1 gal. A CO2 sprayer was used to treat the lower 3-ft of each 
apple tree plus 1-ft of scaffold limbs that branched from the trunk anywhere below 3 ft. The sprays were applied to run-off. 
Trunks in this orchard averaged 4.35 inches in diameter at 1-ft above ground and required approximately 6.4 fl oz of solution 
per tree for complete wetting of the bark. All of the spray mixtures involving 64 fl oz of phosphite fungicide per gallon 
(treatments 8, 9, 10) developed thick flocculent foam during the mixing process, and treatment 12 had both foam and a 
sediment that would not remain in suspension.  Thus, for those four treatments, some of the active ingredient may have been 
trapped in the foam or sediment, thereby resulting in application of less than the intended rate.  
 Tree bud stages were 30 Mar - silver tip, 12 Apr - green tip, 25 Apr - early tight cluster, 28 Apr -  tight cluster, 2 
May - pink, 4 May - king bloom, 9 May - full bloom, 15 May - petal fall.  Apple scab infection periods occurred 27-28 Apr 
(28 hr, 50 °F) and 16-18 May (29 hr, 57 °F). Although we initially intended to begin cover sprays at petal fall, the cover spray 
program was not initiated until 22 May, a week after petal fall, because the prebloom period was so dry. The entire block, 
including the control trees, received a tight schedule of cover sprays to limit the possibility of continued disease spread after 
22 May.  Cover sprays were applied with an airblast sprayer adjusted to deliver 100 gal of spray solution per acre. Dates and 
rates per acre for cover sprays were  22 May — Dithane 75DF 3 lb; 28 May — Dithane 75 DF 2 lb plus Flint 50W 2 oz; 5 
Jun — Dithane 75DF 3 lb plus Topsin M 70WSB 12 oz; 21 Jun — Flint 2 oz; 7 Jul and 21 Jul — Topsin M 70WSB 12 oz 
plus Captan 80WDG 2 lb.   
 Very little leaf scab was evident on any of the Ginger Gold or Golden Delicious trees, but the McIntosh controls had 
20 percent of terminal leaves infected when leaves were collected for evaluation on 28 Jun (Table 1).  The standard Dithane-
Captan combination treatment provided excellent control of apple scab, but none of the other treatments provided acceptable 
control of scab on McIntosh.  On McIntosh, some of the trunk spray treatments had significantly less scab than the control 
trees, but there was no apparent rate effect for trees treated with four different rates of Agri-Fos, and Pentra-Bark applied 
alone was just as effective as treatments involving phosphite fungicides.  None of the phosphite treatments controlled cedar 
apple rust.  Trees receiving the Dithane-Captan standard treatment also had 10 to 11 percent of leaves with rust because the 
foliar spray applied on 17 May could not eradicate infections from the wetting period that began 16 May, 20 hr prior to the 17 
May foliar spray. Incidence of rust on fruit was too low and variable to allow statistical detection of treatment differences, but 
the numerical results suggest that the foliar Dithane-Captan sprays provided effective control whereas the trunk sprays did 
not. Mite counts were made for selected treatments (Table 2). No significant treatment effects were noted for either European 
red mite populations (P= 0.187) or for populations of Amblyseius fallacis (P= 0.156).  Results from this trial indicate that 
phosphite fungicides applied as trunk sprays at bud break will not provide acceptable control of apple scab in commercial 
orchards. 
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Table 1.  
Material and rate of formulated         Terminal leaves with scab (%) z             Fruit with scab (%) y  
product per 100 gal (for conven- Mc- Ginger Golden Grand Mc- Ginger  
tional foliar sprays) or per gal of Intosh  Gold Delicious means  Intosh  Gold  
final spray solution (for trunk sprays) 28 Jun 28 Jun 10 July 3 cultivars 13 Sep 15 Aug   

1.  Untreated control ...............................  20.3       f x 1.2  bc x 0.8   bc x 7.4   cd x 1.0 w 0.3 v  
Conventional foliar sprays u 
  2.   Dithane 75DF 1 lb  
  + Captan 80 WDG  10 oz ..............  0.2 a 0.0 a 0.0 a 0.1 a 0.3 0.0 
  3.   Agri-Fos 3.35L 21.3 fl oz ..................  4.8   b 1.0 ab 0.8 abc 2.2  b 0.7 0.0 
Trunk sprays applied 30 Mar 
  4.   Pentra-Bark 3 fl oz ..........................    9.3   cd 2.4  bc 1.0   bc 4.3   cd 1.3 0.7 
  5.   Agri-Fos 3.35L 8 fl oz .....................  13.0   cde 1.9  bc 0.4 ab 5.1   cd 2.0 0.3 
  6.   Agri-Fos 3.35L 16 fl oz ...................  15.5      ef 1.4  bc 0.8 abc 5.9   cd 1.4 0.0 
  7.   Agri-Fos 3.35L 32 fl oz ...................  12.8   cde 1.3  bc 0.6 abc 4.9   c 1.7 0.3 
  8.   Agri-Fos 3.35L 64 fl oz ...................    8.7   c 2.6   c 1.1   bc 4.1   cd 2.3 0.7 
  9.   ProPhyt 4.2L 64 fl oz ......................  14.2    def 2.8   c 2.1     c 6.4     d 1.8 0.0 
10.  Phostrol 4.32L 64 fl oz ....................  12.0   cde 2.5  bc 0.3 ab 4.9   c 2.1 1.0 
11.  Sovran 50WG 4 oz ..........................  16.7      ef 1.4  bc 0.3 ab 6.1   cd 2.0 0.3 
12.  Sovran 50WG 4 oz 
  + Agri-Fos 3.35L 64 fl oz ............  14.7    def 2.1  bc 0.6 abc 5.8   cd 3.0 1.0 
Grand means for cultivars ................... 11.9 C 1.7 B 0.1 A 
 
Table 2 
Material and rate of formulated          No. mites per leaf 
product per 100 gal for conven- Terminal leaves with rust (%) t  Fruit with CAR s (%)    on McIntosh 5 Jul r 
tional foliar sprays or per gal of Ginger Golden Grand   Ginger Golden  European Amblyseius 
final spray solution for trunk sprays  Gold Delicious means   Gold Delicious red mite fallacis 
Untreated control ................................  36.5  bc 45.6    cd 41.0    cde 3.3 v 2.0 v 9.00 v 7.0 v 
Conventional foliar sprays u 
 Dithane 75DF 1 lb  
  + Captan 80 WDG  10 oz .........   9.8 a 11.3 a 10.5 a 0.0 0.0 2.3 0.5 
 Agri-Fos 3.35L 21.3 fl oz ............... 28.4  b 37.8  bc 33.1  bc 1.4 1.4 1.0 2.8 
Trunk sprays applied 30 Mar 
 Pentra-Bark 3 fl oz ........................  30.4  bc 29.5  b 29.9  b 1.9 1.9 3.3 5.8 
 Agri-Fos 3.35L 8 fl oz ...................  30.4  bc* 54.3     d 42.3    cde 2.3 1.7 
 Agri-Fos 3.35L 16 fl oz .................  36.4  bc 36.7  bc 36.6  bcde 3.0 1.1 
 Agri-Fos 3.35L 32 fl oz .................  37.4  bc 49.3   cd 43.3      de 2.0 1.8 
 Agri-Fos 3.35L 64 fl oz .................  33.0  bc 46.7   cd 39.8    cde 2.0 1.3 0.3 1.5 
 ProPhyt 4.2L 64 fl oz ....................  37.0  bc 44.9   cd 40.9    cde 1.3 1.0 8.5 3.5 
 Phostrol 4.32L 64 fl oz ..................  40.2  bc 44.9   cd 42.6    cde 3.0 1.0 
 Sovran 50WG 4 oz ........................  44.0    c 47.9   cd 46.0        e 3.3 1.7 
 Sovran 50WG 4 oz  
  + Agri-Fos 3.35L 64 fl oz ........  33.0  bc 37.3   cd 35.1  bcd 1.6 1.8 
Grand means for cultivars ..................  33.0 A 40.5 B 
z All leaves on 10 terminals per tree for McIntosh and Ginger Gold (collected 28 Jun 07) and for 15 terminals per tree for 

Golden Delicious (collected 10 Jul 07) were evaluated for the presence of scab. y Ratings from 75 fruit/tree. x 
Mean separations: Fishers Protected LSD test (P ≤ 0.05) applied to results of split plot analysis for three cultivars.  P-values 

of treatment effects, cultivar effects, and treatment-cultivar interactions were all ≤0.001. The angular transformation was 
used for data analysis but arithmetic means are reported. w

 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 data analysis, but arithmetic means are reported v 

There were no significant differences among treatments (P ≤ 0.05). u Sprays were applied 31 Mar, 20 Apr, 1, 10 and 17 May. t Mean separations determined by applying Fishers Protected LSD test (P ≤ 0.05) to results of split plot analysis across two 
cultivars. P-values for effects of treatment and cultivar were both ≤0.001; for treatment-cultivar interaction = 0.493. s CAR = cedar apple rust. r Determined by brushing 25 leaves per tree from each of four replications. 
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APPLE (Malus ×domestica 'Empire,' 'Golden Delicious') D. A. Rosenberger, F. W. Meyer, and A. L. Rugh 
 Flyspeck; Zygophiala jamaicensis Cornell's Hudson Valley Laboratory 
 Sooty blotch; species complex PO Box 727, Highland, NY  12528  
 Fruit rots; Botryosphaeria sp.  
 
Fungicide options for controlling flyspeck and sooty blotch during summer, 2007. 
 
 Treatments were replicated four times using two-tree plots containing one mature tree of each cultivar on M.9 
rootstocks.  Rows containing test plots were separated by buffer rows, and plots within rows were separated by cedar trees 
that minimized drift between plots. All trees in the plots were protected from scab, mildew and rust diseases until petal fall by 
spraying as follows: 21 Apr — Dithane 75DF 3 lb/A, 1 May — Penncozeb 75DF 3 lb/A, 10 May — Penncozeb 75DF 1.5 
lb/A (one side only), 18 May — Penncozeb 75DF 3 lb/A. Test fungicides were applied four times by spraying trees to drip 
using a handgun with the pressure set at 250 psi.  Accumulated rainfall and leaf wetting between sprays and from the last 
spray to harvest are shown in Table 1. Leaf wetness was determined using a DeWitt wetness meter, and wetting 
accumulations reported include all wetting events regardless of length. From the period from 18 May to 8 Oct, 32% of the 
total wetting accumulation was attributable to dew periods whereas during the period from 24 Jul to 8 Oct, 48% of the total 
accumulation was attributable to dew periods. In situ evaluation of 25 Golden Delicious fruit per tree in unsprayed plots 
showed 2, 6, 16, and 41% of fruit with flyspeck for observations on 24 Aug, 31 Aug, 10 Sep, and 18 Sep, respectively. 
Flyspeck incidence on 18 Sep was less than 1% for all of the fungicide treatments when examined in situ on 18 Sep, and little 
or no disease was evident on treated fruit when they were harvested. For sprayed plots, the time between fungicide 
applications when fruit may have been left unprotected was estimated using Topsin M as a standard and using the assumption 
(from previous observations) that Topsin M generally protects fruit from flyspeck infection for the shorter of either 21 days 
or the time required to accumulate more than 2 inches of rainfall (Table 1). When calculated according to this assumption, 
Empire fruit in sprayed plots had accumulated only 157 hr of wetting suitable for growth of flyspeck on fruit prior to harvest 
whereas Golden Delicious had accumulated 211 hr (Table 1). Development of flyspeck signs on fruit requires roughly 270 hr 
of accumulated wetting, so it is not surprising that most fruit from trees receiving fungicide sprays were free of flyspeck at 
harvest. Fruit were not evaluated at harvest but were instead placed into polyethylene bags immediately after harvest and 
were held at 70 °F and 100% relative humidity for either 16 days (Empire) or 10 days (Golden Delicious). This incubation 
period allowed infections that had occurred prior to harvest to become visible on fruit, with the incidence of infection 
presumably related to the duration of fungicide protection afforded by the various treatments. 
 
 Treatments where Captan was used alone in the last three sprays (trts 2 and 3) were significantly less effective for 
controlling both flyspeck and sooty blotch on Empire than the standard treatment (trt 4) where Topsin M was combined with 
Captan in the last three sprays. Changing the last spray of the season to Pristine (trt 5) or to a ProPhyt-Captan combination 
(trt 6) gave results comparable to the Topsin M-Captan standard. The four-spray program of ProPhyt-Captan (trt 7) was just 
as effective as the Topsin M-Captan standard and, for Empire, was more effective than Captan used alone (trt 2). Evito 
(fluoxastrobin, trt 9) and liquid lime sulfur plus Cuprofix Disperse (trt 10) had activity comparable to that of Captan used 
alone.  
 
 
 
Table 1.  Accumulated leaf wetting and rainfall that affected results of this trial. 
 Accumulations occurring between the prior event to the listed event 
Timeframes/events       hours of leaf wetting   
starting with rainfall for the full after fungicide 
18 May: last scab spray  (in.) interval  depletion* 
7 June: 1st treatment spray ............ 3.4 134 0 
30 June: 2nd treatment spray .......... 0.5 65 0 
24 July: 3rd treatment spray ........... 4.0 144 55 (starting 17 July) 
14 Aug.: 4th treatment spray .......... 3.3 111 8 (starting 12 Aug.) 
1 Oct.: Empire harvest .................. 3.1 244 94 (starting 14 Sept.) 
8 Oct.: Golden Del. harvest .......... 0.0 54 54 (starting 14 Sept., in addition to 94 hr noted on the line above.)  
* See text for assumptions used in calculating fungicide depletion. 



Page 14 
 
Table 2. Incidence of flyspeck on incubated fruit and incidence of fruit decays in Empire caused by white rot or black rot  

Fungicide and rate                       Spray schedule 
z
           Fruit with flyspeck (%)

y 
            Empire fruit 

of formulated product applied Jun Jun Jul Aug  Golden Grand means: with black/white 
 per 100 gal of dilute spray 7 30 24 14   Empire Delicious both cultivars rot decays 

  1. Unsprayed control .....................................  .......  ........  ........  ........  97.1   d
 x
 99.0      f 98.0     e 3.8 a 

  2. Captan 80WDG 10 oz ..............................  X ... X ..... X ..... X .......  23.6  c 14.3    de 19.0   cd 2.0 a 
  3. Penncozeb 75DF  1 lb ..............................  X 
 Captan 80WDG 10 oz ..........................   .... X ..... X ..... X .......  21.7  c 6.3  bcd 14.0  bc 1.0 a 
  4. Penncozeb 75DF 1 lb ...............................  X 
 Topsin M 70W 5 oz + Capt-80

 w
 ..........   .... X ..... X ..... X .......    3.9 a 5.9 abc 4.9 a 1.5 a 

  5. Topsin M 70W 5 oz + Penczb 
w
 ..............  X 

 Topsin M 70W 5 oz + Capt-80 ............   .... X ..... X 
 Pristine 38WDG  1.67 oz .....................   ......  ........  ...... X .......    3.9 a 4.3  bc 4.1 a 0.0 a 
  6. Topsin M 70W 5 oz + Penczb 1 lb ..........  X 
 Topsin M 70W 5 oz + Capt-80 ............   .... X ..... X 
 ProPhyt 4.2E 20 fl oz + Capt-80 ..........   ......  ........  ...... X .......    7.4 a 0.7 a 4.0 a 1.5 a 
  7. ProPhyt 4.2E 20 fl oz + Capt-80 ..............  X ... X ..... X ..... X .......    9.5 ab 6.3   cd 7.9 ab 0.5 a 
  8. Indar 2F 2.66 fl oz ...................................  X ... X ..... X ..... X .......    5.9 a 1.9 ab 3.9 a 1.0 a 
  9. Evito 4F 1.3 fl oz + LI 700 16 fl oz .........  X ... X ..... X ..... X .......  17.6  bc 13.3  cd 15.5   cd 0.5 a 
10. Liquid Lime Sulfur (LLS) 1 qt ................ X ... X 
 LLS 1 qt + Cuprofix Disperss 4 oz ......   ......  ...... X ..... X ......   21.1   c 22.9     e 22.0    d 0.0 a 
Grand means for cultivar ................................  .......  ........  ........  ........  21.1 B 17.5 A   
See footnotes below the next table. 

 
 

Table 2. Incidence of sooty blotch on incubated fruit and incidence of fruit decays in Golden Delicious.  

