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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° 
7 Apr  17.3 
10 Apr GT   11 Apr 1945 14.0 50.0 0.39 L 
    13 Apr 0930 4.75 47.8 0.04 -- 
17 Apr HIG  
18 Apr  39.8 3.2 
22 Apr TC 
25 Apr  PK 
    27 Apr 0030 8.5 47.8 0.05 -- 
    28 Apr 0400 33.25 48.4 1.53 H 
      1 May 2115 17.0 48.8 0.11 L 
      2 May 2345 13.75 49.1 0.02 L 
      4 May 0100 9.75 47.2 0.14 -- 
 COMBINED WETTING PERIOD STARTING   1 May  21.15 40.5 48.5 0.27 H 
  3 May BL 
      8 May 0645 1.75 62.9 Dew -- 
      9 May 0415 28.0 48.8 0.50 M/H 
12 May  PF 
 14 MAY: PRIMARY SCAB LESIONS FOUND IN UNSPRAYED TREES.  SECONDARY INFECTION CYCLE BEGINS. 
    15 May 0330 5.75 52.3 0.01 -- -- 
    15 May 1445 3.0 65.4 0.02 -- -- 
    16 May 0715 25.25 48.9 0.74 M/H + 
 COMBINED WETTING PERIOD STARTING 15 May  0330 34.0 51.0 0.77 H + 
    18 May 1315 18.75 47.6 0.22 L + 
    19 May 1145 0.5 52.7 0.01 -- -- 
    20 May 1530 2.5 53.4 <0.01 -- -- 
    21 May 1245 19.0 50.9 0.17 M + 
    22 May 1430 1.75 56.2 0.02 -- -- 
 COMBINED WETTING PERIOD STARTING 21 May  1245 20.75 51.4 0.19 M + 
    31 May 1130 8.5 72.5 0.10 L + 
      3 Jun 2315 14.5 61.0 0.21 M + 
      6 Jun 0445 9.0 60.9 0.28 L + 
      8 Jun 1530 1.0 80.9 <0.01  -- 
    10 Jun 2045 12.0 70.3 0.14  + 
    14 Jun 1345 19.5 71.5 0.47  + 
    16 Jun 1745 14.75 60.3 0.45  + 
    18 Jun 1345 19.5 57.1 0.25  + 
    22 Jun 1015 29.75 67.4 0.85  + 
    23 Jun 2230 14.0 64.5 0.03  + 
 COMBINED WETTING PERIOD STARTING 22 Jun  1015 43.75 67.4 0.88  + 
    26 Jun 0630 4.25 66.7 0.01  -- 
    26 Jun 2200 17.25 71.0 0.01  + 
 COMBINED WETTING PERIOD STARTING 26 Jun  0630 21.5 70.2 0.02  + 
    29 Jun 1400 19.5 70.8 0.23  + 
      1 Jul 1645 18.0 67.1 0.10  + 
      3 Jul 1600 15.0 68.4 0.35  + 
      5 Jul 0100 11.0 68.1 0.80  + 
      8 Jul 1500 2.25 83.3 0.16  - 
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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° 
    13 Jul 2300 9.0 70.6 0.32  + 
    20 Jul 2100 11.5 71.8 0.01  + 
    22 Jul 1645 45.75 70.8 1.75  + 
    27 Jul 0200 6.0 68.3 0.02   
    27 Jul 1400 4.0 69.8 0.46   
 COMBINED WETTING PERIOD STARTING 27 Jul  0200 10.0 68.9 0.48  + 
      2 Aug 1030 24.0 65.5 0.51  + 
      5 Aug 0400 4.0 65.3 Dew   
      6 Aug 0330 7.5 71.0 0.36  + 
 COMBINED WETTING PERIOD STARTING   5 Aug  0400 11.5 69.0 0.36  + 
      7 Aug 1245 3.25 68.9 0.85   
      7 Aug 2330 9.5 62.4 Dew  + 
      8 Aug 1430 18.0 62.4 0.13  + 
    10 Aug 0000 8.5 58.9 Dew  + 
    10 Aug 1245 20.25 62.7 0.63  + 
    11 Aug 1230 21.0 60.2 0.79  + 
    13 Aug 0300 5.0 58.4 Dew   
    14 Aug 0145 8.5 63.7 0.15  + 
    15 Aug 0000 8.0 63.7 Dew   
    15 Aug 1545 16.25 63.0 0.05  + 
    16 Aug 1430 18.5 61.5 0.67  + 
    18 Aug 0200 6.0 62.0 Dew   
 COMBINED WETTING PERIOD STARTING   7 Aug  1245 142.75 61.9 3.27  + 
    19 Aug 0830 4.0 70.5 0.01   
    20 Aug  0600 4.0 53.2 Dew   
    21 Aug 0300 7.5 56.6 Dew   
    22 Aug 0300 7.5 61.1 Dew   
    23 Aug 0400 6.5 60.5 Dew   
    24 Aug 0000 10.0 65.2 Dew   
    25 Aug 0000 9.5 67.5 Dew   
 COMBINED WETTING PERIOD STARTING 19 Aug  0830 49.0 62.6 0.01  + 
    25 Aug 1230 1.5 75.9 0.01   
    26 Aug 0200 6.0 53.6 Dew   
    26 Aug 2000 12.0 55.1 Dew  + 
    28 Aug 0000 9.0 56.2 Dew  + 
    29 Aug 0700 2.0 62.8 Trace   
    29 Aug 2330 11.0 65.7 0.07  + 
    30 Aug 2100 10.0 61.1 Dew  + 
      1 Sep 0400 4.5 54.3 Dew   
      2 Sep 0400 4.5 59.9 Dew   
      3 Sep 0100 8.0 67.1 Dew  + 
      4 Sep 0100 8.0 65.7 Dew  + 
      6 Sep 0100 31.75 71.3 1.87  + 
      8 Sep 0130 7.0 57.4 Dew  + 
      9 Sep 0730 26.0 61.5 1.26  + 
    12 Sep 1245 23.25 64.5 0.32  + 
    13 Sep 1830 17.75 70.8 0.62  + 
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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° 
 COMBINED WETTING PERIOD STARTING 12 Sep  1245 41.0 67.2 0.94  + 
    21 Sep 1800 13.25 57.8 0.15  + 
    24 Sep 0000 8.0 47.1 Dew   
    24 Sep 2200 10.0 5.04 Dew  + 
    25 Sep 2245 35.25 57.9 1.01  + 
    27 Sep 1715 39.25 66.8 0.39  + 
 COMBINED WETTING PERIOD STARTING 25 Sep  2245 74.5 62.6 1.40  + 
    30 Sep 2230 10.5 59.5 0.03  + 
      1 Oct 1615 15.75 55.1 0.03  + 
 COMBINED WETTING PERIOD STARTING 30 Sep  2230 26.25 56.9 0.06  + 
      8 Oct 2230 10.0 55.9 0.06  + 
 Weather collection terminated 15 Oct. 
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2008 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 28 12  57 36 0.40 52 28  78 57 0.10 83 61  88 64  82 52  
 2 43 24 0.26 66 34 0.25 59 45 0.11 77 54  82 62 0.10 86 64  82 57  
 3 54 28  47 21  53 48  80 50  83 64  76 57 0.51 86 65  
 4 47 33 1.29 52 35 0.57 53 46 0.16 83 58 0.19 87 62 0.35 79 60  85 63  
 5 46 33  48 36 0.45 64 39  65 59 0.02 75 63 0.80 82 61  91 64  
 
 6 50 24 0.10 55 40  69 41  75 59 0.27 79 66  84 69 0.36 88 70 0.35 
 7 48 26  48 39  74 44  75 59 0.01 82 69  86 61  78 66 1.52 
 8 50 33 0.94 57 38  75 59  94 68  85 71  82 61 0.85 79 55  
 9 46 26 1.33 61 35  77 48 0.10 92 70  89 71 0.16 75 57 0.13 79 60 0.04 
 10 29 18  61 44  53 45 0.40 98 70  85 66  79 56  70 50 1.22 
 
 11 42 23  68 46  67 41  95 64 0.14 84 57  79 59 0.63 69 50  
 12 45 28  58 46 0.39 68 46  86 59  82 66  68 57 0.79 71 55  
 13 47 26  77 40  58 39  81 53  87 65  79 55  67 63 0.32 
 14 45 28  53 30 0.04 70 39  84 64  84 68 0.32 79 62 0.15 76 66 0.62 
 15 52 35 0.28 53 28  77 51 0.01 87 68 0.47 81 59  77 62  86 70  
 
 16 50 36 0.06 58 30  67 50 0.04 84 65  86 59  77 58 0.05 81 53  
 17 45 26  66 36  57 44 0.72 80 56 0.45 87 64  78 55 0.67 67 48  
 18 42 25  77 42  72 48  75 51  89 66  83 60  72 50  
 19 45 28 0.27 81 50  61 39 0.22 70 51 0.25 93 69  86 63  67 45  
 20 48 38 0.46 82 50  57 38 0.01 74 53  93 71  77 48 0.01 66 41  
 
 21 45 29  69 45  59 39  75 55  93 69 0.01 73 52  68 44  
 22 42 24  74 40  65 43 0.17 82 60  89 66  79 56  79 53 0.15 
 23 48 23  77 49  60 47 0.02 78 64 0.83 86 69 0.44 83 55  69 46  
 24 44 20  81 58  68 45  77 62 0.02 77 68 1.21 80 63  69 45  
 25 45 23  73 42  69 42  77 55 0.03 81 57 0.10 81 66  73 45  
 
 26 46 30  76 53  75 50  82 62 0.01 84 60  80 50 0.01 66 52 0.68 
 27 58 28  66 46 0.05 82 67  77 65  85 67 0.02 74 50  61 55 0.33 
 28 48 35 0.17 62 47 0.26 84 48  79 65 0.01 78 64 0.46 77 53  71 61 0.04 
 29 38 26 0.09 52 44 1.27 67 36  87 70  85 63  81 59  71 62 0.35 
 30 41 16  55 32  78 44  84 63 0.23 86 63  74 64 0.07 69 53  
 31 47 29     80 61     84 69  80 55   
Avg/ 
Total 45.3 26.9 5.25 63.7 40.4 3.68 66.8 45.2 1.96 81.0 60.3 3.03 84.6 65.0 3.97 79.4 58.5 4.23 74.6 55.3 5.62 
* snow melt 
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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   
 Necrotic leaf spot; G. juniperi-virginianae, Botryosphaeria obtusa 
 
Evaluation of residual activity of apple scab fungicides, 2008. 
 
  This trial was designed to compare the residual/redistributive capabilities of various fungicides by monitoring disease 
development after a single spray was omitted at the time that trees entered the period of rapid terminal shoot growth. The test 
orchard was established in 1991 and contained two-tree plots of 'Jerseymac' and 'Ginger Gold' on M.9 rootstocks. Trees within 
plots were spaced 8.5 ft apart, with 17 ft separating trees in adjacent in-row plots and 20 ft between rows. Plots within rows 
were separated by large cedar trees that provided inoculum for rust diseases and limited spray drift between plots. 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.  
 Jerseymac bud stages were 7 Apr - green tip, 17 Apr – half-inch green, 22 Apr - tight cluster, 25 April - pink, 2 May – full 
bloom, 11 May - petal fall.  The first apple scab infection period occurred 28-29 Apr (33 hr, 48 °F), with additional infection 
periods 1-4 May (41 hr, 49 °F), 9-10 May (28 hr, 49 °F), 15-17 May (34 hr, 51 °F), 21-22 May (21 hr, 51 °F), 31 May-5 Jun 
(78 hr, 66 °F). There were 10 additional secondary infection periods in June and seven in July. The first scab lesions appeared 
in unsprayed trees on 14 May.  
 Fungicide rates and application dates are shown in Table 1.  During the extended spray interval between 25 Apr and 11 
May, the test fungicides were exposed to rainfall as follows: 27-29 Apr — 1.58 in.; 1-4 May — 0.27 in.; 9-10 May — 0.5 in.  
During this same time period, tree phenology advanced from pink through bloom to petal fall, and terminal shoots unfolded 3-5 
leaves.  All plots except controls were subsequently sprayed with Manzate on 11, 22, and 30 May, so any differences among 
treatments are attributable to residual activity of the fungicides applied on 25 Apr.  Captan 80WDG 30 oz/A was applied to the 
entire block, including control plots, on 13 Jun using an airblast sprayer. Flint 50WDG 2 oz/A was similarly applied to the 
entire block on 25 Jun.  No other fungicides were applied thereafter. Scab pressure was very light due to extended dry periods 
from 10-27 Apr.  Details of rating methods are provided in table footnotes. Data was analyzed using SuperANOVA software 
from Abacus Concepts. 
RESULTS: 
 Cluster leaves in the unsprayed controls developed very little scab because cluster leaves were already becoming resistant 
by the time the first scab infection period occurred on 28-29 Apr.  However, early terminal leaves in unsprayed controls 
developed severe scab infections as a result of 12 days with rainfall between 15 May and 12 Jun. The seven-spray program of 
Manzate (trt 2) did not provide adequate control of foliar scab (Table 2), presumably because applications on 11 May and 22 
May were made 50 hr and 18 hr after the start of major scab infection periods and this fungicide did not have enough post-
infection activity to suppress infections initiated during those rain events.   
 Results from the full complement of Manzate sprays (trt 2) compared to the six-spray Manzate program (trt 3) showed that 
omitting the 3 May spray allowed increased terminal leaf scab in Jerseymac but not in Ginger Gold (Table 2).  Flint provided 
better residual control of terminal leaf scab than did Manzate applied on the same schedule (trt 3), but all of the other 
fungicides provided foliar scab control equivalent to that of the six-spray Manzate program.   
 When incidence of fruit scab in Jerseymac was analyzed across two observation dates (Table 3), only Flint provided 
residual protection of fruit equivalent to that achieved with Manzate.  Flint also controlled rust diseases on fruitlets just as well 
as the six-spray program of Manzate and better than either Vangard or Scala (grand means for fruitlets, Table 4).  The two 
treatments involving DMI fungicides (trts 7 and 8) also provided excellent protection against rust diseases on fruit even though 
they were less effective than Flint in protecting fruit from apple scab.  All of the rust on Jerseymac fruitlets was attributable to 
quince rust whereas infections on Ginger Gold fruitlets involved both quince rust and cedar apple rust. 
CONCLUSIONS: 
 Results from this trial indicate that Flint provides better residual protection against foliar apple scab infections than any of 
the other fungicides tested, and it provides residual protection of fruits equivalent to that provided by Manzate.  Using Flint in 
place of or in combination with a mancozeb fungicide during the peak of the primary scab season might reduce the amount of 
primary scab that results when heavy rains challenge fungicide residues. Although Flint has been perceived as having only 
modest activity against rust diseases, this trial showed that its protectant activity against rust diseases is equivalent to that of 
Manzate. 
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 Table 1:                             Application dates      
Fungicide and rate of formulated 8 17 25 3 11 22 30 13 25 Jun 
product per 100 galz Apr Apr Apr May May May May Jun 4C 

  1. Control ...................................................................  .............  ..............  .............  .............  ..............  .............  ............ C F 
  2. Manzate 75DF  1 lb (7 sprays) ............................. M ......... M .......... M .......... M .......... M .......... M ......... M .......... C F 
  3. Manzate 75DF  1 lb (6 sprays) ............................. M ......... M .......... X ............  ............ M .......... M ......... M .......... C F 
  4. Flint 50W  0.67 oz ............................................... M ......... M .......... X ............  ............ M .......... M ......... M .......... C F 
  5. Vangard 50WG  1.67 oz ...................................... M ......... M .......... X ............  ............ M .......... M ......... M .......... C F 
  6. Scala 600SC  3.3 fl oz .......................................... M ......... M .......... X ............  ............ M .......... M ......... M .......... C F 
  7. Enable 2F  2.67 fl oz + LI700  8 fl oz .................. M ......... M .......... X ............  ............ M .......... M ......... M .......... C F 
  8. A16001  3 fl oz .................................................... M ......... M .......... X ............  ............ M .......... M ......... M .......... C F 
z For the fungicides listed, an X indicates dates when the listed fungicide was applied, an M indicates only Manzate 75 DF 1 

lb/100 applied was applied;  C= Captan 80WDG  30 oz/A. F= Flint 50WDG 2 oz/A. The latter two sprays were applied 
with an airblast sprayer delivering 100 gal of solution/A. 

 
Table 2: Foliar Scab Cluster leaf scab (%) 13 Juny Terminal leaf scab (%) 13  y          Jerseymac 
Fungicide and rate of formulated Jersey- Ginger Grand Jersey- Ginger Grand term. lvs. with 
product per 100 gal z mac Gold mean x mac Gold mean x scab (19 Aug) 

  1. Control .................................................  4.2 3.9 4.1 55.2      d 27.7    c 41.5     d 42.9   b 
  2. Manzate 75DF  1 lb (7 sprays) .............  0.0 2.2 1.1 15.5 ab 14.5 ab 15.0 ab 15.9 a 
  3. Manzate 75DF  1 lb (6 sprays) .............  0.0 0.9 0.5 29.0    c 16.9   b 22.9    c 21.9 a 
  4. Flint 50W  0.67 oz ...............................  0.0 0.3 0.2 11.2 a 7.4 a 9.3 a 12.8 a 
  5. Vangard 50WG  1.67 oz ......................  0.5 1.9 1.2 24.3    c 16.7   b 20.5  bc 17.7 a 
  6. Scala 600SC  3.3 fl oz ..........................  0.3 0.9 0.6 30.2    c 17.8   bc 24.0    c 20.7 a 
  7. Enable 2F  2.67 fl oz + LI700  8 fl oz ..  0.0 0.3 0.1 23.1  bc 14.7 ab 18.9  bc 19.3 a 
  8. A16001  3 fl oz ..................................... 0.0 1.0 0.5 29.0    c 12.3 ab 20.6  bc 21.5 a 
z For fungicide timing, see footnote under table 1.  
y Sample collection dates for cluster leaves, early shoot leaves, and fruitlets were 2 Jun (Ginger Gold) and 13 Jun (Jerseymac). 

Samples consisted of 15 clusters per tree along with attached fruitlets and bourse shoots (mean of 128 bourse leaves and 25 
fruitlets per tree).  On 19 Aug, evaluations for terminal leaf scab included all leaves on 15 terminals per tree. 

x 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 of split-plot analysis across two cultivars or to means from one-way ANOVAs.  The 
angular transformation was used for analysis of percentage data, but arithmetic means are reported. P-values for cluster leaf 
scab were fungicide effect = 0.270, cultivar effect = 0.065, fungicide*cultivar interaction =0.994;  P values for shoot leaf 
scab were fungicide = <0.001, cultivar = <0.001, fungicide*cultivar interaction = 0.094. 

 
Table 3: Fruit Scab        Jerseymac fruit with scab (%)y           Ginger Gold fruit with scab (%) 
Fungicide and rate of formulated   Grand meansx   Grand means x 
product per 100 gal z 13 Jun 28 Jul across 2 dates 13 Jun 22 Aug across 2 dates 

  1. Control .......................................................  90.1     d 84.8     d 87.4     d 23.8    c 30.0   b 26.9   b 
  2. Manzate 75DF  1 lb (7 sprays) ...................    2.2 a   1.0 a 1.6 a 2.0 ab    0.0 a 1.0 a 
  3. Manzate 75DF  1 lb (6 sprays) ...................    0.0 a   2.0 a 1.0 a 5.6 ab   2.0 a 3.8 a 
  4. Flint 50W  0.67 oz .....................................    0.0 a   0.5 a 0.3 a 3.8 ab   0.0 a 1.9 a 
  5. Vangard 50WG  1.67 oz ............................  19.7    c   8.0  bc 13.8    c 2.8 ab   0.0 a 1.4 a 
  6. Scala 600SC  3.3 fl oz ................................  13.9  bc 13.6    c 13.7    c 2.3 ab   0.5 a 1.4 a 
  7. Enable 2F  2.67 fl oz + LI700  8 fl oz ........    8.4  b   6.0 ab 7.2  b 4.2   b   0.5 a 2.4 a 
  8. A16001  3 fl oz ..........................................  10.1  bc   8.3   bc 9.2  bc 0.0 a   0.5 a 0.3 a 
x,y,z See footnotes under Table 1 for fungicide timing and under Table 2 for sample dates and details of statistical methods.  

For results shown in this table, the P-values for Jerseymac fruit scab were fungicide effect = <0.001, date effect = 0.231, 
fungicide*date interaction = 0.496. For results shown in this table, the P-values for Ginger Gold fruit scab were fungicide 
effect = <0.001, date effect = 0.104, fungicide*date interaction = 0.309. 
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Table 4:  Mildew and Rust Shoot lvs with mildew (%)y Fruitlets with rust (%)y          Fruit with quince rust (%)  
Fungicide and rate of Jersey- Ginger Grand Jersey- Ginger Grand  Jerseymac  Gin Gold Grand 
product per 100 gal z mac Gold mean mac Gold mean  28 Jul 22 Aug mean 

  1.  Control ................................  9.3 4.0 6.7 47.8     e x 67.6   c 57.7  c 77.6     d 72.8     d 75.1     d 
  2.  Manzate 75DF  1 lb (7X) ....  8.0 4.7 6.3 0.0 a 0.0 a 0.0 a 2.0 ab 7.9   b 4.9 ab 
  3.  Manzate 75DF  1 lb (6X) ....  7.0 11.5 9.3 3.9  bc 0.0 a 1.9 a 1.0 ab 8.4   b 4.7 ab 
  4.  Flint 50W  0.67 oz ..............  4.5 1.0 2.8 3.8  bc 0.0 a 1.9 a 3.4   bc 3.5 ab 3.5 ab 
  5.  Vangard 50WG  1.67 oz .....  6.6 4.9 5.7 18.9     d 12.0  b 15.4  b 3.5 ab 22.5     c 13.0   bc 
  6.  Scala 600SC  3.3 fl oz .........  3.7 4.5 4.1 13.8   cd 12.7  b 13.3  b 12.0    c 20.4     c 16.2     c 
  7.  Enable + LI700  8 fl oz .......  3.4 1.4 2.4 0.0 a 0.9 a 0.4 a 0.5 ab 3.5 ab 2.0 a 
  8.  A16001  3 fl oz ...................  2.2 1.8 2.0 2.5 ab 0.0 a 1.3 a 0.0 a 1.5 a 0.8 a 
x,y,z See footnotes under Table 1 for fungicide timing and under Table 2 for sample dates and details of statistical methods.  

For results shown in this table, the P-values from analysis of mildew data were fungicide effect =0.186, cultivar effect = 
0.019, and fungicide*cultivar interaction = 0.751; P-values from analysis of rust on fruitlets were fungicide effect = 
<0.001, cultivar effect = 0.163, and fungicide*cultivar interaction = 0.025; P-values from analysis of quince rust on fruit 
were fungicide effect = <0.001, cultivar effect = 0.001, and fungicide*cultivar interaction = 0.065. 

