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Scab ascospore

information*                                         Wetting periods* *                        

M.26 block % cumm. % avg. Rain- Mill's

McIntosh mature dis- start dura- temp fall     rating  

Date growth stage spores charged date time tion   (F) (in.) 1°      2°

Mar 30 Dormant 0.0 0.0 Mar 30 2100 9 40.7 --

Apr    1 1500 7 42.5 <0.01 --

Apr 7 Silver tip Apr    7 1245 1 40.9 <0.01 --

Apr    9 1600 16 47.0 0.07 L†

Apr 10 l.6 0.0 Apr  10 2300 14 42.1 0.04 --

Apr 13 Green Tip Apr  11 1930 18 42.9 0.12 --

Apr 16 24.1 0.4 Apr  16 1230 69 42.4 1.50 H

Apr  20 0100 7 46.6 0.10 --

Apr 21 Half-in. green 23.6 2.1 Apr  22 0345 11 62.7 0.17 L

Apr  22 2015 14 60.0 0.12 M

Apr 24 2-3 clust. lvs Apr  24 1815 40.5 45.0 0.52 H

Apr  26 1930 13.5 45.5 0.02 --

Apr 28 40.9 18.3

May   1 2030 6.5 55.7 0.04 --

May   2 2130 10.0 59.7 0.54 L†

May 4 Tight cluster

May 5 35.2 21.9 May   5 0300 10.0 44.5 0.08 --

May 7 Early pink May   8 2215 13.0 56.4 0.09 L†

May 11                         First scab lesions found on cluster leaves  -

May 12 Bloom

May 14 51.8 22.7 May 15 1900 39.0 55.4 0.51 H +

May 18 Petal fall May 18 1100 4.5 68.3 0.15 -- -

-

May 21 31.0 46.9 May 24 2015 7.0 43.0 0.63 -- -

-

May 26 23.0 70.3 May 30 2200 54.0 59.3 2.35 H +

Jun 4 19.9 74.8 Jun    5 1430 22.0 62.0 1.18 H +

Jun    8 1445 8.0 74.9 0.08 L +

Jun  19 0815 9.5 67.9 0.03 +

Jun  20 1830 4.5 64.2 0.13 -

*Ascospore maturity and cumulative percent of ascospores discharged were determined by performing

pseudothecial squash mounts using over-wintered leaves collected from the lab orchards on the dates

indicated.
**Wetting periods were determined usng a DeWitt Leaf wetness meter.  Rainfall was measured with a tipping

bucket rain gage, and mean temperatures were calculated using data from hygrothermograph charts and/or

a CR-21 data logger.
†These infection periods probably resulted in few if any infections.  The 9 Apr infection period occurred

when there was little green tissue exposed.  The infections periods of 2 and 8 May were relatively short and

were initiated at night when few ascospores would be expected to be released.
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Scab ascospore

information                                             Wetting periods                        

M.26 block % cumm. % avg. Rain- Mill's

McIntosh mature dis- start dura- temp fall     rating  

Date growth stage spores charged date time tion   (F) (in.) 1°      2°

Jun  24 0415 9.0 60.2 0.02 +

Jun  24 1800 16.5 61.8 0.19 +

Jun  25 2315 9.0 54.6 <0.01 +

Jun  26 1915 14.5 63.7 0.65 +

Jun  27 2215 10.0 60.8 1.05 +

Jul   03 1430 22.5 62.0 0.76 +

Jul   04 2230 8.5 65.3 0.35 +

Jul   05 1545 18.0 66.7 0.54 +

Jul   08 2200 12.25 68.1 0.24 +

Jul   12 2100 12.25 72.0 0.50 +

Jul   14 0200 9.0 67.2 0.12 +

Jul   15 1645 16.25 67.0 1.54 +

Jul   17 2300 10.0 72.0 0.04 +

Jul   23 0230 30.0 62.4 0.27 +

Jul   26 1400 20.0 70.2 0.17 +

Jul   29 1700 17.0 68.2 0.55 +

Jul   31 0915 5.5 67.1 0.60 +

Jul   31 1915 11.0 68.5 1.00 +

Aug 04 1315 6.0 73.4 0.10 +

Aug 08 2100 22.0 71.5 0.85 +

Aug 13 2200 14.0 60.0 0.04 +

Aug 15 1330 10.5 59.3 0.06 +

Aug 16 0700 53.0 62.4 0.79 +

Aug 24 2345 8.0 64.6 0.01 +

Aug 29 0000 6.0 68.0 0.12 +
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            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 
 1 55 26  63 48  62 58 1.63 87 65  74 61 1.60 77 51  
 2 55 26 <0.01 67 54 0.04 63 56 0.03 89 59  78 54  72 46  
 3 45 29  84 57 0.54 76 49  76 51  81 61  73 57 0.39 
 4 43 27  70 45  82 54  71 59 0.76 83 66  71 61 0.04 
 5 51 26  57 42 <0.01 81 58 <0.01 76 62  79 56 0.10 80 55  
 
 6 53 31  51 41 0.08 69 60 1.19 77 62 0.89 80 50  72 60  
 7 57 31  58 36  75 62  77 54  81 53  66 62 0.07 
 8 59 40 <0.01 64 44  85 68  78 54  82 54  69 64  
 9 60 29  64 54 0.09 84 57 0.08 82 66 0.24 77 65 0.81 79 65  
 10 58 43 0.07 71 51  78 49  89 63  80 66 0.04 79 68  
 
 11 67 39 0.04 69 52  79 49  87 68  81 66  80 60 0.56 
 12 44 40 0.12 74 39  77 51  83 61  85 54  71 49  
 13 50 25  78 59  84 55  82 70 0.50 76 53  64 42  
 14 45 26  76 57  84 60  85 63 0.12 65 55 0.04 70 48  
 15 59 28  72 53  87 62  90 68  69 58  73 48  
 
 16 54 35  74 54 0.44 77 49  79 65 1.54 62 57 0.06 76 56  
 17 44 35 0.16 58 47 0.07 77 51  79 64  62 57 0.07 83 62  
 18 45 41 0.01+ 69 54 <0.01 82 52  77 67 0.04 66 62 0.72 82 62  
 19 50 42 ? 73 46 0.15 75 63 <0.01 84 64  74 57  81 62  
 20 49 44 ? 75 39  72 65 0.03 86 63  76 51  70 41  
 
 21 62 48  79 43  77 53  87 69  72 45  70 46  
 22 75 59 0.07 86 48  71 46 0.04 79 52  76 48  74 59 0.01 
 23 70 57 0.21 87 50  64 46  75 58 0.02 80 55  77 48 0.61 
 24 71 46  90 56  75 55  66 59 0.27 81 52  60 39  
 25 76 43 0.44 60 41 0.63 72 57 0.20 74 55  82 62 0.01 59 36  
 
 26 46 40 0.07 61 44  73 52  78 59  86 62  62 45 0.19 
 27 53 41 0.02 61 49 <0.01 80 60 0.65 74 66 0.17 86 63  60 52 0.11 
 28 59 37  58 40 <0.01 76 57 1.05 85 57  87 67  66 50 0.03 
 29 63 35  68 42  81 55  76 55  81 62 0.12 68 49  
 30 65 34  72 45  83 62  85 65 0.55 70 50  49 38  
 31    71 57 0.46    76 63  75 50     

AVG/TOT 56 37 2.72 70 48 2.54 77 56 4.92 80 61 5.10 77 57 3.57 71 53 2.01 
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Cedar apple rust; Gymnosporangium juniperi-virginianae
Sooty blotch; Gloeodes pomigena
Fly speck; Zygophiala jamaicensis
Fruit finish

APPLE DISEASE CONTROL WITH STANDARD FUNGICIDES, 1992.  Treatments were replicated four times in a
7-yr-old orchard on M.9 rootstock.  Each plot contained one tree each of Jerseymac, Redcort, and Smoothee.
All plots were sprayed 9 April with  3% spray oil for control of mites.  Fungicide treatments were sprayed to
runoff using a handgun on 23 April (half-inch green), 2 May (tight cluster), 12 May (full bloom), 25 May
(petal fall), 8, 30 June, 20 July, and 10 August, except that two plots received an additional application of
Aliette on 7 May as noted in the tables.   Moderate levels of apple scab inoculum were introduced into this
block by placing approximately one-half bushel of scabby leaves beneath the Jerseymac tree in each plot in
early spring.  Cedar trees planted between the three-tree plots supplied a moderate level of cedar apple rust
inoculum, and additional inoculum was introduced by tying detached cedar galls from other sources into the
tops of each Smoothee tree on 28 April and 8 May.  Powdery mildew was introduced into the block by
placing severely infected potted trees from the greenhouse beneath each Redcort tree 8-11, 13-15, and 21-22
May during periods of warm humid weather.  Effectiveness of the fungicide treatments was evaluated by
determining the incidence of various diseases on leaves on 25 clusters and 25 terminals, and on 100-150
mature fruit per tree (if available) on the dates indicated in the data tables.  Evaluations for powdery mildew
were made using only the eight youngest leaves on each terminal whereas all of the terminal leaves were
evaluated to determine the incidence of scab and rust.   There were five primary scab infection periods during
April and five during May.  However, two of the April infection periods occurred near green-tip when few
spores were available, and the other three occurred 22-26 April just as the first fungicide application was being
made.  The next important infection period did not develop until 15-16 May when early-blooming cultivars
were nearing petal fall.  The summer was cool and cloudy.  There were two secondary scab infection periods
in May, eight in June, 13 in July, and seven in Aug.

Most of the treatments provided excellent control of apple scab even on the highly-susceptible cultivar
Jerseymac.  It should be noted that a number of treatments involved only contact fungicides applied on a 9-14
day interval during primary scab season.  Treatments involving ziram (TD2320 = 30% ziram, 50% sulfur)
were marginally effective against leaf scab.  Aliette was included in two treatments at tight cluster, pink and
bloom to determine if it could be substituted for scab fungicides during the time period when it might be
applied for fire blight control.  Substituting Aliette for Captan resulted in increased leaf scab for both
Jerseymac and Cortland, whereas substituting Aliette for Nova resulted in increased fruit scab on Jerseymac.
Mildew development in the controls was minimal, possibly because of vapor action of some of the SI
fungicides in this tightly-spaced orchard.  Rust was controlled in all treatments except the season-long Captan
and the Captan/Aliette treatments.  