Fungicide and rate                       Spray schedule 
z
             Fruit with sooty blotch (%)

y 
     Golden Delicious 

of formulated product applied Jun Jun Jul Aug  Golden Grand means: with decays (all 
 per 100 gal of dilute spray 7 30 24 14  Empire Delicious both cultivars causes combined) 
  1. Unsprayed control .....................................  .......  ........  ........  ......... 42.7    e 82.3   c 62.5    d 7.0 a 
  2. Captan 80WDG 10 oz ..............................  X ... X ..... X ..... X .......... 6.4   d 3.7 ab 5.0  bc 3.3 a 
  3. Penncozeb 75DF  1 lb ..............................  X 
 Captan 80WDG 10 oz ..........................   .... X ..... X ..... X .......... 5.9  cd 0.0 a 3.0 ab 1.6 a 
  4. Penncozeb 75DF 1 lb ...............................  X 
 Topsin M 70W 5 oz + Capt-80

 w
 ..........   .... X ..... X ..... X .......... 0.0 a 0.0 a 0.0 a 1.7 a 

  5. Topsin M 70W 5 oz + Penczb 
w
 ..............  X 

 Topsin M 70W 5 oz + Capt-80 ............   .... X ..... X 
 Pristine 38WDG  1.67 oz .....................   ......  ........  ...... X .......... 0.0 a 0.0 a 0.0 a 1.0 a 
  6. Topsin M 70W 5 oz + Penczb 1 lb ..........  X 
 Topsin M 70W 5 oz + Capt-80 ............   .... X ..... X 
 ProPhyt 4.2E 20 fl oz + Capt-80 ..........   ......  ........  ...... X .......... 0.5 ab 0.0 a 0.2 a 0.3 a 
  7. ProPhyt 4.2E 20 fl oz + Capt-80 ..............  X ... X ..... X ..... X .......... 1.2 abc 1.3 a 1.3 a 1.3 a 
  8. Indar 2F 2.66 fl oz ...................................  X ... X ..... X ..... X .......... 0.5 ab 0.0 a 0.2 a 2.3 a 
  9. Evito 4F 1.3 fl oz + LI 700 16 fl oz .........  X ... X ..... X ..... X .......... 2.8 abcd 2.0 a 2.4 ab 0.7 a 
10. Liquid Lime Sulfur (LLS) 1 qt ................ X ... X 
 LLS 1 qt + Cuprofix Disperss 4 oz ......   ......  ...... X ..... X .........  4.4  bcd 10.6  b 7.5   c 2.2 a 
Grand mean for cultivar ..................................  .......  ........  ........  ........... 6.4 A 10.0 A   
z
 The last scab spray was applied on 18 May (1 lb/100 Penncozeb.)  Treatments were applied 7 Jun, 30 Jun, 24 Jul, 14 Aug. 

y
 Empire fruit (50/tree) were harvested 1 Oct and were held at 100% RH for 16 days prior to evaluation. Golden Delicious 

fruit (75/tree) were harvested Oct. 8 and were held at 100% RH for 10 days prior to evaluation. 
x
 Means within columns followed by the same latter are not significantly different (Fisher's Protected LSD test, P ≤ 0.05). 

The arcsin transformation was applied to statistical analyses, but arithmetic means are shown.
 

w
 Capt-80 = Captan 80WDG 10 oz;  Penczb = Penncozeb 75DF 1 lb. 
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APPLE (Malus ×domestica 'Honeycrisp', 'Royal Court', 'Cameo') D. A. Rosenberger, F. W. Meyer, and A. L. Rugh 
 Flyspeck; Zygophiala jamaicensis  Cornell's Hudson Valley Laboratory 
 Sooty blotch; species complex  PO Box 727, Highland, NY  12528  
 Fruit rots; species complex 

 
Effectiveness of ProPhyt used alone or with other fungicides to control summer diseases of apples, 2007. 
 
 A 3x4 factorial design was used to compare effectiveness of Captan, Topsin M, and Pristine applied either alone or with 
two different rates of ProPhyt. The commercial standard of Topsin M 4 oz/100 gal plus Captan 80WDG 10 oz/100 gal was 
included as a 13th treatment but was not included in the statistical analysis. All treatments were replicated four times in three-
tree plots that contained one tree of each cultivar. The test orchard was planted in 2001 and contained Cameo trees on Bud.9 
rootstocks and Honeycrisp and Royal Court trees on EMLA.111 rootstocks with M.9 interstems. Trees in this orchard were 
maintained during the early part of the season using standard combinations of DMI and mancozeb fungicides applied with an 
airblast sprayer. The last fungicide spray applied to the entire block was on 17 May and consisted of 2.2 lb/A Dithane, 3.7 
oz/A Nova, 9 oz/A FireWall, 16 fl oz/A Regulaid.   
 Test treatments were applied using a high-pressure handgun at 250 psi on 7 Jun, 3 Jul, 23 Jul, and 14 Aug. Fruit were 
harvested at commercial maturity as follows: 40 Honeycrisp fruit per tree on 5 Sep, 75 Royal Court fruit per tree on 18 Sep, 
and 40 Cameo fruit per tree on 29 Oct. Accumulated rainfall between the last spray on 14 Aug and harvest dates for the 
respective cultivars totaled 1.0, 3.0 and 7.5 inches.  The accumulated hours of leaf wetting for those same preharvest intervals 
were 97, 184, and 454, respectively.  Both the Honeycrisp and Royal Court fruit were rated for sooty blotch, flyspeck, and 
summer fruit rots or lenticel spots immediately after harvest.  Fruit with rots or lenticel spots were discarded. Twenty-five 
Honeycrisp and 50 Royal Court fruit from each tree were then wounded and incubated to allow infection by surviving 
wound-decay pathogens present on the fruit surface at harvest and development of flyspeck and sooty blotch infections that 
were not yet visible.  Fruit were wounded on a single face using a cork with three nails three-eighth in. apart in a triangular 
pattern that created wounds approximately one-eighth in. deep by one-sixteenth in. diameter. The wounded fruit were placed 
into plastic crates, water-soaked paper towels were added, the crates were enclosed in polyethylene bags, and fruit were 
incubated at 100% relative humidity and 70° F. for 14 (Royal Court) or 18 (Honeycrisp) days to allow development of 
incubating infections on the fruit surface and/or of wound decays from naturally occurring inoculum present on fruit surfaces. 
At the end of the incubation period, disease incidence was evaluated again.  Cameo fruit were harvested several weeks later 
than normal commercial harvest dates and were not incubated after harvest.  
 Effects of treatments on flyspeck incidence are detailed in Tables 2-6 and effects on sooty blotch incidence are detailed 
in Tables 7-11. To assist in visualizing results, the effectiveness of adding ProPhyt to the fungicide treatments is summarized 
in Table 1.  The ten data sets in Tables 2-11 were arranged in order of increasing severity based on a "test severity index" that 
was calculated for each data set by adding fruit disease incidence from the untreated control and from the treatment involving 
Captan alone, and then dividing by two. Under conditions in the Hudson Valley, flyspeck is more difficult to control than is 
sooty blotch, and disease control decreases with increasing time from the last spray.  The test severity index provided a way 
to integrate both factors into a single table.  The following conclusions can be drawn from Table 1: 
• At both rates tested, ProPhyt used alone significantly reduced disease incidence for all data sets except those involving 

the late-harvested Cameo fruit. 
• Under low test-severity (e.g., data sets 1 and 2), adding ProPhyt to Captan, Topsin, or Pristine had no value because the 

fungicides were very effective when applied alone.  
• Adding ProPhyt to fungicides did not improve disease control for Cameo that were harvested 2.5 months after the last 

treatment. Captan, Topsin M and Pristine still suppressed flyspeck and sooty blotch on Cameo (Tables 6 & 11). 
Thus, the effects of ProPhyt apparently are more transitory than those of the other fungicides tested. 

• In the mid-range of test severities, ProPhyt produced the most consistent benefits when combined with Captan, although 
it also improved activity of Topsin M in data sets 4 and 9 and of Pristine in data set 9. 

• The patterns of improved activity (i.e., shaded X's) for comparisons involving ProPhyt at 8 fl oz and at 16 fl oz are 
identical except that the high rate was more effective than the low rate for combinations with Captan in data sets 5 
and 6.  Thus, in most instances, supplementing standard fungicides with the low rate of ProPhyt may produce the 
same results as would be achieved with higher rates.  

 The addition of ProPhyt to standard fungicides failed to improve protection against summer fruit decays and lenticel 
spots in most comparisons (Table 12-16). Most of the fruit decays and lenticel spots were caused by Botryosphaeria species, 
but incubated fruit occasionally developed decays caused by Colletotrichum, Botrytis, Penicillium, and Monilinia. Decays 
from all causes were grouped together for data analyses. ProPhyt used alone did not reduce disease incidence compared to the 
untreated controls in any of the five data sets, and it actually resulted in increased levels of decay and lenticel spots in two 
cases (Tables 12 and 15).  For Cameo (Table 16), both rates of ProPhyt improved the performance of Pristine and the high 
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rate improved the performance of Topsin M. Adding ProPhyt to Captan did not significantly improve activity of Captan in 
any of the comparisons in Tables 12-16 although disease incidence was numerically lower for Honeycrisp (Tables 13 and 
13). 
 The combined data from this trial clearly shows that Pristine is the most effective fungicide for protecting fruit from 
flyspeck and sooty blotch.  This is especially true for fruit harvested many weeks after the last summer spray has been 
applied.  The combinations of ProPhyt at either 8 or 16 fl oz/100 gal with Captan were usually just as effective as Topsin M 
for controlling sooty blotch and flyspeck, but Topsin M was more effective than any of the Captan treatments for controlling 
fruit decays and lenticel spots.     
 
 
 
 
Table 1. Summary of ProPhyt effectiveness for 10 data sets involving control of flyspeck and sooty blotch on three different 

cultivars. 
    Dataset number, cultivar, evaluation time (at harvest or post-incubation), and disease evaluatedz   
  1 2 3 4 5 6 7 8 9 10 
  HoneyC Rcourt HoneyC Rcourt HoneyC HoneyC Cameo Rcourt Rcourt Cameo 
  harvest harvest incubtd incubtd harvest incubtd harvest harvest incubtd harvest 
  SB SB SB SB FS FS SB FS FS FS 
Test severity index y 8 19 22 28 39 48 56 70 91 91 
ProPhyt 8 fl oz           
   Better than control .   X   . x .   X   . .   X   . .   X   . .   X   . .   X   . O .   X   . .   X   . O 
   Improves captan -- -- .   X   . .   X   . O O .   X   . .   X   . .   X   . O 
   Improves Topsin M -- -- -- .   X   . -- -- O O .   X   . O 
   Improves Pristine -- -- -- -- -- -- -- O .   X   . O 
ProPhyt 16 fl oz           
   Better than control .   X   . .   X   . .   X   . .   X   . .   X   . .   X   . O .   X   . .   X   . O 
   Improves captan -- -- .   X   . .   X   . .   X   . .   X   . .   X   . .   X   . .   X   . O 
   Improves Topsin M -- -- -- .   X   . -- -- O O .   X   . O 
   Improves Pristine -- -- -- -- -- -- -- O .   X   . O 
z HoneyC = Honeycrisp; Rcourt = Royal Court; SB = sooty blotch; FS = flyspeck. 
y A disease severity index for each dataset was calculated by using the mean of percent fruit infected in the unsprayed control 

and in the treatment involving Captan alone. 
x An "X" indicates comparisons where the addition of ProPhyt caused significant reductions (P≤0.05) in disease incidence 

compared to the unsprayed control (top line in each group) or fungicides used alone.  A double dash (--) indicates 
comparisons where effectiveness of ProPhyt could not be determined because disease incidence for the fungicide alone 
was less than 5%. An "O" indicates comparisons where neither of the previous criteria were met and ProPhyt therefore 
provided no benefit. 

 
 
 
Table 2. Flyspeck incidence on Honeycrisp at harvest based on evaluation of 40 fruit per tree on 05 Sept. 
Fungicide and rate                  Fruit with flyspeck (%)                     Grand means 
of formulated product applied Fungicide Mixed with ProPhyt 4.2L for effects of 
 per 100 gal of dilute spray alone    8 fl oz 16 fl oz fungicides 
No fungicide ...............................................................  66.3     d 9.3     c 5.8   bc 29.1     C 
Captan 80WDG  10 oz ................................................  11.9    c 6.3   bc 1.3 ab 6.5   B 
Topsin M 70WDG 4 oz  .............................................    1.3 ab 1.9 ab 3.3 abc 2.0 A 
Pristine 38WDG 5 oz ..................................................    1.9 ab 0.0 a 0.0 a 0.6 A 
Grand means for effects of ProPhyt ............................  20.3 B 4.4 A 2.3 A 
*Any of the 12 simple means followed by the same small letter are not significantly different (P≤0.05) as determined by 

applying Fisher's Protected LSD to results from a 3x4 two-way analysis of fungicides and ProPhyt. Similarly, grand 
means within columns or within rows that are followed by the same capital letter are not significantly different. P-values 
for effects of fungicides, ProPhyt, and their interaction were all <0.001. A standard treatment of Topsin M 4 oz plus 
Captan 80WDB 10 oz (not included in the statistical analysis) resulted in 0.7% infected fruit. 
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Table 3. Flyspeck incidence on Honeycrisp fruit incubated at 100% RH for 18 days following harvest on 05 Sep. 
Fungicide and rate                  Fruit with flyspeck (%)                     Grand means 
of formulated product applied Fungicide Mixed with ProPhyt 4.2L for effects of 
 per 100 gal of dilute spray alone    8 fl oz 16 fl oz fungicides 
No fungicide ...............................................................  79.4     d 17.3    c 14.2   bc 39.0     C 
Captan 80WDG  10 oz ................................................  16.9    c 8.5  bc 0.7 a 8.7   B 
Topsin M 70WDG 4 oz  .............................................    2.8 ab 4.6 ab 1.8 a 3.1 AB 
Pristine 38WDG 5 oz ..................................................    2.6 ab 2.0 ab 1.9 a 2.2 A 
Grand means for effects of ProPhyt ............................  25.4 C 8.1 B 4.2 A 
*See Table 1 for details of statistical analysis. P-values for effects of fungicides, ProPhyt, and their interaction were all 

<0.001.  Topsin/Captan standard: 5.8% infected fruit. 
 
 
 
Table 4. Flyspeck incidence on Royal Court at harvest based on evaluation of 75 fruit per tree on 19 Sep. 
Fungicide and rate                  Fruit with flyspeck (%)                     Grand means 
of formulated product applied Fungicide Mixed with ProPhyt 4.2L for effects of 
 per 100 gal of dilute spray alone    8 fl oz 16 fl oz fungicides 
No fungicide ...............................................................  88.3       e 47.6     d 44.4     d 60.1       D 
Captan 80WDG  10 oz ................................................  51.9    d 22.2   bc 18.4   bc 30.8     C 
Topsin M 70WDG 4 oz  .............................................  26.5   c 16.3   bd 19.8   bd 21.3   B 
Pristine 38WDG 5 oz ..................................................  11.4 ab 5.9 a 4.0 a 7.1 A 
Grand means for effects of ProPhyt ............................  44.5 B 23.4 A 21.7 A 
*See Table 1 for details of statistical analysis. P-values for effects of fungicides, ProPhyt, and their interaction were <0.001, 

<0.001, and 0.010, respectively.   Topsin/Captan standard: 33.1% infected fruit. 
 
 
 
Table 5. Flyspeck incidence on Royal Court fruit incubated at 100% RH for 19 days following harvest on 19 Sep. 
Fungicide and rate                  Fruit with flyspeck (%)                     Grand means 
of formulated product applied Fungicide Mixed with ProPhyt 4.2L for effects of 
 per 100 gal of dilute spray alone    8 fl oz 16 fl oz fungicides 
No fungicide ...............................................................  95.0      j 81.5       hi 72.5       gh 83.0       D 
Captan 80WDG  10 oz ................................................  87.0    ij 50.0     ef 44.1   def 60.4     C 
Topsin M 70WDG 4 oz  .............................................  57.5  fg 38.0  cde 35.0  cd 43.5   B 
Pristine 38WDG 5 oz ..................................................  28.5 c 15.4 b 6.0 a 16.6 A 
Grand means for effects of ProPhyt ............................  67.0 C 46.2 B 39.4 A 
*See Table 1 for details of statistical analysis. P-values for effects of fungicides, ProPhyt, and their interaction were <0.001, 

<0.001, and 0.245, respectively.   Topsin/Captan standard: 49.7% infected fruit. 
 