 
 
 
Table 5:  Rust on Leaves Cluster leaves with rust (%)y Shoot leaves with rust (%)y      % Ginger Gold 
Fungicide and rate of formulated Jersey- Ginger Grand Jersey- Ginger Grand fruit with cedar 
product per 100 gal z mac Gold mean x mac Gold mean x apple rust 21 Aug 

  1.  Control ...............................................  3.5   b 17.5     c 10.5     c 6.1  b 28.3     d 17.2      d 4.7 a 
  2.  Manzate 75DF  1 lb (7 sprays) ...........  0.0 a 1.6 a 0.8 a 0.0 a 3.4 a 1.7 a 0.0 a 
  3.  Manzate 75DF  1 lb (6 sprays) ...........  0.0  a 0.7 ab 0.3 a 0.0 a 5.2 ab 2.6 abc 1.5 a 
  4.  Flint 50W  0.67 oz .............................  0.0  a 1.0 ab 0.5 a 0.0 a 2.5 a 1.3 ab 0.0 a 
  5.  Vangard 50WG  1.67 oz ....................  0.2 ab 10.6     c 5.4   b 0.3 a 18.7   c 9.5    c 3.5 a 
  6.  Scala 600SC  3.3 fl oz ........................  0.3 ab 4.3   b 2.3 ab 0.2 a 11.3  bc 5.7  bc 4.5 a 
  7.  Enable 2F  2.67 fl oz + LI700  8 fl oz  0.0 a 0.6 ab 0.3 a 0.0 a 3.4 a 1.7 ab 1.0 a 
  8.  A16001  3 fl oz ..................................  0.0 a 0.0 a 0.0 a 0.0 a 0.8 a 0.4 a 0.0 a 
x,y,z See footnotes under Table 1 for fungicide timing and under Table 2 for sample dates and details of statistical methods.  

For results shown in this table, the P-values from analysis of cluster leaf rust were fungicide effect <0.001, cultivar effect 
= <0.001,  and fungicide*cultivar interaction = 0.058; P-values from analysis of rust on shoot leaves were  fungicide effect 
<0.001, cultivar effect <0.001, and fungicide*cultivar interaction = 0.049. 

 
 
 
Table 6: Necrotic Leaf Spot (NLS) Cluster leaves with NLS (%)y     Shoot leaves with NLS (%)y  
Fungicide and rate of formulated Jersey- Ginger Grand Jersey- Ginger Grand 
product per 100 gal z mac Gold meanx mac Gold mean x 

  1.  Control .............................................................  23.3   b 40.8       d 32.1     c 44.7     c 46.9         e 45.8           f 
  2.  Manzate 75DF  1 lb (7 sprays) .........................    0.3 a 7.3 a 3.8 ab 4.3 ab 10.1 a 7.2 a 
  3.  Manzate 75DF  1 lb (6 sprays) .........................    0.8 a 7.8 a 4.3 ab 7.7 ab 22.9   bc 15.3   bcd 
  4.  Flint 50W  0.67 oz ...........................................    1.6 a 6.1 a 3.8 ab 1.7 a 16.5 ab 9.1 ab 
  5.  Vangard 50WG  1.67 oz ..................................    2.0 a 17.9   bc 10.0   b 9.9   b 35.6       de 22.8         e 
  6.  Scala 600SC  3.3 fl oz ......................................    1.1 a 20.4     c 10.7 ab 7.8   b 27.5     cd 17.6       de 
  7.  Enable 2F  2.67 fl oz + LI700  8 fl oz ..............    0.7 a 9.4 ab 5.1 ab 4.8 ab 25.4   bcd 15.1     cde 
  8.  A16001  3 fl oz ................................................    0.8 a 4.7 a 2.7 a 3.9 ab 15.0 ab 9.4 abc 
x,y,z See footnotes under Table 1 for fungicide timing and under Table 2 for sample dates and details of statistical methods.  

For results shown in this table, the P-values from analysis of NLS on cluster leaves were fungicide effect <0.001, cultivar 
effect = <0.001,  and fungicide*cultivar interaction = 0.434; P-values from analysis of NLS on shoot leaves were  
fungicide effect <0.001, cultivar effect <0.001, and fungicide*cultivar interaction = 0.021. 
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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  
 Necrotic leaf spot; G. juniperi-virginianae, Botryosphaeria obtusa  
 
Evaluation of LEM17 for control of early-season apple diseases, 2008. 
 Treatments involving LEM17 (penthiopyrad) applied alone or in combinations with other fungicides were evaluated in an 
orchard established in 1991.  The orchard contained two-tree plots of 'Jerseymac' and 'Ginger Gold' on M.9 rootstocks. Trees 
within plots were spaced 8.5 ft apart, with 17 ft separating trees in adjacent in-row plots and 20 ft between rows. Plots within 
rows were separated by large cedar trees that provided inoculum for rust diseases and limited spray drift between plots. 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.  
 Jerseymac bud stages were 7 Apr - green tip, 17 Apr – half-inch green, 22 Apr - tight cluster, 25 April - pink, 2 May – full 
bloom, 11 May - petal fall.  The first apple scab infection period occurred 28-29 Apr (33 hr, 48 °F), with additional infection 
periods 1-4 May (41 hr, 49 °F), 9-10 May (28 hr, 49 °F), 15-17 May (34 hr, 51 °F), 21-22 May (21 hr, 51 °F), 31 May-5 Jun 
(78 hr, 66 °F). There were 10 additional secondary infection periods in June and seven in July. The first scab lesions appeared 
in unsprayed trees on 14 May.  Fungicide rates and application dates are shown in Table 1.  
 Captan 80WDG 30 oz/A was applied to the entire block, including control plots, on 13 Jun using an airblast sprayer. Flint 
50WDG 2 oz/A was similarly applied to the entire block on 25 Jun.  No other fungicides were applied thereafter. Scab pressure 
was very light due to extended dry periods from 10-27 Apr.  Details of rating methods are provided in table footnotes. Data 
was analyzed using SuperANOVA software from Abacus Concepts. 
RESULTS: 
 Cluster leaves in the unsprayed controls developed very little scab because cluster leaves were already becoming resistant 
by the time the first scab infection period occurred on 28-29 Apr.  However, early terminal leaves in unsprayed controls 
developed severe scab infections as a result of 12 days with rainfall between 15 May and 12 Jun. Manzate (trt 2) did not 
provide adequate control of foliar scab (Table 2), presumably because applications on 11 May and 22 May were made 50 hr 
and 18 hr after the start of major scab infection periods and this fungicide did not have enough post-infection activity to 
suppress infections initiated during those rain events. All of the other treatments provided excellent control of scab on terminal 
leaves of both cultivars, excellent control of fruit scab on Jerseymac, and fairly good control of fruit scab on Ginger Gold 
(Tables 2 & 3).     
 All treatments except Manzate provided excellent control of powdery mildew on Jerseymac. However, treatments were 
less effective on Ginger Gold where incidence of mildew on unsprayed controls was much lower than it was for unsprayed 
Jerseymac (Table 4).   
 Incidence of rust diseases on fruitlets from unsprayed controls was very high (Table 4), with all of the rust on Jerseymac 
attributable to quince rust whereas infections on Ginger Gold involved both quince rust and cedar apple rust.  All of the 
treatments provided excellent control of rust on fruit except that the low rate of LEM17 (trt 4) allowed 3.4% of Jerseymac fruit 
to develop quince rust.  All treatments also provided excellent control of rust infections on leaves except that the low rate of 
LEM17 (trt 4) was again inferior to some of the other treatments (Table 5). 
 Necrotic leaf spot (NLS) in this trial was caused primarily by cedar apple rust infections that were aborted due to host 
resistance mechanisms, but the NLS counts also included some leaves affected by frog-eye leaf spot caused by Botryosphaeria 
obtusa.  All treatments controlled NLS very well on Jerseymac (Table 6), but treatments differed more in their effectiveness on 
Ginger Gold.  Only LEM17 plus Manzate and LEM17 plus Flint provided excellent control of NLS on Ginger Gold terminal 
shoots. 
CONCLUSIONS: 
 At both rates tested, LEM17 used alone controlled foliar scab just as well as Flint, and it was more effective than Manzate, 
presumably because it has more post-infection activity than Manzate does.  Although the means did not differ statistically, the 
incidence of scab on Ginger Gold fruitlets was higher for all LEM17 treatments than it was in the Flint treatment except that 
LEM17 plus Flint also provided complete control of scab on fruitlets.  The low rate of LEM17 was a bit weak on quince rust in 
this trial, and LEM17 used in combination with Flint or Manzate had stronger activity on rust diseases, a fact that was most 
evident in ratings of rust-induced leaf spot (NLS) on Ginger Gold. 
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Table 1:                             Application dates      
Fungicide and rate of formulated 8 Apr 17 Apr 25 Apr 3 May 11 May 22 May 30 May 13 Jun 25 Jun 
product per 100 galz GT HIG pink bloom PF 1C 2C 3C 4C 
1. Control .....................................................................  .............  ..............  .............  .............  ..............  .............  ............ C F 
2. Manzate 75DF  1 lb (Standard program) ............... X ........... X .......... X ........... X ........... X .......... X ........... X .......... C F 
3. Flint 50WDG  0.67 oz (Standard program) ........... M ......... M .......... X .......... M .......... X .......... X .......... M .......... C F 
4. LEM17 200SC  4.8 fl oz altern'g Manzate 1 lb ..... X .......... M .......... X .......... M .......... X .......... M .......... X .......... C F 
5. LEM17 200SC  6.87 fl oz altern'g Manzate 1 lb ... X .......... M .......... X .......... M .......... X .......... M .......... X .......... C F 
6. LEM17 200SC  4.8 fl oz + Manzate75 DF  1 lb .... X ........... X .......... X ........... X ........... X .......... X ........... X .......... C F 
7. LEM17 200SC  4.8 fl oz + Flint 50WDG  0.33 oz X ........... X .......... X ........... X ........... X .......... X ........... X .......... C F 
zFor the fungicides listed, an X indicates dates when the listed test fungicides were applied, an M indicates only Manzate 75 DF 

1 lb/100 applied was applied; C= Captan 80WDG  30 oz/A. F= Flint 50WDG 2 oz/A. The latter two sprays were applied 
with an airblast sprayer delivering 100 gal of solution/A. 

 
Table 2: Foliar Scab Cluster leaves with scab (%)y Terminal leaves with scab (%)y Jerseymac 
Fungicide and rate of formulated Jersey- Ginger Grand Jersey- Ginger Grand term. lvs. with 
product per 100 gal z mac Gold mean x mac Gold mean scab (19 Aug) 
1.  Control ..................................................  4.2 3.9 4.1 55.2     cx 27.7    c 41.5    c 42.9     c 
2.  Manzate 75DF  1 lb  ..............................  0.0 2.2 1.1 15.5   b 14.5   b 15.0   b 15.9   b 
3.  Flint 50WDG  0.67 oz ...........................  0.6 0.0 0.3 1.0 a 0.0 a 0.5 a   0.8 a 
4.  LEM17 200SC  4.8 fl oz alt. Manz. ......  0.0 0.0 0.0 1.0 a 2.6 a 1.8 a   2.3 a 
5.  LEM17 200SC  6.87 fl oz alt. Manz .....  0.0 0.9 0.4 0.0 a 1.5 a 0.7 a   1.8 a 
6.  LEM17  4.8 fl oz + Manzate  1 lb .........  0.0 4.4 2.2 0.0 a 1.9 a 0.9 a   0.3 a 
7.  LEM17  4.8 fl oz + Flint  0.33 oz .........  0.0 0.0 0.0 0.0 a 0.0 a 0.0 a   0.3 a 
z For fungicide timing, see footnote under table 1.  
y Sample collection dates for cluster leaves, early shoot leaves, and fruitlets were 2 Jun (Ginger Gold) and 13 Jun (Jerseymac). 

Samples consisted of 15 clusters per tree along with attached fruitlets and bourse shoots (mean of 128 bourse leaves and 25 
fruitlets per tree).  On 19 Aug, evaluations for terminal leaf scab included all leaves on 15 terminals per tree. 

x 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 of split-plot analysis across two cultivars or to means from one-way ANOVAs.  The 
angular transformation was used for analysis of percentage data, but arithmetic means are reported. P-values for cluster leaf 
scab were fungicide effect = 0.187, cultivar effect = 0.260, fungicide*cultivar interaction =0.750;  P values for shoot leaf 
scab were fungicide = <0.001, cultivar = 0.171, fungicide*cultivar interaction = 0.003. 

 
Table 3: Fruit Scab Fruitlets with scab (%)y  Fruit with scab at harvest (%)  
Fungicide and rate of formulated Jersey- Ginger    Jersey- Ginger  
product per 100 gal z mac Gold    mac Gold  
1. Control ..............................................................................  90.1   bx 23.8   b 84.8   b  30.0   b 
2. Manzate 75DF  1 lb  ..........................................................    2.2 a 2.0 a   1.0 a    0.0 a 
3. Flint 50WDG  0.67 oz .......................................................    1.3 a 0.0 a   0.0 a    0.0 a 
4. LEM17 200SC  4.8 fl oz alt. Manz ...................................    1.3 a 3.4 a   1.5 a    1.0 a 
5. LEM17 200SC  6.87 fl oz alt. Manz .................................    0.0 a 3.1 a   0.0 a    0.5 a 
6. LEM17 200SC  4.8 fl oz + Manzate 75DF  1 lb ...............    0.0 a 3.3 a   0.0 a    0.0 a 
7. LEM17 200SC  4.8 fl oz + Flint 50WDG  0.33 oz ...........    0.0 a 0.0 a   0.0 a    0.0 a 
x,y,z See footnotes under Table 1 for fungicide timing and under Table 2 for sample dates and details of statistical methods. For 

fruitlet scab, the P-values were <0.001, 0.042, and <0.001 for effects of fungicides, cultivars, and fungicide*cultivar 
interaction. (Grand means for the fruitlet scab analysis are not shown in the table.) 
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Table 4:  Mildew and Fruit Rust Shoot lvs with mildew (%)y  Fruitlets with rust (%)y  Fruit with quince rust (%) 
Fungicide and rate of formulated Jersey- Ginger Grand   Jersey- Ginger   Jerseymac Ginger Gold 
product per 100 gal z mac Gold mean   mac Gold   28 Jul 22 Aug 
1. Control ................................................  9.3   bx 4.0   b 6.7   b 47.8   cx 67.6  b 77.6     c 72.8   b 
2. Manzate 75DF  1 lb  ............................  8.0   b 4.7 ab 6.3   b 0.0 a 0.0 a 2.0 ab 7.9 a 
3. Flint 50WDG  0.67 oz .........................  0.0 a 0.0 a 0.0 a 0.0 a 0.0 a 1.5 ab 3.5 a 
4. LEM17 200SC  4.8 fl oz alt. Manz .....  1.0 a 0.8 ab 0.9 a 3.4  b 0.0 a 3.2   b 3.5 a 
5. LEM17 200SC  6.87 fl oz alt. Manz ...  0.7 a 2.6 ab 1.6 a 0.0 a 0.8 a 2.0 ab 9.2 a 
6. LEM17  4.8 fl oz + Manzate  1 lb .......  0.0 a 0.4 ab 0.2 a 0.0 a 0.0 a 1.5 ab 4.0 a 
7. LEM17  4.8 fl oz + Flint  0.33 oz .......  0.2 a 0.0 a 0.1a 0.0 a 0.0 a 0.0 a 3.5 a 
x,y,z See footnotes under Table 1 for fungicide timing and under Table 2 for sample dates and details of statistical methods.  

For results shown in this table, the P-values from analysis of mildew data were fungicide effect <0.001, cultivar effect = 
0.502, and fungicide*cultivar interaction = 0.430; P-values from analysis of rust on fruitlets were fungicide effect <0.001, 
cultivar effect = 0.349, and fungicide*cultivar interaction = 0.008. 

 
 
Table 5:  Rust on Leaves Cluster leaves with rust (%)y Shoot leaves with rust (%)y      Ginger Gold fruit 
Fungicide and rate of formulated Jersey- Ginger Grand Jersey- Ginger Grand (%) with cedar 
product per 100 gal z mac Gold mean mac Gold mean apple rust 22 Aug 
1. Control ..................................................  3.5   bx 17.5   b 10.5   b 6.1   b x 28.3       d 17.2   b 4.7 a 
2. Manzate 75DF  1 lb  ..............................  0.0 a 1.6 a 0.8 a 0.0 a 3.4   bc 1.7 a 0.0 a 
3. Flint 50WDG  0.67 oz ...........................  0.0 a 0.3 a 0.2 a 0.0 a 3.6 abc 1.8 a 1.0 a 
4. LEM17 200SC  4.8 fl oz alt. Manz .......  0.2 a 0.8 a 0.5 a 0.0 a 4.6     c 2.3 a 2.0 a 
5. LEM17 200SC  6.87 fl oz alt. Manz .....  0.0 a 1.7 a 0.9 a 0.0 a 2.5 abc 1.3 a 1.4 a 
6. LEM17  4.8 fl oz + Manzate  1 lb .........  0.0 a 0.0 a 0.0 a 0.0 a 0.6 ab 0.3 a 2.5 a 
7. LEM17  4.8 fl oz + Flint  0.33 oz .........  0.0 a 0.0 a 0.0 a 0.0 a 0.2 a 0.1 a 1.5 a 
x,y,z See footnotes under Table 1 for fungicide timing and under Table 2 for sample dates and details of statistical methods.  

For results shown in this table, the P-values from analysis of cluster leaf rust were fungicide effect <0.001, cultivar effect 
= 0.010,  and fungicide*cultivar interaction = 0.146; P-values from analysis of rust on shoot leaves were  fungicide effect 
<0.001, cultivar effect <0.001, and fungicide*cultivar interaction = 0.043. 

 
 
Table 6: Necrotic Leaf Spot (NLS): Most leaves with rust lesions also had NLS, so ratings for NLS were very similar to 
ratings of total leaves affected by either NLS or rust diseases. 
 Cluster leaves with NLS (%)y Shoot leaves with NLS (%)y  
Fungicide and rate of formulated Jersey- Ginger Grand Jersey- Ginger Grand 
product per 100 gal z mac Gold mean mac Gold mean 
1. Control .........................................................................  23.3  bx 40.8     d 32.1   b 44.7     cx 46.9     c 45.8     c 
2. Manzate 75DF  1 lb  .....................................................    0.3 a 7.3    c 3.8 a 4.3   b 10.1   b 7.2   b 
3. Flint 50WDG  0.67 oz ..................................................    1.4 a 0.9 ab 1.2 a 3.1 ab 5.2   b 4.2 ab 
4. LEM17 200SC  4.8 fl oz alt. Manz ..............................    0.5 a 3.0 abc 1.7 a 1.3 ab 11.1   b 6.2   b 
5. LEM17 200SC  6.87 fl oz alt. Manz ............................    0.8 a 4.3   bc 2.5 a 0.4 a 8.3   b 4.4 ab 
6. LEM17 200SC  4.8 fl oz + Manzate 75 DF  1 lb .........    0.5 a 4.1 abc 2.3 a 0.6 a 1.3 a 1.0 a 
7. LEM17 200SC  4.8 fl oz + Flint 50WDG  0.33 oz ......    1.8 a 0.3 a 1.1 a 0.4 a 0.8 a 0.6 a 
x,y,z See footnotes under Table 1 for fungicide timing and under Table 2 for sample dates and details of statistical methods.  

For results shown in this table, the P-values from analysis of NLS on cluster leaves were fungicide effect <0.001, cultivar 
effect = 0.001,  and fungicide*cultivar interaction = 0.097; P-values from analysis of NLF on shoot leaves were  fungicide 
effect <0.001, cultivar effect <0.001, and fungicide*cultivar interaction = 0.020. 
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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  
 Necrotic leaf spot; G. juniperi-virginianae, Botryosphaeria obtusa 
 Black rot/white rot; Botryosphaeria obtusa, Botryosphaeria dothidea 
 Flyspeck; Zygophiala jamaicensis 
 Sooty blotch; species complex 
 
Evaluation of new fungicides for apple diseases, 2008. 
 

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. 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. 

Jerseymac bud stages were 7 Apr - green tip, 17 Apr – half-inch green, 22 Apr - tight cluster, 25 April - pink, 2 May – full 
bloom, 11 May - petal fall.  The first apple scab infection period occurred 28-29 Apr (33 hr, 48 °F), with additional infection 
periods 1-4 May (41 hr, 49 °F), 9-10 May (28 hr, 49 °F), 15-17 May (34 hr, 51 °F), 21-22 May (21 hr, 51 °F), 31 May-5 Jun 
(78 hr, 66 °F). There were 10 additional secondary infection periods in June and seven in July. The first scab lesions appeared 
in unsprayed trees on 14 May.  Fungicide rates and application dates are shown in Table 1.  

Early-season disease incidence was evaluated by collecting 15 clusters with bourse shoots from each Jerseymac and 
Redcort tree on 9 Jun and then observing all cluster leaves, fruitlets, and bourse leaves for disease except that only the eight 
youngest unfolded leaves were evaluated for mildew on bourse shoots that had more than 8 leaves.  Terminal leaves were 
evaluated for scab (Jerseymac, 20 Aug) and rust (Golden Delicious, 12 Aug) by observing all leaves on 15 terminal shoots per 
tree.  Fruit were evaluated for disease by harvesting and observing 75 fruit per tree for each of the three cultivars.  

Early season scab pressure was very light because cluster leaves were already becoming resistant to scab by the time the 
first infection period occurred on 28-29 Apr.  Cluster leaves in unsprayed Jerseymac and Redcort trees had 25% and 10% of 
leaves with scab, respectively, but all of the fungicide-treated trees had less than 1% cluster leaf scab (data not shown). Early 
terminal leaves developed more scab as a result of 12 days with rainfall between 15 May and 12 Jun. All of the fungicides 
provided good control of apple scab, although Omega allowed the most scab on Jerseymac terminal leaves on 9 Jun and on 
Redcort fruit at harvest. Omega also failed to control mildew (Table 3) and quince rust (Table 4). Mildew pressure was low and 
all of the other treatments provided excellent mildew control. Enable (trt 3) provided the best control of cedar apple rust on 
Golden Delicious leaves as rated on 12 August, but this may be attributable to the fact that Enable was applied through summer 
whereas all of the other treatments except USF 2016A received only Captan during summer. Although USF 2016A failed to 
fully control cedar apple rust on Golden Delicious leaves (Table 3), it controlled quince rust very well (Table 4). The low rate 
of A16001 allowed more black rot/white rot fruit decay on Golden Delicious than did the higher rate of the same product. 
Captan plus Topsin M applied during summer (trt 2) allowed the least flyspeck on Golden Delicious fruit that were rated after a 
postharvest incubation period.  Among treatments receiving only Captan sprays during summer (trts 4-7), the two treatments 
that received A16001 at petal fall and first cover allowed less flyspeck on incubated Golden Delicious and less Golden 
Delicious fruit out of grade from sooty blotch and flyspeck than did treatments where Flint (trt 4) or Omega (trt 5) were applied 
at petal fall and first cover.  None of the treatments had any adverse effects on fruit finish. 
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Table 1:  Spray Schedule 8 17 25 3 14 25 12 Jun  
Material and rate of Apr Apr Apr May May May thru 13 Aug  
formulated product per 100 gal* GT HIG TC PK PF 1C 2C to 6 C**  
1. Control ................................................................................................  ...........  ............  ............  ...........  ............  ...............   
2. Captan 80WDG  10 oz ...................................................................... X ......... X ..........  .......... X 
 Rally 40WSB 1.33 oz + Dithane 75DF* 1 lb ...................................  ...........  ........... X ...........  .......... X ........ X 
 Captan 80WDG 10 oz + Topsin M 70WDG  4 oz ..........................  ...........  ............  ............  ...........  ............  .............. X  
3. Dithane Rainshield 75DF  1 lb  ......................................................... X ......... X ..........  .......... X ..........  
  Enable  2F 2.67 fl oz + LI700  8 fl oz + Dithane 75DF* 1 lb .........  ...........  ........... X ...........  .......... X ........ X 
 Enable  2F 2.67 fl oz + LI700  8 fl oz ..............................................  ...........  ............  ............  ...........  ............  .............. X  
4. Captan 80WDG  10 oz ...................................................................... X ......... X ..........  .......... X ..........  ............  .............. X  
 Flint 50WDG  0.67 oz .....................................................................  ...........  ........... X ...........  .......... X ........ X 
5. Captan 80WDG  10 oz ...................................................................... X ......... X ..........  .......... X ..........  ............  .............. X  
 A16001  336SE 3 fl oz .....................................................................  ...........  ........... X 
 A16001  336SE 3 fl oz + Dithane 75DF* 1 lb .................................  ...........  ............  ............  .......... X ........ X 
6. Captan 80WDG  10 oz ...................................................................... X ......... X ..........  .......... X ..........  ............  .............. X  
 A16001  336SE 4 fl oz .....................................................................  ...........  ........... X  
 A16001  336SE 4 fl oz + Dithane 75DF* 1 lb .................................  ...........  ............  ............  .......... X ........ X 
7. Captan 80WDG  10 oz ...................................................................... X ......... X ..........  ............  ...........  ............  .............. X  
 Omega 4SC  4.57 fl oz .....................................................................  ...........  ........... X ......... X ......... X ........ X 
8.  USF 2016A   1.33 fl oz ...................................................................   X ........ X ......... X ......... X ......... X ........ X ............. X  
  * All Dithane applications in this trial were Dithane Rainshield 75DF  1 lb/100 gal. 
** Application dates during summer were 12, 30 Jun, 10, 30 Jul, and 13 Aug. 
 
