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Weather and Infection Periods Rosenberger, Meyer, Christiana, 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° 

* For calculating split wettings, we adopted the convention proposed by Bill MacHardy: "two successive wetting periods, the first 
started by rain, should be considered a single, uninterrupted wet period if the intervening dry period is less than 24 hr, regardless of 
weather conditions (sunshine, temperature, and RH) during the intervening dry period." The issue of split wettings was discussed 
by Turechek and Carroll in Scaffolds Fruit Journal 12(7):3-4 [2003] (available at 
http://www.nysaes.cornell.edu/ent/scaffolds/2003/4.28.html#d1). Temperatures for split wetting periods were calculated using only 
hours when foliage was actually wet.  In this table, individual wetting events that contributed to longer split wetting periods are 
shown individually, and the split wetting periods that encompass several shorter wetting periods are then shown in bold print.   

 

31 Mar  3.3 0 31 Mar 0015 59.0 43.1 0.74 -- 
  3 Apr GT 
       4 Apr 0900 5.0 49.0  -- 
  6 Apr  24.8 0 
12 Apr HIG   12 Apr 1900 53.0 45.1 1.13 H -- 
    20 Apr 2100 36.0 49.9 0.67 H -- 
25 Apr TC   25 Apr 1500 42.0 45.9 0.58 H -- 
1 MAY: First scab lesions visible in unsprayed control trees;  begin secondary scab infection periods. 
  2 May PK     3 May 0130 30.5 49.2 0.52 H + 
  5 May BL     5 May 1930 14.0 49.6 0.05 L + 
      8 May 2345 12.0 47.3 0.09 -- + 
    10 May 2045 12.75 64.7 0.16 M + 
12 May PF    15 May 2345 8.25 61.1 0.08 L + 
    18 May 2130 13.5 64.7 0.62 M + 
    21 May 0100 7.5 58.0 0.09 -- + 
    22 May 2200 9.5 59.0 0.06 L + 
    23 May 2130 6.0 58.6 0.02 -- + 
    24 May 1200 21.25 65.6 0.24 H + 
    26 May 0330 11.25 53.3 0.11 l + 
    26 May 2200 13.25 58.9 0.39 m + 
    27 May 2330 13.75 62.7 0.26 m + 
 * Combined wetting period starting 26 May  0330 38.25 58.6 0.76 H + 
    31 May 1600 17.75 54.1 0.38 m + 
      1 Jun 1445 4.5 63.0 0.15 -- -- 
 Combined wetting period starting 31 MAY 1600 22.25 55.9 0.53 H + 
      2 Jun 1830 8.0 60.6 0.02 -- + 
      3 Jun 1345 0.5 74.0 0.02 -- -- 
      5 Jun 1400 15.0 57.3 0.01 M + 
    14 Jun 0645 2.5 61.0 0.11  -- 
    17 Jun 1115 17.5 74.6 1.85  + 
    19 Jun 0430 2.5 71.0 Trace  -- 
    22 Jun 0900 4.5 68.0 0.07  -- 
    26 Jun 0730 2.5 60.0 0.05  -- 
    28 Jun 2115 9.0 62.1 0.09  + 
      5 Jul 0330 7.0 68.6 0.01  + 
      5 Jul 1430 2.0 78.3 0.77  - 
      5 Jul 2030 10.0 71.9 0.34  + 
 Combined wetting period starting   5 JUL 0330 19.0 71.4 1.12  + 
      7 Jul 2230 10.0 71.4 0.09  + 
    12 Jul 1530 18.25 65.5 0.28  + 
    13 Jul 1215 4.25 66.8 0.03  - 
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Weather and Infection Periods Rosenberger, Meyer, Christiana, and Rugh 
 Cornell University's Hudson Valley Lab 
 
        Wetting periods          
       dura- avg. rain-  Mill's 
      start tion temp fall rating  
     date time (hr) (°F) (in.) 1°   2° 

 

  Combined wetting period starting 12 JUL 1530 22.5 65.8 0.31 + 
    14 Jul 2015 5.25 69.8 0.03  - 
    15 Jul 0600 2.5 66.7 Tr  - 
    15 Jul 1645 14.25 65.2 0.21  + 
    16 Jul 1700 2.0 73.0 0.08  - 
    17 Jul 0030 8.5 67.1 0.01  + 
    17 Jul 1345 18.0 70.3 0.11  + 
    18 Jul 1100 18.25 68.8 0.20  + 
 Combined wetting period starting 14 JUL 2015 68.75 68.4 0.64  + 
    23 Jul 1015 22.25 71.3 1.68  + 
    27 Jul 1245 21.5 62.3 0.74  + 
    28 Jul 2115 10.25 70.7 0.34  + 
 Combined wetting period starting 27 JUL 1245 31.75 65.0 1.08  + 
    31 Jul 1315 3.25 85.0 0.18  - 
    31 Jul 2330 8.5 73.8 0.03  + 
      1 Aug 2045 11.0 73.8 0.09  + 
 Combined wetting period starting 31 JUL 1315 22.75 75.5 0.30  + 
      3 Aug 0130 5.75 70.0 Dew  + 
      3 Aug 1430 0.75 88 0.01  - 
      3 Aug 2300 7.5 71.8 Dew  + 
      4 Aug 1845 14.5 68.6 0.80  + 
      5 Aug 1615 3.3 70.3 0.02  - 
 Combined wetting period starting   3 AUG 0130 31.8 70.4 0.83  + 
      7 Aug 1515 0.75 65.0 0.04  - 
      7 Aug 2030 11.75 57.1 0.01  + 
 Combined wetting period starting   7 AUG 1515 12.5 57.6 0.05  + 
    11 Aug 0115 6.5 68.0 0.51  + 
    12 Aug 0230 4.25 67.7 Mist  - 
    12 Aug 0945 2.5 72.0 0.48  - 
    12 Aug 2200 11.25 71.5 0.32  + 
    13 Aug 1530 16.5 66.7 0.15  + 
 Combined wetting period starting 11 AUG 0115 41.0 68.8 1.46  + 
    15 Aug 0100 6.75 67.8 0.13  + 
    16 Aug 0245 6.25 67.6 0.21  + 
    16 Aug 1720 14.5 62.2 0.14  + 
    17 Aug 2245 9.75 62.5 Dew  + 
    18 Aug 2145 5.25 58.9 Dew  + 
 Combined wetting period starting 15 AUG 0100 42.5 63.3 0.48  + 
    20 Aug 0430 3.25 68.8 Dew  - 
    20 Aug 1700 22.75 71.3 2.15  + 
    21 Aug 2245 10.5 54.8 Dew  + 
    22 Aug 2300 9.5 56.7 Dew  + 
 Combined wetting period starting 20 AUG 1430 46.0 64.4 2.15  + 
    25 Aug 0030 4.0 60.3 Dew  - 
    26 Aug 0130 6.75 58.9 Dew  + 
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Weather and Infection Periods Rosenberger, Meyer, Christiana, and Rugh 
 Cornell University's Hudson Valley Lab 
 
        Wetting periods          
       dura- avg. rain-  Mill's 
      start tion temp fall rating  
     date time (hr) (°F) (in.) 1°   2° 

 

    26 Aug 2015 11.25 65.8 Dew  + 
    28Aug 0100 7.5 70.5 Dew  + 
    29 Aug 0130 6.75 72.3 Dew  + 
    29 Aug 2345 5.5 70.8 Dew  - 
    30 Aug 1545 17.0 73.7 0.23  + 
      1 Sep 0430 3.75 57.8 Dew  - 
      2 Sep 0030 7.75 59.2 Dew  + 
      2 Sep 2215 11.0 60.7 Dew  + 
      4 Sep 0145 6.5 62.6 Dew  + 
      7 Sep 0330 4.0 63.8 Dew  - 
      7 Sep 2030 8.5 65.5 Dew  + 
      8 Sep 0930 36.0 71.7 2.12  + 
    11 Sep 0145 6.75 61.4 Dew  + 
    11 Sep 2115 13.0 58.4 Dew  + 
    13 Sep 0100 7.75 60.9 Dew  + 
    15 Sep 0530 2.5 57.0 Dew  - 
    16 Sep 0015 8.5 65.1 0.05  + 
    16 Sep 2345 9.5 66.6 Dew  + 
    17 Sep 1145 29.0 62.9 2.90  + 
 Combined wetting period starting 16 SEP 2345 38.5 63.8 2.90  + 
    20 Sep 0515 3.25 45.0 Dew  - 
    20 Sep 2115 12.25 52.9 Dew   
    22 Sep 0415 4.0 55.6 Dew   
    23 Sep 0600 2.0 61.3 Dew   
    23 Sep 2115 11.0 61.7 Dew   
    24 Sep 2215 11.25 59.5 Dew   
    26 Sep 0630 2.0 63.3 Dew   
    26 Sep 2130 11.25 54.3 Dew   
    27 Sep 2100 34.50 62.0 2.49  + 
    29 Sep 2200 11.0 56.4 Dew   
    30 Sep 1045 19.25 57.8 0.18  + 
 Combined wetting period starting 29 SEP 2200 40.25 57.3 0.18  + 
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2004 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 53 29  48 43 0.31 79 54  68 52 0.38 84 60  88 73 0.21 82 57 0.01 
 2 61 38  45 40  80 59  67 52 0.15 86 64  85 70 0.09 82 57  
 3 64 34  44 38  70 51 0.08 78 56 0.02 88 56  86 68  80 58  
 4 58 38 Showers 53 49  51 37 0.44 72 46 0.02 83 56  89 69 0.01 83 59  
 5 54 36  50 26  59 36  73 51  85 67 0.01 84 63 0.80 86 62  
 
