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APPLE (Malus domestica ‘Idared’) K. S. Yoder, A. E. Cochran Il, W. S. Royston, Jr.,
Fireblight; Erwinia amylovora S. W. Kilmer and A.G.F. Engelman
Virginia Tech Ag. Research & Extension Center
595 Laurel Grove Road
Winchester, VA 22602

Suppression of fire blight blossom blight by experimental and registered compounds on Idared apple, 2013.

Treatments involving Actigard and Serenade Optimum and integrated schedules with streptomycin
(Firewall/Harbour), were compared to streptomycin alone for blossom blight control and fruit finish effects. The test was
established in four randomized blocks on 31-yr-old trees using single-tree replications with border rows between
treatment rows. Our general test strategy was to make applications in the morning before inoculating in the evening in
anticipation of a relatively warm day to follow. All treatments were applied to both sides of the tree with a Swanson
Model DA-400 airblast sprayer at 100 gallons per acre 11 Apr (Trt. #6 only, early pink);18 Apr (early bloom); 23 Apr (full
bloom);1 May (late bloom); 10 May (petal fall, Trt. #6 only); 18 May (1st cover, Trt. #6 only). Four selected branches per
tree, each with about 25 blossom clusters, were inoculated by spraying to wet with a bacterial suspension containing
1X10° streptomycin- sensitive Erwinia amylovora cells/ml. Inoculation was done the evenings of 18 Apr, 23 Apr, and 1
May, the same days as the three bloom applications. Trees were not inoculated after the fourth and fifth applications (to
Trt. 6). Infection data were based on counts of number of blossom clusters present on the inoculated branch at the time
of the first inoculation. A cluster was rated as infected if it had at least one blossom with any fire blight symptoms on 16
May. Maintenance insecticides were applied to the entire block with a commercial airblast sprayer. Fruit finish was rated
on 25 fruit per replication after harvest 24 Sep.

Inoculation resulted in strong fire blight test conditions. The streptomycin standard (Firewall), performed as
expected under these conditions, with excellent suppression of cluster infection by both the 1.5 Ib and 12 oz rates, but
with significant differences between the two rates. There was no significant difference (p=0.05) among the Firewall or
Harbour formulation treatments tested on the same schedule at the same rates. Schedules involving Serenade or
Regalia also gave significant blossom blight suppression, but Actigard alone did not. Integrated schedules involving
alternating applications or mixtures of Serenade or Actigard with streptomycin (Treatments 4, 5, and 7-10) were not
significantly more effective than parallel treatments involving streptomycin alone (Trt 14 or 15). There was no significant
treatment effect on fruit finish compared to non-treated fruit.

Table 1. Control of fire blight on Idared blossoms, 2013. Virginia Tech AREC, Winchester.
Bloom app. # % clusters  Finish ratings **

Treatment and rate/A Pk 1 2 3 PF1C infected* russet opalescence
0 No treatment =~ |- ]--]| 72.3i 1.3a 1.0ab
1 FireWall 17 1.5 Ib + Regulaid 1 pt — | XXX |- 6.0a 1.3a 1l.1ab
2 Harbour 17 1.5 Ib + Regulaid 1 pt -~ | X|X|X|--|--| 15.1ab 2.0a 1l.4ab
3 Serenade Optimum 1.5 Ib + Regulaid 1 pt -~ | X|X|X]|--|--| 50.5f-h 1.6a 1.2ab
4 Serenade Optimum 1.5 Ib + Regulaid 1 pt — | X X|-|- )

Firewall 17 1.5 Ib + Regulaid 1 pt || x|=-|~|-| 331lce 16a  10ab
5 Serenade Optimum 1.5 Ib + Regulaid 1 pt — - X |- )

Firewall 17 1.5 b + Regulaid 1 pt = X=X 23.5b-d 2.1a 1.5b
6 Actigard 50WG 0.5 oz + Regulaid 1 pt X|IX|X|X|X|X| 58.4hi 1l.7a 1.2ab
7 Actigard 50WG 1.0 oz + Regulaid 1 pt — | X || X |- )

Actigard 1.0 oz + FireWall 1.5 |b + Regulaid 1 pt X 39.9e-g 17a 1.4ab
8 Actigard 50WG 2.0 oz + Regulaid 1 pt — | X || X |- )

Actigard 2.0 oz + FireWall 1.5 Ib + Regulaid 1 pt X 36.00-f  2.0a 1.1ab
9 Actigard 50WG 2.0 oz + Regulaid 1 pt — | X || X |-

FireWall 17 1.5 Ib + Regulaid 1 pt X 36.1de 1.6a 0.92a
10 Actigard 50WG 2.0 oz + Regulaid 1 pt - X - )

FireWall 17 1.5 Ib + Regulaid 1 pt X | X 23.3b-d 19a  l4ab
11 FireWall 17 12 oz + Regulaid 1 pt — | X|X|X]|--|--| 25.2b-d 1.8a 1.2ab
12 Harbour 17 12 oz + Regulaid 1 pt — | X|X|X|--|-| 20.4bc 1.4a 1.3ab
13 Harbour 17 12 oz + LI-700 1 pt -~ | X|X|X]|--|--| 30.6c-e 2.0a 1.3ab
14 Harbour 17 1.5 Ib + Regulaid 1 pt -~ | X|--|-|-|-| 314ce 17a 1.5ab
15 Harbour 17 1.5 Ib + Regulaid 1 pt -~ || X|-|-|-| 294ce 14a 0.9a
16 Regalia Biofungicide 5% 2 gt -~ | X|X|X|--|--| 53.1gh 1.4a 1.1ab

Mean separation by Waller-Duncan K-ratio t-test (p=0.05).
* Blossom cluster infection rated 16 May; % infection based on the number of clusters present at inoculation.
** Fruit finish rated on a scale of 0-5 (O=perfect finish; 5=severe russet or opalescence).



APPLE (Malus domestica ‘Gala’) K. S. Yoder, A. E. Cochran Il, W. S. Royston, Jr.,
Fireblight; Erwinia amylovora and S. W. Kilmer
Virginia Tech Ag. Research & Extension Center
595 Laurel Grove Road
Winchester, VA 22602

Test of coppers for blossom blight and scab control and fruit russet effects on Gala apple, 2013.

Four copper formulations and two non-copper treatments were compared to streptomycin (Firewall) for blossom
blight and scab control and for fruit finish effects. The test was established on 12-yr-old trees in four randomized blocks
using single-tree replications. Our goal was to select treatment / inoculation days to be the day before a relatively warm
day, as favorable for natural infection as possible. All treatments were applied dilute to the point of run-off in the
morning of 19 Apr (most clusters with king bloom open), 23 Apr (full bloom) and again at 1 May (late bloom), and 10
May (petal fall). Two selected branches were inoculated by spraying to wet with a bacterial suspension containing
1X10° streptomycin-sensitive E. amylovora cells/ml mid-day 19 Apr and in the evenings of 23 Apr and 1 May. There
was no follow-up inoculation after the 10 May application. Infection data were based on counts of number of blossom
clusters present on the inoculated branch at the time of the first inoculation. A cluster was rated as infected if it had at
least one blossom with fire blight symptoms on 13 May. Captan 80WDG 15 0z/100gal dilute was applied to all except
“no treatment” trees: 30 May, 12 Jun, 26 Jun, 10 Jul, 25 Jul, and 7 Aug (2nd-7th covers). Maintenance insecticides were
applied to the entire block with a commercial airblast sprayer. Fruit finish was rated on harvested 25-fruit samples 20
Aug.

Inoculation resulted in strong fire blight test conditions. The streptomycin standard (Firewall), performed as
expected under these conditions, with excellent suppression of cluster infection, but among treatments, gave significant
control only better than the lower Cueva rate. All treatments gave significant control (p=0.05) compared to non-treated
trees. MasterCop gave the best suppression of scab, followed by the higher rate of Previsto, and C-O-C-S. All copper
treatments significantly increased the amount of fruit russeting, down-grading from the X-fancy grade, and increase in
the percentage of fruit in the No. 1/Utility grades. For copper treatments, there was a genera correlation in russet ratings
from 2.2 to 4.0 and % fruit in No.1/utility grades, with the low rate of Cueva having the lowest ratings and the higher rate
of Previsto having the highest ratings. (It should be noted that the metallic copper content of Cueva is only about half of
the content of Previsto, although they were compared at identical formulation rates). Reduction in Cueva and Previsto
rates resulted in significantly less russet by both products, but with a trend toward weaker fire blight control with
reduced copper rates. This leaves some doubt whether there is a copper rate that can provide significant fire blight
suppression without significantly increasing fruit russetting under these conditions.

Table 2. Test of coppers for blossom blight and scab control and fruit russet effects on Gala

Application  Fire blight, Scab Russet % fruitin USDA grade**

number % clusters % fruit  rating X- Fancy/ No. 1/
Treatment and rate/100 gal dilute | 1|2 |3 |4 | infected* inf. (0-5)** fancy X-fcy  utility
0 No treatment -|-|-|-| 446¢cC 96 f 1l.2a 76a 90a 10a
FireWall 17 6 oz + Regulaid 1 pt 59c-e 1.la 72a 90a 10a
1 X | X|X|X 8.2a
FireLine 17 1.0 Ib + Regulaid 1 pt 79e 0.9a 77a 86a 4a

20.1ab

21.6ab 54b-e 3.1cd 28bc 34de 66de
24.1b 49b-d 2.2b 40b 59b 41b
12.4ab 3lab 4.0e 9d 20e 80e
18.8ab 43hc 3.3d 17 cd 41cd 59cd
16.1ab 18a 3.4d 22cd 33de 67de
18.6ab 37a-c  2.6bc 34bc 53bc 47bc

16.4ab 72de 1.0a 77a 93a 7a

3 Cueva (1.8% Cu) 3 gt

4 Cueva (1.8% Cu) 1.5 gt

5 Previsto (3.3% Cu) 3 gt

6 Previsto (3.3% Cu) 1.5 gt

7 MasterCop (5.4% Cu) 1.5 pt

8 C-0O-C-S 50WDG 4 oz

9 FireWall 17 6 oz + Regulaid 1 pt
F9110-1 2.12SL 7.6 fl oz XX

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four single-tree replications. 25-fruit samples picked 20 Aug.

* Blossom cluster infection rated 13 May; % infection based on the number of clusters present at the time of

the first inoculation.

** Fruit finish rated on a scale of 0-5 (O=perfect finish; 5=severe russet). USDA grades after downgrading by russet.

XX XXX X] X
XXX | XX [X[X[ X

XXX XX [X[X[ X
XX XXX X] X




APPLE (Malus domestica ‘Nittany") K. S. Yoder, A. E. Cochran Il,

Fire blight; Erwinia amylovora W. S. Royston, Jr., S. W. Kilmer
Scab; Venturia inaequalis A.G.F. Engelman and L. A. Hickey
Fruit finish; russet Virginia Tech Agr. Res. & Ext. Center

595 Laurel Grove Road
Winchester, VA 22602

Early season timing of MasterCop for fire blight and primary scab control on Nittany apple, 2013.

Five MasterCop rate and timing treatments were compared for secondary fire blight suppression, early season
scab control, and potential for fruit russetting. The test was conducted on 32-yr-old Nittany/M.111 trees with a 28-ft row
spacing in a randomized block design with four single-tree replicates separated by border rows. The general test /
inoculation strategy was to spray-inoculate blossom clusters at four locations in the tops of the test trees at early bloom
and test the treatment effects against secondary infection. Treatments were applied airblast at 100 gpa to both sides of
the row on each application date: 4 Apr (ST, silver tip; Trts 1, 4, & 5 only); 11 Apr (GT, green- tip; Trts 2, 4, & 5 only); 23
Apr (B, bloom; Trts 3, 4, 5, & 6); 25 Apr (Bl+1; one-day post-inoculation, trt. 7 only); 3 May (PF, petal fall; trts 3, 4, 5, 6,
& 7); 10 May (1C, first cover). Blossom clusters at four locations in the tops of the test trees were inoculated at early
bloom (24 Apr) by spraying to wet with a bacterial suspension containing 1X10° E. amylovora cells/ml. Scab developed
from inoculum naturally present in the test area. Fire blight strikes were counted 20 June. No additional fungicides
applied before primary scab was assessed on ten flower cluster leaf sets per tree 30 July. Fruit scab and russet data
are based on 25-fruit samples per tree rated 31 Aug. Late season fungicides, applied during the test period to all but
non-treated trees, included Pristine 14.5 0z/A 2 and 30 Aug, and Captan 80WDG 30 oz + Ziram 3 Ib/A applied 15 Aug.
Maintenance materials applied to the entire block with the same equipment during the test period included: Admire Pro,
Altacor, Assail, BioCover MLT, Calypso, Delegate, Ethrel, Fruitone L, Imidan, and Provado. Percentage data were
converted by the square root arcsin transformation for statistical analysis.

Inoculation of blossom clusters in the tops of the test trees increased the likelihood for subsequent infection,
and favorable conditions for secondary spread during late bloom resulted in strikes throughout the trees. All treatment
schedules, except the MasterCop 1 pt at green-tip stage (Trt. #2), significantly reduced secondary fire blight strikes per
tree. The higher (2.5 pt) rate of MasterCop applied a week earlier at silver tip (Trt. #1) gave a significant strike reduction,
although the 1 pt rate at green-tip did not. Treatments #5, 6 and 7 all included streptomycin (Harbour) at critical timings,
and all gave good control, but treatments #3 and 4 contained only MasterCop and also gave good control. These two
treatments (#3 and 4) also gave a significant reduction in % cluster leaves infected with scab and the fewest scab
lesions per leaf. However, the most effective copper treatments for control of fire blight and scab also were associated
with elevated amounts of fruit russet. Treatments involving streptomycin applied alone during bloom and the copper
treatments applied at silver tip and green tip did not significantly affect fruit finish. There was no significant treatment
difference in the control of scab on fruit.

Table 3. Early season timing of MasterCop for fire blight and scab control on Nittany apple, 2013.

Scab infection Fruit russet
Timing Fire blight  Cluster leaves % fruit Lesions rating

Treatment and rate/A code strikes/tree % Ivs lesions/If infected per fruit (0-5)*
0 No treatment 26.8¢ 30b-d 2.0d 45a 1l.2a 1.0ab
1 MasterCop 5.4% Cu 2.5 pt ST 6.3ab 34d 1.7cd 46a l4a 1l.1ab
2 MasterCop 5.4% Cu 1.0 pt GT 25.5¢ 22a-c 0.9ab 43a 0.8a 1.3a-c
3 MasterCop 5.4% Cu 1.5 pt BL, PF, 1C 9.8b 2lab 0.9ab 37a 1l2a 2.0c
4 MasterCop 5.4% Cu 2.5 pt ST

MasterCop 5.4% Cu 1.0 pt GT 5.5ab 20a 0.6a 38a 0.9a 1.5bc

MasterCop 5.4% Cu 0.5 pt BL, PF, 1C
5 MasterCop 5.4% Cu 2.5 pt ST

MasterCop 5.4% Cu 1.0 pt GT

MasterCog 0.5 pt + Harbgur 15lb  BL, PF 43ab  16a 05a  3%9a 1l2a 1.5bc

MasterCop 5.4% Cu 0.5 pt 1C
6 Harbour 1.5 Ib BL, PF 5.3ab  3lcd 1.6cd 48a 1.8a l.1ab
7 Harbour 1.51b BL+1, PF 2.3a 30b-d 1.3bc 55a 2.2a 0.8a

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four single-tree replicates.
Fire blight strikes counted 20 June. Scab counted on cluster leaves 30 Jul.
* Fruit finish rated on a scale of 0-5 (O=perfect finish; 5=severe russet), evaluated 31 Jul.



APPLE (Malus domestica ‘Gala’) K. S. Yoder, A. E. Cochran Il,

Scab; Venturia inaequalis W. S. Royston, Jr., and S. W. Kilmer
Sooty blotch; disease complex Virginia Tech Ag. Res. & Ext. Center
Fly speck; Zygophiala jamaicensis 595 Laurel Grove Road

Rots (unspecified) Winchester, VA 22602

White rot; Botryosphaeria dothidea
Bitter rot; Colletotrichum spp.
Alternaria rot; Alternaria spp.
Phomopsis rot; Phomopsis spp.
Fruit russet

Test of Cueva and Double Nickel for shoot blight suppression, fruit finish, and summer disease control on Gala
apple, 2013.

Three treatments were compared for shoot blight suppression, summer disease control, and fruit finish effects
on 12-yr-old Gala/M.26 trees. The test was conducted in a randomized block design with four single-tree replicates
separated in the row by border trees. No fungicides were applied before the treatment series began at petal fall.
Treatments were applied dilute to run-off: 10 May (PF, petal fall); 1st-8th covers, (1C-8C): 21 May, 29 May, 12 Jun, 26
Jun, 10 Jul, 25 Jul, 7 Aug, and 21 Aug. The inoculation approach in this shoot blight test was to inoculate three actively-
growing shoot tips near the top of each test tree to favor secondary spread under the treatment series. Three shoot tips
per tree were inoculated 1 May by dipping scissors in a suspension containing 1X10° streptomycin-sensitive E.
amylovora cells/ml, then cutting across the shoot tip. All other diseases developed from inoculum naturally present in
the test area. Shoot blight strikes were counted 12 Jul. Fruit data are based on 25-fruit sample per rep harvested from
each of four single-tree reps 4 Sep. After initial fruit evaluation 5 Sep, fruit were again evaluated after 12 days
incubation at ambient temperatures 60-90°F. Maintenance materials applied to the entire test block with a commercial
airblast sprayer during the test period included: Assail, Admire Pro, Altacor, Calypso, Carbaryl, Delegate, Fruitone L,
Imidan, Provado, and Lannate LV. Percentage data were converted by the square root arcsin transformation for
statistical analysis.

Inoculation of trees resulted in increased subsequent shoot blight infection in the test trees. Apogee, included
in the petal fall application of treatment #3, provided significant (p=0.05) suppression of shoot blight as expected in this
test situation (Table 4). Treatment #1, which included Double Nickel with Cueva, also gave shoot blight suppression
while parallel treatment #2, with Cueva alone, did not. The combination of Double Nickel with Cueva in an alternating
schedule with Captan also significantly improved control of unspecified post-harvest rots, and specifically of white rot,
compared to Cueva alone, also alternated with Captan. Cueva alone significantly increased fruit russetting compared to
non-treated fruit. Including Double Nickel with Cueva offset this negative fruit finish effect. However, the most severe
russet resulted from treatment #1 which involved a five-way combination at petal fall. This effect was unexpected by any
of the individual components of the mix and raised the possibility that increased russet was related to excess fruit
retention following the 17 May thinning application (Fruitone L 10 ppm + Carbaryl 1 pt + Regulaid 8 fl 0z/100 gal),
possibly causing retention of some fruits that had been injured by frost 20 Apr. All treatment schedules significantly
reduced scab infection of leaves and fruit by these treatments which were first applied soon after the first primary
lesions began to appear. The Cueva schedule (#2) was slightly less effective for flyspeck and unspecified post-harvest
rot control than the Captan standard (#3, Table 5).

Table 4. Shoot blight and scab suppression, and fruit finish of Gala apple, 2013.

Shoot blight Scab infection Russet % USDA grade Fruit

strikes/tree % % rating X- X-Feyl per
Treatment and rate/ 100 gal dilute Timing 12 Jul leaves fruit  (0-5)* Fancy* Fancy* tree
0 Non-treated control 22.5b 58b 100c 0.9a 80 c 8%9ab 78a

1 Double Nickel LC 8 fl 0z + Cueva 1.8% 1 pt PF
Rally 40WSP 1.25 oz + Captan 80WDG 7.5 oz 1C

Double Nickel LC 8 fl oz + Cueva 1.8% 2 gt~ 2.468c  +°2 432 78b 09a 75¢c 94a  96a

Captan 80WDG 7.5 oz 3C, 5C,7C
2 Cueva 1.8% 1 pt PF
Rally 40WSP 1.25 oz + Captan 80WDG 7.5 oz 1C
Cueva 1.8% 2 gt 2.4.68C 19.3b 39a 7lab 15b 54 b 8lb 93a
Captan 80WDG 7.5 oz 3C, 5C,7C
3 Captan 80WDG 7.5 oz + FireWall 4 oz +
Apogee 6 0z + Choice 1 gt + LI-700 1 pt PF
Rally 40WSP 1.25 0z + Captan 80WDG 7.5 0z 1C 70a  38a 65a 35¢c l4a 29c¢ 1lla
Captan 80WDG 7.5 oz 2C-8C




Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four single-tree replications.
Foliar evaluations on eight shoots /tree 30 Jul, or harvest ratings of 25-fruit samples 5 Sep.
* Fruit finish rated on a scale of 0-5 (O=perfect finish; 5=severe russet). USDA grades after downgrading by russet.

Table 5. Summer disease and post-harvest rot suppression on Gala apple, 2013.

% fruit infected Post-harvest rots following 12 days’
at harvest incubation at 61-90°F*
sooty fly- any any Bitter White Brown Alter- Phom-
Treatment and rate/ 100 gal dilute Timing blotch speck rot  rot  rot rot rot naria opsis

0 Non-treated control 95b 89c¢ 9b 61c 16b 32c¢c 12a 9b 4b

1 Double Nickel LC 8 fl oz + Cueva 1.8% 1 pt PF
Rally 40WSP 1.25 oz + Captan 80WDG 7.5 oz 1C
Double Nickel LC 8 fl 0z + Cueva 1.8% 2 qt 2,4,6,8C

Captan 80WDG 7.5 oz 3C,5C,7C 0Oa 1llab 0Oa 15a la 4a 9a Oa la
2 Cueva 1.8% 1 pt PF

Rally 40WSP 1.25 oz + Captan 80WDG 7.5 oz 1C

Cueva 1.8% 2 qt 2,4,6,8C

Captan 80WDG 7.5 oz 3C,5C,7C 1a 14b 0a 28b 2a 8b 15a Oa 2ab
3 Captan 80WDG 7.5 oz + FireWall 4 oz +

Apogee 6 0z + Choice 1 gt + LI-700 1 pt PF

Rally 40WSP 1.25 oz + Captan 80WDG 7.5 oz 1C

Captan 80WDG 7.5 oz 2C-8C 2a 5a l1la 15a Oa 6ab 9a la Oa

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four single-tree replications; 25 fruit per tree.
* Postharvest fruit counts are means of 25-fruit samples picked from each of four single-tree reps 4 Sep. After initial fruit
evaluation 5 Sep, fruit were incubated and again rated after 12 days at ambient temperatures 60-90°F.



APPLE (Malus domestica ‘Idared’) K. S. Yoder, A. E. Cochran lI,

Powdery mildew; Podosphaera leucotricha W. S. Royston, Jr., S. W. Kilmer,
Scab; Venturia inaequalis A.G.F. Engelman and L. A. Hickey
Sooty blotch; disease complex Virginia Tech Agr. Res. & Ext. Center
Flyspeck; Zygophiala jamaicensis 595 Laurel Grove Road

Bitter rot; Colletotrichum spp. Winchester, VA 22602

White rot; Botryosphaeria dothidea
Alternaria rot; Alternaria spp.
Fruit finish
Control of powdery mildew and other diseases by mixed fungicide schedules on Idared apple, 2013.

Sixteen registered combination treatment regimes were directed at control of powdery mildew and other
early season diseases in an area where Sl and Qol fungicide effectiveness has been declining. The test was
established as four randomized blocks on 32-yr-old trees using single-tree replications with border rows between
treatment rows. Treatment rows had been used as non-treated border rows in 2012 to stabilize mildew inoculum
pressure for 2013. Tree-row-volume was determined to require a 400 gal/A dilute base for adequate coverage.
Fungicide treatments were applied to both sides of the tree on each application date with a Swanson Model DA-
400 airblast sprayer at 100 gal/A as follows: 15 Apr (App. #1,TC, tight-open cluster ); 23 Apr (#2, Bl, bloom); 3 May
(#3, BI-PF); 10 May (#4, PF, petal fall); First -8th covers, 1C-8C: 17 May (#5, 1C); 31 May (#6, 2C); 15 Jun (#7,
3C); 29 Jun (#8, 4C); 14 Jul (#9, 5C); 29 Jul (#10, 6C); 10 Aug (#11, 7C all Treatments 1-16 Captan 30 oz + Ziram
3 1b); 24 Aug (#12, 8C, same as 7C). Maintenance materials applied to the entire test block with the same
equipment included Admire Pro, Altacor, Assail, BioCover MLT, Calypso, Delegate, Imidan, Lannate LV, and
Provado. All diseases developed from inoculum naturally present in the test area. Foliar data represent averages
of counts of ten terminal shoots per tree 19 Jun. Apparent suppressive effect on appearance of primary mildew
was rated on six primary mildew shoots / tree, 26 Jul using a scale of 1-10 (1= none; 10= excellent effect).
Postharvest fruit counts are means of 25-fruit samples picked from each of four single-tree reps 24 Sep first rated
30 Sep, then evaluated for rots 16 Oct, after 22 days at ambient warm temperatures. Percentage data were
converted by the square root arcsin transformation for statistical analysis.

Between 11 Apr, when mildew conidia were first observed, and 15 Jun (3rd cover), 42 days were
favorable for infection. Under heavy mildew pressure, all treatments gave significant control (Table 6). Treatment
series that began with Luna Tranquility, were generally the most effective on primary mildew suppression, and
generally good control of primary carried on to give good control of secondary infection as indicated by % shoot
leaves infected. An exception to this was Fontelis + Flint (Trt #6) which was not the highest ranking in primary
suppression, but had the fewest % leaves infected. Microthiol Disperss (Sulfur, Trt #5) was among the weaker
treatments, but adding it to Rally significantly improved control by Rally (Trt #1 vs. #2) However, Flint + Microthiol
Disperss (Trt #4), did not improve control compared to Flint + Manzate (Trt #3). Treatments #9-16 primarily
targeted summer diseases, but in Trts #14 and 16, Sonata + ProPhyt more effectively controlled mildew than
Serenade + Manzate when both combinations were rotated with Luna Tranquility. All treatments gave acceptable
control of scab and Brooks spot under moderate disease pressure (Table 7). Differences in sooty blotch control
were affected by weaknesses in the treatment regime as early as application #8, 4th cover. Although there were
some slight differences among treatments for flyspeck and post-harvest rots (Table 8), all treatments gave
generally acceptable control. Several treatments significantly reduced fruit russet, and all reduced opalescence
compared to non-treated fruit.



Table 6. Powdery mildew control on Idared apple, 2013.

Primary Mildew infection
mildew % leaves % fruit inf.

Treatment and rate /A Timing effect* % Ilvs area % fruit area
Non-treated control 12f 66 f 35f 69h 10i
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 Ib #1-8 49a-c 42de 6d 359 5h
Captan 80WDG 30 oz + Ziram 76DF 3 Ib #9—
Rally 40WSP 5 oz + Microthiol Disperss 80DF 8 Ib #1-8 56ac 27bc 3ac 23eg 3fg
Captan 80WDG 30 oz + Ziram 76DF 3 |b #9—
Flint 50WG 2 oz + Manzate 75DF 3 Ib #1,3,5,7 3.7de 30b-d 4b-d 13c-e lc-f
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 |b #2,4,6,8
Captan 80WDG 30 oz + Ziram 76DF 3 Ib #9—>
Flint 50WG 2 oz + Microthiol Disperss 80DF 8 Ib #1,357 37de 29bc 4b-d 13b-d 1b-e
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 Ib #2,4,6,8
Captan 80WDG 30 oz + Ziram 76DF 3 Ib #9—
Microthiol Disperss 80DF 8 Ib #1-8 27e 38ce 5cd 37g 5h
Captan 80WDG 30 oz + Ziram 76DF 3 Ib #9—
Fontelis 1 pt + Flint 50WG 2 oz #1,3,5,7 49a-d 16 a 2a 19d-f 3e-g
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 |b #2,4,6,8
Captan 80WDG 30 oz + Ziram 76DF 3 Ib #9—>
Fontelis 1 pt + Microthiol Disperss 80DF 8 Ib #1,357 54ac 32b-e 4bc 15d-f 2d-f
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 Ib #2,4,6,8
Captan 80WDG 30 oz + Ziram 76DF 3 Ib #9—
Fontelis 1 pt + Regalia 2 gt #1357 44cd 32b-e 4bc 20d-f 2e-g
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 |b #2,4,6,8
Captan 80WDG 30 oz + Ziram 76DF 3 Ib #9—>
Luna Tranquility SC 11.2 fl oz + Manzate 75DF 3 Ib TC & Bl
Topguard 1.04SC 10 fl oz + Manzate 75DF 3 Ib Pk,PF,1-2C 5.8 a 26 bc 3 a-c 5ab <lab
Luna Sensation 4.0 oz + Manzate 75DF 3 Ib 3C
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C & 6C-8C
Luna Sensation 4.0 oz + Captan 80WDG 30 oz 5C

10 Luna Sensation 4 fl oz + Manzate 75DF 3 Ib TC, BIl, 3C
Topguard 1.04SC 10 fl oz + Manzate 75DF 3 |Ib Pk,PF,1-2C 58a 22ab 3ab 3a <la
Captan 80WDG 30 oz + Ziram 3 Ib 4C & 6C-8C
Luna Sensation 4.0 oz + Captan 80WDG 30 oz 5C

11 Luna Tranquility SC 11.2 fl oz + Manzate 75DF 3 Ib #1-5 57ab 31b-e 4b-d 12c-e 1c-e
Captan 80WDG 30 oz + Ziram 76DF 3 |Ib 2C,7C,8C
Serenade Optimum 26.2W 1 Ib 3C,5C
Luna Sensation 500SC 4 oz 4C,6C

12 Luna Tranquility 11.2 fl oz + Serenade Optimum 1 Ib #1-5 45b-d 28bc 4bc 6a-c <la-c
Captan 80WDG 30 oz + Ziram 76DF 3 |Ib 2C,7C,8C
Serenade Optimum 26.2W 1 Ib 3C,5C
Luna Sensation 500SC 4 oz 4C,6C

13 Luna Tranquility 11.2 fl oz #1,35 57ab 36c-e 4b-d 29fg 4gh
Serenade Optimum 1 Ib + ProPhyt 4 pt #2,4
Captan 80WDG 30 oz + Ziram 76DF 3 |Ib 2C,7C,8C
Serenade Optimum 26.2W 1lb 3C,5C
Luna Sensation 500SC 4 oz 4C,6C

14 Luna Tranquility 11.2 fl oz #1,35 5lac 27bc 4a-c 18d-f lcf
Sonata 4 pt + ProPhyt 4 pt #2,4
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 2C,7C,8C
Serenade Optimum 26.2W 1 Ib 3C,5C
Luna Sensation 500SC 4 oz 4C,6C

15 Luna Tranquility 11.2 fl oz with #1,3,5 47ad 33ce 5cd 9b-d <1b-d
Serenade Optimum 1 Ib + Manzate 3 Ib #2,4
Captan 80WDG 30 oz + Ziram 76DF 3 |Ib 2C,7C,8C
Serenade Optimum 26.2W 1 Ib 3C,5C
Luna Sensation 500SC 4 oz 4C,6C

16 Luna Tranquility 500SC 11.2 fl oz #1,35 4.7ad 43e 8e 12c-e 1lcf
Serenade Optimum 1 Ib + Manzate 3 Ibs #2,4
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 2C,7C,8C
Luna Sensation 500SC 4 oz 4C,6C

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four reps; ten shoots per tree rated 19 Jun, or 25 fruit
per replication harvested 24 Sep and rated 30 Sep.
* Suppressive effect rated on six primary mildew shoots/tree 26 Jul, scale: 1-10 (1= none; 10= excellent effect).



Table 7. Early season and summer disease control on Idared apple, 2013.

Scab, % % fruit infected at harvest
leaves Brooks Sooty Fly Any
Treatment and rate /A Timing infected Scab spot blotch speck rot
0 Non-treated control 23d 26¢ 5b 100 88d
f 5a
1 Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 |b #1-8 05ac 2ab
Captan 80WDG 30 oz + Ziram 76DF 3 Ib #9— Oa 20ab 6bc Oa
2 Rally 40WSP 5 oz + Microthiol Disperss 80DF 8 Ib #1-8 1.0b-d 6b
Captan 80WDG 30 oz + Ziram 76DF 3 Ib #9— la 45cd 6bc  Oa
3 Flint 50WG 2 oz + Manzate 75DF 3 Ib #1,3,5,7 08a-d Oa
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 Ib #2,4,6,8 Oa
Captan 80WDG 30 oz + Ziram 76DF 3 Ib #9— 16a 6a-c Oa
4 Flint 50WG 2 oz + Microthiol Disperss 80DF 8 Ib #1,3,5,7 1.8d lab
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 Ib #2,4,6,8 Oa
Captan 80WDG 30 oz + Ziram 76DF 3 Ib #9— 24a-c Oa Oa
5 Microthiol Disperss 80DF 8 Ib #1-8 1.4 cd 4ab
Captan 80WDG 30 oz + Ziram 76DF 3 Ib #9— Oa 68e 8c la
6 Fontelis 1 pt + Flint 50WG 2 oz #1,357 0.4ac 3ab
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 Ib #2,4,6,8 Oa
Captan 80WDG 30 oz + Ziram 76DF 3 Ib #9— 43cd  6bc  Oa
7 Fontelis 1 pt + Microthiol Disperss 80DF 8 Ib #1,35,7 09b-d Oa
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 Ib #2,4,6,8 Oa
Captan 80WDG 30 oz + Ziram 76DF 3 Ib #9— 3la-d 6bc  Oa
8 Fontelis 1 pt + Regalia 2 qt #1,357 06ac 1lab
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 Ib #2,4,6,8 Oa
Captan 80WDG 30 oz + Ziram 76DF 3 Ib #9— 36b-d 1lc Oa
9 Luna Tranquility SC 11.2 fl oz + Manzate 75DF 3 Ib TC & Bl Oa lab
Topguard 1.04SC 10 fl oz + Manzate 75DF 3 Ib Pk,PF,1-2C Oa
Luna Sensation 4.0 oz + Manzate 75DF 3 |b 3C
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C & 6C-8C 18ab Oa Oa
Luna Sensation 4.0 oz + Captan 80WDG 30 oz 5C
10 Luna Sensation 4 fl oz + Manzate 75DF 3 Ib TC,BI,3C 0.3ab Oa
Topguard 1.04SC 10 fl oz + Manzate 75DF 3 Ib Pk,PF,1-2C Oa
Captan 80WDG 30 oz + Ziram 3 Ib 4C & 6C-8C 25ab Oa Oa
Luna Sensation 4.0 oz + Captan 80WDG 30 oz 5C
11 Luna Tranquility SC 11.2 fl oz + Manzate 75DF 3 |b #1-5 0.2ab 1lab
Captan 80WDG 30 oz + Ziram 76DF 3 |Ib 2C,7C,8C Oa
Serenade Optimum 26.2W 1 Ib 3C,5C 21ab 6bc Oa
Luna Sensation 500SC 4 oz 4C,6C
12 Luna Tranquility 11.2 fl oz + Serenade Optimum 1 Ib #1-5 Oa lab
Captan 80WDG 30 oz + Ziram 76DF 3 |Ib 2C,7C,8C la 46d 8c Oa
Serenade Optimum 26.2W 1 Ib 3C,5C
Luna Sensation 500SC 4 oz 4C,6C
13 Luna Tranquility 11.2 fl oz #1,35 01ab 3ab
Serenade Optimum 1 Ib + ProPhyt 4 pt #2,4
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 2C,7C,8C Oa 37bcd 7bc Oa
Serenade Optimum 26.2W 1lb 3C,5C
Luna Sensation 500SC 4 oz 4C,6C
14 Luna Tranquility 11.2 fl oz #1,3,5 0a lab
Sonata 4 pt + ProPhyt 4 pt #2,4
Captan 80WDG 30 oz + Ziram 76DF 3 |Ib 2C,7C,8C Oa 46d 2ab Oa
Serenade Optimum 26.2W 1 Ib 3C,5C
Luna Sensation 500SC 4 oz 4C,6C
15 Luna Tranquility 11.2 fl oz with #1,3,5 0.3ab 3ab
Serenade Optimum 1 Ib + Manzate 3 Ib #2,4
Captan 80WDG 30 oz + Ziram 76DF 3 |Ib 2C,7C,8C Oa 48de 2a-c Oa
Serenade Optimum 26.2W 1 Ib 3C,5C
Luna Sensation 500SC 4 oz 4C,6C
16 Luna Tranquility 500SC 11.2 fl oz #1,3,5 05a-c 1lab
Serenade Optimum 1 Ib + Manzate 3 Ibs #2,4
Captan 80WDG 30 oz + Ziram 76DF 3 |Ib 2C,7C,8C Oa 43cd 5a-c Oa
Luna Sensation 500SC 4 oz 4C,6C

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four reps; 10 shoots per tree rated 19 Jun,

or 25 fruit per replication harvested 24 Sep first rated 30 Sep and rated for rots 16 Oct.
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Table 8. Postharvest storage rots and fruit finish of Idared apple, 2013.