 
 
 
 
Table 2: Foliar Scab Cluster leaf scab 
 on 9 Jun (%)y Terminal leaf scab on 9 Jun (%)y    Jerseymac 
Material and rate of Jersey- Red- Jersey- Red- Grand term. leaf scab 
formulated product per 100 gal z mac cort mac cort mean 20 Aug 
1.  Control .............................................................  25.1   bx 9.8   b 59.6       dx 46.7       d 53.2       d 58.9    c 
2.  Capt 3X// Rally 1.33 oz + Dithane  1 lb 
 Captan-80 10 oz + Topsin M   4 oz ...............    0.3 a 0.6 a 0.5 ab 2.5   bc 1.5   bc 2.8 ab 
3.  Dithane 1 lb  
 Enable 2.67 fl oz + LI700  8 fl oz ..................    0.0 a 0.0 a 0.0 a 1.4 ab 0.7 ab 1.2 ab 
4.  Capt 3X—5X // Flint 50WDG  0.67 oz ...........    0.0 a 0.6 a 0.9 abc 0.2 a 0.5 ab 2.9 ab 
5.  Capt 3X—5X // A16001  3 fl oz ......................    0.2 a 0.3 a 0.6 ab 3.0   bc 1.8 ab 1.6 ab 
6.  Capt 3X—5X // A16001  4 fl oz ......................    0.0 a 0.3 a 1.3   bc 2.4   bc 1.9 ab 2.5 ab 
7.  Captan-80 10 oz 2X and summer 
 Omega 4SC  4.57 fl oz ...................................    0.0 a 1.1 a 3.9      c 5.9     c 4.9     c 5.6    b 
8. USF 2016A   1.33 fl oz 1.33 fl oz .....................    0.0 a 0.9 a 0.0 a 0.2 a 0.1 a 0.0 a 
z For details of spray timings, formulations, and product mixtures, see Table 1. 
y Fifteen clusters per tree (including attached bourse shoots and fruitlets) were collected on 9 Jun and held in cold storage until 

evaluated. All leaves on 15 terminal shoots per tree were observed to determine incidences of foliar diseases later in the 
season. Disease incidence on fruit at harvest was based on evaluation of 75 fruit per tree.  

x 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 either results of one-way analyses of variance or to results from split-plot analysis across two 
cultivars.  The angular transformation was used for analysis of percentage data, but arithmetic means are reported.  
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Table 3: Fruit Scab Fruitlet scab 9 Jun (%)y Fruit scab at harvest (%) 
Material and rate of Jersey- Red- Jerseymac Redcort Golden Del 
formulated product per 100 gal z mac cort 25 July 17 Sep 30 Sep 
1.  Control ................................................................... 76.3   bx 29.3   b  91.4   b  69.9     c 31.6   b 
2.  Capt 3X// Rally 1.33 oz + Dithane  1 lb 
 Captan-80 10 oz + Topsin M   4 oz ....................... 0.0 a 0.8 a    1.7 a    1.2 ab 0.4 a 
3.  Dithane 1 lb  
 Enable 2.67 fl oz + LI700  8 fl oz .......................... 1.0 a 0.0 a    0.3 a    0.3 ab 1.0 a 
4.  Capt 3X—5X // Flint 50WDG  0.67 oz ................... 0.0 a 0.9 a    0.0 a    0.7 ab 0.0 a 
5.  Capt 3X—5X // A16001  3 fl oz .............................. 0.7 a 1.6 a    0.7 a    0.7 ab 0.3 a 
6.  Capt 3X—5X // A16001  4 fl oz .............................. 0.0 a 1.8 a    0.0 a    0.3 ab 0.7 a 
7.  Captan-80 10 oz 2X and summer 
 Omega 4SC  4.57 fl oz ........................................... 0.0 a 1.3 a    1.3 a    2.0   b 0.3 a 
8. USF 2016A   1.33 fl oz 1.33 fl oz ............................  0.0 a 2.9 a    0.0 a    0.0 a 0.7 a 
x,y,z See footnotes below Table 2. 
 
Table 4: Rust diseases on leaves Redcort leaves with Golden Del. Cluster leaves with 
 rust (% leaves infected)w leaves with necrotic leaf spot (%)v 
Material and rate of clusters shoots rust (%)y Jersey- Red- 
formulated product per 100 gal z 9 Jun y 9 Jun y 12 Aug. mac y cort y 
1.  Control ..................................................................... 30.1   bx 10.3   b  40.6     c  46.2   b 55.3     c 
2.  Capt 3X// Rally 1.33 oz + Dithane  1 lb 
 Captan-80 10 oz + Topsin M   4 oz ......................... 0.0 a 0.0 a  11.2   b    1.2 a 0.8 a 
3.  Dithane 1 lb  
 Enable 2.67 fl oz + LI700  8 fl oz ............................ 0.0 a 0.5 a 0.3 a    0.6 a 3.1 ab  
4.  Capt 3X—5X // Flint 50WDG  0.67 oz ..................... 0.6 a 2.2 a  13.7   b    0.7 a 1.7 ab 
5.  Capt 3X—5X // A16001  3 fl oz ................................ 0.0 a 0.0 a  10.2   b    0.2 a 6.0 ab 
6.  Capt 3X—5X // A16001  4 fl oz ................................ 0.0 a 0.4 a  11.4   b    1.4 a 13.8   b 
7.  Captan-80 10 oz 2X and summer 
 Omega 4SC  4.57 fl oz ............................................. 0.0 a 0.8 a  23.3   b    0.6 a 1.1 ab 
8. USF 2016A   1.33 fl oz 1.33 fl oz ............................... 0.6 a 0.6 a  15.1   b    0.8 a 0.6 a 
x,y,z See footnotes below Table 2. 
w Rust lesions on Redcort were orange-yellow pin-point spots that failed to develop into normal rust lesions. 
v Necrotic leaf spot was caused primarily by germinating rust spores that killed plant cells, thereby providing entry for other 

fungi such as Botryosphaeria obtusa and Phomopsis species. 
 
Table 5: Rust diseases on fruit                          Incidence of rust diseases on fruit (%)y     
                          Fruit with quince rust                 Golden Del 
Material and rate of        Jerseymac               Redcort            Golden Del with cedar 
formulated product per 100 gal z 9 Jun 22 Jul 9 Jun 17 Sep 30 Sep apple rust 
1.  Control .............................................................  51.3   bx  44.8     c  12.6   b 6.7     c 33.1   b 6.6       d 
2.  Capt 3X// Rally 1.33 oz + Dithane  1 lb 
 Captan-80 10 oz + Topsin M   4 oz .................. 0.0 a 0.3 a 0.0 a 0.0 a 0.0 a 0.0 a 
3.  Dithane 1 lb  
 Enable 2.67 fl oz + LI700  8 fl oz ..................... 0.0 a 0.0 a 0.0 a 0.3 ab 0.3 a 0.0 a  
4.  Capt 3X—5X // Flint 50WDG  0.67 oz .............. 1.4 a 1.3 ab 0.4 a 0.0 a 1.6 a 2.5   bc 
5.  Capt 3X—5X // A16001  3 fl oz ......................... 0.0 a 1.6 ab 0.0 a 0.0 a 0.0 a 0.0 a 
6.  Capt 3X—5X // A16001  4 fl oz ......................... 0.0 a 0.3 a 0.0 a 0.0 a 0.3 a 0.0 a 
7.  Captan-80 10 oz 2X and summer 
 Omega 4SC  4.57 fl oz ...................................... 5.4 a 9.7   b 5.6   b 1.3   b 5.8 a 3.2     cd 
8. USF 2016A   1.33 fl oz 1.33 fl oz ........................ 2.1 a 2.7 ab 0.0 a 0.3 ab 0.3 a 0.4 ab 
x,y,z See footnotes below Table 2. 
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Table 6: Mildew and summer fruit rots    Fruit with decays at harvest (%) 
 Shoot leaves with mildew  (%)y  Redcort    Golden Delicious  
Material and rate of Jersey- Red- Grand with black/ blck/wht lenticel 
formulated product per 100 gal z mac cort mean white rot rot >3 mm spots 
1.  Control ........................................................   11.6   bx 10.4   b 11.0   bx 10.6    c 21.3         e 5.0 a 
2.  Capt 3X// Rally 1.33 oz + Dithane  1 lb 
 Captan-80 10 oz + Topsin M   4 oz ..........     0.6 a 0.3 a 0.4 a 2.6   b 0.0 a 1.8 a 
3.  Dithane 1 lb  
 Enable 2.67 fl oz + LI700  8 fl oz .............     0.0 a 1.2 a 0.6 a 0.3 ab 4.0   bcd 3.6 a 
4.  Capt 3X—5X // Flint 50WDG  0.67 oz ......     0.2 a 0.3 a 0.2 a 0.0 a 0.6 ab 1.3 a 
5.  Capt 3X—5X // A16001  3 fl oz .................     1.1 a 1.7 a 1.4 a 1.4 ab 8.0       d 2.0 a 
6.  Capt 3X—5X // A16001  4 fl oz .................     1.9 a 0.2 a 1.0 a 1.1 ab 2.0 abc 2.3 a 
7.  Captan-80 10 oz 2X and summer 
 Omega 4SC  4.57 fl oz ..............................   16.0   b 13.8   b 14.9   b 0.7 ab 5.2     cd 0.7 a 
8. USF 2016A   1.33 fl oz 1.33 fl oz ................     0.0 a 0.0 a 0.0 a 1.0 ab 0.7 ab 0.7 a 
x,y,z See footnotes below Table 2. 
 

Table 7:  Flyspeck                    Fruit with flyspeck  (%)y           Golden Del. out- 
Material and rate of Redcort       Golden Delicious          of-grade for SBFS 
formulated product per 100 gal z 17 Sep 30 Sep after incubtn w after incubation w 
1.  Control ...................................................................   86.3    cx 98.3        f 100.0       e 100.0     c 
2.  Capt 3X// Rally 1.33 oz + Dithane  1 lb 
 Captan-80 10 oz + Topsin M   4 oz .....................     5.9 ab 0.4 a 2.7 a 0.0 a 
3.  Dithane 1 lb  
 Enable 2.67 fl oz + LI700  8 fl oz ........................     8.0 ab 4.7  b 21.3  bc 6.9 a 
4.  Capt 3X—5X // Flint 50WDG  0.67 oz .................   21.9 ab 16.8     de 57.5     d 24.9   b 
5.  Capt 3X—5X // A16001  3 fl oz ............................   12.3 ab 5.0  bc 28.3   c 2.5 a 
6.  Capt 3X—5X // A16001  4 fl oz ............................     5.9 ab 12.4   cd 26.4   c 7.2 a 
7.  Captan-80 10 oz 2X and summer 
 Omega 4SC  4.57 fl oz .........................................   34.6  b 21.5       e 57.8     d 21.7   b 
8. USF 2016A   1.33 fl oz 1.33 fl oz ...........................     2.0 a 3.1 ab 14.4  b 0.7 a 
x,y,z See footnotes below Table 2. 
w After harvest evaluations were completed, Golden Delicious fruit were incubated at 70° F and 100% relative humidity 16 

days so as to allow incubating infections to become visible on fruit surfaces. 
 

Table 8:  Sooty blotch and % clean fruit        Golden Delicious fruit            
  with sooty blotch (%)y Russet      Fruit with no diseases (%)  
Material and rate of harvest after in- rating Redcort Golden Deli- grand mn 
formulated product per 100 gal z 17 Sep cubation w 1-5 scale 17 Sep cious 30 Sep 2 cultivars 
1. Control ...........................................................   3.3 a 99.4     c 2.01 a     3.1          e    0.0       d 1.6          f 
2. Capt 3X// Rally 1.33 oz + Dithane  1 lb 
 Captan-80 10 oz + Topsin M   4 oz ............   0.0 a 8.9 a 1.80 a 90.7   b  97.4 a 93.5 ab 
3. Dithane 1 lb  
 Enable 2.67 fl oz + LI700  8 fl oz ...............   2.0 a 32.2   b 1.89 a 91.0   b  85.1   b 88.0  bc 
4. Capt 3X—5X // Flint 50WDG  0.67 oz .........   0.0 a 32.9   b 1.81 a 77.4     c  75.7   bc 76.6       d 
5. Capt 3X—5X // A16001  3 fl oz ....................   0.0 a 9.3 a 2.01 a 84.7   bc  84.7   b 84.7     cd 
6. Capt 3X—5X // A16001  4 fl oz ....................   1.7 a 13.9 ab 2.04 a 91.9   b  82.5   b 87.2   bc 
7. Captan-80 10 oz 2X and summer 
 Omega 4SC  4.57 fl oz ................................   1.0 a 32.7   b 1.91 a 60.7       d  65.8     c 63.3         e 
8.  USF 2016A   1.33 fl oz 1.33 fl oz .................   1.1 a 10.2 a 1.74 a 97.0 a  93.8 a 95.4 a 
x,y,z See footnotes below Table 2. 
w After harvest evaluations were completed, Golden Delicious fruit were incubated at 70° F and 100% relative humidity 16 

days so as to allow incubating infections to become visible on fruit surfaces. 
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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  
 Necrotic leaf spot; Botryosphaeria obtusa and/or G. juniperi-virginianae 
 Necrotic leaf blotch; presumed physiological disorder 
 Fruit rots; Botryosphaeria sp. 
 Flyspeck; Zygophiala jamaicensis 
 Sooty blotch; species complex 
 Fruit russet 
 
Evaluation of ProPhyt combinations for controlling apple diseases, 2008. 
 

Methods: 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 within rows. Because all available plots were used for 
fungicide treatments, data for control trees were collected from four arbitrarily designated plots in the buffer rows. Treatments 
were applied by spraying trees to drip using a high-pressure sprayer and a handgun at 200 psi. 
 Jerseymac bud stages were 7 Apr - green tip, 17 Apr – half-inch green, 22 Apr - tight cluster, 25 April - pink, 2 May – full 
bloom, 11 May - petal fall.  The first apple scab infection period occurred 28-29 Apr (33 hr, 48 °F), with additional infection 
periods 1-4 May (41 hr, 49 °F), 9-10 May (28 hr, 49 °F), 15-17 May (34 hr, 51 °F), 21-22 May (21 hr, 51 °F), 31 May-5 Jun 
(78 hr, 66 °F). There were 10 additional secondary infection periods in June and seven in July. The first scab lesions appeared 
in unsprayed trees on 14 May.  Fungicide rates and application dates are shown in Table 1.  
 Among treatments evaluated, treatment 2 was a standard fungicide program with contact fungicides whereas treatment 7 
was a standard program involving contact fungicides plus Rally for scab control and Topsin M during summer.  Treatment 3 
represents the standard contact program amended with ProPhyt at 4 pints/A (= 64 fl oz/A or 21.3 fl oz/100 gal of dilute spray). 
In treatment 4, the rate of Dithane was halved for the early part of the season whereas the rate of ProPhyt was halved when the 
program switched to Captan for summer sprays.  In treatment 5, a half rate of Captan was combined with ProPhyt throughout 
the season whereas in treatment 6 the half-rate of Captan was used alone early (for comparison with treatment 5) and the half-
rate of both Captan and ProPhyt were combined for summer sprays. Microthiol Disperss was added to treatments 3 through 6 
at petal fall and first cover to control mildew. 
 Results: Despite a dry prebloom period, cluster leaves on control trees developed enough scab to allow for treatment 
comparisons, but the contact fungicides alone (including half-rate of Captan alone in trt 6) provided good control of scab. 
Therefore, benefits of adding ProPhyt to contact fungicides could not be determined from cluster leaf evaluations (Table 2).  
The half rate of Captan alone was also just as effective as the ProPhyt treatments for controlling early terminal leaf scab on 
both cultivars.  Although Dithane + ProPhyt in trt 3 was more effective than Dithane alone in trt 2 against early terminal leaf 
scab, that difference was probably attributable to the addition of Microthiol Disperss in two sprays of trt 3 whereas it was not 
included in trt 2.  The Microthiol included in trts 3 to 6 may have also accounted for improved performance of these treatments 
compared to trt 2 in data taken from Jerseymac terminal leaves in August (Table 2). The levels of terminal leaf scab recorded 
for both Jerseymac and Redcort were high enough to have allowed evidence of improved performance where ProPhyt was 
added (e.g., trt 6 compared to trts 3, 4, or 5), but there was no evidence of improved performance with ProPhyt.  Most of the 
treatments provided comparable control of fruit scab (Table 3), so there was no opportunity for ProPhyt to show added benefits 
for fruit scab control. 
 Observations on rust incidence on Redcort leaves on 9 June (Table 4) showed only the expected weakness of Captan 
against this disease.  For both cluster leaves and shoot leaves on Redcort, there was a trend toward better control of rust lesions 
where ProPhyt was added to Captan (trt 5) as compared to Captan used alone (trt 6), but differences were not significant.  
However, the difference between these two treatments (5 vs. 6) was significant for the incidence of rust on Golden Delicious 
terminal leaves.  Necrotic leaf spot (NLS) as reported in Table 5 was largely attributable to cedar apple rust spores that 
germinated on Redcort or Jerseymac leaves, killed some cells, and then died out due to host incompatibility.  Thus, control of 
NLS depends largely on fungicides preventing rust spores from germinating.  On Redcort cluster leaves, the Dithane + ProPhyt 
combination (trt 3) was better than Dithane used alone (trt 2), and these infections on cluster leaves would have occurred prior 
to the time that Microthiol Disperss was added to trt 3.  For that same dataset, ProPhyt with Captan (trt 5) showed better 
activity against NLS than Captan alone (trt 6).  However, ProPhyt showed no significant benefit for controlling quince rust or 
cedar apple rust on fruit (Table 6). 
 There were no significant differences in mildew control among trts 3 to 6 (Table 7), largely because the Microthiol 
Disperss applied in these treatments suppressed mildew.  Treatment 7 where Topsin M was applied with Captan during 
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summer provided better control of fruit rots on Golden Delicious than did any of the other treatments (Table 7), thereby 
verifying observations from the 2007 growing season when we noted that adding ProPhyt to Captan improved control of 
flyspeck and sooty blotch but provided little benefit for controlling fruit decays caused by Botryosphaeria species. 
 Control of flyspeck followed patterns noted previously with ProPhyt: For both Redcort and Golden Delicious, the "full 
rate" treatment (trt 3) was significantly better for controlling flyspeck than the contact fungicides used alone (trt 2). The 
reduced rate treatments (trt 4,5,6) showed a pattern of decreasing levels of effectiveness.  After harvest ratings were completed, 
Golden Delicious fruit were incubated for 14 days at 70° F and 100% relative humidity to allow incubating infections to show 
signs on the fruit surface.  Only the treatment involving Topsin M suppressed flyspeck throughout the duration of the 
incubation period. Work conducted in the 2007 season suggested that the Captan/ProPhyt combination, although just as 
effective as Captan plus Topsin M in some situations, may have a shorter residual activity than Captan/Topsin M when there is 
a long delay with considerable rainfall between the last application and harvest.  Nevertheless, both trts 3 and 4 suppressed 
flyspeck and sooty blotch enough to minimize downgrading from USDA Extra Fancy grading standards. 
 Necrotic leaf blotch (NLB) has been considered a physiological disease.  Symptoms are large brown necrotic areas on 
Golden Delicious leaves followed by yellowing and abscission of affected leaves.  The disease often develops rapidly and may 
occur as segregated but repeated episodes during summer.  One such episode occurred near mid-August in the Hudson Valley.  
We evaluated the affect of fungicide treatments on NLB on 26 Aug by having three independent observers estimate the 
proportion of the soil surface within the drip line beneath each tree that was covered by yellow fallen leaves.  Fungicide 
treatments had a significant effect on leaf drop (Table 4).  In previous work in North Carolina, Sutton reported that fungicides 
with metal ions (especially those containing zinc) could reduce severity of NLB, so it was not too surprising that treatments 
involving Dithane might show reduced NLB.  However, trts 5 and 6 received only Captan and ProPhyt throughout the season 
and still showed significantly less defoliation from NLB than was observed in the control plots. Trees receiving the greater 
amount of ProPhyt through the season (trt 5) had significantly less NLB than the trees that received lesser amounts (trt 6).  

Conclusions: Although we had less-than-ideal early season scab pressure, results from this trial, from previous work last 
year, and from other trials conducted in 2008 have shown that although ProPhyt may have some activity against apple scab, 
that activity is not significant enough to justify including ProPhyt in scab sprays.  In this trial, ProPhyt showed some 
suppression of rust diseases on leaves, but it did not boost activity of Captan for controlling quince rust on fruit. Dithane alone 
controlled rust so effectively that we could not determine if ProPhyt boosted activity of Dithane against rust.  As in previous 
years, ProPhyt boosted the activity of Captan against flyspeck, but the ProPhyt/Captan combination had less residual activity 
than the Topsin/Captan combination (as shown on incubated Golden Delicious).  ProPhyt also failed to boost activity of Captan 
for controlling summer fruit rots caused by Botryosphaeria species.  Thus, ProPhyt appears to have the best fit on apples as a 
substitute for Topsin M in combinations with Captan during parts of the season or with cultivars where there is minimal risk of 
infection by Botryosphaeria species. 

 
Table 1:  Spray Schedule 8 17 25 3 14 25 12 30 10 30 13  
Material and rate of Apr Apr Apr May May May Jun Jun Jul Jul Aug 
formulated product per 100 gal GT HIG TC PK PF 1C 2C 3C 4C 5C 6C 
1. Control .......................................................................  .........  ........  ..........  ..........  ..........  ..........  ........  .........  ............  ..........  