 6 56 41  40 30  62 40 0.05 64 51 0.01 83 62 1.11 78 56 0.02 76 54  
 7 58 35  52 37  71 56  60 56  80 58  72 56  76 62  
 8 49 34Rain/Snow 52 30  83 45  81 61  86 65 0.09 72 51 0.05 79 63  
 9 38 34  52 33  62 45  87 64  87 63  78 57  72 66  
 10 40 31Sn shower 57 32  62 48 0.09 93 68  81 57  86 59  80 60 2.05 
 
 11 45 29  58 32  76 61  68 54  84 60  85 66 0.51 80 56 0.07 
 12 51 31  53 35  84 60  69 46  88 67  80 66  77 56  
 13 41 23  57 38 0.66 88 62  75 51  73 64 0.28 79 70 0.79 80 58  
 14 42 17  54 39 0.42 88 58  76 60 0.11 68 63 0.03 80 65 0.16 79 56  
 15 45 30  54 43 0.05 75 58  78 66  78 65 0.03 79 66 0.13 71 56  
 
 16 54 27  56 39  88 58 0.08 90 66  80 60 0.21 76 66 0.21 72 58 0.05 
 17 34 22 Snow 60 38  75 52  86 69  79 64 0.09 74 58 0.14 79 65  
 18 31 22 Sn shower 78 46  78 58   82 67 1.85 85 63 0.11 77 59  74 56 2.32 
 19 36 28  76 44  79 60 0.62 84 69  74 66 0.20 80 65  56 48 0.58 
 20 41 19  88 52  68 45  80 53  82 64  81 68  63 44  
 
 21 48 28 Showers 54 45  73 52 0.09 73 48  85 61  89 70 1.83 70 50  
 22 49 20  63 48  78 60  80 62  87 66  73 50 0.32 77 51  
 23 32 15  78 49 0.55 80 58 0.06 75 63 0.07 88 72  75 54  82 56  
 24 46 27  49 44 0.19 85 58 0.02 84 55  79 65 1.68 84 61  81 58  
 25 61 41  63 38  72 56 0.24 84 60  75 62  76 58  78 57  
 
 26 56 44  50 38 0.33 76 50 0.03 75 60 0.05 80 61  77 55  77 58  
 27 70 53 Rain 54 46 0.25 62 50 0.47 74 52  82 66  76 61  77 52  
 28 67 42  66 40  75 57 0.03 78 53  69 60 0.74 82 68  73 58 1.20 
 29 61 28  56 42  74 46 0.13 74 57 0.09 75 62 0.34 90 70  65 57 1.29 
 30 57 34  80 52  64 40  78 56  83 64  88 69  66 56  
 31 46 34 0.43    74 45     84 68  86 70 0.22  
Avg/ 
Total 49.8 31.1  57.6 40.0 2.76 73.9 52.1 2.43 76.9 57.5 2.75 81.3 62.9 4.92 80.8 63.1 5.49 75.8 56.8 7.57 
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APPLE (Malus ×domestica ‘Jerseymac’, ‘Redcort’, ‘Golden Delicious’) D. A. Rosenberger, F. W. Meyer,  
 Apple scab; Venturia inaequalis  and R. W. Christiana 
 Cedar apple rust; Gymnosporangium juniperi-virginianae NY State Agric. Experiment Station 
 Quince rust; Gymnosporangium clavipes Cornell’s Hudson Valley Laboratory 
 Powdery mildew; Podosphaera leucotricha PO Box 727, Highland, NY  12528 
 
Evaluation of Scala, strobilurins, and older fungicides for early-season disease control, 2004. 
 
 This experiment was designed to allow direct comparisons of specific treatments or treatment groups.  Treatments 1 and 
2 involved a comparison of Dithane vs. Syllit in three early sprays followed by Captan for the remainder of the season, with 
sulfur or Bayleton mixed with Captan in four sprays to control mildew. Treatments 4 and 5 compared Dithane + Nova vs. 
Syllit + Nova in sprays applied at tight cluster and early bloom. Treatments 6-9 provided comparisons of Nova + Dithane and 
three different fungicides in the strobilurin group with applications at bloom, petal fall, and second cover.  Treatments 10-12 
compared two rates of Scala and effect of following Scala with Flint vs. following Scala with Nova. Treatments were 
replicated four times using three-tree plots containing one tree of each cultivar on M.9 rootstocks.  Plots within rows were 
separated by cedar trees that provided inoculum for rust diseases and minimized drift between plots. Populations of V. 
inaequalis in the test orchard were near baseline for sensitivity to dodine, sterol demethylation inhibitor (DMI) fungicides 
and strobilurin fungicides when tested by Dr. Wolfram Koeller in 2003.  Fungicide treatments were sprayed to drip using a 
handgun at 200 psi.  A few primary scab infections appeared in control trees on 1 May as a result of the first infection period 
on 12-14 Apr (53 hr wetting, 45 °F) when trees were at half-inch green.  However, the first major prebloom infection period 
occurred 25-27 Apr (42 hr, 46 °F) when trees were at tight cluster, and the extensive infections that resulted from it appeared 
on control trees 8-9 May. Other significant infection periods occurred 3-4 May (31 hr, 49 °F, pink bud stage), 5-6 May (14 
hr, 50 °F, full bloom), 10-11 May (13 hr, 65 °F, early petal fall), 18-19 May (14 hr, 65 °F), 24-25 May (21 hr, 66 °F), and 26-
28 May (38 hr, 59 °F) and 31 May-1 Jun (22 hr, 56 °F).  Infection periods were calculated by combining wetting periods 
separated by less than 24 hr of drying, but mean temperatures for split wetting periods were calculated using only the hours 
when foliage was actually wet. Four secondary infection periods occurred in June, with eight in July and 5 in August. 
 
 Treatments differed most in the incidence of scab noted for Jerseymac terminal leaves on 28 Jun and Jerseymac fruit on 
23 Jul.  Differences in the 28 Jun ratings of scab incidence on Jerseymac terminal leaves are probably attributable to 
effectiveness of the 5 May fungicide application. Mean daily temperature from 26 April to 4 May was an unusually warm 52 
°F, with maximum temperatures of 79-80 °F on three of those days.  Warm temperatures resulted in rapid tree growth during 
the interval between the sprays that were applied on 25 Apr and 5 May.  The fungicide application on 25 April was followed 
within 24 hr by 0.6 inch of rain, and another 0.5 inch of rain was recorded 3-4 May.  As a result of fungicide wash-off and 
rapid leaf expansion between 25 Apr and 5 May, most fungicides did not have sufficient residual activity to fully protect 
against infections initiated on 3-4 May.  The over-all results from all scab evaluations in this trial suggest that the best control 
resulted where Nova was included in the 5 May application (treatments 4-6) and the worst scab control occurred where 
Captan was applied on 5 May (treatments 2-3).  Thus, Nova applied on 5 May provided effective post-infection control of 
infections initiated 3-4 May whereas Captan did not. Although 4% fruit scab on Jerseymac developed in treatment 4 where 
Nova was applied, three of the four replicates in that treatment had no fruit scab, and that result accounts for the mean 
separations that resulted from statistical analysis of arc-sine transformed data. When treatments involving Nova (treatments 
4-6), Dithane-strobilurin (DS) progressions (treatments 7-9), and Scala-Flint (SF) progressions (treatments 10-12) were 
grouped, means for terminal leaf scab on Jerseymac on 28 Jun were 1.5, 4.7, and 1.8% for the respective groups, with the DS 
group having significantly more leaf scab than either of the other two groups.  For Jerseymac fruit scab on 23 Jul, the same 
groupings resulted in means of 1.5, 2.5, and 3.0% fruit scab, with Nova treatments having significantly less scab than either 
the DS or SF treatment groups. Thus, although the Scala-Flint progression provided scab control equivalent to that achieved 
with Nova when leaves were evaluated in late June, only the Nova treatments prevented scab from spreading to the fruit. 
Substituting a Nova spray for one Flint spray in the Scala-Flint progression (treatment 12) did not improve fruit disease 
control.  The extended spray intervals between 14 and 25 May and between 25 May and 16 Jun allowed fruit scab to develop 
where primary infections were not well controlled. Presymptom activity of Nova applied on 16 Jun may have helped to arrest 
some of the fruit infections whereas Captan and strobilurin fungicides applied on 16 Jun would not have controlled 
incubating infections present on fruit at that time.  All of the treatments provided excellent control of cedar apple rust, quince 
rust, and powdery mildew.  Incidence of quince rust on Jerseymac and Golden Delicious fruit in the control plots was only 
7% and 3%, respectively (data not shown).   In the fungicide treatments, no quince rust was detected on Golden Delicious 
and the incidence of quince rust ranged from 0-1.5% for Jerseymac. The excellent rust and mildew control in this trial is 
partially attributable to the Bayleton application (tank-mixed with Captan) on 25 May.  Fifty Golden Delicious fruit from 
each plot were evaluated for fruit finish after harvest, but treatments had no effect on fruit finish (P= 0.20, data not shown).  
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  Application dates and growth stagesz 
       Apr        May   Jun Aug                  % scab on Jerseymacsy   
Material and rate of formulated   8 16 25 5 14  16  14     terminal leaves                 fruit               
product per 100 gal qig hig tc pk pf  2c  5c 28 Jun 3 Sep 3 Jun 23 Jul  
  1. Control .................................................  ..............  ......  ......  ........  ......  ............75.7      f x 93.4     d 90.2   c 99.0     e    
  2. Dithane RSNT 75WDG 1 lb  .............. X ... X ... X .. CM .. CB .... CB ... C ........... 9.7     e 10.5   c  0.0 a 11.5    d  
  3.  Syllit 400F 8 fl oz   ............................ X ... X ... X .. CM .. CB .... CB ... C ........... 8.6     e 5.3  b  0.0 a 7.5   cd  
  4. Dithane RSNT 75WDG 1 lb ............... X ... X ... X ... X 
  Nova 40W 1.5 oz ..............................  ............ X ... X ... CB .... CB .. CT ............1.5 ab 1.6 a  0.0 a 4.0 ab 
  5. Dithane RSNT 75WDG 1 lb  .............. X ... X 
  Syllit 400F 8 fl oz + Nova 1.5 oz   ...  ............ X ... X  .. CB .... CB .. CT ........... 1.3 a 0.8 a  0.0 a 0.0 a  
  6. Dithane RSNT 75WDG 1 lb  .............. X ... X ... X ... X .... X 
  Nova 40W 1.5 oz .............................  ..............  .... X .... X ... XC .. C ........... 1.9 abc 1.3 a  0.0 a 0.5 ab  
  7. Dithane RSNT 75WDG 1 lb  .............. X ... X ... X  
  Pristine 38WDG 4.8 oz  ....................  ..............  .... X .... X ..... X ... X ........... 5.4     de 0.8 a  0.0 a 3.0  bc  
  8. Dithane RSNT 75WDG 1 lb  .............. X ... X ... X  
  Sovran 50WDG 1.33 oz ...................  ..............  .... X .... X ..... X ... X ........... 4.7   cd 1.4 a  1.7  b 3.0  bc  
  9. Dithane RSNT 75WDG 1 lb  .............. X ... X ... X  
  Flint 50WDG 0.67 oz  ......................  ..............  .... X .... X ..... X ... X ........... 4.1  bcd 2.2 a  0.0 a 1.5 ab  
10. Scala 60SC 3.3 oz  .............................. X ... X ... X   
  Flint 50WDG 0.67 oz  ......................  ..............  .... X .... X ..... X ... X ........... 1.9 abc 1.4 a  1.4 ab 2.5 abc  
11. Scala 60SC 2.3 oz  .............................. X ... X ... X  
  Flint 50WDG 0.67 oz  ......................  ..............  .... X .... X ..... X ... X ........... 1.2 ab 0.7 a  0.5 ab 3.0  bc  
12. Scala 60SC 2.3 oz  .............................. X ... X ... X  
 Nova 40W 1.5 oz ..............................  ..............  ... XC 
  Flint 50WDG 0.67 oz  ......................  ..............  ......  ..... X ..... X ... X ........... 2.4 abcd 0.6 a 0.7 ab 3.5  bc  
z An “X” indicates dates that the test fungicides were applied, “C” indicates dates that plots were sprayed with Captan 80W 