 
 
Table 6. Flyspeck incidence for Cameo as determined by harvesting and evaluating 40 fruit per tree on 29 Oct. 
Fungicide and rate                  Fruit with flyspeck (%)               Grand means 
of formulated product applied Fungicide Mixed with ProPhyt 4.2L for effects of 
 per 100 gal of dilute spray alone    8 fl oz 16 fl oz fungicides 
No fungicide ..............................................................  100.0       g 95.0      fg 96.4        g 97.1       D 
Captan 80WDG  10 oz .................................................  81.2     ef  59.3    de 57.6     de 66.1     C 
Topsin M 70WDG 4 oz  ..............................................  28.2 abc 44.3   cd 33.1  bcd 35.4   B 
Pristine 38WDG 5 oz ...................................................  13.8 abc  13.1 ab 12.6 a 13.2 A 
Grand means for effects of ProPhyt ............................  55.7 A 52.9 A 51.1 A 
*See Table 1 for details of statistical analysis. P-values for effects of fungicides, ProPhyt, and their interaction were <0.001, 

0.406, and 0.413, respectively.   Topsin/Captan standard: no data. 
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Table 7. Sooty blotch incidence for Honeycrisp as determined by harvesting and evaluating 40 fruit per tree on 05 Sep. 
Fungicide and rate             Fruit with sooty blotch (%)            Grand means 
of formulated product applied Fungicide Mixed with ProPhyt 4.2L for effects of 
 per 100 gal of dilute spray alone    8 fl oz 16 fl oz fungicides 
No fungicide ...............................................................  14.4   b 1.3 a 0.0 a 5.7   B 
Captan 80WDG  10 oz ................................................    0.6 a 0.0 a 0.0 a 0.2 A 
Topsin M 70WDG 4 oz  .............................................    0.0 a 0.0 a 0.0 a 0.0 A 
Pristine 38WDG 5 oz ..................................................    0.0 a 0.0 a 0.0 a 0.0 A 
Grand means for effects of ProPhyt ..............................  3.8 B 0.3 A 0.0 a 
*See Table 1 for details of statistical analysis. P-values for effects of fungicides, ProPhyt, and their interaction were 0.005, 

0.026, and 0.016, respectively.   Topsin/Captan standard: 0% infected fruit. 
 
 
 
Table 8. Incidence of sooty blotch on Honeycrisp fruit incubated at 100% RH for 18 days following harvest on 05 Sep. 
Fungicide and rate           Fruit with sooty blotch (%)                   Grand means 
of formulated product applied Fungicide Mixed with ProPhyt 4.2L for effects of 
 per 100 gal of dilute spray alone    8 fl oz 16 fl oz fungicides 
No fungicide ...............................................................  37.9     c 2.2 a 3.7   b 15.6   B 
Captan 80WDG  10 oz ...............................................     5.5   b 1.5 a 0.0 a 2.3 A 
Topsin M 70WDG 4 oz  .............................................    1.4 ab 0.0 a 0.9 ab 0.8 A 
Pristine 38WDG 5 oz ..................................................    0.0 a 0.0 a 0.0 a 0.0 A 
Grand means for effects of ProPhyt ............................  11.2 B 0.9 A 1.0 A 
*See Table 1 for details of statistical analysis. P-values for effects of fungicides, ProPhyt, and their interaction were all 

<0.001.   Topsin/Captan standard: 0.7% infected fruit. 
 
 
 
Table 9. Sooty blotch incidence for Royal Court as determined by harvesting and evaluating 75 fruit per tree on 19 Sep. 
Fungicide and rate             Fruit with sooty blotch (%)            Grand means 
of formulated product applied Fungicide Mixed with ProPhyt 4.2L for effects of 
 per 100 gal of dilute spray alone    8 fl oz 16 fl oz fungicides 
No fungicide ...............................................................  32.4     c 6.4   b 3.1 a 13.9     C 
Captan 80WDG  10 oz ................................................    5.0   b 4.0 ab 0.7 a 3.2   B 
Topsin M 70WDG 4 oz  .............................................    2.7 ab 0.9 ab 1.6 a 1.8 AB 
 Pristine 38WDG 5 oz .................................................    0.3 a 0.0 a 0.0 a 0.1 A 
Grand means for effects of ProPhyt ............................  10.1 B 2.9 A 1.3 A 
*See Table 1 for details of statistical analysis. P-values for effects of fungicides, ProPhyt, and their interaction were <0.001, 

0.008, and 0.086, respectively.   Topsin/Captan standard: 3.0% infected fruit. 
 
 
 
Table 10. Incidence of sooty blotch on Royal Court fruit incubated at 100% RH for 19 days following harvest on 19 Sep. 
Fungicide and rate            Fruit with sooty blotch (%)                Grand means 
of formulated product applied Fungicide Mixed with ProPhyt 4.2L for effects of 
 per 100 gal of dilute spray alone    8 fl oz 16 fl oz fungicides 
No fungicide ...............................................................  41.0     c 15.0   b 27.0     c 27.7       D 
Captan 80WDG  10 oz ................................................  15.0   b 9.0   b 3.4   b 9.1     C 
Topsin M 70WDG 4 oz  .............................................    7.5   b 0.5 a 5.5   b 4.5   B 
Pristine 38WDG 5 oz ..................................................    1.0 a 0.9 a 0.0 a 0.6 A 
Grand means for effects of ProPhyt ............................  16.1 B 6.4 A 9.0 A 
*See Table 1 for details of statistical analysis. P-values for effects of fungicides, ProPhyt, and their interaction were <0.001, 

<0.001, and0.016, respectively.   Topsin/Captan standard: 4.5% infected fruit. 
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Table 11. Sooty blotch incidence for Cameo as determined by harvesting and evaluating 40 fruit per tree on 29 Oct. 
Fungicide and rate             Fruit with sooty blotch (%)            Grand means 
of formulated product applied Fungicide Mixed with ProPhyt 4.2L for effects of 
 per 100 gal of dilute spray alone    8 fl oz 16 fl oz fungicides 
No fungicide ...............................................................  96.9     c 72.5   b 85.9   b 85.1    C 
Captan 80WDG  10 oz ................................................  14.7   b 0.6 a 4.3 a 6.6   B 
Topsin M 70WDG 4 oz  ...............................................  5.6 ab 8.1 a 3.3 a 5.9 AB 
Pristine 38WDG 5 oz ....................................................  0.0 a 0.6 a 0.6 a 0.4 A 
Grand means for effects of ProPhyt ............................. 29.3 A 20.4 A 24.9 A 
*See Table 1 for details of statistical analysis. P-values for effects of fungicides, ProPhyt, and their interaction were <0.001, 

0.085, and 0.232, respectively.   Topsin/Captan standard: no data. 
 
 
Table 12. Incidence of fruit rots and/or lenticel spotting for Honeycrisp as determined by harvesting and evaluating 40 fruit 

per tree on 05 Sep. 
Fungicide and rate      Fruit with decay or lenticel spots (%)       Grand means 
of formulated product applied Fungicide Mixed with ProPhyt 4.2L for effects of 
per 100 gal of dilute spray alone    8 fl oz 16 fl oz fungicides 
No fungicide ...............................................................  16.2 ab 33.0    c 17.4 abc 22.6     C 
Captan 80WDG  10 oz ................................................  21.1   bc 13.9 ab 15.1 ab 16.7   BC 
Topsin M 70WDG 4 oz  ...............................................  8.1 ab 7.8 a 10.5 ab 8.7 AB 
Pristine 38WDG 5 oz ..................................................  10.2 ab 9.7 ab 5.3 a 8.4 A 
Grand means for effects of ProPhyt ............................  13.9 16.1 11.8 
*See Table 1 for details of statistical analysis. P-values for effects of fungicides, ProPhyt, and their interaction were <0.006, 

0.597, and 0.343, respectively.   Topsin/Captan standard: 5.0% infected fruit. 
 
 
Table 13. Incidence of fruit rots, lenticel spotting, and/or decay on Honeycrisp fruit incubated at 100% RH for 18 days 

following harvest on 05 Sep 
Fungicide and rate      Fruit with decay or lenticel spots (%)       Grand means 
of formulated product applied Fungicide Mixed with ProPhyt 4.2L for effects of 
 per 100 gal of dilute spray alone    8 fl oz 16 fl oz fungicides 
No fungicide ...............................................................  15.6   bcd 29.0     d 20.8     cd 21.9   B 
Captan 80WDG  10 oz ................................................  20.1     cd 12.1 abc 13.8   bcd 15.3   B 
Topsin M 70WDG 4 oz  .............................................    9.2 abc 6.5 ab 5.2 ab 7.1 A 
Pristine 38WDG 5 oz ..................................................    6.6 ab 8.3 abc 2.6 a 5.8 A 
Grand means for effects of ProPhyt ............................  12.9 14.0 10.2 
*See Table 1 for details of statistical analysis. P-values for effects of fungicides, ProPhyt, and their interaction were 0.001, 

0.570, and 0.456, respectively.   Topsin/Captan standard: 18.4% infected fruit. 
 
 

Table 14. Incidence of fruit rots and/or lenticel spotting for Royal Court as determined by harvesting and evaluating 75 fruit 
per tree on 19 Sep. 

Fungicide and rate      Fruit with decay or lenticel spots (%)       Grand means 
of formulated product applied Fungicide Mixed with ProPhyt 4.2L for effects of 
 per 100 gal of dilute spray alone    8 fl oz 16 fl oz fungicides 
No fungicide .................................................................  6.7   bcd 6.3   bcd 14.4      d 9.1   B 
Captan 80WDG  10 oz ..................................................  8.9     cd 4.3   bc 6.7   bcd 6.6   B 
Topsin M 70WDG 4 oz  ...............................................  1.7 a 3.0 ab 6.1 ab 3.7 A 
Pristine 38WDG 5 oz ....................................................  2.3 a 2.0 a 3.6 ab 2.6 A 
Grand means for effects of ProPhyt ..............................  4.9 3.9 7.7 
*See Table 1 for details of statistical analysis. P-values for effects of fungicides, ProPhyt, and their interaction were <0.001, 

0.173, and 0.320, respectively.   Topsin/Captan standard: 2.6% infected fruit. 
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Table 15. Incidence of fruit rots, lenticel spotting, and/or decay at wounds on Royal Court fruit incubated at 100% RH for 19 
days following harvest on 19 Sep. 

Fungicide and rate      Fruit with decay or lenticel spots (%)       Grand means 
of formulated product applied Fungicide Mixed with ProPhyt 4.2L for effects of 
 per 100 gal of dilute spray alone    8 fl oz 16 fl oz fungicides 
No fungicide ...............................................................  10.8   cde 14.5     def 21.5     f 15.6     C 
Captan 80WDG  10 oz ................................................  18.5      ef 17.5      ef 24.0     f 20.0     C 
Topsin M 70WDG 4 oz  .............................................    5.0 abc 7.0  bcd 8.0  bc 6.7   B 
Pristine 38WDG 5 oz ..................................................    4.5 abc 3.8 ab 2.0 a 3.4 A 
Grand means for effects of ProPhyt ............................    9.7 10.7 13.9 
*See Table 1 for details of statistical analysis. P-values for effects of fungicides, ProPhyt, and their interaction were <0.001, 

0.347, and 0.203, respectively.   Topsin/Captan standard: 9.5% infected fruit. 
 
 
 

Table 16. Incidence of fruit rots for Cameo as determined by harvesting and evaluating 40 fruit per tree on 29 Oct.   
Fungicide and rate      Fruit with decay or lenticel spots (%)       Grand means 
of formulated product applied Fungicide Mixed with ProPhyt 4.2L for effects of 
 per 100 gal of dilute spray alone    8 fl oz 16 fl oz fungicides 
No fungicide ...............................................................  18.2  bc 17.5  bc 22.2    c 19.3   B 
Captan 80WDG  10 oz ................................................  17.6  bc 26.5    c 17.9  bc 20.7   B 
Topsin M 70WDG 4 oz  .............................................  15.9  bc 13.6 abc 1.7 a 11.2 A 
Pristine 38WDG 5 oz ..................................................  28.4   c 4.4 ab 7.7 ab 13.5 A 
Grand means for effects of ProPhyt ............................  20.0 A 15.5 A 13.1 A 
*See Table 1 for details of statistical analysis. P-values for effects of fungicides, ProPhyt, and their interaction were all 0.024, 

0.100, and 0.164, respectively.   Topsin/Captan standard: no data. 
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APPLE (Malus ×domestica 'Golden Delicious') D. A. Rosenberger, F. W. Meyer, and A. L. Rugh 
 Flyspeck; Zygophiala jamaicensis Cornell's Hudson Valley Laboratory 
 Sooty blotch; species complex PO Box 727, Highland, NY  12528  
 Fruit rots; Botryosphaeria sp.  
 
Interactions among fungicides and spray adjuvants in late summer sprays for flyspeck, 2007. 
 
 This experiment was designed to determine if spray adjuvants or ProPhyt would enhance the activity of either 
Captan or Captan-Topsin M combinations when the products are applied in late summer to control flyspeck.  Products tested 
in combination with Captan or with a Captan-Topsin M combination included LI-700 (a surfactant and acidifier containing 
an 80% mixture of phosphatidylcholine, methylacetic acid and alkyl polyoxyethylene ether), Tactic (a sticker-surfactant-
deposition agent containing 63.4% synthetic latex and organosilicone surfactant fluid), and ProPhyt (54.5% potassium 
phosphite; 4.2 lb/gal phosphorous acid equivalent). Treatments were applied to 9-yr-old Golden Delicious trees growing on 
MM.111 rootstocks with M.9 interstems. Trees were maintained with routine fungicide sprays during the first half of the 
season.  The last cover spray prior to application of test products was on 21 Jul and included Topsin M 70WSB 5 oz/A, 
Captan 80WDG 2 lb/A, and LI-700 16 fl oz/A. Test fungicides were applied 1 Sep using a handgun to spray trees to drip.  
Treatments were replicated four times using single-tree plots in a randomized block design. This triangular block has poor air 
drainage, is surrounded by trees and under brush on two sides, and therefore has perennially high disease pressure for 
summer diseases. 
 The pH of treatment solutions was measured immediately after treatments were mixed in the spray tank and again 
(using residual spray solution in the tank) after treatments had been applied.  The interval between the two measurements was 
roughly 20 minutes. Spray water pH was 7.4. LI-700 consistently buffered the spray solutions down to a pH of 4.5 or 4.6, and 
the pH remained constant during the 20-min period when sprays were being applied.  ProPhyt treatments had starting pHs of 
6.35 to 6.38 and ending pH values of 6.53 to 6.55.  Treatments involving Captan and the Captan-Topsin combination, either 
alone or with combined with Tactic, had starting pH values of 7.57 to 7.67 and ending pH values of 7.85 to 8.01.  
Furthermore, the pH meter required more than two minutes to stabilize when measuring the latter treatments whereas the 
meter stabilized very quickly when measuring treatments involving ProPhyt and LI-700. 
 Treatments were designed so that results could be subjected to a two-way analysis involving three traditional 
fungicides treatments (none, Captan alone, Captan-plus-Topsin M) and four "adjuvant" treatments (none, ProPhyt, LI-700, 
Tactic).   
 Time of fungicide depletion following the cover spray on 21 Jul was estimated using the assumption (from previous 
observations) that Topsin M protects fruit from flyspeck infection for the shorter of either 21 days or the time required to 
accumulate more than 2 inches of rainfall. When calculated according to this assumption, fungicide protection was depleted 
by 8 Aug and fruit in the test orchard had been exposed to 138 hr of accumulated wetting between 8 August and 1 Sep when 
test treatments were applied.  We therefore assumed that fruit were heavily infected with sooty blotch and flyspeck at the 
time that treatments were applied. We opted to harvest fruit 3 d. after treatments were applied and incubated them so as to 
determine what proportion of the existing infections were eradicated by the fungicide treatments.  A second harvest was 
made 33 days after treatments had been applied to further evaluate effects of treatments on incidence of flyspeck at harvest.  
Another 175 hr of accumulated leaf wetting were recorded between the time treatments were applied on 1 Sep and harvest on 
3 Oct. 
 Thirty-five Golden Delicious fruit were harvested from each tree in three of the four replications on 4 Sep. The trees 
not sampled on 4 Sep had a light crop, and fruit were therefore left on the tree until the final harvest. The fruit harvested on 4 
Sep were placed into polyethylene garbage bags, a wet paper towel was added before the bag was sealed, and fruit were then 
incubated at 70° F and 100% relative humidity until 21 Sep. Fruit were then removed from bags and evaluated for incidence 
of flyspeck and sooty blotch to determine if treatments had any short-term effects on survival of flyspeck infections that were 
presumed to be present at the time the fungicides were applied.  Seventy-five additional fruit (or all available fruit) were 
harvested from each tree in all four replications on 3 Oct. Fruit harvested 3 Oct were rated immediately for incidence of 
flyspeck and sooty blotch to determine if the incidence of these diseases at harvest would be similar to that observed on 
incubated fruit from 4 Sep. 
 ProPhyt alone, Captan, and the Topsin/Captan combination were all equally effective on fruit harvested 4 Sep, and 
all had less flyspeck than untreated control (Table 1), whereas LI-700 and Tactic used alone provided no control of flyspeck. 
Control with Captan was not improved by the addition of ProPhyt, LI-700, or Tactic, whereas Topsin/Captan combination 
was more effective when applied with ProPhyt or Tactic than when applied with LI-700. 
 For fruit harvested on 3 Oct, treatments that included ProPhyt (grand mean) were better than treatments that 
included LI-700 (Table 2) and the same would have been true for treatments that included Tactic except that Tactic tended to 
improve the performance of the Topsin/Captan combination.  Incidence of sooty blotch and of fruit out-of-grade was 
generally lower, but treatment effects followed the same trend that was noted for flyspeck at harvest. The Captan-ProPhyt 
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combination and the Topsin-Captan combination alone, with ProPhyt, and with Tactic were the only treatments that provided 
commercially acceptable levels of control based on percentages of fruit that were out-of-grade (Table 4), but these treatments 
were not statistically different from ProPhyt alone and all of the treatments involving Captan. 
 Results clearly show that the effect of ProPhyt is not simply related to acidification of the spray water since it 
performed better than LI-700 when both products were applied either alone or in combinations with fungicides. Similarly, 
ProPhyt is not acting simply as a spray adjuvant because response to ProPhyt and Tactic were considerably different.  
Finally, the interactions among the products tested illustrate the complexity of attempting to estimate how different tank 
mixes might perform.   
   