2. Dithane** 75DF  1 lb  .............................................. X ....... X ..... X ....... X ....... X ....... X 
 Captan 80WDG  10 oz ..........................................    .......  ........  ..........  ..........  ..........  ........ X ..... X ....... X ......... X ....... X 

3. Dithane 75DF 1 lb + ProPhyt 4.2L  21.3 fl oz ......... X ....... X ..... X ....... X ..... *M .... *M 
 Captan 80WDG 10 oz + ProPhyt 4.2L  21.3 fl oz    .......  ........  ..........  ..........  ..........  ........ X ..... X ....... X ......... X ....... X 

4. Dithane 75DF 8 oz + ProPhyt 4.2L  21.3 fl oz ........ X ....... X ..... X ....... X ..... *M .... *M 
 Captan 80WDG 10 oz + ProPhyt 4.2L  10 fl oz ...  .........  ........  ..........  ..........  ..........  ........ X ..... X ....... X ......... X ....... X 

5.  Captan 80WDG 5 oz + ProPhyt  21.3 fl oz ............. X ....... X ..... X ....... X ..... *M .... *M 
 Captan 80WDG 5 oz + ProPhyt 4.2L  21.3 fl oz ..  .........  ........  ..........  ..........  ..........  ........ X ..... X ....... X ......... X ....... X 

6. Captan 80WDG  5 oz ............................................... X ....... X ..... X ....... X ..... *M .... *M 
 Captan 80WDG 5 oz + ProPhyt 4.2L  10 fl oz .....  .........  ........  ..........  ..........  ..........  ........ X ..... X ....... X ......... X ....... X 

7. Captan 80WDG  10 oz ............................................. X ....... X ......  ......... X 
 Rally 40WSB 1.33 oz + Dithane 75DF 1 lb .........  .........  ....... X ........  ......... X ....... X 
 Captan 80WDG 10 oz + Topsin M 70WDG  4 oz  .........  ........  ..........  ..........  ..........  ........ X ..... X ....... X ......... X ....... X 
*M= Microthiol Disperss  at 1 lb/100 gal was added to the listed fungicides.   
** All Dithane applications in this trial were Dithane Rainshield 75DF  1 lb/100 gal. 
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Table 2: Foliar Scab Cluster lf scab (%)y       Early terminal leaf scab (%)y    Jerseymac 
Material and rate of   Jersey- Red- Jersey- Red- Grand term. leaf scab 
formulated product per 100 gal z   mac cort mac cort mean 20 Aug x 
1. Control ..............................................................  25.1   bw 9.8   b 59.6     cw 46.7       d 53.2     c 58.9     c 
2. Dithane 1 lb //Captan-80 10 oz .........................    0.0 a 1.5 a 6.1   b 13.0     c 9.5   b 29.0   b 
3. Dithane 1 lb + ProPhyt  21.3 fl oz ....................    0.0 a 0.4 a 5.1   b 5.0 ab 5.1 ab 2.8 a 
 Captan-80  10 oz + ProPhyt 21.3 fl oz  
4. Dithane  8 oz + ProPhyt  21.3 fl oz ...................    0.5 a 0.7 a 5.8   b 8.7   bc 7.2 ab 6.6 a 
 Captan-80  10 oz + ProPhyt  10 fl oz  
5.  Captan-80  5 oz + ProPhyt  21.3 fl oz ..............    0.3 a 2.8 a 4.2   b 5.3 ab 4.8 ab 4.4 a 
 Captan-80  5 oz + ProPhyt  21.3 fl oz  
6. Captan-80  5 oz .................................................    0.0 a 1.4 a 6.2   b 6.2  abc 6.2   b 4.6 a 
 Captan  5 oz + ProPhyt  10 fl oz  
7. Capt 3X// Rally 1.33 oz + Dithane  1 lb 
 Captan-80 10 oz + Topsin M   4 oz ...............    0.3 a 0.6 a 0.5 a 2.5 a 1.5 a 2.8 a 
z For details of spray timings, formulations, and product mixtures, see Table 1. 
y Means were derived from observing 15 clusters (including bourse shoots and fruitlets) collected from each tree on 9 Jun and 

held in cold storage until evaluated. Means were derived from observing all cluster leaves, shoot leaves, or fruitlets for 
disease and determining the percentages of respective leaves or fruitlets that showed disease. 

x Means based on observing all leaves on 15 terminal shoots per tree. 

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 of split-plot analysis across two cultivars.  The angular transformation was used for 
analysis of percentage data, but arithmetic means are reported. 

 
 
 
Table 3: Fruit Scab Fruitlets with scab on 9 Jun (%)y  Fruit with scab at harvest (%)x  
Material and rate of Jersey- Red- Grand Jerseymac Redcort Golden Del 
formulated product per 100 gal z mac cort mean 25 July 17 Sep 30 Sep 
1. Control ............................................................... 76.3   bw 29.3   b 52.9   b   91.4   b  69.9   b 31.6     c 
2. Dithane 1 lb //Captan-80 10 oz ............................ 0.0 a 2.3 a 1.1 a     1.7 a    0.7 a 0.7 ab 
3. Dithane 1 lb + ProPhyt  21.3 fl oz ....................... 0.0 a 0.0 a 0.0 a     1.7 a    0.0 a 0.0 a 
 Captan-80  10 oz + ProPhyt 21.3 fl oz 
4. Dithane  8 oz + ProPhyt  21.3 fl oz ...................... 0.0 a 0.0 a 0.0 a     2.0 a    1.3 a 0.7 ab 
 Captan-80  10 oz + ProPhyt  10 fl oz 
5.  Captan-80  5 oz + ProPhyt  21.3 fl oz ................. 0.0 a 2.1 a 1.0 a     1.0 a    0.0 a 0.7 ab 
 Captan-80  5 oz + ProPhyt  21.3 fl oz 
6. Captan-80  5 oz .................................................... 1.1 a 0.6 a 0.9 a     1.7 a    1.7 a 4.6   b 
 Captan  5 oz + ProPhyt  10 fl oz 
7. Capt 3X// Rally 1.33 oz + Dithane  1 lb 
 Captan-80 10 oz + Topsin M   4 oz .................. 0.0 a 0.8 a 0.4 a     1.7 a    1.2 ab 0.4 ab 
z For details of spray timings, formulations, and product mixtures, see Table 1. 
y Means were derived from observing 15 clusters (including bourse shoots and fruitlets) collected from each tree on 9 Jun and 

held in cold storage until evaluated. Means were derived from observing all cluster leaves, shoot leaves, or fruitlets for 
disease and determining the percentages of respective leaves or fruitlets that showed disease. 

x On the dates indicated, 60-75 fruit were harvested from each tree and were subsequently evaluated for disease. 
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 of split-plot analysis across two cultivars or by applying Fisher's Protected LSD to 
results from a simple ANOVA.  The angular transformation was used for analysis of percentage data, but arithmetic means 
are reported. 
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     Necrotic leaf blotch 
Table 4: Foliar rust Redcort leaves with rust (%)y  Golden Del. rating: % ground  
Material and rate of clusters shoots repeated lvs. with rust covered with fallen 
formulated product per 100 gal z 9 Jun 9 Jun measures 12 Aug x leaves 26 Aug x 
1. Control ................................................................. 30.1     c w 10.3   b 20.2     c w  40.6     c 50.8     c 
2. Dithane 1 lb //Captan-80 10 oz .............................. 3.8 a 0.4 ab 2.1 a  13.5 ab 10.8 a 
3. Dithane 1 lb + ProPhyt  21.3 fl oz ......................... 0.0 a 0.2 a 0.1 a  10.6 a 5.0 a 
 Captan-80  10 oz + ProPhyt 21.3 fl oz  
4. Dithane  8 oz + ProPhyt  21.3 fl oz ........................ 0.0 a 0.0 a 0.0 a  20.2   b 9.2 a 
 Captan-80  10 oz + ProPhyt  10 fl oz  
5.  Captan-80  5 oz + ProPhyt  21.3 fl oz ................... 6.4 ab 2.7 ab 4.5 ab  22.2   b 10.0 a 
 Captan-80  5 oz + ProPhyt  21.3 fl oz  
6. Captan-80  5 oz .................................................... 17.7   bc 6.2 ab 11.9   bc  44.7     c 19.2   b 
 Captan  5 oz + ProPhyt  10 fl oz  
7. Capt 3X// Rally 1.33 oz + Dithane  1 lb 
 Captan-80 10 oz + Topsin M   4 oz .................... 0.0 a 0.0 a 0.0 a  11.2 ab 3.3 a 
z For details of spray timings, formulations, and product mixtures, see Table 1. 
y Means were derived from observing 15 clusters (including bourse shoots and fruitlets) collected from each tree on 9 Jun and 

held in cold storage until evaluated. Means were derived from observing all cluster leaves, shoot leaves, or fruitlets for 
disease and determining the percentages of respective leaves or fruitlets that showed disease. 

x Rust on terminal leaves was evaluated by observing all leaves on 15 shoots per tree.  Method for evaluating necrotic leaf 
blotch is detailed in the text. 

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 of repeated measures analysis across two dates or by applying Fisher's Protected LSD to 
results from a simple ANOVA.  The angular transformation was used for analysis of percentage data, but arithmetic means 
are reported. 

 
 
Table 5: Necrotic Leaf Spot (NLS)                                Leaves with necrotic leaf spot (%)y     
        

 (NLS = frog-eye plus rust-induced leaf spot)             cluster leaves                                terminal leaves   
Material and rate of formulated Jersey- Red- Grand Jersey- Red- Grand  
product per 100 gal z mac cort mean mac cort mean  
1. Control ...........................................................   46.2   bx 55.3       e 50.7      d  24.9     cx 24.7   b 24.8   b 
2. Dithane 1 lb //Captan-80 10 oz .......................    1.6 a 4.0   bc 2.8 abc    3.3 a 0.7 a 2.0 a 
3. Dithane 1 lb + ProPhyt  21.3 fl oz ..................    0.3 a 0.2 a 0.3 a    1.4 a 1.8 a 1.6 a 
 Captan-80  10 oz + ProPhyt 21.3 fl oz  
4. Dithane  8 oz + ProPhyt  21.3 fl oz .................    1.2 a 1.2 ab 1.2 ab    4.6  3.5 a 4.0 a 
 Captan-80  10 oz + ProPhyt  10 fl oz  
5.  Captan-80  5 oz + ProPhyt  21.3 fl oz ............    1.8 a 11.2     c 6.5   bc    2.2   b 4.8 a 3.5 a 
 Captan-80  5 oz + ProPhyt  21.3 fl oz  
6. Captan-80  5 oz ...............................................    6.0 a 25.2      d 15.6     c    5.2   b 5.3 a 5.3 a 
 Captan  5 oz + ProPhyt  10 fl oz  
7. Capt 3X// Rally 1.33 oz + Dithane  1 lb 
 Captan-80 10 oz + Topsin M   4 oz .............    1.2 a 0.8 ab 1.0 ab    1.3 b 1.0 a 1.1 a 
Grand mean for cultivar ......................................    8.3 14.0     6.1 6.0  
z For details of spray timings, formulations, and product mixtures, see Table 1. 
y Means were derived from observing 15 clusters (including bourse shoots and fruitlets) collected from each tree on 9 Jun and 

held in cold storage until evaluated. Means were derived from observing all cluster leaves, shoot leaves, or fruitlets for 
disease and determining the percentages of respective leaves or fruitlets that showed disease. 

x 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 of split-plot analysis across two cultivars or by applying Fisher's Protected LSD to 
results from a simple ANOVA.  The angular transformation was used for analysis of percentage data, but arithmetic means 
are reported. 
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Table 6: Rust diseases                          Fruit with quince rust (%)y                    Golden Del 
Material and rate of        Jerseymac               Redcort            Golden Del fruit with cedar 
formulated product per 100 gal z 9 Jun y 22 Jul x 9 Jun y 17 Sep x 30 Sep x apple rust 30 Sep 
1. Control ............................................................... 51.3   b w  44.8     c  12.6   b 6.7     c 33.1     c 6.6     c 
2. Dithane 1 lb //Captan-80 10 oz ............................ 0.6 a 0.0 a 0.0 a 0.3 ab 2.0 ab 1.7 ab 
3. Dithane 1 lb + ProPhyt  21.3 fl oz ....................... 0.9 a 1.3 ab 0.9 a 0.7 ab 1.0 ab 2.0 ab 
 Captan-80  10 oz + ProPhyt 21.3 fl oz 
4. Dithane  8 oz + ProPhyt  21.3 fl oz ...................... 2.1 a 4.0 ab 0.0 a 0.7 ab 2.0 ab 3.0 ab 
 Captan-80  10 oz + ProPhyt  10 fl oz 
5.  Captan-80  5 oz + ProPhyt  21.3 fl oz ................. 8.8  a 10.3   b 1.1 a 1.5   b 6.3   b 0.7 ab 
 Captan-80  5 oz + ProPhyt  21.3 fl oz 
6. Captan-80  5 oz .................................................... 6.3  a 9.7   b 0.5 a 1.0 ab 5.2   b 3.4   b 
 Captan  5 oz + ProPhyt  10 fl oz 
7. Capt 3X// Rally 1.33 oz + Dithane  1 lb 
 Captan-80 10 oz + Topsin M   4 oz .................. 0.0 a 0.3 a 0.0 a 0.0 a 0.0 a 0.0 a  
z For details of spray timings, formulations, and product mixtures, see Table 1. 
y Means were derived from observing 15 clusters (including bourse shoots and fruitlets) collected from each tree on 9 Jun and 

held in cold storage until evaluated. Means were derived from observing all cluster leaves, shoot leaves, or fruitlets for 
disease and determining the percentages of respective leaves or fruitlets that showed disease. 

x On the dates indicated, 75 fruit were harvested from each tree and were subsequently evaluated for disease. 
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 a simple ANOVA.  The angular transformation was used for analysis of 
percentage data, but arithmetic means are reported. 

 
    Fruit with decays at harvest (%) 
Table 7: Mildew and fruit rots Shoot leaves with mildew  (%)y  Redcort    Golden Delicious  
Material and rate of Jersey- Red- Grand with black/ blck/wht lenticel 
formulated product per 100 gal z mac cort mean white rot rot >3 mm spots 
1. Control ........................................................    11.6     cdx 10.4     cd 11.0     cdx 10.6   b 21.3     c 5.0 a 
2. Dithane 1 lb //Captan-80 10 oz ...................    19.3       d 17.8       d 18.5       d 1.7 a 5.3   b 2.3 a 
3. Dithane 1 lb + ProPhyt  21.3 fl oz  
 Captan-80  10 oz + ProPhyt 21.3 fl oz .....      3.7 abc 2.0 ab 2.9 ab 0.7 a 8.3   bc 1.3 a 
4. Dithane  8 oz + ProPhyt  21.3 fl oz  
 Captan-80  10 oz + ProPhyt  10 fl oz ........     2.0 ab 7.3   bc 5.3 ab 0.3 a 4.3   b 3.5 a 
5.  Captan-80  5 oz + ProPhyt  21.3 fl oz  
 Captan-80  5 oz + ProPhyt  21.3 fl oz ......      3.0 abc 4.4 abc 3.7 abc 1.5 a 5.3   b 1.0 a 
6. Captan-80  5 oz 
 Captan  5 oz + ProPhyt  10 fl oz ..............      7.4   bc 3.0 abc 5.2   bc 1.4 a 9.9   bc 4.3 a 
7. Capt 3X// Rally 1.33 oz + Dithane  1 lb 
 Captan-80 10 oz + Topsin M   4 oz .........      0.6 a 0.3 a 0.4 a 2.6 a 0.0 a 1.8 a 
z For details of spray timings, formulations, and product mixtures, see Table 1. 
y Means were derived from observing 15 clusters (including bourse shoots and fruitlets) collected from each tree on 9 Jun and 

held in cold storage until evaluated. Means were derived from observing all cluster leaves, shoot leaves, or fruitlets for 
disease and determining the percentages of respective leaves or fruitlets that showed disease. 

x Rust on terminal leaves was evaluated by observing all leaves on 15 shoots per tree.  Method for evaluating necrotic leaf 
blotch is detailed in the text. 

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 of repeated measures analysis across two dates or by applying Fisher's Protected LSD to 
results from a simple ANOVA.  The angular transformation was used for analysis of percentage data, but arithmetic means 
are reported. 
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Table 8:  Flyspeck                        Fruit with flyspeck  (%)y                         Golden Del. out- 
Material and rate of Redcort       Golden Delicious          Grand mean of-grade for SBFS 
formulated product per 100 gal z 17 Sep 30 Sep after incubtn x repeated meas. after incubation x 
1. Control .........................................................   86.3      e w 97.8       d 100.0         e w 98.9       d 100.0       d 
2. Dithane 1 lb //Captan-80 10 oz ....................   35.5     d 12.7   bc 41.5     c 27.1     c 7.3 ab 
3. Dithane 1 lb + ProPhyt  21.3 fl oz  
 Captan-80  10 oz + ProPhyt 21.3 fl oz ......     3.3 a 1.0 a 9.1   b 5.1 ab 1.4 ab 
4. Dithane  8 oz + ProPhyt  21.3 fl oz  
 Captan-80  10 oz + ProPhyt  10 fl oz ........     6.3 ab 7.4   b 29.4     c 18.4   bc 3.3 ab 
5.  Captan-80  5 oz + ProPhyt  21.3 fl oz  
 Captan-80  5 oz + ProPhyt  21.3 fl oz .......   11.5  bc 10.6   bc 38.2     c 24.4     c 9.2   bc 
6. Captan-80  5 oz 
 Captan  5 oz + ProPhyt  10 fl oz ...............   20.0    c 20.9     c 54.9       d 37.9     c 23.6     c 
7. Capt 3X// Rally 1.33 oz + Dithane  1 lb 
 Captan-80 10 oz + Topsin M   4 oz ..........     5.9 ab 0.4 a 2.7 a 1.6 a 0.0 a 
z For details of spray timings, formulations, and product mixtures, see Table 1. 
y On the dates indicated, 75 fruit were harvested from each tree and were subsequently evaluated for disease. 
x See text for an explanation of postharvest incubation.  Fruit out-of-grade would not have met standards for USDA Extra 

Fancy. 
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 a simple ANOVA or results from repeated measures ( 30 Sep and after incubation) 
for Golden Delicious.  The angular transformation was used for analysis of percentage data, but arithmetic means are 
reported. 

 
 
Table 9:  Sooty blotch and % clean fruit        Golden Delicious fruit            
  with sooty blotch (%)y Russet  Fruit with no diseases at harvest (%)  
Material and rate of harvest after in- rating Redcort Golden Deli- grand mn 
formulated product per 100 gal z 17 Sep cubation x 1-5 scale w 17 Sep cious 30 Sep 2 cultivars 
1. Control ...........................................................   3.3 ab v 99.4     c 2.01 a     3.1         e    0.0       d 1.6       d v 
2. Dithane 1 lb //Captan-80 10 oz ......................   0.7 a 18.8 a 1.85 a 62.2       d  77.3   bc 69.8     c 
3. Dithane 1 lb + ProPhyt  21.3 fl oz  
 Captan-80  10 oz + ProPhyt 21.3 fl oz ........   0.0 a 9.7 a 1.97 a 95.4 a  86.7   b 91.0 a 
4. Dithane  8 oz + ProPhyt  21.3 fl oz  
 Captan-80  10 oz + ProPhyt  10 fl oz ..........   0.0 a 14.8 a 1.92 a 91.7 ab  82.4   b 87.0 ab 
5.  Captan-80  5 oz + ProPhyt  21.3 fl oz  
 Captan-80  5 oz + ProPhyt  21.3 fl oz .........   1.0 ab 41.0   b 2.10 a 86.0   bc  77.8   bc 81.9   bc 
6. Captan-80  5 oz 
 Captan  5 oz + ProPhyt  10 fl oz .................   7.8   b 53.1   b 2.15 a 77.3     cd  63.6     c 70.5     c 
7. Capt 3X// Rally 1.33 oz + Dithane  1 lb 
 Captan-80 10 oz + Topsin M   4 oz ............   0.0 a 8.9 a 1.80 a 90.7 ab  97.4 a 93.5 a 
z For details of spray timings, formulations, and product mixtures, see Table 1. 
y On the dates indicated, 75 fruit were harvested from each tree and were subsequently evaluated for disease. 
x See text for an explanation of postharvest incubation.  Fruit out-of-grade would not have met standards for USDA Extra 

Fancy. 
w Skin russetting was evaluated on a scale of 1 (no russetting) to 5 (severe russetting).  Fruit rated 3, 4, or 5 would have been 

out of grade for USDA Extra Fancy packs. 
v 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 a simple ANOVA or results from split-plot analyses for two cultivars.  The angular 
transformation was used for analysis of percentage data, but arithmetic means are reported. 
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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  
 Black rot, white rot, lenticel spots; Botryosphaeria sp. 
 Bitter rot; Colletotrichum sp. 
 Fruit russet 

 
Controlling flyspeck, sooty blotch, and fruit decays with fungicides applied during summer, 2008. 

 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. The following treatments were applied to all plots prior to initiation of the trial to protect trees from scab, 
mildew and rust diseases: 25 Apr and 3 May — Penncozeb 75DF 3 lb/A, 8 and 21 May — Rally 40WSB 5 oz/A plus 
Penncozeb 75DF 3 lb/A. Test fungicides were applied 30 May, 21 Jun, 11 Jul, 30 Jul, and 14 Aug by spraying trees to drip 
using a handgun with the pressure set at 250 psi. Rainfall between those application dates totaled 1.90, 2.54, 2.56, and 3.42 in., 
respectively.  Rainfall between the last application and harvest totaled 6.5 in., with 3.8 in. of that total occurring after 10 Sep. 
Accumulated hours of wetting as determined with a DeWitt string recorder were 99, 131, 76, and 130 for the four intervals 
betweens sprays and 412 for the interval from the last spray to harvest. Of the latter total, 238 hr occurred after 6 Sep. Seventy-
five fruit per tree were harvested from Empire trees on 29 Sep and from Golden Delicious trees on 3 Oct.  After harvest, 
Empire fruit were held at 37° F until 28 Oct when they were evaluated for the first time.  Fruit were subsequently incubated at 
70° F and 100% relative humidity for 14-15 days prior to the second evaluation.  Golden Delicious fruit were evaluated within 
a few days of harvest and were incubated as described for Empire for 18-21 days prior to the second evaluation. Fruit with 
decays or lenticel spots evident at the first evaluation were discarded; therefore decays and lenticel spots on incubated fruit 
represent new infections that developed during incubation.  At each evaluation, fruit were assessed for disease incidence and 
were also graded using USDA grade standards to determine the proportions of fruit that would have been downgraded from US 
Extra Fancy due to the combined effects of flyspeck and sooty blotch.  Golden Delicious fruit were also evaluated for fruit 
russet by observing the most russetted side each fruit and then rating that face using a scale of 1 to 5 wherein 1 = no russet, 2 = 
raised lenticels, and 3-5 = slight russet, moderate, and severe russet.   