10 oz /100 gal, and “XC” indicates application of a tank mixture. Other fungicides applied in combinations with Captan 
are indicated as CM = Captan + Microthiol Disperss 80W 1 lb; CB = Captan + Bayleton 50WSB 1.5 oz; CT = Captan + 
Topsin M 70WSB 3 oz.  In addition to treatment dates noted above, all treatments except the control were sprayed with 
Captan 80W 10 oz + Bayleton 50W 1.5 oz on 25 May and with Captan 80W 10 oz on 1 & 24 July. Growth stages are 
quarter-in. green (qig), half-in. green (hig), tight cluster (tc), pink (pk), petal fall (pf), and second and fifth covers (2c, 5c). 

y Data from 20 terminals/tree on 28 Jun, 10 terminals/tree on 3 Sep; all fruitlets on 30 clusters/tree (average = 50, range 31-76 
fruitlets/tree) on 3 Jun; and 50 fruit at harvest on 23 Jul. 

x 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 analyses, but arithmetic means are reported.  

 
 % scab on Redcort y % cedar apple rust  % Redcort 
Material and rate of term. lvs. fruit on Golden Deliciousx leaves with 
formulated product per 100 gal z 20 Jul 14 Sep term. lvs. fruit mildew w  
  1. Control ................................................................................76.3      ev 87.8    d  61.6   b   27.6  b  58.9   bv 
  2. Dithane 1 lb, then Captan 10 oz  ..........................................8.4     d 10.0   c    0.6 a  0.0 a 1.3 a 
  3.  Syllit 8 fl oz, then Captan 10 oz   ........................................5.2     d 4.0  b    0.2 a  0.0 a 1.1 a 
  4. Dithane 1 lb, Nova 40W 1.5 oz, then Captan 10 oz .............1.7   bc 2.0 ab    0.8 a  0.0 a 1.4 a 
  5. Dithane 1 lb, Syllit 8 fl oz + Nova 1.5 oz, 
 then Captan 10 oz ..............................................................0.2 a 0.0 a    0.6 a  0.0 a 0.8 a 
  6. Dithane 1 lb, Nova 1.5 oz, then Captan 10 oz ......................1.2 abc 1.5 ab    1.3 a 0.0 a 0.6 a 
  7. Dithane 1 lb, then Pristine 4.8 oz  ........................................2.0 abc 2.0 ab    0.6 a  0.0 a 1.7 a 
  8. Dithane 1 lb, then Sovran 1.33 oz ........................................2.1    c 1.5 ab    0.5 a  0.5 a 1.7 a 
  9. Dithane 1 lb, then Flint 0.67 oz  ...........................................0.5 abc 0.5 a    0.8 a  0.0 a 0.6 a 
10. Scala 3.3 oz, then Flint 0.67 oz ............................................0.7 abc 0.5 a    1.8 a  0.0 a 0.9 a 
11. Scala 2.3 oz, then Flint 0.67 oz  ...........................................0.9 abc 1.0 ab    2.2 a 0.0 a 0.2 a 
12. Scala 2.3 oz, Nova 1.5 oz, then Flint 0.67 oz .......................0.3 ab 0.0 a    0.4 a  0.0 a 0.8 a      
z See previous table and its footnotes for treatment details.  
y Data from all leaves on 20 terminals/tree on 20 Jul and 50 fruit/tree on 14 Sep. 
x Data from all leaves on 20 terminals/tree on 5 Aug and 50 fruit/tree on 21 Sep. 
w Data from the 8 youngest leaves on each of 20 terminals/tree on 29 Jun. 
v 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 analyses, but arithmetic means are reported.  
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APPLE (Malus ×domestica ‘McIntosh’, ‘Ginger Gold’, ‘Golden Delicious’ D. A. Rosenberger, F. W. Meyer, 
 Apple scab; Venturia inaequalis  and R. W. Christiana 
 Cedar apple rust; Gymnosporangium juniperi-virginianae NY State Agric. Experiment Station 
 Quince rust; Gymnosporangium clavipes Cornell’s Hudson Valley Laboratory 
  PO Box 727, Highland, NY  12528 
 
Control of scab and rust diseases with EBDC fungicides, 2004. 
 
 Treatments were compared using 2-tree plots in a 7-yr-old orchard of trees on MM.111 rootstocks with M.9 inter-stems. 
Each test plot contained one Golden Delicious tree and one two-part tree in which the lower scaffolds were McIntosh and the 
upper portion of the tree was grafted to Ginger Gold.  Treatments were replicated four times using a randomized block 
design. Treatments were applied to drip using a handgun and a high-pressure sprayer set at 200 psi.  Cedar trees were planted 
between plots within rows to provide inoculum for rust diseases and to minimize drift between plots. A few primary scab 
infections appeared in control trees on 1 May as a result of the first infection period on 12-14 Apr (53 hr wetting, 45 °F) 
when trees were at half-inch green.  However, the first major prebloom infection period occurred 25-27 Apr (42 hr, 46 °F) 
when trees were at tight cluster, and the extensive infections that resulted from it appeared on control trees 8-9 May. Other 
significant infection periods occurred 3-4 May (31 hr, 49 °F, pink bud stage), 5-6 May (14 hr, 50 °F, full bloom), 10-11 May 
(13 hr, 65 °F, early petal fall), 18-19 May (14 hr, 65 °F), 24-25 May (21 hr, 66 °F), and 26-28 May (38 hr, 59 °F) and 31 
May-1 Jun (22 hr, 56 °F).  Infection periods were calculated by combining wetting periods separated by less than 24 hr of 
drying, but mean temperatures for split wetting periods were calculated using only the hours when foliage was actually wet. 
Four secondary infection periods occurred in June, with eight more in July and five in August. 
 