Summer treatments were applied at 3-wk intervals.  Many treatments failed to provide adequate control
of fly speck.  Treatments involving ziram were the most effective.  Captan/Benlate was significantly more
effective on Redcort where the first spray involving Benlate was applied 8 June (trt-14) than where the first
Benlate treatment was applied 30 June (trt-13).  However, there was no difference in fly speck control between
plots receiving the first spray of Topsin M on 25 May (trt-10) and those not sprayed with Topsin M until 30
June (trt-11), possibly because the 2-oz rate of Topsin M was too low to provide adequate control on a 3-wk
interval through summer.  In plots involving early-season mancozeb sprays followed by captan at 1 lb/100 gal
through summer, fly speck was better controlled when Dithane M-45 was applied through 8 June (trt-12) than
where Dithane applications were terminated at petal fall (trt-2).  Treatments which involved similar summer
spray programs were combined in the table on page 8 even though some of the combined treatments had
significantly different starting dates for the summer sprays.  From the analyses on page 8, it is apparent that
season-long treatments which included mancozeb (trt-3) or ziram (trts 4-5) provided better control of fly
speck than did treatments involving captan or benzimidazole-captan combinations.  Ziram appeared less
effective for summer diseases than thiram and captan in our 1990 trials (Fungic. Nematic. Tests 46:31, 1991).
However, the ziram product used in 1990 was from a different company, it was tested at only 1 lb/100 gal, and
sprays were not initiated as early in the season as they were in this trial.  Using ziram alone or in combination
with a benzimidazole and initiating sprays in early June may provide the best approach for controlling
summer diseases in the future.  
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        % Jerseymac leaves with scab3  % Jerseymac Smoothee with cedar rust
Materials and rate of Application clusters             terminals           fruit with  % terminal % fruit

formulated product 100 gal dates1 22 June 23 June 5 Aug scab 13 July4  lvs 7 July3 2 Oct5

  1. Control..............................................................all season.................. 34.9         e 42.7         f  82.3        g 99.8      e   32.3     c 17.5     c

  2. Dithane 75 DF 2 lb  ..........................................23 Apr-12 May

Capt2 1 lb + Bayleton 50W 1 oz  .................25 May-8 June

Capt  1 lb  ....................................................30 June-10 Aug.......... 0.6 abc 0.2 ab  2.7    cd 1.4 ab <0.1 a 0.1  a

  3. TD2329-1 75DF  2.67 lb ..................................all season.................... 1.1   bcd 0.3 abc  1.0 abc 0.6 ab 0.0 a 0.0  a

  4. TD2320 80DF  4.0 lb........................................all season.................... 2.8       d 3.6     de  8.0      ef 0.8 ab 0.2 a 1.1  ab

  5. Ziram  76DF  2 lb  (Atochem)...........................all season.................... 2.1     cd 5.8       e  12.1        f 5.4      d 0.1 a 0.2  a

  6. Captan 50W  2 lb...............................................all season.................... 0.1 ab 0.1 ab  0.8 abc 0.8 ab 12.6   b 4.9    b

  7. Captan 75WDG  1.33 lb ....................................all season.................... 0.8   bcd 0.6   bc  1.9   bc 1.6 abc 11.7   b 0.4  ab

  8. Capt 1 lb +Nova 40W  1.33 oz ..........................23 Apr-8 June

Capt 1 lb + Topsin M 85WDG 3 oz  .............30 June-10 Aug.......... 0.2 ab <0.1 ab  0.3 a 2.9  bcd 0.2 a 0.0  a

  9. Captan 75 WDG 0.67 lb + Nova 40W 1.33 oz ...23 Apr-8 June

Captan 75 0.67 lb +Topsin M 85WDG  3 oz  ................................ 30 June-10 Aug0.0 a 0.0 a  0.1 a 0.8 ab 0.5 a 0.0

a

10. Captan 50W 2 lb // Aliette 80W 1.67 lb .............23 Apr // 2, 7, 12 May

Capt 1 lb + Topsin M 85WDG 2 oz. .............25 May-10 Aug.......... 1.0   bcd 1.5    cd  5.0     de 1.1 ab 0.3 a 16.1     c

11. Nova 40W  1.33 oz // Aliette 80W 1.67 lb .........23 Apr // 2, 7, 12 May

Capt 1 lb +Nova 40W  1.33 oz .....................25 May-8 June

Capt  1 lb+ Topsin M 85WDG 2 oz ..............30 June-10 Aug.......... 3.0       d 0.2 abc  0.3 ab 5.0     cd 0.7 a 0.0  a

12. Nova  40W 1.33 oz +Dith. M-45  1 lb ...............23 Apr-8 June

Captan 50W 1 lb...........................................30 June-10 Aug.......... 0.9   bcd 0.1 ab  0.2 a 0.2 a <0.1 a 0.0  a

13. Nova 40W 1.33 oz.............................................23 Apr, 2 May

Capt 1 lb + Nova 40W 1.33 oz .....................12 May-8 June

Capt  1 lb + Benlate 50W 2 oz ......................30 June-10 Aug........ <0.1 ab 0.0 a  0.4 ab 0.8 ab 0.5 a 0.0  a

14. Rubigan 1EC  2.67 fl oz....................................23 Apr, 2 May

Capt 1 lb +Rubigan 2.67 floz .......................12, 25 May

Capt 1 lb + Benlate 50W 2 oz .......................8 June-10 Aug............ 0.2 ab 0.1 ab  0.7 abc 0.7 ab 0.1 a 0.1  a

15. Syllit 65W  6 oz // Syllit 6 oz + Nova 1.33 oz.....23 Apr // 2 May

Nova  1.33 oz + Polyram 80W 1 lb...............12 May-8 June

Capt 1 lb ......................................................30 June-10 Aug.......... 0.5 abc <0.1 ab  0.3 a 0.7 ab <0.1 a      0.0  a

Mean separations were determined using Fisher's Protected LSD (P=0.05)  The arcsin transformation was used for statistical analyses.
1Treatments were applied 23 April (half-inch green), 2 May (tight cluster), 12 May (full bloom), 25 May (petal fall), 8, 30 June, 20 July, and 10 Aug,

except that  two plots received an additional application of Aliette on 7 May as noted in the column under application dates.   2Capt = Captan 50W.     3Data

were collected from all leaves on 25  clusters or terminals per tree.        4Data were collected from available fruit up to150 fruit per tree (range was 33-150

fruit available).          5Data were collected from available fruit up to100 fruit per tree  (range was 16-100 fruit/tree).
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             % Redcort leaves with scab3     % fruit with scab4   % Redcort

Materials and rate of Application clusters             terminals             Redcort Smoothee term. lvs. with

formulated product 100 gal dates1 22 June 23 June 5 Aug 15 Sept 2 Oct mildew 2 July5

  1. Control..............................................................all season..................315.0       e 38.8       e   75.8         e 93.2   b 41.6   b   6.2           f

  2. Dithane 75 DF 2 lb  ..........................................23 Apr-12 May

Capt2 1 lb + Bayleton 50W 1 oz  .................25 May-8 June

Capt  1 lb  ....................................................30 June-10 Aug........... 0.0 a 1.3    c 1.1   b 0.1  a 0.0  a 0.9 abcd

  3. TD2329-1 75DF  2.67 lb ..................................all season....................<0.1 ab 0.5 abc 0.2 ab 0.0  a 0.0  a 0.3 ab

  4. TD2320 80DF  4.0 lb........................................all season..................... 0.5 abc 5.9     d 7.5     c 0.3  a 0.0  a 1.1   bcde

  5. Ziram  76DF  2 lb  (Atochem)...........................all season..................... 1.1   bcd 9.2      d 16.5       d 0.8  a 0.5  a 2.8       def

  6. Captan 50W  2 lb...............................................all season..................... 0.5 abc 1.3     c 0.7 ab 0.2  a 0.0  a 2.1     cde

  7. Captan 75WDG  1.33 lb ....................................all season....................<0.1 ab 1.0 abc <0.1 a 0.0  a 0.0  a 3.4         ef

  8. Capt 1 lb +Nova 40W  1.33 oz ..........................23 Apr-8 June

Capt 1 lb + Topsin M 85WDG 3 oz  .............30 June-10 Aug..........<0.1 ab 0.0 a <0.1 a 0.1 a 0.0  a 0.3 ab

  9. Captan 75 WDG 0.67 lb + Nova 40W 1.33 oz ...23 Apr-8 June

Captan 75 0.67 lb +Topsin M 85WDG  3 oz  ..................................30 June-10 Aug 0.0 a 0.1 abc <0.1 a 0.0  a

0.1  a.................................................................0.3 ab.............................

10. Captan 50W 2 lb // Aliette 80W 1.67 lb .............23 Apr // 2, 7, 12 May

Capt 1 lb + Topsin M 85WDG 2 oz. .............25 May-10 Aug............1.5    cd 7.4     d 5.0     c 0.0  a 0.1  a 1.6   bcde

11. Nova 40W  1.33 oz // Aliette 80W 1.67 lb .........23 Apr // 2, 7, 12 May

Capt 1 lb +Nova 40W  1.33 oz .....................25 May-8 June

Capt  1 lb+ Topsin M 85WDG 2 oz ..............30 June-10 Aug........... 2.8      d 1.4     c 0.8 ab 0.4  a 0.0  a 0.8 abcd

12. Nova  40W 1.33 oz +Dith. M-45  1 lb ...............23 Apr-8 June

Captan 50W 1 lb...........................................30 June-10 Aug........... 0.2 abc 0.2 abc 0.7 ab 0.0  a 0.0  a 0.8 abcd

13. Nova 40W 1.33 oz.............................................23 Apr, 2 May

Capt 1 lb + Nova 40W 1.33 oz .....................12 May-8 June

Capt  1 lb + Benlate 50W 2 oz ......................30 June-10 Aug..........<0.0 a 1.1   bc 0.1 ab 0.1  a 0.0  a 0.5 abc

14. Rubigan 1EC  2.67 fl oz....................................23 Apr, 2 May

Capt 1 lb +Rubigan 2.67 floz .......................12, 25 May

Capt 1 lb + Benlate 50W 2 oz .......................8 June-10 Aug..............0.0 a 0.0 a 0.4 ab 0.1  a 0.0  a 0.5 abc

15. Syllit 65W  6 oz // Syllit  6 oz + Nova 1.33 oz....23 Apr // 2 May

Nova  1.33 oz + Polyram 80W 1 lb...............12 May-8 June

Capt 1 lb ......................................................30 June-10 Aug............0.0 a <0.1 ab <0.1 a 0.0  a 0.4  a 0.1 a

Mean separations were determined using Fisher's Protected LSD (P=0.05)  The arcsin transformation was used for statistical analyses.
1Treatments were applied 23 April (half-inch green), 2 May (tight cluster), 12 May (full bloom), 25 May (petal fall), 8, 30 June, 20 July, and 10 Aug,

except that  two plots received an additional application of Aliette on 7 May as noted in the column under application dates.   2Capt = Captan 50W.     3Data

were collected from all leaves on 25  clusters or terminals per tree.        4Data were collected from available fruit up to 100 fruit per tree (range was 28-100

fruit/tree for Redcort and 16-100 fruit/tree for Smoothee).      5Data were collected from the 8 youngest terminal leaves on each of 25 terminals per tree.