 None of the fungicides provided complete protection against flyspeck in this trial (Table 1). However, all of the treatments 
provided commercially acceptable control as evidenced by the low incidence of fruit that were out of grade at harvest (Table 
2).  The percentage of fruit with flyspeck (Table 1), sooty blotch (Table 3), and out of grade (Table 2) were all higher after 
incubation than at harvest.  Results with Captan plus Topsin M (trt 3) were generally comparable to those where Pristine was 
substituted for that combination in the last two sprays (trt 5) except that Pristine allowed less Golden Delicious fruit out of 
grade after incubation (Table 2).  In trt 4, ProPhyt (54.5% potassium phosphite; 4.2 lb/gal phosphorous acid equivalent) at less 
than one-half of the labeled rate was combined with Captan and proved less effective than the Captan plus Topsin M 
combination for controlling flyspeck on Golden Delicious (Table 1). Damoil was combined with Omega (fluazinam) in trt 7 to 
determine if that combination would cause any phytotoxicity or fruit russetting, which it did not (Table 4). However, the 
repeated oil applications left fruit with an oily appearance and may have provided some nutritional substrate for flyspeck on 
incubated Empire (Table 1) and also for the fungi causing lenticel spots on incubated Golden Delicious (Table 3).  For both of 
those parameters, there was more disease present where Omega was used with oil as compared to Omega used alone. The 
combination of Evito (fluoxastrobin) plus LI-700 (a surfactant/acidifier) provided better control of flyspeck on incubated 
Empire fruit than Evito used alone, but there were no differences between those two Evito treatments in any of the other 
parameters evaluated. Flint (trifloxystrobin) and Evito used alone produced comparable results except that Flint was more 
effective against flyspeck on incubated Empire and on Golden Delicious at harvest.  Incidence of sooty blotch on Empire fruit 
is not shown because disease incidence for all fungicide treatments was below 1.5% at harvest and 2.5% after incubation as 
compared to 30 and 38% disease incidence in control fruit on those same evaluation dates.  The incidence of lenticel spots and 
fruit rots on Empire was also negligible in control and sprayed fruit both at harvest and after incubation. We conclude that 
Omega and Evito can provide acceptable control of summer diseases on apples, but as shown by the flyspeck data for Golden 
Delicious, they have less long-term residual activity against flyspeck than do Pristine or the Captan-Topsin M combination. 
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Table 1.  Percent fruit with flyspeck at harvest and after incubation: 

             Empirey                          Golden Deliciousy  
Formulated product applied harvest incubated harvest incubated 
 per 100 gal of dilute sprayz 29 Sep 19 days 3 Oct 14 days 

  1. Unsprayed control ........................................................  79.8    cx 98.3        f 97.4         f 100.0       d 
  2. Captan 80WDG 10 oz ..................................................  15.2   b 28.2     de 20.1      de 35.5   bc 
  3. Captan 80WDG 10 oz + Topsin M 70W 4 oz ..............    2.6 a 4.3 a 3.0 a 11.1 a  
  4. Captan 80WDG 10 oz + ProPhyt 4.2E 10 fl oz ............    3.2 a 7.5 ab 11.1   bcd 24.1   b 
  5. Capt-80 10 oz + Topsin M 70W 4 oz (30 May-10 Jul) 
   Pristine 38WDG  5 oz (1, 21 Aug) ...........................    1.6 a 2.9 a 4.2 ab 11.4 a  
  6. Omega 4SC 4.6 fl oz ....................................................    6.6 ab 18.3   cd 15.4   cde 34.5   bc 
  7. Omega 4SC 4.6 fl oz plus Damoil 1 % ........................  10.7 ab 36.5       e 17.0   cde 32.4   bc 
  8. Evito 4F 1.3 fl oz ..........................................................    7.0 ab 25.2     de 23.5       e 35.6   bc 
  9. Evito 4F 1.3 fl oz + LI 700 5 fl oz  ...............................    7.3 ab 14.5  bc 12.9   cde 39.4     c 
10. Flint 50WDG  0.67 oz ..................................................    1.7 a 7.4 ab 9.8  bc 35.4   bc 
z Treatments were applied to run-off with a handgun sprayer at 250 psi on 30 May, 21 Jun, 10 Jul, and 1 and 21 Aug. 
y Seventy-five fruit per tree were harvested from Empire trees on 29 Sep and from Golden Delicious trees on 3 Oct.  After 

harvest, Empire fruit were held at 37° F until 28 Oct when they were evaluated for the first time.  Fruit were 
subsequently incubated at 70° F and 100% relative humidity for 14 days prior to the second evaluation.  Golden 
Delicious fruit were evaluated within a few days of harvest, were incubated as described for Empire for 19 days prior 
to the second evaluation. Fruit with decays or lenticel spots evident at the first evaluation were discarded; therefore 
decays and lenticel spots on incubated fruit represent new infections that developed during incubation. 

x Numbers within columns followed by the same letter do not differ significantly as determined using Fisher’s Protected 
LSD (P≤0.05).  The angular transformation was used for statistical analyses, but the arithmetic means are shown. 

 
 
 
Table 2.  Percent fruit downgraded from US Extra Fancy due to flyspeck and/or sooty blotch: 

             Empirey                        Golden Deliciousy  
Formulated product applied harvest incubated harvest incubated 
 per 100 gal of dilute sprayz 29 Sep 19 days 3 Oct 14 days 

  1. Unsprayed control ........................................................  48.5  bx 68.7     d 92.5  b 100.0       e 
  2. Captan 80WDG 10 oz ...................................................   2.0 a 4.1  bc 0.7 a 18.6     d 
  3. Captan 80WDG 10 oz + Topsin M 70W 4 oz ...............   0.0 a 0.0 a 0.0 a 3.9   b 
  4. Captan 80WDG 10 oz + ProPhyt 4.2E 10 fl oz .............   0.0 a 1.3 ab 1.0 a 7.9  bc 
  5. Capt-80 10 oz + Topsin M 70W 4 oz (30 May-10 Jul) 
   Pristine 38WDG  5 oz (1, 21 Aug) ...........................    0.0 a 0.0 a 0.0 a 0.0 a 
  6. Omega 4SC 4.6 fl oz .....................................................   0.3 a 0.6 ab 0.0 a 8.5  bc 
  7. Omega 4SC 4.6 fl oz plus Damoil 1 % .........................   1.7 a 9.4     c 0.3 a 10.1    cd 
  8. Evito 4F 1.3 fl oz ...........................................................   0.7 a 1.7 abc 1.0 a 10.2  bc 
  9. Evito 4F 1.3 fl oz + LI 700 5 fl oz  ................................   0.7 a 1.0 ab 0.0 a 9.1  bcd 
10. Flint 50WDG  0.67 oz ...................................................   0.3 a 1.7 abc 1.0 a 7.7  bc 
z,y,x See footnotes under Table 1. 
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Table 3.  Incidence of sooty blotch, lenticel spots, and decays on Golden Delicious (% fruit infected)y 

     rots > 3 mm 
Formulated product applied           sooty blotch                  lenticel spotsw          at harvest 
 per 100 gal of dilute sprayz 3 Oct incubated 3 Oct incubated on 3 Octw 

  1. Unsprayed control .........................................  96.1     cx 100.0       e 14.7       d 31.6        e 13.6   bc 
  2. Captan 80WDG 10 oz ....................................   2.4 ab   37.7     d 6.0   bc 13.5   bc 4.4 a 
  3. Capt-80 10 oz + Topsin M 70W 4 oz .............   0.0 a     9.2 a 5.0 abc 12.9   bc 2.7 a 
  4. Capt-80 10 oz + ProPhyt 4.2E 10 fl oz ...........   1.3 ab   12.2 abc 5.3 abc 17.9    cd 4.6 ab 
  5. Captan 80WDG 10 oz  
    + Topsin M 70W 4 oz (30 May-10 Jul)  
   Pristine 38WDG  5 oz (1, 21 Aug) ...............   0.0 a     3.5 a 3.0 ab 5.2 a 1.6 a 
  6. Omega 4SC 4.6 fl oz ......................................   0.0 a     9.2 ab 6.9   bc 13.3   bc 6.6 abc 
  7. Omega 4SC 4.6 fl oz plus Damoil 1 % ..........   0.7 a   14.8 abc 9.8     cd 24.8      de 18.1     c 
  8. Evito 4F 1.3 fl oz ............................................   1.2 ab   24.1  bcd 3.0 a 8.7 ab 4.0 a 
  9. Evito 4F 1.3 fl oz + LI 700 5 fl oz  .................   1.0 ab   26.0    cd 3.6 ab 7.1 ab 0.7 a 
10. Flint 50WDG  0.67 oz .....................................  7.3   b   26.2  bcd 5.3 abc 14.7   bcd 3.6 a 
z,y,x See footnotes under Table 1. 
w Lenticel spots and fruit rots were attributable to either Botryosphaeria obtusa (black rot) or B. dothidea (white rot). 
 
 
 
Table 4.  Fruit finish evaluation and incidence of decays on Golden Delicious after incubation (% fruit infected)z 

 total fruit black/     fruit russet ratings: v   
Formulated product applied with any white bitter mean      russet 
per 100 gal of dilute sprayy decay rot w rot w russet     rating >2  

  1. Unsprayed control ..............................................................   7.4 ax 6.4 a 0.6 a 2.22 a 22.0 a 
  2. Captan 80WDG 10 oz ........................................................   3.1 a 2.5 a 0.7 a 2.50 abc 46.6 a 
  3. Captan 80WDG 10 oz + Topsin M 70W 4 oz ....................   2.5 a 2.1 a 0.3 a 2.27 ab 40.3 a 
  4. Captan 80WDG 10 oz + ProPhyt 4.2E 10 fl oz ..................   7.4 a 5.1 a 2.3 a 2.51 abc 50.3 a 
  5. Capt-80 10 oz + Topsin M 70W 4 oz (30 May-10 Jul) 
   Pristine 38WDG  5 oz (1, 21 Aug) .................................   2.8 a 2.1 a 0.0 a 2.60   bc 53.1 a 
  6. Omega 4SC 4.6 fl oz ..........................................................   2.6 a 2.3 a 0.4 a 2.60   bc 49.8 a 
  7. Omega 4SC 4.6 fl oz plus Damoil 1 % ..............................   8.5 a 5.5 a 1.4 a 2.76     c 67.7 a 
  8. Evito 4F 1.3 fl oz ................................................................   2.4 a 2.4 a 0.0 a 2.43 abc 41.8 a 
  9. Evito 4F 1.3 fl oz + LI 700 5 fl oz  .....................................   2.6 a 2.2 a 0.4 a 2.47 abc 45.5 a 
10. Flint 50WDG  0.67 oz ........................................................   4.3 a 2.4 a 1.6 a 2.58   bc 55.1 a 

P-values from statistical analyses ................................................ 0.210 0.511 0.486 0.115 0.067 
z,y,x See footnotes under Table 1. 
w Fruit decays were identified based solely on symptoms observed on the apples. 

v Fruit russet ratings were determined by observing the most russetted side of the fruit and then rating that face using a 
scale of 1 to 5 wherein 1 = no russet, 2 = raised lenticels, and 3-5 = slight russet, moderate russet, or severe russet. 



2008 Final Report, Rosenberger et al.  Page 26 
 
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  
 Black rot/white rot fruit decay; Botryosphaeria sp. 

 
Effectiveness of ProPhyt used alone or with Captan, Topsin M, or Pristine to control summer diseases of apples, 2008. 
 

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 fungicides. Fungicides and rates/A for treatments applied to the 
entire block with an airblast sprayer between petal fall and the start of this experiment included Penncozeb 75DF 3 lb plus 
Bayleton 50W 4 oz on 14 May; Penncozeb 3 lb plus Flint 50WDG 2 oz on 21 May; Flint 2 oz on 3 June, and Rally 5 oz plus 
Flint 2 oz on 25 June..  Test treatments were applied using a high-pressure handgun at 250 psi on 16, 31 July, 13 Aug, 16 Sep.  

Seventy-five fruit per tree were harvested at commercial maturity on 11 Sep (Honeycrisp), 25 Sep (Royal Court), and 15 
Oct (Cameo). Accumulated rainfall (and in parenthesis: hours of wetting) between all of the spray dates beginning at petal fall 
(14, 21 May, 3, 25 Jun, 16, 31 Jul, 13 Aug, and 16 Sep) were as follows: 1.0 in. (56 hr), 0.3 in. (29 hr), 2.7 in. (134 hr), 2.0 in. 
(96 hr), 2.2 in. (67 hr), 3.3 in. (121 hr), 5.0 in.  (289 hr). Accumulated rainfall and hours of wetting between the last spray on 
13 Aug and Honeycrisp harvest on 11 Sep was 4.1 in. and 248 hr. Accumulated rainfall (and hours of wetting) between the last 
spray on 16 Sep and harvest dates for Royal Court and Cameo were 0.2 in. (31 hr) and 1.7 in (142 hr), respectively.  Wetting 
periods were recorded using a DeWitt string recorder. Both the Honeycrisp and Royal Court fruit were rated for sooty blotch, 
flyspeck, and summer fruit rots or lenticel spots immediately after harvest.  Cameo fruit were stored at 37° F for 20 to 30 days 
after harvest before harvest evaluations were completed. 

Compared to the unsprayed control, ProPhyt applied alone reduced both the incidence of flyspeck (Tables 1-3) and the 
percent of fruit out of grade due to flyspeck and sooty blotch (Table 4).  However, the higher rate of ProPhyt was significantly 
more effective than the lower rate for only one of those five comparisons (see data for flyspeck on Royal Court, Table 2). 
Considering the same five datasets shown in Tables 1-4, treatments involving ProPhyt plus Captan were always more effective 
than Captan applied alone, but both rates of ProPhyt used with Captan provided similar results.  The combination of Topsin M 
plus ProPhyt at 8 fl oz was more effective than Topsin M alone in three of the five datasets whereas Topsin M plus ProPhyt at 
16 fl oz was more effective than Topsin M alone in all five datasets.  The addition of ProPhyt at 8 fl oz boosted activity of 
Pristine in only two of the five datasets whereas adding ProPhyt at 16 fl oz boosted activity of Pristine in all five datasets. 
When Topsin M and Pristine were compared either as products used alone or in combinations with ProPhyt, these two 
fungicides consistently produced comparable results in all of the datasets shown in Tables 1-5. 

Treatment effects on control of fruit decays caused by black rot and white rot were considerably different from results 
observed for flyspeck and fruit down-graded for flyspeck and sooty blotch. Compared to the unsprayed control, ProPhyt used 
alone reduced the incidence of fruit decays in only one of the six comparisons shown in Tables 5-7, and that occurred with the 
low rate of ProPhyt on Royal Court.  The addition of ProPhyt to Captan improved decay control only for the high rate  of 
ProPhyt applied to Royal Court. Neither the high nor the low rate of ProPhyt had any effect on decay control when it was used 
in combinations with Topsin M or Pristine.  Based on comparisons of grand means, Pristine provided the best control of decays 
on Honeycrisp, Topsin M was the best on Royal Court, and Topsin M and Pristine were equally effective on Cameo. 

Results from this experiment confirm results from previous trials showing that the combination of ProPhyt plus Captan 
controls flyspeck significantly better than Captan alone and usually provides results comparable to that provided by a 
combination of Topsin M plus Captan.  Topsin M plus Captan was not included in the two-way statistical analyses in this trial, 
but the means for Topsin M plus Captan are shown in footnotes below each table and were comparable to those from ProPhyt 
plus Captan treatments.  Even low rates of ProPhyt (8 fl oz/100 gal or 1.5 pints/A) significantly improved flyspeck activity of 
Captan (and sometimes of Topsin M and Pristine as well), but the addition of ProPhyt had little benefit for controlling fruit 
decays.  In contrast to our results from 2007, ProPhyt frequently boosted flyspeck control achieved with both Topsin M and 
Pristine, and in 50 percent of the comparisons, the high rate was significantly better than the low rate in these combinations. 
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Table 1. Percent Honeycrisp apples with flyspeck as determined by evaluating 75 fruit per tree after harvest on 11 Sep 08 
Material and rate of Simple means for percent fruit with flyspeckz  Grand means 
formulated product  Fungicide Mixed with ProPhyt 4.2L for effects of 
per 100 galx alone   8 fl oz 16 fl oz fungicides 
No fungicide ..........................................................  98.1           f 45.6         e 36.7        de 60.2      C 
Captan 80WDG  10 oz ..........................................  46.9         e 20.9   bcd 10.7   bc 26.1    B 
Topsin M 70WDG 4 oz  ........................................  27.8     cde 12.0   bc 5.9 ab 15.2 AB 
Pristine 38WDG 5 oz ............................................  17.7   bcd 10.0 abc 1.1 a 9.6 A 
Grand mean for effects of ProPhyt .......................  47.6 C 22.1 B 13.6 A 
z 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. The 
angular transformation was used for statistical analysis of percentage data, but the arithmetic means are shown. The P-
values for effects of fungicides, ProPhyt, and their interaction were <0.001, <0.001 and 0.018 respectively. A standard 
treatment of Topsin M 4 oz plus Captan 80WDB 10 oz (not included in the statistical analysis) resulted in 19.8% infected 
fruit. 

x Treatments were applied on 16 Jul, 31 Jul, 13 Aug, and 16 Sep, but Honeycrisp fruit were harvested prior to the final spray. 
 
 
 
Table 2. Percent Royal Court apples with flyspeck as determined by evaluating 75 fruit per tree after harvest on 25 Sep 08 
Material and rate of Simple means for percent fruit with flyspeckz  Grand means 
formulated product  Fungicide Mixed with ProPhyt 4.2L for effects of 
per 100 galx alone   8 fl oz 16 fl oz fungicides 
Control ..................................................................  97.1        g 47.0          e 25.0   bcd  56.4     C 
Captan 80WDG  10 oz  .........................................  77.0       f 24.6   bcd 18.0 abcd  39.8   B 
Topsin M 70WDG  4 oz ........................................  27.9  cd 10.9 ab 12.0 ab  16.9 A 
Pristine 38W  5 oz .................................................  34.5   de 15.2 abc 9.2 a  19.6 A 
Grand mean for effects of ProPhyt .......................  59.1 C 24.4 B 16.0 A 
See footnotes under Table 1 for details of statistical analyses and spray timing.  For Royal Court, the 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 17.0% infected fruit. 

 

 

 

Table 3. Percent Cameo apples with flyspeck as determined by evaluating 75 fruit per tree after harvest on ??? Oct 08 

Material and rate of Simple means for percent fruit with flyspeckz  Grand means 
formulated product  Fungicide Mixed with ProPhyt 4.2L for effects of 
per 100 galx alone   8 fl oz 16 fl oz fungicides 
Control ..................................................................  99.7             g 44.1         e 32.9       de 64.8     C 
Captan 80WDG  10 oz  .........................................  73.7           f 14.9   bc 16.8   bc 38.1   B 
Topsin M 70WDG  4 oz ........................................  28.2     cde 11.0 ab 6.5 ab 14.6 A 
Pristine 38W  5 oz .................................................  24.1     cd 11.0 ab 4.2 a 13.1 A 
Grand mean for effects of ProPhyt .......................  61.9 B 20.3 A 14.6 A 
See footnotes under Table 1 for details of statistical analyses and spray timing.  For Cameo, the 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 13.9% infected fruit. 
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Table 4. Percent of fruit downgraded from US Extra Fancy grade due to flyspeck and sooty blotch present at harvest. 
           Royal Court harvested 25 Sep 08                    Cameo harvested 15 Oct 08   
Material and rate of Simple means: % out of grade  Grand means Simple means: % out of grade  Grand means 
formulated product  fungicide with ProPhyt 4.2L for effects of fungicide with ProPhyt 4.2L for effects of 
per 100 galx alone 8 fl oz 16 fl oz fungicides alone 8 fl oz 16 fl oz fungicides 
Control ............................  86.4     f 10.5      d 4.4  bcd 33.7   C 96.4     f 15.5      d 7.6    cd 47.9    C 
Captan 80WDG  10 oz  ...  39.5    e 1.7 abc 1.4 ab 14.2  B 42.9    e 4.6   bc 2.7 abc 18.8  B 
Topsin M 70WDG  4 oz ..    6.9 cd 0.0 a 0.2 ab 2.4 A 11.0 cd 2.3 abc 0.0 a 4.1 A 
Pristine 38W  5 oz ..........     7.9 cd 2.1 abc 0.4 ab 3.5 A 9.6 cd 1.9 abc 1.2 ab 4.2 A 
Grand mean:ProPhyt .......  35.2 B 3.6 A 1.6 A  46.1 B 5.3 A 2.9 A 
See footnotes under Table 1 for details of statistical analyses and spray timing. For both Royal Court and Cameo, the P-values 

for effects of fungicides, ProPhyt, and their interaction were all <0.001. Topsin M 4 oz plus Captan 80WDB 10 oz (not 
included in the statistical analysis) resulted in 2.5% downgraded fruit for Royal Court and 3.1% for Cameo. 

 
 
Table 5. Percent Honeycrisp apples with black rot and/or white rot fruit decays when harvested 11 Sep 08 
Material and rate of Simple means for percent fruit with decayz   Grand means 
formulated product  Fungicide Mixed with ProPhyt 4.2L for effects of 
per 100 galx alone   8 fl oz 16 fl oz fungicides 
Control ..................................................................  31.8     cd 32.4     cd 16.2 abc  26.8  BC 
Captan 80WDG  10 oz  .........................................  27.9     cd 26.1     cd 44.0       d 32.6     C 
Topsin M 70WDG  4 oz ........................................  21.1   bc 21.6   bc 18.2   bc  20.3   B 
Pristine 38W  5 oz ................................................     9.3 ab 4.1 a 19.3   bc  10.9 A 
Grand mean for effects of ProPhyt .......................  22.5 A 21.1 A 24.4 A 
See footnotes under Table 1 for details of statistical analyses and spray timing.  For Honeycrisp, the P-values for effects of 

fungicides, ProPhyt, and their interaction were <0.001, 0.704, 0.090 respectively. A standard treatment of Topsin M 4 oz 
plus Captan 80WDB 10 oz (not included in the statistical analysis) resulted in 16.5% infected fruit. 

 
Table 6. Percent Royal Court apples with black rot and/or white rot fruit decays when harvested 25 Sep 08 
Material and rate of Simple means for percent fruit with decayz    Grand means 
formulated product  Fungicide Mixed with ProPhyt 4.2L for effects of 
per 100 galx alone   8 fl oz 16 fl oz fungicides 
Control ................................................................... 21.3       de 13.8   bcd 20.3       de 18.5     C 
Captan 80WDG  10 oz  .........................................  24.8          e 21.1       de 16.3     cd 20.7     C 
Topsin M 70WDG  4 oz ......................................... 10.1 abc 8.6 ab 6.5 a 8.4 A 
Pristine 38W  5 oz ................................................   12.8   bc 10.6 abc 14.7   bcd 12.7   B 
Grand mean for effects of ProPhyt ........................ 17.3 A 13.5 A 14.5 A 
See footnotes under Table 1 for details of statistical analyses and spray timing.  For Royal Court, the P-values for effects of 

fungicides, ProPhyt, and their interaction were <0.001, 0.163 and 0.311 respectively. A standard treatment of Topsin M 4 
oz plus Captan 80WDB 10 oz (not included in the statistical analysis) resulted in 10.3% infected fruit. 

 
Table 7. Percent Cameo apples with black rot and/or white rot fruit decays when harvested 15 Oct 08 
Material and rate of Simple means for percent fruit with decayz    Grand means 
formulated product  Fungicide Mixed with ProPhyt 4.2L for effects of 
per 100 galx alone   8 fl oz 16 fl oz fungicides 
Control ..................................................................  13.5         e 9.2     cde 7.5   bcde 10.6   B 
Captan 80WDG  10 oz  .........................................  10.6       de 3.4 abcd 6.2   bcde 7.0   B 
Topsin M 70WDG  4 oz ........................................    3.0 abc 5.2 abcde 0.9 a 2.9 A 
Pristine 38W  5 oz ..................................................   3.1 abcd 2.6 abc 1.9 ab 2.5 A 
Grand mean for effects of ProPhyt .......................    8.3 A 4.5 a 4.6 A 
See footnotes under Table 1 for details of statistical analyses and spray timing.  For Royal Court, the P-values for effects of 

fungicides, ProPhyt, and their interaction were 0.013, 0.390 and 0.428 respectively. A standard treatment of Topsin M 4 
oz plus Captan 80WDB 10 oz (not included in the statistical analysis) resulted in 7.3% infected fruit. 



2008 Final Report, Rosenberger et al.  Page 29 
 
APPLE (Malus ×domestica  'Royal Court,' 'Cameo') D. A. Rosenberger, F. W. Meyer, and A. L. Rugh 
 Apple scab; Venturia inaequalis Cornell's Hudson Valley Laboratory 
  PO Box 727, Highland, NY  12528  
 
Effects of Application Methods on Efficacy of Phosphite Fungicides Applied to Control Apple Scab, 2008. 
 

Methods: This trial was designed to determine if application methods would affect scab control provided by phosphite 
fungicides applied at the silver-tip bud stage.  In a previous trial in 2007 (PDMR 2:PF028), phosphite fungicides applied as 
trunk sprays failed to control apple scab during the prebloom period.  In this trial we compared effectiveness of ProPhyt 
(54.5% potassium phosphite; 4.2 lb/gal phosphorous acid equivalent) applied as a weekly foliar spray, as a soil surface spray at 
silver-tip, and in crown drenches applied at silver-tip. Crown drenches were evaluated using ProPhyt alone or 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 combination of Agri-Fos (53.6% mono- and di-
potassium salts of phosphorous acid; 3.35 lb/gal phosphorous acid equivalent) plus PentraBark was also tested as a crown 
drench.  