% post-storage rots*

Fruit finish**

Any Bitter White Alternaria opal-

Treatment and rate/A Timing rot rot Rot rot russet escence
0 Non-treated control 38e 3lc 7d 3b 1.6c¢c 15c
1 Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 Ib #1-8

Captan 80WDG 30 oz + Ziram 76DF 3 |b #9— Oa Oa Oa Oa 1.0a-c 0.7ab
2 Rally 40WSP 5 oz + Microthiol Disperss 80DF 8 Ib #1-8

Captan 80WDG 30 oz + Ziram 76DF 3 |Ib #9— Oa Oa Oa Oa 1.5bc 0.9ab
3 Flint 50WG 2 oz + Manzate 75DF 3 |b #1,3,5,7

Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 |b #2,4,6,8

Captan 80WDG 30 oz + Ziram 76DF 3 Ib #9— Oa Oa Oa Oa 0.9ab 0.7ab
4 Flint 50WG 2 oz + Microthiol Disperss 80DF 8 Ib #1,3,5,7

Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 Ib #2,4,6,8

Captan 80WDG 30 oz + Ziram 76DF 3 |b #9— Oa Oa Oa Oa 1.2a-c 0.7ab
5 Microthiol Disperss 80DF 8 Ib #1-8

Captan 80WDG 30 oz + Ziram 76DF 3 |b #9— 4cd 2ab  2bc Oa 1.3a-c 1.0b
6 Fontelis 1 pt + Flint 50WG 2 oz #1,3,5,7

Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 |b #2,4,6,8

Captan 80WDG 30 oz + Ziram 76DF 3 Ib #9— Oa Oa Oa Oa 1.0ab 1.0ab
7 Fontelis 1 pt + Microthiol Disperss 80DF 8 Ib #1,3,5,7

Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 Ib #2,4,6,8

Captan 80WDG 30 oz + Ziram 76DF 3 |b #9— lab 1la Oa Oa 1.3a-c 0.8ab
8 Fontelis 1 pt + Regalia 2 qt #1,3,5,7

Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 |b #2,4,6,8

Captan 80WDG 30 oz + Ziram 76DF 3 Ib #9— 2a-c_1la Oa la l.1a-c 0.9ab
9 Luna Tranquility SC 11.2 fl oz + Manzate 75DF 31b  TC & Bl

Topguard 1.04SC 10 fl oz + Manzate 75DF 3 Ib Pk,PF,1-2C

Luna Sensation 4.0 oz + Manzate 75DF 3 Ib 3C

Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C&6C-8C lab 1la Oa Oa 0.9ab 0.6ab

Luna Sensation 4.0 oz + Captan 80WDG 30 oz 5C
10 Luna Sensation 4 fl oz + Manzate 75DF 3 |b TC, BIl, 3C

Topguard 1.04SC 10 fl oz + Manzate 75DF 3 |b Pk,PF,1-2C

Captan 80WDG 30 oz + Ziram 3 |b 4C & 6C-8C Qa Oa Oa Oa 0.8a 0.7ab

Luna Sensation 4.0 oz + Captan 80WDG 30 oz 5C
11 Luna Tranquility SC 11.2 fl oz + Manzate 75DF 3 Ib #1-5

Captan 80WDG 30 oz + Ziram 76DF 3 Ib 2C,7C,8C Oa Oa Oa Oa 1l.2a-c 0.7ab

Serenade Optimum 26.2W 1 |b 3C,5C

Luna Sensation 500SC 4 oz 4C,6C
12 Luna Tranquility 11.2 fl oz + Serenade Optimum 1 Ib #1-5

Captan 80WDG 30 oz + Ziram 76DF 3 Ib 2C,7C,8C 3b-d 3b Oa Oa 1.3a-c 0.9ab

Serenade Optimum 26.2W 1 |b 3C,5C

Luna Sensation 500SC 4 oz 4C,6C
13 Luna Tranquility 11.2 fl oz #1,3,5

Serenade Optimum 1 Ib + ProPhyt 4 pt #2,4

Captan 80WDG 30 oz + Ziram 76DF 3 Ib 2C,7C.8C 1ab 1a Oa Oa 1.1a-c 1.0b

Serenade Optimum 26.2W 1lb 3C,5C

Luna Sensation 500SC 4 oz 4C,6C
14 Luna Tranquility 11.2 fl oz #1,3,5

Sonata 4 pt + ProPhyt 4 pt #2,4

Captan 80WDG 30 oz + Ziram 76DF 3 |b 2C,7C,8C 5 la 4c Oa 0.9ab 1.0ab

Serenade Optimum 26.2W 1 |b 3C,5C

Luna Sensation 500SC 4 oz 4C,6C
15 Luna Tranquility 11.2 fl oz with #1,3,5

Serenade Optimum 1 Ib + Manzate 3 Ib #2,4

Captan 80WDG 30 oz + Ziram 76DF 3 Ib 2C,7C,8C 3p-d 1a lab la 1.0ab 0.8ab

Serenade Optimum 26.2W 1 |b 3C,5C

Luna Sensation 500SC 4 oz 4C,6C
16 Luna Tranquility 500SC 11.2 fl oz #1,3,5

Serenade Optimum 1 Ib + Manzate 3 Ibs #2,4

Captan 80WDG 30 oz + Ziram 76DF 3 |b 2C,7C,8C 3p-d 1a 2bc Oa 1.0ab 0.6a

Luna Sensation 500SC 4 oz 4C,6C

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). * Means of 25 fruit per replication harvested 24 Sep; rated for fruit



finish 30 Sep and for rots after 22 days warm storage on 16 Oct.
** Fruit finish rated on a scale of 0-5 (O=perfect finish; 5=severe opalescence or russet, presumed not to be mildew).
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APPLE (Malus domestica ‘Stayman Winesap’, K. S. Yoder, A. E. Cochran I,

‘[dared’, ‘Ginger Gold") W. S. Royston, Jr., S. W. Kilmer,
Scab; Venturia inaequalis A. G. F. Engelman and L. A.. Hickey
Powdery mildew; Podosphaera leucotricha Virginia Tech Agr. Res. & Ext. Center
Cedar-apple rust; Gymnosporangium juniperi-virginianae 595 Laurel Grove Road

Brooks fruit spot; Mycosphaerella pomi Winchester, VA 22602

Sooty blotch; disease complex
Flyspeck; Zygophiala jamaicensis
Bitter rot; Colletotrichum spp.
White rot; Botryosphaeria dothidea
Alternaria rot; Alternaria spp.

Fruit finish

Evaluation of mixed fungicide schedules on Stayman, Idared, and Ginger Gold apples, 2013.

Ten combination treatments, directed at fungicide resistance management approaches and broad-spectrum
control, were tested on 27-yr-old trees in an area where scab fungus resistance to Sl fungicides has been suspected
since 2004 and Qol resistance since 2012 (Figure 1). The test was conducted in a randomized block design with four
three-cultivar replicate tree sets separated by non-treated border rows. Treatment rows had been used as non-treated
border rows in 2012 to stabilize mildew inoculum pressure for 2013. Tree-row-volume was determined to require a 400
gal/A dilute base for adequate coverage. Fungicide treatments were applied to both sides of the tree on each
application date with a Swanson Model DA-400 airblast sprayer at 100 gal/A as follows: 18 Apr (app. #1, Idared 20%
bloom, Stayman and Ginger Gold, pink); 25 Apr (app. #2, full bloom); 3 May (app. #3, bloom- petal fall); 9 May (app. #4,
petal fall); First- 8th covers (apps. #5-12): 17 May, 31 May, 15 Jun, 29 Jun, 14 Jul, 29 Jul (last app. for Ginger Gold), 16
Aug, and 30 Aug. Maintenance materials applied to the entire test block with the same equipment included Admire Pro,
Altacor, Assail, BioCover MLT, Calypso, Delegate, Imidan, and Provado. Inoculum over each Idared test tree included
cedar rust galls (15 and 26 Apr), and wild blackberry canes with the sooty blotch and flyspeck fungi and bitter rot
mummies placed 26 Apr. Other diseases developed from inoculum naturally present in the test area. Foliar data
represent averages of counts of ten terminal shoots per tree 17 Jun (Idared), 8 Jul (Ginger Gold) or eight shoots 31 Jul
(Stayman). Postharvest fruit counts are means of 25-fruit samples picked from each of four single-tree reps. Ginger
Gold fruit were sampled 12 Aug and rated 13 Aug, then rated for rots following 16 days’ incubation at ambient
temperatures 64-91°F (mean 77.7°F). Idared was sampled 23 Sep, first rated 25 Sep, then again rated after 22 days
incubation at ambient temperatures 58-86°F (mean 71.4°F). Stayman was sampled 2 Oct, placed 14 days in cold
storage, first rated 16 Sep, then rated after 21 days incubation at ambient temperatures 60-89°F (mean 77.4°F).
Percentage data were converted by the square root arcsin transformation for statistical analysis.

Mildew pressure was typically heavy for this test block. Between 11 Apr, when mildew conidia were first
observed, and 14 Jun (3rd cover), 42 days were favorable for infection. Under heavy mildew pressure, nearly all
treatments gave significant control of mildew incidence on all cultivars. Fontelis-related treatments generally had the
strongest effect on suppression of primary symptoms, but they were not significantly different than Rally or Flint. Rally
and Flint performed somewhat better than they had in recent years, but not as well as 12-15 years ago (Fig. 1). Flint
was more effective than Rally on foliar mildew incidence, but they were similarly effective on Stayman and Ginger Gold
fruit (Table 9). Combining JMS Stylet-Oil or Damoil with Fontelis did not consistently improve mildew control on all
cultivars compared to Fontelis alone. Regalia gave some mildew suppression, but Fontelis + Regalia was significantly
less effective than Fontelis alone on Stayman and Ginger Gold. Scab pressure was moderate, with primary lesions first
appearing 6 May; secondary scab became more common on non-treated Ginger Gold and Stayman trees in July.
Impact of scab resistance to Sl and Qol fungicides reflects the local commercial situation over the past 10-12 years, but
this was partially masked by combination of Flint and Rally with Manzate in 2013 (Fig. 2). Regalia and JMS Stylet-Oil
were weak for scab control and Stylet-Oil was not improved by increasing the concentration of the adjuvant OE 444
(Table 10). These treatments suppressed cedar-apple rust under moderately heavy pressure, but were weaker than
Flint + Manzate or Rally + Manzate. Nearly all treatments gave significant control of Brooks spot under light pressure.
Under relatively heavy sooty blotch/flyspeck pressure (SBFS), there were differences in control related to the material
applied through 3rd cover (Table 11). Trts. 1 and 2, which included Manzate in the early sprays, gave the SBFS control,
and Trt 2 was significantly better than Trt 1 which had Rally + Manzate. Trt 3, Fontelis alone through 3rd cover, was
intermediate in SBFS control and was significantly more effective than treatments that had other materials combined
with Fontelis in the early sprays. Regalia and JMS Stylet-Oil were ineffective for SBFS control, and Stylet-Oil was not
improved by increasing the concentration of OE 444. The post-harvest fruit rot spectrum was mostly bitter rot and white
rot, but also some Alternaria, Phomopsis and Penicillium (Tables 12 and 13). The standard treatments involving
Manzate in the early sprays and Captan + Ziram in the later cover sprays, gave the most rot control while IMS Stylet-Oil
and Regalia related treatments did not adequately control bitter rot and white rot. Several treatments (#1, 2, 3 and 10)
improved fruit finish, reducing either russet or opalescence, compared to non-treated fruit (Table 14). There was an
indication of increased opalescence by JMS Stylet-Oil on Idared, and russet was accentuated by the higher rate of OE
444,
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Table 9. Powdery mildew control on Stayman, Idared, and Ginger Gold apples, 2013. Virginia Tech AREC, Winchester.

Idared % leaves or leaf area or fruit infected
primary Idared Stayman Ginger Gold
Treatment and formulated rate/acre Timing effect* leaves area fruit area Ivs area fruit lvs area fruit
0 No fungicide 1.7e 66h 27f 81f 16g 7le 53d 30f 68g 37f 40d
1 Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 Ib Pk-3C 7.4ab 30e 3bc 57de 9ef 31lbc 3a 0Oa 40de 5b-d Oa
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C —
2 Flint 50WG 2 oz + Manzate Pro-Stick 75DG 31b  Pk-3C 6.2b 15b-d 2ab 18a 3a 16a 2a 3b 1la la 3ab
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C —
3 Fontelis 1.67SC 1 pt Pk-3C 7.1ab 12bc 2ab 40b-d 6c¢c-e 17a 2a 4ab 12a 2a 4ab
4C —
Captan 80WDG 30 oz + Ziram 76DF 3 Ib
4 Fontelis 1.67SC 1 pt + Damoil 2 qt/100 gal Pk-3C 83a 10ab 2ab 29ab 4a-c 25b 3a 12cd 1l6a-c 2ab 7ab

JMS Stylet-Qil 1.5 gal 4C —
5 Fontelis 1.67SC 1 pt + JMS Stylet-Oil 2 qt/100 gal Pk-3C 7.0ab 6a la 24ab 3ab 27b 3a 5bc 12ab 2a 3a
JMS Stylet-Qil 1.5 gal 4C —

6 JMS Stylet-Oil 1.5 gal Pk — 4.6cd 23de 3b 48c-e 8d-f 48d 7b 10c-e 3lcd 3a-c 13bc

7 JMS Stylet-Oil 1 gal + OE 444 1% Pk - 4.6c  39f 6c 6le 10f 52d  8b 19d-f 47df 6cd 20cd

8 JMS Stylet-Oil 1 gal + OE 444 0.5% Pk — 45cd 51¢g 9d 63e 10f 49d 10b 20ef 5le-g 8de 25cd

9 Regalia Biofungicide 5% 2 qt Pk — 3.2d 59gh 1l4e 60e 11f 67e 25c 19d-f 60fg 12e 24cd

10 Fontelis 1.67SC 1 pt + Regalia 2 gt Pk-3C 6.3b 18bc 3ab 35bc 5b-d 36c 4a 0Oa 23bc 3a-c Oa
Regalia Biofungicide 5% 2 qt 4C —

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four reps; ten shoots/tree rated 17 Jun (Idared), 8 Jul (Ginger Gold) or eight shoots
per tree 31 Jul (Stayman), or harvest counts of 25-fruit samples picked from each of four single-tree reps.

Ginger Gold sampled 12 Aug; Idared sampled 23 Sep; Stayman sampled 2 Oct.

Test rows were used as non-treated border rows in 2012 to stabilize mildew inoculum pressure for 2013.

* Apparent suppressive effect rated on six primary mildew shoots / tree, four reps 4 Jun : scale 1-10 (1= none; 10= excellent effect).

Treatment dates: Applied airblast at 100 gpa to both sides of the row on each application date: 18 Apr, (app. #1, Idared 20% bloom, Stayman

and Ginger Gold, pink); 25 Apr, (app. #2, full bloom); 3 May, (app. #3, bloom- petal fall); 9 May, (app. #4, petal fall); First-8th covers, (apps. #5-12): 17 May, 31
May, 15 Jun, 29 Jun, 14 Jul, 29 Jul (last Application for Ginger Gold), 16 Aug, and 30 Aug.
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Table 10. Scab, cedar rust and Brooks spot control on Stayman, ldared and Ginger Gold apples, 2013.

Scab, % leaves infected Scab, % fruit infected Cedar-apple Brooks spot, %

Stay- Ginger  Stay- Ginger rust, % Ivs inf.  Stay-
Treatment and formulated rate/acre Timing man Idared Gold man Idared Gold Idared G. Gold man Idared
0 No fungicide 60 ef 2b-d 34cd 54e 26d 64c 20d 43c 6Db 9d
1 Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 Ib Pk-3C  19bc <la-c 9b 4ab 5bc la Oa Oa Oa Oa
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C —
2 Flint 50WG 2 oz + Manzate Pro-Stick 75DG 31b  Pk-3C 12ab <lab 3ab 5b 3ab 3a 0a <la Oa Oa
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C —
3 Fontelis 1.67SC 1 pt Pk-3C 13ab <lab la 2ab 3ab la Oa 3ab Oa Oa
4C —
Captan 80WDG 30 oz + Ziram 76DF 3 Ib
4 Fontelis 1.67SC 1 pt + Damoil 2 qt/100 gal Pk-3C 9a 0a <la lab 3ab la <la 2ab Oa Oa

JMS Stylet-Qil 1.5 gal 4C —

5 Fontelis 1.67SC 1 pt + JMS Stylet-Oil 2 qt/100 gal Pk-3C 10a Oa la Oa 2ab la <la <la Oa Oa
JMS Stylet-Qil 1.5 gal 4C —

6 JMS Stylet-Oil 1.5 gal Pk - 42d <lab 11b 20c 10c 36b lab 6ab 0Oa 2b

7 Stylet-Oil 1 gal + OE 444 1% Evonik formulation Pk —  47de 2b-d 27c 55e 20d 64c lab 10b Oa 4bc
8 Stylet-Qil 1 gal + OE 444 0.5% Evonik formulation Pk — 53d-f 3cd 28c 42de 22d 48bc 4c 10b 2ab 6cd

9 Regalia Biofungicide 5% 2 qt Pk —»  64f 2d 48d 38d 26d 4lbc 3bc 9b Oa Oa
10 Fontelis 1.67SC 1 pt + Regalia 2 gt Pk-3C 23c <la-d 2a 6b la 1la 3bc 11b Oa Oa
Regalia Biofungicide 5% 2 qt 4C —

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Harvest counts of 25-fruit samples picked from each of four single-tree reps.
Ginger Gold sampled 12 Aug; Idared sampled 23 Sep; Stayman sampled 2 Oct.

Treatment dates: Applied airblast at 100 gpa to both sides of the row on each application date: 18 Apr, (app. #1, Idared 20% bloom, Stayman
and Ginger Gold, pink); 25 Apr, (app. #2, full bloom); 3 May, (app. #3, bloom- petal fall); 9 May, (app. #4, petal fall); First-8th covers, (apps. #5-12): 17 May, 31
May, 15 Jun, 29 Jun, 14 Jul, 29 Jul (last application for Ginger Gold), 16 Aug, and 30 Aug.



Table 11. Control of sooty blotch and flyspeck by fungicides on Stayman, Idared, and Ginger Gold apples, 2013.

% fruit or fruit area infected, postharvest counts

Sooty blotch Flyspeck
Stayman Idared % Ginger Gold Stayman Idared Ginger Gold
Treatment and rate/A fruit  area frut area  fruit area  fruit area  fruit area fruit area
0 No fungicide --- 100c 22c 100c 31e 100b 30d 100d 13d 98cd 8cd 95e 6e
1 Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 Ib Pk-3C
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—> 45ab 6a 45a 4ab 28a 2a 30b 2D 23b 1D 3a <la
2 Flint 50WG 2 oz + Manzate Pro-Stick 75DG 3Ib  Pk-3C
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—> 28a 3a 32a  3a 23a  2a 9a 1la 6a <la Oa Oa
3 Fontelis 1.67SC 1 pt Pk-3C
4C —
Captan 80WDG 30 oz + Ziram 76DF 3 Ib
60b 4a 78b 7bc  40a 3ab 45b  3b 23b  1b 1lab <la
4 Fontelis 1.67SC 1 pt + Damoil 2 gt/100 gal Pk-3C
JMS Stylet-Oil 1.5 gal 4C—> 98c 11b 94bc 13cd 96b 14cd 97cd 11cd 95cd 7c¢  49cd 3b-d
5 Fontelis 1.67SC 1 pt + JMS Stylet-Oil 2 qt/100 gal Pk-3C
JMS Stylet-Oil 1.5 gal 4C —» 100c 11b 98c 15d 87b 10bc 99d 11cd 97cd 8cd 3lbc 2b
6 JMS Stylet-Oil 1.5 gal Pk —
100c 14bc  99c 20d 95b 13bc 98cd 10cd 96cd 8cd 40cd 2bc
7 Stylet-Qil 1 gal + OE 444 1% Evonik formulation Pk — 98c 13bc 96c 15d 89b 18cd 98cd 11cd 98cd 11e 75e 6de
8 Stylet-Oil 1 gal + OE 444 0.5% Evonik formulation Pk — 100c 13bc 100c 20d 99b 17cd 94cd 9c 100d 10de 84e 6e
9 Regalia Biofungicide 5% 2 qt Pk— 95¢ 13bc 96c 20d  97b 14c  92cd 9cd 94c  8c 69de 4b-e
10 Fontelis 1.67SC 1 pt + Regalia 2 gt Pk-3C
Regalia Biofungicide 5% 2 gt 4C—> 91c 11b 92bc 12cd 91b 17cd 86¢c 9cd 94c 6¢c 69de 4c-e

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Harvest counts of 25-fruit samples picked from each of four single-tree reps.

Ginger Gold sampled 12 Aug; Idared sampled 23 Sep; Stayman sampled 2 Oct.

Treatment dates: Applied airblast at 100 gpa to both sides of the row on each application date: 18 Apr, (app. #1, Idared 20% bloom, Stayman and

Ginger Gold, pink); 25 Apr, (app. #2, full bloom); 3 May, (app. #3, bloom- petal fall); 9 May, (app. #4, petal fall); First- 8th covers, apps. #5-12: 17 May, 31 May, 15

Jun, 29 Jun, 14 Jul, 29 Jul (last application for Ginger Gold), 16 Aug, and 30 Aug.

16



Table 12. Treatment effect on post-harvest rot development, Ginger Gold, 2013.

Any rot, Fruit rot incidence (%),
% fruit, after 16-day incubation period*

Treatment and formulated rate/acre Timing  harvest  any bitter Bot  Alternaria Phomopsis
0 No fungicide 35d 52e 27b 33d 5b la
1 Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 31b  Pk-3C

Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C — Oa 12a-c 8ab 1la-c Oa Oa
2 Flint 50WG 2 oz + Manzate Pro-Stick 75DG 3 Ib Pk-3C

Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C — Oa 3ab Oa 3ab Oa O0a
3 Fontelis 1.67SC 1 pt Pk-3C

Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C — O0a la Oa la Oa Oa
4 Fontelis 1.67SC 1 pt + Damoil 2 qt/100 gal Pk-3C

JMS Stylet-QOil 1.5 gal 4C — 5ab  25c-e 16ab 8a-c Oa la
5 Fontelis 1.67SC 1 pt + JMS Stylet-Oil 2 qt/100 gal Pk-3C

JMS Stylet-Qil 1.5 gal 4C — 16bc  29c-e 19ab 8a-c la 3a
6 JMS Stylet-Qil 1.5 gal Pk — 15b-d 40de 19b 2lcd la la
7 Stylet-Oil 1 gal + OE 444 1% Evonik formulation Pk — 21lcd 20b-d 8ab 12a-d la Oa
8 Stylet-Qil 1 gal + OE 444 0.5% Evonik formulation Pk — 16b-d 25c-e 7ab 16 b-d la la
9 Regalia Biofungicide 5% 2 gt Pk — 27cd 29c-e 15ab  20cd Oa la
10 Fontelis 1.67SC 1 pt + Regalia 2 gt Pk-3C

Regalia Biofungicide 5% 2 gt 4C — 9bc 15b-d 8ab 7a-c Oa Oa

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Ratings of 25 fruit / replication harvested 12 Aug and rated 13 Aug.
*Rot counts following 16 days incubation at ambient temperatures. Max/min temperature range for 16-day incubation
was 64-91°F (mean 77.7°F).

Treatment dates: Applied airblast at 100 gpa to both sides of the row on each date: 18 Apr, (app. #1, Ginger Gold, pink);
25 Apr, (app. #2, full bloom); 3 May, (app. #3, bloom- petal fall); 9 May, (app. #4, petal fall);
First- 6th covers, (apps. #5-10: 17 May, 31 May, 15 Jun, 29 Jun, 14 Jul, 29 Jul (last application for Ginger Gold).



Table 13. Control of post-harvest fruit rots on Stayman and Idared apples, 2013.

% fruit infected, postharvest counts

Any rot Bitter rot White rot Alternaria
Stay- Stay- Stay- Stay-
Treatment and rate/A man Idared Man Idared man Idared man Idared
0 No fungicide --- 24e  44de 10c 26f 12b  17d 3a 6b
1 Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 Ib Pk-3C
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C — 2a Oa lab Oa la Oa Oa Oa
2 Flint 50WG 2 oz + Manzate Pro-Stick 75DG 3 Ib Pk-3C
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C — 3ab Oa Oa Oa 3ab Oa Oa Oa
3 Fontelis 1.67SC 1 pt Pk-3C
4C —
Captan 80WDG 30 oz + Ziram 76DF 3 Ib
3ab Oa lab Oa 2a Oa Oa Oa
4 Fontelis 1.67SC 1 pt + Damoil 2 gt/100 gal Pk-3C
JMS Stylet-Oil 1.5 gal 4C — 7b-d lab lab 1lab 6ab Oa Oa Oa
5 Fontelis 1.67SC 1 pt + JMS Stylet-Oil 2 qt/100 gal Pk-3C
JMS Stylet-Oil 1.5 gal 4C — 9b-d 7c 3ab 7cd 6ab Oa Oa Oa
6 JMS Stylet-Oil 1.5 gal Pk —
4a-c 17d lab 12e 3ab 4bc Oa la
7 Stylet-Oil 1 gal + OE 444 1% Evonik formulation Pk — 11d 15d 3ab 10de 8ab 5c¢ Oa Oa
8 Stylet-Oil 1 gal + OE 444 0.5% Evonik formulation Pk — 15de 15d 5bc 11de 9ab 3b la la
9 Regalia Biofungicide 5% 2 qt Pk — 13de 14d 3ab 7c-e 10b 7c la Oa
10 Fontelis 1.67SC 1 pt + Regalia 2 gt Pk-3C
Regalia Biofungicide 5% 2 qt 4C — 10cd 5bc 2ab  4bc 7ab la la Oa

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Postharvest fruit counts are means of 25-fruit samples picked from each of four
single-tree reps. Idared sampled 23 Sep and rated after 22 days incubation at ambient temperatures 58-86°F (mean 71.4°F). Stayman

sampled 2 Oct, placed in cold storage then rated after 21 days incubation at ambient temperatures 60-89°F (mean 77.4°F).
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Table 14. Fruit finish effects by fungicides on Stayman, Idared, and Ginger Gold apples, 2013.
Fruit finish ratings (0-5)*

Russet Opalescence
Treatment and rate/A Timing Stayman Idared Ginger Gold Stayman Idared
0 No fungicide 2.2¢ l.4cd 2.2a 2.3d 1.2cd
1 Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 1b Pk-3C l4a 1.0ab l4a 1.3a-c 0.8a-c
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C —
2 Flint 50WG 2 oz + Manzate Pro-Stick 75DG 31b  Pk-3C 1.5ab 0.6a 1.3a 1.3a-c 0.5a
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C —
3 Fontelis 1.67SC 1 pt Pk-3C l4a 0.7a 1.6a 1.0a 0.7ab
4C —
Captan 80WDG 30 oz + Ziram 76DF 3 Ib
4 Fontelis 1.67SC 1 pt + Damoil 2 qt/100 gal Pk-3C 1.7a-c 1.5cd 1.7a 1.8a-d 1.4de
JMS Stylet-Qil 1.5 gal 4C —
5 Fontelis 1.67SC 1 pt + JMS Stylet-Oil 2 qt/100 gal Pk-3C 1.8a-c 1.5cd l4a 1.8a-d 1.4de
JMS Stylet-Qil 1.5 gal 4C —
6 JMS Stylet-Oil 1.5 gal Pk — 1.9a-c 1.4b-d 1.9a 2.0b-d 1.8e
7 Stylet-QOil 1 gal + OE 444 1% Evonik formulation Pk — 2.3c 2.0e 1.6a 2.2cd 2.6f
8 Stylet-Oil 1 gal + OE 444 0.5% Evonik formulation Pk — 2.1bc 1.8de 2.2a 2.0b-d 1.8e
9 Regalia Biofungicide 5% 2 gt Pk — 1.8a-c 1.3bc 1.3a 1.9a-d 1.5de
10 Fontelis 1.67SC 1 pt + Regalia 2 gt Pk-3C 15a 1.4b-d 15a l.1ab 1.1b-d
Regalia Biofungicide 5% 2 gt 4C —

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Harvest counts of 25 fruit samples picked from each of four
single-tree reps 12 Aug (Ginger Gold), 23 Sep (Idared), or 2 Oct (Stayman).

* Fruit finish rated on a scale of 0-5 (O=perfect finish; 5=severe opalescence or russet, presumed not to be mildew).

Treatment dates: Applied airblast at 100 gpa to both sides of the row on each application date: 18 Apr, (app. #1,

Idared 20% bloom, Stayman and Ginger Gold, pink); 25 Apr, (app. #2, full bloom); 3 May, (app. #3, bloom- petal fall);

9 May, (app. #4, petal fall); First- 8th covers, (apps. #5-12): 17 May, 31 May, 15 Jun, 29 Jun, 14 Jul, 29 Jul (last application
for Ginger Gold), 16 Aug, and 30 Aug.



Figure 1. Control of % leaves infected with mildew by SI+EBDC and Qol
Stayman and ldared apples, 1994-2013, Winchester, VA
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Figure 2. 20-yr history of foliar scab control with Sl or Qol+EBDC
Stayman apple, Winchester, VA
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APPLE (Malus domestica ‘Golden Delicious', K. S. Yoder, A. E. Cochran ll,

'Red Delicious', and ‘Rome Beauty’) W. S. Royston, Jr., and S. W. Kilmer,
Scab; Venturia inaequalis A.G.F. Engelman and L. A. Hickey
Powdery mildew; Podosphaera leucotricha Virginia Tech Agr. Res. & Ext. Center
Cedar-apple rust; Gymnosporangium juniperi-virginianae 595 Laurel Grove Road

Sooty blotch; disease complex Winchester, VA 22602

Flyspeck; Zygophiala jamaicensis

Bitter rot; Colletotrichum spp.

White (Bot) rot; Botryosphaeria dothidea

Alternaria rot; Alternaria spp.

Fruit finish
Fungicide mixtures and rotations for full season disease management on Red Delicious, Golden Delicious, and
Rome apples, 2013.

Nine treatments, aimed primarily at early season and early summer diseases, were compared for season-long
fungal disease control and fruit finish effects on three apple cultivars. Treatments were evaluated on 24-yr-old, three-
cultivar tree sets in a four-replicate randomized block design. The Rome trees used in the test had not been treated in
2012 to allow powdery mildew inoculum to stabilize in the 2013 test trees. Dilute treatments were applied to the point of
runoff with a single nozzle handgun at 400 psi as follows: 23 Apr (Pk, pink, no Rally in #9); 2 May (bloom, Rally in #9); 8
May (petal fall, Rally in #9); 21 May (1st cover, 1C, no Rally in #9); 4 Jun (2C, Rally in #9); 18 Jun (3C, no Rally in #9);
4th —7th covers: 2 Jul, 16 Jul, 30 Jul, and 16 Aug. Inoculum over each Golden Delicious test tree included: cedar rust
galls placed 15 Apr and wild blackberry canes with the sooty blotch and flyspeck fungi and bitter rot mummies placed
26 Apr. Other diseases developed from inoculum naturally present in the test area, including cedar-apple rust inoculum
from red cedars in the vicinity. Maintenance sprays, applied separately to the entire test block with a commercial airblast
sprayer, included: Admire Pro, Altacor, Assail, Calypso, Carbaryl, Delegate Imidan, Perm-Up Provado, Voliam Flexi,
and the thinning sprays: MaxCel 4 pt + Carbaryl 1 pt + Regulaid (Red Delicious) and Fruitone L + Carbaryl + Regulaid
(Golden Delicious). Foliar data represent averages of counts of ten terminal shoots 1 Jul (Golden Delicious), or eight
shoots 25 Jul (Rome) and 29 Jul (Red Delicious). Fruit counts are means of 25-fruit samples picked from each of four
single-tree reps 24 Sep (Golden Delicious), 27 Sep (Red Delicious) or 30 Sep (Rome). Red Delicious samples were
held at ambient warm temperatures 60-86°F (mean 73.4°F), first evaluated at six days, then again after a total of 26
days. Following harvest, Golden Delicious and Rome fruit were first rated after 14 days in cold storage at 39°F. After
initial fruit evaluation, fruit were incubated at ambient warm temperatures (Golden Delicious, 15 days, 60-87°F, mean
75.1°F), or (Rome, 21 days, 60-89°F, mean 77.4°F) before final storage rot assessment. Percentage data were
converted by the square root arcsin transformation for statistical analysis.