 
 
Table 1. Effects of treatments on flyspeck incidence on Golden Delicious fruit harvested 4 Sep (three days after treatment) 

and then held at 100% relative humidity for 17 days. 
                   Fruit with flyspeck (%)     
Fungicide and rate             combination products             Grand means 
of formulated product applied Fungicide ProPhyt 4.2E LI-700 Tactic for effects of 
 per 100 gal of dilute spray alone 20 fl oz 16 fl oz 8 fl oz fungicides 
Control ..........................................................  86.7   c 49.5 ab 61.6   bc 60.0  bc 64.6   B 
Captan 80WDG 15 oz ..................................  47.0 ab 40.0 ab 35.6 ab 49.8 ab 43.4 A 
Topsin M 70WSB 4 oz  
 plus Captan 80WDG 15 oz  ....................  36.2 ab 20.8 a 64.3   bc 16.2 a 31.7 A 
Grand means for effects of additives ............  56.6 A 32.6 A 52.5 A 42.0 A  
*Simple means (within the large box) that are followed by the same lower-case letter, or grand means within the last column 

or the bottom row that are followed by the same capital letter, are not significantly different (P ≤ 0.05) as determined by 
applying Fisher's Protected LSD test to results from a 3x4 two-way analysis of fungicides and combination products. 
Analysis includes data from three replications. P-values for effects of fungicides, combination products, and the their 
interactions are  0.013, 0.147, and 0.222, respectively.  

 
 
 
 
 
Table 2. Effects of treatments on flyspeck incidence on Golden Delicious fruit at harvest on 3 Oct as determined by 

observing 75 fruit per tree. 
                   Fruit with flyspeck (%)     
Fungicide and rate             combination products             Grand means 
of formulated product applied Fungicide ProPhyt 4.2E LI-700 Tactic for effects of 
 per 100 gal of dilute spray alone 20 fl oz 16 fl oz 8 fl oz fungicides 
Control ..........................................................  96.4      e 46.7   b 83.6    de 74.1   cd 77.1     C 
Captan 80WDG 15 oz ..................................  42.2 ab 30.9 ab 44.6  b 45.1  b 41.4   B 
Topsin M 70WSB 4 oz  
 plus Captan 80WDG 15 oz  ....................  25.6 ab 21.3 ab 46.6  bc 13.9 a 24.0 A 
Grand means for effects of additives ............  54.7 B 31.8 A 60.6 B 44.4 AB  
*Simple means (within the large box) that are followed by the same lower-case letter, or grand means within the last column 

or the bottom row that are followed by the same capital letter, are not significantly different (P ≤ 0.05) as determined by 
applying Fisher's Protected LSD test to results from a 3x4 two-way analysis of fungicides and combination products. 
Analysis includes data from four replications. P-values for effects of fungicides, combination products, and the their 
interactions are <0.001, 0.010, and 0.059, respectively.  
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Table 3. Effect of treatments on sooty blotch incidence on Golden Delicious fruit at harvest on 3 Oct as determined by 

observing 75 fruit per tree. 
                         Fruit with sooty blotch (%)    
Fungicide and rate             combination products             Grand means 
of formulated product applied Fungicide ProPhyt 4.2E LI-700 Tactic for effects of 
 per 100 gal of dilute spray alone 20 fl oz 16 fl oz 8 fl oz fungicides 
Control ..........................................................  73.2     f 24.7    cd 52.2    ef 37.4    de 48.4     C 
Captan 80WDG 15 oz ..................................  10.0 abc 3.5 ab 10.3 abc 12.1  bc 9.4   B 
Topsin M 70WSB 4 oz  
 plus Captan 80WDG 15 oz  ....................    2.5 ab 1.9 ab 2.6 abc 0.3 a 1.7 A 
Grand means for effects of additives ............  28.6 B 9.2 A 25.5 B 16.6 AB  
*Simple means (within the large box) that are followed by the same lower-case letter, or grand means within the last column 

or the bottom row that are followed by the same capital letter, are not significantly different (P ≤ 0.05) as determined by 
applying Fisher's Protected LSD test to results from a 3x4 two-way analysis of fungicides and combination products. 
Analysis includes data from four replications.  P-values for effects of fungicides, combination products, and the their 
interactions are <0.001, 0.015, and 0.77, respectively.  

 
 
 
Table 4. Effects of treatments on the percentage of Golden Delicious harvested 3 Oct that had enough sooty blotch and 

flyspeck to cause downgrading from USDA Extra Fancy grade as determined by observing 75 arbitrarily selected fruit per 
tree. 

              Fruit with out of grade for USDA Extra Fancy (%)    
Fungicide and rate             combination products             Grand means 
of formulated product applied Fungicide ProPhyt 4.2E LI-700 Tactic for effects of 
 per 100 gal of dilute spray alone 20 fl oz 16 fl oz 8 fl oz fungicides 
Control ..........................................................  60.0    d 11.1 a 34.2    c 31.0  bc 35.6   B 
Captan 80WDG 15 oz ..................................  14.0 ab 2.1 a 8.9 a 10.1 a 9.2 A 
Topsin M 70WSB 4 oz 
 plus Captan 80WDG 15 oz  ....................    2.9 a 1.9 a 9.0 ab 0.3 a 2.8 A 
Grand means for effects of additives ............  25.7 C 4.7 A 19.0 BC 13.8 AB  
*Simple means (within the large box) that are followed by the same lower-case letter, or grand means within the last column 

or the bottom row that are followed by the same capital letter, are not significantly different (P ≤ 0.05) as determined by 
applying Fisher's Protected LSD test to results from a 3x4 two-way analysis of fungicides and combination products. 
Analysis includes data from four replications.  P-values for effects of fungicides, combination products, and the their 
interactions are <0.001, 0.002, and 0.008, respectively.  
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APPLE (Malus ×domestica ‘Empire’)  D. A. Rosenberger, F. W. Meyer, A. L. Rugh, 
 Blue mold; Penicillium expansum   and D. I. Breth 
 Gray mold; Botrytis cinerea  Cornell’s Hudson Valley Laboratory 
 Mucor rot: Mucor species  PO Box 727, Highland, NY  12528  
 Unidentified decays 
 
Grower trial with preharvest sprays as a control for postharvest decays during long-term storage, 2006-07. 
 
 Treatments were applied in a large block of mature Empire trees on M.7 rootstock in an orchard near Albion, NY 
where fruit were ultimately harvested on 29 Sep.  The grower divided the orchard into six "plots" containing multiple rows so 
that three treatments could each be replicated two times.  Treatments were applied using an airblast sprayer calibrated to 
deliver 90 gal/A. Untreated controls received their last fungicide spray of the season on 18 Aug when the grower applied 
Flint at 1.6 oz/A to the entire block including the sections that later received the Pristine and the Topsin/Captan preharvest 
sprays.  Earlier in August, the entire block was sprayed with Topsin M 70WDG 6.6 oz/acre and Captan 80WDG 1.6 lb/A on 
8 Aug.  The interval between the last regular-season spray 18 Aug and application of test treatments on 19 Sep included 13 
days with rainfall that totaled 6.3 inches.  From 20-29 Sep (from the date of the last spray until harvest), there were 7 days 
with rains that totaled 1.0 inch. The grower harvested fruit in this block on 29 Sep 2006.  For each treatment and replicate, 
two bins of harvested fruit were marked and moved into controlled atmosphere (CA) storage without receiving any 
postharvest treatment. The filled CA room was treated with 1-MCP on 6 Oct and the room was sealed on 7 Oct.  The oxygen 
level was below 5% by 10 Oct. The CA room was held at 34° F with O2 and CO2 both averaging 2.0% throughout the storage 
period. The room was opened on 21 April, and the fruit in the 12 marked bins were then held at 34° F until they were rated 27 
Apr 2007.  Ratings were completed by removing and observing 1,000 fruit from each bin (roughly half of the fruit in each 
bin) and then scanning the remaining exposed fruit in the bin for decays. Decays visible in the bin after 1000 fruit had been 
removed were added to the totals for numbers of decays per bin.  The causes of decays were identified based on signs (visible 
sporulation) and symptoms observed on the fruit.  Results were expressed as the number of decayed fruit observed per bin. 

The number of decayed fruit observed per bin after CA storage was significantly lower for fruit treated with 
Topsin/Captan than for fruit from unsprayed controls. Pristine had an intermediate effect on total numbers of decayed fruit, 
but Pristine was just as effective as the Topsin/Captan combination for controlling blue mold.  Nearly 20% of the decays (3.8 
out of 18.3 total decays) in the unsprayed controls were caused by Mucor whereas no Mucor decays were found in the 
Topsin/Captan treatment. Because not all fruit in each of the 12 test bins were counted, the incidence of decays cannot be 
accurately converted to percentages.  However, because roughly 400 additional fruit in the lower half of each bin were 
scanned after 1000 fruit had been removed and counted, we can estimate percentages of decayed fruit based on observation 
of 1400 fruit per bin. Using this approach, we estimate that incidence of total decays ranged from 0.4% for the Topsin/Captan 
treatment to 1.3% for the unsprayed controls.  The incidence of blue mold decay ranged from 0.3 to 0.9%.  Both Pristine and 
Topsin/Captan reduced the incidence of blue mold decays in CA-stored fruit less than 6 fruit per bin compared to 12.5 fruit 
per bin in the control plots.  Neither of the treatments provided control of gray mold caused by Botrytis. Botrytis decays that 
developed during storage in this trial probably resulted from latent sepal infections that occurred during or shortly after 
bloom. The Topsin/Captan treatment provided complete control of decays caused by Mucor whereas the Pristine treatment 
did not.  In retrospect, it seems likely that most of the decays we listed as "unknowns" were also attributable to Mucor, so 
failure of Pristine to control this pathogen probably explains why the total number of decays detected in Pristine-treated fruit 
was not significantly different from that found in the untreated controls. Although preharvest sprays reduced postharvest 
decays in this trial, none of the sprays were completely effective. 

 
 Total number   
 decayed fruit  No. fruit per bin with decay attributable to: z  
Fungicides, rates, and spray timing observed/binz,y Penicillium Botrytis Mucor Unknown 
Untreated control ...............................................................  18.3   bx 12.5   b 6.8 3.8 0.3 
Pristine 38DF 1 lb/A  19 Sep 07 ......................................... 11.5 ab 5.8 a 4.5 1.8 0.3 
Topsin M 70WDG 6.6 oz/A  
   + Captan 50W 3 lb/A 19 Sep ..........................................    6.3 a 4.5 a 3.3 0.0 0.0 
P-values .............................................................................    0.036 0.022 0.271 n.s. 0.163 n.s. 0.586 n.s. 
z 1000 fruit/bin were counted and observed for decay, then any additional decayed fruit that had been exposed among the 

remaining apples in the bottom half of the bins were removed and counted. 
y Some apples had more than one kind of decay, so adding decays caused by different fungi may result in a total that exceeds 

the actual number of fruit with decay as shown in the first data column. 
x Mean separations (P≤0.05) based on ANOVA of 2 replications per treatment with 2 sub-samples per replicate.  
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APPLE (Malus ×domestica ‘Royal Court’)  D. A. Rosenberger, F. W. Meyer,  
 Blue mold; Penicillium expansum            A. L. Rugh, and R. W. Christiana  
 Gray mold; Botrytis cinerea  Cornell’s Hudson Valley Laboratory 
 Black/White rot: Botryosphaeria species  PO Box 727, Highland, NY  12528  
 Bitter rot: Colletotrichum sp. 
 Unidentified decays 
 
Using preharvest sprays to control postharvest decays on Cortland apples, 2006-2007. 
 
 Postharvest activity from preharvest sprays of Pristine, Scala, Flint, and Topsin M were compared in a trial involving 
two preharvest intervals. For one of those intervals, effectiveness of the fungicides was also compared for the fungicides 
applied alone or in combination with Captan. The treatments were applied to 5-yr-old Royal Court apple trees growing on 
EMLA.111 rootstocks with M.9 interstems. The trial involved a randomized complete block design with four replications for 
each fungicide treatment. In addition, each replication included an unsprayed control plot.  Trees in this orchard were 
maintained during the early part of the season using routine fungicide applications.  All plots received fungicides as follows: 
20 Apr and 18 May — Dithane 75DF 3 lb/A; 1 Jun— Penncozeb 75DF  3 lb/A + Nova 40W 3.8 oz/A;  8 Jun— Polyram 
80DF 2.7 lb/A + Nova 3.3 oz/A.  No other fungicides were applied except for the treatments described below. Preharvest 
treatments were applied to drip using a handgun.  Test fungicides were applied on either 18 Aug with no further sprays prior 
to harvest or on 18 Aug and again on 12 Sep.  Fruit were harvested at commercial maturity. 
 To ensure that all fruit would have uniformly high numbers of Penicillium expansum spores on their surfaces at harvest, 
fruit were inoculated approximately 5 hr after the last spray was applied on 12 Sep using spores of P. expansum produced in 
lab cultures. A spore suspension containing 10,000 spores/ml of the benzimidazole-resistant isolate P-301 was sprayed onto 
Royal Court trees one day prior to harvest and about 5 hr after the last fungicide treatments had been applied.  The spore 
suspension was generated by washing P. expansum spores from 12-day-old cultures growing on acidified potato dextrose 
agar.  One hundred gallons of the spore suspension were applied to the 56 Red Court trees by spraying opposite sides of each 
tree using a high-pressure handgun sprayer resulting in delivery of 6.8 x 107 spores of P. expansum to each tree.   
 On 13 Sep, an arbitrarily selected sample of 60 fruit were harvested from each test tree.  As they were harvested, each 
fruit was wounded on a single face using a cork with 3 nails three-eighth in. apart in a triangular pattern. Wounds on the fruit 
were approximately one-eighth in. deep by one-sixteenth in. diameter. The wounded fruit were placed into storage crates and 
were moved to a cold air storage room within four hours of harvest. After 24 hr of cooling, the crates of fruit were enclosed 
in polyethylene garbage bags, 100 ml of water was added to the bottom of each bag, and bags were closed to ensure that fruit 
would be held at 100% relative humidity.  The polyethylene bags were removed on 2 Oct and fruit were exposed to normal 
air in the storage room thereafter.  Fruit were held at 38 °F until 3 Jan 07 when all fruit were removed from cold storage and 
evaluated for decays.  The causes of decays were tallied based on fruit symptoms. Most, but not all, of the decays originated 
at the nail punctures we created at harvest. Fruit that developed decay at any position on the fruit were counted as decayed 
fruit, and fruit with decays at multiple locations were not differentiated from those that had a single decay. 
 Captan and Flint were relatively ineffective at both of the spray timings that were used, but Pristine and Scala were 
significantly more effective when applied on both 18 Aug and 12 Sep than when applied only on 18 Aug (Table 1).  Rainfall 
between 18 Aug and 12 Sep totaled 4.6 in., so it is surprising that sprays applied only on 18 Aug provided any suppression at 
all for decays initiated in fruit that were wounded at harvest. Fruit from trees treated with a combination of  Flint + Captan 
had significantly less decay than fruit from trees treated with Flint alone (Table 2).  Combining Topsin M with Captan also 
boosted performance although differences between these two treatments were not significantly different.  The combination of 
Captan and Scala was significantly better than any of the other fungicide combination treatments as measured by control of 
both blue mold decay and total decays.  Although Pristine and Scala provided similar levels of disease control when applied 
alone, the addition of Captan boosted the performance of Scala more than it did the performance of Pristine.   
 This was a severe test of fungicide efficacy given that inoculum was applied to trees after the last fungicide application 
and just prior to harvest, and also because the fruit were purposely wounded at harvest and were then held for 112 days at 
relatively warm storage temperatures.  The fact that preharvest sprays of Pristine and Scala, either alone or in combination 
with Captan, reduced blue mold decay by 83 to 98% suggests that under normal commercial conditions these preharvest 
sprays would prove highly effective. Since Scala is not registered for preharvest applications in the U.S., Pristine would be 
the logical choice for growers choosing to use preharvest sprays to minimize postharvest disease losses.  However, most 
growers will find it inconvenient to apply sprays immediately prior to harvest, and sprays applied more than a few days prior 
to harvest may always be subject to wash-off from rains.  Thus, the practicality of preharvest sprays for controlling 
postharvest decay may limit this approach for controlling postharvest decays.  
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Table 1.  Effectiveness of preharvest fungicides applied at different preharvest intervals decay in Cortland fruit harvested on 