APPLE DISEASE CONTROL Rosenberger, Meyer, and Engle
     WITH STANDARD FUNGICIDES Page 7

             % fruit with fly speck3            % Smoothee fruit 3 Mean
Materials and rate of Application Redcort Smoothee Grand mn sooty rusetting russett

formulated product 100 gal dates1 15 Sept 2 Oct both cult. blotch rated 3,4,54 rating4

  1. Control.......................................................................all season.......................86.5        f 98.8      d 94.2       e 75.2    b 25.4 2.69

  2. Dithane 75 DF 2 lb  ...................................................23 Apr-12 May

Capt2 1 lb + Bayleton 50W 1 oz  ..........................25 May-8 June

Capt  1 lb  .............................................................30 June-10 Aug.............20.8        e 23.8      c 22.3       d 0.0  a 22.7 1.17

  3. TD2329-1 75DF  2.67 lb ...........................................all season.........................0.0  a 0.0  a 0.0 a 0.0  a 42.4 1.40

  4. TD2320 80DF  4.0 lb.................................................all season.........................0.0  a 0.1  a <0.1 a 0.0  a 12.0 2.12

  5. Ziram  76DF  2 lb   (Atochem)...................................all season.........................1.5  ab 10.1    bc 4.8   b 0.0  a 25.7 2.39

  6. Captan 50W  2 lb........................................................all season.........................9.9     cd 10.4    bc 10.1   bc 0.0  a 21.0 0.71

  7. Captan 75WDG  1.33 lb .............................................all season.......................12.4     cde 13.1    bc 11.4   bcd 0.0  a 16.9 0.55

  8. Capt 1 lb +Nova 40W  1.33 oz ...................................23 Apr-8 June

Capt 1 lb + Topsin M 85WDG 3 oz  ......................30 June-10 Aug.............10.5     cde 13.8    bc 12.1   bcd 0.1  a 24.1 0.81

  9. Captan 75WDG 0.67 lb + Nova 40W 1.33 oz .............23 Apr-8 June

Captan 75WDG 0.67 lb +Topsin M 85WDG  3 oz  ......................................30 June-10 Aug6.7   bc 7.0  abc 6.8   b 0.1  a 25.6

1.50

10. Captan 50W 2 lb // Aliette 80W 1.67 lb ......................23 Apr // 2, 7, 12 May

Capt 1 lb + Topsin M 85WDG 2 oz. ......................25 May-10 Aug.............13.2    cde 14.0    bc 13.6   bcd 0.0  a 28.8 1.00

11. Nova 40W  1.33 oz // Aliette 80W 1.67 lb ..................23 Apr // 2, 7, 12 May

Capt 1 lb +Nova 40W  1.33 oz ..............................25 May-8 June

Capt  1 lb+ Topsin M 85WDG 2 oz .......................30 June-10 Aug.............12.7    cde 6.7  abc 9.5   bc 0.1  a 25.6 0.80

12. Nova  40W 1.33 oz +Dith. M-45  1 lb ........................23 Apr-8 June

Captan 50W 1 lb....................................................30 June-10 Aug...............8.4    cd 9.4    bc 8.8   bc 0.1  a 26.1 0.88

13. Nova 40W 1.33 oz......................................................23 Apr, 2 May

Capt 1 lb + Nova 40W 1.33 oz ..............................12 May-8 June

Capt  1 lb + Benlate 50W 2 oz ...............................30 June-10 Aug.............13.3     cde 7.0  abc 10.0   bc 0.0  a 26.0 1.18

14. Rubigan 1EC  2.67 fl oz.............................................23 Apr, 2 May

Capt 1 lb +Rubigan 2.67 floz ................................12, 25 May

Capt 1 lb + Benlate 50W 2 oz ................................8 June-10 Aug.................6.5   b 4.1  ab 5.2   b 0.0  a 27.2 0.90

15. Syllit 65W  6 oz // Syllit 65W  6 oz + Nova 1.33 oz.....23 Apr // 2 May

Nova  1.33 oz + Polyram 80W 1 lb........................12 May-8 June

Capt 1 lb ...............................................................30 June-10 Aug.............17.0      de 20.1    bc 18.5     cd 0.8  a 36.2 1.70

Mean separations were determined using Fisher's Protected LSD (P=0.05)  The arcsin transformation was used for statistical analyses.
1Treatments were applied 23 Apr (half-inch green), 2 May (tight cluster), 12 May (full bloom), 25 May (petal fall), 8, 30 Jun, 20 Jul, and 10 Aug, except

that  two plots received an additional application of Aliette on 7 May as noted in the column under application dates.   2Capt = Captan 50W.     3Data were

collected from all available fruit up to100 fruit per tree (range was 28-100 fruit/tree for Redcort and 16-100 fruit/tree for Smoothee).  4Fruit russeting was
evaluated at harvest by rating 100 fruit per plot on a scale of 1-5  (1 = no russet, 2 = rough or enlarged lenticels, 3 = slight russetting between lenticels, 4 =
moderate russet, 5 = severe russet).   Differences between treatments were not significant (p=0.05).
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Materials potentially affecting control of fly speck              % fruit with fly speck                 % Smoothee fruit

with

and sooty blotch, and rates of formulated product Application Redcort Smoothee Grand mn sooty russetting3

per 100 gal 1 dates1 15 Sept 2 Oct both cultivars blotch rated 3, 4, 5

  1. Control ................................................................. all season .................................86.5      d 98.8        e 94.2      d 75.2   b 25.4

  3. TD2329-1 75DF  2.67 lb (includes mancozeb)..... all season ...................................0.0 a 0.0 a 0.0 a 0.0 a 42.4

4-5. Ziram  76DF  2 lb 2 .............................................. all season

    OR TD2320 80DF  4.0 lb................................. all season ...................................0.4 a 3.2 ab 1.4 a 0.0 a 18.4

12-15. Dithane M-45 75DF 1 lb  OR Polyram 80W 1 lb.. 23 Apr thru 8 Jun

Captan 50W 1 lb .............................................. 30 Jun thru 10 Aug..................12.3   bc 14.3     cd 13.3   bc 0.3 a 31.0

  2. Dithane M-45 75 DF 2 lb  .................................... 23 Apr- thru 2 May

  Captan 50W 1 lb ................................................ 25 May thru 10 Aug................20.8    c 23.8       d 22.3     c 0.0 a 22.7

6-7. Captan 50W  2 lb.................................................. all season

    OR Captan 75WDG  1.33 lb ............................. all season .................................11.1   b 11.6   bcd 10.7   b 0.0 a 19.2

8-9. Captan 50W 1 lb .................................................. 23 Apr thru 8 Jun

  Topsin M 85WDG 3 oz + Captan 50W 1 lb ........ 30 Jun thru 10 Aug

    OR as above, but with Captan 75 WDG 0.67 lb ..................................................8.5   b 10.1   bcd 9.3   b 0.1 a 24.9

10-11. Topsin M 85WDG 2 oz + Captan 50W 1 lb .......... 25 May OR 8 Jun thru 10 Aug12.9  bc 10.1   bcd 11.4   bc <0.1 a 27.2

13-14. Captan 50W 1 lb .................................................. 12 May thru 25 May OR 8 Jun;

Benlate 50W 2 oz + Captan 50W  1 lb ............. 8 OR 30 Jun thru 10 Aug..........9.6   b 5.4 abc 7.4   b 0 a 26.6

Mean separations were determined using Fisher's Protected LSD (P=0.05)  The arcsin transformation was used for statistical analyses.  Means are for four

trees (= four replicates) in treatments 1, 2, & 3, and for eight trees where two treatments were combined for analysis of summer spray programs.
1Treatments were applied 23 Apr (half-inch green), 2 May (tight cluster), 12 May (full bloom), 25 May (petal fall), 8, 30 Jun, 20 Jul, and 10 Aug.
2The product(s) expected to have the greatest effect on summer diseases are shown in italics.
3Fruit russeting was evaluated at harvest by rating 100 fruit per plot on a scale of 1-5  (1 = no russet, 2 = rough or enlarged lenticels, 3 = slight russetting

between lenticels, 4 = moderate russet, 5 = severe russet).
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ERADICANT AND PRE-SYMPTOM ACTIVITY OF APPLE SCAB FUNGICIDES, 1992.  Fungicides were

evaluated in a block of 15-yr-old trees on M.26 rootstock.  Treatments were replicated four times in plots

containing one tree each of the four cultivars.  All treatments were applied to run-off using a handgun at

300 psi.  No scab infection periods occurred between 24 April and 15 May.  A few primary scab lesions

were noted on McIntosh trees on 11 May.  A heavy Mill's infection period occurred 15-16 May (39 hrs,

55 F, 0.51 inches rain).  The first fungicide treatments were applied in the orchard on 22 May when

McIntosh were at petal fall.  The same treatments were repeated on 2 and 12 June.  The first fungicide

application was delayed until 22 May to allow evaluation of the pre-symptom and eradicant activities of

the fungicides against the severe infections anticipated from the infection period of 15-16 May.  Cover

sprays were applied with an air blast sprayer to all plots, including the controls, as follows: Captan 50W

2.5 lb/A  on 26 June and 3 July; Captan 50W 1.6 lb/A  on 15, 28 July and 12 August.  Additional

primary scab infection periods occurred 30-31 May (54 hrs, 59 F, 2.35 inches rain) and 5-6 June (22 hrs,

62 F, 1.18 inches rain).  June and July remained cool with a total of eight secondary scab infection

periods in June and 13 in July.  Data on foliar infections were collected by observing all leaves on each

of 25 terminals per tree.  Data on fruit infections were collected by observing 100 fruit per tree for

McIntosh on 18 June and for all cultivars in August.  Data were collected from 50 fruitlets per tree for

Cortland, Golden Delicious, and Rome during the June evaluations.  

Treatments involving Rubigan or Nova provided better control of scab on leaves than did

treatments involving Captan or Syllit used alone.  However, Captan alone provided scab control on fruit

comparable to that achieved with some of the Rubigan and Nova treatments.  On the most scab-

susceptible cultivar, McIntosh, incidence of fruit scab in early-August was nearly three times greater

where Nova or the low rate of Rubigan was used alone as compared to where these fungicides were used

in combinations with contact fungicides.  Some treatments arrested development of apple scab on foliage

better than did others:  On McIntosh, the over-all incidence of foliar scab declined between late-June and

mid-August in plots receiving Nova or the high rate of Rubigan whereas scab incidence increased over

the same period in plots which received the lower rate of Rubigan used alone.  The decrease in scab

incidence on terminal leaves in some treatments occurred because additional terminal leaves developed

after the June ratings and remained free of scab.  The incidence of fruit scab on Rome declined in some

treatments because a heavy "June-drop" occurred on this cultivar after our initial ratings were completed,

and some of the severely-scabbed fruitlets may have been more prone to drop from the tree.  Captan was

generally superior to Syllit for scab control .  (The status of dodine resistance in the test orchard is

unknown because scabby leaves used for inoculum have been brought to the test site from several

commercial orchards over the past 10 years.)  Most of the treatments involving Rubigan and Nova

provided adequate control of rust.  However, for most parameters evaluated, Nova treatments provided

slightly better rust control than did Rubigan, and the differences were statistically significant for some of

the treatment comparisons on Rome terminal leaves.  

Growers frequently ask what fungicides are most effective for stopping scab epidemics when scab

lesions begin to appear in orchards around petal fall.  This work verifies that SI fungicides used at

appropriate rates can control infections on new leaves better than any available contact fungicides.

However, the SI fungicide must be applied in combination with a good contact fungicide to maintain

control of scab on fruit.  In previous work (Fungic. Nematic. Tests 46:32, 1991; Fungic. Nematic. Tests

47: 18, 1992), we had found that Nova and Rubigan used in a seasonal program provided comparable

control of apple scab when Rubigan was applied at 2X the rate of Nova (fluid ounces vs. dry ounces of

formulated material).  In this test of eradicant and pre-symptom activity, Rubigan used alone at 4 fl oz

provided scab control equivalent to that achieved with Nova applied at 1.33 oz, but Rubigan used alone at

2.67 fl oz was less effective.  Thus, it appears that 3:1 ratio of Rubigan to Nova is the appropriate ratio for

product comparisons in circumstances where eradicant and pre-symptom activity is the primary objective.
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    % terminal leaves with scab2:  early season            % terminal leaves with scab2:  late season             

Materials and rate of McIntosh Cortland Rome Grand mean McIntosh Cortland Rome Grand mean

formulated product per 100 gal1 22 June 25 June 22 June for 3 cultivars 19 Aug 19 Aug 20 Aug for 3

cultivars

1. Control .......................................................61.4       d 44.2     c 34.0      e 46.5    d 92.8         e 70.6       e 61.4      c 76.6     e

3. Captan 50W 2 lb.........................................47.9     c 21.8   b 26.0     d 30.9   c 42.3       d 15.7      d 28.3   b 28.1    d

4. Syllit 65W 8 oz...........................................34.9     c 18.1   b 18.1   c 23.3   c 47.7       d 13.1    cd 17.5   b 24.8    d