The early season was more favorable for mildew infection than for scab. Mildew conidia were available 11 Apr,
and there were 42 dry weather “mildew infection days” from 11 Apr-14 Jun. Topguard, Luna Tranquility/Topguard and
A19334A had strong effects on suppression of primary mildew shoot symptoms; Inspire Super and Flint had
significantly weaker primary effects (Table 15). Supplementing Flint with Rally in the three applications at bloom, petal
fall and 2nd cover significantly improved the primary effect, which also carried over to improved control of secondary
mildew on Rome shoots. Including Silwet significantly reduced mildew incidence with Luna Tranquility (#4 vs. #3) and
with A19334A (#6 vs. #5). The treatments which had more leaf infection, #2, (Topguard/Fracture), #5, (A19334A), #7
(Inspire Super) and #8 (Flint) also had the most fruit infection on Rome. The first scab infection period did not occur until
17 Apr, and scab lesions first appeared about 6 May, then 11 secondary scab infection periods occurred through 13
Jun. Scab in the test area is resistant to Qol fungicides as indicated by ineffectiveness of Flint (Table 16, #8).
Supplementing Flint with Rally at bloom, petal fall and 2nd cover significantly improved foliar scab control on Red and
Golden Delicious and fruit scab control on all three cultivars. The only other treatment that did not adequately control
scab was Fracture alternated with Topguard + Captan. Under relatively heavy rust pressure, all treatments gave
adequate control; supplementing Flint with Rally improved rust control. Sooty blotch/flyspeck (SBFS) pressure was
moderate and, covering all treatments with Captan + Ziram at 4th cover, revealed treatment differences related to 3rd
cover fungicides (Table 17). Inspire Super and A19334A were most effective. Including Silwet with Luna Tranquility +
Manzate improved SBFS control. All treatments gave adequate control of post-storage rots (Table 18), but Inspire
Super was significantly weaker for white rot. Fruit finish was somewhat variable. A19334A slightly increased
opalescence of Rome and several treatments (#1, 3 and 4) reduced russet of Golden Delicious(Table 15).
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Table 15. Powdery mildew control and fruit finish on Rome Beauty and Golden Delicious apples, 2013.

Powdery mildew, primary effect, Fruit finish ratings**
% leaves, leaf area or fruit infected G. Del. Rome,
Rome Beauty Golden Del. Russet %  opales-
Primary % Ivs leaf %  leaves % leaf  rating (0-5) USDA cence,
Treatment and formulated rate/100 gal Timing effect* inf. area fruit Inf. area Rome G. Del. X-Fcy rating
0 Non-treated control --- 18e 52g 15e 49f 58f 25d 1.0a-d 1.9b 52¢ l1l.la

1 Topguard 1.04SC 2 fl oz + Captan Gold 80WDG 7.5 oz Pk-3C 7.6a 3lef 3b-d 15c-e 14b-d 2a-c 0.8ab 1.2a 70a-c lla
Captan Gold 80WDG 7.5 oz + Ziram 76DF 12 oz 4C —

2 Topguard 1.04SC 2 fl oz + Captan Gold 80WDG 7.5 oz #1,35 7.2ab 24de 3bc 2lde 23e 3c 0.8a-c 1.4ab 72a-c 1.4ab
Fracture (F F9110-1) 2.12SL 7.6 fl oz #2,4,6
Captan Gold 80WDG 7.5 0z + Ziram 76DF 12 oz 4C —

3 Luna Tranquility 3.5 fl oz + Manzate Pro-Stick 75DF 12 0z #1,3,5 6.4bc 17b-d 2ab 4ab 9b 2a-c 0.8a-c 1.1a 76ab 1.0a
Topguard 1.04SC 2 fl oz + Arysta Captan 80WDG 7.50z #2,4,6
Arysta Captan 80WDG 7.5 oz + Ziram 76DF 12 oz 4C —

4 Luna Tranquility 3.5 fl oz + Manzate 12 oz + Silwet 114 ml #1,3,5 7.5ab 9a 2a 3a la <lab 06a 12a 85a 09a
Topguard 1.04SC 2 fl oz + Arysta Captan 80WDG 7.50z #2,4,6

Arysta Captan 80WDG 7.5 0z + Ziram 76DF 12 oz 4C —

5 A19334A 195EC 52 ml Pk-3C 7.2ab 20cd 3bc 11lb-d 17c-e 2bc 1.2cd 1.6ab 60bc 1.8b
Arysta Captan 80WDG 7.5 0z + Ziram 76DF 12 oz 4C—

6 A19334A 195EC 52 ml + Silwet 114 ml Pk-3C 7.1ab 9ab 2a 7a-c 2a <la 1.0b-d 1.7ab 58bc 1.4 ab
Arysta Captan 80WDG 7.5 0z + Ziram 76DF 12 oz 4C—

7 Inspire Super 2.82EW 3.4 fl oz Pk-3C 5.4cd 36f 4d 27e 21de 3c 1.3d 1.9b 54bc 1.4 ab
Captan Gold 80WDG 7.5 0z + Ziram 76DF 12 oz 4C—

8 Flint 50WG 0.5 oz Pk-3C 4.9d 25de 4cd 14c-e 12bc 2a-c 1l.0a-d 1.9b 49c 1.3ab
Arysta Captan 80WDG 7.5 0z + Ziram 76DF 12 oz 4C—

9 Flint 0.5 oz (+ Rally 40WSP 0.6 oz post-inf. for rusts) Pk-3C 6.7ab 12a-c 2ab 6ab 7b 2a-c 0.6ab 1.6ab 54bc 1.2a
Arysta Captan 80WDG 7.5 0z + Ziram 76DF 12 oz 4C—

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four replications. Data based on 10 shoots per rep 1 Jul (Golden Delicious), or

eight shoots 25 Jul (Rome) and 29 Jul (Red Delicious). Fruit counts are means of 25-fruit samples picked from each of four single-tree reps 24 Sep (Golden
Delicious), 27 Sep (Red Delicious) or 30 Sep (Rome).

Rome test trees were not in test in 2012 to stabilize mildew inoculum pressure for 2013.

* Suppressive effect on six primary mildew shoots / tree 13 Jun: rating scale 1-10 (1= none; 10= excellent effect).

** Eruit finish rated on a scale of 0-5 (O=perfect finish; 5=severe russet or opalescence); USDA grades after downgrading by russet.

Treatments were applied dilute to run-off: 23 Apr (Pk, pink, no Rally in #9); 2 May (bloom, Rally in #9); 8 May (petal fall, Rally in #9); 21 May (1st cover, 1C, no

Rally in #9); 4 Jun (2C, Rally in #9); 18 Jun (3C, no Rally in #9); 4th —7th covers: 2 Jul, 16 Jul, 30 Jul, and 16 Aug.
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Table 16. Scab and cedar-apple rust control on Red Delicious, Golden Delicious and Rome Beauty apples, 2013.

Scab, % leaves or fruit infected Cedar-apple rust, % inf.

leaves fruit leaves Rome
Treatment and formulated rate/100 gal Timing RDel G.Del Rome R.Del G.Del Rome G.Del Rome fruit
0 Non-treated control 29e  31f 3lcd 50c 46c  52d 60c 67d 23b
1 Topguard 1.04SC 2 fl oz + Captan Gold 80WDG 7.5 oz Pk-3C 2b 5cd 10b 2a 2a 2a <lab 3bc 0 a

Captan Gold 80WDG 7.5 0z + Ziram 76DF 12 oz 4C —

2 Topguard 1.04SC 2 fl oz + Captan Gold 80WDG 7.5 oz #1,35 15d 15e 28¢c 10b 9b 21c 3b 2ab 0 a
Fracture (F F9110-1) 2.12SL 7.6 fl oz #2,4,6

Captan Gold 80WDG 7.5 oz + Ziram 76DF 12 oz 4C —

3 Luna Tranquility 3.5 fl oz + Manzate Pro-Stick 75DF 120z #1,3,5 1ab 3bc 8b Oa Oa 3ab lab 2ab 0 a
Topguard 1.04SC 2 fl oz + Arysta Captan 80WDG 7.50z #2,4,6
Arysta Captan 80WDG 7.5 0z + Ziram 76DF 12 oz 4C —

4 Luna Tranquility 3.5 fl oz + Manzate 12 oz + Silwet 114 ml #1,3,5 <lab <lab 5ab la Oa Oa 2ab <lab 0 a
Topguard 1.04SC 2 fl oz + Arysta Captan 80WDG 7.50z #2,4,6

Arysta Captan 80WDG 7.5 oz + Ziram 76DF 12 oz 4C —

5 A19334A 195EC 52 ml Pk-3C <lab Oa 2a Oa Oa Oa <lab <lab 0 a
Arysta Captan 80WDG 7.5 oz + Ziram 76DF 12 oz 4C—

6 A19334A 195EC 52 ml + Silwet 114 ml Pk-3C <la <la 2a Oa Oa la Oa Oa 0 a
Arysta Captan 80WDG 7.5 oz + Ziram 76DF 12 oz 4C—

7 Inspire Super 2.82EW 3.4 fl oz Pk-3C <lab <lab 5ab la la 3a lab <lab 0 a
Captan Gold 80WDG 7.5 oz + Ziram 76DF 12 oz 4C—

8 Flint 50WG 0.5 oz Pk-3C 24e 20e 54e 19b 41c 50d <lab 6¢c 0 a
Arysta Captan 80WDG 7.5 oz + Ziram 76DF 12 oz 4C—

9 Flint 0.5 oz (+ Rally 40WSP 0.6 oz post-inf. for rusts) Pk-3C 7c 9d 43de la 2a 8b Oa <lab 0 a
Arysta Captan 80WDG 7.5 oz + Ziram 76DF 12 oz 4C—

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four replications. Data based on 10 shoots per rep 1 Jul (Golden Delicious),

or eight shoots 25 Jul (Rome) and 29 Jul (Red Delicious). Fruit counts are means of 25-fruit samples picked from each of four single-tree
reps 24 Sep (Golden Delicious), 27 Sep (Red Delicious) or 30 Sep (Rome).

Treatments were applied dilute to run-off: 23 Apr (Pk, pink, no Rally in #9); 2 May (bloom, Rally in #9); 8 May (petal fall, Rally in #9);

21 May (1st cover, 1C, no Rally in #9); 4 Jun (2C, Rally in #9); 18 Jun (3C, no Rally in #9); 4th —7th covers: 2 Jul, 16 Jul, 30 Jul, and 16 Aug.



Table 17. Sooty blotch, flyspeck and rot spots on Rome Beauty, Golden Delicious and Red Delicious apples, 2013.

% fruit infected % rot
Sooty blotch Flyspeck spots,
Treatment and formulated rate/100 gal Timing R.Del. G.Del. Rome R.Del. G.Del. Rome G.Del
0 Non-treated control - 100e 100c 96¢c 99c 99d 93d 76d
1 Topguard 1.04SC 2 fl oz + Captan Gold 80WDG 7.5 oz Pk-3C
Captan Gold 80WDG 7.5 0z + Ziram 76DF 12 oz 4C - 32d 7bc 2a 39b 17c¢ 6b Oa
2 Topguard 1.04SC 2 fl oz + Captan Gold 80WDG 7.5 oz #1,3,5
Fracture (F F9110-1) 2.12SL 7.6 fl oz #2,4,6
Captan Gold 80WDG 7.5 oz + Ziram 76DF 12 oz 4C — 33d 16d 16b 37b 19c 30c 10c

3 Luna Tranquility 3.5 fl oz + Manzate Pro-Stick 75DF 12 0z # 1,3,5
Topguard 1.04SC 2 fl oz + Arysta Captan 80WDG 7.50z #2,4,6
Arysta Captan 80WDG 7.5 oz + Ziram 76DF 12 oz 4C— 2i1cd 8cd 2a 38b 19c 8Db 2ab

4 Luna Tranquility 3.5 fl oz + Manzate 12 oz + Silwet 114 ml #1,3,5
Topguard 1.04SC 2 fl oz + Arysta Captan 80WDG 7.50z #2,4,6

Arysta Captan 80WDG 7.5 oz + Ziram 76DF 12 oz 4C— 27cd 2ab Oa 24b 4ab 5ab Sbc
5 A19334A 195EC 52 ml Pk-3C

Arysta Captan 80WDG 7.5 oz + Ziram 76DF 12 oz 4C— 6ab la Oa 3a 2a Oa 2ab
6 A19334A 195EC 52 ml + Silwet 114 m| Pk-3C

Arysta Captan 80WDG 7.5 oz + Ziram 76DF 12 oz 4C— Oa Oa Oa la la la lab
7 Inspire Super 2.82EW 3.4 fl oz Pk-3C

Captan Gold 80WDG 7.5 oz + Ziram 76DF 12 oz 4C— la Oa Oa 3a la Oa 3ab
8 Flint 50WG 0.5 oz Pk-3C

Arysta Captan 80WDG 7.5 oz + Ziram 76DF 12 oz 4C— 9ab 9cd la 10a 12bc 9b 2ab
9 Flint 0.5 oz (+ Rally 40WSP 0.6 oz post-inf. for rusts) Pk-3C

Arysta Captan 80WDG 7.5 oz + Ziram 76DF 12 oz 4C—  15Dbc la Oa 25b 4ab 3ab 3ab

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four single-tree reps. Postharvest fruit counts are means of 25-fruit samples
picked from each of four single-tree reps 24 Sep (Golden Delicious), 27 Sep (Red Del.) or 30 Sep (Rome). Red Delicious samples were
held at ambient warm temperatures 60-86°F, first evaluated at six days. Following harvest, Golden Delicious and Rome fruit were first
rated after 14 days in cold storage at 39°F.

Treatments applied dilute to run-off; 23 Apr (Pk, pink, no Rally in #9); 2 May (bloom, Rally in #9); 8 May (petal fall, Rally in #9); 21 May
(1st cover, 1C, no Rally in #9); 4 Jun (2C, Rally in #9); 18 Jun (3C, no Rally in #9); 4th —7th covers: 2 Jul, 16 Jul, 30 Jul, and 16 Aug.
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Table 18. Post-storage rot control on Rome Beauty, Golden Delicious, and Red Delicious apples, 2013.

Rot spots Post-incubation storage rots, % fruit infected
G. Del., Any rot Bitter rot White (Bot) rot

Treatment and formulated rate/100 gal Timing harvest Rome G.Del R.Del Rome G.Del R.Del Rome G.Del R.Del
0 Non-treated control 76d 32c  56c 27d 22b 17c  8b  13b 37c 19d
1 Topguard 1.04SC 2 fl oz + Captan Gold 80WDG 7.5 oz Pk-3C

Captan Gold 80WDG 7.5 0z + Ziram 76DF 12 oz 4C — Oa 3ab 3ab Oa Oa lab Oa 3ab 2ab Oa
2 Topguard 1.04SC 2 fl oz + Captan Gold 80WDG 7.5 oz #1,3,5

Fracture (F F9110-1) 2.12SL 7.6 fl oz #2,4,6

Captan Gold 80WDG 7.5 oz + Ziram 76DF 12 oz 4C —> 10c 10ab 2ab 3ab 6a lab Oa 6ab lab 3ab
3 Luna Tranquility 3.5 fl oz + Manzate Pro-Stick 75DF 12 oz #1,3,5

Topguard 1.04SC 2 fl oz + Arysta Captan 80WDG 7.50z #2,4,6

Arysta Captan 80WDG 7.5 0z + Ziram 76DF 12 oz 4C — 2ab 9ab 2ab 5bc 2a 0Oa Oa 7ab 2ab 5bc
4 Luna Tranquility 3.5 fl oz + Manzate 12 oz + Silwet 114 ml  #1,3,5

Topguard 1.04SC 2 fl oz + Arysta Captan 80WDG 7.50z #2,4,6

Arysta Captan 80WDG 7.5 oz + Ziram 76DF 12 oz 4C — 5bc 8ab 2ab 4ab 1a Oa 2a 7ab 2ab 2ab
5 A19334A 195EC 52 ml Pk-3C

Arysta Captan 80WDG 7.5 oz + Ziram 76DF 12 oz 4C— 2ab 5ab  4ab 2ab 2a 2ab 1la 2ab  2ab 1lab
6 A19334A 195EC 52 ml + Silwet 114 ml Pk-3C

Arysta Captan 80WDG 7.5 oz + Ziram 76DF 12 oz 4C— lab 3ab 1la 2ab Oa 0Oa Oa 2a Oa 2ab
7 Inspire Super 2.82EW 3.4 fl oz Pk-3C

Captan Gold 80WDG 7.5 oz + Ziram 76DF 12 oz 4C— 3ab  12bc  8b 10c 4a 3b  1la 8ab 6D 9c
8 Flint 50WG 0.5 oz Pk-3C

Arysta Captan 80WDG 7.5 oz + Ziram 76DF 12 oz 4C— 2ab 4ab 1la lab 1la Oa Oa 3ab lab 1lab
9 Flint 0.5 oz (+ Rally 40WSP 0.6 oz post-inf. for rusts) Pk-3C

Arysta Captan 80WDG 7.5 oz + Ziram 76DF 12 oz 4C— 3ab 2a 2ab  4ab Oa Oa 1la 2a 2ab  3ab

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Counts based on 25 fruit per tree.

Postharvest fruit counts are means of 25-fruit samples picked from each of four single-tree reps 24 Sep (Golden Delicious), 27 Sep (Red Del.) or 30 Sep (Rome).
Red Delicious samples were held at ambient warm temperatures 60-86°F (mean 73.4°F), first evaluated at six days, then again after a total of 26 days. Following
harvest, Golden Delicious and Rome fruit were first rated after 15 days in cold storage at 39°F. After initial fruit evaluation, fruit were incubated at ambient warm
temperatures (Golden Delicious, 15 days, 60-87°F, mean 75.1°F), or (Rome, 21 days, 60-89°F, mean 77.4°F) before final storage rot assessment.
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APPLE (Malus domestica ‘Fuji') K. S. Yoder, A. E. Cochran Il,

Scab; Venturia inaequalis W. S. Royston, Jr., S. W. Kilmer,
Powdery mildew; Podosphaera leucotricha A.G.F. Engelman and L. A. Hickey
Cedar-apple rust; Gymnosporangium juniperi-virginianae Virginia Tech Ag. Res. & Ext. Center
Sooty blotch; disease complex 595 Laurel Grove Road

Flyspeck; Zygophiala jamaicensis Winchester, VA 22602

Bitter rot; Colletotrichum spp.
White rot; Botryosphaeria dothidea
Alternaria rot; Alternaria spp.

Fruit finish

Evaluation of experimental and registered cover spray fungicide combinations for disease control on Fuji
apple, 2013.

Fourteen experimental and registered treatments were compared during the mid-season cover spray period
on 18-yr-old trees. The test was conducted in a randomized block design with four single-tree replicates separated by
border rows and in-row border trees. No fungicides were applied before the treatment series began at petal fall 14
May. Test treatments were applied to both sides of the tree on each application date with a Swanson Model DA-400
airblast sprayer at 100 gal/A as follows: 14 May (petal fall); first-ninth covers: 27 May, 11 Jun, 25 Jun, 10 Jul, 24 Jul,
10 Aug, 24 Aug, 6 Sep and 19 Sep. Arysta Captan 80WDG was used in standard Captan applications. All diseases
developed from inoculum naturally present in the test area. Foliar data are based on counts of eight shoots per
replication 5 Aug. Only leaves younger than the tenth leaf, (the time of the first treatment application), were counted.
Fruit data are based on 25 fruit per replication, harvested 18 Oct and rated 22 Oct then held at ambient temperatures
69-89°F until the final rot rating 5 Nov. Insecticides applied to the entire test block with the same equipment during the
test period included: Admire Pro, Assail, BioCover MLT, Delegate, Calypso, Altacor, Imidan, Provado, and Lannate LV.
Percentage data were converted by the square root arcsin transformation for statistical analysis.

This test was set up primarily to evaluate the treatments for summer disease control, starting at petal fall, but
scab lesions were already beginning to appear when the treatment series was initiated 14 May. Scab strains resistant
to DMI, Qol and benzimidazole fungicides were present in the test area. Under these strong test conditions, including
ProPhyt with Rally + Koverall and Captan dramatically improved scab control (Trt 14 vs. Trt 1), resulting in the most
effective control of scab on leaves and fruit (Table 19). Treatments involving experimental treatments A15457 and
A19334 (Trts 2-5) also gave good scab suppression. Other treatments may have been impacted by Sl resistance
(Rally), Qol resistance (Merivon) or benzimidazole resistance (Cercobin). Cedar-apple rust was generally suppressed
in treatments that included Rally + Koverall in the first application, or Inspire Super, A15457 and A19334 in early
applications. Mildew infection was light and variable, but all treatments significantly suppressed symptoms on fruit
although there were no applications before petal fall. Local summer disease pressures were typical for this test block.
The 250-hr accumulated wetting hour threshold for sooty blotch/flyspeck (SBFS) activity was reached 1 Jul
(accumulated starting 13 May), and 14.7 inches of rainfall occurred June-August. The most effective SBFS treatments
were those that ended with Merivon, Cercobin, Sovran or Captan + ProPhyt (Table 20). Captan 30 oz + Ziram (Trt 10)
was more effective for SBFS than Captan 40 oz alone (Trt 1). Late season applications of CX-10440 were weak for
SBFS, as were treatments with Captan alone in the cover sprays. Bitter rot, white rot, and Alternaria were the major
post-storage rots in this test block. Treatments ending with Merivon or Captan + ProPhyt were generally the most
effective overall as indicated by reduced incidence of “any rot”. Weaker rot control by various treatments was mostly
due to total of all rots rather than a weakness on any individual rot; however, treatment #10, which had Captan + Ziram
after first cover and treatments #6 and #7, which had Captan + Ziram first-seventh cover and ended with CX-10440 in
the eighth and ninth covers, were somewhat weaker for white rot control. The alternating program using Inspire Super,
A15457, Omega, and ending with five applications of Captan (Trt 3) gave intermediate control of sooty blotch and was
effective on flyspeck and rots. Although there were some significant fruit finish differences among some treatments, no
treatment significantly impaired fruit finish compared to non-treated trees (Table 19).
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Table 19. Early season disease control by fungicides first applied to Fuji apple at petal fall, 2013.

Scab Cedar-apple rust Mildew infection Fruit finish (0-5) *

Treatment and rate /A Timing % lvs fruit % lvs fruit % Ilvs Ifarea % fruit russet opalescence
0 Non-treated control 41 f 57d 1l4c 7c 14cd 1.6c-e 39b 1.7a-c 14b
1 Rally 40WSB 5 oz + Koverall 75DF 3 |b PF

Captan 80WDG 40 oz 1Cs 39f 33c 3ab 3bc 1l4cd 1.6de 16a 1.3a 0.8a
2 A15457 100EC 5.5 fl oz PF-3C

Captan 80WDG 40 0z 4C—s lla-e 27a-c 2ab Oa 18d 17e 17a l.6a-c 1.2ab
3 Inspire Super 2.82 EW 12 fl oz PF, 2C

A15457 100EC 5.5 fl oz 1C, 3C

Omega 4SC 14 fl oz 4C 5ab 13ab <la Oa 8a-d 1.7e 13a l.4a-c 0.9ab

Captan 80WDG 40 oz 5C—>
4 A15457 100EC 5.5 fl oz PF, 2C

Captan 80WDG 40 0z 1C.3C» 5a-c 17a-c <lab lab 3a-c 0.6a-c 13a 1.5a-c l.1lab
5 A19334 195EC 7 fl oz PF

A15457 100EC 5.5 fl oz 1C-3C 7a-d 23a-c Oa 2ab 10a-d 1l.4c-e 20a l4ab 1.2ab

Captan 80WDG 40 oz 4C—>
6 Rally5 oz + Koverall 75DF 3 Ib PF

Captan 80WDG 30 oz + Ziram 76DF 31b 1C-7C  25d-f 24a-c <la Oa 13b-d 1.2a-e 20a l.4a-c 0.9ab

CX-10440 5%SC 6.5 fl oz 8-9C
7 Rally 40WSB 5 oz + Koverall 75DF 3 Ib PF

Captan 80WDG 30 oz + Ziram 76DF 3Ib 1C-7C  24d-f 26a-c 2ab Oa 7a-d 1l1lb-e 17a l.6a-c 1.2ab

CX-10440 5%SC 13fl oz 8-9C
8 Rally 40WSB 5 oz + Koverall 75DF 3 Ib PF

Cercobin 4.17SC 22 fl 0z 1Cs 27 ef 30bc lab Oa 1la-d 1.2b-e 15a l5a-c 0.9ab
9 Rally 40WSB 5 oz + Koverall 75DF 3 Ib PF

Sovran 50WG 6.4 0z 1Cs 27 ef 27bc 5bc Oa 2ab 05ab 10a 1.7bc llab
10 Rally40WSB 5 oz + Koverall 75DF 3 Ib PF

Captan 80WDG 30 0z + Ziram 76DF 3 Ib 1Cs 25d-f  30bc <la Oa 12cd 1.5c-e 16a 1.7a-c 1.2ab
11 Rally 40WSB 5 oz + Koverall 75DF 3 Ib PF

Merivon 4.18SC 5 fl 0z 1Cs 23cf 17ab <la Oa 3a-c 0.6ad 15a 1l.7a-c 1.3ab
12 Rally 40WSB 5 oz + Koverall 75DF 3 Ib PF

Merivon 4.18SC 5 fl 0z + Silwet 114 ml 1Cs 5a-c 25a-c 3ab Oa 4a-c 0.7a-e 10a 1l.7a-c 1.3ab
13 Rally 40WSB 5 oz + Koverall 75DF 3 Ib PF

Merivon 4.18SC 5 fl oz 1,3,5,7,9C 20b-f 27bc Oa Oa 6a-c 0.8a-e 20a l4a-c 1.0ab

Captan 80WDG 30 oz + Ziram 76DF 31b  2,4,6,8C
14 Rally 5 oz + Koverall 3 Ib + ProPhyt 4 pt PF

Captan 80WDG 40 0z + ProPhyt 4 pt 1Cs 2a 10a 5bc Oa 2a 0.4a 13a 1.8c 1l.1ab

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four single-tree reps. Data based on 8 shoots per rep 5 Aug. Only leaves younger than the
tenth leaf, (the time of the first treatment application), were counted. Fruit data based on 25 fruit per rep picked 18 Oct and rated 22 Oct.

Applied airblast at 100 gpa to both sides of the row on each application date: 14 May (petal fall); first-ninth covers: 27 May, 11 Jun, 25 Jun,

10 Jul, 24 Jul, 10 Aug, 24 Aug, 6 Sep and 19 Sep. Arysta Captan 80WDG used in standard applications.

* Fruit finish rated on a scale of 0-5 (O=perfect finish; 5=severe opalescence or russet, presumed not to be caused by mildew).



Table 20. Summer disease control by fungicides first applied to Fuji apple at petal fall, 2013.

Disease incidence or % area affected

Sooty blotch Flyspeck Any rot, Rots after 18 day warm storage incubation

Treatment and rate /A Timing fruit area fruit area harvest Anyrot bitter white Alternaria
0 Non-treated control 98f 10e 79e 6e 13c 53e 35¢c 16b 10b
1 Rally 40WSB 5 oz + Koverall 75DF 3 |b PF

Captan 80WDG 40 oz 1C—> 37de 2d 27cd 2cd 3a-c 9b-d 2ab 6ab la
2 A15457 100EC 5.5 fl oz PF-3C

Captan 80WDG 40 oz 4C—> 27cd 2b-d 7ab <lab lab 10b-d 3ab 6ab Oa
3 Inspire Super 2.82 EW 12 fl oz PF, 2C

A15457 100EC 5.5 fl oz 1C, 3C

Omega 4SC 14 fl oz 4C

Captan 80WDG 40 oz 5C—> 13bc  <la-c 4a <la 2ab 5a-d 3ab la la
4 A15457 100EC 5.5 fl oz PF, 2C

Captan 80WDG 40 oz 1C,3C—» 36de 2cd 12a-c <la-c 3a-c 15d 3ab 8ab 3a
5 A19334 195EC 7 fl oz PF

A15457 100EC 5.5 fl oz 1C-3C

Captan 80WDG 40 oz 4C—> 32d 2b-d 12ab <lab 3ab 10b-d 3ab 4ab 3a
6 Rally5 oz + Koverall 75DF 3 Ib PF

Captan 80WDG 30 oz + Ziram 76DF 31b  1C-7C

CX-10440 5%SC 6.5 fl oz 8-9C 44de 2d 23b-d 1b-d 7hbc 13cd Oa 12ab la
7 Rally 40WSB 5 oz + Koverall 75DF 3 Ib PF

Captan 80WDG 30 oz + Ziram 76DF 31b  1C-7C

CX-10440 5%SC 13fl oz 8-9C 5le 3d 35d 2d 6bc 15d 2ab 13ab Oa
8 Rally 40WSB 5 oz + Koverall 75DF 3 Ib PF

Cercobin 4.17SC 22 fl oz 1C> 6ab <la 7ab  <lab 7hbc 16d 7b la 8b
9 Rally 40WSB 5 oz + Koverall 75DF 3 Ib PF

Sovran 50WG 6.4 0z 1C—» 5ab  <la la <la 3ac  12d 6b 5ab la
10 Rally40WSB 5 oz + Koverall 75DF 3 Ib PF

Captan 80WDG 30 oz + Ziram 76DF 3lb  1C— 1l1ab <lab 5ab <lab 2ab 14d 3b 1lab la
11 Rally 40WSB 5 oz + Koverall 75DF 3 Ib PF

Merivon 4.18SC 5 fl oz 1C—» 7ab  <la la <la Oa la Oa la Oa
12 Rally 40WSB 5 oz + Koverall 75DF 3 Ib PF

Merivon 4.18SC 5 fl oz + Silwet 114 ml 1C—> 3a <la 3a <la Oa 3ac  0Oa 3ab Oa
13 Rally 40WSB 5 oz + Koverall 75DF 3 Ib PF

Merivon 4.18SC 5 fl oz 1,3,5,7,9C

Captan 80WDG 30 oz + Ziram 76DF 31b  2,4,6,8C 3a <la 6ab <lab 2ab 2ab Oa 2ab la
14 Rally 5 oz + Koverall 3 Ib + ProPhyt 4 pt PF

Captan 80WDG 40 oz + ProPhyt 4 pt 1C—» 6ab <la 4a <lab lab 7a-d 3b 2a la

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four single-tree reps. Data based on 25 fruit per rep picked 18 Oct and rated 22 Oct.
Applied airblast at 100 gpa to both sides of the row on each application date: 14 May (petal fall); first-ninth covers 27 May, 11 Jun, 25 Jun, 10 Jul,
24 Jul, 10 Aug, 24 Aug, 6 Sep and 19 Sep. Arysta Captan 80WDG used in standard applications.



APPLE (Malus domestica ‘“York’) K. S. Yoder, A. E. Cochran I,

Scab; Venturia inaequalis W. S. Royston, Jr., and S. W. Kilmer
Powdery mildew; Podosphaera leucotricha Virginia Tech Ag. Res. & Ext. Center
Quince rust; Gymnosporangium juniperi-virginianae 595 Laurel Grove Road

Sooty blotch; disease complex Winchester, VA 22602

Flyspeck; Zygophiala jamaicensis
White rot; Botryosphaeria dothidea
Alternaria rot; Alternaria spp.

Bitter rot; Colletotrichum spp.

Fruit finish

Evaluation of experimental and registered cover spray fungicide combinations for disease control on York
apple, 2013.

Sixteen registered and experimental treatments were applied during the summer cover spray period on 14-yr-old
trees. The test was conducted in a randomized block design with four single-tree replicates separated by in-row border
trees. No fungicides were applied before the treatment series began 28 May. No fungicides applied until after scab
lesions were present in the test trees. All test trees were covered with Rally 1.5 oz + Syllit 6 fl oz/ 100 gal (15 May) and
Syllit 1.5 pt/A (27 May) to suppress scab and rust infection periods 6-10 May and later. Dilute treatments were applied
to the point of runoff with a single nozzle handgun at 400 psi as first- eighth cover sprays: 28 May, 11 Jun, 25 Jun, 9
Jul, 24 Jul, 12 Aug, 27 Aug and 18 Sep. All diseases developed from inoculum naturally present in the test area. Fruit
data are based on 25-fruit sample per rep harvested 4 Oct and held at ambient temperatures (60-86°F, mean 75.0°F);
first evaluated 8 Oct, then re-evaluated for post-storage rots 29 Oct. Maintenance materials applied to the entire test
block included: Admire Pro, Altacor, Assail, BioCover MLT, Calypso, Carbaryl, Delegate, FireWall, Imidan, and
Provado. Percentage data were converted by the square root arcsin transformation for statistical analysis.

Local summer disease pressures were typical for this test block. The 250-hr accumulated wetting hour threshold for
sooty blotch/flyspeck (SBFS) activity, accumulating from 13 May and was reached 1 Jul, and 14.7 inches of rainfall
occurred June-August. ProPhyt (Trt. #16) had among the lowest disease incidence for all summer diseases, giving
excellent control of SBFS and post-storage rots, and leaving little opportunity for improvement by the addition of Captan
(#15); however, mixing Serenade Optimum with ProPhyt gave significantly less control of sooty blotch and bitter rot than
ProPhyt alone (Table 21). The Captan/Ziram-related treatments (#1-9) performed within the expected range for these
test conditions, but with some treatment differences. At the lower rate Cap Up had significantly more sooty blotch than
equivalent rates of Arysta Captan and Captan Gold. However the lower rate of Cap Up in combination with Ziram, gave
better control of flyspeck than when Ziram was combined with Arysta Captan or Captan Gold. At the higher rate, there
were no significant differences in disease control among any of the Captan formulations. Fracture alone was among the
weaker treatments, comparable to Serenade (#13) and the extended interval of Captan (#10), but alternating Fracture
with Captan (#11) significantly improved control of SBFS. Although the test was conducted primarily to evaluate the
treatments for summer disease control, starting after petal fall, primary scab lesions had begun to appear in the test
block as early as 6 May. Following applications of Rally + Syllit (15 May) and Syllit (27 May) to suppress early season
diseases on treatments #0-16, there were few significant treatment differences for fruit scab or quince rust control, and
mildew incidence was light (Table 22). Compared to trees not treated during the test period, no treatments were
significantly deleterious to fruit finish. The lower rate of Captan Gold significantly reduced russet and opalescence, and
Fracture and the lower rate of Cap Up reduced opalescence.
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Table 21. Summer diseases control on Ramey York apple, 2013.