13 Sep 2006 and held in cold storage at 38.0 °F for 112 days (until 3 Jan 2007). 

 Reduction in blue mold (%, compared to controls)
z
 Reduction for all decays combined (%)

z
 

Fungicide and rate of        Treatments dates                     Treatments dates           
formulated product  18 Aug &  Grand  18 Aug &  Grand  
per 100 gal drench      18 Aug 12 Sep mean 18 Aug 12 Sep mean  

Captan 80W  10 oz  ..................   58 a
 y
 49   b 54    B 49 a

 y
 27   b 38    B  

Pristine 38W  4.8 oz  ................   36 ab* 83 a 60 AB 35 ab* 72 a 54 AB  
Scala 230SC  3.3 fl oz  .............   46 ab* 92 a 69 A 36 ab* 76 a 56 A  
Flint 50W  0.8 oz ......................   11   b 21   b 17     C  7   b 13   b 10     C  
Grand mean ................................ 39 B 61 A  33 B 47 A   
z
 For the unsprayed control plots, blue mold incidence was 48.4% and incidence for all decays was 51.5%. 

y
 Simple means within columns that are followed by the same lower-case letter, or grand means followed by the same capital 

letter, are not significantly different (P ≤ 0.05) as determined by applying Fisher's Protected LSD test to results from a 2x4 
two-way analysis of fungicides and application dates. Asterisks following letter separations indicate significant differences 
between simple means for the same fungicide applied on different dates. P-values from the analysis of treatment effects on 
blue mold incidence were 0.001, 0.002, 0.014 for effects of fungicides, treatment dates, and interactions, respectively, 
whereas the respective P-values from the analysis of incidence of all decays were 0.002, 0.027, and 0.020. 

 
 
 
Table 2.  Effect of fungicides applied either alone or in combinations on reductions in decay incidence in Cortland fruit that 

were harvested on 13 Sep 2006 and stored at 38.0 °F for 112 days (until 3 Jan 2007). 

Fungicide and rate of Reduction in blue mold (%, compared to controls)
 z
 Reduction for all decays combined (%)

z
 

formulated product Fungicide Fungicide Grand Fungicide Fungicide  Grand  
per 100 gal drench 

x
 alone combinations

 y
 mean alone combinations

 y
 mean  

Captan 80W  10 oz ..................    49   b
 w

 77   b 63   BC 27  b
 w

 61   ba 44     C  
Pristine 38W  4.8 oz ................    83 a 76   b  80   B 72 a 69   b 71   B  
Scala 230SC  3.3 fl oz .............    92 a 98 a 95 A 76 a 94 a 85 A  
Flint 50W  0.8 oz ....................     21  b* 58   b 40     C 13  b* 49   b 31     C  
Grand mean ................................ 61  B 77 A  47 B 68 A  
z
 For the unsprayed control plots, blue mold incidence was 48.4% and incidence for all decays was 51.5%. 

y Topsin M was added to Captan; all other treatments had Captan added to the main fungicides. 
x 
All treatments were applied on 18 Aug and again on 12 Sep. 

w
 Simple means that are followed by the same lower-case letter, or grand means followed by the same capital letter, are not 
significantly different (P ≤ 0.05) as determined by applying Fisher's Protected LSD test to results from a 2x4 two-way 
analysis of fungicides and application dates. Asterisks following letter separations indicate significant differences between 
simple means for the same fungicide applied on different dates.  P-values from the analysis of treatment effects on blue 
mold incidence were 0.001, 0.029, 0.195 for effects of fungicides, treatment dates, and interactions, respectively, whereas 
the respective P-values from the analysis of incidence of all decays were <0.001, 0.014 and 0.342. 
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APPLE (Malus ×domestica ‘Royal Court,’ ‘Cameo’)  D. A. Rosenberger, F. W. Meyer,  
 Blue mold; Penicillium expansum            A. L. Rugh, and R. W. Christiana  
 Gray mold; Botrytis cinerea  Cornell’s Hudson Valley Laboratory 
 Black/White rot: Botryosphaeria species  PO Box 727, Highland, NY  12528  
 Bitter rot: Colletotrichum sp. 
 Unidentified decays 
 
Using preharvest sprays to control postharvest decays on Cameo apples, 2006-2007. 
 
 Postharvest activity from preharvest sprays of Pristine, Scala, Flint, and Topsin M were compared in a trial involving 
two preharvest intervals.  Treatments were applied to 5-yr-old trees of Cameo on Budagovski 9 rootstocks. The trial involved 
a randomized complete block design with four replications for each fungicide treatment. In addition, each replication 
included an unsprayed control plot.  Trees in this orchard were maintained during the early part of the season using routine 
fungicide applications.  All plots received fungicides as follows: 20 Apr and 18 May — Dithane 75DF 3 lb/A; 1 Jun— 
Penncozeb 75DF  3 lb/A + Nova 40W 3.8 oz/A;  8 Jun— Polyram 80DF 2.7 lb/A + Nova 3.3 oz/A.  No other fungicides 
were applied except for the treatments described below. Test fungicides were applied on either 25 Sep with no further sprays 
prior to harvest or on 12 Sep and again on 2 Oct. Preharvest treatments were applied to drip using a handgun.  Fruit were 
harvested at commercial maturity.  Rainfall between 25 Sep and 5 Oct when fruit were harvested totaled 0.63 in.  Rainfall 
from 12 Sep to 2 Oct totaled 3.06 inches, with no additional rainfall between 2 Oct and harvest on 5 Oct. 
 To ensure that all fruit would be exposed to high inoculum during the harvesting process, fruit were inoculated on 3 Oct 
using conidia of Penicillium expansum and Botrytis cinerea produced in lab cultures. Conidia of B. cinerea were collected 
from 35-day-old cultures growing on calcium enriched V-8 juice agar and conidia of P. expansum were from 12-day-old 
cultures growing on acidified potato dextrose agar.  The spore suspension applied to trees contained 10,000 spores/ml for P. 
expansum and 157 spores/ml for B. cinerea. Approximately 1.25 gal of spore suspension were sprayed on each tree using a 
handgun and a high-pressure sprayer, so each tree received approximately 4.73 X 107 and 7.45 x 105 spores/tree for P. 
expansum and B. cinerea, respectively. 
 On 5 Oct, an arbitrarily selected sample of 60 fruit were harvested from each test tree.  As they were harvested, each fruit 
was wounded on a single face using a cork with 3 nails three-eighth in. apart in a triangular pattern. Wounds on the fruit were 
approximately one-eighth in. deep by one-sixteenth in. diameter. The wounded fruit were placed into storage crates and were 
moved to a cold air storage room within four hours of harvest. After 24 hr of cooling, the crates of fruit were enclosed in 
polyethylene garbage bags, 100 ml of water was added to the bottom of each bag, and bags were closed to ensure that fruit 
would be held at 100% relative humidity.  The polyethylene bags were removed on 30 Oct and fruit were exposed to normal 
air in the storage room thereafter.  Fruit were held at 36 °F throughout the cold storage period.  Fruit were evaluated for 
decays on 4 Jan and again on 9 Mar. The causes of decays were tallied based on fruit symptoms. Most, but not all, of the 
decays originated at the nail punctures we created at harvest. Fruit that developed decay at any position on the fruit were 
counted as decayed fruit, and fruit with decays at multiple locations were not differentiated from those that had a single 
decay. 
 The incidence of decays remained relatively low throughout the storage period with a maximum of only 17.5% decay in 
unsprayed control fruit after 155 days of cold storage.  There was no difference between the two treatment date regimes for 
either of the two observation dates.  On the final observation date, when grand means for both treatment dates were 
compared, Pristine and Scala provided significantly better disease control than either of the other two treatments. Although 
differences were not significant, a single application of Pristine was often more effective than the two-spray treatment, 
whereas Scala generally performed better when applied twice.  Treatment with Topsin caused a higher incidence of decay 
than was present in controls for many of the treatment/observation date combinations, presumably because the isolate of P. 
expansum used as inoculum was benzimidazole resistant and growth of resistant strains is sometimes enhanced in the 
presence of the benzimidazole residues.  The fact that Captan was applied in the place of Topsin M on 12 Sep helps to 
explain why trees treated with Topsin on 25 Sep generally had more decay than trees sprayed on two dates prior to harvest. 
 This was a severe test of fungicide efficacy given that inoculum was applied to trees after the last fungicide application 
and also because the fruit were purposely wounded at harvest and were then held for 155 days at relatively warm storage 
temperatures.  (Cameo fruit would normally be stored at 32-33 °F.)  The fact that preharvest sprays of Pristine and Scala 
reduced decay by more than 80% suggests that under normal commercial conditions these preharvest sprays would prove 
highly effective.  Since Scala is not registered for preharvest applications in the U.S., Pristine would be the logical choice for 
growers choosing to use preharvest sprays to minimize postharvest disease losses.  
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Table 1.  Effects of preharvest sprays and spray dates on control of decays in Cameo fruit harvested on 5 Oct 2006 and held 

in cold storage at 36.0 °F for 91 days (until 4 Jan 2007).  

 % control of blue mold in Cameo
 z
                % control of all decay in Cameo

 z
   

Fungicide and rate of Fungicide treatment dates          Fungicide treatment dates          
formulated product  12 Sep,  grand  12 Sep, Grand 
per 100 gal drench 25 Sep 2 Oct mean 25 Sep 2 Oct mean 

Topsin M 70W  4 oz
 y
 .............    -56    c

x
 -21   b -38     C -17   b

 x
 3   b -7     C 

Pristine 38W  4.8 oz ..................100 a 85 a 93 A 87 a 87 a 87 A 
Scala 230SC  3.3 fl oz .................75 ab 93 a 85 AB 69 ab 85 a 77 AB 
Flint 50W  0.8 oz ........................ 49  bc 71 ab 60   B  37  b 63 ab 50   BC 
Grand mean .................................42 A 58 A  44 A 59 A 
z
 For the unsprayed control plots, blue mold incidence was 7.3% and incidence for all decays was 11.5%. 

y
 Captan was applied alone on 12 Sep. Topsin was applied on 25 Sep and 2 Oct. 

x
 Simple means within columns that are followed by the same lower-case letter, or grand means followed by the same capital 

letter, are not significantly different (P ≤ 0.05) as determined by applying Fisher's Protected LSD test to results from a 2x4 
two-way analysis of fungicides and application dates.  P-values from the analysis of treatment effects on blue mold 
incidence were 0.001, 0.344, 0.579 for effects of fungicides, treatment dates, and interactions, respectively, whereas the 
respective P-values from the analysis of incidence of all decays were 0.005, 0.254, and 0.876. 

 
 
 
 
 
Table 2:  Effects of preharvest sprays and spray dates on control of decays in Cameo fruit harvested on 5 Oct 2006 and held 

in cold storage at 36.0 °F for 155 days (until 9 Mar 2007).  

 % control of blue mold in Cameo
 z
                % control of all decay in Cameo

 z
   

formulated product Fungicide treatment dates        Fungicide treatment dates         
formulated product  12 Sep,  grand  12 Sep, Grand 
per 100 gal drench 25 Sep 2 Oct mean 25 Sep 2 Oct mean 

Topsin M 70W  4 oz
 y
 .............    -57    c

x
 13   b -22   B -15     c

x
 23   b 4   B 

Pristine 38W  4.8 oz ................  100  a 63 ab  81 A  87 a 69 ab 78 A 
Scala 230SC  3.3 fl oz .............    84 ab 92 a 88 A  77 ab 85 a 81 A 
Flint 50W  0.8 oz ........................ 32   bc 63 ab  47  B  30   b 64 ab 47  B 
Grand mean ................................ 40 A 57 A   45 A 60 A 
z
 For the unsprayed control plots, blue mold incidence was 11.2% and incidence for all decays was 17.5%. 

y
 Captan was applied alone on 12 Sep. Topsin was applied on 25 Sep and 2 Oct. 

x
 Simple means within columns that are followed by the same lower-case letter, or grand means followed by the same capital 

letter, are not significantly different (P ≤ 0.05) as determined by applying Fisher's Protected LSD test to results from a 2x4 
two-way analysis of fungicides and application dates.  P-values from the analysis of treatment effects on blue mold 
incidence were <0.001, 0.480, 0.114 for effects of fungicides, treatment dates, and interactions, respectively, whereas the 
respective P-values from the analysis of incidence of all decays were 0.003, 0.234, and 0.617. 
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APPLE (Malus ×domestica 'Honeycrisp')  D. A. Rosenberger, F. W. Meyer,  
 Gray mold; Botrytis cinerea             A. L. Rugh, and R. W. Christiana  
   Cornell's Hudson Valley Laboratory 
   PO Box 727, Highland, NY  12528  
 
Controlling gray mold in stored apples with pyraclostrobin and boscalid used alone or in combinations, 2006-07. 
 

This experiment was designed to evaluate four rates of pyraclostrobin (BAS 500; Cabrio), boscalid (BAS 510; 
Endura), a tank mixture of these two compounds combined at the same rates at which they were tested individually, and 
identical rates of the prepack mixture of pyraclostrobin plus boscalid (BAS 516; Pristine). Honeycrisp apples were harvested 
8 Sep and were held at 40° F until 25 Sep when they were moved to an enclosed shed prior to initiation of this experiment. 
On 26 Sep 06, apples were wounded with a single puncture approximately one-eighth in. deep by one-sixteenth in. diameter.  
For each treatment, 15 gal of fungicide solution were prepared in 30-gal polyethylene garbage cans. The treatment solutions 
were at ambient temperature (ca. 65° F.) at the time treatments were applied. The wounded fruit contained in polyethylene 
baskets were immersed in the treatment solutions for 30 sec, were allowed to dry for 2 hr, and were then placed wound-face 
up onto spring cushion trays holding 20 fruit. Each treatment was replicated four times using 20 fruit per replication.  Fruit 
were inoculated by using a microsyringe to dispense 10 µl of a spore suspension into each wound.  The spore suspension 
contained 5.0 x 104 conidia of Botrytis cinerea derived from a benzimidazole-resistant isolate supplied by Dr. Phil Brune, 
Syngenta Corporation. Distilled water containing 0.01% Tween 20 was used to wash spores from 21-day old cultures of B. 
cinerea growing on calcium-enriched V-8 juice agar. Spore density of the final inoculum suspension was adjusted based on 
hemacytometer counts.  After inoculation, fruit were turned on their sides so that the wounds would not be contacted as trays 
were stacked.  The trays were randomized (within replications) in wooden storage boxes that each contained four trays, and 
the storage boxes were moved to a cold room that was maintained at 38 °F until 18 Oct and 36° F thereafter. A HOBO 
temperature recorder was included in one of the boxes in the middle of the stack, and it showed that the temperature in the 
box was 65 °F when the fruit were moved to the cooler and that 75 hours of cooling were required before the temperature in 
the box dropped below 40°F.  The entire process of wounding, treating, inoculating, packaging and moving fruit to storage 
was completed in one day.  Apples were evaluated for decay after 48 and 71 days of cold storage (13 Nov and 6 Dec, 
respectively). In addition to recording numbers of fruit with visible decay, we also recorded how many fruit had visible 
sporulation of B. cinerea at the wound.  On the first observation date, the diameter of decays was also measured. Results 
were subjected to a two-way analysis of variance using SuperANOVA (Abacus Concepts), and Fisher's Protected LSD 
(P≤0.05) was used to further test for significant differences among simple means and among the grand means for effects of 
fungicide treatment and effects of fungicide rates. 