5. Rubigan 1EC 2.67 floz...............................18.7   b 5.2 a 8.9  b 10.7  b 39.5       d 9.1  bc 3.6 a 14.6   c

6. Rubigan 1EC 4 fl oz ....................................8.6 a 2.6 a 3.4 a 4.6 a 6.4 ab 3.7 a 2.4 a 4.0 ab

7. Rubigan 1EC 2.67 fl oz + Captan 50W 1 lb 10.6 ab 2.6 a 2.6 a 4.7 a 14.2   bc 2.1 a 1.6 a 4.7  b

8. Rubigan 1EC 2.67 fl oz + Dithane 75DF 1 lb9.3 a 3.9 a 3.5 a 5.3 a 15.0     c 3.2 a 1.5 a 5.4  b

9. Rubigan 1EC 2.67 fl oz + Syllit 65W 6 oz ..10.3 ab 3.1 a 1.9 a 4.5 a 9.8   bc 2.6 a 1.4 a 3.9 ab

 10. Nova 40W 1.33 oz + Syllit 65W 6 oz ............9.5 a 1.3 a 2.2 a 3.6 a 3.0 a 2.0 a 0.5 a 1.7 a

 11. Nova 40W 1.33 oz........................................7.5 a 4.5 a 2.4 a 4.2 a 6.2 a 4.1 ab <0.1 a 2.5 ab

                                                                 % fruit with scab3                                                                                         

Materials and rate of McIntosh Cortland Golden Del Rome Grand mn McIntosh Cortland Golden Del Rome Grand mn

formulated product per 100 gal1    18June  24 June    24 June  4 June 4 cultivars 6 Aug 6 Aug   6 Aug 7 Aug 4 cultivars

1. Control ......................................... 95.8     d 85.8       f 44.5    c 86.0      e 80.8     e 91.6     d 83.2     c 56.9     c 85.5      d 80.7    d

3. Captan 50W 2 lb........................... 24.9   b 24.7     de 8.5 ab 12.5 a 17.4  bc 29.8 ab 11.2 ab 21.6   b 14.2 ab 18.8 ab

4. Syllit 65W 8 oz............................. 27.9   bc 14.9  bcd 14.3   b 56.7    cd 26.6    cd 50.5  b 21.1   b 7.5 ab 30.9  b 25.8  b

5. Rubigan 1EC 2.67 fl oz................ 40.3    c 38.6       e 10.3 ab 60.9      d 36.1      d 79.5   cd 24.3   b 8.7 ab 56.2   cd 40.6   c

6. Rubigan 1EC 4 fl oz .................... 10.1  a 6.5 ab 7.3 ab 38.4  bcd 13.8 ab 40.6 ab 13.4 ab 3.8 ab 14.3 ab 16.0 ab

7. Rubigan 1EC 2.67 fl oz + Capt..... 11.6  a 12.9   bcd 4.0 ab 22.8 ab 12.0 ab 29.0 ab 6.9 a 3.0 a 19.8 ab 12.9 a

8. Rubigan 1EC 2.67 fl oz + Dith ....... 7.4  a 6.3 ab 0.7 a 23.1 ab 7.6 a 22.8 a 10.6 ab 6.0 ab 9.7 a 11.6 a

9. Rubigan 1EC 2.67 fl oz + Syllit ... 12.0  a 9.8 abc 9.0 ab 28.8 abc 14.2 ab 27.8 ab 18.5 ab 7.0 ab 21.6 ab 17.9 ab

 10. RH3866 40W 1.33 oz + Syllit ...... 10.7  a 3.4 a 11.1 ab 20.2 ab 12.5 ab 18.3 a 10.4 ab 2.4 a 16.0 ab 10.7 a

 11. RH3866 40W 1.33........................ 16.4  ab 18.8   cd 7.9 ab 48.8  bcd 21.4  bc 51.3  bc 14.9 ab 2.1 a 13.9 ab 17.4 ab

Mean separations were determined using Fisher's Protected LSD (P=0.05)  The arcsin transformation was used in statistical analyses for data expressed as

percentages.
1Treatments were applied 22 May (petal fall); 2, 12 June, and were followed by cover sprays of Captan 50W  2.5 lb/A on 26 June and 3 July; Captan 50W

1.6 lb/A  on 15, 28 July and 12 Aug.     2 Data were collected from all leaves on 25 terminals per tree    3 Data were collected from 100 fruit per tree for

McIntosh on 18 Jun and for all cultivars in August.  Data were collected from 50 fruit per tree for Cortland, Golden Delicious, and Rome during the June

evaluations.
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% terminal leaves with cedar apple rust2

Golden Rome Grand 
Materials and rate of Delicious Beauty means for

formulated product per 100 gal1 8 Jul 7 Jul 2 cultivars

1. Control ........................................................................ 62.3     d 73.3       e 68.0       d

3. Captan 50W 2 lb.......................................................... 46.4    c 53.6      d 50.0     c

4. Syllit 65W 8 oz............................................................ 27.9   b 59.4     de 43.4     c

5. Rubigan 1EC 2.67 fl oz............................................... 1.2 a 7.0    c 3.5   b

6. Rubigan 1EC 4 fl oz ................................................... 0.5 a 3.9  bc 1.8 ab

7. Rubigan 1EC 2.67 fl oz + Captan 50W 1 lb ................. 0.7 a 8.3    c 3.5   b

8. Rubigan 1EC 2.67 fl oz + Dithane 75DF 1 lb .............. 0.4 a 3.8  bc 1.7 ab

9. Rubigan 1EC 2.67 fl oz + Syllit 65W 6 oz ................... 1.0 a 11.4    c 4.8   b

 10. Nova 40W 1.33 oz + Syllit 65W 6 oz ........................... <0.1 a <0.1 a <0.1 a

 11. Nova 40W 1.33 oz....................................................... <0.1 a 0.1 ab <0.1 a

         % fruit with cedar apple rust3                    % fruit with quince rust3            
Golden Rome Grand Golden Rome Grand

Materials and rate of Delicious Beauty means for Delicious Beauty means for

formulated product per 100 gal1 6 Aug 7 Aug 2 cultivars 6 Aug 7 Aug 2 cultivars

1. Control ........................................................................ 10.4 a 26.1     c 17.5    d 0.5 a 2.2 a 1.2 a

3. Captan 50W 2 lb.......................................................... 3.2 a 7.3 ab 5.1  bc 0.5 a 1.2 a 0.8 a

4. Syllit 65W 8 oz............................................................ 3.2 a 13.5   bc 7.5    c 0.2 a 0.8 a 0.4 a

5. Rubigan 1EC 2.67 floz................................................ 1.8 a 4.9 ab 3.1 ab 0.0 a 0.1 a <0.1 a

6. Rubigan 1EC 4 floz..................................................... 0.8 a 1.6 a 1.1 ab 0.0 a 0.1 a <0.1 a

7. Rubigan 1EC 2.67 floz + Captan 50W 1 lb .................. 0.6 a 1.5 a 1.0 ab 0.1 a 0.8 a 0.4 a

8. Rubigan 1EC 2.67 floz + Dithane 75DF 1 lb ............... 0.9 a 1.6 a 1.2 ab 0.5 a 0.1 a 0.2 a

9. Rubigan 1EC 2.67 floz + Syllit 65W 6 oz .................... 2.0 a 3.5 ab 2.7 abc 1.5 a 1.2 a 1.4 a

 10. Nova 40W 1.33 oz + Syllit 65W 6 oz ........................... 0.0 a 1.8 a 0.4 a 0.0 a 0.2 a 0.1 a

 11. Nova 40W 1.33 oz....................................................... 0.0 a 0.4 a 0.1 a 0.0 a 0.0 a 0.0 a

Mean separations were determined using Fisher's Protected LSD (P=0.05)  The arcsin transformation was used in statistical analyses for data expressed as

percentages.
1Treatments were applied 22 May (petal fall); 2, 12 June, and were followed by cover sprays of Captan 50W  2.5 lb/A on 26 June and 3 July; Captan 50W

1.6 lb/A  on 15, 28 July and 12 Aug.    2 Data were collected from all leaves on 25 terminals per tree    3 Data were collected from 100 fruit per tree.
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INCIDENCE OF POWDERY M ILDEW AS AFFECTED BY

APPLICATION RATES FOR THREE SI FUNGICIDES.  Some

apple growers have used SI fungicides at low rates to control powdery

mildew for the past 5-8 years and have been concerned that resistance to

these fungicides may be developing in the powdery mildew fungus.  In

previous work in Pennsylvania, Berkett et al. (PLANT DISEASE 72:310-131,

1988) showed three to four sprays of Bayleton at 1 oz/100 gal applied

between pink and second cover could provide adequate mildew control.

In this trial, several rates of Bayleton, Rubigan, and Nova applied at pink,

petal fall, and first cover were evaluated to determine the relative

effectiveness of the fungicides and to determine if treatments would prove

less effective in an orchard where they had been used extensively than in

an orchard with no previous history of SI fungicide use.

This trial was executed in two commercial orchards in which the

cultivar 'Rome Beauty' was severely affected by powdery mildew in 1991.

Orchard A consisted of a block of 12-yr-old Rome trees on MM.106

rootstock spaced 18x22 feet.  Plots were established in three adjacent rows,

using two-tree plots replicated four times.  The orchard had received

alternate row sprays of Bayleton at varying rates over the past 7 years, and

therefore was a site where the the powdery mildew fungus potentially

might have become resistant to the SI fungicides.  By comparison, SI

fungicides had never been used in orchard B.  Orchard B consisted of

mature trees (>20 yrs old) on seedling rootstock spaced 25x30 feet.  Rows

of 'Rome Beauty' alternated with rows of McIntosh.  Single-tree plots with

four replicates were established in the rows of 'Rome Beauty'.  At both

sites, the growers controlled apple scab using mancozeb sprays.

Mildewcide treatments were applied at both sites on 12 May (bloom), 22

May (petal fall), and 3 Jun (first cover) using a handgun at 300 psi to

apply sprays to run-off.  No other fungicides with activity against mildew

were applied until after ratings were completed.  Plots were rated by

observing the the eight youngest leaves on each of 25 terminals per

replicate.

Despite high levels of inoculum the previous year, relatively little

mildew developed in orchard A in 1992, possibly because of inter-plot

interference caused by vapor activity of SI fungicides in these tightly-

spaced plots.  Incidence of mildew in the plots treated with low rates of

Rubigan was <1% on 26 Jun, 23 days after the last mildewcide application.

No data was collected from the other plots where mildew control was likely

to be even better.  Mildew developed as expected in orchard B where trees

were more widely spaced and where mildewcides were applied only in

alternate rows.  Slight rate-responses to Bayleton and Rubigan were evident

in orchard B on 26 Jun.  In some treatments, incidence of mildew had

increased significantly by 15 Jul.  Mildew initially suppressed by the lower

rates of Bayleton and Rubigan developed after sprays were terminated

whereas reasonable control was maintained where Bayleton and Rubigan

were applied at the highest rates tested.  All rates of Nova tested provided

extended control of mildew, even in the single treatment in which the pink

spray of Nova was omitted.  

We conclude from this trial that Nova is the most effective

mildewcide for apples where a limited number of applications are to be

made during the season.  However, growers can acheive the similar results

by applying Bayleton at 1-2 oz/100 gallons or Rubigan at 4 fl oz/100

gallons in three applications.  Lower rates of Bayleton and Rubigan should

also be effective if more applications are used so that mildewcide coverage

is extended into early July.  We found no evidence to suggest that powdery

mildew in the orchard A has developed resistance to the SI fungicides.