 The first fungicide treatment on 8 Apr was omitted for the last two treatments listed in Table 1, but that omission had no 
effect on subsequent scab development.  None of the treatments provided complete control of cluster leaf or early terminal 
leaf scab on McIntosh because of conditions that prevailed between the 25 Apr and 4 May fungicide applications. Mean daily 
temperature from 26 April to 4 May was an unusually warm 52 °F, with maximum temperatures of 79-80 °F on three of those 
days. The fungicide application on 25 April was followed within 24 hr by 0.6 inch of rain, and another 0.5 inch of rain was 
recorded 3-4 May during an infection period that began just after midnight on 3 May.  As a result of fungicide wash-off and 
rapid leaf expansion between 25 Apr and 5 May, most fungicides did not have sufficient residual activity to fully protect 
against infections initiated on 3-4 May. Although the fungicides were applied on 4 May beginning about 30 hr after the start 
of the wetting period on 3 May, none of the fungicides applied on 3 May had 30 hr of post-infection activity. Therefore, scab 
control attributable to the various treatments is largely a reflection of residual activity of the fungicides. Penncozeb 3.63F and 
TD-2407-01 out-performed Penncozeb 75DF (second data line) against scab on McIntosh terminal leaves, scab on McIntosh 
fruit on 11 Aug, and cedar apple rust on Golden Delicious leaves and fruit. Penncozeb 75DF was applied in three treatments 
(the second and the last two data lines in Table 1), but scab incidence on McIntosh terminal leaves and on fruit evaluated 11 
Aug was higher in the second treatment where only Topsin M was applied after 13 May than in the other two treatments 
where an additional Penncozeb application was made on 24 May and where Captan was included in all summer sprays 
thereafter.  The benzimidazole-resistant strains of apple scab that are present in the test block were able to infect fruit and 
leaves during summer where Penncozeb 75DF was followed by Topsin M but not where it was followed by Captan. The last 
two treatments noted in Table 1 were not included in evaluations of rust diseases.  Penncozeb 3.63F did not provide any 
protection against fruit russetting on Ginger Gold whereas both Penncozeb 75DF and TD-2407-01 reduced russetting 
compared to the control. None of the treatments had any effect on fruit russetting on Golden Delicious (data not shown).  The 
russetting on Ginger Gold was less obvious (less raised and less scabrous) than the typical russetting on Golden Delicious, 
but it was still easily detectable in our evaluations.  The fact that Penncozeb 75DF and TD-2407-01 reducing russetting on 
Ginger Gold but not Golden Delicious is probably attributable to cultivar differences in phenological development and in 
genetic susceptibility to russetting.  Ginger Gold usually develops less russet than Golden Delicious, so a slight effect of 
fungicides may be more likely to cause visible differences on Ginger Gold.  Ginger Gold also blooms earlier than Golden 
Delicious and Ginger Gold fruitlets size more rapidly after bloom.  Both of those characteristics may have allowed Ginger 
Gold fruit to outgrow the period of peak susceptibility before the week of russet-inducing wet and cloudy weather appeared 
in late May.  
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Table 1. 
                  Apple scab incidence (% infected)    
         McIntoshy               Ginger Gold  
Material and rate of formulated cluster lvs term. lvs               fruit           fruit on 
product per 100 galz 27 May 23 Jun 3 Jun 11 Aug 11 Aug x 

Control ......................................................................................  27.7  bw 70.4    c 42.5  b 90.5     c 31.6   b 
Penncozeb 75DF 1 lb; then Topsin M 70W 3.3 oz ..................    6.5 a 16.6  b 0.6 a 13.8   b 0.7 a 
Penncozeb 3.63F 24 fl oz; then Topsin M 70W 3.3 oz ..............  7.4 a 5.0 a 0.0 a 2.4 ab 4.0 a 
TD-2407-01 75DF 1 lb; then TD-2407-02  70DG 3.3 oz ........    7.5 a 4.0 a 0.0 a 1.9 a 0.0 a 
Polyram  80DF 1 lb; then Topsin M 70W 3.3 oz .....................    9.7 a 4.9 a 0.0 a 3.6 ab 4.2 a 
Penncozeb 75DF 1 lb applied 16 Apr -24 May 
 then Captan 80W 10 oz from 8 Jun –17 Aug ..........................  6.8 a 4.4 a 0.0 a 4.4 ab 2.0 a 
Syllit 4F 8 fl oz applied 16 & 25 Apr;  
 then Penncozeb 75DF 1 lb on 4, 13, 24 May 
 then Topsin M 70W 4 oz + Captan 80W 10 oz thru17 Aug .... 7.2 a 3.9 a 0.0 a 4.6 ab 0.0 a 
z Unless otherwise noted, the first fungicide listed for each treatment was applied on 8 Apr (quarter-in. green on McIntosh), 

16 Apr (half-in. green), 25 Apr (tight cluster), 4 May (pink), 13 May (petal fall). The second fungicide listed was applied 
24 May, 8, 14 Jun, 15, 29 Jul, and 17 Aug.  To control mildew, Microthiol Disperss 80W 1 lb was tank-mixed with the 
listed fungicides for applications made on 4, 13, 24 May and 8 Jun except that Microthiol Disperss was not included in the 
8 Jun application for the last two treatments listed. 

y Data from all leaves on 20 clusters/tree on 27 May; 20 terminal shoots/tree on 23 Jun; all fruitlets on 30 clusters/tree (avg. = 
33, range 15-45 fruitlets/tree) on 3 Jun; and available fruit (avg. = 40, range = 7-55  fruit/tree) at harvest on 11 Aug.   

x Data from all available fruit from three replicates (average = 34, range 11-52 fruit/tree) on 11 Aug.  Trees in the fourth 
replicate were smaller and did not have enough fruit to allow valid comparisons. 

w Numbers within columns followed by the same letter do not differ significantly (Fisher’s protected LSD, P≤ 0.05). The 
arcsine transformation was used for statistical analyses, but arithmetic means are shown. 

v Followed by Topsin M 70W 3.3 oz 24 May; Captan 80W 10 oz 8 Jun to 17 Aug 
 
 
Table 2. 

          Golden Delicious (%)y         Ginger Gold fruit (%)x  
     cedar apple rust     quince cedar  with 
 terminal  rust apple quince russet 
Material and rate of formulated leaves fruit  on fruit rust  rust rating 
product per 100 galz 22 Jul  27 Sep 27 Sep 11 Aug 11 Aug  ≥ 3 

Control ..................................................................................   54.9     c w 9.3   b 5.5   b 1.0 a 5.1 a 80.9   b 
Penncozeb 75DF 1 lb; then Topsin M 70W 3.3 oz ..............   31.0   b 13.5   b 5.8   b 1.3 a 0.7 a 50.3 a 
Penncozeb 3.63F 24 fl oz; then Topsin M 70W 3.3 oz .........  12.5 a    1.0 a 0.0 a 4.5 a 0.0 a 71.8   b 
TD-2407-01 75DF 1 lb; then TD-2407-02  70DG 3.3 oz ....   16.2 a    2.5 a 1.0 ab 1.7 a 0.0 a 34.2 a 
Polyram 80DF 1 lb; then Topsin M 70W 3.3 oz ..................   20.5 ab    0.0 a 1.6 ab 1.3 a 0.0 a 58.8 ab 
z The first fungicide listed for each treatment was applied on 8 Apr (quarter-in. green on McIntosh), 16 Apr (half-in. green), 

25 Apr (tight cluster), 4 May (pink), 13 May (petal fall). The second fungicide listed was applied 24 May, 8, 14 Jun, 15, 29 
Jul, and 17 Aug.  

y Data from all leaves on 10 terminal shoots/tree, and from 50 Golden Delicious fruit/tree on 27 Sep. 
x Data from all available fruit from three replicates (average = 34, range 11-52 fruit/tree) on 11 Aug.  Trees in the fourth 

replicate were smaller and did not have enough fruit to allow valid comparisons. 
w Numbers within columns followed by the same letter do not differ significantly (Fisher’s protected LSD, P≤ 0.05). The 

arcsine transformation was used for statistical analyses, but arithmetic means are shown. 
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APPLE (Malus ×domestica ‘Redcort’, Golden Delicious’) D. A. Rosenberger, F. W. Meyer, and R. W. Christiana 
 Flyspeck; Zygophiala jamaicensis NY State Agric. Experiment Station 
 Sooty blotch; species complex Cornell’s Hudson Valley Laboratory 
 Fruit rots; Botryosphaeria sp. PO Box 727, Highland, NY  12528 
 
Summer disease control with Captan, Flint, Pristine, Sovran, and Topsin M, 2004. 
 
 Fungicides were evaluated for their effectiveness against flyspeck, sooty blotch, and summer fruit rots by applying 
summer treatments to plots where other fungicides had been applied on 8, 16, 25 Apr and 5 May to control scab, mildew, and 
rust diseases.  Because the same summer fungicide programs were sometimes used following more than one early-season 
treatment, the treatments reported here were replicated either 4, 8, 12 or 16 times as noted in the table. Each replicate 
contained one tree of each cultivar on M.9 rootstocks.  Plots within rows were separated by cedar trees that minimized drift 
between plots. Fungicide treatments were sprayed to drip using a handgun at 200 psi. Treatments listed in the table were 
applied on 14 May (petal fall), 16 Jun, and 14 Aug.  In addition, all plots except controls were sprayed with Captan 80W 10 
oz + Bayleton 50W 1.5 oz on 25 May and with Captan 80W 10 oz on 1 & 24 July. Control plots did not receive any fungicide 
throughout the entire growing season. Leaf wetting was recorded with a DeWitt leaf wetness recorder, and all wetting periods 
regardless of duration and including dew periods were included in wetting-hour accumulations.  The number of wetting hours 
that occurred during the seven intervals between fungicide applications on 14, 25 May, 16 Jun, 1, 25 Jul, 14 Aug, and harvest 
dates of 14, 21 Sep were 66, 87, 36, 143, 140, 252, and 65, respectively, and accumulated rainfall for those same intervals 
was 1.1, 1.4, 2.1, 3.8, 3.7, 5.0, and 3.0.  Fruit were evaluated by harvesting 50 fruit from each tree on 14 Sep (Redcort) or 21 
Sep (Golden Delicious) and examining fruit for any signs of sooty blotch or flyspeck or symptoms of fruit decays.  Following 
harvest, fruit were held at ambient temperatures in a garage.  Redcort fruit were evaluated for diseases immediately after 
harvest. Golden Delicious fruit were initially held at ambient temperature in a storage building, were moved to 40 °F storage 
on 2 Oct, and were the held at 40 °F until evaluations were completed between on 10 Nov. 
 