Forty-eight days after fruit were inoculated, the incidence of decay was 97.5% in untreated control fruit and ranged 
from 74 to 93% in fruit treated with either BAS 500 or BAS 510 used alone (Table 1).  Both BAS 516 and the tank mixture 
of BAS 500 + BAS 510 provided similar levels of control and held decay to less than 10% except for the tank-mixture 
applied at one-eighth of full rate. The same pattern persisted when fruit were reevaluated after 71 days of storage except that 
the incidence of decay increased considerably for fruit treated with the one-eighth rate for both BAS 516 and for the tank 
mixture of BAS 500 + BAS 510 (Table 2).  On both observation dates and at all rates tested, both BAS 516 and the tank-mix 
combination of BAS 500 + BAS 510 controlled decay better than either fungicide component used alone.  For both 
observation dates, Scholar at 4 oz/100 gal was more effective than any of the BAS treatments included in the statistical 
analysis whereas Mertect 340F was ineffective due to benzimidazole resistance of the pathogen strain that was used as 
inoculum. Results from this trial are consistent with work from previous years showing that BAS 516 is more effective for 
controlling gray mold in stored apples than either of its component products used alone.  This trial also showed that tank 
mixes of BAS 500 + BAS 510 were no more or less effective than the premix product (BAS 516).  Furthermore, BAS 516 
was effective at rates as low as 8.75 oz/100 gal, but began to lose effectiveness when used at only 4.37 oz/100 gal. This was a 
severe test of fungicide efficacy because we used a cultivar that is highly susceptible to gray mold, wound-inoculated all 
fruit, used relatively high inoculum densities and held fruit at relatively warm temperatures (38 °F) for much of the storage 
period. 
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Table 1. Effects of fungicides applied at various rates on the incidence of gray mold in wound-inoculated Honeycrisp fruit on 
13 November after 48 days of storage at 36-38 °F. 

Material and full rate Fruit with gray mold (%) following treatment with fungicides at various ratesa 
of formulated product full one-half one-quarter one-eighth  Grand mean for 
per 100 gal drench rate rate rate rate fungicide effects 
BAS 500 20WG 22.4 oz ...........................  74.3   b b 77.5   b 77.5   b 85.0   b 78.6   b 
BAS 510 70WG 12.6 oz ...........................  80.0   b 79.6   b 86.3   b 92.5   b 84.6   b 
 BAS 500 20WG 22.4 oz + 
 BAS 510  70WG 12.6 oz ...................    5.0 a 2.5 a 2.5 a 15.0 a  c 6.3 a 
BAS 516 38WG 35 oz ..............................    1.3 a 7.5 a 2.5 a 8.8 a 5.0 a 
Grand mean for rate effects ......................  40.1 A 41.8 A 42.2 A 50.3 B 
a Full rates for the fungicide treatments are presented in the left column; one-half, one-quarter, and one-eighth rates were 

derived from the full rates.  
b Means separations were determined by applying Fisher's Protected LSD to the simple means and grand means from a two-

way analysis of 4 rates X 4 fungicides. P-values from the two-way analysis were   <0.001, 0.014 and 0.643 for the 
fungicide effect, rate effect, and fungicide-rate interaction, respectively. Percentage of fruit with gray mold for treatments 
not included in the two-way analysis were as follows: non-treated controls — 97.5%;  Mertect 340F  16 floz/100 — 
41.3%;  Scholar 230SC  8 floz and 4 floz  — 0.0% and 1.3%, respectively. 

c Incidence of decay was significantly greater (P≤0.05) at the one-eighth rate than at the other three rates. 
 
 
 
 
Table 2. Effects of fungicides applied at various rates on the incidence of gray mold in wound-inoculated Honeycrisp fruit on 

6 December after 71 days of storage at 36-38 °F. 
Material and full rate Fruit with gray mold (%) following treatment with fungicides at various ratesa 
of formulated product full one-half one-quarter one-eighth  Grand mean for 
per 100 gal drench rate rate rate rate fungicide effects 
BAS 500 20WG 22.4 oz ...........................  78.0   bb 85.0   b 83.8   b 90.0   b 84.2   b 
BAS 510 70WG 12.6 oz ...........................  91.3   b 87.3   b 95.0     c 95.0   b 92.1     c 
 BAS 500 20WG 22.4 oz + 
 BAS 510  70WG 12.6 oz ...................    6.3 a 5.0 a 12.5 a 31.3 ac 13.8 a 
BAS 516 38WG 35 oz ..............................    6.3 a 8.8 a 6.3 a 16.5 a 9.4 a 
Grand mean for rates ................................  45.4 A 46.5 A 49.4 AB 58.1 B 
a Full rates for the fungicide treatments are presented in the left column; one-half, one-quarter, and one-eighth rates were 

derived from the full rates.  
b Means separations were determined by applying Fisher's Protected LSD to the simple means and grand means from a two-

way analysis of 4 rates X 4 fungicides. P-values from the two-way analysis were   <0.001, 0.012 and 0.396 for the 
fungicide effect, rate effect, and fungicide-rate interaction, respectively. Percentage of fruit with gray mold for treatments 
not included in the two-way analysis were as follows: non-treated controls — 97.5%;  Mertect 340F  16 floz/100 — 
51.3%;  Scholar 230SC  8 floz and 4 floz/100 — 0.0% and 1.3%, respectively.  

c Incidence of decay was significantly greater (P≤0.05) at the one-eighth rate than the two highest rates.  The one-quarter rate 
wasn't significantly different than any of the other rates. 
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APPLE (Malus ×domestica 'Empire')  D. A. Rosenberger, F. W. Meyer,  
 Blue mold; Penicillium expansum             A. L. Rugh, and R. W. Christiana  
   Cornell's Hudson Valley Laboratory 
   PO Box 727, Highland, NY  12528  
 
Controlling blue mold in stored apples with pyraclostrobin and boscalid used alone or in combinations, 2006-07. 
 

This experiment was designed to evaluate four rates of pyraclostrobin (BAS 500; Cabrio), boscalid (BAS 510; 
Endura), a tank mixture of these two compounds combined at the same rates at which they were tested individually, and 
comparable rates of the prepack mixture of pyraclostrobin plus boscalid (BAS 516; Pristine). In addition, several rates of 
Scholar and Mertect were included in the trial for comparison with the four different rates of BAS 516. Empire apples were 
harvested 25 Sep and were held at 36° F until 26 Sep when they were moved to an enclosed shed prior to initiation of this 
experiment. At that time, fruit firmness of an arbitrarily selected subsample of 20 fruit was 17.5 lb.  On 27 Sep 06, the fruit 
were wounded on a single hemisphere using a large cork fitted with three finishing nails spaced about three-eighth in. apart in 
a triangular pattern. Wounds on the fruit were approximately one-eighth in. deep by one-sixteenth in. diameter. The wounded 
fruit contained in polyethylene baskets were immersed in an inoculum suspension for 30 sec.  The inoculum suspension was 
prepared by using distilled water containing 0.01% Tween 20 to wash spores from 16-day-old cultures of P. expansum isolate 
P301, a benzimidazole-resistant isolate, growing on acidified potato dextrose agar plates. Initial spore densities were 
determined with a hemacytometer, and an appropriate amount of stock suspension was mixed with water to provide a final 
suspension containing 1x104 spores/ml.  After inoculation, fruit were allowed to dry for approximately 1 hr before fungicide 
treatments were applied.  For each treatment, 15 gal of fungicide solution were prepared in 30-gal polyethylene garbage cans 
24 hr before fruit were treated, so treatment solutions were at ambient temperature (ca. 65° F) at the time treatments were 
applied. The fungicides were resuspended in the solution just prior to treatment by vigorous stirring. The fruit contained in 
baskets were immersed in the fungicide solutions for 30 sec, were allowed to dry for 2 hr, and were then placed on spring 
cushion trays. Each treatment was replicated four times using 25 fruit (one tray) per replication.  The trays were randomized 
within replications as they were placed into wooden storage boxes that each contained four trays. The storage boxes were 
moved to a cold room that was maintained at 36° F. The entire process of wounding, treating, inoculating, packaging and 
moving fruit to storage was completed in one day.  A HOBO temperature recorder was included in one of the boxes in the 
middle of the stack. Temperature within the box was 69 °F when boxes were moved to cooler and 71 hr of cooling were 
required to bring the temperature in the middle of the stack to below 40 °F.  Apples were evaluated on 20 Dec 06, 25 Jan 07, 
and 26 Mar 07 (84, 120, and 180 days, respectively, after inoculation). Apples were counted as decayed if lesions appeared at 
one or more of the three wound sites. Results from BAS numbered compounds were subjected to a two-way analysis of 
variance using SuperANOVA (Abacus Concepts), and Fisher's Protected LSD (P≤0.05) was used to further test for 
significant differences among simple means and among the grand means for effects of fungicide treatment and effects of 
fungicide rates.  In addition, the results from treatments with BAS 516, Scholar, Mertect, and the untreated control were 
subjected to a simple ANOVA to detect differences among this subset of the treatments. 
 BAS 510 failed to control blue mold, with 32 to 60 percent of fruit showing decay after just 84 days of storage, 
whereas BAS 500 provided acceptable decay control for 84 days (Table 1).  Incidence of decays in the BAS 500 treatment 
was somewhat higher after 120 days (Table 2) and was significantly higher than for either BAS 516 or the tank mixture of 
BAS 500 + BAS 510 after 180 days (Table 3, grand means).  For all three observation dates and at all rates tested, BAS 516 
and the tank-mix combination of BAS 500 + BAS 510 provided similar levels of decay control. Results from this trial are 
consistent with work from previous years showing that BAS 516 is more effective for controlling blue mold in stored apples 
than either of its component products used alone.  This trial also showed that tank mixes of BAS 500 + BAS 510 were no 
more or less effective than the premix product (i.e. than BAS 516).  Furthermore, BAS 516 was effective at rates as low as 
4.38 oz/100 gal whereas that rate was not completely effective in the related 2006-07 trial with Botrytis. This was a severe 
test of fungicide efficacy because we used a cultivar that is highly susceptible to blue mold, used relatively high inoculum 
densities and held fruit longer (180 days) in cold storage than would occur in commercial packinghouses.  By the end of this 
trial, fruit had softened so much that they would have had no commercial value except for making juice.   



 

 

Table 1. Incidence of blue mold decay in wound-inoculated Empire fruit on 20 Dec following 84 days of storage at 37° F. 
Material and full rate Fruit with blue mold (%) following treatment with fungicides at various rates a   
of formulated product full one-half one-quarter one-eighth  Grand mean for 
per 100 gal drench rate rate rate rate fungicide effects 
BAS 500 20WG 22.4 oz ..........................     4.0 a* 2.0 a 2.0 a 4.0 a 3.0   b 
BAS 510 70WG 12.6 oz ...........................  60.0   b 52.0   b 32.0   b 53.0   b 49.3     c 
 BAS 500 20WG 22.4 oz + 
 BAS 510 70WG 12.6 oz ......................  0.0 a 0.0 a 0.0 a 1.0 a 0.3 ab 
BAS 516 38WG 35 oz .............................     0.0 a 0.0 a 0.0 a 0.0 a 0.0 a 
Grand mean for rate effects ......................  16.0 13.5 8.5 14.5 
*Means separations were determined by applying Fisher's Protected LSD to the simple means and grand means from a two-

way analysis of 4 rates X 4 fungicides. P-values from the two-way analysis were <0.001, 0.179 and 0.342 for the fungicide 
effect, rate effect, and fungicide-rate interaction, respectively. Incidence of blue mold in the non-treated controls (not 
included in the analysis) was 43.5% 

 
 
Table 2. Incidence of blue mold decay in wound-inoculated Empire fruit on 25 Jan following 120 days of storage at 37° F. 
Material and full rate Fruit with blue mold (%) following treatment with fungicides at various ratesa  
of formulated product full one-half one-quarter one-eighth  Grand mean for 
per 100 gal drench rate rate rate rate fungicide effects 
BAS 500 20WG 22.4 oz ...........................  11.0   b* 10.0   b 11.0   b 6.0 a 9.5   b 
BAS 510 70WG 12.6 oz ...........................  77.0     c 77.0     c 46.0     c 71.0   b 67.8     c 
 BAS 500 20WG 22.4 oz + 
 BAS 510 70WG 12.6 oz ....................    0.0 a 0.0 a 2.0 ab 2.0 a 1.0 a 
BAS 516 38WG 35 oz ..............................    0.0 a 2.0 ab 0.0 a 2.0 a 1.0 a 
Grand mean for rate effects ......................  22.0 22.3 14.8 20.3 
*Means separations were determined by applying Fisher's Protected LSD to the simple means and grand means from a two-

way analysis of 4 rates X 4 fungicides. P-values from the two-way analysis were <0.001, 0.276 and 0.057 for the fungicide 
effect, rate effect, and fungicide-rate interaction, respectively. Incidence of blue mold in the non-treated controls (not 
included in the analysis) was 70.7%. 

 
 
 
Table 3. Incidence of blue mold decay in wound-inoculated Empire fruit on 26 Mar following 180 days of storage at 37° F. 
Material and full rate Fruit with blue mold (%) following treatment with fungicides at various ratesa  
of formulated product full one-half one-quarter one-eighth  Grand mean for 
per 100 gal drench rate rate rate rate fungicide effects 
BAS 500 20WG 22.4 oz ...........................  22.0   b* 16.0   b 14.0   b 10.0 a 15.5   b 
BAS 510 70WG 12.6 oz ...........................  83.0     c 79.0     c 57.0     c 86.0   b 76.3     c 
 BAS 500 20WG 22.4 oz + 
 BAS 510 70WG 12.6 oz ......................  0.0 a 1.0 a 3.0 a 5.0 a 2.3 a 
BAS 516 38WG 35 oz ................................  0.0 a 3.0 a 0.0 a 4.0 a 1.8 a 
Grand mean for rate effects ......................  26.3 24.8 18.5 26.3 
*Means separations were determined by applying Fisher's Protected LSD to the simple means and grand means from a two-

way analysis of 4 rates X 4 fungicides. P-values from the two-way analysis were <0.001, 0.178 and 0.085 for the fungicide 
effect, rate effect, and fungicide-rate interaction, respectively. Incidence of blue mold in the non-treated controls (not 
included in the analysis) was 85.8%. 
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APPLE (Malus ×domestica 'Empire')  D. A. Rosenberger, F. W. Meyer,  
 Blue mold; Penicillium expansum             A. L. Rugh, and R. W. Christiana  
   Cornell's Hudson Valley Laboratory 
   PO Box 727, Highland, NY  12528  
 
Effects of rate and mixing partners on efficacy of Scholar for controlling postharvest decays of apples, 2006-07. 
 