% youngest 8 terminal leaves with mildew
Material and rate of         Orchard B         Orchard A
formulated product per 100 gal 26 Jun 15 Jul 26 Jun

Control.........................................41.2         e 50.0           f 7.2   b

Bayleton  50W  2.0 oz ................... 0.5 ab 6.6 ab -
Bayleton  50W  1.0 oz ....................3.4     c 11.2   bcd -
Bayleton  50W  0.5 oz ....................2.3   bc 15.2     cde -
Bayleton  50W  0.25 oz ..................3.7     c 15.6     cde -

Rubigan  1EC  4 fl oz.....................0.2 a 8.3 abc -
Rubigan  1EC  2 fl oz.....................3.7     c 20.8         e 0.8 a
Rubigan  1EC  1 fl oz.....................9.2       d 17.7       de 0.3 a

Nova  40W     2.0 oz.....................<0.1 a 4.6 ab -
Nova  40W     1.0 oz.......................1.4 abc 6.8 ab -
Nova  40W     0.5 oz.......................0.8 ab 5.6 ab -

Nova  40W     1.0 oz
  [start at PF; not sprayed 12 May]..1.3 abc 3.5 a -

Mean separations were determined using Fisher's Protected LSD (P=0.05)
The arcsin transformation was used for statistical analyses.
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EVALUATION OF FUNGICIDES FOR APPLE SCAB AND SUMMER DISEASES, 1992.  Fungicides treat-

ments were replicated four times in a block of 11-yr-old trees on M.7 rootstocks.  Each plot

contained one McIntosh and one Golden Delicious tree.  Fungicide treatments were sprayed to runoff

using a handgun.   Treatments for scab and early-season diseases were applied 29 Apr (tight cluster);

11 May (pink), 20 May (petal fall), and 28 May.  Treatments for summer diseases were applied 10

Jun, 1, 22 Jul , and 12 Aug, except that the treatment involving Champ Flowable Copper was applied

1 Jul, 15 Jul, 28 Jul, and 12 Aug.  There were five primary scab infection periods during Apr and five

during May.  Two of the Apr infection periods occurred near green-tip when few spores were

available.  The other three occurred 22-26 Apr.  The next important infection period did not develop

until 15-16 May when early-blooming cultivars were nearing petal fall.  The summer was cool and

cloudy.  There were two secondary scab infection periods in May, eight in Jun, 13 in Jul, and seven in

Aug.  Effectiveness of the fungicide treatments was evaluated by determining the incidence of various

diseases on leaves on 25 clusters and 25 terminals, and on 100 fruitlets or mature fruit per tree on the

dates indicated in the data tables.  USDA grading standards were used to evaluate the proportion of

fruit at harvest which would have been down-graded due to infections of sooty blotch and fly speck.

All of the treatments provided acceptable control of apple scab except TD2320 and the

Rubigan/Dithane program in which sprays were terminated May 28 (trtmt-4).  Apple scab infections

occurring 22-26 Apr were adequately controlled by Rubigan/Dithane applied 29 Apr where as cluster

leaf scab was not well-controlled in the TD2320 plots.  Less sooty blotch and fly speck (SBFS)

developed on McIntosh in the treatment where mancozeb was applied until 10 Jun (trtmt-5) than in

the comparable treatment where the last mancozeb application was 28 May (trtmt-4).  However, the

differences between these treatments had disappeared by the time Golden Delicious were harvested 23

days later.  On McIntosh, which were harvested 28 days after the last fungicide application, TD2320

provided the best control of fly speck.  Some of the fly speck observed on McIntosh treated with

Champ Flowable Copper, Benlate/Captan, and Topsin M/Captan may have originated with infections

that were not adequately controlled by the low rate of Dithane M-45 used with Rubigan in early-

season sprays.  In particular, the spray applied May 28 occurred as ascospores of the fly speck

fungus were maturing, and inadequate control by the Dithane applied on this date could have limited

the apparent effectiveness of later treatments.  Golden Delicious were harvested 51 days after the last

fungicide application.  The incidence of SBFS was considerably greater on Golden Delicious than on

McIntosh for treatments involving TD2320, Champ Flowable Copper, and Topsin M/Captan whereas

there was less difference between the two cultivars for plots receiving Benlate/ Captan.  Thus, it

appears that Benlate still provides the best residual activity against SBFS.  As in previous years, fruit

finish was slightly better on trees sprayed with Topsin M than on trees sprayed with Benlate, but

differences were not statistically significant owing to the severe weather-induced russetting on Golden

Delicious.  Copper injury, evidenced as a slight blackening around a few lenticels, was apparent on

16% of the McIntosh and 31% of the Golden Delicious.  However, at least some of the fruit with

copper injury probably would not have been detected on a commercial grading line.
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                     % leaves with scab2                            % fruit with scab3

McIntosh               terminals                          Golden

Materials and rate of spray clusters         McIntosh           Golden Del.       Mcintosh       Delicious

formulated product per 100 gal timing1 16 Jun 17 Jun 7 Aug 10 Aug 17 Jun 9 Sep 2 Oct

1. Control ......................................................... ....................................27.7    c 31.0     c 72.6     c 16.6   b 86.4   c 97.5     d 47.7     b

3. TD2320 80DF 3.3 lb.................................... entire season...................8.1   b 4.0   b 18.4   b 0.5 a 3.3    b 11.4     c 0.7  a

4. Rubigan 1EC 2.67 floz + Dith 12 oz 4.......... 29 Apr - 28 May............0.9  a 0.0  a 16.4   b 0.5 a 1.1  ab 11.3    c 0.0  a

5. Rubigan 1EC 2.67 floz + Dith 12 oz 4.......... 29 Apr - 10 Jun..............0.2  a 0.1  a 6.9 a 0.4 a 0.1  a 0.7    b 0.1  a

6. Rubigan1EC 2.67 floz +  Dith 12 oz 4.......... 29 Apr - 10 Jun;

   Champ Flowable 12 fl oz+Lime 2 lb .......... 1, 15, 28 Jul; 12 Aug......0.3  a 0.3  a 5.1 a  0.8 a 0.1  a 0.6  ab 0.1  a

7. Rubigan 1EC 2.67 floz + Dith 12 oz 4.......... 29 Apr - 28 May;

   Benlate 50DF 3 oz + Capt 50W 1 lb ........... 10 Jun - 12 Aug.............1.2  a 0.1  a 7.2 a 0.5 a 0.0  a 0.0  a 0.0  a

8. Rubigan 1EC 2.67 floz + Dith 12 oz 4.......... 29 Apr - 28 May;

   Topsin M 85DF 4 oz + Capt 50W 1 lb ....... 10 Jun - 12 Aug.............1.5  a 0.5  a 6.0 a 1.0 a 0.0  a 1.6   b 0.0  a

% Golden Delicious with Mean russet % Golden Delicious

  cedar apple rust2         rating for fruit with russet

Materials and rate of spray terminal lvs fruit Golden Deli- ratings of

formulated product per 100 gal timing1  8 Jul 2 Oct cious fruit5 3, 4, or 55

1. Control ..........................................................................................................57.0      d 2.3     b 2.88 62.8

3. TD2320 80DF 3.3 lb...............................................entire season....................2.9   bc 0.2  a 2.83 62.1

4. Rubigan 1EC 2.67 floz + Dith 12 oz 4.....................29 Apr - 28 May .............4.4     c 0.0  a  2.62 44.0

5. Rubigan 1EC 2.67 floz + Dith 12 oz 4.....................29 Apr - 10 Jun...............0.2 ab 0.0  a 2.27 27.4

6. Rubigan1EC 2.67 floz +  Dith 12 oz 4.....................29 Apr - 10 Jun;

   Champ Flowable 12 fl oz+Lime 2 lb .....................1, 15, 28 Jul; 12 Aug .......0.0 a 0.0  a 2.61 47.7

7. Rubigan 1EC 2.67 floz + Dith 12 oz 4.....................29 Apr - 28 May;

   Benlate 50DF 3 oz + Capt 50W 1 lb ......................10 Jun - 12 Aug ..............2.8   bc 0.0  a 2.89 61.3

8. Rubigan 1EC 2.67 floz + Dith 12 oz 4.....................29 Apr - 28 May;

   Topsin M 85DF 4 oz + Capt 50W 1 lb ..................10 Jun - 12 Aug ..............3.3     c 0.2  a  2.64 45.8

Mean separations were determined using Fisher's Protected LSD (P=0.05)  The arcsin transformation was used for statistical analyses of % infection.
1 Treatments were applied 29 Apr (tight cluster); 11 May (pink), 20 May (petal fall), 28 May; 10 Jun; 1 Jul, 15 Jul (copper only), 22 Jul (all but copper), 28

Jul (copper only);12 Aug    2 Data  were collected from all leaves on 25 clusters or terminals per tree.    3 Data  were collected from 100 fruit per tree    4

Dith = Dithane M-45 75DF.          5Fruit russeting was evaluated at harvest by rating 100 fruit per plot on a scale of 1-5  (1 = no russet, 2 = rough or

enlarged lenticels, 3 = slight russetting between lenticels, 4 = moderate russet, 5 = severe russet).  Treatment means were not significantly different (P=0.05).
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                                    McIntosh  fruit harvested 9 Sep2                                                 

% fruit infected with % fruit com- % fruit with SBFS3 severe % fruit with

Materials and rate of spray fly sooty pletely free enough to eliminate it from   noticeable

formulated product per 100 gal timing1 speck blotch of SBFS3 US Fancy US No. 1 copper injury5

1. Control ...................................................................................... 99.9      d 91.7      d 0.0      d 99.5        d 66.5       c --

3. TD2320 80DF 3.3 lb.............................entire season.................. 4.4  a 1.3  a 93.5  a 0.7  a 0.0  a --

4. Rubigan 1EC 2.67 floz + Dith 12 oz 4...29 Apr - 28 May ......... 99.4      d 72.0     c 0.4      d 90.6       c 30.0    bc --

5. Rubigan 1EC 2.67 floz + Dith 12 oz 4...29 Apr - 10 Jun........... 92.1     c 14.3   b 7.2     c 58.7     b 10.5  ab --

6. Rubigan1EC 2.67 floz +  Dith 12 oz 4...29 Apr - 10 Jun;

   Champ Flowable 12 fl oz+Lime 2 lb ...1, 15, 28 Jul; 12 Aug ...18.8   b 0.5  a 80.5   b 3.0  a 0.4  a 15.7

7. Rubigan 1EC 2.67 floz + Dith 12 oz 4...29 Apr - 28 May;

   Benlate 50DF 3 oz + Capt 50W 1 lb ....10 Jun - 12 Aug .......... 12.5   b 1.0  a 86.8   b 2.3  a 0.0  a 0.0

8. Rubigan 1EC 2.67 floz + Dith 12 oz 4...29 Apr - 28 May;

   Topsin M 85DF 4 oz + Capt 50W 1 lb 10 Jun - 12 Aug .......... 17.5    b 3.3  ab 80.1   b 5.2  a 0.0  a --

                             Golden Delicious fruit harvested 2 Oct2                                             

% fruit infected with % fruit com- % fruit with SBFS3 severe % fruit with

Materials and rate of spray fly sooty pletely free enough to eliminate it from  noticeable

formulated product per 100 gal timing1 speck blotch of SBFS3 US Fancy US No. 1 copper injury5

1. Control .................................................................................... 100.0    c 100.0    c 0.0    c 100.0     c 100.0      c --

3. TD2320 80DF 3.3 lb.............................entire season................ 12.1  a 14.2   b 76.3  a 5.1  a 1.0  ab --

4. Rubigan 1EC 2.67 floz + Dith 12 oz 4...29 Apr - 28 May ....... 100.0    c 100.0    c 0.0    c 100.0     c 100.0       c --

5. Rubigan 1EC 2.67 floz + Dith 12 oz 4...29 Apr - 10 Jun......... 100.0    c 99.8    c 0.0    c 100.0     c 100.0       c --