 None of the fungicides provided adequate control of flyspeck in this trial because of the heavy rains and extended 
wetting periods that occurred during the interval between the last spray and harvest. Pristine and Sovran provided better 
control of flyspeck on Redcort than did the Captan-Topsin M standard, and Sovran was also more effective than Flint on 
Redcort.  Pristine was significantly better than either Sovran or Flint for controlling flyspeck on Golden Delicious.  The 
excellent activity of Pristine against sooty blotch suggests that Pristine provided better residual activity through the mid-
August rains than did any of the other fungicides.  All of the fungicides provided equivalent control of summer fruit rots 
(mostly black rot and white rot caused by Botryosphaeria obtusa and B. dothidea, respectively.) Rainfall during the 7 days 
following the last fungicide application on 14 Aug totaled 2.6 inches, and those rains presumably removed most fungicide 
residues from fruit by 22 Aug.  Many of the infections on Redcort occurred near the stem end of fruits and may have resulted 
from incomplete spray coverage during late summer on clustered fruit.  The Golden Delicious would have had less flyspeck 
if the fruit had been evaluated immediately after harvest. Golden Delicious fruit were harvested on 21 Sep after they had been 
exposed to 238 hr of accumulated wetting counting from 22 Aug, the date when rains following the last fungicide application 
had presumably removed most fungicide residue.  Fruit were harvested 21 Sep, about two weeks earlier than normal harvest, 
because we knew that flyspeck from late August infections would begin appearing on fruit after 270 hr of accumulated 
wetting following loss of fungicide protection. The delay between harvest and fruit evaluation in November may have 
allowed infections initiated in late Aug to appear on fruit after harvest and before evaluations were completed. 
 
                                        % fruit infected    
 Number             flyspeck               sooty blotch    summer fruit rots  
Material and rate of of repli- Redcort Golden Del. Golden Del. Redcort Golden Del. 
formulated product per 100 gal* cations 14 Sep 21 Sep 21 Sep 14 Sep     21 Sep  
Control .........................................................................   4 100.0     e** 98.5    d 95.6    d 16.1  b 61.4  b 
Captan 80W 1 lb  ......................................................... 12  72.8    d 66.4   c 29.1   c 0.7 a 5.3 a 
Captan 80W 1 lb  
 (+ Topsin M 70W 3 oz 14 Aug only) .................   8  65.5   cd 43.4 ab 12.8  b 2.0 a 5.3 a 
Pristine 38WDG 4.8 oz  ...............................................   4  41.5 ab 25.8 a 0.5 a 0.0 a 1.4 a 
Sovran 50WDG 1.33 oz ..............................................   4  30.5 a 58.8  bc 9.1  b 1.0 a 4.3 a 
Flint 50WDG 0.67 oz  ................................................. 16  58.8  bc 67.4    c 17.4  b 1.5 a 4.7 a 
  * Test fungicides were applied 14 May, 16 Jun, and 14 Aug. In addition, all treatments except the control were sprayed with 

Captan 80W 10 oz + Bayleton 50W 1.5 oz on 25 May and with Captan 80W 10 oz on 1 & 24 July. 
** 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 analyses, but arithmetic means are reported.  
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APPLE (Malus ×domestica ‘Golden Delicious’, ‘McIntosh’) D. A. Rosenberger, F. W. Meyer, and R. W. Christiana 
 Flyspeck; Zygophiala jamaicensis NY State Agric. Experiment Station 
 Sooty blotch; species complex Cornell’s Hudson Valley Laboratory 
 Fruit rot; Botryosphaeria sp. PO Box 727, Highland, NY  12528 

Control of summer diseases with Topsin M, Captan, strobilurins, and copper fungicides, 2004. 

Treatments were compared in a 7-yr-old orchard of trees on MM.111 rootstocks with M.9 interstems. The control trees 
used for this experiment did not receive any fungicides all year.  However, all other trees in this block were sprayed with 
contact fungicides (Penncozeb, Polyram, Microthiol Disperss, and/or Captan) from 16 Apr through 24 May to control apple 
scab, rust diseases, and powdery mildew.  Fungicide treatments for this trial were applied 8, 24 Jun, 15, 29 Jul, and 17 Aug. 
Treatments were replicated four times in a randomized block design using plots that contained one tree of each cultivar. 
Fungicides were sprayed to drip using a handgun and a high-pressure sprayer set at 200 psi. Copper fungicides (Cuprofix 
Disperss and Kocide) were not applied until mid-July and were alternated with Captan in an effort to minimize phytotoxicity. 
Copper phytotoxicity on McIntosh was evaluated by harvesting available fruit (mean of 40 fruit/tree, range = 7-55) on 11 
Aug and observing fruit for blackened lenticels. Development of flyspeck was monitored by examining twenty-five 
arbitrarily selected Golden Delicious fruit per tree on 23 Aug and 3, 14, 22 Sep without removing the fruit from the trees.  
Fifty Golden Delicious fruit were harvested from each tree on 27 Sep and were held at ambient temperature until the final 
disease evaluation was completed on 29 Sep. Rainfall during a storm on 21-22 Aug totaled 2.15 in. and presumably removed 
most of the fungicide residues remaining from the 17 Aug spray. Counting from 22 Aug, the totals for accumulated hours of 
leaf wetting were 164, 233, and 270 hr for the 14, 22, and 27 Sep observation dates, respectively. Leaf wetting was recorded 
with a DeWitt leaf wetness recorder, and all wetting periods regardless of duration and including dew periods were included 
in wetting-hour accumulations. 

Incidence of flyspeck on control fruit was 66% on 23 Aug and 98% on 3 Sep.  No flyspeck was detected in any of the 
fungicide-treated plots on 23 Aug or 3 Sep except that 2% of fruit in the plots treated with Cuprofix had flyspeck on both of 
those observation dates (data not shown).  By 22 Sep, flyspeck incidence was higher in both of the treatments involving 
copper fungicides than in the Topsin M+Captan standard or than in treatments involving strobilurin fungicides. Incidence of 
flyspeck increased rapidly between 22 and 27 Sep at the same time that accumulated wetting, counting from the rains of 22 
Aug, surpassed the 270 hr incubation period required for flyspeck to appear on fruit. Fruit treated with Pristine had the least 
amount of flyspeck, sooty blotch, and fruit rots at harvest, but Pristine did not differ significantly from the Topsin M+Captan 
standard for control of any of those diseases.  Fruit from trees treated with Topsin M alone, TD-2407-02, Captan, Flint, 
Cuprofix disperses, or Kocide had more flyspeck on 27 Sep than fruit treated with Pristine or with Topsin M+Captan, and the 
same trend was evident for sooty blotch. Treatments involving Cuprofix Disperss or Kocide 2000 caused lenticel blackening 
on 90 and 95% of McIntosh fruit and on 91 and 94% of Golden Delicious fruit, respectively. Treatments had no effect on the 
incidence of fruit russetting for either cultivar.  Results from this trial show that copper fungicides are less effective against 
flyspeck and sooty blotch than several of the other fungicides, and that even when applied only twice during mid to late 
summer, copper fungicides can cause phytotoxicity to fruit. Results show that Pristine has rain-fastness and residual activity 
equal to or better than that of the Topsin M+Captan standard. 
 
                                       % Golden Delicious fruit with    
                          flyspeck                          sooty blotch fruit rot  
 14 Sepz 22 Sepz 27 Sepy  27 Sepy 27 Sepy  
Control ................................................... 100.0    dx 100.0     c 100.0         e 100.0      d 78.6   c 
Topsin M 70W 3.3 oz ................................ 2.0 abc 2.0 a 35.2   bc 74.0 abc 19.7  b 
TD-2407-02  70DG 3.3 oz ......................... 1.0 ab 9.0 ab 52.2     cd 83.6     cd 20.5  b 
Captan 80W 10 oz ..................................... 1.0 ab 11.0 ab 64.2       d 77.0   bcd 12.8 ab 
Topsin M 70W 4 oz  
 + Captan 80W 10 oz ........................... 0.0 a 3.0 a 26.8 ab 55.2 ab 10.6 ab 
Flint 50WDG 0.67 oz ................................ 4.0   bc 5.0 a 49.5     cd 78.0   bc 13.0 ab 
Sovran 50WDG 1.33 oz ............................ 0.0 a 9.3 a 31.0   bc 50.0 ab 15.0 ab 
Pristine 38WDG 4.8 oz .............................. 0.0 a 2.0 a 8.1 a 48.6 a 3.8 a 
Captan 80W 10 oz alternating with 
 Cuprofix Disperss 37W 1 lbw ............. 8.0    c 21.3   b 51.0     cd 98.0     cd 12.7 ab 
Captan 80W 10 oz alternating with 
 Kocide 2000 54W 1 lbw  ..................... 6.0    c 24.0   b 72.7       d 78.5     cd 9.9 ab 
z Data from on-tree evaluations of 25 arbitrarily selected fruit per tree. 
y Data from 50 fruit per tree evaluated after harvest. 
y 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 analyses, but arithmetic means are reported.  
w Captan was applied 8, 24 Jun and 29 Jul.  Copper fungicides (Cuprofix Disperss and Kocide) were applied 15 Jul and 17 

Aug. 
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APPLE (Malus ×domestica ‘Redcort’, Golden Delicious’) D. A. Rosenberger, F. W. Meyer, and R. W. Christiana 
 Flyspeck; Zygophiala jamaicensis NY State Agric. Experiment Station 
 Sooty blotch; species complex Cornell’s Hudson Valley Laboratory 
 Fruit rots; Botryosphaeria sp. PO Box 727, Highland, NY  12528 
 