% fruit or fruit area infected at harvest

% post-storage rots

Sooty blotch Flyspeck Bitter Any Bitter ~ White Alter-
Treatment and rate/100 gal dilute Timing  fruit area fruit area rot rot rot rot naria
No fungicide all year 100i  11.1i 100e 16g¢g 6bc 56d 37e 30c 2a
0 No fungicide during test period --- 86h 6.0h 100e 12f Oa 61d 35de 29bc 9a
1 Arysta Captan 80WDG 15 oz 1-8C 9de 0.5de 37¢c 2d Oa 24ab 12a-c 1la 2a
2 Arysta Captan 80WDG 7.5 oz 1-8C lab 0.1lab 38¢c 2d lab 17ab 12a-c 7a 2a
3 Alysta Captan 80OWDG 7.5 oz + 1-8C  3ac O2ac 28c 2cd lab 26ac 1ld4ac 13a  5a
Ziram 76DF 12 oz
4 MANA Captan Gold 80WDG 15 oz 1-8C 5b-d 0.3b-d 26¢ lcd 2ab 19ab 5ab 10a 6a
5 MANA Captan Gold 80WDG 7.5 oz 1-8C 5b-d 0.3b-d 38c 2d Oa 23ab 6ab 17a-c Oa
g MANACaptan Gold8OWDG 7502+ 4 go  5pg4 03ad 31c 2d O0a 2lab 7ab 10a  5a
Ziram 76DF 12 oz
7 UPI Cap Up 80WG 15 oz 1-8C 3a-d 0.2a-d 28c 2cd 2ab 34bc 19a-d 12ab 6a
8 UPI Cap Up 80WG 7.5 0z 1-8C 16ef 0.9ef 41c 3d lab 20ab 8a-c 8a 5a
UPI Cap Up 80WG 7.5 0z +
9 Ziram 76DE 12 oz 1-8C 6c-e 0.3c-e 11b <lbc Oa 29a-c 12a-c 10a 8a
10 Arysta Captan 80WDG 7.5 oz 1,3,5,7C 30g¢g 1.89g 69d 6e Oa 30a-c 18b-e 1la 5a
Arysta Captan 80WDG 7.5 oz 1,3,5,7C ) ) ) )
11 Fracture 2 12SL 7.5 fl oz 2.4.6.8C 7b-d 0.4b-d 40c 3d Oa 30a-c 13a-c 1la 8a
12 Fracture 2.12SL 7.5fl oz 1-8C 27fg  1.7fg 71d 5e Oa 22ab 9a-c 13a-c la
13 Serenade Optimum 26.2W 4 oz 1-8C 3lg 1.8fg 87d Te 5¢ 43cd 26c-e 1l6a-c 6a
14 Serenade Optimum 26.2W 40z+ ;g0 19ce 07de  7ab <lab 1lab 32bc 17be 12ab  4a
ProPhyt 1 pt
15 Arysta Captan 80WDG 7.5 0z + 1-8C Oa Oa la <la lab 14a 5a 8a 2a
ProPhyt 1 pt
16 ProPhyt 1 pt 1-8C 2ab 0.1ab 3ab <lab Oa 15a 4a 10a la

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four single-tree replications.

Postharvest data are based on a 25-fruit sample harvested 4 Oct. and evaluated 8 Oct, then re-evaluated after 25 days storage

at ambient temperatures 60-86°F (mean 75.0°F).
No fungicides applied until after scab lesions were present in the test trees. All test trees were covered with Rally 1.5 oz +

Syllit 6 fl 0z/ 100 gal (15 May) and Syllit 1.5 pt/A (27 May). Dilute treatments were applied to the point of runoff with a single
nozzle handgun at 400 psi as first- eighth cover sprays: 28 May, 11 Jun, 25 Jun, 9 Jul, 24 Jul, 12 Aug, 27 Aug and 18 Sep.
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Table 22. Early season disease control and fruit finish on Ramey York apple, 2013.

% fruit infected Fruit finish
quince rating (0-5)*
Treatment and rate/100 gal dilute Timing scab mildew rust russet opalescence
No fungicide all year 57b 4a-c 7b l.2a-c 1.3ab
0 Non-treated during test period --- 36ab 13c la 1.7bc 1.7b-e
1 Arysta Captan 80WDG 15 oz 1-8C 30a Oa Oa l.2a-c l.4a-d
2 Arysta Captan 80WDG 7.5 oz 1-8C 36ab 2a-c  Oa l.2a-c 15a-e
Arysta Captan 80WDG 7.5 oz +
3 Ziram 76DE 12 o7 1-8C 30a lab Oa l.4a-c 1.8c-e
4 MANA Captan Gold 80WDG 15 oz 1-8C 30a 8bc Oa l.4a-c 1.8de
5 MANA Captan Gold 80WDG 7.5 oz 1-8C 30a 2a-c  Oa 1.0a l1la
MANA Captan Gold 80WDG 7.5 oz +
6 Ziram 76DE 12 oz 1-8C 24a 2a-c  Oa 1.3a-c l.4a-d
7 UPI Cap Up 80WG 15 oz 1-8C 32a 5a-c Oa 1.3a-c l5a-e
8 UPI Cap Up 80WG 7.5 0z 1-8C 26a 7bc Oa 1.2ab l1la
UPI Cap Up 80WG 7.5 0z +
9 Ziram 76DE 12 oz 1-8C 3la 2a-c  Oa l.4a-c l.4a-d
10 Arysta Captan 80WDG 7.5 oz 1,3,57C 29a 6a-c 1la 1.7c 19c
Arysta Captan 80WDG 7.5 oz 1,3,5,7C ) )
11 Eracture 2.12SL 7.5 fl oz 2468c 208 8bc 0a  13ac  l5ae
12 Fracture 2.12SL 7.5fl oz 1-8C 39ab 4a-c  Oa 1l.2a-c 1.2a
13 Serenade Optimum 26.2W 4 oz 1-8C 24a 8c Oa l.4a-c 1.7b-e
Serenade Optimum 26.2W 4 oz +
14 ProPhyt 1 pt 1-8C 42ab  7bc Oa l4a-c 1.3ab
Arysta Captan 80WDG 7.5 oz + ) ) ) )
15 ProPhyt 1 pt 1-8C 26a 3a-c Oa 1.3a-c 1.3a-c
16 ProPhyt 1 pt 1-8C 30a 10c Oa 1.3a-c 15a-e

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four single-tree replications.
Postharvest data are based on a 25-fruit sample harvested 4 Oct.

* Fruit finish rated on a scale of 0-5 (0 = perfect finish, 5 = severe russet or opalescence).

No fungicides applied until after scab lesions were present in the test trees. All test trees were
covered with Rally 1.5 oz + Syllit 6 fl 0z/ 100 gal (15 May) and Syllit 1.5 pt/A (27 May) to
suppress scab and rusts from 6-10 May. Dilute treatments were applied to the point of runoff
with a single nozzle handgun at 400 psi as first- eighth cover sprays: 28 May, 11 Jun, 25 Jun, 9
Jul, 24 Jul, 12 Aug, 27 Aug and 18 Sep.
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APPLE (Malus domestica ‘Golden Delicious’, ‘Idared’, ‘York’) K. S. Yoder, A. E. Cochran I,

Scab; Venturia inaequalis W. S. Royston, Jr., S. W. Kilmer,
Powdery mildew; Podosphaera leucotricha A.G.F. Engelman and L. A. Hickey
Cedar-apple rust; Gymnosporangium juniperi-virginianae Virginia Tech Ag. Res. & Ext. Center
Sooty blotch; disease complex 595 Laurel Grove Road

Flyspeck; Zygophiala jamaicensis Winchester, VA 22602

Brooks spot; Mycosphaerella pomi
Rots (unspecified)

Bitter rot; Colletotrichum spp.
White rot; Botryosphaeria dothidea
Fruit finish

Disease control by experimental and registered fungicides and mixtures on Golden Delicious, Idared, and York
Imperial apples, 2013.

Seventeen experimental or registered combination treatment schedules were compared on three-tree sets of 13-yr-
old trees. The test was conducted in a randomized block design with four replicates separated by non-treated border
rows. Test rows had been non-treated border rows in 2012, which allowed mildew inoculum pressure to stabilize on
2013 test trees. Fungicide treatments were applied to both sides of the tree on each indicated application date with a
Swanson Model DA-400 airblast sprayer at 100 gal/A as follows: 11 Apr (TC); 23 Apr (B1, bloom); 2 May (B2, bloom); 8
May (PF, petal fall); 1st-7th covers, 1C-7C: 18 May, 3 Jun, 19 Jun, 4 Jul, 19 Jul, 2 Aug, 15 Aug, 6 Sep (8C, York only).
Maintenance applications applied to the entire test block with the same equipment included: Admire Pro, Assail, Altacor,
BioCover MLT, Calypso, Delegate, FireWall, Imidan, Lannate LV, Provado, and Voliam Flexi. Inoculum placed over
each Idared test tree included cedar galls, wild blackberry canes with the sooty blotch and flyspeck fungi, and bitter rot
mummies 25 Apr. Other diseases developed from inoculum naturally present in the test area, including cedar-apple rust
inoculum from red cedars in the vicinity. Foliar data are from counts of ten shoots per tree from each of four reps: 24
Jun (Idared), or 10 Jul (Golden Delicious) or eight shoots 22 Jul (York). Fruit data represent postharvest counts of 25
fruit per replicate tree sampled: 25 Sep (ldared), 26 Sep (Golden Delicious), or 3 Oct (York). Percentage data were
converted by the square root arcsin transformation for statistical analysis.

Scab pressure was moderate in this test block, with the first infection period not occurring until 17 Apr, after the tight
cluster application 11 Apr, and lesions first appearing 6 May. Secondary scab became more common on non-treated
Golden Delicious trees by July. Generally, the protective tight cluster application aided primary scab control, but
resistance to Sl and Qol fungicides, reflecting the local commercial situation, impacted control by combinations of Flint
and Rally with Manzate (Table 23, Trts. 1 and 2). IKF-5411, without Manzate (Trts 3 and 4) was significantly weaker
than where Manzate was included (Trt 5), and including Silwet (Trt 3) significantly improved control. Under these
conditions, most treatments gave acceptable control of scab on fruit. Tank-mix combinations involving Luna Tranquility
+ Manzate, and rotational treatments of Fontelis, A19334, or A15457 + Manzate with Inspire Super all gave excellent
scab control on leaves and fruit. Mildew pressure was typically heavy for the Idared cultivar in this test block (Table 24).
Between 11 Apr, when mildew conidia were first observed, and 14 Jun (3rd cover), 42 days were favorable for infection,
and treatments benefited from incorporating an active mildewcide at tight cluster 11 Apr compared to treatments that
started with only Manzate/Captan. Nearly all treatments gave significant control of mildew incidence on all cultivars.
Merivon (Trts 15 and 16), Luna Tranquility (Trt 17) and Fontelis/Inspire Super (Trt 13) gave the strongest suppression of
primary symptoms, which carried over to strong control of secondary infection on shoot leaves and fruit of all cultivars.
Silwet with IKF-5411 (Trt 3 vs. Trt 4), significantly improved control of mildew on shoot leaves. Cedar-apple rust
inoculum is naturally heavy in this test area, and infection conditions into late May exposed weaknesses in some
schedules: IKF-5411 (was improved by Silwet); Captan after petal fall or with reduced rates of Manzate; Fontelis,
Merivon, Luna Tranquility (Table 25). All treatments gave significant control of Brooks fruit spot. Sooty
blotch/flyspeck(SBFS) pressure was moderately heavy. Many treatment schedules ended with Captan + Ziram after 4th
cover, revealing differences in control related to the materials applied through 3rd cover (Table 26). Weakness of IKF-
5411 for sooty blotch control was improved with the addition of Captan, but not by Silwet. Schedules involving Inspire
Super followed by Captan + Ziram gave excellent control of SBFS, but showed weakness for rots on Golden Delicious
(Table 27, Trts 7-10), while Indar + Captan held up well. IKF-5411 was weak for rots, but was improved with addition of
Captan, and other schedules ending with Captan generally were also strong on rots, as were those involving Merivon
and Luna Tranquility followed by Captan + Ziram. No treatments deleteriously affected fruit finish of Golden Delicious or
Idared, compared to non-treated fruit, while several treatments improved fruit finish by reducing russet of Golden
Delicious and Idared and opalescence of Idared (Table 28). Three treatments slightly increased opalescence of York.
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Table 23. Scab control on Idared, Golden Delicious and York apples, 2013.
Scab, % leaves or fruit infected

Golden Del. Idared York
Treatment and rate/A App. # leaves fruit leaves fruit leaves fruit
0 Non-treated control 26i 48c 4f 38d 15e 29b
1 Rally 40WSP 5 oz + Manzate Pro-Stick 75DF 3 Ib TC-3C 9fg Oa lc-e 5bc 7d la
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C—
2 Flint 50WG 2 oz + Manzate Pro-Stick 75DF 3 Ib TC-3C 119 lab 1de 1lab 7d la
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—>
3 IKF-5411 400SC 12.5 fl oz + Silwet 114 ml/100 gal TC—> 119 2b 4f 3bc 7d Oa
4 1KF-5411 400SC 12.5 fl oz TC— 17h 2ab  4f 4c 3cd 2a
5 IKF-5411 400SC 12.5 fl oz + Silwet 114 ml/100 gal +
Manzate Pro-Stick 75DF 4 Ib TC-PF 5ef 2b 2e Oa 2bc Oa
IKF-5411 400SC 12.5 fl oz + Silwet 114 ml/100 gal +
Captan 80WDG 3 Ib/A 1C—>
6 Manzate Pro-Stick 75DF 6 Ib TC-PF 9g lab 2e lab 2a-c 2a
Captan 80WDG 40 oz 1C—>
7 Manzate 75DF 6 |b + Captan 80WDG 40 oz TC
A15457 100EC 5.5 fl oz B1, PF <lab Oa <lab Oa Oa Oa
Inspire Super 2.82 EW 13.7 fl oz B2, 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 |Ib 4C—>
8 Manzate 75DF 6 Ib + Captan 80WDG 40 oz TC
A15457 100EC 6.9 fl oz B1, PF <lab Oa Oa 0a <lab Oa
Inspire Super 2.82 EW 13.7 fl oz B2, 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C—>
9 Manzate 75DF 6 Ib + Captan 80WDG 40 oz TC
A19334 195EC 7.0 fl oz B1, PF <lbc Oa <lab 0Oa <lac Oa
Inspire Super 2.82 EW 13.7 fl oz B2, 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—>
10 Manzate Pro-Stick 75DF 6 Ib + Captan 80WDG 40 oz TC
A15457 100EC 6.9 fl oz B1, PF Oa 0a <lab Oa <lac Oa
Inspire Super 2.82 EW 13.7 fl oz 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C—
11 Pristine 38WG 16.5 oz + Koverall 75DF 3 Ib TC, PF, 2C 2de 0Oa <la-d 1l1lab 3bc Oa
Topguard 1.04SC 13 fl oz + Koverall 75DF3 Ib B1&2, 1C, 3C
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—
12 Manzate Pro-Stick 75DF 3 Ib + Captan 30 oz #1,2,5,6 3de 0Oa <lb-e 1lab 1bc Oa
Fontelis 1.67SC 1 pt + Manzate Pro-Stick 75DF 3 Ib #3,4,7
Captan 80WDG 30 oz + Ziram 76DF 3 |Ib 4C—
13 Fontelis 1.67SC 1 pt + Manzate 3 Ib + Damoil 2 gt #1, 2
Inspire Super + Manzate Pro-Stick 75DF 3 Ib #3, 4 <lab Oa Oa 0a <la-c Oa
Fontelis 1.67SC 1 pt + Microthiol Disperss 8 Ib #5,6,7
Captan 80WDG 30 oz + Ziram 76DF 3 |Ib 4C—

14 Manzate Pro-Stick 75DF 3 Ib + Captan 80WDG 30 oz TC
Indar 2F 8 fl oz + Captan 30 oz + LI-700 1 /100 gal P, B1&2,1C 2cd Oa lb-e 0Oa <la-c Oa
Indar 2F 8 fl oz + Rally 40WSP 8 oz +

Captan 80WDG 30 oz + LI-700 1 qt/100 gal PF

Indar 2F 8 fl oz + Captan 30 oz + LI-700, 1 gt/100 gal 2C—

15 Merivon 4 fl oz + Captan 2 Ib + Silwet L-77 114 ml TC-3C 4de 0Oa <lac 1l1lab 1lac Oa
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—

16 Merivon 4 fl oz + Manzate 3 Ib + Silwet L-77 114 ml TC-3C 3d Oa <lb-e Oa 2a-c Oa
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—

17 Luna Tranquility SC 11.2 fl oz + Manzate 75DF 3 Ib TC-3C <lab 0Oa <lab 0Oa <lab Oa
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four reps; Means of 10 shoots per tree rated 24 Jun
(Idared), or 10 Jul (Golden Delicious) or eight shoots 22 Jul (York). Postharvest counts of 25 fruit per replicate tree
sampled: 25 Sep (Idared), 26 Sep (Golden Delicious), or 3 Oct (York).
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Table 24. Mildew control on Idared, Golden Delicious and York apples, 2013.

Idared Mildew , % leaves, leaf area or fruit infected
primary Idared Golden Del. York
Treatment and rate/A Timing effect* Ivs area fruit lvs area fruit leaves fruit
0 Non-treated control 1.6j 741 35i 68e  52i 7f 24f 37h 9c
1 Rally 40WSP 5 oz + Manzate Pro-Stick 75DF 3 Ib TC-3C 6.9d-f 30g-i 5e-g 27cd 21d-h 3d 5bc 10e-g 7bc
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—
2 Flint 50WG 2 oz + Manzate Pro-Stick 75DF 3 Ib TC-3C
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—> 6.1e-g 15d-f 2b-d 8a 14b-e 2bc 1ab 5cf 3a-c
3 IKF-5411 400SC 12.5 fl oz + Silwet 114 ml/100 gal TC—> 5.4gh 24f-h 3c-e 30cd 12b 2bc 2ab 3b-e 5a-c
4 1KF-5411 400SC 12.5 fl oz TC—H 4.6h 41j 8g 41d 20c-g 3cd 6cd 7d-g 8hbc
5 IKF-5411 400SC 12.5 fl oz + Silwet 114 ml/100 gal +
Manzate Pro-Stick 75DF 4 Ib TC-PF 5.4gh 31g-j 4d-f 38cd 15b-g 2bc 6c-e 8e-g 4ac
IKF-5411 400SC 12.5 fl oz + Silwet 114 ml/100 gal +
Captan 80WDG 3 Ib/A 1C—>
6 “Cﬂggfa?%g\;\%sé'iko?f': 61b TlCC'iF 31i 58k 10h 38cd 44i Se 10e 14g lab
7 Manzate 75DF 6 Ib + Captan 80WDG 40 oz TC
A15457 100EC 5.5 fl oz B1, PF
Inspire Super 2.82 EW 13.7 fl oz B2,1C-3C 6.1e-g 35h-j 4d-f 42d 15b-f 3b-d Oa 7d-g 4a-c
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—
8 Manzate 75DF 6 Ib + Captan 80WDG 40 oz TC
A15457 100EC 6.9 fl oz B1, PF 6.8d-f 23e-g 3c-e 24bc 14b-d 2b Oa 9d-g Oa
Inspire Super 2.82 EW 13.7 fl oz B2, 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 Ib AC—
9 Manzate 75DF 6 Ib + Captan 80WDG 40 oz TC
A19334 195EC 7.0 fl 0z B1, PF 7.2c-e 31gj 4d-f 42d 22f-h 3b-d 9c-e 10e-g 4a-c
Inspire Super 2.82 EW 13.7 fl oz B2, 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—
10 Manzate Pro-Stick 6 Ib + Captan 80WDG 40 oz TC
A15457 100EC 6.9 fl oz B1, PF 6.8d-f 299g-j 4d-f 40cd 27h 3d 8de 13fg 4a-c
Inspire Super 2.82 EW 13.7 fl oz 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 Ib AC—
11 Pristine 38WG 16.5 oz + Koverall 75DF 3 Ib TC,PF,2C 7.6cd 14c-e 3b-d 10ab 12bc 2b Oa 4c-e lab
Topguard 1.04SC 13 fl oz + Koverall 75DF3 Ib B1&2, 1C,
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 3C
4C—
12 Manzate Pro-Stick 75DF 3 Ib + Captan 30 oz #1,2,5,6 5.8fh 30gj 4d-g 38cd 2le-h 3b-d 9de 9e-g Oa
Fontelis 1.67SC 1 pt + Manzate Pro-Stick 75DF 3 Ib #3,4,7
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—
13 Fontelis 1.67SC 1 pt + Manzate 3 Ib + Damoil 2 gt #1, 2
Inspire Super + Manzate Pro-Stick 75DF 3 Ib #3,4 8.3bc 8b-d 2a-c 10a 3a la Oa la-d Oa
Fontelis 1.67SC 1 pt + Microthiol Disperss 8 Ib 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 Ib AC—
14 Manzate Pro-Stick 3 Ib + Captan 80WDG 30 oz TC

Indar 2F 8 fl oz + Captan 30 oz + LI-700 1 qt/100 gal P, B1&2, 1C 6.5d-g 37ij 6fg 41d 22gh 3b-d lab 14g¢g 4a-c
Indar 2F 8 fl oz + Rally 40WSP 8 oz +

Captan 80WDG 30 oz + LI-700 1 gt/100 gal PF
Indar 2F 8 fl oz + Captan 30 oz + LI-700, 1 qt/100 gal 2C—>
15 Merivon 4 fl oz + Captan 2 Ib + Silwet L-77 114 ml TC-3C 9.5ab 4a 1la 5a 3a la Oa <la—c 1lab
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—
16 Merivon 4 fl oz + Manzate 3 Ib + Silwet L-77 114 m| TC-3C 9.7a b5ab 1la 5a 2a la Oa <lab Oa
Captan 80WDG 30 oz + Ziram 76DF 3 Ib AC—

17 Luna Tranquility SC 11.2 fl oz + Manzate 75DF 3 Ib TC-3C 9.1ab 7ac 2ab 4a 5a la Oa Oa lab
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four reps; Means of 10 shoots per tree rated 24 Jun
(Idared), or 10 Jul (Golden Delicious) or eight shoots 22 Jul (York). Fruit data represent postharvest counts of 25 fruit
per replicate tree sampled: 25 Sep (Idared), 26 Sep (Golden Delicious), or 3 Oct (York). Test rows non-treated border
rows in 2012 to stabilize mildew inoculum pressure for 2013.

* Apparent suppressive effect rated on six primary mildew shoots / tree 4-8 Jun, scale: 1-10 (1= none; 10= excellent
effect).



Table 25. Cedar-apple rust and Brooks spot control on Idared, Golden Delicious and York apples, 2013.

Cedar-apple rust, Brooks
% leaves infected spot %,
Treatment and rate/A Timing G. Del. Idared York Idared
0 Non-treated control 46 12f 469 12¢
1 Rally 40WSP 5 oz + Manzate Pro-Stick 75DF 3 Ib TC-3C <lab Oa <la Oa
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—
2 Flint 50WG 2 oz + Manzate Pro-Stick 75DF 3 Ib TC-3C 3de Oa <la Oa
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C—
3 IKF-5411 400SC 12.5 fl oz + Silwet 114 ml/100 gal TC—> 12gh 2cd 9c-e Oa
4 |KF-5411 400SC 12.5 fl oz TC—> 24 Te 25f lab
5 IKF-5411 400SC 12.5 fl oz + Silwet 114 ml/100 gal +
Manzate Pro-Stick 75DF 4 Ib TC-PF 5ef <lab 7cd Oa
IKF-5411 12.5 fl oz + Silwet 114 ml/100 gal +
Captan 80WDG 3 Ib/A 1C—>
6 Manzate Pro-Stick 75DF 6 Ib TC-PF 15h 4de 12de 2b
Captan 80WDG 40 oz 1C—»
7 Manzate 75DF 6 Ib + Captan 80WDG 40 oz TC
A15457 100EC 5.5 fl oz B1, PF 3de Oa lab Oa
Inspire Super 2.82 EW 13.7 fl oz B2, 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—
8 Manzate 75DF 6 Ib + Captan 80WDG 40 oz TC
A15457 100EC 6.9 fl oz B1, PF 1b-d <la la Oa
Inspire Super 2.82 EW 13.7 fl oz B2, 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—
9 Manzate 75DF 6 Ib + Captan 80WDG 40 oz TC
A19334 195EC 7.0 fl oz B1, PF <la-c Oa la Oa
Inspire Super 2.82 EW 13.7 fl oz B2, 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—
10 Manzate Pro-Stick 6 Ib + Captan 80WDG 40 oz TC
A15457 100EC 6.9 fl oz B1, PF Oa Oa la Oa
Inspire Super 2.82 EW 13.7 fl oz 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—
11 Pristine 38WG 16.5 oz + Koverall 75DF 3 Ib TC,PF,2C <la-c Oa <la Oa
Topguard 1.04SC 13 fl oz + Koverall 75DF3 Ib B1&2,1C,3C
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—
12 Manzate Pro-Stick 75DF 3 Ib + Captan 30 oz #1,2,5,6 11gh lc 6cd Oa
Fontelis 1.67SC 1 pt + Manzate Pro-Stick 75DF 3 Ib #3,4,7
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—
13 Fontelis 1.67SC 1 pt + Manzate 3 Ib + Damoil 2 gt #1, 2
Inspire Super + Manzate Pro-Stick 75DF 3 Ib #3,4 10gh 2cd l4e Oa
Fontelis 1.67SC 1 pt + Microthiol Disperss 8 |b 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C—>
14 Manzate Pro-Stick 3 Ib + Captan 80WDG 30 oz TC
Indar 2F 8 fl oz + Captan 30 oz + LI-700 1 qt/100 gal P, B1&2, 1C 2cd <lab 5¢ Oa
Indar 2F 8 fl oz + Rally 40WSP 8 oz +
Captan 80WDG 30 oz + LI-700 1 gt/100 gal PF
Indar 2F 8 fl oz + Captan 30 oz + LI-700, 1 qt/100 gal 2C—
15 Merivon 4 fl oz + Captan 2 Ib + Silwet L-77 114 ml TC-3C 9fg 1bc 10c-e Oa
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—
16 Merivon 4 fl oz + Manzate 3 Ib + Silwet L-77 114 ml TC-3C 9gh 2cd 9cd Oa
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—
17 Luna Tranquility SC 11.2 fl oz + Manzate 75DF 3 Ib TC-3C 11gh 3d 6bc Oa
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four reps; Means of 10 shoots per tree rated 24 Jun
(Idared),
or 10 Jul (Golden Delicious) or eight shoots 22 Jul (York). Fruit data represent postharvest counts of 25 fruit per rep

tree sampled: 25 Sep (Idared), 26 Sep (Golden Delicious), or 3 Oct (York).
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Table 26. Sooty blotch and flyspeck control on Idared, Golden Delicious and York apples, 2013.
% fruit infected

Sooty blotch Flyspeck
Treatment and rate/A Timing G.Del Idared York G.Del Idared York
0 Non-treated control 93d 100f 93e 90h 92h 85h
1 Rally 40WSP 5 oz + Manzate Pro-Stick 75DF 3 Ib TC-3C
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C— 3ab 40e 14cd 26d-g 53fg 34fg
2 Flint 50WG 2 oz + Manzate Pro-Stick 75DF 3 Ib TC-3C
Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C— Oa 5bc  Oa 13b-d 18d 7a-d
3 IKF-5411 400SC 12.5 fl oz + Silwet 114 mi/100 gal TC— 35¢c 5le 23d 459 38ef 24e-g
4 |KF-5411 400SC 12.5fl oz TC—> 22¢c 53e 24d 16c-e 26de 28fg
5 IKF-5411 400SC 12.5 fl oz + Silwet 114 ml/100 gal +
Manzate Pro-Stick 75DF 4 Ib TC-PF
IKF-5411 400SC 12.5 fl oz + Silwet 114 ml/100 gal +
Captan 80WDG 3 Ib/A 1C—> 3ab  22d 6a-c 32d-g 17d 11b-f
6 Manzate Pro-Stick 75DF 6 Ib TC-PF
Captan 80WDG 40 oz 1C—> 4ab 40e 14b-d 33e-g 60g 41g
7 Manzate 75DF 6 Ib + Captan 80WDG 40 oz TC
A15457 100EC 5.5 fl oz B1, PF
Inspire Super 2.82 EW 13.7 fl oz B2, 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C— Oa 2ab  2a 3ab 2ab 4a-c
8 Manzate 75DF 6 Ib + Captan 80WDG 40 oz TC
A15457 100EC 6.9 fl oz B1, PF
Inspire Super 2.82 EW 13.7 fl oz B2, 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C— Oa Oa 3ab Oa la 20d-g
9 Manzate 75DF 6 Ib + Captan 80WDG 40 oz TC
A19334 195EC 7.0 fl oz B1, PF
Inspire Super 2.82 EW 13.7 fl oz B2, 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C— Oa Oa Oa la Oa 2ab
10 Manzate Pro-Stick 6 Ib + Captan 80WDG 40 oz TC
A15457 100EC 6.9 fl oz B1, PF
Inspire Super 2.82 EW 13.7 fl oz 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C— la 5a-c 1la 4ab 6a-c Oa
11 Pristine 38WG 16.5 oz + Koverall 75DF 3 Ib TC, PF, 2C
Topguard 1.04SC 13 fl oz + Koverall 75DF3 Ib B1&2, 1C, 3C
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C— 2ab 4ab Oa 18c-e 10b-d 16c-g
12 Manzate Pro-Stick 75DF 3 Ib + Captan 30 oz #1,2,5,6
Fontelis 1.67SC 1 pt + Manzate Pro-Stick 75DF 3 Ib #3,4,7
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C— Oa 3ab 1la 19d-f 21de 12b-f
13 Fontelis 1.67SC 1 pt + Manzate 3 Ib + Damoil 2 gt #1, 2
Inspire Super + Manzate Pro-Stick 75DF 3 Ib #3, 4
Fontelis 1.67SC 1 pt + Microthiol Disperss 8 Ib 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C— la lab Oa 35e-g 17cd 19c-g
14 Manzate Pro-Stick 3 Ib + Captan 80WDG 30 oz TC
Indar 2F 8 fl oz + Captan 30 oz + LI-700 1 qt/100 gal P, B1&2, 1C
Indar 2F 8 fl oz + Rally 40WSP 8 oz +
Captan 80WDG 30 oz + LI-700 1 gt/100 gal PF
Indar 2F 8 fl oz + Captan 30 oz + LI-700, 1 gt/100 gal 2C—> la 1l4cd 5ac  6a-c 15cd 15b-f
15 Merivon 4 fl oz + Captan 2 Ib + Silwet L-77 114 ml TC-3C
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C— 3ab lab 2a 29d-g 23de 9a-e
16 Merivon 4 fl oz + Manzate 3 Ib + Silwet L-77 114 ml TC-3C
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C— Oa Oa Oa 32d-g 17d 12b-f
17 Luna Tranquility SC 11.2 fl oz + Manzate 75DF 3 Ib TC-3C
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C— 7b 6bc  Oa 40fg 23de 6a-e
Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four reps; Means of 10 shoots per tree rated 24 Jun
(Idared),

or 10 Jul (Golden Delicious) or eight shoots 22 Jul (York). Fruit data represent postharvest counts of 25 fruit per
replicate tree sampled: 25 Sep (Idared), 26 Sep (Golden Delicious), or 3 Oct (York).

37



Table 27. Rots on Golden Delicious, Idared and York apples, after indicated days warm storage incubation, 2013.

Golden Delicious (20 days)

Idared (29 days)

York (20 days)

Any Bitter =~ White  Alter- Any Bitter ~ White Any Bitter  White  Alter-

Treatment and rate/A Timing rot rot rot naria rot rot rot rot rot rot naria
0 Non-treated control 42d 21f 22¢c 2a 49f 45e 5a 3le 21c 7b 5¢
1 Rally 40WSP 5 oz + Manzate Pro-Stick 75DF 3 Ib TC-3C

Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C— 4ab 2a-c 2ab Oa 2a-c 2a-c Oa 3a-c 2a la Oa
2 Flint 50WG 2 oz + Manzate Pro-Stick 75DF 3 Ib TC-3C

Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C—> 8ab  0Oa 8ab  0a ~ lab ~ 1ab ~ O0a  0a  0Oa 0a  0Oa
3 IKF-5411 400SC 12.5 fl oz + Silwet 114 ml/100 gal TC—> 19c 16 ef 3ab la 8b-d 8bc Oa 5b-d 2a 2a la
4 1KF-5411 400SC 12.5 fl oz TC—> 14c 8c-e 5ab la 16e 16d Oa 14d 12b la la
5 IKF-5411 12.5 fl oz + Silwet 114 mll + Manzate 4 Ib TC-PF

IKF-5411 12.5 fl 0z + Silwet +Captan 80WDG 3 Ib/A 1C—> la Oa Oa la 4ad 4a-c Oa 2ab 2a Oa Oa
6 Manzate Pro-Stick 75DF 6 Ib TC-PF

Captan 80WDG 40 oz 1C—> 3ab lab 2ab Oa 7c-e 6 bc la 2ab 2a Oa Oa
7 Manzate 75DF 6 Ib + Captan 80WDG 40 oz TC

A15457 100EC 5.5 fl oz B1, PF

Inspire Super 2.82 EW 13.7 fl oz B2, 1C-3C

Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C— 15c 10de 5ab Oa 5b-e 2a-c 3a 6 b-d 2a 3ab la
8 Manzate 75DF 6 Ib + Captan 80WDG 40 oz TC

A15457 100EC 6.9 fl oz B1, PF

Inspire Super 2.82 EW 13.7 fl oz B2, 1C-3C

Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C—> 10bc 5b-d 5ab Oa 9de 8cd la Oa Oa Oa Oa
9 Manzate 75DF 6 Ib + Captan 80WDG 40 oz TC

A19334 195EC 7.0 fl 0z B1, PF

Inspire Super 2.82 EW 13.7 fl oz B2, 1C-3C

Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C— 13c 8de 6b Oa 5b-e 4bc la Oa Oa Oa Oa
10 Manzate Pro-Stick 6 Ib + Captan 80WDG 40 oz TC

A15457 100EC 6.9 fl oz B1, PF

Inspire Super 2.82 EW 13.7 fl oz 1C-3C

Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C—> 13bc 7b-d 7b Oa 5a-d 5a-c Oa Oa Oa Oa Oa
11 Pristine 38WG 16.5 oz + Koverall 75DF 3 Ib TC, PF, 2C

Topguard 1.04SC 13 fl oz + Koverall 75DF3 Ib B1&2, 1C, 3C

Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C—> 3a 2a-c lab Oa lab lab Oa 2a-C la la Oa
12 Manzate Pro-Stick 75DF 3 Ib + Captan 30 oz #1,2,5,6

Fontelis 1.67SC 1 pt + Manzate Pro-Stick 75DF 3 Ib #3,4,7

Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C—> 2a Oa 2ab Oa Oa Oa Oa Oa Oa Oa Oa
13 Fontelis 1.67SC 1 pt + Manzate 3 Ib + Damoil 2 qt #1, 2

Inspire Super + Manzate Pro-Stick 75DF 3 |b #3,4

Fontelis 1.67SC 1 pt + Microthiol Disperss 8 Ib 1C-3C

Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C— 9bc 4a-d 5b Oa 4a-d 3a-c la 5b-d 3a 3a lab
14 Manzate Pro-Stick 3 Ib + Captan 80WDG 30 0z TC

Indar 2F 8 fl oz + Captan 30 oz + LI-700 1 qt/100 gal P, B1&2, 1C

Indar 2F 8 fl oz + Rally 8 oz + Captan 30 oz + LI-700 1 gt PF

Indar 2F 8 fl 0z + Captan 30 oz + LI-700, 1 qt/100 gal 2C—> 4ab lab 3ab Oa 4a-d 3a-c la lab Oa la Oa
15 Merivon 4 fl oz + Captan 2 Ib + Silwet L-77 114 ml TC-3C

Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C— 5ab 3a-c 2ab Oa Oa Oa Oa 2a-c la Oa la
16 Merivon 4 fl oz + Manzate 3 Ib + Silwet L-77 114 ml TC-3C

Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C—> 2a lab lab Oa 2a-c 2a-c Oa 5cd Oa la 4bc
17 Luna Tranquility SC 11.2 fl oz + Manzate 75DF 3 Ib TC-3C

Captan 80WDG 30 oz + Ziram 76DF 3 Ib 4C— la Oa lab Oa 3a-d lab 2a Oa Oa Oa Oa
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Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four replications. Fruit data represent postharvest counts of 25 fruit per replicate tree sampled: 25 Sep
(Idared), 26 Sep (Golden Delicious), or 3 Oct (York).
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Table 28. Fruit finish on Golden Delicious, Idared and York apples, 2013.