 This experiment was designed to evaluate effectiveness of fungicides used alone or in combination with No Scald 
DPA, Captec 4L, or both. Fungicides were evaluated both at recommended rates and at reduced rates to enhance possibilities 
of detecting effects of DPA and Captec in treatments that normally provide complete disease control when used at recom-
mended rates.  Empire apples used for replicates 1 and 2 were harvested 22 Sep 06 from one orchard and those used for 
replicates 3 and 4 were harvested 25 Sep 06 from a different orchard.  All fruit were held in cold storage at 36°F until 10 Oct. 
Mean fruit firmness, as determined by testing 20 fruit from each orchard source on 11 Oct, was 18.0 lb for fruit used in 
replicates 1 and 2 compared to 17.8 lb for fruit used for replicates 3 and 4. Treatment tanks (30-gal polyethylene garbage 
cans) were filled with 15 gal water on 10 Oct, were left at ambient temperature overnight, and had stabilized at 57° F by the 
next day. Fruit were also stored overnight in the same area. On 11 Oct, wounds approximately one-eighth in. deep by one-
sixteenth in. diameter were made on a single hemisphere of each apple using a large cork fitted with three finishing nails 
spaced about three-eighth in. apart in a triangular pattern. Wounded fruit were placed into baskets, immersed in an inoculum 
suspension for 30 sec, allowed to dry for 2 hr, and were then immersed and agitated in treatment solutions for 30 sec. The 
inoculum suspension was made by washing spores with distilled water containing 0.01%Tween 20 from 14-day-old plates of 
a benzimidazole-resistant isolate (P-301) of P. expansum.  Spore density in the stock solution was measured with a 
hemacytometer and the stock solution was used to make a final inoculum suspension containing 10,000 spores/ml. After 
treatments were applied, fruit were allowed to dry 2 hr before they were placed on labeled spring cushion trays, stacked into 
boxes, and moved to the cooler set at 36° F before evening on 11 Oct.  A HOBO temperature recorder placed in one of the 
boxes showed that it took 31 hours for apples to cool to 40° F.  Apples were evaluated on 9 Jan 07, 90 days after inoculation 
and again on 8 Feb 07 after 120 days of storage. Apples were considered infected if decay was evident at any one of the three 
nail wounds.  
 Decay developed slowly in this trial with only 13.5% of fruit showing decay after 90 days of cold storage (Table 1). 
Mertect failed to control decay because a benzimidazole-resistant strain of P. expansum was used as inoculum. Except for the 
lowest rate of Scholar combined with Captec, all rates of Scholar provided good control in all of the combinations.  However, 
decay incidence in the no-fungicide control and the Mertect treatments roughly doubled when either DPA or Captec were 
added and more than quadrupled when both DPA and Captec were added to the mix.  Similar responses were noted for 
evaluations made after 120 days (Table 2).  The increased decay noted with DPA and Captec probably occurred because 
surfactants in these products enabled better penetration of nail wounds by spores. Effects of Captec and DPA were further 
evaluated by examining combined means from the two columns in Table 2 that had no Captec as compared to the means for 
the two columns that included Captec, and similar comparisons were made for treatments that were +/- DPA (Table 3).  
Because of their effects in the no-fungicide control and the Mertect treatments, both Captan and DPA decreased the 
effectiveness of the test fungicides when compared across all treatments (grand means, Table 3).  With Scholar at the 4 oz 
rate, however, the addition of DPA actually improved decay control whereas the addition of Captec resulted in a reduced 
level of control that did not differ significantly from fruit treated with Scholar alone at 4 oz.  Results from this trial suggest 
that, at low rates, Scholar may perform better when used alone than when combined with Captec.  However, the slight loss of 
activity noted for the low-rate Scholar plus Captec combination is probably attributable to surfactant effects of the Captec 
(i.e., increased penetration of wounds by inoculum) rather than to direct negative interactions between the two fungicide 
chemistries. 
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Table 1. Percent of Empire fruit with blue mold decay on 9 Jan 07 after 90 days of cold air storage at 36° F. 
Fungicide and rate of         Products combined with fungicides and rates/100 gal               
formulated product per  No Scald DPA Captec 4L No Scald DPA + Grand mean 
100 gal of drench solution None 80 fl oz 40 fl oz Captec 4Lz for fungicides 
Control .............................................  13.5  by 30.0  b 20.0    c 58.0  b 30.4  b 
Mertect 340F  16 fl oz .....................  13.0  b 33.0  b 19.0    c 60.0  b 31.3  b 
Mertect 340F  4 fl oz ........................ 12.0  b 27.0  b 23.0    c 62.0  b 31.0  b 
Scholar 230 SC  16 fl oz ..................    0.0 a 0.0 a 0.0 a 0.0 a 0.0 a 
Scholar 230 SC  12 fl oz ..................    0.0 a 0.0 a 0.0 a 0.0 a 0.0 a 
Scholar 230 SC  8 fl oz ....................    1.0 a 0.0 a 1.0 ab 0.0 a 0.5 a 
Scholar 230 SC  4 fl oz ....................    0.0 a 0.0 a 5.0   b 1.0 a 1.5 a 
Grand means for additions ...............    5.6 A 12.9 B 9.7 B 25.9 C 
z The rates for the combined No Scald DPA and Captec 4L were the same as each material used alone. 
y Means separations were determined by applying Fisher's Protected LSD (P≤0.05) to the means from a 7x2x2 three-way 

analysis involving 7 fungicide treatments, +/- Captec, and +/- DPA.  The angular transformation was applied prior to 
statistical analyses, but arithmetic means reported. P-values for effects of fungicides, combination products, and their 
interactions were all <0.001. 

 
Table 2. Percent of Empire fruit with blue mold decay on 8 Feb 07 after 120 days of cold air storage at 36° F. 
Fungicide and rate of         Products combined with fungicides and rates/100 gal               
formulated product per  No Scald DPA Captec 4L No Scald DPA + Grand mean 
100 gal of drench solution None 80 fl oz 40 fl oz Captec 4Lz for fungicides 
Control .............................................  29.7  by 51.0  b 31.0   c 68.0  b 44.9   c 
Mertect 340F  16 fl oz .....................  30.0  b 58.0  b 41.0   c 77.0  b  51.5   c 
Mertect 340F  4 fl oz .......................  29.0  b 48.0  b 40.0   c 77.0  b  48.5   c 
Scholar 230 SC  16 fl oz ..................    1.0 a 0.0 a 0.0 a 0.0 a 0.3 a 
Scholar 230 SC  12 fl oz ....................  1.0 a 0.0 a 0.0 a 0.0 a 0.3 a 
Scholar 230 SC  8 fl oz ......................  2.0 a 1.0 a 2.0 a 0.0 a 1.3 ab 
Scholar 230 SC  4 fl oz ......................  2.0 a 0.0 a 8.0  b 1.0 a 2.8   b 
Grand means for additions ...............  13.5 A 22.6 B 17.4 AB 31.9 C 
z The rates for the combined No Scald DPA and Captec 4L were the same as each material used alone. 
y Means separations were determined by applying Fisher's Protected LSD (P≤0.05) to the means from a 7x2x2 three-way 

analysis involving 7 fungicide treatments, +/- Captec, and +/- DPA.  The angular transformation was applied prior to 
statistical analyses, but arithmetic means reported. P-values for effects of fungicides, combination products, and their 
interactions were all <0.001. 

 
Table 3. Percent Empire fruit with blue mold decay on 8 Feb 07 after 120 days of cold air storage at 36° F, as affected by 

fungicides applied with or without Captec 4L or No Scald DPA. 
Fungicide and rate of     Effects of Captec 4L z       Effects of No Scald DPA z   
formulated product per  Captec 4L  No Scald DPA Grand mean 
100 gal of drench solution None    40 fl oz None      80 fl oz for fungicides 
Control .............................................  40.3  b 49.5   c 30.3   c* 59.5  b 44.9   c 
Mertect 340F  16 fl oz .....................  44.0  b* y 59.0   c 35.5   c* 67.5  b 51.5   c 
Mertect 340F  4 fl oz .......................  38.5  b* 58.5   c 34.5   c* 62.5  b 48.5   c 
Scholar 230 SC  16 fl oz ...................   0.5 a 0.0 a 0.5 a 0.0 a 0.3 a 
Scholar 230 SC  12 fl oz ...................   0.5 a 0.0 a 0.5 a 0.0 a 0.3 a 
Scholar 230 SC  8 fl oz .....................   1.5 a 1.0 ab 2.0 ab 0.5 a 1.3 ab 
Scholar 230 SC  4 fl oz .....................   1.0 a 4.5   b 5.0   b* 0.5 a 2.8   b 
Grand means  ...................................  18.0 A 24.6 B 15.5 A 27.2 B 
z Means separations were determined by applying Fisher's Protected LSD (P≤0.05) to the means from a 7x2x2 three-way 

analysis involving 7 fungicide treatments, +/- Captec, and +/- DPA.  Means shown for effects of Captan and of DPA are 
from observations of 8 replicates and each data column resulted from combined the appropriate two columns of simple 
means shown in Table 2. The angular transformation was applied prior to statistical analyses, but arithmetic means 
reported. P-values for effects of the various factors were as follows: Fungicides, <0.001; Captec, 0.001; DPA, <0.001; 
fungicide-Captec interaction, 0.015; fungicide-DPA interaction, <0.001; Captec-DPA interaction, 0.315; fungicide-
Captec-DPA interaction, 0.626. 

* Asterisks indicate comparisons where treatments for the fungicide indicated were significantly affected by the addition of 
Captec or DPA (i.e., means differ significantly from the mean in that adjoining column). 
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APPLE (Malus ×domestica 'Empire')  D. A. Rosenberger, F. W. Meyer,  
 Blue mold; Penicillium expansum             A. L. Rugh, and R. W. Christiana  
   Cornell's Hudson Valley Laboratory 
   PO Box 727, Highland, NY  12528  
 
Effectiveness of postharvest apple fungicides used alone or with Captan, 2006-07. 
 
 Various rates of Phostrol, Mertect 340F, Penbotec and Scholar were evaluated with and without the addition of 
Captec 4L to determine if the addition of Captec would result in improved control of blue mold on wounded fruit.  Empire 
apples were harvested 22 Sep 06 and held in cold storage at 36° F until 17 Oct.  Mean fruit firmness, as determined on 18 Oct 
by testing 10 fruit from each of four replicates, was 16.8 lb.  Treatment tanks (30-gal polyethylene garbage cans) were filled 
with 15 gal water on 17 Oct, were left at ambient temperature overnight, and had stabilized at 57° F by the next day. On 18 
Oct, wounds approximately one-eighth in. deep by one-sixteenth in. diameter were made on a single hemisphere of each 
apple using a large cork fitted with three finishing nails spaced about three-eighth in. apart in a triangular pattern. Wounded 
fruit were placed into baskets, immersed in an inoculum suspension for 30 sec, allowed to dry for 2 hr, and were then 
immersed and agitated in treatment solutions for 30 sec. The inoculum suspension was made by washing 21-day-old plates of 
a benzimidazole-sensitive isolate (P-99) of P. expansum using distilled water containing 0.01% Tween 20.  Spore density in 
the stock solution was measured with a hemacytometer and the stock solution was used to make a final inoculum suspension 
containing 10,000 spores/ml. After treatments were applied, fruit were allowed to dry 2 hr before they were placed on labeled 
spring cushion trays, stacked into boxes, and moved to the cooler set at 36° F before evening on 18 Oct.  A HOBO 
temperature recorder placed in one of the boxes showed that it took 49 hours for apples to cool to 40° F.  Apples were 
evaluated on 16 Jan 07, 90 days after inoculation and again on 15 Feb 07 after 120 days of storage. Apples were considered 
infected if decay was evident at any one of the three nail wounds.  
 After 90 days in cold storage, fruit treated with Captec alone, Phostrol alone, or the Captec-Phostrol combination 
had 75, 45, and 79% less decay than untreated fruit, which had 44.8% of fruit infected. All of the other treatments provided 
near complete control of blue mold and did not differ significantly among themselves  (data not shown). The same trends 
were evident after 120 days (Table 1) except that Scholar 50W at 2 oz allowed 15% decay when used alone compared to only 
4% where it was combined with Captec. This experiment failed to provide evidence that adding Captec to effective 
fungicides had any benefits whereas adding Captec to marginal fungicides such as Phostrol resulted in significant reductions 
in decay. 
 
 
Table 1. Percent Empire fruit with blue mold on 15 Feb 07 after 120 days of cold-air storage at 36.6 °F. 
Fungicide and rate of formulated pro- without Captec 4L Grand means 
duct per 100 gal of drench solution Captec 4L 40 fl oz/100 for fungicides 
Control ..........................................................................................  63.9     c*z 31.8     c 47.8       d 
Phostrol  20 fl oz ...........................................................................  51.0     c* 20.0     c 35.5     c 
Mertect 340F  16 fl oz ..................................................................    1.0 a 0.0 a 0.5 a 
Mertect 340F  4 fl oz ....................................................................    0.0 a 2.0 ab 1.0 a 
Penbotec 400SC  16 fl oz .............................................................    0.0 a 1.0 ab 0.5 a 
Penbotec 400SC  4 fl oz ...............................................................    0.0 a 1.0 ab 0.5 a 
Scholar 50W  8 oz ........................................................................    1.0 a 2.0 ab 1.5 a 
Scholar 50W  2 oz ........................................................................  15.0   b* 4.0   b 9.5   b 
Grand means for additions ............................................................  16.5 B 7.7 A 
z Means separations were determined by applying Fisher's Protected LSD (P≤0.05) to the means from a 8x2 two-way 

analysis. Asterisks following small letters indicate comparisons where the addition of Captec had a significant (P≤0.05) 
effect on activity of the fungicide.  The angular transformation was applied prior to statistical analyses, but arithmetic 
means reported. P-values for effects of fungicides, Captec, and their interactions were all ≤0.005. 
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Plum (Prunus domestica 'Stanley,' 'Italian') D. A. Rosenberger and F. W. Meyer 
 Black knot; Dibotryon morbosum Cornell's Hudson Valley Laboratory 
  PO Box 727, Highland, NY 12528 
 
Evaluation of fungicides for controlling black knot on plums, 2005-06. 
 
 Treatments were applied to marked scaffold limbs on ten mature plum trees that had been planted in 1995. Five trees 
were 'Stanley' and five were 'Italian,' and each tree contained either two or three limbs marked for treatment. Each treatment 
was replicated two times on 'Stanley' trees and two times on 'Italian' trees.  The marked test limbs were large lower scaffolds 
(1.5 to 2.5 inches in diameter). The tops of the trees were not sprayed with any fungicide.  The test trees were inoculated 
using knots from 'Veeblue' plum trees collected from a commercial orchard on 20 Apr 05.  The inoculum knots were placed 
into mesh bags containing 10-12 knots each, and one bag was suspended above the canopy of each test tree by tying the bags 
to the tops of 18-ft bamboo poles. The inoculum bundles were removed from the orchard on 3 Jun 05.  Laboratory discharge 
tests were conducted using arbitrarily selected knots on 20 Apr and again on 3 Jun.  On both occasions, the black knots that 
had been soaked for 10 min released large numbers of spores onto glass slides. Thus, the knots suspended above trees were 
capable of releasing spores during all wetting periods from 20 Apr through 3 Jun.  Potential infection periods occurred during 
wetting periods that started 22 Apr (33 hr, 51° F), 27 Apr (23 hr, 50° F), and 30 Apr (35 hr, 51° F), 14 May (13 hr, 61° F), 21 
May (41 hr, 51° F; fruit 8-9 mm), 28 May (15 hr, 56° F), 29 May (14 hr, 58° F), and 31 May (13 hr, 58° F). Fungicide 
treatments were applied to drip using a Solo backpack sprayer on 22 Apr (white bud), 29 Apr (full bloom), 13 May (late petal 
fall) and 23 May (shuck-off). Knots from 2005 infections did not become visible until after shuck split it 2006. Knots on 
treated limbs and on non-sprayed limbs and tops of each tree were counted April 10, 2007. 
 Relatively few infections developed in unsprayed control limbs in this trial despite ideal conditions for black knot 
infection during spring of 2005. The number of knots per tree that developed in portions of the test trees that were not marked 
for this experiment (tops of trees and non-marked scaffolds) varied considerably, with 6, 27, 17, 15 and 7 knots per tree for 
the non-marked portions of the 'Stanley' trees and 13, 6, 5, 11, and 13 knots per tree for the non-marked portions of the 
'Italian' trees.  Most of these knots occurred in the tops of the trees where there was no potential for spray drift from treated 
limbs. Thus, either (i) trees varied considerably in susceptibility to black knot; (ii) the effectiveness of inoculum suspended 
above the trees varied significantly from one tree to the next; or (iii) some of the fungicides had a systemic effect that was 
translocated from treated limbs to the rest of the tree.  The latter seemed unlikely, but Pristine has been noted to stimulate 
host plant defenses in other crop systems. To determine if any of the fungicides might have affected the unsprayed portions 
of trees to which they were applied, we assigned the number of knots in unsprayed portions of each tree to each of the three 
treatments in those trees and used ANOVA to determine if treatments had a significant effect on disease incidence in the 
unsprayed parts of the trees.  Treatments applied to marked limbs did not affect the incidence of knots in the upper portions 
of the tree (P = 0.48). To adjust observed incidence data for the effects of varying inoculum intensity (or tree susceptibility) 
that existed among trees, we multiplied the number of knots observed on each marked limb by the ratio of knots observed on 
unmarked portions of the data tree compared to knots observed on the unmarked portion of the most susceptible tree in the 
trial.  Using the adjusted knot counts, statistical differences among treatment means were detected using the LSD test (P≤ 
0.10), but the P-value for significant fungicide effects in the analysis of variance was only 0.238.   Thus, results from this 
trial suggest that Indar, Pristine, Flint, and Elite may all provide some control of black knot.  However, the trial should be 
repeated to verify effectiveness of these fungicides against black knot. 
 
 
 adjusted number of 
Treatment and rate/100 gal     knots/limb 
Unsprayed Control ..................................................................................... 8.1   b* 
Bravo Weather Stik 6F 20 fl oz ................................................................. 3.2 a 
Indar 75WSP 0.67 oz ................................................................................. 3.4 a 
Pristine 38W 4.0 oz .................................................................................... 3.5 a 
Flint 50WDG 1.3 oz .................................................................................. 3.6 a 
Elite 45W 2 oz ........................................................................................... 2.5 a 
Topsin M 8 oz ............................................................................................ 6.7 ab 
*Means followed by the same letter are not significantly different according to the LSD test (P ≤0.10).   
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PEAR (Pyrus communis 'Bartlett,' 'Bosc') D. A. Rosenberger,  P. J. Jentsch, F. W. Meyer,  
 Flyspeck; Zygophiala jamaicensis  and A. L. Rugh  
 Sooty blotch; species complex Cornell's Hudson Valley Laboratory 
 Fruit rots; Botryosphaeria sp. PO Box 727, Highland, NY  12528  
 Pear psylla; Cacopsylla pyricola 
 
Effects of oil sprays on development of Fabraea leaf spot in pears, 2007. 
 