Controlling summer diseases on trees left unsprayed for 50 days during June and July, 2004. 
 The objective of this trial was to determine if fungicides applied beginning at 300-350 accumulated hours of leaf wetting 
(AHLW) after petal fall can provide adequate control of flyspeck, sooty blotch, and summer fruit rots.  We hypothesized that 
in orchards where early-season diseases are well-controlled, no summer fungicides should be needed until flyspeck conidia 
begin blowing into orchards from adjacent woodlots and hedgerows, that immigration of flyspeck conidia begins after ca. 
270 AHLW from petal fall, and that the fungicides included in this test might provide post-infection activity against flyspeck 
infections initiated within 100 AHLW prior to the time the fungicides are applied.  If the 100 AHLW of postinfection activity 
is added to the 270 AHLW threshold for inoculum availability, then sprays applied prior to 370 AHLW from petal fall should 
control flyspeck in orchards left unsprayed during June and early July. Trees in the test block were on M.9 rootstocks and 
were planted in 1995 in a hilltop location with good air drainage.  Treatments were applied to plots containing one tree of 
each cultivar, and treatments were replicated 4 times in a randomized block design. Early-season diseases were controlled by 
applying Dithane 75DF at 3 lb/A on 20, 29 Apr, 14, 24, 30 May using an air blast sprayer calibrated to deliver 100 gal of 
water/A.  No other fungicides were applied until the test fungicides were applied on 20 July (309 AHLW from petal fall).  
Test fungicides were applied to drip using a handgun and a high-pressure sprayer set at 200 psi.  The same treatments were 
repeated on 29 July.  Topsin M 70W 1 lb/A + Captan 50W 3 lb/A were applied to all plots with an air blast sprayer on 11 
Aug (436 AHLW from petal fall) and again on 17 Aug, and Topsin M 70W 1 lb/A was similarly applied to all plots on 25 
Aug.  
 Fungicide treatments applied on 20 and 29 Jul did not differ in their abilities to protect fruit from flyspeck and sooty 
blotch, whereas control fruit that were sprayed with Topsin M beginning on 11 Aug had significantly more disease.  The 
incidence of flyspeck was much higher on Redcort than on Golden Delicious. Many of the infections on Redcort occurred 
near the stem end of fruits and may have resulted from incomplete spray coverage on clustered fruit during August when 
heavy rains (1.9 in. rainfall 11-17 Aug, 2.2 in. rainfall 21-22 Aug) would have removed residues from earlier fungicide 
sprays.  None of the treatments provided acceptable control of summer fruit rots on Golden Delicious. The higher incidence 
of fruit rots in the control compared to fungicide-treatments provides evidence that a significant number of fruit became 
infected between 20 Jul when the treatments were applied and 11 Aug when all plots including controls were sprayed with 
Topsin M.  It is possible that some of the fruit rot infections that developed in the fungicide treatments were initiated before 
the fungicides were applied on 20 Jul.  However, it is equally likely that fruit infection in the fungicide treatments resulted 
from infections that occurred shortly before harvest. More than 5 in. of rain fell between 9 and 18 Sep.  That rain would have 
removed all fungicide residues from the last spray and allowed time for fruit to develop black rot or white rot infections 
before it was harvested on 6 Oct.  The fact that flyspeck on Golden Delicious was well-controlled by sprays initiated after 
309 AHLW from petal fall provides support for our hypothesis that early summer sprays are not essential for controlling 
flyspeck.  However, more work is required to determine if omitting sprays during June and early July contributes to a higher 
incidence of summer fruit decays under the environmental conditions encountered in northeastern United States. 
 

                                           % fruit infected    
Material and rate of              flyspeck                            Golden Delicious x  
formulated product per 100 galz Redcort y Golden Del. x Sooty blotch fruit rot 

Control ......................................................................................  51.5   b w 15.5   b 14.5   b 17.0     c 
Topsin M 70W 4 oz ..................................................................  24.5 a 1.0 a 1.0 a 7.5   b 
Pristine 38WDG   4.8 oz ...........................................................  19.5 a 1.5 a 3.0 a 4.0 a 
Sovran 50WDG 1.33 oz ...........................................................  25.5 a 1.5 a 4.0 a 4.0 ab 
Flint 50WDG 0.67 oz ...............................................................  21.5 a 0.5 a 2.5 a 6.0 ab 
z Treatments were applied on 20 and 29 Jul.  Thereafter, all of the plots including the controls were sprayed with Topsin M 

70W 1 lb/A + Captan 50W 3 lb/A on 11 and 17 Aug and Topsin M 70W 1 lb/A was applied on 25 Aug.  
y Data was collected from 50 fruit per tree on 20 Sep 2004. 
x Data was collected from 50 fruit per tree on 6 Oct 2004. 
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 analyses, but arithmetic means are reported. 
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PEAR (Pyrus communis ‘Bartlett’, ‘Bosc’) D. A. Rosenberger, F. W. Meyer, and R.W. Christiana 
 Fabraea leaf and fruit spot; Fabraea maculata NY State Agric. Experiment Station 
 Sooty blotch; species complex Cornell’s Hudson Valley Laboratory 
 Sooty molds; species complex PO Box 727, Highland, NY  12528  
 
Fungicides for controlling sooty blotch, sooty molds, and Fabraea fruit and leaf spot on pears, 2004. 
 

Treatments were compared using 30-yr-old trees that were pruned to limit tree height to no more than 12 ft. Treatments 
were replicated four times using plots that contained two Bartlett and two Bosc trees. Fungicides were applied to drip using a 
handgun and a high-pressure sprayer set at 200 psi. The test orchard was severely affected by Fabraea leaf spot during 
summer and fall of the year prior to this test. Most trees were defoliated by early October of 2003.  The entire orchard, 
including control plots, was sprayed with Dithane RSNT 75DF 3 lb/A applied with air blast sprayer on 6, 10, 14, 24, 30 May 
and 9 Jun. Dithane was applied during May and Jun because the mancozeb fungicides are very effective for controlling 
Fabraea leaf spot and because we anticipated that Fabraea would be very difficult to control in this high-inoculum orchard.  
The fungicide trial was initiated after mid-June because pear growers have difficulty controlling Fabraea leaf spot during 
summer when mancozeb fungicides cannot be used because of label restrictions.  The test fungicides were applied 23 June, 7 
& 26 July, and 10 August. Accumulated rainfall totals for the intervals between sprays applied 9, 23 Jun, 7, 26 July and 10 
Aug were 2.0, 1.3, 2.7, 2.3 in., respectively.  An additional 11.9 in. rain occurred between 10 Aug and 30 Sep.  Fifty Bartlett 
fruit were harvested from each test plot on 27 Aug and fruit were evaluated for presence of Fabraea, for evidence of sooty 
blotch and/or insect-associated sooty molds, and for fruit finish problems that might be attributable to copper phytotoxicity.    

 
Despite abundant rainfall during Jul, Aug, and Sep, very little Fabraea developed in our test plots and no Fabraea lesions 

were found on fruit.  Failure of Fabraea to spread rapidly during summer and fall may be partially attributable to the 
effectiveness of the early-season Dithane sprays that were applied to all of the test plots.  Excellent control of pear psylla in 
the test plots may also have limited spread of Fabraea spores via insects.  By 27 Sep, defoliation of Bosc trees was 
significantly more advanced in the controls than in trees treated with fungicides during summer.  The 15 Oct defoliation 
ratings showed that Sovran applied with LI700 was slightly less effective than Sovran applied alone. On 15 Oct, Flint applied 
without LI700 was less effective than Sovran applied without LI700, and by 8 Nov trees treated with Flint were completely 
defoliated.  Both Cuprofix Disperss and Kocide caused phytotoxicity that appeared as darkened lenticels and as streaks of 
discolored skin on Bartlett fruit.  Because of a light crop on Bosc trees (mean of <25 fruit/tree including numerous trees with 
no fruit), Bosc fruit data could not be statistically analyzed.  Nevertheless, Bosc fruit that had been treated with Kocide or 
Cuprofix Disperss had 83 and 92% of fruit, respectively, with blackened lenticels as compared to only 5-15% fruit with 
similar lenticel symptoms in other fungicide treatments.  Phytotoxicity of copper treatments might have been less severe if 
treatments had been applied with an air blast sprayer using less water per acre.  Nevertheless, results suggest that using 
copper on pears may cause objectionable fruit finish problems even on Bosc pears where the fruit is naturally russetted.  
 
          % Bartlett fruit with               
Material and rate of sooty blotch/ blackened copper            Defoliation ratings for Boscx  
formulated product per 100 galz sooty mold lenticels burn y 15 Sep 27 Sep 15 Oct 8 Nov 
Control ........................................................................  30.1  bcw 8.5  b 0.0 a  1.7  b 2.9   c 4.1     e 5.0     c 
Topsin M 70W 4 oz +Ziram 76DF 1.5 lbw .................    7.5 a 1.5 a 0.0 a  1.0 a 1.0 a 1.1 a 4.1   b 
Topsin M 70W 4 oz +Sovran 50WDG 1.6 ozw ..........  12.6 a 7.0  b 0.0 a  1.0 a 1.0 a 1.6 abc 4.4   b 
Sovran 50WDG 1.6 ozw ..............................................  16.9 ab 4.5 ab 0.0 a  1.0 a 1.0 a 2.0    cd 4.4   b 
Sovran 50WDG 1.6 oz ...............................................  18.8 ab 8.3  b 0.0 a  1.0 a 1.0 a 1.2 ab 4.2   b 
Flint 50WDG 0.8 oz  ..................................................  23.5 abc 6.5  b 0.5 a  1.0 a 1.6  b 2.6      d 5.0     c 
Cuprofix Disperss 37W 1 lb alternating withv 
 Topsin M 70W 4 oz +Ziram 76DF 1.5 lbw ...........  62.1     d 76.1    c 67.5   b  1.0 a 1.0 a 1.7  bc 4.0   b 
Kocide 2000 54W 1 lb alternating withv 
 Topsin M 70W 4 oz +Ziram 76DF 1.5 lbw ...........  38.5   c 75.4   c 57.3   b  1.0 a 1.0 a 1.3 ab 3.1 a 
z Dithane RSNT 75DF  3 lb/A applied with air blast sprayer on 6, 10, 14, 24, 30 May and 9 Jun. Test fungicides were applied 

23 June, 7 & 26 July, and 10 August. Controls received no fungicide after 9 Jun. 
z Evident as streaks and blotches of discoloration on fruit skins where fungicide accumulated following sprays. 
x Rating scale for defoliation 1 = <10 % leaf defoliation; 2 = 10 – 25 % leaf defoliation; 3 = 25 – 50 % leaf defoliation; 4 = 50 