6. Rubigan1EC 2.67 floz +  Dith 12 oz 4...29 Apr - 10 Jun;

   Champ Flowable 12 fl oz +Lime 2 lb ..1, 15, 28 Jul; 12 Aug ...39.4   b 16.4   b 60.0   b 19.5   b 8.6    b 30.6

7. Rubigan 1EC 2.67 floz + Dith 12 oz 4...29 Apr - 28 May;

   Benlate 50DF 3 oz + Capt 50W 1 lb ....10 Jun - 12 Aug .......... 16.2  a 1.8  a 82.3  a 4.1  a 0.2  a 0.0

8. Rubigan 1EC 2.67 floz + Dith 12 oz 4...29 Apr - 28 May;

   Topsin M 85DF 4 oz + Capt 50W 1 lb 10 Jun - 12 Aug .......... 38.4   b 19.5   b 55.2   b 19.7   b 6.1  ab --

Mean separations were determined using Fisher's Protected LSD (P=0.05)  The arcsin transformation was used for statistical analyses of % infection.
1 Treatments were applied 29 Apr (tight cluster); 11 May (pink), 20 May (petal fall), 28 May; 10 Jun; 1 Jul, 15 Jul (copper only), 22 Jul (all but copper), 28

Jul (copper only);12 Aug    2Data  were collected from 100 fruit per tree      3SBFS = sooty blotch and/or fly speck          4Dith = Dithane M45  75DF.
5Copper injury was evident as blackeing around lenticiels and was counted only when noticeable at first glance.
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EFFECTS OF TREE SPACING, GROUND COVER MANAGEMENT, AND SUMMER FUNGICIDES ON THE

INCIDENCE OF SOOTY BLOTCH AND FLY SPECK ON 'LIBERTY' APPLES.  Sooty blotch and fly speck (SBFS)
are fungal diseases that can infect all apple cultivars, including the scab-resistant cultivars.  Infections
occur during late spring and summer, but in northeastern United States symptom development is
often delayed until late August or early September.  Symptoms consist of dark blemishes on the
surface of the fruit.  

We suspected that tree density (as determined by tree spacing within the orchard) might also
affect the incidence of SBFS.  Some researchers have also suggested that fly speck and sooty blotch
are more prevalent in orchards with high unmowed grass.  In 1991, we initiated a multi-year
experiment to determine how tree density, ground cover management, and summer fungicide sprays
affect the incidence of SBFS.  Data being collected will allow economic comparisons of the various
production variables.

Methods:  The experiment was initiated in spring of 1991 in an orchard of Liberty on M.9
rootstock.  A factorial design was used to evaluate the effects of tree density, ground cover manage-
ment, and summer fungicide sprays on the incidence of SBFS.  The experimental design included
two levels for each of the three factors for a total of eight treatments.  The eight treatments were
replicated four times.  The tree density factor included trees spaced as described below to allow either
558 or 931 trees per acre.  In 1991, the intensive level of ground cover management involved an
herbicide strip with 5 mowings of the row middle per season (late May, June, July, August, and
postharvest in October).  In the less intensive ground cover management system, sod was allowed to
grow beneath the trees and the row middles were mowed only in late May and again postharvest.  For
the third factor in our experiment, half of the plots received no fungicide treatment throughout the
entire year whereas the other half were sprayed monthly during June, July, and August to control
SBFS.  In 1991, the fungicide treatment was Benlate 50DF 2 oz/100 gallons combined with Captan
50W 1 lb/100 gallons.  In 1992, Topsin M 85WDG 3 oz/100 gallons was substitued for Benlate.  The
sprays were applied dilute with a handgun.

The test orchard was planted in 1987 with 10 feet between the rows and 3 ft between trees
within the row except that within-row spacing was 6 ft between each of the 5-tree plots.  This resulted
in a planting with 1,210 trees per acre.  Trees were trained to a slender spindle.  An eight-ft section of
three-quarter inch galvanized electrical conduit was used to support each tree.  The conduit poles
were stabilized by attaching their tops to a high tensile wire tied into wooden brace posts at the end of
each row.  The planting design was changed in spring of 1991 to accommodate this experiment.  In
half of the Liberty plots, every-other tree in the row was removed so that the final tree spacing was 6
ft within the rows.  Every third row in the planting was removed so that we ended up with a double-
row system with drive rows between every double row.  At the conclusion of our planting renovation,
we had a randomized design in the 'Liberty' planting with 16 plots of 10 trees each and 16 plots of 6-
trees each.  Trickle irrigation was installed in this orchard in 1991 but it was not functional until late
July, well after the period of greatest water stress for the year.  Trickle irrigation was used during June
and August-September of 1992.

Yield was determined by harvesting and weighing all fruit from each plot in 1991 and all fruit
from one row in each plot (= one-half of total trees) in 1992.  A sample of 100 fruit per plot were
harvested when fruit were at optimum maturity for commercial harvest on 18 Sept 1991 and on 21
Sept 1992.  This sample was weighed and carefully evaluated for SBFS.  Using the USDA grade
standards, we considered fruit out of grade if fly speck lesions were larger than a quarter inch in
diameter.  The incidences of smaller fly speck lesions and of sooty blotch were also noted, but only
fruit with the large fly speck lesions would have been down-graded and therefore involved in an
economic loss.

Results:  Dry weather during the summer of 1991 resulted in a lower incidence of SBFS than
noted in the previous two seasons.  The 1991 season was unusually dry from mid-June until late July.
As a result, grass in the unmowed plots failed to grow very much after the late-May mowing and
differences in grass height between the two treatments were minimal until late in the season.
Fungicide treatment had a
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statistically significant effect on the percent fruit out-of-grade due to fly speck .  As expected, the

incidence of disease was higher in the 10-tree plots that in the 6-tree plots, and it was higher in the

unmowed plots than in the mowed plots.  However, the differences in the latter two factors were not

significant.  Plots with six trees had significantly lower yield than plots with 10 trees, but these

differences may disappear as the trees in the 6-tree plots are allowed to grow and fill more of the

space between trees.  Yield for all plots was comparatively low.  The low yields in 1991 were

attributable to over-thinning and to drought stress in June and early July.  As a result of the latter,

fruit size was small.   

We noted that trees receiving no summer fungicides defoliated about 10-14 days earlier in

fall of 1991 than did trees sprayed with fungicides.  An unidentified leaf spot appeared to be

contributing to the premature leaf drop.  Data was collected in spring of 1992 to determine if the

premature leaf drop on unsprayed trees might contribute to reduced flowering, fruit set, and or yield

in 1992.  Data were collected from all trees in the south row of each plot (=3 trees/6 tree plot and 5

trees/10 tree plot) by selecting and labeling both a lower scaffold limb and an upper canopy limb for

flower cluster and fruit counts.  Limbs selected were average size for the trees involved, but we

avoided limbs which had received severe heading cuts in previous pruning.  Number of flower

clusters per limb were determined at tight cluster May 1-4 by counting all clusters on the limbs.  Fruit

per limb was determined by counting all fruit on the marked limbs on July 13.  All trees were

chemically thinned using 10  ppm NAA applied dilute with a handgun on May 28.  Fruit set

efficiency was determined after thinned fruit had dropped by dividing the number of fruit per limb

by the number of clusters per limb.  Fruit per cross-sectional area was determined by measuring the

diameters of the base of the selected limbs, determining their cross-sectional areas, and determining

the number of fruit produced per square cm of cross-sectional area.

Number of trees per plot had a significant affect on the number of flower clusters on lower

limbs in 1992, presumably because the lower limbs were more shaded in the 10-tree plots.  Fruit-set

efficiency was significantly higher in the plots receiving fungicides than in those receiving no

fungicides the previous year.  The effect on fruit set may have been due to premature defoliation on

the unsprayed trees.  Because the thinning treatments applied in 1992 were inadequate, fruit size was

generally small and plots with the heaviest crop had the smallest fruit.  Thus, although yield per acre

was significantly higher in the 10-tree than in the 6-tree plots, fruit size was better in the 6-tree plots.

Final economic analysis will be completed after pack-out data is collected from the 100-fruit/plot

subsamples now in storage.

The same treatments are being maintained in the same plots through at least 1993 to

determine if any of the factors being evaluated have cumulative effects on fruit quality and yield.  
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Grand means from factorial analyses for three treatment factors in a 2 x 2 x 2 factorial experiment involving the impact of tree spacing, ground cover

management, and summer fungicide use on fruit quality and yield in 1991.

Grand                      Harvest data from 1991                             Data from selected limbs 19926                               Means for 1992

means Treat- % fruit % fruit Mean     Mean number of         Mean fruit set Mean no. fruit/ harvest                    

from ment out of grade Total % with yield      flower clusters7            efficiency8       cross-sect. area 9  yield fruit

factorial compar- with large fruit with sooty (42-lb bu. top lower com- top lower com- top lower (42-lb bu. weight

analyses isons fly speck5 fly speck blotch   per A) limbs limbs bined limbs limbs binedlimbs limbs per A) (grams)

Tree       6 trees  vs. 4.6 11.1 0.8 252 15.6 47.4**63.0 0.85 0.71 0.73 33 14 591 132**

  density 10 trees 6.6 11.7 2.0 431** 15.8 36.3 52.2 0.84 0.65 0.69 28 12 895** 121

Ground mowed  vs. 4.3 9.8 0.7 307 17.3 43.2 60.5** 0.80 0.67 0.69 36 14 744 124

  cover unmowed 7.1 13.2 2.1 378 14.1 37.8 52.0 0.89 0.67 0.72 24 12 742 128

Fungicide sprayed  vs. 0.3 1.6 0.0 368 14.7 14.7 54.5 0.93**0.76**0.79** 30 14** 770 121

unsprayed 16.8** 28.6** 5.3 ** 317 16.8 16.8 57.9 0.75 0.58 0.62 29 11 717 132**

  ** Treatments were significantly (P=0.05) different as determined by factorial analysis of treatments.

1Plots with 6 trees had trees spaced 6 feet within the row whereas trees in plots with 10 trees had a mean tree spacing of 3.6  feet within the row.

2Plots with low grass were mowed every time the grass reached about 6 inches in height and had a clean herbicide strip about 2 feet wide beneath trees.

Plots with unmowed grass were not herbicided in 1991 and had a 1-ft herbicided strip in 1992.   Unmowed plots were  mowed only one time during the

season (early June) and again just prior to harvest.

3Sprayed plots received Benlate 50DF 2 oz &Captan 50W 1 lb per 100 gallons applied as a dilute spray with a handgun on June 14, July 7, and Aug. 8.

4Harvest evaluations made from samples of 100 fruit/plot harvested at optimum maturity on Sept. 18.

5Fruit with large fly speck would have been down-graded because the spots exceeded 5 mm in diameter.

6Data were collected from all trees in the south row of each plot (=3 trees/6 tree plot and 5 trees/10 tree plot) by selecting
and labeling both a lower scaffold limb and an upper canopy for cluster and fruit counts.  Limbs selected were average
size for the trees involved, but we avoided limbs which had received severe heading cuts in previous pruning.

7Number of flower clusters per limb were determined at tight cluster May 1-4 by counting all clusters on the limbs.
8Fruit per limb was determined by counting all fruit on the marked limbs on July 13.  Fruit set efficiency was determined by

dividing the number of fruit per limb by the number of clusters per limb.  If the number of fruit and the number of
clusters were equal, the fruit set efficiency was 1.0.