G. Del. russet* Russet Opalescence
rating % USDA rating (0-5)* rating (0-5)*
Treatment and rate/A Timing 0-5 X-Fcy Idared York Idared York
0 Non-treated control 1.8cd 50fg 1.7cd 1.0a-c 1l4e 0.7a
1 Rally 40WSP 5 oz + Manzate Pro-Stick 75DF 3 Ib TC-3C llab 74a-d 1.4ad1llac 1l.lc-ellad
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C—
2 Flint 50WG 2 oz + Manzate Pro-Stick 75DF 3 Ib TC-3C
Captan 8OWDG 30 0z + Ziram 76DF 3 Ib 4Cs 1l.2ab 76ab 1.4a-d1l.lac 1l.0a-d1.0a-d
3 IKF-5411 400SC 12.5 fl oz + Silwet 114 mi/100 gal TC—> 1.8d 419 l4a-d1l.1lac 10b-e 0.8a-c
4 |KF-5411 400SC 12.5fl oz TC—> 1.7b-d 56e-g 1.5a-d 0.9ab 1.2de 0.8ab
5 IKF-5411 400SC 12.5 fl oz + Silwet 114 ml/100 gal +
Manzate Pro-Stick 75DF 4 Ib TC-PF 15a-d 64bf 18d 1l0a-c 1.2de 0.9a-d
IKF-5411 400SC 12.5 fl oz + Silwet 114 ml/100 gal +
Captan 80WDG 3 Ib/A 1C—>
6 El/laapr)]tzaar:%g\;\(/)DSthik(;oSZDF 61b TlCCiF 15ad 57d-g 12a 08a 0.9ad 0.9ad
7 Manzate 75DF 6 Ib + Captan 80WDG 40 oz TC
A15457 100EC 5.5 fl oz B1, PF l.6a-d 6lcf 1.6a-dl4bc 0.8a-dl.la-d
Inspire Super 2.82 EW 13.7 fl oz B2, 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C—>
8 Manzate 75DF 6 Ib + Captan 80WDG 40 oz TC
A15457 100EC 6.9 fl oz B1, PF l2a-d 73a-e 1.2ab 1.0a-c 0.6ab 1.0a-d
Inspire Super 2.82 EW 13.7 fl oz B2, 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C—
9 Manzate 75DF 6 Ib + Captan 80WDG 40 oz TC
A19334 195EC 7.0 fl oz B1, PF 15a-d 68a-e 14adl4bc 0.5a 1.3cd
Inspire Super 2.82 EW 13.7 fl oz B2, 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C—
10 Manzate Pro-Stick 6 Ib + Captan 80WDG 40 oz TC
A15457 100EC 6.9 fl oz B1, PF l.6a-d 60c-f 1.3ad1l3a-c 0.7a-c 0.8a-c
Inspire Super 2.82 EW 13.7 fl oz 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C—
11 Pristine 38WG 16.5 oz + Koverall 75DF 3 Ib TC, PF, 2C
Topguard 1.04SC 13 fl oz + Koverall 75DF3 Ib B1&2, 1C,3C 1.5a-d 66b-f 1.5a-d 1.5¢ 0.7a-c 1.4d
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C—
12 Manzate Pro-Stick 75DF 3 Ib + Captan 30 oz #1,2,5,6
Fontelis 1.67SC 1 pt + Manzate Pro-Stick 75DF 3 Ib #3,4,7 l2ac 70ae 1l3ad09ab 0.8a-dO0.8ab
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C—
13 Fontelis 1.67SC 1 pt + Manzate 3 Ib + Damoil 2 gt #1, 2
Inspire Super + Manzate Pro-Stick 75DF 3 Ib #3,4 l2ab 75ac 1l3ac l0ac 0.7ac l0ad
Fontelis 1.67SC 1 pt + Microthiol Disperss 8 Ib 1C-3C
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C—
14 Manzate Pro-Stick 3 Ib + Captan 80WDG 30 oz TC
Indar 2F 8 fl oz + Captan 30 oz + LI-700 1 qt/100 gal P, B1&2, 1C l.4a-d 62b-f 1.2a-c 1.2a-c 0.7a-c 1.2b-d
Indar 2F 8 fl oz + Rally 40WSP 8 oz +
Captan 80WDG 30 oz + LI-700 1 gt/100 gal PF
Indar 2F 8 fl oz + Captan 30 oz + LI-700, 1 gt/100 gal 2C—>
15 Merivon 4 fl oz + Captan 2 Ib + Silwet L-77 114 ml TC-3C 13a-d 66b-f 1.7b-d1l.0a-c 0.7a-c 1.0a-d
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C—>
16 Merivon 4 fl oz + Manzate 3 Ib + Silwet L-77 114 ml TC-3C l1la 77a-c 1.5a-d1l.la-c 0.6ab 0.9ad
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C—
17 Luna Tranquility SC 11.2 fl oz + Manzate 75DF 3 Ib TC-3C l1la 82a 1.2ab 1.0a-c 0.7a-c 0.9a-d
Captan 80WDG 30 oz + Ziram 76DF 3 |b 4C—>

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four replications; Fruit data represent postharvest counts of
25 fruit per tree sampled 25 Sep (Idared), 26 Sep (Golden Delicious) or 3 Oct (York)
* Fruit finish rated on a scale of 0-5 (O=perfect finish; 5=severe russet). USDA Extra fancy grade after downgrading by

russet presumed not to be caused by mildew.
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APPLE (Malus domestica ‘Fuji’) K. S. Yoder, A. E. Cochran Il,
Scab; Venturia inaequalis W. S. Royston, Jr., S. W. Kilmer,
Cedar-apple rust; Gymnosporangium juniperi-virginianae A.G.F. Engelman and L. A. Hickey
Virginia Tech Agr. Res. & Ext. Center
595 Laurel Grove Road
Winchester, VA 22602

After-infection scab treatments on Fuji apple, 2013.

Twenty-four treatments involving four recently registered products, and several experimental materials,
and two previously registered standards were tested for apple scab control in post-infection regimes followed by
successive applications. Dilute treatments were applied to the point of runoff with a single nozzle handgun at 400
psi in a randomized block design with four single-tree replications within three rows of the orchard block. The test
trees had no fungicides until treatments were first applied after scab infection periods 28-29 Apr (18 hr at 50-54°F)
and 29-30 Apr (18 hr at 50-56°F) and were targeted for post-infection control 3 May, three days after 28-29 Apr
and two days after 29-30 Apr (Treatments #1-16) or 6 May, six days after 28-29 Apr and five days after 29-30 Apr
infection periods (Treatments #17-24). Scab lesions from a 17 Apr infection period were beginning to appear in the
test area 6 May and the intended post-infection treatments also became protectant treatments for the heavy scab
infection periods 6 to 8 May (46 hr at 46-57° with 2.2 inches rain); and 9 May (16 hr at 47-52°, 0.06 in. rain). Other
infection periods through 2 June occurred: 10-11 May (16 hr at 60-64°, 0.73 in. rain); 18-19 May, 19-20 May, 22-
23 May, 23-24 May, 2-3 June. All treatments were re-applied together on 20 May. No additional fungicides were
applied to the treatment trees in this block for the remainder of the season. Data are based on means of target
leaves 7-13 on eight shoots per tree 17 Jul or 25 fruit per tree rated 20 Aug. Maintenance insecticides, applied with
an airblast sprayer, included: Admire Pro, Altacor, Assail, BioCover MLT, Calypso, Carbaryl, Delegate, Imidan, and
Provado. A dilute fruit thinning spray, (Fruitone L 10 ppm + Carbaryl 1 pt + Regulaid 8 fl 0z/100 gal), was applied
17 May. Percentage data were converted by the square root arcsin transformation for statistical analysis.

Heavy scab infection resulted in a strong after-infection test. Resistance to the DMI fungicides has been
present in the test area since 2004. Qol resistance which became apparent in this block in 2012 clearly impacted
control by Flint (Trt 11), and probably Luna Sensation and Merivon treatments in this test. At three days after
infection, there was strong control by A19334, A15457, Fontelis, Luna Tranquility and experimental material VA-1.
Some of the treatments were directed at the supplemental effect of adjuvants on activity of these fungicides. There
were variable responses by Oil, IMS Stylet-Oil, and OE 444 on the activity of Fontelis, with the most consistent
significant effect on leaves and fruit by JMS Stylet-Oil + 0.5% OE 444 rather than the 1.0% rate of OE 444.
Generally, Silwet had more effect with Luna Tranquility on fruit than on leaves. There was little effect with Merivon
on fruit and no Silwet effect on Luna Sensation on leaves or fruit. At six days after infection, the strongest control
was by non-Qol related treatments Inspire Super, A15457, and Luna Tranquility + Silwet. Luna Sensation was
significantly weaker than Merivon + Silwet. The targeted wetting periods also resulted in cedar-apple rust infection,
and the best rust control at both the 3-day and the 6-day timings, came with Inspire Super, A19334, A15457, and
Fontelis + Oil.
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Table 29. After infection scab control on Fuji apple, 2013.

Scab infection, % infection or

lesions / leaf or fruit

Cedar-apple rust,

% or lesions

leaves fruit / leaf or fruit

Treatment and rate /100 gal dilute Timing % lesions/If fruit lesions % leaves les /leaf  fruit
0 No fungicide- (early application check) - 64 jk 4.3¢c 80no  7.8f 45Kkl 2.0e 5b
0 No fungicide- (late application check) 68 k 4.4c 870 9.4f 651 4.7f 2ab
1 Inspire Super 3 fl oz 3day 25gh 0.8ab 351 2.8b-e 5a-d 0.2a-c Oa
2 A19334 100EC 1.75fl oz 3 day 7ab 0.la 10a 0.3a 5a-c 0.la-c Oa
3 A15457 100EC 1.75 oz 3 day 9a-f 0.1a 9a-c 0.3a 6a-g 0.lab Oa
4 Fontelis 4 fl 0z 3day 23e-h 0.6a 13a-d 0.7ab 8a-h 0.2a-c lab
5 Fontelis 4 fl oz + oil 2qgt 3day 13a-g 0.2a 38g-k 1.7ad 22g-j 0.9b-d Oa
6 Fontelis 4 fl oz + JMS Stylet Oil 2 gt 3day 1llac 0.2a 27d-h  0.8a-c 11b-i  0.3a-c Oa
7 Fontelis 4 fl oz + JMS Stylet 2 gt + OE 444 0.5% 3 day 4ab 0.1a 1la-c  0.7ab 14d-i 0.3a-c Oa
8 Fontelis 4 fl oz + JMS Stylet 2 gt + OE 444 1.0% 3 day 9a-f 0.la 20b-g 0.5a 7a-f 0.2a-c Oa
9 Luna Tranquility 3.5 fl oz 3day 19c-h 0.4a 40h-k  1.8a-d 39jk 1.4de lab
10 Luna Tranquility 3.5 fl 0z + Silwet 114 ml| 3 day 9a-d 0.2a 13a-d 0.4a 29h-j 1.0cd Oa
11 Flint 50WG 0.5 oz 3day 46ij 2.1b 55k-m 3.6de 27i-k  0.6a-d 0Oa
12 Luna Sensation 1.25 fl oz 3day 18c-g 0.5a 69mn 4.3e 18f-i 0.4a-c 3b
13 Luna Sensation 1.25 fl oz + Silwet 114 ml 3day 24f-h 0.7ab 51j-l 3.0c-e 20e-i 0.7a-d Oa
14 Merivon 1.25 fl oz 3day 20d-h 0.4a 25d-h  0.9a-c 11b-i  0.3a-c Oa
15 Merivon 1.25 fl oz + Silwet 114 ml 3 day 9a-f 0.1a 23d-h  0.5a 8a-h 0.2a-c Oa
16 VA-1 3 day 5a-c 0.la 22c-g 1l.3a-c 5a-e 0.la-c lab
17 Inspire Super 3 fl oz 6 day 8a 0.1a 39h-k  2.2a-e la <0.la Oa
18 A19334 100EC 1.75fl oz 6day 10a-g 0.2a 17a-e 0.6a 2ab  0.1lab Oa
19 A15457 100EC 1.75 0z 6day 10a-g 0.l1a 9ab 0.la 3a-c <0.1a lab
20 Fontelis 4 fl oz + oil 2qt 6 day 9a-e 0.la 32e-i  1.3a-c 2ab 0.1a lab
21 Luna Tranquility 3.5 fl oz 6day 16c-g 0.3a 59Im  4.3e 16c-i  0.4a-c Oa
22 Luna Tranquility 3.5 fl oz + Silwet 114 ml| 6 day 6a-d 0.la 36g-k 1.3a-c 6a-g 0.la-c lab
23 Luna Sensation 1.25 fl oz 6day 35hi 1.1ab 48i-l 3.0c-e 14d-i  0.5a-c Oa
24 Merivon 1.25 fl oz + Silwet 114 ml 6day 16b-g 0.3a 18b-f 0.9a-c 13d-i  0.3a-c lab

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four single-tree reps.
Eight shoots/tree, leaves 7-13 rated 17 Jul, or 25 fruit / tree rated 20 Aug.
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PEACH (Prunus persica ‘Loring’) K. S. Yoder, A. E. Cochran Il, W. S. Royston, Jr.,

Nectarine: (P. persica var. nucipersica S. W. Kilmer,

‘Redgold’) Virginia Tech Ag. Research & Extension Center
Scab; Cladosporium carpophilum 595 Laurel Grove Road
Brown rot; Monilinia fructicola Winchester, VA 22602

Control of scab and brown rot by integrated fungicide programs on Loring peach and Redgold
nectarine, 2013.

Five treatments involving recently registered fungicides were compared to a standard registered
program for broad-spectrum disease control on 21-yr-old trees. The test planting is composed of 3-tree sets,
each including Loring peach and Redgold nectarine and Redhaven peach, which were left untreated in 2013.
Dilute treatments were applied to the point of run-off (approximately 200 gal/A) with a single nozzle handgun at
300-400 psi in a randomized block design with four replications. Treatments applied dilute to runoff on Loring
and Redgold as follows: 29 Mar (BS, bud swell, trt.#1 & 2 only); 8 Apr (pink, all treatments); 23 Apr (late PF,
petal fall); 9 May (SS, shuck split); 1st through 4th covers (1C-4C): 21 May, 5 Jun, 18 Jun, 3 Jul; 25 Jul (3PH,3-
wk pre-harvest); 7 Aug (1PH, 1 wk pre-harvest). Actual harvest dates were 14 Aug for Loring, and 15 Aug for
Redgold. Commercial insecticides applied to the entire test block at 2-3 wk intervals with a commercial airblast
sprayer, included: Altacor, Assail, Imidan, Calypso, Carbaryl, Delegate, and Perm-UP. Leaf curl was rated on
50 shoot tips per tree 24 May. Samples of 40 apparently rot-free fruit per replicate tree were harvested 14 Aug
(Loring) and 15 Aug (Redgold), rated for scab, fruit were selected for uniform ripeness, grouped into 20-fruit
subsamples, and placed on fiber trays. One set was misted with de-ionized water, and the other subsample
was inoculated with a suspension containing 12,000 M. fructicola conidia/ml (for Redgold) and 15,000
conidia/ml for Loring. All fruit were incubated in polyethylene bags at ambient temperatures before rating rot
development at the indicated intervals. Incubation temperatures for both Loring and Redgold were 67-83 F (19-
280C).

Early season rains favored leaf curl infection, which was more consistently controlled by Bravo than by
Fontelis applied at the 23 Mar bud swell timing; other treatments, first applied at pink were also less effective
than the Bravo/bud swell standard (Table 30). Scab inoculum was abundant on the test trees, and weather
conditions in the shuck split/early cover spray period were favorable for scab development and weathering of
the test treatments. Under these strong test conditions with 99% of non-treated Redgold nectarine and 70% of
non-treated Loring peach fruit infected, all treatments gave significant suppression of % fruit infected and scab
lesions/fruit. Bravo/sulfur was significantly more effective than some of the weaker treatments on Redgold, but
little difference among treatment effectiveness was noted on Loring peach. All treatments, except Fontelis,
gave significant control of rusty spot under light to moderate disease pressure. Some brown rot began to build
up on non-treated trees in mid-season, and under these conditions, post-harvest inoculation by misting fruit
with conidial suspensions did not greatly increase fruit rot incidence. Merivon treatments generally gave more
residual control of brown rot than Pristine and Fontelis on both peach and nectarine (Tables 31 and 32). With
strong residual control by Merivon alone, particularly on nectarine, there was little opportunity for significant
adjuvant effects.

Table 30. Control of leaf curl, scab and rusty spot on Loring peach and Redgold nectarine, 2013
Scab, % fruit infected,

Leaf curl * or lesions/fruit** % rusty
Red- Redgold Loring spot,
Treatment and rate/100 gal dilute  Timing  gold Loring fruit lesions fruit lesions Loring
0 No fungicide 39d 96¢ 99c¢ 40.0b 70b  9.5b 13c
1 Bravo Weather Stik 6F 1 pt BS-PF Oa la
Microfine Sulfur 90W 3 Ib SS-covers 28a 22a 23a 1.6a 3ab

Pristine 38WG 60z + LI-7008 floz 3 & 1PH

2 Fontelis 10 fl oz + LI-700 8 fl oz BS-PF 15bc 66b
Microfine Sulfur 90W 3 Ib SS-covers 8bc
Fontelis 10 floz + LI-7008floz 3 & 1PH 72bc 165a 15a 0.5a

3 Merivon 3.25 floz + LI-700 8 fl Pink-PF 12b  73b

0z SS-covers 50ab 3.9a 18a 0.7a 3ab
3&1PH
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Microfine Sulfur 90W 3 |b

Merivon 3.25 fl oz + LI-700 1 gt

4 Merivon 3.25 fl oz + Cohere 8 fl

Pink- PF 16bc 78b

0z SS-covers 79bc 14.1a 17a 0.6a
Microfine Sulfur 90W 3 Ib 3&1PH 3ab
Merivon 3.25 fl oz + Cohere 1
pt

5 Merivon 3.25 fl oz + EGC 114 Pink- PF 18bc 59b
ml SS-covers 6la-c 14.2a 2la lda
Microfine Sulfur 90W 3 Ib 3&1PH la
Merivon 3.25 fl oz + EGC 114
ml

6 Merivon 3.25 oz Pink- PF  35cd 66b
Microfine Sulfur 90W 3 Ib 338-Cover5 63ab 4.8a 8a 0.3a 2ab

& 1PH

Merivon 3.25 fl oz

Column mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four single tree reps.
* Leaf curl rated on 50 shoot tips/tree 24 May.

** Harvest counts of scab and rusty spot on 40 fruit / replication.
Treatments applied dilute to runoff on Loring and Redgold at 300-400 psi as follows: 29 Mar (BS, bud swell,
trt.#1 & 2 only); 8 Apr (pink, all treatments); 23 Apr (late PF, petal fall); 9 May (SS, shuck split) 1st through 4th
covers (1C-4C): 21 May, 5 Jun, 18 Jun, 3 Jul; 25 Jul (3PH,3-wk pre-harvest); 7 Aug (1PH, 1 wk pre-harvest).
Actual harvest dates: Loring 14 Aug; Redgold 15 Aug.
Note: Data are aligned with the treatment timing most likely to have affected indicated disease.

Table 31. Post-harvest brown rot development on Loring peach, 2013
% fruit with brown rot after indicated days incubation

Non-inoculated fruit

Inoculated fruit

5day 6 day 7day 8day

5day 6day 7day 8 day

0 No fungicide 40b 68c 99c 100d 43b 74d 94c 99c
1 Bravo Weather Stik 6F 1 pt BS-PF

Microfine Sulfur 90W 3 Ib SS-covers

Pristine 38WG 60z + LI-7008floz 3&1PH 3a 8b 25b 36¢C 3a 19bc 41b 44b
2 Fontelis 10 floz + LI-700 8 fl oz BS-PF

Microfine Sulfur 90W 3 Ib SS-covers

Fontelis 10 fl oz + LI-700 8 fl oz 3&1PH O0a 8b 16ab 2lbc 3a 19c 40b 43b
3 Merivon 3.25 fl oz + LI-700 8 fl  Pink- PF

0z SS-covers

Microfine Sulfur 90W 3 Ib 3 & 1PH

Merivon 3.25 fl oz + LI-700 1 gt Oa 4ab 10ab 13ab la 5a-c 18ab 20ab
4 Merivon 3.25 fl oz + Cohere 8 fl Pink- PF

0z SS-covers

Microfine Sulfur 90W 3 Ib 3 & 1PH

Merivon 3.25 fl oz + Cohere 1

pt 0a 0Oa 5ab 5a Oa 1la 8a 9a
5 Merivon 3.25 floz + EGC 114  Pink- PF

mil SS-covers

Microfine Sulfur 90W 3 Ib 3 & 1PH a

Merivon 3.25 fl 0z + EGC 114

ml 1, 3b 62 21ac 0a 3ab 9@ 112
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6 Merivon 3.25 oz Pink- PF
Microfine Sulfur 90W 3 Ib SS-covers
Merivon 3.25 fl oz 3&1PH 03 0a 3a 6ab 0Oa 3a 5a 19ab

Column mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four single tree replications.
Bud swell through cover treatments applied as indicated in Table 29; 25 Jul (3PH,3-wk pre-harvest); 7 Aug
(1PH, 1 wk pre-harvest). Actual harvest dates: Loring 14 Aug; Redgold 15 Aug.

Table 32. Post-harvest brown rot development on Redgold nectarine, 2013
% fruit with brown rot after indicated days incubation

Non-inoculated fruit Inoculated fruit
4day 5day 6day 7day 4day 5day 6day 7day
0 No fungicide 43¢ 72c¢c 92d 100c 40b 82c¢c 97d 100d
1 Bravo Weather Stik 6F 1 pt BS-PF
Microfine Sulfur 90W 3 Ib SS-covers

Pristine 38WG 60z + LI-7008floz 3&1PH 0a 0Oa 9bc 15b 3a 10b 3lc 36¢

2 Fontelis 10 fl oz + LI-700 8 fl oz BS-PF
Microfine Sulfur 90W 3 Ib SS-covers
Fontelis 10 fl oz + LI-700 8 fl oz 3&1PH 4b 5b 1lc 23b la 9b 15bc 20b

3 Merivon 3.25 fl oz + LI-700 8 fl  Pink- PF

0z SS-covers

Microfine Sulfur 90W 3 Ib 3&1PH

Merivon 3.25 fl oz + LI-700 1 gt Oa la 6bc 6a Oa la 1la 3a
4 Merivon 3.25 fl oz + Cohere 8 fl Pink- PF

0z SS-covers

Microfine Sulfur 90W 3 Ib 3&1PH

Merivon 3.25 fl oz + Cohere 1

pt Oa 0Oa 1la 3a Oa 1la 6ab 6a
5 Merivon 3.25 floz + EGC 114  Pink- PF

ml SS-covers

Microfine Sulfur 90W 3 Ib 3&1PH

Merivon 3.25 fl oz + EGC 114

ml 1a la 1la 3a 0Oa Oa 44 5a
6 Merivon 3.25 oz Pink- PF

Microfine Sulfur 90W 3 Ib SS-covers

Merivon 3.25 fl oz 3&1IPH 03 o0a 3ab 3a Oa Oa 3a 3a

Column mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four single tree replications.
Bud swell through cover treatments applied as indicated in Table 29; 25 Jul (3PH,3-wk pre-harvest); 7 Aug
(1PH, 1 wk pre-harvest). Actual harvest dates: Loring 14 Aug; Redgold 15 Aug.

45



PEACH BLOSSOM BLIGHT AND RUSTY SPOT CONTROL

Norman Lalancette, Joshua Gager, and Kathleen McFarland
Rutgers University, Agricultural Research and Extension Center
Bridgeton, NJ 08302

The commercial fungicides Vangard (cyprodinil), Meteor (iprodione), Topsin M (thiophanate-methyl),
Bravo Ultrex (chlorothalonil), Captan (captan), and Fontelis (penthiopyrad) were tested and compared to
each other for efficacy against peach blossom blight.

Since the final blossom blight application at petal fall is also the first application for rusty spot control,
sprays were continued until pit-hardening [when fruit are no longer susceptible] so that efficacy against
rusty spot could also be determined. If a blossom blight fungicide can also provide sufficient control of
rusty spot at petal fall, then a rusty spot specific fungicide will not be needed at this timing.

MATERIALS AND METHODS

Orchard Site. The experiment was conducted during the spring and summer of the 2013 growing
season. The test block consisted of an 18-year-old ‘Autumnglo’ peach orchard planted at 25 ft x 25 ft
spacing.

Treatments. All treatments except Captan were replicated four times in a randomized complete block
design with single tree plots. Due to space limitations, the Captan treatment was replicated three times. In
all cases, treatment trees were surrounded on all sides by non-sprayed buffer trees. A Rears Pak-Blast-
Plot airblast sprayer calibrated to deliver 100 gal/A at 100 psi traveling at 2.1 mph was used for
applications. All trees in the block received Ziram 76DF at 4 Ib/A on 29 March for leaf curl control.
Insecticides and miticides were applied as needed to the entire block using a commercial airblast sprayer.
Treatment application dates and phenological timings are shown in Table 1.

Assessment. Blossom blight (Monilinia fructicola) was evaluated on 22 & 30 May by examining
20 shoots per tree. Disease incidence and severity were expressed as percent shoots with blossom blight
cankers and number of cankers per shoot, respectively. Rusty spot (Podosphaera leucotricha) was
evaluated on 21 Jun by examining 40 fruit per tree. Disease incidence and severity were expressed as
percent infected fruit and number of lesions per fruit, respectively.

Weather Data. Air temperature and rainfall data were recorded by a Campbell Scientific 21X data
logger located at the research station. Observations were taken every minute and summarized hourly.
Monthly temperature averages and rainfall accumulations were compared to the 30-year means or sums,
respectively, for Bridgeton, NJ.

Statistical Analysis. Analyses of variance (ANOVA) and treatment mean comparisons were
performed using the General Linear Models (GLM) procedure of SAS v9.3. Arcsin and log transformations
were performed as needed for proportions and lesion count data, respectively, to correct for departures
from the ANOVA assumptions.

RESULTS AND DISCUSSION

Environment. Air temperatures during the test period (April, May, and June) were near normal
and varied from the 30-year mean by only 0.2 to 0.8°F (Table 1). Rainfall during April and May, however,
was well below normal; precipitation was 2.09 and 1.55 inches less than the 30-year average,
respectively. In contrast, rainfall in June was extremely high, totaling 12.13 inches for the month, or 8.76
inches above normal. Precipitation was recorded on 16 of the 30 days (53%) in June. Above average
rainfall continued into July and August, but these months were after the test period.

Blossom Blight. Although rainfall was below average for the critical period of pink (P), full bloom
(B) and petal fall (PF), three significant precipitation events of about 0.5” or more occurred during this
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period (Table 1). These infection events combined with much overwintering inoculum in the form of
mummies resulted in a moderately high amount of disease pressure. Approximately 59% of shoots on the
non-treated control trees had blossom blight cankers (Table 2).

All fungicide treatments significantly reduced disease incidence and severity relative to the control
(Table 2). The fungicides Meteor, Meteor/Topsin M, and Fontelis had the lowest canker incidence levels
and were not significantly different from the Vangard standard. Fontelis, Meteor/Topsin M, and Meteor
provided 92%, 87%, and 85% control of blossom blight canker incidence, respectively, while Vangard
achieved 68% control.

The protectants Bravo and Captan provided disease control statistically equivalent to the Vangard
standard, but were significantly less effective than most of the other test fungicides. Bravo and Captan
provided only 51% and 40% control of blossom blight canker formation, respectively.

The lack of a petal fall application for the Fontelis treatment did not appear to inhibit the ability of
this treatment to control blossom blight. However, since rainfall was not observed between petal fall and
shuck-split, it is likely that in 2013 the petal fall spray was not as critical as the pink and bloom sprays.

Rusty Spot. Disease pressure was very low in 2013 and atypical for the highly susceptible
‘Autumnglo’ cultivar (Table 3). Frequent rains during the latter half of May and throughout June most likely
suppressed development of this powdery mildew disease. Only 16.3% fruit infection was observed on
control fruit, with lesion density of 0.19 lesions per fruit. In contrast, non-treated control trees in highly
favorable 2012 had 99.4% fruit infection with an average of 5.3 lesions per fruit.

All treatments except Fontelis significantly reduced incidence of rusty spot infected fruit relative to
the control (Table 3). Nevertheless, given the low disease pressure, the level of control was not
impressive. Vangard and Meteor provided only 61% and 58% control, respectively. The best treatment,
Topsin M, yielded 81% control. However, none of these treatments were significantly different from each
other.

In most past studies, the protectants Bravo and Captan have not provided effective control of
rusty spot. Thus, the significantly lower amounts of rusty spot incidence and severity for the 2013 data
were unusual. Nevertheless, under the low level of disease pressure, Bravo and Captan only provided
46% and 44% control of rusty spot, respectively.

CONCLUSION

Under the low rusty spot disease pressure conditions of the study, it does not appear that most of
the tested fungicides can provide sufficient control of rusty spot at petal fall when being applied for control
of blossom blight. For these materials, a rusty spot effective fungicide, such as myclobutanil, will need to
be included at this timing.

Although Topsin M did not significantly reduce rusty spot levels below that observed for Meteor or
Vangard, it did yield an acceptable level of control. Thus, additional data are needed, particularly at higher
rusty spot disease pressures, to determine whether or not Topsin M can perform consistently. The ability
of Topsin M to control both blossom blight and rusty spot will allow its sole use at the petal fall timing.
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Table 1. Weather and spray timings for 2013 growing season at the Rutgers Agricultural
Research & Extension Center, Bridgeton, NJ. Sprays are indicated by bolded phenological
stage. Units for daily average air temperature and rainfall accumulation are °F and inches.

Date [Temp| Rain Spray Date |Temp | Rain Spray Date |Temp|Rain Spray
1-Apr | 50.8 | 0.01 1-May | 54.4 0 1-Jun | 79.2 0
2-Apr | 39.1 0 2-May | 55.1 0 2-Jun | 785 | 1.17
3-Apr | 39.3 0 3-May | 53.5 0 3-Jun | 70.9 | 0.2
4-Apr | 37.6 0 4-May | 53.6 0 4-Jun | 66.3 0
5-Apr | 42.7 | 0.37 5-May | 51.0 0 5-Jun | 65.3 0
6-Apr | 43.0 0 6-May | 54.0 0 6-Jun | 64.2 0 3" Cover
7-Apr | 480 | 0 7-May | 58.7 | 0.11 Sshsl‘i:tk 7-Jun | 66.9 | 3.34
8-Apr | 61.0 0 8-May | 62.5 | 0.11 8-Jun | 68.5 | 0.54
9-Apr | 70.0 0 9-May | 62.3 | 0.75 9-Jun | 70.7 0
10-Apr| 73.0 | 0.01 Pink 10-May| 67.4 0 10-Jun| 70.1 | 0.35
11-Apr| 62.0 | 0.01 11-May| 66.9 | 0.68 11-Jun| 74.1 | 0.21
12-Apr| 48.0 | 1.00 12-May| 60.5 | 0.21 12-Jun| 74.8 0
13-Apr| 50.0 0 13-May| 50.4 0 13-Jun| 71.4 | 1.64
14-Apr| 51.0 0 14-May| 48.4 0 14-Jun| 63.4 | 0.12
15-Apr| 51.8 0 15-May| 61.0 | 0.02 15-Jun| 68.4 0
16-Apr| 58.3 0 16-May| 69.5 0 16-Jun| 71.3 | 0.38
17-Apr| 61.5 0 Bloom 17-May| 66.7 0 1* Cover |[17-Jun| 73.0 | 1.66
18-Apr| 58.0 0 18-May| 60.8 | 0.06 18-Jun| 67.9 | 0.64
19-Apr| 65.7 | 0.1 19-May| 60.7 | 0.11 19-Jun| 67.6 0
20-Apr| 52.8 | 0.47 20-May| 69.8 0 20-Jun| 66.4 0
21-Apr| 445 0 21-May| 72.3 0 21-Jun| 67.3 0
22-Apr| 42.8 0 22-May| 74.1 0 22-Jun| 69.3 0
23-Apr| 46.4 0 23-May| 72.5 | 0.17 23-Jun| 72.4 | 0.21
24-Apr| 53.2 0 24-May| 59.2 | 0.14 24-Jun| 784 | 0.1
25-Apr| 54.4 0 25-May| 53.5 0 25-Jun| 77.9 0
26-Apr| 53.3 0 26-May| 58.2 0 26-Jun| 79.8 0
27-Apr| 52.9 0 27-May| 58.9 0 27-Jun| 77.2 | 0.53
28-Apr| 54.6 0 28-May| 61.0 | 0.16 2" Cover ||28-Jun| 76.6 | 1.02
29-Apr| 54.9 | 0.52 29-May| 74.7 0 29-Jun| 75.6 | 0.01
30-Apr| 57.9 | 0.02 | Petal Fall ||30-May| 78.9 0 30-Jun| 75.3 | 0.01
31-May| 79.1 0
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TABLE 2. Blossom Blight Incidence and Severityl

% Shoots w.| # Cankers

Treatment Rate / A Timing canker ? per shoot?