– 75 % leaf defoliation; 5 = > 75% leaf defoliation.  The same observer rated all trees on the indicated dates.  
w  Sprays included LI700 8 fl oz.                
vCuprofix  Disperss and Kocide 2000 were applied 23 Jun & 26 Jul without LI700.  Topsin + Ziram + LI700 were applied 7 

Jul and 10 Aug. 
z Numbers within columns followed by the same letter do not differ significantly (P≤0.05) as determined by using Fisher's 

Protected LSD.  The arc-sine trasformation was used for analysis of data expressed as percentages. 
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Fungicide Stability in Water and Effects of Water Quality on Blue Mold Control in Apples, 2003-04. 
 The objective of this experiment was to determine effectiveness of various fungicides for controlling Penicillium 
expansum in stored apples when (i) the fungicides were mixed in clean water and applied immediately after mixing, (ii) 
fungicides were mixed in clean water and held for 72 hr prior to treating fruit, and (iii) fungicides were mixed in water 
containing soil and organic matter and were then held for 72 hr prior to treating fruit. Fungicide solutions used for 
postharvest treatments are often reused on successive days, and the fungicide solutions gradually accumulate soil and organic 
matter from the apple bins that are being drenched with fungicide. Loss of activity when fungicides are held in clean water 
would indicate that the fungicides gradually break down in water.  Loss of activity when fungicides are mixed with soil and 
organic matter could indicate that the fungicides are bound to organic matter. Empire apples were harvested on 8 Oct from 
two different orchards at the Hudson Valley Lab and were held at 40° F until the experiment was initiated.  On 13 Oct, apples 
to be treated with clean water immediately after mixing (0-hr) 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 created on the fruit were approxi-
mately one-eighth in. deep by one-sixteenth in. in diameter.  Wounded apples were held at ca. 65° F until they were 
inoculated and treated on 14 Oct. An inoculum stock solution was prepared on 14 Oct by washing spores from 16 day old 
plates of a benzimidazole-sensitive isolate of P. expansum (P-99) growing on potato dextrose agar.  The spore density of the 
stock solution was determined using a hemacytometer. Apples were inoculated by submersion for 30 seconds in a spore 
suspension containing 10,000 spores/ml.  After inoculation, fruit were allowed to dry approximately 1 hr before fungicide 
treatments were applied.  Fungicides were mixed in 15 gal of water in 30-gal plastic garbage cans. Fruit were treated by 
submersing baskets of fruit into the fungicide solution for 30 sec. After treatment, apples were allowed to dry approximately 
2 hours before they were placed on spring cushion trays in fiberboard boxes and were moved to storage at 36 °F. Each 
treatment was replicated four times using 25 apples per replicate, with two replicates derived from fruit from one orchard and 
the other two replicates from the other orchard.  Mean firmness of fruit used for replicates 1 & 2 was 17.4 lb whereas fruit 
used for replicates 3 & 4 had a mean firmness of 18.8 lb at the time that fruit were treated.  The fungicide solutions used for 
treatments on 14 Oct were retained and reused to treat another set of fruit on 17 Oct. A set of “dirty-water” fungicide 
solutions were also prepared on 14 Oct and were used for treatments applied on 17 Oct.  These solutions contained the same 
concentrations of fungicides as the clean-water tanks, but 2000 g of orchard soil plus 247 grams of peat moss were added to 
the 15 gal of water in each tank.  The fungicide solutions were held at 61 °C during the interval between mixing and the 72-hr 
applications. Fungicide solutions in both the clean water and the dirty water tanks were agitated three times per day by using 
small brooms to circulate the water and to resuspend any sediment. Apples that were inoculated and treated on 17 Oct were 
removed from storage on 16 Oct and were wounded, inoculated, treated and stored as described for the 0-hr fruit.  Inoculum 
for the 72-hr inoculations was derived from a fresh stock solution that was prepared on 17 Oct. Temperatures during storage 
were monitored with Hobo H8 Pro Series Temperature Recorders (Onset Computer Corp., 470 MacArthur Blvd., Bourne, 
MA  02532) that were packed with apples in the fiberboard storage boxes. Because of a refrigeration malfunction on 15 Feb 
2004, temperatures of the stored fruit gradually increased from 36°F to a high of 57°F on 23 Feb when the refrigeration was 
repaired, then gradually dropped back to 36 °F over the next 48 hours.  Fruit were removed from storage on 3 Mar (after 113 
days of cold storage), were held at ca. 56°F for the next 7 days to provide a shelf life test, and were then re-evaluated for a 
final time. 
 Fruit were evaluated on four dates (Table 1), and fruit were considered decayed if infections occurred at any of the three 
wound sites that were present on each apple.  The two higher rates of Pristine were included only in the 0-hr clean water trial.  
All of the other treatments were included in all three trials (0-hr clean, 72-hr clean, 72-hr dirty), and two-way analyses were 
used to compare the 10 fungicide treatments across the three treatment regimes.  Data from the two-way analyses are 
presented only for the final evaluation on 10 March (Table 2). Pristine and Penbotec provided excellent control of P. 
expansum in this trial, even at the lowest rates tested.  The 4-oz rate of Scholar is only half of the recommended rate, and it 
failed to provide adequate control in this trial.  In all previous trials, Scholar used at 4 oz/100 gal was just as effective as 
higher rates, but in this trial the 4-oz rate was insufficient. We could not detect any rate effects for Pristine or Penbotec in this 
trial.  All of the tested rates provided equivalent control and were significantly better than the half-rate of Scholar. The over-
all incidence of decay (grand means shown at the bottom of the data columns) was greater for 72-hr clean and 72-hr dirty 
water than for 0-hr clean water (Table 2).  Because this was true for the controls as well as many of the fungicide treatments, 
we cannot attribute the difference to breakdown of the fungicides during the holding period.  Instead, it seems likely that the 
spore suspension used for the 72-hr inoculations was slightly more effective than the one used for the 0-hr inoculations, 
despite the fact that we attempted to produce spore suspensions of identical densities. No phytotoxicity was noted on any of 
the treated fruit. 
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Table 1.  

 % Empire fruit with blue mold in the 0-hr, clean water trial  
Material and rate of formulated 16 Jan    17 Feb 3 Mar 10 Mar 
product per 100 gal (91 days  (123 days (138 days (after shelf- 
 of drench solution @ 36 °F) @ 36 °F) varied temp.) life test) 

Control ..........................................................................................  48.2     c* 61.3   b 70.4     c 75.5       d 
Mertect 340 F  16 fl oz .................................................................    1.0 ab 1.0 a 2.0 ab 4.0   b 
Scholar 50W  4 oz ........................................................................    3.0   b 3.0 a 8.0   b 19.0     c 
Pristine 38WDG 16.7 oz ...............................................................    0.0 a 0.0 a 1.0 a 2.0 ab 
Pristine 38WDG 33.7 oz ...............................................................    0.0 a 0.0 a 1.0 a 1.0 ab 
Pristine 38WDG 67.4 oz ...............................................................    0.0 a 0.0 a 0.0 a 0.0 a 
Penbotec 40%  8 fl oz ...................................................................    1.0 ab 1.0 a 1.0 a 1.0 ab 
Penbotec 40%  16 fl oz .................................................................    0.0 a 0.0 a 0.0 a 0.0 a 
Penbotec 40%  24 fl oz .................................................................    0.0 a 0.0 a 0.0 a 0.0 a 
Penbotec 40%  32 fl oz .................................................................    0.0 a 0.0 a 0.0 a 0.0 a 
Penbotec 40%  16 fl oz + Shield DPA 15% 86 fl oz 
  ..+ Optical (calcium) 1.35 gal .....................................................    0.0 a 0.0 a 0.0 a 0.0 a 
Penbotec 40%  32 fl oz + Shield DPA 15% 86 fl oz 
  ..+ Optical (calcium) 1.35 gal .....................................................    0.0 a 0.0 a 0.0 a 0.0 a 

*Means within columns followed by the same small letter at not significantly different (Fisher’s Protected LSD Test, 
P≤0.05). 

 
 
Table 2.  

              % Empire fruit with blue mold on 10 March  
Material and rate of Clean Clean Soiled  Grand 
formulated product water water water means for 
per 100 gal of drench  0 hr 72 hrs 72 hrs material 

Control ........................................................................................... 75.5     c* 97.0       d 83.0     c 85.1         e 
Mertect 340 F  16 fl oz .................................................................... 4.0 a 8.0   b 23.0   b 11.7     c 
Scholar 50W  4 oz ......................................................................... 19.0   b 27.0     c 22.0   b 22.7       d 
Pristine 38WDG 16.8 oz .................................................................. 2.0 a 4.0 ab 5.0 a 3.7   b 
Penbotec 40%  8 fl oz ...................................................................... 1.0 a 2.0 ab 3.0 a 2.0 ab 
Penbotec 40%  16 fl oz .................................................................... 0.0 a 1.0 a 1.0 a 0.7 a 
Penbotec 40%  24 fl oz .................................................................... 0.0 a 1.0 a 0.0 a 0.3 a 
Penbotec 40%  32 fl oz .................................................................... 0.0 a 0.0 a 1.0 a 0.3 a 
Penbotec 40%  16 fl oz + Shield DPA 15% 86 fl oz 
 ... + Optical (calcium) 1.35 gal .......................................................  0.0 a 1.0 a 1.0 a 0.7 a 
Penbotec 40%  32 fl oz + Shield DPA 15% 86 fl oz 
 ... + Optical (calcium) 1.35 gal .......................................................  0.0 a 1.0 a 0.0 a 0.3 a 