 Methods: Development of Fabraea leaf and fruit spot was monitored in a pear insecticide trial to determine if oil 
sprays included in the insecticide program would influence the incidence and severity of Fabraea infections.  Treatments 
were applied to four-tree plots replicated four times in a randomized complete block design.  Each plot contained two trees 
each of 'Bartlett' and 'Bosc' cultivars, with 27-yr-old trees pruned to 12 ft in height and spaced 12 x 18 ft. Treatments were 
applied dilute to runoff using a high-pressure handgun sprayer operated at 300 psi delivering roughly 350 gal/A.  For Bartlett 
pears, phenology was as follows: swollen bud — 26 Mar, bud burst — 23 Apr, white bud — 30 Apr, full bloom — 7 May, 
80% petal fall — 11 May. Treatments and treatment dates are shown in Table 1. Fruitone N at 2.1 oz/A was applied to the 
entire block on 3 May to adjust crop load.  Because pear psylla populations can influence dissemination and severity of 
Fabraea leaf spot, psylla nymph populations were assessed by collecting one distal, one proximal, and three mid-shoot leaves 
from each of five shoots per treatment on four dates from May through July and then counting the number of nymphs using a 
binocular microscope. Incidence of Fabraea on leaves was evaluated on three dates by observing 50 arbitrarily selected leaves 
from each of the two Bosc trees per plot.  Percent defoliation, an indirect measure of severity, was determined by arbitrarily 
selecting 10 terminal shoots on each of the two Bosc trees per plot and counting the number of leaf nodes without leaves 
compared to the total number of nodes. Incidence of Fabraea on fruit was determined by evaluating 50 fruit per tree (or all 
available fruit on trees with less than 50 fruit). Fruit with more than five Fabraea lesions were rated as severely affected and 
would not have been acceptable for fresh market sales. 
 Results: Effects of treatments on psylla nymph populations are shown in Table 1, and their effects on Fabraea leaf 
spot on Bosc are shown in Table 2.  Differences in psylla populations were not a significant factor in determining Fabraea 
incidence or severity. Results from linear regression analysis showed that psylla populations accounted for only 6.4% of the 
variations in incidence of leaf spot (R2 = 0.064, P=0.099) and for only 13% of the variations in percent defoliation (R2 = 
0.130, P=0.016). The regression analyses were performed using the individual plot means for all psylla observation dates 
(Table 1) and for all Fabraea incidence and defoliation observations (Table 2).  Because regression analyses showed that 
psylla populations accounted for relatively little of the variability in Fabraea, treatments involving similar schedules and/or 
rates of Dithane and/or Damoil were grouped so as to allow a more powerful analysis of effects of Dithane and oil sprays on 
development of Fabraea (Tables 3 and 4).  Previous studies have shown that prebloom sprays have little influence on 
development of Fabraea leaf spot.  Therefore the oil spray on 28 Mar and the single application of Dithane on 1 May were 
ignored when deciding how to group treatments. 
 In the untreated controls, the percentage of leaves with infection decreased between 16 Aug and 14 Sep because 
many infected leaves had dropped from trees by 14 Sep (Table 3). Dithane alone (trts 10-11) and Dithane with the low rate of 
Damoil (trts 7-8-9) were more effective than Damoil alone (trts 3-4-5) or Dithane with the high rate of Damoil (trt 6) for 
controlling early spread of Fabraea on leaves (17 Jul) and seasonal incidence as summarized in means from repeated 
measures analysis (Table 3). Plots treated with the high rate of Damoil alone (trts 3-4-5) had more infected leaves on both 17 
Jul and 16 Aug than plots that received Dithane alone (trts 10-11, Table 3), but results for these two treatment groups were 
reversed for Bosc fruit ratings and there were no differences between the two groups on Bartlett fruit ratings. The 
combination of three Dithane sprays plus four Damoil sprays (trt 6) was no more effective than treatments with Damoil alone 
(Tables 3 and 4).  However, Dithane used alone (trts 10-11) was significantly less effective for controlling Fabraea on Bosc 
fruit than was the treatment group where the same Dithane regime was supplemented with the low rate of Damoil applied on 
either 22 May or on 22 May and 6 Jun (trts 7-8-9). 
 Discussion and conclusions: High populations of pear psylla can cause leaf necrosis and early defoliation.  Leaf 
necrosis caused by pear psylla is easily distinguishable from spotting caused by Fabraea, but as noted earlier, psylla may 
facilitate spread of Fabraea. Either psylla alone or Fabraea alone can cause early defoliation, but there is no way to determine 
the relative importance of the two factors or interaction effects when both are present in the same trees. Thus, differences 
among treatments in this experiment represent final outcomes from interacting factors that could not be disentangled given 
the experimental design used for the trial. For example, defoliation and incidence of Fabraea on Bartlett fruit were reduced 
slightly but significantly in plots receiving the single applications of Dithane and the low rate of Damoil (trt 2) as compared 
to control plots (Table 3), but it is unclear whether that reduction was attributable to fungicide effects of the Dithane and 
Damoil or to the lower incidence of psylla in treatment 2.  
 This study clearly shows that oil sprays during critical periods can slow the spread of Fabraea leaf spot and reduce 
infection of Bosc pear fruit. None of the treatments provided complete control of Fabraea leaf spot in this trial. However, 
disease incidence at harvest would presumably have been lower if Dithane or Damoil had been applied on 11 May and/or if 
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an additional oil spray or fungicide (e.g., Sovran) had been applied during late July or early August. Rain events between 16 
and 20 May generated 56 hr of leaf wetting, and Fabraea infections established during this spray gap undoubtedly contributed 
to final outcomes. Dithane was not reapplied after 6 Jun because the label requires a 77-day preharvest interval. However, 
pear growers would have used another fungicide to protect fruit through the rest of the season. Organic pear growers would 
be limited to products included in treatments 3, 4, and 5, but disease control in these treatments might have been improved by 
using one additional oil spray prior to the wetting periods that started on 16 May plus one or two additional oil sprays in late 
July and/or early August.   
 Further research is needed to determine (i) if a more complete oil program can control Fabraea just as well as a full-
season fungicide program; (ii) if lower concentrations of oil will control Fabraea in the absence of other fungicides; and (iii) 
the mechanism whereby oil suppressed Fabraea. 
 
 
Table 1. Spray schedule and effects of treatments on psylla populations. 
Material and rate             Spray applicationsz           Number of psylla nymphs per leaf   
of formulated product Mar    May           Jun        Jul     30  8 27  9 Mean for 
per 100 gal 28 1 11 22 6 26 13 17 May Jun Jun Jul all dates 
  1. Control ..............................................  ......  ......  ......  ..............  ......  ......  ......   0.03 2.00 1.24 0.66 0.99       e 
  2. Dithane 1 lb ......................................  .... X 
 AgriMek 5 fl oz + Damoil 1 qt . O3 ....  ......  ..... X ............  ......  ......  ......   0.02 0.66 1.16 0.31 0.54     cde 
  3. Damoil only ................................... O3 ....  ......  .... O1 . O1 . O1 . O1 ....  ......   0.00 0.84 0.27 0.21 0.33 abc 
  4. Damoil ..............................................  ......  ......  .... O1 . O1 . O1 . O1 ....  ......   0.00 0.11 0.11 0.14 0.09 a 
 Surround 12.5 lb ........................ X 
  5. Damoil ..............................................  ......  ......  ......  .... O1 . O1 . O1 ....  ......   0.01 0.06 0.68 0.41 0.29 abc 
 Surround 12.5 lb ........................ X ... X .... X ... X  
 Entrust 0.75 oz .............................  ......  ......  ......  ..... X ... X ... X 
  6. Damoil ........................................... O3 ....  ......  .... O1 . O1 . O1 . O1 
 Dithane 1 lb  .................................  ... D1 ....  .... D1 . D1 ....  ......  ......  .......  0.11 0.13 0.20 0.10 0.14 ab 
 Imidan 1 lb ...................................  .... X 
  7. Dithane 1 lb ......................................  ... D1 ....  .... D1 . D1 ....  ......  ......  ......   0.0   0.13 0.86 0.16 0.29 abc 
 Agrimek 5 fl oz + Damoil 1 qt ....  ......  ......  ... O.2 . O.2  
  Imidan 1 lb ................................ O3 .. X 
  8. Dithane 1 lb  .....................................  ... D1 ....  .... D1 . D1 ....  ......  ......  ......   0.00 0.01 1.27 0.13 0.35 abc 
 AgriMek 5 fl oz + Damoil 1 qt ....  ......  ......  ... O.2 
 Imidan 1 lb ...................................  .... X .... X ... X ... X 
 Thionex 1 lb  ............................. O3 .. X 
  9. Dithane 1 lb  .....................................  ... D1 ....  .... D1 . D1 ....  ......  ......  .......  0.00 0.22 1.60 1.49 0.83       de 
 Imidan 1 lb ................................ O3 .. X .... X 
 Delegate 1.75 oz +Damoil 1 qt   ..  ......  ......  ... O.2 
10. Dithane 1 lb  .....................................  ... D1 ....  .... D1 . D1 ....  ......  ......  .......  0.00 0.93 1.13 0.99 0.76       de 
 Imidan 1 lb ................................ O3 .. X 
 Actara 1.4 oz ................................  ......  ..... X ... X 
 E2Y45  0.6 ozx .............................  ......  ......  ......  ..... X .....  ......  ..... X 
11. Dithane 1 lb  .....................................  ... D1 ....  .... D1 . D1 ....  ......  ......  .......  0.0   0.12 0.85 0.92 0.47  bcd 
 Imidan 1 lb ................................ O3 .. X 
 Actara 1.4 oz ................................  ......  ..... X ... X 
 E2Y45  0.75 ozx ...........................  ......  ......  ......  ..... X .....  ......  ..... X 
z Abbreviations in the chart are as follows: O1 = Damoil at 1 gal; O3 = Damoil at 3 gal; O.2 = Damoil at 1 qt was applied 

with other insecticides; D1 = Dithane at 1 lb; X indicates dates that other materials and combinations were applied. 
y Numbers within columns followed by the same small letter do not differ significantly as determined by applying Fisher's 

Protected LSD (P ≤ 0.05), to results from repeated measures analysis across four observation dates.  Data was 
transformed using the log(n+1) transformation prior to statistical analysis, but arithmetic means are reported. The 
repeated measure analysis showed a significant date X treatment interaction (P = <0.001). 

x E2Y45 is an experimental insecticide in the ryania target-site class of chemistry. 
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Table 2. Effects of treatments on Fabraea incidence on leaves and on defoliation of terminal shoots on Bosc pear trees. 
Treatments and numbers of            Leaves with Fabraea (%)y       Terminal shoot defoliation (%)x 
applications for key products                  Observation dates               Repeated  Observation dates Repeated 
applied from 1 May to 13 Jul z 17 Jul  16 Aug  14 Sep  measure w 16 Aug 14 Sep   measure w 
  1. Untreated control ...................... 73.0    d w 100.0        g 81.8    d 84.9       f 50.7   c 87.4    d 69.1   c  
  2. Dithane 1 lb (1x) 
        AgriMek + Damoil-L (1x) ...... 68.5    d 83.0       f 90.3    d 80.6       f 17.0  b 63.5   c 40.3  b 
  3. Damoil only (4x) ...................... 45.8   c 40.5       e 54.3  bc 46.8      e 6.1 a 9.7 ab 7.9 a 
  4. Damoil (4x) .............................. 28.8  b 30.3    cde 44.5 ab 34.5  bcd 6.7 a 9.7 ab 8.2 a 
  5. Surround (3x), Damoil (3x) ...... 30.5  bc 30.8     de 52.5   bc 37.9     de 8.2 a 10.2 ab 9.2 a 
  6. Dithane (3x), Damoil (4x) ........ 38.3  bc 26.5  bcde 44.5 ab 36.4   cde 8.3 a 9.0 a 8.7 a 
  7. Dithane (3x), Damoil-L (2x) .... 12.5 a 13.0 ab 42.8 ab 22.7 a 6.7 a 12.0 ab 9.3 a 
  8. Dithane (3x), Damoil-L (1x) .... 11.8 a 11.0 a 30.8 a 17.8 a 7.8 a 10.0 ab 8.9 a 
  9. Dithane (3x), Damoil-L (1x) ....   8.0 a 18.3 abcd 33.8 a 20.0 a 6.1 a 13.6   b 9.8 a 
10. Dithane (3x)  .............................   7.0 a 16.8 abc 62.5    c 28.8 abc 6.5 a 14.1   b 10.3 a 
11. Dithane (3x)   ............................   5.0 a 14.8 ab 58.8  bc 26.2 ab 7.2 a 15.1   b 11.1 a 
See footnotes below Table 4.  Dotted lines between treatments delineate treatments that were combined in Tables 3 and 4. 
 
 
Table 3. Treatment effects on foliar incidence of Fabraea and on defoliation of terminal shoots as determined by analyzing 

groupings of similar treatments. 
 Treat- Treatment groupings, key            Leaves with Fabraea (%)y       Terminal shoot defoliation (%)x 
 ment products, and no. of applica-               Observation dates          Repeated  Observation dates Repeated 
 no's. tions from 1 May to 13 Jul z 17 Jul  16 Aug  14 Sep  measure w 16 Aug 14 Sep   measure w 
 1.  Untreated control .......................  73.0   c w 100.0     d 81.8    c 84.9   c 50.7   c w 87.4     d 69.1   c  
 2.  Dithane (1x), Damoil-L (1x) ......  68.5   c 83.0    c 90.3    c 80.6   c 17.0  b 63.5    c 40.3  b 
 3-4-5. Damoil (3-4x) .............................  35.0  b 33.8   b 50.4 ab 39.8  b 7.0 a 9.8 ab 8.4 a 
 6.  Dithane (3x), Damoil (4x) ..........  38.3  b 26.5 ab 44.5 ab 36.4  b 8.3 a 9.0 a 8.7 a 
 7-8-9.  Dithane (3x), Damoil-L (1-2x) ..  10.8 a 14.1 a 35.8 a 20.2 a 6.8 a 11.9 ab 9.3 a 
 10-11.  Dithane (3x) ...............................    6.0 a 15.8 a 60.6   b 27.5 a 6.9 a 14.6   b 10.7 a 
Grand means for dates w .........................  29.9 A 35.0 B 54.0 C  11.9 A 23.1 B 
See footnotes below Table 4. 
 
 
Table 4. Treatment effects on foliar incidence of Fabraea on 16 Aug, defoliation of terminal shoots on 14 Sep, and fruit 

infections at harvest as determined by analyzing results for similar treatment grouped together. 
 Treat- Treatment groupings, key Leaves with Defolia- Incidence on fruit (%) Fruit (%) with >5 lesions 
 ment products, and no. of applica- Fabraea (%) tion (%) Bartlett Bosc Bartlett Bosc 
 no's. tions from 1 May to 13 Jul z 16 Aug  14 Sep 16 Aug 7 Sep 16 Aug 7 Sep 
 1.  Untreated control .........................  100.0     d u 87.4     d u 73.2  b u 96.1    c u 50.9 a u 92.5   c u 
 2.  Dithane (1x), Damoil-L (1x) ..........  83.0    c 63.5    c 42.5 a 78.8  bc 11.2 a 66.1   c 
 3-4-5. Damoil (3-4x) .................................. 33.8   b  9.8 ab 26.6 a 21.5 a 10.0 a 5.7 a 
 6.  Dithane (3x), Damoil (4x) ............... 26.5 ab 9.0 a 35.3 a 27.5 a 7.0 a 8.3 ab 
 7-8-9.  Dithane (3x), Damoil-L (1-2x) ......  14.1 a 11.9 ab 29.6 a 23.3 a 9.5 a 8.6 a 
 10-11.  Dithane (3x) ...................................  15.8 a 14.6   b 37.4 a 52.3  b 5.9 a 23.1  b 
z See Table 1 for details of treatments and application dates. Numbers in parentheses indicate the number of times the 

designated products were applied. Damoil applications were at 1 gal/100 gal of dilute spray whereas Damoil-L indicates 
sprays applied at 1 qt/100 gal of dilute spray.   

y Fifty random leaves from each of two trees per plot were observed for Fabraea leaf spot. 
x Ten terminal shoots on each of the two Bosc trees per plot were assessed to determine percent defoliation. 
w Numbers within columns followed by the same small letter do not differ significantly as determined by applying Fisher's 

Protected LSD (P ≤ 0.05), to results from repeated measures analysis across multiple observation dates. Data was 
transformed using the angular transformation prior to statistical analysis, but arithmetic means are reported. P-values for 
date X treatment interactions were <0.001) for both percent leaves infected and percent defoliation in both Table 2 and 
Table 3. 

u Numbers within columns followed by the same small letter do not differ significantly (Fisher's Protected LSD, P ≤ 0.05). 
Data was transformed using the angular transformation prior to statistical analysis, but arithmetic means are reported.  