Non-treated Control ~ |-----—-- |- 58.8 a 0.99 a

Vangard 75WG 5.00z P, B, PF

Vangard 75WG 5.0 0z SS, 1C, 2C, 18.8 bc 0.25 bc
3C

Meteor 4F 2.0 pt P, B, PF

Meteor 4F 2.0 pt SS, 1C, 2C, 8.8c¢c 0.09 c
3C

Meteor 4F 2.0 pt P,B

Topsin M 70WP 151b PF

Topsin M 70WP 151b SS, 1C, 2C, 75cC 0.08 c
3C

Bravo Ultrex 82.5WDG |3.31b P, B, PF

Bravo Ultrex 82.5WDG |3.31b SS, 1C, 2C, 28.8Db 0.35 bc
3C

Captan 80WDG 3.751b P, B, PF

Captan 80WDG 3.751b SS, 1C, 2C, 35.0b 0.52b
3C

Fontelis 1.67SC 20.0fl oz P,B 5.0c 0.05c

! Blossom blight treatments, rates, and application timings in boldface (P-PF).
2 Means in the same column with the same letter do not differ significantly according to the Waller-Duncan K-ratio t-test

(a=0.05, K=100).
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TABLE 3. Rusty Spot Incidence and Severity1

% Infected | # Lesions/
Treatment Rate / A Timing Fruit? shoot?
Non-treated Control |- |-=m-m-- 16.3 a 0.19a
Vangard 75WG 5.0 0z P, B, PF
Vangard 75WG 5.00z SS, 1C, 2C, 3C 6.3 bc 0.06 bc
Meteor 4F 2.0 pt P, B, PF
Meteor 4F 2.0 pt SS, 1C, 2C, 3C 6.9 bc 0.08 bc
Meteor 4F 2.0 pt P,B
Topsin M 70WP 151b PF
Topsin M 70WP 151b SS, 1C, 2C, 3C 3.1c 0.03c
Bravo Ultrex 82.5WDG |3.31b P, B, PF
Bravo Ultrex 82.5WDG |3.31b SS, 1C, 2C, 3C 8.8 bc 0.11b
Captan 80WDG 3.751b P, B, PF
Captan 80WDG 3.751b SS, 1C, 2C, 3C 9.2Db 0.10 b
Fontelis 1.67SC 20.0 fl oz P,B 10.6 ab 0.11b

! Rusty Spot treatments, rates, and application timings in boldface (PF-3C).
2 Means in the same column with the same letter do not differ significantly according to the Waller-Duncan K-ratio t-test (a=0.05,

K=100).
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FULL-SEASON MANAGEMENT OF PEACH DISEASES:
COMPARISON OF FUNGICIDE PROGRAMS

Norman Lalancette, Joshua Gager, and Kathleen McFarland
Rutgers University, Agricultural Research and Extension Center
Bridgeton, NJ 08302

This study examined a variety of treatments with several different objectives. The organometallic
fungicide/bactericide Cueva (copper octanoate) and Cueva plus the biological Double Nickel (Bacillus
amyloliquefaciens strain D747) were examined full-season in alternation with standard fungicides for
management of all peach diseases. Similarly, the biorational Fracture (Banda de Lupinus albus doce,
BLAD protein) was deployed in alternation with standard fungicides during bloom and preharvest for
management of brown rot blossom blight and fruit rot.

The new commercial fungicide Fontelis (penthiopyrad), as well as the standard Indar
(fenbuconazole), were also applied during bloom and preharvest for control of blossom blight and fruit rot.
In addition, Vangard (cyprodinil), Rovral (iprodione), and Topsin M (thiophanate-methyl) were evaluated for
control of both blossom blight and rusty spot.

The broad spectrum biocide Proxitane (peracetic acid + hydrogen peroxide + acetic acid) was
applied preharvest for management of brown rot. Finally, the new commercial fungicide Merivon
(pyraclostrobin + fluxapyroxad) was examined in combination with two surfactants, LI-700 and Cohere, for
crop safety.

MATERIALS AND METHODS

Orchard Site. The experiment was conducted during the spring and summer of the 2013 growing
season. The test block consisted of a 17-year-old ‘Encore’ peach orchard planted at 25 ft x 25 ft spacing.

Treatments. Fungicide treatments were replicated four times in a randomized complete block design
with single tree plots. Treatment trees were surrounded on all sides by non-sprayed buffer trees. A Rears
Pak-Blast-Plot airblast sprayer calibrated to deliver 100 gal/A at 100 psi traveling at 2.1 mph was used for
applications. All trees in the block received Ziram at 4 Ib/A on 29 Mar for leaf curl control. Insecticides
and miticides were applied as needed to the entire block using a commercial airblast sprayer. Treatment
application dates and phenological timing are shown in Table 1.

Assessment. Blossom blight (Monilinia fructicola) was evaluated on 28-29 May by examining 20
shoots per tree. Rusty spot (Podosphaera leucotricha) was evaluated on 20 Jun by examining 40 fruit per
tree. Scab (Fusicladium carpophilum) was evaluated on 26 Aug by examining 25 fruit per tree. Brown rot
(M. fructicola) was evaluated at harvest on 6 Sep by examining all fruit on four or more branches per
replicate tree (75-92 fruit per tree). For postharvest evaluations, 25 asymptomatic uninjured fruit were
harvested from each tree and placed on benches indoors (air temp. ~ 75°F). Brown rot and other rots
were evaluated at 3 and 7 days postharvest (DPH). No postharvest assessments were performed for the
Merivon-surfactant treatments since the objective of these programs was to evaluate crop safety.

Weather Data. Air temperatures and rainfall data were recorded by a Campbell Scientific 21X data
logger located at the research station. Observations were taken every minute and summarized every
hour. Hourly temperature and rainfall data were averaged and summed, respectively, for each day of the
growing season (Table 1). Monthly temperature averages and rainfall accumulations were compared to
the 30-year means or sums, respectively, for Bridgeton, NJ.

Statistical Analysis. Analyses of variance (ANOVA) and treatment mean comparisons were
performed using the General Linear Models (GLM) procedure of SAS v9.2. Arcsin and log transformations
were performed as needed for proportions and lesion count data, respectively, to correct for departures
from the ANOVA assumptions.
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RESULTS AND DISCUSSION

Environment. Overall, the growing season had average to below average temperatures and above
average rainfall. Air temperatures during April, May, June, and July were near normal to slightly above
normal from the 30-year mean by only 0.2 to 1.4°F (Table 1). However, August temperatures averaged
about 4°F below normal. Rainfall during April and May was well below normal; precipitation was 2.09 and
1.55 inches less than the 30-year average, respectively. In contrast, rainfall accumulations in June, July,
and August were extremely high, totaling 12.13, 6.47, and 4.73 inches, respectively, or 11.48 inches total
above normal for the three month period. Precipitation >0.10 inches was recorded on 31 of the 92 days
(34%) during this three month period.

Blossom Blight. Relative to most past years in this orchard, blossom blight canker development was
above average. Non-treated trees this season had 26% shoots with cankers, versus 10, 24, and 15%
canker incidence in 2009, 2010, and 2011, respectively (Table 2). Early warm weather in 2012 resulted in
an atypical, unusually high canker incidence of 88% last year.

Based on canker incidence results, all treatments provided good to excellent control. Indar, Rovral,
Fontelis, and Topsin M were the most effective fungicides, providing 95 to 100% control. Bloom sprays of
Cueva and Cueva + Double Nickel, both in alternation with Vangard, were the least effective, yielding 71%
control. Treatments consisting of Vangard alone and Fracture alternating with Rovral provided very good
canker management, yielding an intermediate 90% control.

Canker severity, measured as # cankers per shoot, was significantly reduced by all treatments.
Disease levels were low and tended to correlate with canker incidence.

Rusty Spot. The moderate susceptibility of ‘Encore’ combined with the frequent rainfall during the
infectious period from petal fall (PF) through third cover (3C) resulted in extremely low incidence and
severity of this powdery mildew disease (Tables 1, 2). In most past seasons, fruit disease incidence in this
block ranged from 13 to 50% on non-treated control trees, versus only 3.8% in 2013 (Table 3).
Consequently, no significant differences were observed among the treatments.

Scab. The same wet weather that was unfavorable for rusty spot development was highly favorable
for scab development. A high density of overwintering inoculum in the form of twig lesions combined with
average temperatures and wet weather, both before and after shuck split, resulted in many scab infection
periods. Non-treated trees had 90% infected fruit with 56% of these fruit having 10 or more lesions (Table
4).

Of the three standard scab programs, which consists of Bravo at shuck-split followed by Captan cover
sprays, only those embedded in the Indar and Fontelis treatment programs had significantly less scab
incidence (% infected fruit) and severity (% fruit with >10 lesions) than the non-treated control (Table 4).
For some unknown reason, the third identical standard scab program, embedded within the Fracture
treatment, did not provide adequate control of scab incidence. However, this treatment did significantly
reduce the percentage of fruit with >10 lesions.

Both Cueva programs, whether applied alone or in combination with Double Nickel, did not effectively
control scab incidence or severity (Table 4). In these programs, the test materials were alternated with
Bravo and Captan, which provided effective control in the standard program. These outcomes suggest,
therefore, that the Cueva and Double Nickel were not contributing enough scab control to the overall
program. Both of these products need to be tested alone to confirm this proposition.

The Vangard, Rovral, and Topsin M treatments were primarily designed to test for efficacy against
blossom blight and rusty spot. Hence, late season cover sprays for scab control (after 3C) were not
applied in these programs. Nevertheless, the Topsin M treatment did manage to significantly reduce scab
incidence, albeit ‘just barely’ (Table 4). Topsin M has good efficacy against scab, so some control, even in
a limited spray program, is perhaps to be expected.
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Although the two standard scab programs significantly reduced fruit disease incidence, the level of
control was low, ranging from only 46 to 59%. Given the frequent rainfalls this year, shorter spray intervals
would probably have improved overall control of the standards as well as other treatments. When
combined with lower inoculum levels (as found in commercial orchards), shorter application intervals may
have resulted in better performance of the two integrated Cueva programs.

Brown Rot. Weather conditions were favorable for the development of brown rot during the
preharvest fruit ripening period (Table 1). Atotal of 4 days with rainfall over 0.1 inches occurred between
the 18-dph spray and harvest, including over an inch of rain that occurred a few hours after application of
the 9-dph spray. The above average number of blossom blight twig cankers provided inoculum for fruit
infection.

In a highly disease-favorable season, nearly 100% of fruit can become infected. However, in 2013
approximately 44% of non-treated fruit had brown rot at harvest (Table 5). Under this moderate disease
pressure, all treatments significantly reduced brown rot incidence. All four “full season” fungicide programs
provided control equivalent to the standard Indar program. Among these programs, the Fontelis and
Fracture/Indar programs had the lowest incidence of rot, providing 94 and 92% control, respectively.

Although the two Merivon treatment programs lacked late season cover sprays, this fungicide was
nevertheless able to provide highly effective brown rot control equivalent to the full-season Indar program
(Table 5). The Merivon + Cohere treatment yielded the highest degree of rot control at harvest of any
treatment at 96%.

The low degree of brown rot control at harvest with Proxitane was probably due to the lack of residual
activity with this general purpose biocide (Table 5). Frequent rains combined with available inoculum on
adjacent non-sprayed buffer trees would make control difficult with such a material. Ideally, Proxitane
would be tested in large plots where all inoculum could be killed. However, since the biocide is not
systemic, infected fruit would probably still re-sporulate at some point after an application.

Postharvest brown rot pressure was moderate to high (Table 5). Non sprayed fruit reached 37%
infection at 3-DPH and 69% infection at 7-DPH (Table 5). The standard Indar, Cueva/indar, and Fontelis
treatments were the only ones that significantly reduced rot at 3-DPH. By seven days postharvest, none of
the treatments were significantly different from the control.

Rhizopus Rot. Little or no Rhizopus rot was observed at harvest or at 3-DPH (Table 6). However, by
7-DPH all treatments had considerable amounts of rot, ranging from 7 to 16% incidence. No treatments
provided effective control relative to the control.

Other Rots. Other fruit rots caused by Colletotrichum species (anthracnose), Phomopsis species,
and Botryosphaeria species were below 2% incidence at harvest and postharvest.

Crop Safety. Fruit on trees sprayed with the two Merivon and Proxitane preharvest treatments were
examined at harvest for possible injury or phytotoxicity. The only symptom observed and recorded was
characterized as “scarring”, which consists of a russetted area on the fruit epidermis. This injury is
generally due to leaves or twigs rubbing the fruit surface during windy conditions.

Analysis of scarring data showed no significant difference between the treated and untreated fruit,
even though treated fruit tended to have higher incidences of the injury (Waller-Duncan K-ratio t-test). Of
100 fruit examined (25 / tree), 27, 28, 37, and 40% displayed scarring for the non-treated, Merivon + LI-
700, Merivon + Cohere, and Proxitane treatments, respectively.

Foliar phytotoxicity was assessed 7-days after harvest (8-days after the final spray) by examining all

leaves on five shoots per replicate tree (20 shoots / treatment). Other than defoliation, no unusual or
atypical symptoms were observed on any of the treatment leaves.
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No significant differences in defoliation were detected among the treatments (Waller-Duncan K-ratio
t-test). Defoliation levels for the non-treated, Proxitane, Merivon + LI-700, and Merivon + Cohere
treatments were 38, 36, 33, and 28%, respectively. Leaf loss on these trees was most likely due to peach
bacterial spot.
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Table 1. Weather and spray timings for 2013 growing season at the Rutgers Agricultural Research &
Extension Center, Bridgeton, NJ. Sprays are indicated by bolded phenological stage. Units for daily
average air temperature and rainfall accumulation are °F and inches.

Date |Temp | Rain Spray Date |Temp| Rain Spray Date |Temp| Rain Spray
1-Apr | 50.8 | 0.01 1-May | 544 | O 1-Jun [ 792 | O
2-Apr [ 39.1| O 2-May | 55.1 | O 2-Jun | 785 | 1.17
3-Apr [ 39.3| O 3-May | 535 | O Sshrl;“ctk 3-Jun | 709 | 0.2
4-Apr | 37.6 0 4-May | 53.6 0 4-Jun | 66.3 0
5-Apr | 42.7 | 0.37 5-May | 51.0 | O 5-Jun | 653 | O
6-Apr | 43.0| O 6-May | 540 | O 6-Jun | 642 | O
7-Apr | 480 | O 7-May | 58.7 | 0.11 7-Jun | 66.9 | 3.34
8-Apr | 61.0 | O 8-May | 62.5 | 0.11 8-Jun | 68.5 | 0.54
9-Apr | 700 | O 9-May | 62.3 | 0.75 9-Jun | 70.7| O
10-Apr| 73.0 | 0.01 10-May| 67.4 0 1*' Cover |[10-Jun| 70.1 | 0.35
11-Apr| 62.0 | 0.01 Pink 11-May| 66.9 | 0.68 11-Jun| 74.1 | 0.21
12-Apr| 48.0 | 1.00 12-May| 60.5 | 0.21 12-Jun| 748 | O
13-Apr| 500 | O 13-May| 50.4 | O 13-Jun| 71.4 | 1.64 | 4™ Cover
14-Apr| 510 | O 14-May| 484 | O 14-Jun| 63.4 | 0.12
15-Apr| 518 | O 15-May| 61.0 | 0.02 15-Jun| 684 | O
16-Apr| 583 | O 16-May| 69.5 | O 16-Jun| 71.3 | 0.38
17-Apr| 615 | O 17-May| 66.7 | O 17-Jun| 73.0 | 1.66
18-Apr| 58.0 | O Bloom |[{18-May| 60.8 | 0.06 18-Jun| 67.9 | 0.64
19-Apr| 65.7 | 0.1 19-May| 60.7 | 0.11 19-Jun| 676 | O
20-Apr| 52.8 | 0.47 20-May| 69.8 | 0 | 2" Cover |[20-Jun| 66.4 | 0
21-Apr| 445 | O 21-May| 723 | O 21-Jun| 673 | O
22-Apr| 428 | O 22-May| 741 | O 22-Jun| 693 | O
23-Apr| 464 | O 23-May| 72.5 | 0.17 23-Jun| 72.4 | 0.21
24-Apr| 532 | O 24-May| 59.2 | 0.14 24-Jun| 78.4 | 0.1
25-Apr| 544 | O 25-May| 535 | O 25-Jun| 779 | O
26-Apr| 53.3 | 0 | Petal Fall ||26-May| 58.2 | O 26-Jun| 798| O
27-Apr| 529 | O 27-May| 589 | 0 27-Jun| 77.2 | 0.53
28-Apr| 546 | O 28-May| 61.0 | 0.16 28-Jun| 76.6 | 1.02
29-Apr| 54.9 | 0.52 29-May| 747 | O 29-Jun| 75.6 | 0.01
30-Apr| 57.9 | 0.02 30-May| 789 | O 30-Jun| 75.3 | 0.01
31-May| 79.1 | 0 | 3™ Cover
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Table 1 — continued —

Date |Temp | Rain Spray Date |Temp| Rain Spray Date |Temp| Rain Spray
1-Jul | 74.5 | 0.35 | 5" Cover || 1-Aug | 69.4 | 0.54 1-Sep | 785 | 0
2-Jul | 76.3 | 0.26 2-Aug | 74.1 0 2-Sep | 75.8 | 0.50
3-Jul | 77.6 | 0.23 3-Aug | 71.5 | 0.02 3-Sep | 74.8 0
4-Jul | 80.0 0 4-Aug | 69.6 | 0.01 4-Sep | 68.2 0
5-Jul | 80.8 | © 5-Aug | 66.3 | 0 5-Sep | 69.0 | 0 1-dph
6-Jul | 82.7 0 6-Aug | 65.4 | 0.02 6-Sep | 61.5 0 Harvest
7-Jul | 82.0 0 7-Aug | 69.5 | 0.39 7-Sep | 62.4 0
8-Jul | 76.8 | 0.04 8-Aug | 76.1 | 0.05 | 8" Cover

9-Jul | 78.1 0 9-Aug | 78.3 | 0.20

10-Jul | 80.4 0 10-Aug| 75.8 0

11-Jul | 77.3 | 0.17 11-Aug| 73.2 0

12-Jul | 72.6 | 2.16 12-Aug| 73.5 | 0.13

13-Jul | 76.2 0 13-Aug| 74.0 | 1.17

14-Jul | 79.6 0 14-Aug| 67.6 | 0.04

15-Jul | 81.6 | 0 | 6™ Cover |[15-Aug| 63.9 | ©

16-Jul | 82.8 0 16-Aug| 65.5 0

17-Jul | 82.3 0 17-Aug| 66.2 0

18-Jul | 84.3 0 18-Aug| 67.7 0

19-Jul | 85.8 | 0.01 19-Aug| 69.0 0 18-dph

20-Jul | 83.5 0 20-Aug| 734 0

21-Jul | 78.4 | 0.52 21-Aug| 75.0 0

22-Jul | 77.8 0 22-Aug| 74.7 | 0.11

23-Jul | 77.6 | 0.21 23-Aug| 71.1 0

24-Jul | 75.7 0 24-Aug| 68.3 0

25-Jul | 66.4 0 25-Aug| 65.5 0

26-Jul | 70.7 0 26-Aug| 70.8 | 0.41

27-Jul | 73.1 0 27-Aug| 76.6 | 0.08

28-Jul | 72.9 | 2.23 28-Aug| 70.6 | 1.55 9-dph

29-Jul | 72.1 | 0.29 29-Aug| 72.9 | 0.01

30-Jul | 69.6 0 7" Cover 30-Aug| 72.4 0

31-Jul' | 70.8 0 31-Aug| 77.2 0
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TABLE 2. Blossom Blight Canker Incidence and Severity *

% Shoots w. | # Cankers
Treatment? Rate /A Timing Canker® per Shoot?
Non-treated control |- e 26.3a 0.33a
Indar 2F + Latron B-1956 9floz+ 16 fl oz P, B, PF
Bravo Ultrex 82.5WDG + Rally 40WSP  |3.31b+50z SS
Captan 80WDG + Rally 40WSP 3.75Ib+50z 1C-3C
Captan 80WDG 3.751b 4C-8C
Indar 2F + Latron B-1956 9floz +16fl oz 18,9, 1 dph 00c 0.00d
Vangard 75WG 50z P, B, PF, SS-3C
Merivon 500SC + LI-700 6.5floz+1qt/100 |18,9, 1dph 2.5bc 0.03 bed
Rovral 4F 2 pt P, B, PF, SS-3C
Merivon 500SC + Cohere 6.5floz + 1 pt/100 |18, 9, 1dph 00c 0.00d
Cueva 0.16F 2qt P, PF
Vangard 75WG 50z B
Bravo Ultrex 82.5WDG + Rally 40WSP  |3.31b+50z SS
Cueva 0.16F 2qt 1C, 3C,5C, 7C
Captan 80WDG + Rally 40WSP 3.75Ib+50z 2C
Captan 80WDG 3.751b 4C, 6C, 8C
Cueva 0.16F 2qt 18, 9 dph
Indar 2F + Latron B-1956 9floz +16fl oz 1 dph 75D 0.09b
Cueva 0.16F + Double Nickel LC 2qt+1qt P, PF
Vangard 75WG 50z B
Bravo Ultrex 82.5WDG + Rally 40WSP  |3.31b+ 50z SS
Cueva 0.16F + Double Nickel LC 2qt+1qt 1C, 3C,5C, 7C
Captan 80WDG + Rally 40WSP 3.75Ib+50z 2C
Captan 80WDG 3.751b 4C, 6C, 8C
Cueva 0.16F + Double Nickel 2qt+1qt 18, 9 dph
Indar 2F + Latron B-1956 9floz +16fl oz 1 dph 75D 0.08 bc
Fontelis 1.67SC 20 fl oz P, B, PF
Bravo Ultrex 82.5WDG + Rally 40WSP  |3.31b+50z SS
Captan 80WDG + Rally 40WSP 3.75Ib+50z 1C-3C
Captan 80WDG 3.751b 4C-8C
Fontelis 1.67SC 20 fl oz 18,9, 1 dph 13c 0.01cd
Rovral 4F + Latron B-1956 15pt+16floz P, PF
Fracture 2.1SC + Latron B-1956 30.5floz+16floz B
Bravo Ultrex 82.5WDG + Rally 40WSP  |3.31b+50z SS
Captan 80WDG + Rally 40WSP 3.75Ib+50z 1C-3C
Captan 80WDG 3.751b 4C-8C
Indar 2F + Latron B-1956 9floz+16fl oz 18, 1 dph
Fracture 2.1SC + Latron B-1956 30.5fl oz + 16 fl 0z |9 dph 2.5bc 0.03 bed
Topsin M 70WP 151b P, B, PF, SS-3C
Proxitane 1% viv 18,9, 1 dph 0.0c 0.0d

L Blossom blight treatments, rates, and application timings in boldface.
2For Double Nickel and Fracture treatments, spray water pH (5.5) was adjusted with potassium carbonate to pH 6.8 prior to addition of

materials.

3 Means in the same column with the same letter do not differ significantly according to the Waller-Duncan K-ratio t-test (a=0.05, K=100).
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TABLE 3. Rusty Spot Incidence and Severity*

% Infected

# Lesions per

Treatment? Rate /A Timing Fruit® Fruit®
Non-treated control ~ |eeeeem e 38a 0.04 a
Indar 2F + Latron B-1956 9floz+16fl oz P, B, PF

Bravo Ultrex 82.5WDG + Rally 40WSP (3.3 Ib +5 0z SS

Captan 80WDG + Rally 40WSP 3.75Ib+50z 1C-3C

Captan 80WDG 3.751b 4C-8C

Indar 2F + Latron B-1956 9floz+16fl oz 18,9, 1 dph 06a 0.01a
Vangard 75WG 50z P, B, PF, SS-3C

Merivon 500SC + LI1-700 6.5floz+1qt/100 |18,9, 1dph 25a 0.03 a
Rovral 4F 2 pt P, B, PF, SS-3C

Merivon 500SC + Cohere 6.5floz+1pt/100 |18,9, 1dph 19a 0.03a
Cueva 0.16F 2qt P, PF

Vangard 75WG 50z B

Bravo Ultrex 82.5WDG + Rally 40WSP (3.3 Ib+50z SS

Cueva 0.16F 2qt 1C,3C,5C, 7C

Captan 80WDG + Rally 40WSP 3.75Ib+50z 2C

Captan 80WDG 3.751b 4C, 6C, 8C

Cueva 0.16F 2 qt 18, 9 dph

Indar 2F + Latron B-1956 9floz+16fl oz 1 dph 06a 0.01a
Cueva 0.16F + Double Nickel LC 2qt+1qt P, PF

Vangard 75WG 50z B

Bravo Ultrex 82.5WDG + Rally 40WSP (3.3 Ib+50z SS

Cueva 0.16F + Double Nickel LC 2qt+1qt 1C, 3C,5C, 7C

Captan 80WDG + Rally 40WSP 3.75Ib+50z 2C

Captan 80WDG 3.751b 4C, 6C, 8C

Cueva 0.16F + Double Nickel 2qt+1qt 18, 9 dph

Indar 2F + Latron B-1956 9floz+16fl oz 1 dph 06a 0.01a
Fontelis 1.67SC 20 fl oz P, B, PF

Bravo Ultrex 82.5WDG + Rally 40WSP (3.3 Ib+50z SS

Captan 80WDG + Rally 40WSP 3.75Ib+50z 1C-3C

Captan 80WDG 3.751b 4C-8C

Fontelis 1.67SC 20 fl oz 18,9, 1 dph 13a 0.01a
Rovral 4F + Latron B-1956 1.5pt+16floz P, PF

Fracture 2.1SC + Latron B-1956 305floz+16floz |B

Bravo Ultrex 82.5WDG + Rally 40WSP (3.3 Ib +5 0z SS

Captan 80WDG + Rally 40WSP 3.75lb+50z 1C-3C

Captan 80WDG 3.751b 4C-8C

Indar 2F + Latron B-1956 9floz+16fl oz 18, 1 dph

Fracture 2.1SC + Latron B-1956 30.5floz+16floz |9dph 13a 0.0la
Topsin M 70WP 151b P, B, PF, SS-3C

Proxitane 1% viv 18,9, 1 dph 13a 0.01la

! Rusty spot treatments, rates, and application timings in boldface.
2 For Double Nickel and Fracture treatments, spray water pH (5.5) was adjusted with potassium carbonate to pH 6.8 prior to addition of

materials.

% Means in the same column with the same letter do not differ significantly according to the Waller-Duncan K-ratio t-test (¢=0.05, K=100).
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TABLE 4. Scab Incidence and Severity *

% % Fruit | % Fruit
Infected with with
Treatment? Rate / A Timing Fruit® | 1-10 Les® | >10 Les®
Non-treated control ~ |emeem e 90.0a 34.0ab | 56.0a
Indar 2F + Latron B-1956 9floz+16floz |P, B, PF
Bravo Ultrex 82.5WDG + Rally 40WSP (3.3 1b + 5 0z SS
Captan 80WDG + Rally 40WSP 3.75Ib+50z 1C-3C
Captan 80WDG 3.751b 4C-6C, 7C, 8C
Indar 2F + Latron B-1956 9floz+16floz |18,9, 1dph 37.0c 23.0b 140c
Vangard 75WG 50z P, B, PF, SS-3C
Merivon 500SC + LI-700 6.5 fl oz + 1 qt/100 |18, 9, 1 dph 87.0ab | 35.0ab | 52.0ab
Rovral 4F 2 pt P, B, PF, SS-3C
Merivon 500SC + Cohere 6.5 fl oz + 1 pt/100 |18, 9, 1 dph 76.0ab | 23.0b 53.0ab
Cueva 0.16F 2qt P, PF
Vangard 75WG 50z B
Bravo Ultrex 82.5WDG + Rally 40WSP (3.3 1b +5 o0z SS
Cueva 0.16F 2qt 1C,3C,5C, 7C
Captan 80WDG + Rally 40WSP 3.75lb+50z 2C
Captan 80WDG 3.751b 4C, 6C, 8C
Cueva 0.16F 2qt 18, 9 dph
Indar 2F + Latron B-1956 9floz+16floz |1dph 78.0 ab 37.0ab | 41.0ab
Cueva 0.16F + Double Nickel LC 2qt+1qt P, PF
Vangard 75WG 50z B
Bravo Ultrex 82.5WDG + Rally 40WSP (3.3 1b +5 o0z SS
Cueva 0.16F + Double Nickel LC 2qt+1qt 1C, 3C,5C, 7C
Captan 80WDG + Rally 40WSP 3.751b+50z 2C
Captan 80WDG 3.751b 4C, 6C, 8C
Cueva 0.16F + Double Nickel 2qt+1qt 18, 9 dph
Indar 2F + Latron B-1956 9floz+16floz |1dph 78.0 ab 34.0ab | 44.0ab
Fontelis 1.67SC 20 fl oz P, B, PF
Bravo Ultrex 82.5WDG + Rally 40WSP (3.3 1b +5 0z SS
Captan 80WDG + Rally 40WSP 3.75Ib+50z 1C-3C
Captan 80WDG 3.751b 4C-6C, 7C, 8C
Fontelis 1.67SC 20 fl oz 18,9, 1 dph 49.0c 33.0ab | 16.0c
Rovral 4F + Latron B-1956 15pt+16floz |P, PF
Fracture 2.1SC + Latron B-1956 305floz+16floz |B
Bravo Ultrex 82.5WDG + Rally 40WSP (3.3 1b +5 0z SS
Captan 80WDG + Rally 40WSP 3.751b+50z 1C-3C
Captan 80WDG 3.751b 4C-6C, 7C, 8C
Indar 2F + Latron B-1956 9floz+16floz |18,1dph
Fracture 2.1SC + Latron B-1956 30.5floz+ 16 floz |9 dph 77.0ab | 46.0a 31.0 bc
Topsin M 70WP 151b P, B, PF, SS-3C
Proxitane 1% viv 18,9, 1 dph 71.0b 36.0ab | 35.0abc

1 Scab treatments, rates, and application timings in boldface. Because scab has a minimum incubation period of 42 days (time from infection to
visible symptoms on fruit), spray applications less than 42 days prior to the scab assessment are not in boldface.
2 For Double Nickel and Fracture treatments, spray water pH (5.5) was adjusted with potassium carbonate to pH 6.8 prior to addition of

materials.

3 Means in the same column with the same letter do not differ significantly according to the Waller-Duncan K-ratio t-test (¢=0.05, K=100).
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TABLE 5. Brown Rot Harvest and Postharvest Incidence!

% Infected Fruit?