9Fruit per cross-sectional area was determined by measuring the diameters of base of the selected limbs, determining their
cross-section area, and determining the number of fruit produced per square cm of cross-sectional area.
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Copper phytotoxicity

EFFECTS OF PREBLOOM COPPER SPRAYS ON FRUIT FINISH, SCAB CONTROL, AND COPPER RESIDUES, 1992.  Delayed-dormant copper
sprays are useful for reducing fire blight inoculum in apple and pear orchards.  However, copper sprays applied
before bloom can cause severe fruit russetting if free copper ions are still present at tight cluster.  Lime has
traditionally been used as a safener with sprays of copper sulfate, as in Bordeaux mixture.  Lime reduces the
phytotoxicity of copper by slowing the release of copper ions.  Hydroxyl ions from the lime combine with copper
ions to form less soluble copper hydroxide.  Copper is then released slowly from the copper hydroxide deposits,
and some of the copper hydroxide is washed from the plant surfaces with subsequent rains.  COCS (copper
oxychloride sulfate) is a commercially-available, safened form of copper in which the copper is a complex of
copper hydroxide, copper chloride, and copper sulfate.  This experiment was conducted to determine if adding
lime to COCS would further reduce the potential for phytotoxicity to apple fruit.  Because fire blight was not
present in the test orchard, the biological activity of the copper sprays was determined by measuring their effect on
apple scab.

Treatments were replicated four times in a block of 11-yr-old Delicious/MM.106 trees using 3-tree plots.
All sprays were applied dilute using a handgun at 250 psi.  One treatment of COCS was applied 8 Apr when apple
buds were at silver tip.  The remainder of the plots were not treated until 27 Apr when the apple buds were at the
half-inch green bud stage.  All copper sprays were applied with 0.5% spray oil used as a sticker.  Test treatments
were applied only once.  No other fungicides were applied to any of the trees until 19 May when trees were slightly
past full bloom.  All plots, including controls, received the following fungicide cover sprays: Captan 50W 2lb/100 19
May; Captan 50W 1 lb/100 + Rubigan 1EC 3 fl oz/100  3 & 10 Jun; Captan 50W 1 lb/100 on 3, 15, 24 Jul & 12
Aug.   Twenty-five blossom clusters were collected from each plot on 5 May (tight cluster) and 18 May (full bloom)
to assess levels of residual copper remaining in the treated trees.  Immediately after collection, the 25 clusters from
each plot were washed by shaking them for 30 seconds in an Erlenmeyer flask with 250 ml distilled water on 5 May
and 500 ml distilled water on 18 May.  A 25-ml subsample of the wash solution was retained for analysis of copper
content.  The washed clusters were shaken to removed excess water, placed into paper bags, dried in an oven at 80 C,
weighed to determine dry weight of the sample, then ground and analyzed for copper content.  Both the foliar
samples and the wash water samples were analyzed for copper content by the Cornell's Fruit & Vegetable Science
Analytical Lab using standard analytical methods.  Accumulated rainfall between 8 and 27 Apr, 27 Apr and 5 May,
and 5 and 18 May was 1.71, 0.63, and 0.61 inches, respectively.  Dates for apple scab infection periods prior to the
first cover spray, and the relative severity of the infection periods, were 16-19 Apr (heavy), 22 Apr (light), 22-23
Apr (moderate), 24-26 Apr (heavy), 15-17 May (heavy).  The infection period of 15-17 May was also conducive
for quince rust infection.  Incidence of apple scab was determined by evaluating all leaves on 25 clusters per plot on
11 Jun, all leaves on 25 terminals per plot on 15 June, and 100 fruit per plot on 15 Jun and 17 Sep.  Incidence of
quince rust was also noted on fruit evaluated 15 Jun.  Fruit russetting was evaluated at harvest on 17 Sep by rating
100 fruit per plot.  

The incidence of apple scab on both cluster leaves and on fruit was reduced for all plots receiving copper
treatments 27 Apr.  Scab control was always at least as good as that achieved with Dithane M-45.  None of the treat-
ments affected the incidence of quince rust, presumably because quince rust infections occurred primarily during
the last unprotected infection period before cover sprays were applied.  Disease incidence was not effected by the
rate of COCS or lime applied.  At the 5 May sampling date, both the amount of copper removed by washing and the
amount of copper remaining in the dried clusters after washing were decreased as the rate of lime was increased.
The effect of lime on copper residues mostly disappeared by the 18 May sampling date except for copper residues
in foliage where COCS was applied at 4 lb/100.  The amounts of metalic copper and spray lime were identical for
Bordeaux mix 8-8-100 and COCS 4 lb plus spray lime 8 lb.  These two treatments resulted in similar levels of
copper removed in washing, but residual copper in foliage was lower with Bordeaux mix than with the COCS plus
lime.  All of the copper treatments applied at half-inch green (27 Apr) caused similar levels of fruit russetting, with
an average of 18% of fruit down-graded from US Extra Fancy as compared to only 2-4% of fruit with similar
russetting on trees which received no copper sprays or which received COCS at silver tip (8 Apr).   Thus, there was
no benefit derived from combining lime with the prebloom sprays of COCS under the weather conditions
encountered in 1992.  The amount of fruit russetted was affected only by spray timing.
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  % leaves with scab* % fruit with 

Materials and rate of cluster terminal % fruit with scab* * quince rust  

formulated product per 100 gal 11 Jun 15 Jun 15 Jun 17 Sep 15 Jun* *

Unsprayed control.............................................................................. 10.2      d 5.0 11.8     c 21.7    cd 12.6

8 Apr — silver tip application: C-O-C-S  4 lb...................................   9.2     cd 5.2 6.7   b 24.3      d 12.1

27 Apr — half-inch green applications:

Dithane M-45 75DF 1.5 lb..............................................................   7.7   bcd 3.1 7.1   b 17.3  bcd 11.6

C-O-C-S  2 lb..................................................................................   4.3 ab 2.5 4.0 ab 8.3 a 9.7

C-O-C-S  2 lb + spray lime 2 lb.......................................................   3.8 ab 1.3 4.2 ab 8.8 ab 15.8

C-O-C-S  2 lb + spray lime 4 lb........................................................  4.5 ab 2.7 3.3 a 12.6 abc 11.5

C-O-C-S  4 lb ..................................................................................  5.9 abcd 3.4 3.2 a 8.6 ab 12.1

C-O-C-S  4 lb + spray lime 4 lb........................................................  3.2 a 1.6 5.3 ab 6.2 a 14.2

C-O-C-S  4 lb + spray lime 8 lb........................................................  4.1 ab 2.6 2.6 a 6.2 a 17.2

Bordeaux mix 8-8-100.....................................................................  5.3 abc 2.9 2.8 a 8.9 ab 12.5

µg copper rinsed from ppm Cu++in dried clusters Mean         % fruit with                

25 clusters expressed as as determined by foliar anal- russet no russet objectionable

Materials and rate of µg Cu++/g dry cluster wt ysis of washed clusters          rating† or rough rusetting (cate-

formulated product per 100 gal 5 May* * * 18 May* * *    5 May 18 May (1-5 scale) lenticels gories 3-5)

Unsprayed control.....................................     3.8 a 1.3 a 33.1 a 20.0 a 1.21 a 82.8 a 1.9 a

8 Apr — silver tip: C-O-C-S  4 lb.............     6.9 a 1.9 a 42.2 a 23.4 a 1.26 a 79.5 a 2.2 a

27 Apr — half-inch green :

Dithane M-45 75DF 1.5 lb.....................     4.4 a 1.3 a 34.9 a 20.0 a 1.37 ab 72.3 ab 4.2 a

C-O-C-S  2 lb........................................  102.1   b 19.2   b 198.2   b 79.4   b 1.75    cd 49.6    c 17.7   bc

C-O-C-S  2 lb + spray lime 2 lb..............   99.3   b 19.5   b 291.7     c 70.2   b 1.68    cd 55.1    c 16.9   bc

C-O-C-S  2 lb + spray lime 4 lb..............   89.8   b 29.7   bc 213.5   b 85.6   b 1.66    cd 50.3    c 12.5   b

C-O-C-S  4 lb .......................................  244.0     c 48.5       d 516.9         e 183.4       d 1.87      d 48.4    c 26.7     c

C-O-C-S  4 lb + spray lime 4 lb.............  125.3   b 49.0       d 453.1         e 145.8      c 1.59  bc 63.4  bc 15.8   b

C-O-C-S  4 lb + spray lime 8 lb..............   82.5   b 40.3     cd 368.3       d 104.6   b 1.66     cd 59.6   bc 18.5   bc

Bordeaux mix 8-8-100..........................  144.7   b 26.0   bc 296.1     c 74.0   b 1.73     cd 51.9     c 18.1   bc

Mean separations were determined using Fisher's Protected LSD (P=0.05). The arcsin transformation was used for statistical analyses of %

infection.
* Data were collected from all leaves on 25 clusters or terminals per tree.    * * Data were collected from 100 fruit per plot.   * * *Mean dry weights

for 25 clusters were 7.62 g on 5 May and 15.38 g on 18 May.   †Fruit russeting was evaluated at harvest on 17 Sep by rating 100 fruit per plot on

a scale of 1-5  (1 = no russet, 2 = rough or enlarged lenticels, 3 = slight russetting between lenticels, 4 = moderate russet, 5 = severe russet).  Fruit

rated in category 3, 4, or 5 could not be sold as US Extra Fancy.
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EFFECTIVENESS OF ROVRAL, TOPSIN M, AND MERTECT 340F APPLIED AS POSTHARVEST TREATMENTS FOR BLUE MOLD

IN WOUNDED APPLE FRUIT, 1991-92.   The design used for this experiment was a 5x4 factorial in which five

fungicide treatments (water control, Topsin M, Mertect 340F, Rovral 1 lb, and Rovral 2 lb) were

compared across four "additives" (water control, Triton B1956, No Scald DPA, and the combination

of No Scald DPA plus Captan).  No Scald DPA and Captan are commonly used in commercial

drench tanks in combination with benzimidazole fungicides.  Because spreader-stickers have

improved the performance of some postharvest fungicides used on apples in previous experiments,

Triton B1956 included in this test.  An additional treatment of Topsin M plus Rovral was included in

the trial but was not part of the original factorial design.

Empire apples used for this trial were harvested 17 Sept and were treated 15 Oct 1991.

Golden Delicious were harvested 3-4 Oct and treated on 8 Oct.   Fruit of both cultivars were kept at

37 F from the day of harvest until the day prior to treatment.  One day prior to treatment, each fruit

was wounded on a single face using three nails mounted in a cork so as to produce wounds

approximately 1-mm diameter by 3 mm deep.  Fruit were inoculated the following morning by

dipping them for 20 seconds into a suspension containing 1x104 conidia/ml of a benzimidazole-

sensitive isolate of Penicillium expansum and 0.01% Tween 80.  Fruit were allowed to dry for about 2

hrs.  Baskets containing  50 fruit were then dipped into the various treatments for 30 seconds, allowed

to dry, and then laid out on spring cushion trays.  Each treatment was applied to a total of 100 fruit

which were subdivided into 4 replicates of 25 fruit each.  Fruit were laid out on spring cushion trays

and were then packed into wooden crates and moved to controlled atmosphere storage by evening of

the day they were treated.

Golden Delicious fruit were evaluated 27 Jan 1992 after 104 days of CA storage (Table 1).

The same fruit were evaluated again after an additional 14 and 28 days of regular storage at 37 F, and

finally after an additional 5-day shelf-life test during which apples were held at approximately 70 F.

Empire fruit were evaluated 15 April after 168 days of CA storage and were evaluated again after an

additional 15 days at 37 C.  In all cases, fruit were counted as decayed if any decay was visible

around any of the three wounds that had been made prior to inoculation.  Fruit with decays at other

accidental wounds and fruit infected with Botrytis or other decay pathogens were eliminated from the

experiment and not included in the final analysis of results.