Grand means for condition ............................................................ 10.1 A 14.2 B 13.9 B 
*Means within columns followed by the same small letter at not significantly different as determined by applying Fisher’s 

Protected LSD Test (P≤0.05) to results from a two-way analysis of three water quality/timing factors applied to 10 
different fungicide treatments.  In the two way analysis, P-values for effects of fungicide, water quality/timing, and the 
interaction between fungicide and water quality/timing were  <0.001, 0.005, and 0.169, respectively. 
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Compatibility of tank-mixed fungicides and biocides used to control blue mold in apples, 2003-04. 
 The objective of this experiment was to determine whether postharvest fungicides would retain their effectiveness when 
mixed in aqueous solutions with the biocides that control pathogens via oxidative reactions.  Although fungicide-biocide 
combinations are rarely used in apple postharvest treatments, such combinations might become important in the future.  A 
fungicide-biocide combination could provide simultaneous protection against postharvest pathogens and against human 
pathogens that might otherwise contaminate fruit treated with recycling fungicide drenches. In this experiment, three biocide 
treatments (control, Agclor 310, and Oxidate) and five fungicide treatments (control, Mertect 340F, Scholar, Pristine, and 
Penbotec) were compared using a factorial design in which efficacy of treatments was tested immediately after the products 
were mixed (0-hr treatment timing) and again after 72 hr. Each treatment was replicated four times using 25 apples per 
replicate. Fruit were inoculated 4 hr after the fungicide/biocide treatments were applied.  Because the biocides were presumed 
to have no residual activity, this approach allowed evaluation of fungicide activity independent of any biocide activity on the 
spores themselves. Empire apples used in this experiment were purchased from a commercial fruit grower and were held at 
36 °F until the experiment was initiated.  On 10 Nov, apples used for 0-hr treatments were removed from storage and 
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 created on the fruit were approximately one-eighth in. deep by one-sixteenth in. in diameter.  
Wounded apples were held at 57° F over night. On 11 Nov, apples were submersed for 30 seconds into fungicide/sanitizer 
solutions and were then left to dry for approximately 4 hr.  Apples were then inoculated by submersing them in water 
containing 10,000 spores/ml of a benzimidazole-sensitive isolate of P. expansum (P-99).  An inoculum stock suspension was 
prepared on 10 Nov by washing spores from 6 day old plates of P. expansum growing on potato dextrose agar, and spore 
density was determined using a hemacytometer.  The stock suspension was held at 38 °F until it was used to prepare the final 
inoculum suspensions on 11 Nov.  After inoculation apples were placed on spring cushion trays in fiberboard boxes, and later 
on 11 Nov they were moved to storage at 36° F. The tanks of treatment solutions used the first day were held at ca. 58 °F and 
were reused the third day to determine if Agclor 310 or Oxidate had reduced activity of Mertect, Scholar, Pristine or 
Penbotec during the 72 hr holding period after treatment solutions were mixed.  During the holding period treatment 
solutions were stirred three times per day to keep fungicides in suspension. Apples used for the 72-hr treatment timing were 
removed from cold storage and wounded on 13 Nov and then treated and inoculated on 14 Nov using the same methods 
described for the 0-hr treatments.  Fresh inoculum was prepared on 13 Nov as described above and was used to inoculate fruit 
that were part of the 72-hr treatments. Temperatures during storage were monitored with Hobo H8 Pro Series Temperature 
Recorder (Onset Computer Corp., 470 MacArthur Blvd., Bourne, MA  02532) that were packed with apples in the fiberboard 
storage boxes. Because of a refrigeration malfunction on 15 Feb 2004, temperatures of the stored fruit gradually increased 
from 36° F to a high of 57°F on 23 Feb when the refrigeration was repaired, then gradually dropped back to 36 °F over the 
next 48 hours.  Fruit were removed from storage on 3 Mar, after 113 days of cold storage), were held at 56°F until 10 Mar to 
provide a shelf-life test, and were then evaluated for decay. 
 Results of factorial analyses are presented in two tables to allow easy comparisons of biocide effects  (Tables 1) and 
fungicide effects. Oxidate and Agclor 310 provided no residual protection for fruit was inoculated 4 hr after treatments were 
applied. For fruit receiving neither biocide nor fungicide treatments, incidence of decay was lower for the 72-hr treatment 
than for the 0-hr treatment, suggesting that either the spore suspensions prepared on the two different dates varied slightly or 
some other variable affected susceptibility of fruit on the two different dates. Agclor/fungicide mixtures were sometimes 
better than, and never worse than, the equivalent OxiDate/fungicide mixtures.  Thus, Agclor may be better suited than 
Oxidate for combining with fungicides. When mixed with fungicides and held for 72 hr, neither Oxidate nor Agclor caused a 
dramatic loss of fungicide activity for any of the fungicides tested, as determined by comparing 0-hr and 72-hr results for 
each treatment combination. Oxidate, but not Agclor 310, caused a slight reduction in the effectiveness of Mertect (0-hr 
versus 72-hr).  When results for all biocide treatments were combined (i.e., grand means for fungicides), Pristine was less 
effective after 72 hr than at 0 hr, even though there were no significant differences between 0-hr and 72-hr in comparisons of 
simple means for Pristine.  The same was true for Scholar on the first observation date.  At the rates tested, Penbotec was the 
most effective fungicide and Pristine was the second most effective (Tables 1 & 2, grand means for fungicides). In previous 
tests, Scholar used at 4 oz/100 gal was always just as effective as Scholar at 8 or 16 oz/100 gal.  In this trial, however, 
Scholar used at 4 oz/100 gal failed to provide control equivalent to that of Pristine and Penbotec. Mertect 340F should have 
provided excellent control of the benzimidazole-sensitive inoculum used in this trial.  Some of the decay in the Mertect 
treatments was probably caused by benzimidazole-resistant strains that were present in the storage room and/or wooden 
boxes that we used to hold fruit. 
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Table 1.  Results arranged to show mean separations among biocides within each fungicide/inoculation time category. 
 % Empire fruit with decay on 10 Mar after 113 days of cold storage plus a 7-day shelf life test  
Rate of formulated   Mertect 340F Scholar 50W Pristine 38W Penbotec 40% 
 product per    No fungicide         16 fl oz            4 oz               16.8 oz       16.8 fl oz       
100 gal drench solution 0 hr 72 hr 0 hr 72 hr 0 hr 72 hr 0 hr 72 hr 0 hr 72 hr 
No biocide ......................... 96.0 az 76.9 a* 14.0   b 12.0   b 11.0 a 15.0 ab 2.0 a 5.0 a 2.0 a 0.0 a 
Oxidate 27%  1 gal ............ 97.0 a 91.0   b 3.0 a 16.0   b* 23.0   b 27.0   b 6.0 a 11.0 a 5.0 a 1.0 a 
Agclor 310  9.6 fl oz .......... 91.0 a 79.0 ab 6.0 ab 3.0 a 5.0 a 7.0 a 2.0 a 8.0 a 0.0 a 2.0 a 
Grand means across 
  biocide treatments ............ 94.7 82.3* 7.7 10.3 13.0 16.3 3.3 8.0* 2.3 1.0  
z Means within columns followed by the same small letter are not significantly different (P = 0.05) as determined by using the 

LSD to compare simple means from an factorial analysis of 5 fungicide treatments X 3 biocide treatments X 2 application 
timings.  Asterisks following letter separations for means in the 72 hr application timings indicate comparisons where 
incidence of decay was significantly different for treatments applied at 0-hr and 72-hr after mixing fungicides. P-value for 
fungicide effects = <0.001; biocide effects = <0.001; time effects = 0.696; fungicide*biocide interaction effects = 0.033; 
fungicide*time interaction effects = <0.001; time*biocide interaction effects = 0.385. 

 
 
 
Table 2. Results arranged to show mean separations among fungicides within each biocide/inoculation time category. 
 % fruit with decay on 10 Mar after 113 days cold storage plus a 7-day shelf life test  
Rate of formulated       Grand means 
 product per       No biocide          Oxidate 1 gal     Agclor 3109.6 fl oz for fungicides  
100 gal of drench solution 0 hr 72 hr 0 hr 72 hr   0 hr 72 hr 0 hr 72 hr 
No fungicide ......................................  96.0   c z 76.9   c* 97.0   c 91.0     d 91.0   c 79.0  b 94.7    d 82.3   d* 
Mertect 340F  16 fl oz .......................  14.0  b 12.0  b 3.0 a 16.0  bc* 6.0  b 3.0 a 7.7  b 10.3  bc 
Scholar 50W  4 oz .............................  11.0  b 15.0  b 23.0  b 27.0    c 5.0  b 7.0 a 13.0   c 16.3   c 
Pristine 38W  16.8 oz ..........................  2.0 a 5.0  b 6.0 a 11.0  b 2.0 ab 8.0 a 3.3 ab 8.0  b* 
Penbotec 40%  16.8 fl oz .....................  2.0 a 0.0 a 5.0 a 1.0 a 0.0 a 2.0 a 2.3 a 1.0 a 
Grand means across 
   fungicide treatments .......................  25.0 21.8 26.8 29.2 20.8 19.8 
z Means within columns followed by the same small letter are not significantly different (P = 0.05) as determined by using 

the LSD to compare simple means from a factorial analysis of 5 fungicide treatments X 3 biocide treatments X 2 
application timings.  Asterisks following letter separations for means in the 72 hr application timings indicate comparisons 
where incidence of decay was significantly for treatments applied at 0-hr and 72-hr after mixing fungicides. P-value for 
fungicide effects = <0.001; biocide effects = <0.001; time effects = 0.696; fungicide*biocide interaction effects = 0.033; 
fungicide*time interaction effects = <0.001; time*biocide interaction effects = 0.385. 

 