Treatment® Rate / A Timing Harvest | 3-DPH | 7-DPH
Non-treated control ~ |emeeem s 435a 37.0a 69.0 a
Indar 2F + Latron B-1956 9floz+16floz P, B, PF

Bravo Ultrex 82.5WDG + Rally 40WSP  [3.31b+50z SS

Captan 80WDG + Rally 40WSP 3.75Ib+50z 1C-3C

Captan 80WDG 3.751b 4C-6C, 7C, 8C

Indar 2F + Latron B-1956 9floz+16floz 18,9, 1 dph 52cd 8.0b 56.0 a
Vangard 75WG 50z P, B, PF, SS-3C

Merivon 500SC + L1-700 6.5fl oz +1qt/100 |18,9, 1dph 56cd | - | -

Rovral 4F 2 pt P, B, PF, SS-3C

Merivon 500SC + Cohere 6.5 fl oz + 1 pt/100 |18, 9, 1dph 19d | - | -

Cueva 0.16F 2qt P, PF

Vangard 75WG 50z B

Bravo Ultrex 82.5WDG + Rally 40WSP  [3.31b+50z SS

Cueva 0.16F 2qt 1C, 3C,5C, 7C

Captan 80WDG + Rally 40WSP 3.75Ib+50z 2C

Captan 80WDG 3.751b 4C, 6C, 8C

Cueva 0.16F 2qt 18, 9 dph

Indar 2F + Latron B-1956 9floz+ 16 fl oz 1dph 41cd 120b 73.0a
Cueva 0.16F + Double Nickel LC 2qt+1qt P, PF

Vangard 75WG 50z B

Bravo Ultrex 82.5WDG + Rally 40WSP  [3.31b+50z SS

Cueva 0.16F + Double Nickel LC 2qt+1qt 1C, 3C,5C, 7C

Captan 80WDG + Rally 40WSP 3.75Ib+50z 2C

Captan 80WDG 3.751b 4C, 6C, 8C

Cueva 0.16F + Double Nickel 2qt+1qt 18, 9 dph

Indar 2F + Latron B-1956 9floz+ 16 fl oz 1dph 11.1 bc 25.0ab | 64.0a
Fontelis 1.67SC 20 fl oz P, B, PF

Bravo Ultrex 82.5WDG + Rally 40WSP  [3.31b+50z SS

Captan 80WDG + Rally 40WSP 3.75Ib+50z 1C-3C

Captan 80WDG 3.751b 4C-6C, 7C, 8C

Fontelis 1.67SC 20 fl oz 18,9, 1 dph 2.6d 11.0b 62.0 a
Rovral 4F + Latron B-1956 15pt+16floz P, PF

Fracture 2.1SC + Latron B-1956 305floz+16floz |B

Bravo Ultrex 82.5WDG + Rally 40WSP  [3.31b+50z SS

Captan 80WDG + Rally 40WSP 3.75Ib+50z 1C-3C

Captan 80WDG 3.751b 4C-6C, 7C, 8C

Indar 2F + Latron B-1956 9floz+16floz 18, 1 dph

Fracture 2.1SC + Latron B-1956 30.5floz+16floz |9 dph 3.6d 21.0ab | 66.0a
Topsin M 70WP 151b P, B, PF, SS-3C

Proxitane 1% viv 18,9, 1 dph 206D 33.0a 74.0a

L Brown rot treatments, rates, and application timings in boldface.
2 Means in the same column with the same letter do not differ significantly according to the Waller-Duncan K-ratio t-test (¢=0.05, K=100).
% For Double Nickel and Fracture treatments, spray water pH (5.5) was adjusted with potassium carbonate to pH 6.8 prior to addition of

materials.
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TABLE 6. Rhizopus Rot Harvest and Postharvest Incidence’

% Fruit Infected 2

Treatment® Rate /A Timing Harvest | 3-DPH | 7-DPH
Non-treated control ~ |emeemem e 0.0a 0.0a 12.0a
Indar 2F + Latron B-1956 9floz+16floz P, B, PF

Bravo Ultrex 82.5WDG + Rally 40WSP  [3.31b+50z SS

Captan 80WDG + Rally 40WSP 3.75Ib+50z 1C-3C

Captan 80WDG 3.751b 4C-6C, 7C, 8C

Indar 2F + Latron B-1956 9floz+ 16 fl oz 18,9, 1 dph 00a 00a 70a
Vangard 75WG 50z P, B, PF, SS-3C

Merivon 500SC + L1-700 6.5fl oz +1qt/100 |18,9, 1dph 03a | - | -
Rovral 4F 2 pt P, B, PF, SS-3C

Merivon 500SC + Cohere 6.5 fl oz + 1 pt/100 |18, 9, 1 dph 00a | - | -
Cueva 0.16F 2qt P, PF

Vangard 75WG 50z B

Bravo Ultrex 82.5WDG + Rally 40WSP  [3.31b+50z SS

Cueva 0.16F 2qt 1C, 3C,5C, 7C

Captan 80WDG + Rally 40WSP 3.75Ib+50z 2C

Captan 80WDG 3.751b 4C, 6C, 8C

Cueva 0.16F 2qt 18, 9 dph

Indar 2F + Latron B-1956 9floz+16floz |1dph 0.0a 1.0a 9.0a
Cueva 0.16F + Double Nickel LC 2qt+1qt P, PF

Vangard 75WG 50z B

Bravo Ultrex 82.5WDG + Rally 40WSP  [3.31b+50z SS

Cueva 0.16F + Double Nickel LC 2qt+1qt 1C, 3C,5C, 7C

Captan 80WDG + Rally 40WSP 3.75Ib+50z 2C

Captan 80WDG 3.751b 4C, 6C, 8C

Cueva 0.16F + Double Nickel 2qt+1qt 18, 9 dph

Indar 2F + Latron B-1956 9floz+16floz |1dph 0.0a 40a | 110a
Fontelis 1.67SC 20 fl oz P, B, PF

Bravo Ultrex 82.5WDG + Rally 40WSP  [3.31b+50z SS

Captan 80WDG + Rally 40WSP 3.75Ib+50z 1C-3C

Captan 80WDG 3.751b 4C-6C, 7C, 8C

Fontelis 1.67SC 20 fl oz 18,9, 1 dph 0.0a 0.0a 8.0a
Rovral 4F + Latron B-1956 15pt+16floz P, PF

Fracture 2.1SC + Latron B-1956 305floz+16floz |B

Bravo Ultrex 82.5WDG + Rally 40WSP  [3.31b+50z SS

Captan 80WDG + Rally 40WSP 3.75Ib+50z 1C-3C

Captan 80WDG 3.751b 4C-6C, 7C, 8C

Indar 2F + Latron B-1956 9floz+16floz 18, 1 dph

Fracture 2.1SC + Latron B-1956 30.5floz+16floz |9 dph 00a 00a | 150a
Topsin M 70WP 151b P, B, PF, SS-3C

Proxitane 1% viv 18,9, 1 dph 00a 00a 16.0 a

L Rhizopus rot treatments, rates, and application timings in boldface.
2 Means in the same column with the same letter do not differ significantly according to the Waller-Duncan K-ratio t-test (¢=0.05, K=100).
% For Double Nickel and Fracture treatments, spray water pH (5.5) was adjusted with potassium carbonate to pH 6.8 prior to addition of

materials.
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PEACH BACTERIAL SPOT MANAGEMENT:
COMPARISON OF COPPER COMPOUNDS AND RATES

Norman Lalancette, Joshua Gager, and Kathleen McFarland
Rutgers University, Agricultural Research and Extension Center
Bridgeton, NJ 08302

The current standard rate range for copper-based bactericides in peach bacterial spot programs is
0.25-0.5 oz of actual or metallic copper per acre (¥2-1X). These programs begin at petal fall or early
shuck-split and continue with consecutive cover sprays throughout the summer. Low rates are necessary
to lessen foliar phytotoxicity, while frequent applications are needed to provide consistent coverage.

In this study, efficacy comparisons were made between the standard Kocide 3000 (copper
hydroxide), Badge X, (copper oxychloride + copper hydroxide), Nordox (cuprous oxide), and the
organometallic Cueva (copper octanoate). All materials were examined at 2X and 4X rates (1 oz and 2 o0z
Cu/A, respectively) to determine if higher rates can improve disease control without increasing foliar
phytotoxicity.

MATERIALS AND METHODS

Orchard Site. The test orchard consisted of a mature 7-to-9-year-old peach block with trees planted
at 25’ x 25’ spacing. The cultivar was highly susceptible O’'Henry grafted on either Halford or Lovell
rootstock. The experiment was initially conducted during the spring and summer of the 2012 growing
season. The study was repeated in 2013 to provide a second experimental replication.

Treatments. In each year of the study, bactericide treatments were replicated four times in a
randomized complete block design with single tree plots. Treatment trees were surrounded on all sides by
non-sprayed buffer trees. A Rears Pak-Blast-Plot airblast sprayer calibrated to deliver 100 gal/A at 100 psi
traveling at 2.1 mph was used for applications. Insecticides and miticides were applied as needed to the
entire block using a commercial airblast sprayer. Sprays were applied every 6-11 days starting at shuck
split. Treatment application dates and phenological timing are shown in Tables 1 and 2 for 2012 and
2013, respectively.

Available water for spraying was acidic (pH=4.3). Under these conditions, the copper in many copper
compounds can become disassociated and solubilized, thereby affecting performance. Thus, an alkaline
buffer, potassium carbonate, was used to adjust the pH of the water to 6.5-7.0 prior to mixing in the
bactericides.

Assessment. “Marketable fruit” assessments were performed on 12 Aug12 and 2Augl13 by
examining 25 fruit per tree. Fruit were graded based on the size of lesions and the area of fruit surface
they covered. The grading method was based on interviews with three NJ growers about their standards
for categorizing marketable and unmarketable fruit. Definitions for the grades are given in Table 3-6
footnotes.

In 2012, a foliar assessment was performed on 23-25 July by examining 10 vegetative shoots per
tree. The number of leaves abscised and present were counted on each shoot. In 2013, five vegetative
shoots were tagged on each treatment tree. In this year, defoliation assessments were conducted on
these same tagged shoots on 4 June, 25 June, and 25 July.

Weather Data. Air temperatures and rainfall data were recorded by a Campbell Scientific 21X data
logger located at the research station. Observations were taken every minute and summarized every
hour. Hourly temperature and rainfall data were averaged and summed, respectively, for each day of the
growing season (Tables 1 and 2). Monthly temperature averages and rainfall accumulations were
compared to the 30-year means or sums, respectively, for Bridgeton, NJ.
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Statistical Analysis. Given that each bactericide was tested at the same two rates of metallic copper,
the combined two-year data set was analyzed as a factorial design. The main effects block, year,
bactericide, and rate and their interactions were examined in the analyses of variance (ANOVA). Main
effects means were compared using Tukey's mean comparison procedure.

Due to a significant year X bactericide interaction in the factorial analyses, separate ANOVAs were also
performed for each year. The specific treatment means were compared using the Waller-Duncan Bayes
test. All analyses were performed using the General Linear Models (GLM) procedure of SAS v9.3. Arcsin
transformations were performed as needed to correct for departures from the ANOVA assumptions.

RESULTS AND DISCUSSION

Environment. In 2012, the month of March had unseasonably warm temperatures (7.72°F above
average), which were conducive to early season inoculum production. Overall, the 2012 growing season
(Apr — Aug) had temperatures and rainfall very close to average (Table 1). Rainfall in April, May, and July
were 1.18, 0.81, and 2.64 inches below the 30-year average, respectively while June and August had
rainfall 4.05 and 1.03 inches above average, respectively. Temperatures in April, May, and July were 0.8°,
3.0°, and 0.9°F above average, respectively. June and July temperatures were 1.8° and 0.6°F below
average, respectively. Average monthly temperatures this growing season were: Apr 53.8°F, May 66.0°F,
Jun 70.7°F, Jul 77.6°F, and Aug 74.6°F. A total of 30 days with rainfall = 0.10” were observed between
shuck-split on 19 Apr to the final assessment on 12 Aug.

Overall, the 2013 growing season had average to below average temperatures and above average
rainfall. Air temperatures during April, May, June, and July were near normal to slightly above normal from
the 30-year mean by only 0.2 to 1.4°F (Table 1). However, August temperatures averaged about 4°F below
normal. Rainfall during April and May was well below normal; precipitation was 2.09 and 1.55 inches less
than the 30-year average, respectively. In contrast, rainfall accumulations in June, July, and August were
extremely high, totaling 12.13, 6.47, and 4.73 inches, respectively, or 11.48 inches total above normal for
the three month period. Precipitation >0.10 inches was recorded on 31 of the 92 days (34%) during this
three month period.

Factorial Analysis. Results of the factorial analysis of variance on the combined 2012-2013 data set
indicated that the overall models were significant for both grade 1 and grade 1+2 dependent variables
(Table 3). The year and rate main effects were highly significant in the ANOVA for both dependent
variables. As would be expected given this outcome, the overall year (2012 vs. 2013) and rate (1 oz vs. 2
0z) main effects means were significantly different from each other (Table 4).

For both grade 1 and grade 1+2 data, the bactericide main effect was not significant (Table 3), and no
significant differences among the overall bactericide main effects means were observed (Table 4).
However, a significant year X bactericide interaction for the grade 1+2 variable indicated that differences
among bactericide means varied across the two years (Table 3). Thus, specific treatment means needed
to be examined within each year.

Fruit Treatment Means - 2012. Disease pressure in 2012 was high. Only 23.5% of non-treated fruit
were marketable (grades 1+2), and only 10.3% or about half of these fruit were of the higher quality grade
1 category (Table 5). Except for the 1 oz rates of Badge and Nordox, all bactericide treatments
significantly increased the percentage of grade 1 fruit. Similarly, except for the 1 oz rate of Badge, all
treatments significantly increased the percent of total marketable fruit.

As would be expected given the significant rate main effect in the ANOVA (Table 3), the higher 2 oz
rate treatments provided the best disease control, and therefore the most grade 1 and grade 1+2 fruit
(Table 5). The most effective of these treatments were Badge, Nordox, and Cueva, which provided a 7-8
fold increase in grade 1 fruit and a 72-86% reduction in culls. However, none of these bactericides were
significantly better than the Kocide standard. Furthermore, it is worth noting that trees receiving the 1 oz
rates of Kocide and Cueva had statistically equivalent levels of marketable fruit to all of the 2 oz rate
treatments, although their levels were numerically lower.
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Fruit Treatment Means — 2013. In contrast to 2012, disease pressure in 2013 was much lower (Table
6). Seventy-five percent of non-treated fruit were marketable, with 42% of these fruit rated as grade 1.
Under these conditions, none of the bactericide treatments resulted in significantly more total marketable
fruit (grade 1+2) than the non-treated control. This lack of treatment differences among means in 2013,
compared to the differences observed in 2012, resulted in the significant interaction in the overall ANOVA.

Although no differences were observed for total marketable fruit, some treatment separation did occur
for the grade 1 dependent variable (Table 6). The 2 oz rates of all four bactericides plus the 1 oz rate of
Nordox significantly increased the amount of grade 1 fruit. The 1 oz rates of Kocide and Badge provided
an intermediate response; their means were not significantly different from both their respective 2 oz rate
treatments and the non-treated control. Cueva at 1 0z was the least effective treatment in 2013, providing
the lowest total marketable fruit and grade 1 fruit; however, note Cueva performed better in 2012.

Defoliation - 2012. Non-treated trees in 2012 had 72.8% defoliation by the end of July (Table 7).
There were no differences in defoliation between the non-treated control and any of the treatments. The
level of defoliation was high on the non-treated control because of the high disease pressure and the high
susceptibility of O'Henry peach to bacterial spot. The defoliation on treatment trees was likely the result of
a combination of bacterial spot and copper phytotoxicity.

Defoliation — 2013. Both bacterial spot and copper phytotoxicity can cause defoliation, making it
difficult to determine whether one or both of these factors is producing leaf loss. However, multiple foliage
assessments in 2013, along with results from the non-treated control, provided a better determination of
how these two factors contributed to leaf loss.

At the first assessment on 4 June, leaf loss from bacterial spot was minimal, as indicated by only 3.7%
leaves abscised on the non-treated control (Table 8). All treatments had significantly higher amounts of
defoliation at this time. Given that defoliation from bacterial spot was low on the control, the majority of this
treatment leaf loss can be attributed to copper phytotoxicity. Furthermore, for each of the bactericides,
increasing the rate of copper from 1 to 2 0z/A significantly increased defoliation.

By the second assessment on 25 June, leaf loss from bacterial spot had increased by 26.6% to a total
30.3% on the non-treated control (Table 8). However, defoliation for the high rate Kocide, Badge, Nordox,
and Cueva treatments increased by only 0.3, 10.7, 7.1, and 1.6% (ave = 4.9%), respectively. This outcome
indicated that these treatments were controlling bacterial spot foliar infection while not causing much
additional leaf loss from phytotoxicity.

In contrast to the high rate treatments, defoliation increased considerably between the first two
assessments for three of the low rate treatments (Table 8). Defoliation for the low rate Kocide, Badge,
Nordox, and Cueva treatments increased by 14.7, 11.9, 10.1, and 3.8% (ave = 10.1%), respectively. This
increase must be due to the inability of the lower rate to control bacterial spot foliar infection and not
phytotoxicity since the latter was not observed to increase appreciably for the high rate treatments during
the same period.

Finally, regardless of these differences in defoliation during June, few significant differences among
treatments were observed by the final assessment on 25 July (Table 8). Leaf loss across all treatments by
late July ranged from 55.1 to 66.2%.

CONCLUSIONS

< In general, the 2 oz/A rate (4X) of metallic copper provided more control of bacterial spot on fruit than
the 1 oz/Arate (2X). This rate effect was more evident in 2013, when disease pressure was higher.

% When compared at the same rate of metallic copper, few significant differences in efficacy were
observed among the four copper bactericides. The high rate of Badge X, consistently provided the
most grade 1 fruit in both years and the highest amount of marketable fruit in 2012, but these levels
were not significantly higher than those of the other bactericides.
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Defoliation from bacterial spot leaf infection in 2012 was extremely high as observed on the non-
treated control. Defoliation on treated trees, which can occur from either or both infection or
phytotoxicity, was not significantly different from this control. Thus, it was not possible to determine if
treatments were controlling foliar infection and/or causing leaf loss through phytotoxic effect.

The 2013 defoliation results showed that (i) copper can cause significant leaf loss, and the degree
of this loss is initially rate dependent (assessment #1); (ii) the high rate of copper controlled bacterial
leaf spot infection better than the low rate (assessment #2); and (iii) after many sprays, the difference
in defoliation between copper rates is minimized (assessment #3 & 2012 results). In general, low rate
treatments allowed more leaf loss from bacterial spot, while high rate treatments better controlled
bacterial spot but simultaneously caused more leaf loss from phytotoxicity.

Overall tree defoliation was most likely not the same as that observed on the tagged vegetative
shoots, which ranged from 55% (2013) to 80% (2012) leaf loss. These shoots were located on the
outer periphery of the treatment trees to insure 100% coverage. Shoots located further within the
canopy and at tree tops had less defoliation, perhaps due to less than perfect coverage. Growth of
lateral, axial shoots also compensated for vegetative shoot leaf abscission. These laterals were not
assessed.
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Table 1. Weather and spray timings for 2012 growing season at the Rutgers Agricultural Research &
Extension Center, Bridgeton, NJ. Sprays are indicated by bolded phenological stage. Units for daily
average air temperature and rainfall accumulation are °F and inches.

Date Temp Rain Spray Date Temp Rain Spray
15-Apr 66.6 0.01 16-May 71.0 0 3" Cover
16-Apr 72.5 0 17-May 64.3 0
17-Apr 70.8 0 18-May 60.5 0
18-Apr 54.6 0 19-May 63.5 0
19-Apr 56.9 0.01 Shuck Split 20-May 64.6 0
20-Apr 58.0 0 21-May 64.0 0
21-Apr 64.9 0.26 22-May 66.5 0.04
22-Apr 51.8 1.7 23-May 67.7 0.01 4™ Cover
23-Apr 46.1 0.27 24-May 70.5 0
24-Apr 50.2 0 25-May 72.0 0
25-Apr 52.2 0 26-May 72.9 0
26-Apr 534 0 27-May 75.6 0
27-Apr 52.6 0.18 28-May 78.0 0
28-Apr 44.0 0 29-May 80.5 0
29-Apr 51.9 0.06 30-May 71.5 0.1 5™ Cover
30-Apr 50.7 0 1% Cover 31-May 72.3 0.01
1-May 64.4 0.19 1-Jun 67.8 0.1
2-May 56.0 0.19 2-Jun 66.7 0.35
3-May 56.6 0.13 3-Jun 65.1 0.11
4-May 63.5 0 4-Jun 61.2 0.66
5-May 63.7 0.01 5-Jun 58.9 0
6-May 59.0 0 6-Jun 61.7 0 6" Cover
7-May 55.8 0 7-Jun 66.5 0.32
8-May 63.2 0 8-Jun 68.6 0.01
9-May 65.2 0.99 9-Jun 74.6 0
10-May 59.1 0.47 10-Jun 77.8 0
11-May 58.1 0 2" Cover 11-Jun 73.1 0
12-May 63.1 0 12-Jun 69.2 1.33
13-May 67.6 0 13-Jun 70.6 2.59
14-May 66.1 0 14-Jun 69.0 0 7" Cover
15-May 67.8 0.8 15-Jun 67.1 0
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Table 1 — continued —

Date Temp Rain Spray Date Temp Rain Spray
16-Jun 66.5 0 17-Jul 82.9 0
17-Jun 64.5 0 18-Jul 85.5 0
18-Jun 62.2 0 19-Jul 76.1 0
19-Jun 70.1 0.04 20-Jul 70.7 0.42
20-Jun 79.8 0 8" Cover 21-Jul 68.8 0
21-Jun 83.7 0 22-Jul 72.6 0
22-Jun 81.5 0.49 23-Jul 77.8 0 Foliar
23-Jun 74.8 0.89 24-Jul 80.3 0.26
24-Jun 74.3 0 25-Jul 76.1 0.16
25-Jun 75.2 0 26-Jul 78.8 0 12™ Cover
26-Jun 66.5 0 27-Jul 78.6 0.02
27-Jun 69.7 0 28-Jul 79.9 0.03
28-Jun 76.1 0 9" Cover 29-Jul 74.1 0
29-Jun 80.6 0.54 30-Jul 74.4 0
30-Jun 79.0 0.82 31-Jul 73.4 0
1-Jul 81.4 0 1-Aug 72.1 1.19
2-Jul 78.5 0 2-Aug 76.4 0
3-Jul 77.6 0 3-Aug 79.3 0
4-Jul 80.5 0 4-Aug 79.6 0
5-Jul 84.7 0 5-Aug 81.3 0
6-Jul 81.3 0 10" Cover 6-Aug 78.4 1.16
7-Jul 84.6 0 7-Aug 75.4 0
8-Jul 81.6 0 8-Aug 77.2 0
9-Jul 76.8 0.24 9-Aug 7.7 0
10-Jul 73.7 0 10-Aug 76.8 0.15
11-Jul 74.5 0 11-Aug 77.4 0.01
12-Jul 73.4 0 12-Aug 75.5 0.03 Fruit
Assessment
13-Jul 74.9 13-Aug 73.2 0
14-Jul 74.3
15-Jul 80.1 0.3
16-Jul 78.9 0 11" Cover

67




Table 2. Weather and spray timings for 2013 growing season at the Rutgers Agricultural Research &
Extension Center, Bridgeton, NJ. Sprays are indicated by bolded phenological stage. Units for daily
erature and rainfall accumulation are °F and inches.

average air tem

Date |[Temp| Rain | Spray Date |Temp | Rain | Spray Date |Temp| Rain | Spray
1-Apr | 50.8 | 0.01 1-May | 54.4 0 1-Jun | 79.2 0 |Foliar1
2-Apr | 39.1| O 2-May | 55.1 | O 2-Jun | 785 | 1.17
3-Apr | 39.3 0 3-May | 535 | O 3-Jun | 70.9 | 0.2
4-Apr | 37.6 0 4-May | 53.6 0 4-Jun | 66.3 0
5-Apr | 42.7 | 0.37 5May | 5.0 | 0 5Jun | 653 | 0 C(‘)‘:/her
6-Apr | 430 | 0 6-May | 540 | 0 SShrl)JI(i:tk 6-Jun | 642 | 0
7-Apr | 480 | © 7-May | 58.7 | 0.11 7-Jun | 66.9 | 3.34
8-Apr | 61.0 0 8-May | 62.5 | 0.11 8-Jun | 68.5 | 0.54
9-Apr | 70.0 0 9-May | 62.3 | 0.75 9-Jun | 70.7 0
10-Apr | 73.0 | 0.01 10-May| 67.4 0 10-Jun| 70.1 | 0.35
11-Apr| 62.0 | 0.01 11-May| 66.9 | 0.68 11-Jun| 74.1 | 0.21
12-Apr | 48.0 | 1.00 12-May| 60.5 | 0.21 12-Jun| 74.8 0 C(?::er
13-Apr | 50.0 0 13-May| 50.4 0 13-Jun| 71.4 | 1.64
14-Apr| 51.0 | © 14-May| 48.4 | 0 |[1%Cover| |14-Jun| 63.4 | 0.12
15-Apr | 51.8 0 15-May| 61.0 | 0.02 15-Jun| 68.4 0
16-Apr | 58.3 0 16-May| 69.5 0 16-Jun| 71.3 | 0.38
17-Apr | 61.5 0 17-May| 66.7 0 17-Jun| 73.0 | 1.66
18-Apr | 58.0 0 18-May| 60.8 | 0.06 18-Jun | 67.9 | 0.64
19-Apr | 65.7 | 0.1 19-May| 60.7 | 0.11 19-Jun| 67.6 0
20-Apr | 52.8 | 0.47 20-May| 69.8 0 20-Jun| 66.4 0
21-Apr| 445 | 0 21-May| 723 | © 21-Jun| 67.3 | O
22-Apr | 42.8 0 22-May| 74.1 0 [2" Cover 22-Jun| 69.3 0
23-Apr | 46.4 0 23-May| 72.5 | 0.17 23-Jun| 724 | 0.21
24-Apr | 53.2 0 24-May| 59.2 | 0.14 24-Jun| 784 | 0.1
25-Apr | 54.4 0 25-May| 53.5 0 25-Jun| 77.9 0 |Foliar 2
26-Apr | 53.3 0 26-May| 58.2 0 26-Jun| 79.8 0
27-Apr| 52.9 0 27-May| 58.9 0 27-Jun| 77.2 | 0.53
28-Apr | 54.6 0 28-May| 61.0 | 0.16 28-Jun| 76.6 | 1.02
29-Apr| 54.9 | 0.52 29-May| 74.7 0 |3 Cover 29-Jun| 75.6 | 0.01
30-Apr | 57.9 | 0.02 30-May| 78.9 0 30-Jun| 75.3 | 0.01
31-May| 79.1 0
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Table 2 — continued —

Date |Temp | Rain Spray Date |Temp| Rain Spray Date |Temp| Rain Spray
1-Jul | 74.5 | 0.35 1-Aug | 69.4 | 0.54
2-Jul | 76.3 | 0.26 2-Aug | 741 | O A';;‘éiés
3-Jul | 77.6 | 0.23 | 6" Cover || 3-Aug | 71.5 | 0.02
4-Jul | 80.0 0 4-Aug | 69.6 | 0.01
5-Jul | 80.8 0 5-Aug | 66.3 0
6-Jul | 82.7 0 6-Aug | 65.4 | 0.02
7-Jul | 82.0 0 7-Aug | 69.5 | 0.39
8-Jul | 76.8 | 0.04 8-Aug | 76.1 | 0.05
9-Jul | 78.1 0 9-Aug | 78.3 | 0.20
10-Jul | 80.4 0 10-Aug| 75.8 0
11-Jul | 77.3 | 0.17 | 7" Cover |[11-Aug| 73.2 | ©
12-Jul | 72.6 | 2.16 12-Aug| 73.5 | 0.13
13-Jul | 76.2 0 13-Aug| 74.0 | 1.17
14-Jul | 79.6 0 14-Aug| 67.6 | 0.04
15-Jul | 81.6 0 15-Aug| 63.9 0
16-Jul | 82.8 0 16-Aug| 65.5 0
17-Jul | 82.3 0 17-Aug| 66.2 0
18-Jul | 84.3 0 18-Aug| 67.7 0
19-Jul | 85.8 | 0.01 | 8" Cover [[19-Aug| 69.0 | ©
20-Jul | 83.5 0 20-Aug| 734 0
21-Jul | 78.4 | 0.52 21-Aug| 75.0 0
22-Jul | 77.8 0 22-Aug| 74.7 | 0.11
23-Jul | 77.6 | 0.21 23-Aug| 71.1 0
24-Jul | 75.7 0 24-Aug| 68.3 0
25-Jul | 66.4 0 Foliar 3 ||25-Aug| 65.5 0
26-Jul | 70.7 0 26-Aug| 70.8 | 0.41
27-Jul | 73.1 0 27-Aug| 76.6 | 0.08
28-Jul | 72.9 | 2.23 28-Aug| 70.6 | 1.55
29-Jul | 72.1 | 0.29 29-Aug| 72.9 | 0.01
30-Jul | 69.6 0 30-Aug| 72.4 0
31-Jul' | 70.8 0 31-Aug| 77.2 0
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Table 3. Factorial Analysis of Variance of Market Grade Data® from 2012 and 2013

Grade 1 Grade 1 +2
Source df F P>F F P>F
MODEL 18 3.64 0.0002** 3.54 0.0003**
Block 3 0.83 0.4835 0.38 0.7664
Year 1 8.63 0.0052** 13.02 0.0008**
Bactericide 3 0.46 0.7146 0.44 0.7279
Rate 1 31.79 <.0001** 23.20 <.0001**
Year x Bactericide 3 2.06 0.1194 3.03 0.0393*
Year x Rate 1 0.37 0.5437 0.90 0.3484
Bactericide x Rate 3 1.99 0.1288 1.17 0.3316
Year x Bactericide x Rate 3 3.58 0.0212* 4.36 0.0089**
ERROR 44

! Market grade 1 = total lesion area no larger than 1/8” diameter; Market grade 2 = total lesion area no larger than 3/16”
diameter and no single lesion larger than 1/8”; Cull = total lesion area larger than 3/16” and/or single lesion larger than

1/8”.
Table 4. Comparison of Factorial Main Effects Means®
% Fruit in Category®
Main Effect Level Grade 1 Grade 1+2
Year 2012 57.0b 69.8 b
2013 68.8 a 82.8a
Bactericide Kocide 3000 59.1a 74.2 a
Cueva 61.3 a 73.5a
Badge X, 65.6 a 78.0a
Nordox 66.1 a 80.1a
Rate (Cu/A) loz 51.0b 67.5b
20z 745 a 85.0 a
! Level means within each main effect having the same letter are not significantly different according to
Tukey’s mean comparison procedure (a = 0.05).
2 Market grade 1 = total lesion area no larger than 1/8” diameter; Market grade 2 = total lesion area no larger than
3/16” diameter and no single lesion larger than 1/8”; Cull = total lesion area larger than 3/16” and/or single lesion
larger than 1/8”.
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TABLE 5. Treatment Mean Comparison for 2012 Market Fruit Grades

% Fruit in Category

Market Market Market
Treatment Rate/A |Rate Cu/A |Timing | Gradel1? | Grade?2? | Grades 1+2 Cull?
Non-treated control | --------  |-==----- | —-eee- 10.3¢ 13.3a 235d 76.5a
Kocide 3000 30DF 3.30z 1.00z SS-12C 54.0 ab 14.0a 68.0 abc 32.0 bc
Kocide 3000 30DF 6.6 0z 200z SS-12C 54.5 ab 16.4a 70.9 ab 29.1bc
Badge X, 28DF 3.6 0z 1.00z SS-12C 31.4bc 145a 46.0 cd 54.0 ab
Badge X, 28DF 7.10z 2.00z SS-12C 80.0a 9.0a 89.0a 110c
Nordox 75WG 130z 1.00z SS-12C 32.0bc 20.0a 52.0 bc 48.0b
Nordox 75WG 2.70z 2.00z SS-12C 718a 6.5a 78.3a 218¢c
Cueva 0.16F 50floz |1.00z SS-12C 54.0 ab 14.0a 68.0 abc 32.0 bc
Cueva 0.16F 100 floz |2.00z SS-12C 72.0a 10.0a 82.0a 18.0c

1 Market grade 1 = total lesion area no larger than 1/8” diameter; Market grade 2 = total lesion area no larger than 3/16” diameter and no single
lesion larger than 1/8”; Cull = total lesion area larger than 3/16” and/or single lesion larger than 1/8”.
2 Means in the same column with the same letter do not differ significantly according to the Waller-Duncan K-ratio t-test (¢=0.05, K=100).

TABLE 6. Treatment Mean Comparison for 2013 Market Fruit Grades®

% Fruit in Category

Market Market Market
Treatment Rate /A |Rate Cu/A |Timing | Grade1? | Grade2? | Grades 1+2 Cull’?
Non-treated control =~ | -------- | --=--= | - 42.0 cd 33.0a 75.0 ab 25.0 ab
Kocide 3000 30DF 3.30z 1.00z SS-8C 55.0 bcd 15.0 be 70.0 ab 30.0 ab
Kocide 3000 30DF 6.6 0z 2.00z SS-8C 73.0ab 15.0 be 88.0a 12.0b
Badge X, 28DF 3.6 0z 1.00z SS-8C 64.0 abc 22.0b 86.0a 140b
Badge X, 28DF 7.10z 2.00z SS-8C 87.0a 40d 91.0a 9.0b
Nordox 75WG 130z 1.00z SS-8C 76.0 ab 17.0 bc 93.0a 7.0b
Nordox 75WG 2.70z 200z SS-8C 76.0 ab 14.0 bed 90.0a 10.0b
Cueva 0.16F 50floz |1.00z SS-8C 37.0d 16.0 bc 53.0b 47.0a
Cueva 0.16F 100floz |2.00z SS-8C 82.0a 9.0 cd 91.0a 9.0b

! Market grade 1 = total lesion area no larger than 1/8” diameter; Market grade 2 = total lesion area no larger than 3/16” diameter and no single
lesion larger than 1/8”; Cull = total lesion area larger than 3/16” and/or single lesion larger than 1/8”.
2 Means in the same column with the same letter do not differ significantly according to the Waller-Duncan K-ratio t-test (¢=0.05, K=100).
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Table 7. Defoliation of Vegetative Shoots in 2012

23-25July
Treatment Rate /A Rate Cu/A Timing % Abscised Leaves'
Non-treated control | - | s | e 72.8a
Kocide 3000 30DF 3.30z 1.00z SS-12C 71.7 a
Kocide 3000 30DF 6.6 0z 2.00z SS-12C 79.1a
Badge X, 28DF 3.60z 1.0 0z SS-12C 75.7 a
Badge X, 28DF 7.10z 2.00z SS-12C 73.7 a
Nordox 75WG 130z 1.00z SS-12C 734 a
Nordox 75WG 2.7 0z 2.00z SS-12C 74.7 a
Cueva 0.16F 50 fl oz 1.00z SS-12C 745a
Cueva 0.16F 100 fl oz 2.00z SS-12C 80.0a

1 Means with the same letter do not differ significantly according to the Waller-Duncan K-ratio t-test (a=0.05, K=100).

Table 8. Defoliation of Vegetative Shoots in 2013

% Abscised Leaves*

Rate |Application
Treatment * Rate /A Cu/A timing 4 June 25 June 25 July
Non-treated control | -------- | === | --m-mee 3.7f 30.3de 58.8 abcd
Kocide 3000 30DF |3.30z 1.00z SS-8C 20.6 cd 35.3 bcde | 58.9 abcd
Kocide 3000 30DF |6.6 oz 2.00z SS-8C 41.7 ab 42.0 abc 61.8 abc
Badge X, 28DF 3.60z 1.0 0z SS-8C 240c 35.9 bed 55.1cd
Badge X, 28DF 7.10z 2.00z SS-8C 359b 46.6 ab 60.3 abc
Nordox 75WG 130z 1.00z SS-8C 23.7¢c 33.8 cde 56.0 bcd
Nordox 75WG 2.70z 2.00z SS-8C 41.1 ab 48.2 a 64.4 ab
Cueva 0.16F 50 fl oz 1.0 0z SS-8C 34.7b 38.5abcd | 62.9 abc
Cueva 0.16F 100 fl oz 2.00z SS-8C 45.1a 46.7 ab 66.2 a

! Means in the same column with the same letter do not differ significantly according to the
Waller-Duncan K-ratio t-test (¢=0.05, K=100).
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Interpreting Codling Moth and Oriental Fruit Moth Pheromone Trap Captures with Different Lures

James F. Walgenbach and Stephen C. Schoof
Dept. Entomology, NC State University
MHCREC, 455 Research Drive, Mills River, NC 28759

Mating disruption for codling moth and oriental fruit moth (OFM) is a common management
practice used by approximately 40% of North Carolina apple growers. Isomate CM/OFM TT is the most
commonly used pheromone dispensing product and considered the industry standard, although previous
studies in NC have demonstrated that CideTrak CM-OFM is equally effective. Both products have a
recommended application rate of 200 dispensers per acre, have a similar pheromone load, and provide
season-long activity with a single application. Annual use of mating disruption can eliminate on average
2.5 insecticide sprays for codling moth and OFM compared to orchards not using mating disruption.
While this reduction in insecticide cost does not off-set the cost of mating disruption, it is considered an
important insecticide resistance management tool because it helps to maintain this pest complex at very
low levels without the use of insecticides.

In recent years pheromone companies have devoted efforts to improve the cost of mating
disruption by reducing application costs with various low-density dispenser systems, and by reducing the
total amount of pheromone deployed with more targeted pheromone release systems or more effective
pheromone products. Hence, one objective of this study was to evaluate two different low-density
dispensing systems for mating disruption of codling moth and OFM in southeastern apple systems.
Isomate Mist is an aerosol canister-release system that is deployed at one per acre and emits pheromone
during periods of codling moth flight activity. CideTrak Meso is a dispenser that is deployed at 30
dispensers per acre and reduces the total amount of pheromone used (on an area basis) by enhancing
the “activity” of codling moth pheromone with the addition of a pear ester kairomone (referred to as DA).