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.  Mean trunk diameter 1 ft above ground was 2.9 inches for Royal Court 
trees, and the trunks of the other cultivars were similar in size. Treatments were replicated four times in a randomized block 
design using plots that contained one tree of each cultivar. Phenology of Royal Court trees was as follows: 9 Apr - silver tip,  
12 Apr — green tip, 17 Apr – quarter-inch green, 24 Apr - tight cluster, 29 April - pink, 6 May – full bloom, 14 May - petal 
fall.  The first apple scab infection period occurred 28-29 Apr (33 hr, 48 °F), with additional infection periods 1-4 May (41 hr, 
49 °F), 9-10 May (28 hr, 49 °F), 15-17 May (34 hr, 51 °F), 21-22 May (21 hr, 51 °F), 31 May-5 Jun (78 hr, 66 °F). There were 
10 additional secondary infection periods in June and seven in July. The first scab lesions appeared in unsprayed trees on 14 
May. Rainfall totals for various periods between silver tip and petal fall were 0.43 in. for 11-13 Apr, 1.58 in. for 27-29 Apr, 
0.27 in. for 1-5 May, and 0.5 in. for 9-10 May. Thus, there should have been sufficient rainfall to carry soil-applied ProPhyt to 
tree roots. 

Crown and soil surface treatments were applied 9 and 10 Apr, respectively. For crown treatments, 4 fl oz of ProPhyt was 
mixed into each gallon of final fungicide solution and trees were treated by pouring 1 qt of fungicide solution over the lower 
trunk of each tree in such a way that the solution wetted the trunks starting about a foot above ground and then ran down over 
the crowns and soaked into the soil near crown. Thus, crown applications resulted in application of 1 fl oz of ProPhyt per tree, 
and the ProPhyt concentration used for soil surface sprays was adjusted to deliver a similar amount of ProPhyt per tree. 

Soil surface sprays were applied to the area within the herbicide strip and beneath the canopy of each tree (7.5-ft by 7.5-ft 
squares in this trial) using timed output from a Solo hand-pumped backpack sprayer. The intent of the soil surface applications 
was to simulate what would occur if ProPhyt had been mixed with herbicides that are typically applied in spray volumes of 30 
gal per treated acre. Given the tree spacing in this block (7.5 ft between trees), application of 5 fl oz of spray solution per tree 
translated to 30 gal per treated acre. To match the amount of ProPhyt applied per tree in crown applications, ProPhyt was 
added to water in the Solo sprayer in a 1:4 ratio so that we ended up with 1 fl oz of ProPhyt for every 5 fl oz of final spray 
solution.  (Our final output from the timed sprays, as determined at the end of the applications, was slightly less than originally 
calculated and therefore resulted in application of only 0.9 fl oz of product per tree via soil surface applications.) The spacing 
between rows in our test planting was 25 ft, but commercial plantings with trees of this size would have utilized a 15-ft spacing 
between rows, thereby resulting in a planting density of 387 trees per acre.  At 387 trees per acre, application of 1 fl oz per tree 
would require 3 gal of ProPhyt per acre of actual orchard.   

Dithane and ProPhyt foliar sprays (trts 2 and 3) were applied 10, 17, 25 Apr, and 1 and 8 May except that the ProPhyt 
spray was inadvertently omitted on 25 Apr.  To compensate for that omission, Rally 40W 2 oz/100 gal was added to the 
ProPhyt foliar sprays on 1 May so as to eliminate infections that might have occurred during the 28-29 Apr scab infection 
period. All plots were sprayed with Bayleton 50WDG  4 oz/A on 1 May to control rust diseases. Normal cover sprays initiated 
at petal fall and their rates/A included Penncozeb 3 lb plus Bayleton  4 oz at petal fall on 14 May, Penncozeb 3 lb plus Flint 
50WDG 2 oz on 21 May, Flint  2 oz on 3 Jun, and Rally 5 oz plus Flint 2 oz on 25 Jun. Cover sprays were applied to all plots 
including controls using an airblast sprayer that delivered 100 gal of spray solution per acre. 

Apple scab incidence was evaluating by observing all leaves on 15 clusters per tree on 1 Jul, 25 fruitlets per tree on 24 Jun, 
and the 6 most basal leaves on 15 shoots per tree on 3 Jul. We evaluated only the six oldest leaves per shoot because leaves 
further out on terminal shoots unfolded only after cover sprays were initiated.  Apple scab on fruit was assessed again when 
fruit were mature by harvesting and observing 75 Royal Court fruit per tree on 25 Sep and 75 Cameo fruit per tree on 15 Oct. 

 
Results: None of the treatments involving phosphite fungicides provided acceptable control of apple scab on leaves except 

that the foliar spray program involving ProPhyt and Rally was comparable to weekly sprays of Dithane for controlling foliar 
scab on Cameo.  On cluster leaves, much of the control shown for the ProPhyt/Rally foliar sprays can be attributed to the Rally 
fungicide that was applied to those trees on 1 May. The first scab infection period occurred 27-28 April, and Rally applied on 1 
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May would have eradicated any infections that might have occurred during the first infection period. Rally applied on 1 May 
presumably protected leaves from infections during the rains that occurred on 1-4 May, but Rally applied alone on 1 May 
would no longer have been effective during the rains that occurred 9-10 May.  Leaves on terminal shoots normally develop 
during bloom and therefore should not have been directly exposed to Rally applied on 1 May when trees were still at the pink 
bud stage, so the fact that the ProPhyt/Rally treatment suppressed scab on Cameo terminal leaves suggests that ProPhyt 
impacted scab control in this treatment. The ProPhyt/Rally foliar spray program was less effective on Royal Court trees.  
Disease incidence on fruit was so low that none of the treatments could be differentiated from the control trees that received no 
apple scab sprays prior to petal fall. Further work with foliar sprays involving combinations of ProPhyt and DMI or strobilurin 
fungicides may be warranted, but results from this trial indicate that little scab control can be expected where ProPhyt is 
applied alone as a crown drench or in soil surface sprays. 

 
Table 1:     Cluster leaves with scab (%)y      Terminal leaves with scab (%)y  
Fungicides, rates of application, Cortland Cameo Grand Cortland Cameo Grand 
and application method used z 1 Jul 1 Jul means 3 Jul 3 Jul means 
1. Control ............................................................  30.0     d w 12.3    cv 21.2      d 17.5    c w 29.7       e 23.6        e 
2. Dithane 75DF 1 lb/100 foliar sprays ...............    0.5 a   0.2 a 0.4 a 1.1 a 2.5 a 1.8 a 
3. ProPhyt 4.2E 21.3 fl oz/100 foliar spray 
 (includes Rally 40W 2 oz/100 on 1 May)    5.5  b   1.0 a 3.2  b 5.8  b 3.3 ab 4.6 ab 
4. ProPhyt 4.2E 0.9 fl oz/tree to soil ...................  31.7    d   9.5  bc 20.6   cd 9.7  bc 29.7       e 19.7       de 
5. ProPhyt 4.2E 1 fl oz/tree to crown ..................  30.8    d   6.7  b 18.7   cd 11.9  bc 16.7    cd 14.3     cd 
6. ProPhyt 4.2E 1 fl oz/tree + PB x to crown  ......  28.1  cd   8.1  bc 18.1   cd 8.9  bc 8.6  bc 8.8   bc 
7. Agri-Fos 3.35L 1 fl oz/tree + PB x to crown ...  21.3  c   8.8  bc 15.1   c 11.9  bc 25.6     de 18.8       de 
z Crown and soil treatments were applied 9 and 10 Apr, respectively.  Dithane and ProPhyt foliar sprays (trts 2 and 3) were 

applied 10, 17, 25 Apr, 1, 8 May except that the ProPhyt spray was inadvertently omitted on 25 Apr.  To compensate for 
that omission, Rally 40W 2 oz/100 gal was added to the ProPhyt foliar sprays on 1 May so as to eliminate infections that 
might have occurred during the 28-29 Apr scab infection period. All plots were sprayed with Bayleton 50WDG  4 oz/A on 
1 May to control rust diseases and routine scab fungicide sprays were applied to all plots beginning at petal fall. (See text 
for details.) 

y Data collected by observing all leaves on 15 clusters per tree on 1 Jul; 25 fruitlets per tree on 24 Jun; the 6 oldest leaves on 15 
terminal shoots per tree on 3 Jul. 

x ProPhyt and AgriFos solutions applied to crowns in trts 6 and 7 included Pentra-Bark at 3 fl oz/gal (= 0.75 fl oz/tree). 
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 split-plot analyses across two cultvars.  The angular transformation was used for 
analysis of percentage data, but arithmetic means are reported.   

 
Table 2:                  Fruitlets with scab (%)y   
Fungicides, rates of application, Cortland Cameo Cortland Cameo  
and application method used z 24 Jun 24 Jun harvest harvest  
1. Control .............................................................................................................  2.0 a w   4.0 a v 3.1 a 1.3 a  
2. Dithane 75DF 1 lb/100  foliar spraysx .............................................................  0.0 a   0.0 a 1.3 a 0.0 a  
3. ProPhyt 4.2E 21.3 fl oz/100 foliar spray 
 (includes Rally 40W 2 oz/100 on 1 May) .................................................  0.0 a   0.0 a 2.5 a 0.4 a  
4. ProPhyt 4.2E 1 fl oz/tree to soil .......................................................................  2.0 a   0.0 a 1.7 a 3.1 a  
5. ProPhyt 4.2E 1 fl oz/tree  to crown ..................................................................  1.0 a   0.0 a 2.1 a 1.6 a  
6. ProPhyt 4.2E 1 fl oz/tree + PB x to crown  .......................................................  3.0 a   3.0 a 4.1 a 2.6 a  
7. Agri-Fos 3.35L 1 fl oz/tree + PB x to crown ....................................................  1.0 a   1.0 a 3.2 a 2.3 a  
z See footnote below Table 1. 
y Data collected by observing 75 fruit per tree harvested on 25 Sep (Royal Court) or 15 Oct (Cameo). 
x ProPhyt and AgriFos solutions applied to crowns in trts 6 and 7 included Pentra-Bark at 3 fl oz/gal (= 0.75 fl oz/tree) 
w Numbers within columns followed by the same small letter do not differ significantly as determined by using Fisher’s 

Protected LSD (P≤ 0.05).  The angular transformation was used for analysis of percentage data, but arithmetic means are 
reported.   
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APPLE (Malus ×domestica 'McIntosh,' 'Ginger Gold') D. A. Rosenberger, F. W. Meyer, and A. L. Rugh 
 Apple scab; Venturia inaequalis Cornell's Hudson Valley Laboratory  
  PO Box 727, Highland, NY  12528   
    
Effects of application methods, timing, and rates on efficacy of ProPhyt for controlling scab and rust, 2008. 
!

METHODS: Efficacy of ProPhyt (54.5% potassium phosphite; 4.2 lb/gal phosphorous acid equivalent) for controlling 
apple scab was evaluated using a factorial design that included two application methods (crown and soil), two application 
timings (green tip and tight cluster), and two rates (0.53 and 1.06 fl oz/tree). Other treatments included in the block were an 
untreated control, a Dithane foliar spray applied at weekly intervals (10, 17, 25 Apr, 1, 8 May), a Dithane spray applied only on 
10 and 17 Apr (as was also the case for all the ProPhyt treatments initiated at tight cluster), and a trunk spray of ProPhyt mixed 
1:1 with water. Treatments were replicated four times in a randomized block design in a 10-yr-old orchard containing trees on 
MM.111 rootstocks with M.9 interstems. Each plot consisted of one tree on which the lower scaffolds were McIntosh and the 
upper portion of the trees had been grafted to Ginger Gold.  Foliar sprays of Dithane were applied with a high-pressure 
handgun at 250 psi and trees were sprayed to drip. 

Other treatments involved ProPhyt applied to either the base of trunks (crown treatments) or to the soil in the weed-free 
strip beneath each tree. Soil applications were completed using timed sprays from a hand-pumped backpack sprayer that was 
used to apply ProPhyt solutions uniformly over an 8-ft by 8-ft weed free area beneath each tree.  Our objective was to deliver 
either 3 gal or 6 gal of formulated ProPhyt per treated acre using a total volume of spray solution equal to 30 gal per sprayed 
acre. This volume of spray solution per acre is consistent with the rate commonly used when applying herbicides to tree fruit, 
and our objective was to investigate if ProPhyt might eventually be applied with herbicide sprays, thereby eliminating the need 
for any extra labor or fuel to make the applications. In order to apply 3 and 6 gal per treated acre of Prophyt in a final volume 
of 30 gal per treated acre, we mixed either 12 or 24 fl oz of ProPhyt into 1 gal of water and then applied roughly 5.6 fl oz of 
this spray mixture to the area beneath each tree.  At this rate/A, trees in this orchard ultimately received 0.53 or 1.06 fl oz of 
formulated ProPhyt per tree.  For crown applications, the solution concentrations were adjusted so that trees also received 
either 0.53 or 1.06 fl oz of formulated ProPhyt per tree in a final volume of 1 qt/tree.  The quart of mixed ProPhyt solution was 
applied by pouring the solution over the trunk in such a way that the trunk and crown were wetted on all sides, with the 
remainder of the treatment solution being absorbed into the soil around the crown.  These crown and soil treatments were also 
compared with a standard program of Dithane applied as a foliar spray at roughly weekly intervals and with a treatment in 
which ProPhyt was applied as a trunk spray 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.  

McIntosh bud stages were 7 Apr - green tip, 17 Apr – half-inch green, 22 Apr - tight cluster, 25 April - pink, 2 May – full 
bloom, 11 May - petal fall.  The first apple scab infection period occurred 28-29 Apr (33 hr, 48 °F), with additional infection 
periods 1-4 May (41 hr, 49 °F), 9-10 May (28 hr, 49 °F), 15-17 May (34 hr, 51 °F), 21-22 May (21 hr, 51 °F), 31 May-5 Jun 
(78 hr, 66 °F). There were 10 additional secondary infection periods in June and seven in July. The first scab lesions appeared 
in unsprayed trees on 14 May. Rainfall totals for various periods between silver tip and petal fall were 0.43 in. for 11-13 Apr, 
1.58 in. for 27-29 Apr, 0.27 in. for 1-5 May, and 0.5 in. for 9-10 May. Thus, there should have been sufficient rainfall to carry 
soil-applied ProPhyt to tree roots. Beginning at petal fall, the entire block including control trees were sprayed with fungicides 
using an airblast sprayer calibrated to deliver 100 gal of spray solution per acre.  Sprays applied to the entire block and rates 
per acre were as follows: 14 and 21 May — Penncozeb 75 DF 3 lb plus Bayleton 50WDG 4 oz; 3 and 13 Jun— Flint 50WEG 2 
oz; 25 Jun— Rally 40W 5 oz plus Captan 80WDG 30 oz.  

RESULTS: Because of the dry prebloom weather and low scab inoculum in this block, relatively little scab developed on 
cluster leaves and no differences among treatments were evident on Ginger Gold cluster leaves (Table 1).  For McIntosh cluster 
leaves and for grand means across both cultivars, treatments 2, 6, and 7 had less scab than the controls. Scab incidence was 
higher on shoot leaves evaluated in late May, but only the Dithane foliar spray (trt 2) reduced scab incidence on shoot leaves 
below levels observed on the controls.  

Scab incidence on fruitlets was so low as to preclude detection of treatment effects during evaluations conducted in late 
May.  However, when Ginger Gold fruit were harvested on 22 August, treatments 2, 4, 5, 10, and 12 had less scab than the 
control plots.  However, the two Dithane sprays applied on 10 and 17 Apr resulted in scab control that was not significantly 
different from that observed in any of the plots where Dithane sprays applied on those same dates were followed with ProPhyt 
soil or crown treatments. 

Although disease pressure during the prebloom period was relatively low in this trial, trees still developed enough scab to 
allow differentiation of treatment effects as evidenced by the fact that Dithane foliar sprays (trt 2) provided statistically 
significant scab control for eight of the 11 datasets shown in Tables 1 and 2.  None of the ProPhyt treatments provided 
consistent control of scab.  Thus, ProPhyt used alone does not appear to hold any promise for controlling apple scab during the 
prebloom and bloom periods. 
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Table 1: Cluster leaves with scab (%)y Shoot leaves with scab (%)y  
Fungicide, application method, and rate of  GGold McIntosh Grand GGold           McIntosh  
formulated product applied z 29 May 27 May means 29 May 27 May 21 Aug 
  1. Control (no sprays until petal fall) .............................  1.0 abc x 3.9     c x 2.4       d x 13.7   bc x 11.5   b x 14.7     cd 
  2. Dithane 75 DF  1 lb/100 gal foliar spray  ..................  0.0 a 0.0 a 0.0 a 0.5 a 0.0 a  0.6 a 
  3. ProPhyt 4.2E 0.53 fl oz/tree soil spray at GT ............  0.9 abc 1.9  bc 1.4   bcd 9.1   b 7.5   b 10.9   bcd 
  4. ProPhyt 4.2E 1.06 fl oz/tree soil spray at GT ............  2.9     c 2.1  bc 2.5       d 11.8   bc 7.3   b 16.4       d 
  5. ProPhyt 4.2E 0.53 fl oz/tree crown drench at GT ......  0.0 a 1.6 abc 0.8 abc 13.2   bc 6.8   b   8.2   b 
  6. ProPhyt 4.2E 1.06 fl oz/tree crown drench at GT ......  2.2     c 1.3 ab 1.7   bcd 15.6     c 10.7   b 15.8       d    
  7. ProPhyt 4.2E + Pentra-Bark trunk spray at GT .........  0.6 ab 0.0 a 0.3 ab 13.2   bc 8.7   b   9.8   bc 
  8. Dithane 75DF  1 lb  (10 & 17 Apr) ............................  1.9   bc 2.5  bc 2.2       d 11.9   bc 11.7   b   9.8   bc 
  9. Dith. 2X, then  ProPhyt soil 0.53 fl oz/tree (TC) ........ 0.7 abc 2.6  bc 1.6   bcd 9.5   b 10.2   b 14.6     cd 
10. Dith. 2X, then ProPhyt soil 1.06 fl oz/tree (TC) ........  0.5 ab 1.5  bc 1.0   bcd 11.4   bc 8.0   b 13.6   bcd 
11. Dith. 2X, then ProPhyt crown 0.53 fl oz/tree (TC) ....  0.0 a 1.8  bc 0.9 abcd 12.6   bc 9.8   b 16.3       d 
12. Dith. 2X, then ProPhyt crown 1.06 fl oz/tree (TC) ....  0.4 ab 3.9  bc 2.2     cd 13.1   bc 9.8   b   9.7   bc 
z Dithane Rainshield 75DF 1 lb/100 gal was applied as a foliar spray on 10, 17, 25 Apr, 1, 8 May in treatment 2, but it was 

applied on only the first two of those dates in treatments 8 through 12.  ProPhyt was applied 9 Apr (green tip) for treatments 
3 through 7, whereas it was applied on 21 Apr (tight cluster) for treatments 9 through 12.  All plots were sprayed with 
Penncozeb + Bayleton on 14 May (petal fall). 

y Fifteen clusters per tree along with attached fruitlets and bourse shoots were collected on 27 May (McIntosh) and 29 May 
(Ginger Gold).  All leaves and fruitlets were evaluated for apple scab, resulting in evaluations of an average of 95 and 105 
bourse leaves per tree for McIntosh and Ginger Gold respectively and an average of 29 fruitlets per tree for both cultivars. 
All leaves on 15 McIntosh terminal shoots per tree were evaluated on 21 Aug. 

x 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 of split-plot analysis across two cultivars or to one-way ANOVAs.  The angular 
transformation was used for analysis of percentage data, but arithmetic means are reported. P-values for cluster leaf scab 
were 0.026, 0.003,  and 0.084 for fungicide effects, cultivar effects, and fungicide X cultivar interactions, respectively. 

 
 
 
Table 2:   Fruit with scab (%)   
                 Ginger Gold                                McIntosh  
Fungicide, application method, and rate of   harvest repeated  harvest  
formulated product applied z 29 May 22 Aug measure 27 May 28 Aug  
  1. Control (no sprays until petal fall) ..................................... 0.6 ab  4.5   b 2.6   bc   0.0 a 11.5   bcd 
  2. Dithane 75 DF  1 lb/100 gal foliar spray  .......................... 0.0 a  0.0 a 0.0 a   0.0 a 4.0 a 
  3. ProPhyt 4.2E 0.53 fl oz/tree soil spray at GT .................... 0.8 ab  1.0 ab 0.9 ab   0.0 a 12.5     cde 
  4. ProPhyt 4.2E 1.06 fl oz/tree soil spray at GT .................... 0.0 a  0.0 a 0.0 a   0.0 a 6.5 ab 
  5. ProPhyt 4.2E 0.53 fl oz/tree crown drench at GT .............. 1.7 ab  0.0 a 0.8 ab   0.0 a 12.9       de 
  6. ProPhyt 4.2E 1.06 fl oz/tree crown drench at GT .............. 4.3 ab  2.5 ab 3.4   bc  0.0 a 12.5     cde 
  7. ProPhyt 4.2E + Pentra-Bark trunk spray at GT ................. 2.3 ab  2.0 ab 2.1   bc   0.0 a 17.6         e 
  8. Dithane 75DF  1 lb  (10 & 17 Apr) .................................... 2.8 ab  1.5 ab 2.1   bc   0.0 a 13.4       de 
  9. Dith. 2X, then  ProPhyt soil 0.53 fl oz/tree (TC) ............... 0.0 a   2.0 ab 1.0 abc  0.0 a 13.1       de 
10. Dith. 2X, then ProPhyt soil 1.06 fl oz/tree (TC) ................ 1.0 ab  0.5 a 0.8 ab   0.0 a 14.6       de 
11. Dith. 2X, then ProPhyt crown 0.53 fl oz/tree (TC) ............ 9.2   b  2.0 ab 5.6     c   0.0 a 7.5 abc 
12. Dith. 2X, then ProPhyt crown 1.06 fl oz/tree (TC) ............ 3.3 ab  0.5 a 1.9 abc   0.0 a 14.9       de 
x, y, z See footnotes under Table 1. 
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APPLE (Malus ×domestica  'Golden Delicious') D. A. Rosenberger, F. W. Meyer, and A. L. Rugh 
 Cedar apple rust; Gymnosporangium juniperi-virginianae Cornell's Hudson Valley Laboratory 
 Necrotic leaf blotch; physiological disorder PO Box 727, Highland, NY  12528  

Effects of various fungicide programs on development of necrotic leaf blotch on Golden Delicious, 2008. 

Background: Necrotic leaf blotch (NLB) causes large brown spots on leaves of Golden Delicious during summer.  
Affected leaves often turn yellow and drop from the tree prematurely (Fig. 1). The disease can appear suddenly, sometimes 
with repeated episodes or waves of leaf yellowing, and can cause severe defoliation in August. In studies conducted by T. B. 
Sutton in North Carolina, no organism was identified as the cause of NLB, but fungicide sprays containing zinc and other 
metals sometimes reduced the severity of this disorder.  NLB is considered an abiotic disease or a physiological disorder. 
Recent observations in New York suggest that the same or a related phenomenon may affect leaves on Gala and Fuji trees.  
Brown necrotic lesions that develop on these cultivars sometimes appear at the same time the NLB appears on Golden 
Delicious, but affected leaves on Gala and Fuji seem less likely to develop the bright yellow coloration that occurs with NLB 
on Golden Delicious, and we have not seen as much defoliation of Gala and Fuji. 

 

   
Figure 1: Necrotic leaf blotch on Golden Delicious leaves showing necrotic blotches that appear suddenly during 
     summer (left) and the subsequent leaf yellowing that occurs just before leaves fall to the ground. 

 

Methods: In 2008, NLB developed simultaneously in several plantings used for fungicide trials. Casual observation 
suggested that other fungicides were affecting severity of NLB in our plots in 2008.  Therefore, trees in three different 
fungicide trials were evaluated for NLB severity on 27 Aug by having three observers independently estimate the proportion of 
the soil surface beneath tree canopies that was covered with freshly fallen leaves. Treatments in all of these plots were 
replicated four times and were applied by spraying trees to drip using a handgun with the pressure set at 250 psi.   