Results:  In the test with Golden Delicious, all of the fungicide treatments provided excellent

control of decay throughout the period of CA storage (Table 2).  However, the incidence of decay in

apples treated with Rovral gradually increased during the 35 days apples were held after removal

from CA storage.  None of the "additives" had any significant effect on the incidence of decay, and

there were no significant fungicide-additive interactions.

The incidence of decay was much greater in the experiment with Empire apples.  Virtually all

of the untreated fruit in this experiment were decayed when the CA room was opened in April.  Only

Topsin M provided acceptable decay control.  Control with Mertect 340 F was significantly better

than that achieved with Rovral, but Mertect 340F was less effective than Topsin M.  During the 15

days between the first and second evaluations of the Empire fruit, the incidence of decay increased

rapidly in apples treated with Rovral but not in apples treated with Topsin M or Mertect 340F.  The

treatment involving a combination of Topsin M and Rovral was not part of the factorial design, but

this treatment provided excellent control of decay under the high disease-pressure conditions evident

in the trial with Empire fruit.
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Observations from this experiment can be summarized as follows:

1.  With benzimidazole-sensitive populations of P. expansum as we had in this trial, none of the

fungicides performed better when applied with Triton B1956, DPA, or captan/DPA than they did

when applied alone.

2.  Incidence of decay after apples were removed from controlled atmosphere storages continued to

increase in fruit that had been treated with Rovral, but relatively little increase in decay was noted

in fruit treated with Topsin M or Mertect 340F.

3.  The combination of Topsin M and Rovral was more effective under severe disease conditions than

was either compound used alone.

4.  In the Empire trial where the incidence of fruit decay was very high, Topsin M was more effective

than was Mertect 340F.

Discussion:  Results might have been considerably different if we had used inoculum

consisting of a combination of benzimidazole-sensitive and benzimidazole-resistant isolates of P.

expansum such as is usually found in commercial storages.  Previous studies have provided evidence

that DPA controls some benzimidazole-resistant strains.  However, a combination of a benzimidazole

fungicide (such as Mertect 340F) with DPA and Rovral would probably provide the best broad-

spectrum control of postharvest diseases on apples.  The benzimidazoles still appear to have the best

residual effectiveness of any fungicides under trial, but Rovral could strengthen the postharvest

drench by providing control of some resistant isolates of Penicillium.  Rovral might also help to

control Alternaria species which sometimes contribute to lenticel spot decays during storage.

The reduced effectiveness of Mertect 340F as compared to Topsin M in the Empire trial

provides some justification for grower reports that they are finding more decay in fruit treated with

Mertect 340F than in fruit treated with Benlate or Topsin M.  However, we know from previous trials

and from our Golden Delicious trial that the performance of Mertect 340F is often comparable to

that of other benzimidazole fungicides.  What remains to be determined are the factors involved when

Mertect 340F is less effective than Topsin M or Benlate, as was the case in our trial with Empire.  The

postharvest labels for Benlate and Topsin M have been withdrawn.  Therefore growers are likely to

find that Mertect 340F is the only benzimidazole labeled for postharvest use on apples by 1993.

More work is needed to determine why Mertect 340F fails to provide adequate decay control under

certain circumstances.
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           fruit used in the experiment.

Golden Delicious Empire

Harvest date....................................................................... 3 Oct 91 17 Sept 91

Pre-treatment storage:

Temperature.......................................................... 37 F 37 F

No. of days............................................................ 5 days 28 days

Mean pressure test

at time of treatment................................................

Treatment date................................................................... 8 Oct 91 15 Oct 91

CA storage conditions:

Days between treatment and CA certification ......... 4 days 13 days

CA storage temperature ......................................... 32.6 F 32.2 F

Mean CA storage oxygen level .............................. 2.5 % 2.7 %
Mean CA storage CO2 levels.................................. 2.1 % 2.7 %

Number of days in CA storage............................... 104 days 168 days

Date CA storage room opened............................... 24 Jan 92 14 Apr 92

Days between CA opening and first rating ......................... 3 days 1 day

Days between treatment and

first rating.............................................................. 111 days 183 days

second rating......................................................... 125 days 198 days

third rating ............................................................ 139 days

fourth rating.......................................................... 143 days

Table 2.  Summary of grand means for effects of fungicide and effects of "additives" on incidence of blue mold

decay.

            Golden Delicious                                        Empire             

    No. days at 37 F after 104 days CA     No.  days at 37 F after 

Treatment and rate of 31 days + following 168 days CA storage

formulated material/100 gal 3 days 17 days 31 days 4 days RT       1 day 16 days

Grand means for fungicides*

Water control........................ 36.3    c 43.6     d 50.3   c 68.5   c 99.9      e 99.9      e

Topsin M 85WDG 12 oz ...... <0.1 a <0.1 a 0.1 a 0.2 a 3.9 a 4.7 a

Mertect 340F 16 fl oz†......... 0.1 ab 0.1 ab 0.3 a 0.9 a 17.1  b 17.8  b

Rovral 50W 1 lb ................... 1.7   b 4.1    c 9.1  b 24.4  b 51.0     d 60.8     d

Rovral 50W 2 lb ................... 1.0 ab 3.2  bc 10.0  b 21.0  b 32.2    c 41.2    c

Grand means for additives**

None.................................... 4.9 A 8.6 A 15.0 A 23.1 A 44.7 A 51.2 A

Triton B1956 0.06% ............ 3.3 A 5.7 A 8.3 A 16.6 A 45.9 A 48.9 A

No-Scald DPA 1000 ppm..... 3.6 A 4.7 A 7.2 A 14.0 A 38.5 A 46.4 A

No-Scald DPA 1000 ppm

    & Captan 75WDG 12 oz.... 1.4 A 2.8 A 5.6 A 14.1 A 41.7 A 46.4 A

Significant interaction***............. no no no no no no
Letter separations of grand means for fungicides and grand means for additives were determined using Fisher's

Protected LSD (P=0.05).  The arcsin transformation was used for statistical analyses.
*Grand means for fungicides are from 16 observations: four replicates of 25 fruit in each of four "additive"

treatments.
**Grand means for additives are tfrom 20 observations:  four replicates of 25 fruit in each of five fungicide

treatments.
***A "yes" indicates there was a statistically significant (P=0.05) interaction between fungicides treatments and

"additive" treatments in the factorial analysis.
†A treatment involving Rovral 50W 1 lb plus Topsin M 85WDG 12 oz was included in the experiment but was not

part of the factorial design.  The mean incidence of decay for 4 replicates of 25 fruit in the Rovral/Topsin M
treatment was 0.2% for all observation dates except that it was 0% for the first observation date with Golden
Delicious.



APPLE (Malus domestica  'Empire') Rosenberger, Meyer & Engle

Blue mold; Penicillium expansum Hudson Valley Lab 1992 Report

Page 24

EFFECTIVENESS OF FUNGICIDES APPLIED AS A POSTHARVEST DRENCH TO WOUNDED APPLE FRUIT, 1991-92.  Empire apples

harvested 17 Sep 91 were stored at 37 F until  18 Dec 91 when fruit were removed from storage for

this experiment.  The mean pressure test (Effigi pressure tester, 10-mm tip) for 25 fruit was 11.2 lb at

the time the experiment was initiated.  Prior to treatment, each fruit was mechanically wounded using

nails to simulate stem punctures.  Uniform wounds were made by mounting three 6d finishing nails

in a large cork so that the nail points protruded 3 mm from one end of the cork.  This wounding

device produced three wounds spaced about 1-cm apart in a triangular pattern.  Each apple was

wounded on a single face.  After wounding, apples were held at 50 F for approximately 20 hours

(overnight) prior to treatment.  Chemical treatments and Penicillium inoculum were applied to four

replicates of 100 fruit each contained in individual field crates.

Inoculum consisted of conidia from an MBC-sensitive isolate of Penicillium expansum

(isolate P-99).  Conidia were harvested from 5-day-old cultures of P. expansum growing on potato-

dextrose agar by washing cultures with distilled water containing 0.05% Tween 20.  The

concentration of the spore suspension was determined using a hemacytometer.  The appropriate

quantity of spore suspension required to produce a final suspension containing 1x104 conidia/ml was

added to the water control and to each of the fungicide treatments just prior to initiating the drench

treatment.  Thus, both the fungicide and the conidia of Penicillium were applied to the test fruit at the

same time, simulating the situation which occurs in commercial drench tanks.

Treatments were applied using a small drencher built for this experiment.  The drencher

consisted of a reservoir/catch basin made of galvanized steel from which the treatment solution was

pumped to an overhead manifold by means of a submersible sump pump.  The treatment solution

cascaded from the overhead manifold in a solid sheet wide enough to cover the entire width of the

field crate.  Flow from the manifold was approximately 26.3 gal/min.  Treatments were mixed for a

total volume of 12 gallons, the minimum capacity required for operation of the sump pump.  Field

crates were placed on a roller track and pushed through the cascading drench solution at a speed

which allowed an entire crate to be treated in approximately 45 seconds.  The treatment time was

sufficient for the cascading drench solution to go through the crate and run out of the bottom.  The

drencher, pump, and plumbing system were carefully cleaned and rinsed between fungicide

treatments.

Fruit were allowed to dry approximately one hour at 75 F.  The treated crates of fruit were

then moved to a cold room at 37 F.  Incidence of decay was recorded after 46, 60, and 75 days by

transferring all fruit from one crate to another and recording the proportion of fruit showing decay.

Fruit were considered decayed if decay was evident around any of the three nail wounds we had

made.  Fruit showing decay were discarded to minimize secondary spread of fungal spores which

might effect results of subsequent evaluations.

All of the treatments provided reasonable control of decay when evaluated 46 days after

treatment.  However, the incidence of decay increased considerably between 46 and 60 days in all

treatments except the Rovral-plus-Topsin M treatment.  There was no significant difference between

the two concentrations of Rovral until the last evaluation date.  On all evaluation dates, Rovral was as

effective as the commercial standard, Mertect 340F-plus-captan.  Based on the treatments included in

this test, there is no way to determine if the superior performance of Topsin M-plus-Rovral as

compared to Mertect 340F-plus-captan is
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attributable to Topsin M being better than Mertect, to Rovral being better than captan, or to some

interaction between the materials that were used in treatment combinations.

This experiment should be considered a severe test of fungicide efficacy because all of the

fruit were wounded, the storage temperature of 37 F is the highest temperature commonly used in

commercial storages (most apples are stored at 32-33 F), and the final evaluation was made in early

March, about a month later than the latest date that most growers would consider acceptable for non-

CA storage of apples.  The amount of inoculum used was also fairly high but well within the range

found in some commercial storages.

Table 1.  Incidence of blue mold decay caused by Penicillium expansum in wounded Empire fruit

treated with various fungicides in a drencher.

Fungicide and rate of                     % fruit with decay after:                                 

formulated material per 100 gals. 46 days* 60 days* 75 days*

Control................................................. 78.8     c 94.4     c 97.7       d

Rovral  50W   1 lb................................    4.2 ab 20.1   b 37.2     c

Rovral  50W   2 lb................................    3.3 ab 10.7   b 21.8   b

Topsin M  85WDG   12 oz

&  Rovral  50W  1 lb ....................    1.2 a 2.3 a 4.5 a

Mertect 340F   16 fl oz

&  Captan  50W   1 lb...................    7.1   b 16.1   b 27.4   bc

Mean separations were determined using Fisher's Protected LSD (P=0.05).  The arcsin transformation

was used for statistical analyses.  Means are derived from four replicates of 100 fruit each.

*Treated fruit were stored at 37F for the number of days indicated.  Fruit were counted as decayed if

decay was detected at any one of the three wounds on each fruit.