Trial A was a full-season fungicide program conducted in a hilltop orchard with mature trees on M.9 rootstocks. One 
replicate in this orchard consisted of trees planted in 1986 and the other three replicates were planted in 1995. Fungicides 
included in the test and application dates are detailed in Table 1.  

Trial B was an apple scab trial conducted in a valley orchard surround by woodlots. The trees were on MM.111 rootstocks 
with M.9 interstems and were planted in 1998. Treatments in this block included an unsprayed control, Dithane foliar sprays 
applied at weekly intervals (trt 2) or applied only twice at the beginning of the season (trt 3), and five treatments involving 
ProPhyt applied either as a soil spray, a crown drench, or a trunk spray (Table 2). Soil applications were completed using timed 
sprays from a hand-pumped backpack sprayer to apply ProPhyt solutions uniformly over an 8-ft by 8-ft weed free area beneath 
each tree. We mixed either 12 or 24 fl oz of ProPhyt into 1 gal of water and then applied 5.6 fl oz of this spray mixture to the 
area beneath each tree.  This resulted in application rates of 0.53 and 1.06 fl oz of formulated ProPhyt per tree and of 3 or 6 gal 
of Prophyt per treated acre delivered in a final volume of 30 gal per treated acre.  

For crown applications, the ProPhyt concentrations were adjusted so that trees also received either 0.53 or 1.06 fl oz of 
formulated ProPhyt per tree in a final volume of 1 qt/tree.  The quart of mixed ProPhyt solution was applied by pouring the 
solution over the trunk in such a way that the trunk and crown were wetted on all sides, with the remainder of the treatment 
solution being absorbed into the soil around the crown.   
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These crown and soil treatments were also compared with a standard program of Dithane applied as a foliar spray at 
roughly weekly intervals and with a treatment in which ProPhyt was applied as a trunk spray 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. A Solo hand-pump 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 trunk spray was applied to run-off. 
Trunks in this orchard averaged 4.35 inches in diameter at 1 ft above ground and required approximately 6.5 fl oz of solution 
per tree for complete wetting of the bark. 

Beginning at petal fall, the entire block including control trees was sprayed with fungicides using an airblast sprayer 
calibrated to deliver 100 gal of spray solution per acre.  Sprays applied to the entire block and rates per acre were as follows: 
Penncozeb 75 DF 3 lb + Bayleton 50WDG 4 oz on 14 and 21 May; Flint 50WDG 2 oz on 3 and 13 Jun; Rally 40W 5 oz + 
Captan 80WDG 30 oz on 25 Jun. 

Trial C was a summer disease fungicide trial conducted in a hilltop orchard with trees on M.9 rootstock planted in 1995.  
In trial C, all plots including controls received the following fungicide treatments to control apple scab, rust diseases, and 
powdery mildew: Penncozeb 75DF 3 lb/A on 25 Apr and 3 May; Rally 40WSB 5 oz/A plus Penncozeb 75DF 3 lb/A on 8 and 
21 May. Test fungicides listed in Table 2 were applied 30 May, 21 Jun, 11 Jul, 30 Jul, and 14 Aug.  

Results: In Trial A (Table 1), NLB severity was highest for control trees and lowest in treatments that included Dithane at 
petal fall and first cover (trts 3, 4, 5, 6).  However, the experimental compound USF 2016A did not include Dithane and also 
suppressed NLB whereas treatments involving Flint (trt 7) and Omega (fluazinam, trt 8) were less effective. Treatments were 
somewhat correlated with incidence of cedar apple rust on leaves (Table 1), and some of the defoliation in plots with severe 
rust infections may have been attributable to rust alone or to a combination of rust and NLB. 

In Trial B, NLB severity was lowest in the control plot and the plot that received weekly sprays of Dithane (Table 2). 
Severity of NLB was elevated in plots that received just two sprays of Dithane (trt 3) and in some of the ProPhyt treatments 
(trts 4, 5, 6).  In Trial C all plots received four applications that included Penncozeb during the period between tight cluster and 
first cover.  Although severity of NLB was greatest in control trees in this trial, the controls still had far less NLB than the most 
severely affected treatments in the other two trials. None of the summer treatments in Trial C involved mancozeb or other 
metal-containing fungicides, but the summer treatments still had differential affects on NLB.  Three of the treatments involving 
Captan (trts 2, 3, 5) had less NLB than the control whereas treatments involving strobilurin fungicides (trts 8, 9, 10) were 
comparable to the control.  Omega reduced NLB severity when applied alone but not when applied with oil. 

Taken all together, results from these trials show that fungicides other than those containing metals can suppress NLB. 
Results from Trial B showed that treatments applied prior to petal fall can affect severity of NLB that appears in August and 
that some treatments can cause NLB to exceed levels observed in unsprayed trees.  In the other two trials, NLB severity was 
greatest in the controls and was suppressed by some of the fungicide treatments. Additional work is required to determine how 
and why fungicides affect NLB.  One hypothesis that has not been investigated to date is that NLB might be triggered when 
leaf microflora (e.g., Aureobasidium pullulans, a common leaf epiphyte on apples) reach toxic levels on leaf surfaces in late 
summer. If leaf microflora play a role in development of NLB, then fungicides that disrupt microflora balances on leaf 
surfaces, as perhaps occurred with many of the treatments in Trial B, could indirectly contribute to increased severity of NLB 
whereas fungicides that suppress microflora (such as mancozeb fungicides or captan) might also suppress NLB. 
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Table 1:  Results from trial A with full-season fungicide programs 
                    Application dates                    Golden Del. Necrotic 
   8 17 25 3 14 25 12 Jun to leaves with leaf   
Fungicide and rate of Apr Apr Apr May May May 13 Aug rust (%) blotch 
formulated product per 100 gal GT HIG TC PK PF 1C 2C-6C z 12 Aug y rating x  
1. Control ..............................................................................  ........  ........  ........  ........  ........  ...........  40.6     c v 50.8     c 
2. USF 2016A   1.33 fl oz ..................................................   X .... X ..... X ..... X ..... X ..... X ......... X 15.1   b 6.7 a 
3. Dithane 75DF  1 lb  ......................................................... X ..... X .......  ...... X .......  
 Enable  2F 2.67 fl oz + LI700  8 fl oz + Dith. 1 lb ........  ........  ...... X .......  ...... X ..... X 
 Enable  2F 2.67 fl oz + LI700  8 fl oz ............................  ........  ........  ........  ........  ........  .......... X   0.3 a    6.7 a 
4. Capt-80 // Rally 40WSB 1.33 oz + Dithane 75DF 1 lb .. c w ..... c ..... X ...... c ..... X ..... X 
 Captan 80WDG 10 oz + Topsin M 70WDG  4 oz ........  ........  ........  ........  ........  ........  .......... X 11.2   b 3.3 a 
5. Captan 80WDG  10 oz // A16001  336SE 3 fl oz ............ c ...... c ..... X ...... c .......  ........  ........... c  
 A16001  336SE 3 fl oz + Dithane 75DF 1 lb ................  ........  ........  ........  ...... X ..... X ..........  10.2   b 2.5 a 
6. Captan 80WDG  10 oz // A16001  336SE 4 fl oz ............ c ...... c ..... X ...... c .......  ........  ........... c  
 A16001  336SE 4 fl oz + Dithane 75DF 1 lb ................  ........  ........  ........  ...... X ..... X ..........  11.4   b 7.5 a 
7. Captan 80WDG  10 oz // Flint 50WDG  0.67 oz ............. c ...... c ..... X ...... c ..... X ..... X .......... c 13.7   b 17.8   b 
8. Captan 80WDG  10 oz // Omega 4SC  4.57 fl oz ............ c ...... c ..... X ..... X ..... X ..... X .......... c 23.3   b 18.3   b 
z Cover sprays were applied 12, 30 Jun, 10, 30 Jul, and 13 Aug. 
y From observation of all leaves on 15 terminal shoots per tree. 
x Rated by estimating the percent of soil area beneath the tree canopy that was covered with freshly fallen leaves on 27 Aug.  
w c = dates when Captan 80WDG 10 oz/100 gal was applied.  X = dates that other products listed were applied. 
v Numbers within columns followed by the same small letter do not differ significantly as determined using Fisher’s Protected 

LSD (P≤ 0.05).  The angular transformation was used for analysis of percentage data, but arithmetic means are reported.  
 
 
Table 2: Results from Trial B with early-season fungicides 
Fungicide, application method, Necrotic leaf blotch: % of soil area under  
and rate of formulated product z trees covered by fallen leaves 27 Aug 
1. Control .................................................................................................................................................................. 11.7 ab y 
2. Dithane Rainshield 75 DF  1 lb/100 gal foliar sprays applied 10, 17, 25 Apr, 1, 8 May .....................................   7.5 a 
3. Dithane Rainshield 75DF  1 lb/100 gal foliar sprays applied 10 & 17 Apr only ................................................. 35.0    cd 
4. ProPhyt 4.2E  0.53 fl oz/tree soil spray at GT (9 Apr) ......................................................................................... 41.7    cd    
5. ProPhyt 4.2E  1.06 fl oz/tree soil spray at GT 9 Apr ............................................................................................ 51.7      d 
6. ProPhyt 4.2E  0.53 fl oz/tree crown drench at GT 9 Apr ...................................................................................... 47.5      d 
7. ProPhyt 4.2E  1.06 fl oz/tree crown drench at GT 9 Apr ...................................................................................... 21.2 abc 
8. ProPhyt 4.2E + Pentrabark  trunk spray at GT 9 Apr ........................................................................................... 25.0   bc 
z Treatments are described in the text. The same cover sprays were applied to all plots beginning at petal fall. 
y See footnote 'v' for Table 1. 
 
Table 3: Results from Trial C with fungicides applied during summer 
Fungicide and rate of Necrotic leaf blotch: % of soil area under  
formulated product z trees covered by fallen leaves 27 Aug 
1. Unsprayed after 21 May .......................................................................................................................................  13.3    cd y 
2. Captan 80WDG 10 oz ..........................................................................................................................................    2.5 ab 
3. Captan 80WDG 10 oz + ProPhyt 4.2E 10 fl oz ...................................................................................................    1.7 ab 
4. Captan 80WDG 10 oz + Topsin M 70W 4 oz .....................................................................................................    5.0 abc 
5. Capt-80 10 oz + Topsin M 70W 4 oz + (30 May, 21 Jun, 11 Jul); Pristine 38WDG  5 oz (30 Jul, and 14 Aug)    0.8 a 
6. Omega 4SC 4.6 fl oz ............................................................................................................................................    2.5 ab 
7. Omega 4SC 4.6 fl oz plus Damoil 1 % ................................................................................................................  11.8       d 
8. Evito 4F 1.3 fl oz .................................................................................................................................................    5.0   bc 
9. Evito 4F 1.3 fl oz + LI 700 5 fl oz  ......................................................................................................................    7.5     cd 
10. Flint 50WDG  0.67 oz ........................................................................................................................................    7.5     cd 
z All plots received the same early-season fungicide sprays. Treatments were applied 30 May, 21 Jun, 11, 30 Jul, and 14 Aug. 
y See footnote 'v' for Table 1. 
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PEAR (Pyrus communis 'Bartlett,' 'Bosc') D. A. Rosenberger, P. J. Jentsch, F. W. Meyer, and A. L. Rugh 
 Fabraea fruit and leaf spot: Fabraea maculata Cornell's Hudson Valley Laboratory 
 Pear psylla; Cacopsylla pyricola PO Box 727, Highland, NY  12528  
 
Oil sprays suppress Fabraea leaf spot in pears, 2008. 
 
 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 250 psi delivering roughly 350 gal/A. Treatments, treatment dates, and Bartlett pear 
phenology are detailed in Table 1. The same treatments are subsequently described in more generic terms in Tables 2 and 3. 
Frost during bloom affected fruit set. No treatments were applied for crop load reduction.  
 Pear psylla populations can influence dissemination and severity of Fabraea leaf spot, so psylla nymph populations and 
egg densities were assessed by collecting one distal, one proximal, and three mid-shoot leaves from each of five shoots per 
treatment on 9 June and observing these leaves using a stereo light 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 (100 fruit per replicate).  Fruit with more than three Fabraea lesions were considered 
unacceptable for fresh market sales. 

None of the treatments provided complete control of Fabraea.  The extended spray interval without fungicides or a 1% oil 
spray that occurred between 2 June and 26 June in trts 1, 4, 5, 6, 7, and 8 allowed Fabraea to become established those plots.  
Rainfall for 2 June through 19 June totaled 1.8 inches.  Another 0.89 inches rain occurred 22 to 26 June.  If Manzate had been 
re-applied on 22 June rather than 26 June, disease control in trts 1, 4 and 5 probably would have been much better.  The oil in 
treatments 2 and 3 was reapplied on 12 June, but those plots still received 2.06 inches of rain before they were treated again 14 
days later on 26 June.  Disease control in treatments 2 and 3 might also have been improved if the 26 June application had 
been moved forward to 22 June so that new leaves would have been protected during the rains that occurred 22-26 June. 

Disease severity as determined by defoliation was similar for trees receiving the full-season program of oil sprays (trt 2) 
and for trees receiving the standard program of fungicides and insecticides (trt 1, Table 2).  Defoliation increased when the 
first oil spray was delayed until 25 May (trt 3) as compared to trt 2 where tree received 4 oil sprays prior to 25 May.  Even the 
low rate of oil applied with insecticides in trt 6 appeared to delay defoliation as compared to trt 7 where no oil was used. 
Defoliation also greater where no fungicides were applied until 26 Jun (trt 5) as compared to trt 4 where fungicide coverage 
was initiated at petal fall on 14 May. 

Disease incidence (Table 3) did not follow the same pattern noted for defoliation.  Oil sprays in trts 2 and 3 were less 
effective than the standard fungicide program suppressing disease incidence on both leaves and fruit (Table 3).  The fungicide 
program with no psylla control (trt 4) suppressed disease incidence on fruit better than the oil sprays (trts 2, 3) but trts 2, 3, and 
4 all produced comparable results on leaves.  The low rate of oil used with insecticides in treatment 6 delayed defoliation 
when compared to treatment 7 whereas the same effect was not evident in evaluations of disease incidence on leaves or fruit. 

Results of this trial confirm that oil sprays can suppress Fabraea leaf spot on pears, but oil sprays in this trial were more 
effective for reducing disease severity (perhaps by reducing spore production) than in reducing disease incidence.  Although 
oil sprays were as effective as fungicides for reducing disease severity on Bosc pear leaves, they were less effective in 
controlling disease on Bartlett fruit.  Disease progression was monitored on Bosc rather than Bartlett leaves because Bosc is 
more susceptible to Fabraea.  However, due to frost during bloom, the Bosc trees did not carry enough fruit to allow 
evaluation of fruit disease control on Bosc.  

Based on research completed to date, we believe that a full-season program of oil sprays could be useful for controlling 
Fabraea leaf spot and pear psylla in organic pear orchards.  However, additional research is required to determine if the oil 
regime used in our trial will have negative impacts on fruit size, total yield, and/or return bloom.  For growers using 
conventional fungicides, our data suggests that adding oil to summer fungicide sprays could be useful for slowing Fabraea 
epidemics that sometimes occur when there are gaps in fungicide programs and/or when incomplete spray coverage during 
June allows Fabraea to become established in a pear orchard. 
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Table 1: Products, rates, and spray timing 11 22 25 14 25 2 12 26 24 8 
  Apr Apr Apr May May Jun Jun Jun Jul Aug 
Products and rates/100 gal dilute spray BB* GC WB PF 1C 2C 3C 4C 5C 6C 
1. Asana XL 5.8 oz //AgriMek 5 fl oz + Damoil 1 qt ..  X** -- -- -- X/O 
        Manzate 1 lb or Sovran 1.5 oz ...............................  -- -- -- M M M -- M S S 
2. Damoil 3 gal // 1 gal; no fungicide ...........................  O3 O1 O1 O1 O1 O1 O1 O1 O1 O1 
3. Surround 50 lb ............................................................  X -- X X 
        Damoil 1 gal; no fungicide ....................................  -- -- -- -- O1 O1 O1 O1 O1 O1 
4. Imidan, then Insecticide X with Damoil 1 qt .............  -- -- -- I  X/O X/O X/O 
         Manzate 1 lb or Sovran 1.5 oz ..............................  -- -- -- M M M -- M S S 
5.  Imidan, then Delegate 7 oz with oil 1 qt ...................  -- -- -- I -- -- X/O 
         Manzate 1 lb or Sovran 1.5 oz ..............................  -- -- -- -- -- -- -- M S S 
6. Asana XL 5.8 oz + Damoil 1 qt ...............................  X/O -- -- -- X/O 
        AgriMek 5 fl oz + Damoil 1 qt; no fungicide ........  -- -- -- -- -- X/O 
7.  Imidan, then Movento + LI-700; no fungicide .........  -- -- -- I -- X  -- -- -- -- 
8.  Untreated control ......................................................  -- -- -- -- -- -- -- -- -- -- 
 * Bud stages: BB = budbreak; GC = green cluster; WB = white bud; PF = petal fall; 1C = first cover. 
** X= listed insecticide; O3 = 3% Damoil; O1 = 1% Damoil;  X/O = 0.25% Damoil applied with insecticides; I =  Imidan;  

M= Manzate; S =  Sovran. 
 
Table 2: Pear psylla populations and Fabraea disease severity    
 Defoliation on Bosc trees (% leaves missing)*      Psylla/leaf on 9 Jun 
Treatment (see trt list in Table 1 for details) 31 Jul  22 Aug 19 Sep Grand mean eggs nymphs 
1.  Standard psylla control + fungicides  .................. 5.7 a**   9.4 ab 14.0 a 9.7 a 17.2    cd 2.9  bc 
2.  Full-season oil; NO fungicide ............................. 5.7 a 8.1 a 13.7 a 9.2 a   4.3 ab 2.1  b 
3.  Surround early, then oil; NO fungicide  .............. 5.7 a 14.7  bc 37.3  b 19.2  b   1.6 a 0.1 a 
4.  No psylla control + fungicides .......................... 16.8  b 14.5    c 19.6 a 17.0  b 35.7      d 8.5      d 
5.  Moderate psylla control, fungicides late ........... 18.3  b 29.8     d 44.6  b 30.9   c 10.2   bc 3.5  bc 
6.  Moderate psylla control, NO fungicide ............ 19.8  b 53.8      e 74.3   c 49.3    d 10.3   bc 4.5  bcd  
7.  Mod. psylla control; NO fungicide, no oil ........ 35.3   c 70.3       f 92.6    d 66.1     e   9.2   bc 2.8  bc  
8.  Control: no sprays ............................................. 56.9    d 87.6        g 99.4     e 81.3      f 25.4    cd 7.4    cd  
* Based on observing 20 arbitrarily selected terminal shoots per plot in each of four replicates. 
** 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 either simples means (psylla nymph counts) or to results of repeated measures analysis across 
three observation dates (defoliation). The treatment X date interaction was not significant (P <0.001). 

 
Table 3: Fabraea disease incidence        Bosc leaves with Fabraea leaf spots (%)z          Bartlett fruit with 
    Grand means Fabraea 18 Aug (%) y  
Treatment (see trt list in Table 1 for details) 17 Jul 31 Jul 22 Aug for 3 dates infected >3 lesions 
1.  Standard psylla control + fungicides  ............ 32.0 a** 41.8 a 53.3 a 42.3 a  20.3 a 2.5 a 
2.  Full-season oil; NO fungicide ....................... 60.0  b 72.0  b 88.3  bc 73.4  b  51.3   b 35.5   b 
3.  Surround early, then oil; NO fungicide  ........ 53.0  b 80.8  b 96.5    cd 76.8  b  81.8     c 70.5     c 
4.  No psylla control + fungicides ...................... 69.0  bc 71.3  b 79.5  b 73.3  b  18.5 a 2.8 a 
5.  Moderate psylla control, fungicides late ....... 60.0  b 92.8  c 96.0    cd 82.9  bc  39.5 ab 15.8 ab 
6.  Moderate psylla control, NO fungicide ........ 82.0   cd 99.5  cd 100.0      d 93.8    cd 96.3     c 87.0     c  
7.  Mod. psylla control; NO fungicide, no oil .... 73.0    de 97.3  cd 100.0      d 95.1    cd 95.8     c 87.0     c 
8.  Control: no sprays ......................................... 95.0      e 100.0    d 97.0      d 97.3      d  85.0     c 68.5     c 
z Based on observing 100 arbitrarily selected leaves per replicate. 
y Based on observing 100 arbitrarily selected fruit per replicate. 
x 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 either simples means (fruit evaluations) or to results of repeated measures analysis across three 
observation dates (leaf evaluations). The treatment X date interaction was not significant (P = 0.008). 
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Effects of Preharvest Fungicide Sprays on Incidence of Postharvest Physiological Disorders and Decays in Empire 

Apples, 2007-2008 
 
Dave Rosenberger and Chris Watkins 
 
BACKGROUND:  

For the past 50 years, the apple industry has controlled storage decays and some physiological disorders by treating 
harvest fruit with a recycling solution that contains a fungicide and diphenylamine (DPA).  This practice is under 
increasing scrutiny both because of its expense and food safety issues created by any recycling solution applied to a food 
product.  The need for postharvest treatments to control physiological disorders has been reduced by the introduction of 
1-MCP and by the registration of a foggable formulation of DPA.  Controlling decays during storage may prove more 
difficult.  At this time, no fungicides are registered for application via fogging, and the one most likely to be registered in 
the near future (pyrimethanil) may rapidly lose effectiveness due to selection for pyrimethanil-resistant strains of 
Penicillium expansum.  Whether or not foggable formulation of fungicides could adequately penetrate and protect apples 
in bulk bins remains questionable.  Also, wounds that are susceptible to decay may be created and inoculated during 
harvest operations, but foggable fungicides presumably would not be applied until an entire storage room is filled, a 
process that could delay treatment by two to seven day.  Decay pathogens that are given a 7-day head start would 
probably escape control by foggable fungicides. 

An alternative to postharvest treatment might involve application of fungicides in the field several days prior to 
harvest.  This approach is being evaluated by several scientists in New York and in the Pacific Northwest.  In an initial 
trial conducted in 2006-07, we noted that bins of fruit receiving various preharvest fungicide treatments showed 
differential levels of external CO2 injury when fruit were evaluated after CA storage.  Therefore, this trial was established 
specifically to evaluate effects of preharvest fungicide and DPA treatments on development of physiological disorders in 
Empire fruit.  Although no longer labeled for field applications, DPA was sprayed on trees and fruit in the field as a 
positive control for CO2 injury. 
 
METHODS 

This field trial was conducted in a commercial orchard near Lyndonville in the Lake Ontario production region west 
of Rochester, NY.  Trees were Empire on MM.106 rootstock planted in the 1980’s.  This orchard has a history of high 
susceptibility to CO2 injury, perhaps partly due to shading of the edge rows by a woodlot located immediately to the west 
of the orchard.  Treatments were applied on 3 Oct 2007 to five single-tree replicates by  spraying trees to drip with a 
high-pressure handgun.  Beginning two hours after the last treatment was applied, we harvested one crate (roughly 120 
apples) from each tree and moved them to a commercial controlled atmosphere storage (CA #1) where they were treated 
with 1-MCP later that day and then held under CA conditions until the room was opened on 2 May 2008.  CA #1 was 
operated at 2% O2 and 1.0 - 1.2  % CO2, 35° F.  These fruit were transported to the Hudson Valley on 4 May where they 
were held at 35° F until they were evaluated for decays and physiological disorders on 16 May.   

On 8 Oct, two more samples of fruit were harvested from the treated trees.  One sample consisted of a full crate of 
fruit and was moved to CA #2 where it was treated with 1-MCP and held under CA conditions (similar to those for 
storage #1) until 5 June.  These samples were transported to the Hudson Valley Lab on 12 June, were held there at 35° F.,  
and were evaluated for decays and physiological disorders on  20 June.  A second set of samples (80 fruit per tree) was 
transported to Ithaca where half of the fruit from each tree was treated with 1-MCP.  Both the 1-MCP-treated and the 
non-treated fruit were then stored in a CA chamber (2% O2/2.5% CO2) from 10 Oct 2007 until 5 June 2008.  These fruit 
were then held at room temperature for seven days before they were assessed. 

 
RESULTS AND CONCLUSIONS 

Results of evaluations are shown in Tables 1-4.  Incidence of CO2 injury was low in the commercial CA storages, but 
extensive CO2 injury developed in the storage chambers in Ithaca.  The preharvest DPA treatment almost eliminated CO2 
injury in the Ithaca samples (Table 1).  For fruit stored in Ithaca, treatment with 1-MCP resulted in increased CO2 injury 
in all fruit samples that had not been sprayed with DPA prior to harvest (Table 1) and also increased the overall incidence 
of flesh browning (Table 2).  None of the field sprays had any effect on flesh browning, core browning, or the incidence 
of decays.  The low incidence of decays in control fruit did not allow for a good test of fungicide activity. 

Based on this trial, it appears that preharvest fungicides neither exacerbate nor control physiological disorders (CO2 
injury, flesh browning, core browning) that develop during CA storage. 
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Table 1.  Effects of field treatments on incidence of apples with external CO2 injury. 
Products and rates (per                                  Apples with external CO2 injury (%)    
100 gal of dilute spray) commercial CA rooms (with 1-MCP)             fruit stored in Ithaca               
that were applied to trees   CA   CA grand means: with without grand means:  
several days before harvest   #1   #2 both CA rooms1 1-MCP 1-MCP +/–  1-MCP2 
Control .........................................  0.7 a  1.8 a 1.3 a 69.4  b  48.8  b * 59.0  b 
Decco No-Scald DPA  40 fl oz ..... 1.5 a 0.3 a 0.9 a 0.6 a  0.0 a 0.3 a 
Pristine 38WDG  5 oz ..................  2.9 a * 0.3 a 1.6 a 63.1  b  32.5  b * 47.8  b 
Topsin M70W  5 oz .....................  1.5 a 2.0 a 1.7 a 53.8  b  32.5  b * 43.1  b 
Topsin M 70W  5 oz +  
     Captan 80W  10 oz ................... 4.0 a * 0.3 a 2.2 a 71.9  b 45.6  b * 58.8  b 
Captan 80W  10 oz ........................ 4.1 a* 0.7 a 2.4 a 
Captan 80W  10 oz + 
 ProPhyt 20 fl oz ..................... 3.9 a 1.4 a 2.7 a 
Grand means ................................. 2.6 * 1.0  51.8  31.9 * 
Simple means within columns followed by the same small letter are not significantly different (Fisher’s Protected LSD, 

P≤0.05).  Asterisks (*) denote comparisons where effects of storage room or of 1-MCP were significant.    
1For the two-way analysis of results from the commercial CA rooms, the P-values for effects of field sprays, storage 

room, and field spray X storage room interaction were 0.086, 0.006, and 0.032, respectively. 
2For the two-way analysis of results from Ithaca, P-values for effects of field sprays, 1-MCP treatment, and field spray X 

1-MCP interactions were <0.001, <0.001, and 0.086, respectively. 
 
 
 
Table 2.  Effects of field treatments on incidence of apples with flesh browning. 
Products and rates (per                                 Apples with flesh browning (%)    
100 gal of dilute spray) Commercial CA (with 1-MCP)                    Fruit stored in Ithaca               
that were applied to trees   CA   CA grand means: with without grand means:  
several days before harvest   #1   #2 both CA rooms1 1-MCP 1-MCP +/–  1-MCP2 
Control  23.2 a * 56.0 a 39.6 a 65.6 a  38.8 a * 52.2 a 
Decco No-Scald DPA  40 fl oz  18.7 a * 49.6 a 34.1 a 55.6 a  38.1 a 46.9 a 
Pristine 38WDG  5 oz  21.7 a 39.0 a 30.3 a 58.1 a  37.5 a * 47.8 a 
Topsin M70W  5 oz  31.7 a * 55.6 a 43.7 a 68.1 a  53.8 a 60.9 a 
Topsin M 70W  5 oz +  
     Captan 80W  10 oz  18.6 a * 49.2 a 33.9 a 62.5 a  35.0 a * 48.8 a 
Captan 80W  10 oz  26.8 a * 45.8 a 36.3 a  
Captan 80W  10 oz + 
    ProPhyt 20 fl oz  19.5 a * 49.6 a 34.5 a  
Grand means ..............................  22.9 * 49.3  62.0 40.6 *  
Simple means within columns followed by the same small letter are not significantly different (Fisher’s Protected LSD, 

P≤0.05).  Asterisks (*) denote comparisons where effects of storage room or of 1-MCP were significant.   
1For the two-way analysis of results from the commercial CA rooms, the P-values for effects of field sprays, storage 

room, and field spray X storage room interaction were 0.741, <0.001, and 0.696, respectively. 
2For the two way analysis of results from Ithaca, P-values for effects of field sprays, 1-MCP treatment, and field spray by 

1-MCP interactions were 0.418, <0.001, and 0.688, respectively. 
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Table 3.  Effects of field treatments on incidence of apples with core browning. 
Products and rates (per                                 Apples with core browning (%)    
100 gal of dilute spray) Commercial CA (with 1-MCP)                    Fruit stored in Ithaca               
that were applied to trees   CA   CA grand means: with without grand means:  
several days before harvest   #1   #2 both CA rooms1 1-MCP 1-MCP +/–  1-MCP2 
Control 13.2 a * 45.4 a 29.3 a 2.5 a 1.3 a 1.9 a 
Decco No-Scald DPA  40 fl oz 11.4 a * 36.1 a 23.8 a 4.4 a 0.6 a 2.5 a 
Pristine 38WDG  5 oz 11.3 a * 48.9 a 30.1 a 8.1 a 4.4 a 6.3 a 
Topsin M70W  5 oz 27.4 a 53.3 a 40.3 a 8.8 a 6.3 a 7.5 a 
Topsin M 70W  5 oz 
     + Captan 80W  10 oz 22.8 a 33.5 a 28.1 a 3.8 a 1.9 a 2.8 a 
Captan 80W  10 oz 14.3 a * 49.8 a 32.1 a   
Captan 80W  10 oz + 
     ProPhyt 20 fl oz 11.0 a * 63.3 a 37.1 a   
Grand means ............................... 15.9 * 47.2  5.5 2.9  
Simple means within columns followed by the same small letter are not significantly different (Fisher’s Protected LSD, 

P≤0.05).  Asterisks (*) denote comparisons where effects of storage room or of 1-MCP were significant.    
1For the two-way analysis of results from the commercial CA rooms, the P-values for effects of field sprays, storage 

room, and field spray X storage room interaction were 0.660, <0.001, and 0.429, respectively. 
2For the two way analysis of results from Ithaca, P-values for effects of field sprays, 1-MCP treatment, and field spray by 

1-MCP interactions were 0.604, 0.059, and 0.883, respectively. 
 
 
 
Table 4.  Effects of field treatments on incidence of apples with decays. 
Products and rates (per                                 Apples with fungal decays (%)    
100 gal of dilute spray) Commercial CA (with 1-MCP)                    Fruit stored in Ithaca               
that were applied to trees   CA   CA grand means: with without grand means:  
several days before harvest   #1   #2 both CA rooms1 1-MCP 1-MCP +/–  1-MCP2 
Control 4.9 a * 1.2 a 3.1 a 5.0 a 3.1 a 4.1 a 
Decco No-Scald DPA  40 fl oz 4.2 a 3.2 a 3.7 a 1.3 a 1.9 a 1.6 a 
Pristine 38WDG  5 oz 1.7 a 1.6 a 1.7 a 2.5 a 0.6 a 1.6 a 
Topsin M70W  5 oz 2.0 a 2.1 a 2.0 a 3.8 a 0.0 a 1.9 a 
Topsin M 70W  5 oz 
      + Captan 80W  10 oz 1.2 a 0.9 a 1.1 a 1.3 a 0.6 a 0.9 a 
Captan 80W  10 oz 3.3 a 2.1 a 2.7 a  
Captan 80W  10 oz + 
     ProPhyt 20 fl oz 2.9 a * 1.0 a 2.0 a  
Grand mean for 1-MCP ................ 2.9 *  1.7  2.8 1.3  
Simple means within columns followed by the same small letter are not significantly different (Fisher’s Protected LSD, 

P≤0.05).  Asterisks (*) denote comparisons where effects of storage room or of 1-MCP were significant.    
1For the two-way analysis of results from the commercial CA rooms, the P-values for effects of field sprays, storage 

room, and field spray X storage room interaction were 0.373, 0.005, and 0.120, respectively. 
2For the two way analysis of results from Ithaca, P-values for effects of field sprays, 1-MCP treatment, and field spray by 

1-MCP interactions were 0.079, 0.091, and 0.364, respectively. 
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New Approaches for Controlling Spread of Fire Blight During Summer 
Report for the ARDP Research Review 

New York State Agricultural Experiment Station, Geneva 
December 4, 2008 

Investigators: 
David A. Rosenberger, Plant Pathologist 
Cornell’s Hudson Valley Laboratory 
Highland, NY 12528 
 
Peter J. Jentsch, Entomologist 
Cornell’s Hudson Valley Laboratory  
Highland, NY 12528 
 

Objective: Evaluate Apogee, Provado, sulfur, copper, and several combinations of these products for their 
effectiveness in suppressing potato leafhopper populations and shoot blight during summer. 

Progress to date: 

METHODS: A meadow orchard containing 240 Lady Apple trees on MM.111 rootstocks was established in an 
isolated corner of the property at the Hudson Valley Lab in 2007 specifically to study spread of fire blight during 
summer.  Lady Apples were chosen as the test cultivar because of their vigorous upright growth habit and their 
known susceptibility to the shoot blight phase of fire blight.  MM.111 rootstocks were used so as to avoid rootstock 
blight, enhance vegetative growth, and minimize flowering of the young trees. Flower buds are undesirable in this 
trial because blight infections that occur during bloom could confound the planned studies of shoot blight by 
creating uneven distribution of inoculum in the block.   

The meadow orchard was designed with 40 six-tree plots arranged in a triple-row, high-density grid with 45 
inches between rows, a 3-ft in-row spacing within plots, and a 6-ft in-row spacing between plots.  Trees were 
closely spaced to favor potato leafhopper (PLH) populations and promote slow drying and higher relative humidity 
typical of a mature tree canopy.  PLH populations are of specific interest because this insect has been implicated as 
a facilitator for spread of fire blight during summer.  Ideally, we would have preferred greater separations between 
plots, but the final layout of the orchard was constrained by the space available for this trial. 

After trees were planted in 2007, shoots were thinned to five or six per tree.  These shoots were headed back 
during dormant pruning in spring of 2008 to encourage multiple shoots to develop from each of the branches 
established the previous year.  The test trees were sprayed with conventional pesticides throughout the season to 
control fungal diseases, and a pyrethroid spray was applied on 21 May to control aphids and leaf rollers. Trees were 
fertilized with 13-0-38 at 100 lb/A on April 10.  Calcium-ammonium nitrate (28-0-0) was hand-applied around each 
tree at a rate of 4 oz per tree on 14 May and 3 oz/tree on 21 June to ensure that trees would continue active growth 
into late summer. 

On 23 May, yellow sticky traps were mounted on posts in the middle of each six-tree plot to monitor 
populations of PLH.  Traps were changed at weekly intervals and the number of PLH on each trap were counted to 
determine if treatments applied to the plots had any impact on PLH numbers. 

Trial 1: Treatments were replicated five times using the six-tree plots that were described above.  The 
following treatments were applied to the replicated plots on 30 May, 7, 14, and 21 June.  

1. Inoculated control (no chemical treatment)    
2. Non-inoculated control (to determine levels of natural spread between plots)   
3. Sulfur (Microthiol Disperss) 1.5 lb/100 gal 
4. Copper (Cuprofix Disperss) 4 oz/100 gal 
5. Provado 0.5 fl oz/100 gal 
6. Provado 0.5 fl oz + copper (Cuprofix Disperss) 4 oz/100 gal 
7. Provado 0.5 fl oz + Sulfur (Microthiol Disperss) 1.5 lb/100 gal 
8. Provado 0.5 fl oz + ProPhyt 20 fl oz/100 gal 
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The treatment list was modified after our grant proposal was submitted so as to allow for more statistically 
powerful comparisons of treatment effects. Apogee was included in the original treatment list, but we opted not to 
include Apogee in the trial because effects of Apogee on both PLH populations and spread of fire blight is already 
well documented in the scientific literature.  Instead, we modified the treatment list so that we could evaluate a 
control (no bactericide), sulfur, and copper treatments both alone and combinations with insecticide treatments 
(Provado) in a factorial design.  A non-inoculated control was included so that we could assess spread of fire blight 
between plots.  A Provado-plus-ProPhyt treatment was included because it complemented other on-going efforts to 
determine how ProPhyt affects plant health.  

On 4 June, all trees except those in treatment two were inoculated in the middle of a long rainy period by 
applying a suspension of Erwinia amylovora to trees using a Solo hand-pressurized backpack sprayer.  The first 
symptoms of fire blight were evident on shoots by 9 June, and multiple shoots on each tree were showing 
symptoms by 10 June.  To slow the spread of blight and prevent loss of trees in the test block, we sprayed the entire 
test block and the adjoining blocks in our orchard on 10 June with FireWall (streptomycin) at 2 lb/A plus Regulaid 
at 16 fl oz/A.    

Beginning on 9 June and continuing through the rest of the season, blighted shoots were removed at one to 
three-day intervals and the number of shoots removed from each tree was recorded. Most shoots were removed 
before any wilting or dieback was evident, with most infections identified based on early symptom on a single leaf.  
Cuts were usually made 4 to 6 inches below the infection site, although sometimes cuts were made within two 
inches of the infection site if moving further back would have decapitated entire trees.  Pruning shears were 
disinfested with ethanol between each cut, and blight shoots were removed from the test block so as to minimize 
any chance that our activities would contribute to spread of fire blight.  

On 25 June, three weeks after the first inoculation, the entire block was sprayed with a pyrethroid so as to clean 
up aphid and leafhopper populations and "re-zero" the block for a second inoculation and spray trial. However, 
disease incidence data was collected continuously through summer to ensure that our datsets would encompass all 
infections that occurred between 4 and 25 June. 

Trial 2: Plots were sprayed with treatments again on 17 and 25 July and 2 and 12 August.  However, initial 
analysis of PLH populations showed that Provado treatments in Trial 1 had not produced suppressed  PLH as 
completely as we had expected because more PLH were captured on yellow sticky traps in the Provado-treated 
plots than in non-treated plots. Therefore, the treatment list for Trial 2 was adjusted so that all plots that previously 
received Provado were sprayed with a mixture that included both Provado and Asana.  Otherwise, treatments 
remained the same for Trial 2. 

Trees were not re-inoculated for a second time until 31 July because we had to wait for wet weather and also 
because we wanted to allow regrowth from pruned shoots to reach two inches in length so as to minimize chances 
that infections on growing shoot tips would progress into the tree trunks before the infected shoots could be 
removed. Shoots in the test orchard continued growing until mid-September due to heavy nitrogen fertilization and 
the growth-stimulating effects of removing blighted shoots.  However, PLH populations dropped off by mid August 
and PLH trapping was discontinued near the end of August. 

Data analyses: Data on fire blight incidence collected across multiple observation dates were combined in 
repeated measures analyses.  All eight treatments were included in a one-way analysis with repeated measures, but 
we also used a two-way analyses with repeated measures to evaluate the effects of insecticide treatment across three 
bactericide treatments (control, sulfur, copper) and effects of the bactericides across the plus/minus insecticide 
treatments. The same statistical procedures were used to evaluate PLH from sticky traps over a four week time 
period for both Trial 1 and Trial 2. 

 

RESULTS: Analysis of the data collected following the first inoculation showed that, depending on the 
treatment, 47 to 75% of the inoculated growing shoots became blighted between 9 and 16 June and were removed.  
The combination of ideal weather conditions, rapid shoot growth, and high inoculum levels caused severe blight in 
all inoculated treatments between 9 and 11 June (Fig. 1).  Thereafter, the daily incidence of new infections 
stabilized at a lower level. We excluded the first three observation dates (June 9, 10, and 11) from some analyses to 
see if we could detect treatment effects after the initial flush of blighted shoots had been removed.  
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When all eight treatments were analyzed together, treatments showed significant differences (Table 1, datasets 
1 & 2).  However, the only difference (P≤0.05) was between the non-inoculated control and the other treatments.  
None of the sprayed treatments were different from one another. The factorial or two-way analyses revealed that 
there were no significant effects of either bactericide or insecticide treatments, and thee was no significant 
interaction between those two factors (Table 1, datasets 3 & 4).  Insecticide treatment had a significant effect on 
PLH captured in sticky traps, but sulfur and copper did not (Table 1, dataset 5).  However, the results of insecticide 
treatment were the reverse of what had been expected:  The total numbers of PLH captured on traps over the four-
week period from June 4 to July 3 were 2,607 for the 15 plots (trts 5, 6, 7 on the treatment list) that received 
Provado compared to only 1.627 for the comparable plots (trts 1, 3, 4) that did not receive Provado.  Thus, Provado 
treatment resulted in a 60% increase in numbers of PLH captured even though typical "hopper burn" was evident 
only on trees that did not receive insecticide.  Apparently, contact with Provado-treated foliage irritated insects and 
increased their movement among the trees, thereby resulting in higher trap catches. 

 

Table 1. Probability of statistically significant effects for treatments included in Trial 1.  Treatment effects are 
generally considered statistically significant when P-values are below 0.05. 

 Analysis  P-values for various effects from statistical analyses 
Dataset (all involve   Treatment    bactericide 
(FB = fire blight) repeated   or bacter-  Insecti-  insecticide 
(PLH = leaf hoppers) measures) time-frame icides cide Date interaction 
1. FB: Shoots/tree/day  ANOVA 6/9 to 7/15 0.0001  0.0001  
2. FB: Shoots/tree/day  ANOVA 6/13 to 7/15 0.0479  0.0001  
3. FB: Shoots/tree/day 2x3 factorial 6/9 to 7/15 0.5508 0.1490 0.0001 0.7569 
4. FB: Shoots/tree/day 2x3 factorial 6/13 to 7/15 0.1370 0.1662 0.0001 0.4464 
5. PLH on sticky traps 2x3 factorial 6/4 - 6/25 0.1270 0.0001 0.0001 0.3729 

 

Both shoot blight incidence and PLH populations were lower in Trial 2 than in Trial 1.  Whereas in Trial 1 we 
removed a total of 2,526 blighted shoots from the test block between June 9 and July 15 (or 565 between June 13 
and July 15), in Trial 2 we removed a total of only 181 blighted shoots between July 24 and August 25.  None of 
the treatments had any significant effect on shoot blight incidence in Trial 2 (Table 2).  However, the combination 
of Provado plus Asana suppressed PLH trap captures by 52% compared to the control plots:  A total of 286 PLH 
were noted in traps in the 15 insecticide-treated plots as compared to 595 in comparable plots receiving no 
insecticide. 

 

Table 2. Probability of statistically significant effects for treatments included in Trial 2.   
 Analysis  P-values for various effects from statistical analyses 
Dataset (all involve   Treatment    bactericide 
(FB = fire blight) repeated   or bacter-  Insecti-  insecticide 
(PLH = leaf hoppers) measures) time-frame icides cide Date interaction 
1. FB: Shoots/tree/day  ANOVA 7/24 to 8/25 0.7287  0.0001  
2. FB: Shoots/tree/day 2x3 factorial 7/24 to 8/25 0.9163 0.9125 0.0001 0.6647 
3. PLH on sticky traps 2x3 factorial 7/18 to 8/15 0.1270 0.0001 0.0001 0.4319 

 

Treatment means for Trials 1 and 2 were graphed to show mean numbers of shoot infections per tree per day 
and also the cumulative number of shoots per tree that were removed over the duration of the entire trial (Figs. 2 
and 3).  Although, as already noted, differences were NOT statistically significant, it is interesting to note that trees 
treated with sulfur had somewhat more shoot blight than trees that received copper or no bactericide treatment, and 
trees that received Provado had slightly less blight than trees that received no insecticide.   
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CONCLUSIONS: Our two consecutive trials during 2008 showed that the summer spray programs that we 
applied had no effect on spread of fire blight to shoots. Thus, none of the treatments can be recommended for 
reducing spread of fire blight based on this trial.  ProPhyt, sulfur, copper, and Provado all proved ineffective. 

Although the PLH trap captures were higher in the insecticide-treated compared to non-treated plots in Trial 1, 
this data should not be viewed as indicative of insect presence on the trees.  The trees that received no insecticide 
had both hopper burn and leaf curling due to aphids whereas trees receiving Provado did not.  In fact, the presence 
of aphids in non-insecticide treatments posed a greater problem that we had anticipated.  If insecticide treatments 
actually had impacted spread of fire blight, the presence of aphids and some white apple leafhoppers would have 
made it impossible for us to pin the blame on any single insect. 

Although the PLH counts in Trial 1 provided no evidence that Provado controlled insects, we know from 
subjective observations that insect populations were quite low in insecticide-treated plots in both Trial 1 and Trial 
2.  Nevertheless, we did not detect any effect of these insecticide treatments on spread of fire blight despite the fact 
that our experimental design allowed us to compared 15 plots with no insecticide (5 plots each for the control, 
sulfur, and copper treatments) to 15 comparable plots that did receive insecticide.  Thus, despite a statistically 
powerful design, we still failed to detect any effect of insects on transmission of fire blight to shoots during 
summer. 

It is possible that our plot sizes were too small to detect effects of highly mobile insects such as PLH on spread 
of fire blight.  Also, the concentration of inoculum that we used for our first inoculation on June 4 undoubtedly 
overwhelmed our test system and may have diminished our chances of detecting treatment effects during the early 
phases of Trial 1.  Nevertheless, after June 13 we were able to maintain a low but consistent spread of fire blight to 
new shoots throughout most of the summer and we still detected no benefits from treatments we applied.   

 The most logical conclusion from this work is that role of insects in spreading fire blight in the field is 
probably insignificant when compared to the role that wind and rain play in dissemination of fire blight.  This 
experiment should be repeated for at least one more year to verify that results are consistent from year to year.  If a 
second year of work confirms observations from 2008, then we will have powerful evidence that growers should 
focus on removing blighted shoots rather than attempting to limit spread via insect control. 
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Figure 1.  Effects of eight treatments on incidence of fire blight measured as shoots/tree/day for the period immediately following the first inoculation on 4 

June, with the inset showing treatment differences on an expanded scale that excludes data from June 9 to 11. 
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Figure 2.  Effects treatments of fire blight incidence in Trial 1 expressed as the number of blighted shoots per tree per day (upper graphs) or as 

the cumulative number of blighted shoots per tree over the entire trial period (lower graphs).  Effects of bactericides are shown on the left 
and effects of Provado applications are shown on the right. None of the treatment differences were statistically significant (P≤0.05). 
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Figure 3.  Effects treatments of fire blight incidence in Trial 2 expressed as the number of blighted shoots per tree per day (upper graphs) or as 

the cumulative number of blighted shoots per tree over the entire trial period (lower graphs).  Effects of bactericides are shown on the left 
and effects of Provado-plus-Asana applications are shown on the right. None of the treatment differences were statistically significant 
(P≤0.05). 

  