Because of the passive nature of control associated with mating disruption, monitoring moth
activity to provide advanced warning of damaging populations is a key component of mating disruption
programs. Currently, recommendations are to use delta-style pheromone traps (e.g., Pherocon VI) baited
with Trece long-life lures (CM-L2 and OFM-L2). An enhanced codling moth lure that contains codling
moth pheromone and a pear ester kairomone has been shown in various studies to increase captures of
males and also attract females. Comparison of CM-L2 vs. CM-DA Combo in NC in 2010 and 2011
showed that CM-DA Combo lures captured about 3X more moths than CM-L2 during the first generation,
but there was no difference in trap captures during the second generation. Furthermore, the increase in
trap captures with CM-DA Combo lures was due primarily to increased captures of males rather than
female capture. This trial included a comparison of several experimental lures deployed with acetic acid
as a lure enhancement (Knight and Light 2012, Environ. Entomol. 41: 407-414).

Materials and Methods

Isomate CM-OFM TT and Isomate Mist CM-OFM Trial. This single site, non-replicated trial was
conducted in an approximately 45-acre mixed-variety apple orchard in Fruitland, NC. Treatments included
a 32-acre block treated with Isomate Mist CM-OFM at a density of one per acre, an approximately 5-acre
block treated with Isomate CM-OFM TT at 200 dispensers per acre, and a 7-acre non-treated control. All
dispensers were erected on 11 April, and Mist dispensers were removed on 26 September.

Mist dispensers consisted of aerosol canisters filled with 69.45 inerts, 18.05% of the single
component codling moth pheromone (codlemone), and 12.5% of the 3-component blend OFM
pheromone. Canisters were programmed to release puffs at 15-minute intervals from 5PM to 12
midnight, but did not operate at temperatures below 50°F. On average, the canisters released 1.295 gm
per day (~46 mg per puff), or 0.23 gm of codlemone and 0.16 gm of OFM pheromone. Canisters were in
the orchard for 168 days, which resulted in a total release of 38.64 and 26.88 gm of codling moth and
OFM pheromone.

Isomate CM-FOM TT dispnesers each contained 318 mg of codling moth pheromone (3-
component blend) and 103.3 mg of OFM pheromone (3-component blend). At 200 dispensers per acre,
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total codling moth and OFM pheromone deployed was 63.6 and 20.7 gm per acre, respectively. All
treatments received the same insecticide program which consisted of a Lorsban + oil at ¥2” green, Actara
at petal fall, Delegate in late June (3rd cover), Assalil in late July.

Efficacy of mating disruption treatments was assessed with moth captures in pheromone traps,
and fruit damage assessments in early July and at harvest in September. In each mating disruption
treatment, a comparison was made of two different lures each for codling moth and OFM. Codling moth
lures consisted of the standard CM-L2 lure that contained 3.5 mg of the single component codling moth
pheromone, and the CMDA combo lure (containing approximately 3 mg each of codling moth pheromone
and the pear ester kairomone) plus a separate acetic acid lure (Pherocon AA). Oriental fruit moth lures
compared were the standard OFM-L2 and CMDA/OFM (Trece experimental lure TRE 0937) plus a
Pherocon AA lure. All trapping stations used Delta style traps (Pherocon VI) placed in the upper canopy.
In the Isomate TT and control treatments one trap of each type were used, while 3 codling moth and 2
OFM traps of each type were used in the 32-acre Mist block. All traps were check weekly and liners were
replaced as necessary to maintain a clear surface. All CMDA, AA and OFM-L2 lures were replaced at 8
wk intervals. While CMDA/OFM and CM-L2 lures were replaced at 12-wk intervals. Damage
assessments were obtained by examining 50 fruit per tree from each of 10 trees per treatment on 12 July,
and 100 fruit from each of 5 (control and Isomate TT treatments) or 12 trees (Isomate Mist) at harvest on
10 September. Fruit harvested in September were all cut to detect internal damage.

CideTrak CM-OFM and CideTrak Meso CM+OFM+DA Trial. A trial that compared two different
Trece pheromone dispensers for mating disruption was conducted in three separate orchards in
Henderson County (Fruitland, Edneyville and Dana). At each location there were two 5-acre mating
disruption treatments (Cide-Trak CM-OFM and CideTrak Meso CM+OFM+DA) and a 5 to 8 acre non-
treated control. Dispensers were hung at the Fruitland Edneyville location on 3 May and the Dana site on
7 May, which coincided with petal fall. CideTrak CM-OFM dispensers (TRE 0936/13) contained 230 and
100 mg of the three-component blends each of codling moth and OFM pheromone, and were applied at
200 per acre for a total deployment rate of 46 and 20 gm pheromone per acre, respectively. CideTrak
Meso CM+OFM+DA dispensers (TRE 0915/13) each contained 750, 500 and 500 mg of codling moth,
OFM and DA, respectively. They were deployed at 30 dispensers per acre for a total deployment rate of
22.5, 15 and 15 gm per acre of codling moth pheromone, OFM pheromone, and DA, respectively.
Although insecticide use varied among study sites, within a study site the insecticide program was the
same across all three treatments.

Efficacy of mating disruption treatments were assessed with pheromone traps and fruit damage
assessments as described above. However, rather than comparing CM-DA Combo + AA versus CM-L2,
the CM-DA Combo +AA was compared to CM-DA without AA. Hence, within each treatment there were
four traps; one each baited with CMDA +AA and CM-L2 to monitor codling moth, and one each of
CMDA/OFM+AA and OFM-L2 to monitor OFM. Mid-season damage assessments were taken on 12 July
by observing 100 fruit from each of 10 locations per treatment and recording the number with internal-
lepidopteran damage. Damage at harvest was estimated by harvesting 50 fruit per tree from each of 5
trees per treatment and recording number damaged by various insects. Fruit were harvested in the Dana,
Edneyville and Fruitland orchards on 9, 10 and 12 September, respectively.

Results

Isomate TT — Mist Trial. Codling moth populations in the Isomate TT/Mist trial were very low,
with a season total of only two moths captured in traps baited with the CM-L2 lure and CMDA+AA (Fig. 1).
The highest trap captures were with the CMDA+AA and CMDA/OFM+AA lures in the Isomate Mist
treatment, and all moths were caught during the flight period of the overwintering generation. Oriental fruit
moth trap captures were of moderate density in the control treatment, with a season total capture of 92
moths/trap with the CM-L2 lure (Fig. 2) in the non-disrupted control. The enhanced attractiveness of the
CMDA/OFM+AA lure compared to the CM-L2 lure was illustrated by a total capture of almost 6X more
moths in traps baited with CMDA/OFM+AA. Seasonal cumulative trap captures in the various treatments
with the OFM-L2 lure and CMDA/OFM+AA lures are shown in Fig. 3 and 4, respectively. Zero OFM
captures in pheromone traps baited with the OFM-L2 lure when placed in mating disruption orchards is
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typical. Hence, it is noteworthy that the CMDA/OFM+AA baited traps captured a total of 26 and 72
moths/trap in the Isomate TT and Mist treatments, respectively. The increased trap captures later in the
season (about 140 days after deployment) could represent increasing OFM populations, which is typical in
August and September, or a decline in the release of pheromone from pheromone dispensers. While
release of OFM pheromone from Isomate TT dispensers was likely very low at this time, Mist dispensers
were still emitting the same amount of pheromone compared to early in the season. This occurrence,
along with increased captures in non-disrupted blocks in September, suggests that the late-season
increase was associated with high OFM densities, which were not otherwise detected with the OFM-L2
lure. At harvest, 2% of control fruit had entries by internal-feeding lepidopterans, while only 0.4 and 0.5%
damage was detected in the Isomate TT and Mist treatments, respectively (Fig. 5). Although only one live
OFM larva was collected at harvest, all damage resembled that of OFM. No damage was detected in the
July assessment.

CideTrak — Meso Trial. Similar to the previous trial, codling moth populations were low in this
study, with an average of only 13.3, 6.0, and 16.7 total moths/trap captured with CMDA+AA,
CMDA/OFM+AA, and CMDA lures, respectively, in non-disrupted plots (Fig. 6.). Seasonal cumulative
captures (Fig. 7) and illustrate that trap capture was most intense during flight of the overwintering
generation (May to early July). Based on moth capture in traps baited with CM-L2 lures in non-disrupted
blocks, OFM populations were of low to moderate intensity with a season total of only 72 moths/trap;
capture in traps baited with CMDA/OFM+AA was 337 moths/trap, or about 4.5X higher than that in the
CM-L2 traps (Fig. 8). Seasonal cumulative trap captures were again zero or near zero with CM-L2 lures in
both mating disruption treatments (Fig. 9), but the CMDA/OFM+AA lures again detected an increased in
OFM numbers during September (Fig. 10) — season total OFM capture in the CideTrak and Meso
treatments were 4.2 and 19.7 moths/trap, respectively. Across all locations, internal lepidopteran damage
was only detected in one plot, the non-disrupted control at the Edneyville location with only 0.8% internal
lepidopteran damage.

Conclusions

Low codling moth populations were attributed to a low overwintering population of codling moth
due to a widespread freeze and small crop load in 2012, and record rainfall in 2013 that suppressed
populations — total rainfall in Henderson County from May through August was 52.2 inches. The two
different types of low-density pheromone dispensers evaluated in these trials, Isomate Mist canisters and
CideTrak Meso dispensers, both resulted in slightly higher OFM trap captures than their respective low-
density dispenser treatments (i.e., Isomate CM-OFM TT and CideTrak CM-OFM), but appeared to provide
similar levels of control to that of Isomate TT and CideTrak dispensers. The higher pheromone trap
captures in the low-density dispenser treatments were both associated with late-season OFM populations
that were detected only with the highly sensitive CMDA/OFM+AA lures. Late-season OFM trap captures
in all mating disruption blocks were zero or near zero with the standard CM-L2 lures. Unfortunately,
codling moth populations were too low to differentiate treatment effects.

Low codling moth populations made it difficult to thoroughly evaluate the various codling moth
lures, but when averaged across all locations, the addition of acetic acid lures with CMDA and
CMDA/OFM caught more moths than either CMDA alone or the standard CM-L2 lure in blocks treated
with mating disruption dispensers (Fig. 11). This trend was not apparent in non-disrupted blocks, although
captures in traps baited with CM-L2 lures were consistently lower than all other lures. Traps baited with
CMDA/OFM+AA caught considerably more OFM than the standard OFM-L2 lure in both mating disruption
and non-disrupted orchards (Fig. 12). While the enhanced lures clearly increased the detection of low
density codling moth and OFM populations, additional studies will be necessary to interpret the meaning of
trap captures and develop revised threshold levels to dictate the need for supplemental insecticide
applications in mating disruption orchards. An additional objective should be to determine if the same
trapping density is required for enhanced versus standard lures. Finally, the CMDA/OFM+AA lures may
serve as a potential dual trapping system for codling moth and OFM, as traps baited with these lures were
attractive to both species.
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PROGRESS IN THE USE OF NATIVE STRAINS OF ENTOMOPATHOGENIC NEMATODES FOR
PLUM CURCULIO MANAGEMENT

A. Agnello®, E. Shields?, T. Testa?, P. Jentsch, M. Keller?, and C. Dodge®
'Dept. of Entomology, Cornell University, Geneva, NY 14456, and *Ithaca, NY 14853
%State University of NY, Geneseo, NY

Plum curculio is a key pest in eastern US apple orchards, and is considered to be one of the primary
pests limiting organic apple production in this region. Growers typically apply 2—3 insecticide treatments to
manage plum curculio, but fruit damage levels and fruit yield losses in conventional commercial apple
production can range from 0.5-3%, even with a complete insecticide control program. Current organic
production often relies on multiple applications of kaolin clay, which acts as a physical barrier to the
insect's attack. However, plum curculio treatment costs in an organic program can easily range between
$150-%$450/acrelyear, with fruit damage often remaining at 5-20%. A biological control program for the
plum curculio currently does not exist. The purpose of this project is to evaluate the potential of NY cold-
adapted entomopathogenic (insect-attacking) nematodes to reduce the impact of plum curculio on apple
production, reduce the cost of organic apple production, and provide a higher degree of marketable fruit
and a higher profit for all apple producers.

In laboratory bioassays, entomopathogenic nematodes, particularly strains of Steinernema riobrave,
S. feltiae, S. carpocapsae, and Heterorhabditis bacteriophora have shown efficacy against last instar plum
curculio larvae. In the field, various strains of these species have reduced populations by as much as 70—
97%, depending on the nematode strain, insect stage, treatment timing and field conditions. Effective
control of larval populations has been achieved if the correct nematode species and strain was selected
and effectively introduced into the system.

The majority of current research has been directed toward the inundative release (or "biopesticide
approach") using commercially reared nematode strains. However, commercial nematode strains tested
under NY field conditions have not persisted at any effective population level after 6 months, and the use
of these commercial strains would require an annual application. Over the last two years, we have been
testing nematode strains that are native to NY, adapted to persist under NY conditions, and have been
explicitly propagated to avoid some of the problems with persistence displayed by commercially available
nematodes.

NY native strains of the nematode species S. carpocapsae (strain ‘NY 001’) and H. bacteriophora
(strain ‘Oswego’) were isolated during the 1990s and used extensively during the past 20 years in field
research in NY alfalfa plantings (Shields et al. 2009). In 2004, S. feltiae (strain ‘NY 04’) was isolated from
snout beetle-infested fields in northern NY and used in field trials since that time. These NY native
nematode strains have been shown to kill mature larvae of Japanese beetle, Popillia japonica, and
European chafer, Rhizotrogus majalis, at varying levels of effectiveness, with H. bacteriophora ‘Oswego’
killing 50% of late-instar Japanese beetle larvae and 8% of European chafer larvae. The native strains
show excellent pathogenicity because late-instar larvae are the most difficult life stage for nematodes to
attack and kill. These strains have been documented to persist in field sites for many years after
inoculation.

In the laboratory, we conducted trials to determine the potential of S. carpocapsae ‘NY 001’, S. feltiae
‘NY 04’, and H. bacteriophora ‘Oswego’ as plum curculio (PC) biocontrol agents. Petri plates were filled
with autoclaved soil and inoculated with water solutions at concentrations of 250-1250 nematode infective
juveniles (1Js) per ml, and PC larvae and adults were confined in the plates to determine the ability of
different nematode strains to kill these two life stages. We found that exposure of PC larvae to the
nematodes was more effective than for PC adults, with the highest mortality obtained using a combination
of S. feltiae and S. carpocapsae (up to 75%); mortality of PC larvae was seen within 14 days (Fig. 1).
There was no effect of increasing the concentration of 1Js above 250/ml.
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For testing in the field, we selected a young Idared apple planting and an established block of Empire
apples, both located at a NYSAES research farm, as sites for establishment of long-term
entomopathogenic nematode (EPN) populations within designated treatment areas. In the spring of 2012,
soil cores from each block were bioassayed for presence of EPNs prior to inoculation of the soil surface
with native NY strains. No existing nematode populations were found in any of the soil cores. A
population of nematode infective juveniles (1Js) of S. feltiae and S. carpocapsae was applied to the soll
surface on May 30 using a modified herbicide sprayer mounted on an ATV. The nematodes were reared
in a lab colony using wax moth larvae as hosts, which were brought to the field, dissolved and mixed in
water in the spray tank, and applied shortly before sunset in order to avoid excessive sun or heat
exposure.

To assess the level of nematode establishment in these plots, we conducted a larval exposure trial
using laboratory-reared PC larvae. In August 2012, we dug micro-plot arenas (4.5" diam x 5" deep) using
a soil corer in an inoculated row in the Idared block. In each replicate, 10 mature PC larvae were
introduced into the arena, which was covered with an emergence trap top, and checked for emerged PC
adults over a 5-week period. The same setup was repeated in an untreated row, to serve as a negative
check, as well as in an untreated row in which the arenas were first hand-inoculated with laboratory-mixed
nematode populations (containing 7,500-9,000 S. feltiae 1Js per arena), to serve as a positive check. We
repeated this trial in 2013, in both the Idared and Empire research plantings, and also in two commercial
organic apple orchards in the Hudson Valley (Milton and Fishkill, NY) that had been inoculated in June of
that year.

In these field assays, because of very dry soil conditions beginning in late May 2012, coupled with the
lack of natural hosts (other insect larvae) in the orchard soil, the establishment of EPN populations in the
2012-treated rows was significantly hampered. In the 2012 micro-plot arena assays, the average percent
adult emergence in field-inoculated plots (70%) was greater than in both the hand-inoculated (31%) and
check (41%) plots (Fig. 2), indicating that adequate field establishment of the EPN population had not yet
occurred. In the 2013 Geneva micro-plot assays, survival of larvae to the adult stage was much lower in
all treatments than the levels seen in 2012 (maximum of 26.3%); however, poor survival was also seen in
the checks, so that no significant treatment differences were found (Fig. 3). The same trend was seen in
the Hudson Valley 2013-inoculated sites, but at least in one orchard (Milton), survival in the hand-
inoculated plots was significantly lower than in the checks (Fig 4). The progression of soil core samples in
each of the treated orchards taken at successive times after being inoculated shows that gradual field
establishment of EPN populations is taking place at all of the sites, with greater levels being seen for S.
feltiae (Fig. 5); by the end of the 2013 season, most sites showed this species present in 20-30% of
samples taken. It is anticipated that levels will ultimately stabilize at 30-40%, which would correspond to
an optimal level for effective biocontrol to begin occurring.

80
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As another method of assessing overall impact of the nematode treatments on PC populations, fruitlet
samples were taken from each of the (2012-inoculated) Geneva research orchards during June of each of
the two years. In each row of each plot sampled, 100 fruits from each of 5 trees were assessed for PC
oviposition damage (scars). Damage levels in 2013 were reduced at each site from those seen in 2012
(Table 1). Atthe Empire site, damage in the treated rows decreased 52% from 2012; however, damage in
the untreated check rows decreased 76% from 2012, so damage in the check (8.6%) was roughly half of
that seen in the treated rows (14.1%). At the Idared site, results were more along the trend anticipated:
fruit damage in the untreated rows decreased ~63% from 2012, and in the treated rows, it decreased
~55% from 2012, with damage marginally lower in the nematode treatment (1.7%, vs 2.7% in the check).

Table 1. Plum curculio oviposition damage to fruitlets in nematode-treated orchards

Idared Block % Damage Empire Block % Damage
2012 2013 2012 2013

Untreated Rows 7.2 2.7 Untreated Rows 35.9 8.6

Treated Rows 3.8 1.7 Treated Rows 33.7 14.1

We feel that organic apple plantings tend to have greater PC infestations because of fewer effective
management options, and that an established, persistent EPN population could help reduce the number of
plum curculio larvae residing in the orchard floor that originate from dropped infested fruits.
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EFFECT OF RELATIVE HUMIDITY ON GERMINATION OF COLLETOTRICHUM ACUTATUM AND
COLLETOTRICHUM GLOEOSPORIOIDES
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A necessary step toward controlling a pathogen is to understand not only the disease cycle of the
species, but also the pathogen’s optimal infection condition. The long term goal of this research is to
understand the role of humidity with regard to the germination, and therefore infection, of two species of
Colletotrichum, C. acutatum and C. gloeosporioides, which are known to cause disease in a variety of fruit
crops. This report is based on preliminary relative humidity trials, the results of which play a major role in
improving the materials and methods for future research.

The objective was to determine the preferred range of environmental conditions by each species
of Colletotrichum. We exposed spores of C. acutatum and C. gloeosporioides to five levels of relative
humidity under two temperature ranges. Both species of Colletotrichum thrive at temperatures between 25
and 30°C. With this information in mind, humidity chambers were created using sealed plastic containers,
each with a saturated salt solution. Figure 1 contains the relative humidity goal and corresponding salt
solution for the target temperature ranges.

Figure 1.
% Relative Average % RH
Humidity Goal Achieved*
>95 94

Potassium Phosphate

5 Magnesium Sulfate 90-95 86
:D" Potassium Chloride 85 87
Ammonium Sulfate 80 94
Potassium Sulfate >95 89
w Potassium Nitrate 90-95 96
@ Potassium Chloride 85 96
Ammonium Sulfate 80 99

Cultures of C. acutatum and C. gloeosporioides were grown on an antibiotic-amended ¥z-strength
PDA. After growing for five to seven days, the spores were harvested, by flooding the surface of the
media and filtering the suspension through six layers of cheesecloth. Then the concentration of the spore
suspension was adjusted to 5 x 10° with the aid of a hemocytometer. Ten microliters of the spore
suspension of each species was placed on double-convex microscope slides using a micropipetter,
permitted to dry, and incubated in the aforementioned conditions. Assessments of spore germination rate
were made at three and five days after inoculation. A spore was considered germinated when a germ tube
exceeded ¥ the length of the spore. There are four replications for each temperature, relative humidity
combination, and sampling date combination. For each replication, we measured 4 sections of 25 spores
for each species (a total of 400 spores per temperature, relative humidity, and sampling date).

The last two columns in Figure 1 display the target relative humidity as well as what was actually
achieved. Interestingly, not all salt solutions achieved their expected range of relative humidity. One salt
solution that highly deviated from the target was ammonium sulfate, which was used to aim at about 80%
relative humidity, yet resulted in 94 and 99% relative humidity for 20C and 30C, respectively.
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We validated viability of each species by plating spores on water agar and measured germination
rate at 24 hours after plating. Both C. acutatum and C. gloeosporioides germinated at higher than 89%.
After exposure to the range of relative humidity, a large amount of variation was observed. Spore
germination rate fluctuated from 0 to 20%, and C. acutatum consistently had a higher germination rate
than C. gloeosporioides. With regard to the relative humidity range, there were several trends observed.
Increased germination rate approaching 95% relative humidity was apparent with both species. As relative
humidity surpassed 95%, however, there was a decline in germination rate for both species. Please note
that, the highest levels of relative humidity were achieved by Ammonium Sulfate, and all experimental runs
were conducted using the same chamber. Thus, it raises concerns that the salt (perhaps in combination
with the water used) might have inhibited the germination rate by producing some gases.

We are currently working on the use of different salt combinations to achieve relative humidity

lower than 85%, which we were not able to achieve with this experiment. In addition, to eliminate the
concern about gases, glycerol solutions will be explored as an alternative to salt solutions.
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DETECTION SYSTEM IN APPLES
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'Penn State University, Department of Entomology, Fruit Research & Extension Center,
Biglerville, PA 17307

’Spensa Technologies, West Lafayette, IN 47906

Precise pest monitoring can provide valuable information about the density of specific pest
populations and contribute to the decision-making process as to whether specific management tactics
should be applied. Automation of insect trapping and monitoring has the potential to reduce labor costs by
reducing the time of manual labor required for checking insect traps and maintenance. During the 2013
season, we conducted tests on an automated pest detection system using bio-impedance- based
electronic sex pheromone prototype traps (Z-Trap) to monitor adult codling moth (CM), Cydia pomonella
(L.) and oriental fruit moth (OFM), Grapholita molesta (Busck), two major insect pests in tree fruit orchards
throughout the U.S. The evaluations were aimed at determining the accuracy and reliability of the traps, as
well as the reliability of the wireless communication system and the functionality of a web-based user
interface program.

The Z-Trap system was tested in 2013 to validate its performance and accuracy in capturing
moths and to compare the results with moth captures using standard large plastic delta traps. A single Z-
Trap system consisted of traps, a wireless communication device to communicate moth captures to a
base station, and a web based user interface where information from each trap location and date can be
stored and analyzed. Each trap was equipped with a microcontroller, a wireless communication module,
and a 3.2v rechargeable battery pack to power the trap. Electrically charged adjacent steel rods
surrounded a sex pheromone lure and created an electrical signal when a moth contacted adjacent rods.
An algorithm was then applied to the signal to determine whether it was caused by a target insect species
(i.e., CM/OFM) and/or rule out non-target insect captures and electrical noise that could have been
counted as a moth detection. Moths that contact the rods fall through a funnel into a collector where the
capture could later be verified. Daily insect capture data was then sent wirelessly to a base station, which
automatically uploads the data to a web interface specifically designed to organize and display insect trap
capture data specific for each single location.

Six Z-Traps were deployed throughout an apple orchard located at the Pennsylvania State
University, Fruit Research and Extension Center in Biglerville, PA to monitor OFM and CM populations.
Each trap was deployed with a corresponding large plastic delta (LPD) trap (the industry standard trap)
nearby for a comparison for Z-Trap moth capture performance. The traps were rotated on a regular
weekly basis to eliminate possible variability of moth captures related to the trap location in the orchard.
Traps were set to operate daily from 15:00 to 23:00 hours. If needed, trap units were removed from the
field to charge batteries during daytime hours. The capture of moths by each trap was monitored through
the web interface and traps were checked on a regular basis. Various trap modifications including
firmware updates were installed at several different times during the trapping season. A new rod design
which consisted of more rods which were significantly longer than in previous version was incorporated
into the Z-traps during the week of July 15 in order to increase capture efficiency.

LPD traps generally captured higher cumulative numbers of CM than the Z-Traps throughout the
season, typically capturing about 50% more moths (Fig. 1a). However, the overall capture trends between
both types of traps were reasonably consistent throughout the season. There were also a considerably
higher number of moths captured in the CM LPD and OFM LPD traps on May 16 and 17 compared to the
respective Z-traps. This may have been the result of a mechanical malfunction with the traps. If data for
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those two dates was excluded from evaluations, the cumulative capture data for both types of traps would
be very similar. Cumulative Z-trap capture OFM increased at a faster rate after May 17 than capture by
the LPD traps (Fig. 1b). After modification of the electrically charged rods during the week of July 15, the
capture rates of the Z-traps increased to a greater extent compared to the LPD traps. Surprisingly, a
similar pattern was not observed for the CM Z-traps.

Detections reported by the Z-traps were significantly higher than the actual moth captures
observed in the collection containers therefore implying that there were numerous false detections (false
positive). Attempts were made to remedy this problem by updating firmware and making modifications to
the algorithms several times throughout the season. It was later determined that these observed false
positive detections were caused by changes in temperature and humidity which produced excessive
electrical noise and triggered false detections (Fig. 2). The problem was not remediated until after the
season ended and could not be further tested in the past season.

Wireless communication of the Z-traps to the base station was often limited by the maximum
distance range of one mile in a clear line of site. Additional nodes were placed between the Z-traps and
the base station to aid in the transfer of communication around obstacles such as growing trees. It was
later learned that battery capacity in the nodes was not sufficient, which in turn caused intermittent
communication failures and subsequently a drain of the trap batteries. Communication among units within
the trap system was reliable until mid-June when the tree canopy became denser and obstructed the line
of communications. To solve this problem, antenna extension cables were added to several of the traps to
raise the antenna slightly above the tree canopy. Earlier in the season battery charge lasted only about
two weeks, , but steps taken to remedy communication problems among units and updated firmware
increased battery life substantially, extending the operating time of the traps without a charge for up to ten
weeks.

Research and further development of the Z-trap is still an on-going process. It will require a
drastic improvement in the accuracy of actual moth detections, in particular to significantly reduce the
false detection rate. Slight modifications to the algorithm may also be needed to increase moth
identification accuracy. Battery life has much improved since the introduction of the traps, but the
changes in the algorithm and modifications to the sampling rate are expected to further increase battery
life. Wireless communication is limited by the distance from the base station and physical structures
directly in the path of communication, but the battery efficiency was greatly increased by the addition of
simple antenna cables to increase the height of the antenna. Additional further research and testing are
required to produce more accurate, reliable pest detection system; however, data collected during the
2013 season has been very valuable in moving toward the implementation and validation of an automated
trapping system for pest moths in orchard ecosystem.

Acknowledgments:
The authors wish to acknowledge the funding for portions of this study from the State Horticultural
Association of Pennsylvania.
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Figure 1. Cumulative capture of codling moth (a) and oriental fruit moth (b) in Z-Traps and large plastic delta traps
at the Penn State Fruit Research and Extension Center in 2013.

Figure 2. VVoltage signals produced by a Z-trap in 2013. The seven horizontal lines indicate voltage levels monitored.
Thin lines extending downward indicate when a detection was made. The center shows electrical noise caused by
changes in temperature and humidity causing false detections. An algorithm was made to remove some of the false

detections. The problem was later remedied after trapping ended for the season.
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MANAGING SPOTTED WING DROSOPHILA IN BLUEBERRIES

Cesar Rodriguez-Saona and Robert Holdcraft
PE Marucci Center for Blueberry and Cranberry Research and Extension
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In 2011, the first adults of the spotted wing drosophila were found in the northeastern US. Since then, this
insect has become a serious pest of small fruit crops in our region. To manage this pest in blueberries,
we conducted studies to: a) determine the efficacy of various insecticides against adult spotted wing
drosophila, and b) determine the efficacy of these insecticides against spotted wing drosophila larvae
inside the fruit (curative control).

ADULT AND LARVAL INFESTATION CONTROL

The objective of this study was to determine the efficacy of Bifenture 10DF (2 rates), Assail 30SG,
Movento (two rates), Danitol .83EC (two rates), Exirel 10SE (three rates), Delegate 30WG, Imidan 70WP,
liquid Imidan, and Malathion 8 aquamul against spotted wing drosophila on highbush blueberry.

The treatments and rates were: Bifenture 10DF at 12 and 16 oz/ac, Assail 30SG at 5.3 oz/ac,
Movento (plus 0.25% MSO adjuvant) at 8 and 10 floz/ac, Danitol .83EC (plus 0.25% Dynamic adjuvant) at
5.33 and 10.7 floz/ac, Exirel 10SE (plus 0.25% Dynamic adjuvant) at 10.1, 13.5, and 20.5 floz/ac,
Delegate 30WG at 6 oz/ac, Imidan 70WP at 1.33 Ib/ac, liquid Imidan at 32 floz/ac, and Malathion 8
aquamul at 2.5 pt/ac.

The study was conducted in a mid-season variety blueberry field, cv. ‘Bluecrop,’ located at the
P.E. Marucci Blueberry/Cranberry Center in Chatsworth, New Jersey. Each treatment was repeated on
three bushes blocked by treatment, with blocks separated by a 3-bush buffer. Applications were made on
5 July 2013 with an R&D CO, backpack sprayer, using a 1.0 liter plastic bottle. The sprayer was
calibrated to deliver 50 gal of vol per acre at 35 psi, using a single ConeJet TXVS 4 nozzle, yielding 156.4
ml (5.29 fl 0z) per bush. Treated terminals with 2-3 clusters of ripe blueberries and two leaves attached
were taken from each treated bush 1,3,and 7 days after treatment (DAT) on 6 July, 8 July, and 12-July,
respectively. The terminals were placed in assay containers consisting of a 32 oz deli container with a
hole cut in the bottom in which a florist’'s water pick fit tightly. Terminals were supplied with water and kept
in the laboratory during the length of the experiment. Before flies were added, the number of ripe/ripening
berries was counted. Flies were added to the assay containers within 2-3 hours after terminals were
clipped from bushes.

A total of 10 spotted wing drosophila adults (5 females and 5 males) were removed from a
laboratory colony and kept in clean rearing tubes in a 25°C Incubator for 2-3 hours before being released
into the assay containers. Sexually mature flies that were 3-4 days old were used in the experiment. Flies
were anesthetized with small puffs of CO, gas injected into the rearing tubes to facilitate handling and
placement in the assay containers. After flies were added to the assay containers, the containers were
placed on a light bench in the laboratory at 25-28°C and 14L:10D. Adult fly mortality data were collected
on day 1, day 3 and day 7 after initial exposure to the treated fruit. Any flies still alive were removed during
the last evaluation on day 7. Only data from day 1(24hr) and day 3 (72hr) are presented. Fruit was
allowed to incubate under the same lab conditions for 7 more days following the last adult observation, at
which point larval count data were collected using the salt water extraction method (salt water extraction
method = submerging sample in warm salt water approx 1000 ml of salt to 5 gal water causing any larvae
to leave fruit). Larvae and pupae caught by a 30 mesh sieve were counted and the number of larvae per
10 berries was calculated (no. larvae/no. ripe fruit * 10). Data were analyzed using ANOVA and means
separation by Fisher's LSD test at P < 0.05. Percent data were arcsine square-root transformed prior to
analysis.

At 1 DAT, Exirel (two highest rates), Assail, Imidan, Malathion, Bifenture (high rate), and Delegate
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provided > 70% control (Table 1). At 3 DAT, Exirel (two highest rates), Imidan 70WP, and Delegate
provided best control. At 7 DAT, only Exirel (highest rate), Imidan 70WP, and Delegate provided > 70%
control. All treatments, except for Movento, reduced the number of larvae in fruit at 1 DAT (Table 1). At3
DAT, the pyrethroids Bifenture and Danitol, and the organophosphate Malathion were weaker than the
other insecticides in protecting fruit from infestation; Movento provided no protection. At 7 DAT, Exirel,
Imidan, and Delegate provided best protection against larval infestation.

POST-INFESTATION LARVAL CONTROL (CURATIVE CONTROL)

This study tested the efficacy of Exirel, Assail, Imidan, Malathion, Bifenture, Danitol, Delegate, and
Movento for curing existing spotted wing drosophila infestation in blueberries. On 6 July 2013, 3600 ripe
undamaged berries were obtained from an untreated field of the mid-season blueberry cv. ‘Bluecrop’
located at the Rutgers P.E. Marucci Center in Chatsworth, New Jersey. Berries were divided up into eight
groups of 450 berries each and each group was spread in a single layer on each of eight clear
polypropylene trays. Four of the trays were placed in a 15°C incubator for later exposure. The remaining
four trays were placed in 1ft cube cages and exposed to >500 spotted wing drosophila adults (mixed
sexes) in each cage. Flies were approx 4-9 days old, and were from a laboratory colony kept at the P.E.
Marucci Center. Berries were left in cages for two days, from 3 July until 5 July for the 4-5 day old group,
and from 6 July until 8 July for the 0-2 day old group. Two days of exposure allowed female flies to
oviposit multiple times in every berry. Cages were kept on lab shelves at approx 25°C, under lights on a
15:9 L:D cycle.

After 48 hours, trays were removed from the cages and any flies remaining on the berries were
aspirated off to stop oviposition. The four exposed trays were then placed in a 22°C incubator until the
treatment date. On 6 July, the remaining four trays were moved from the 15°C incubator and given an
hour to warm to room temperature before being placed in the same exposure cages. Berries were left in
cages for two days as was done with the first set of berries. On the day of treatment, berries from the 4-5
day old group were degraded too far to be able to handle them, and were not able to be treated. On 10
July, berries from all four trays from the 0-2 day old group were evenly divided into 36 groups (9
treatments x 4 reps), of 50 berries each for treatment that day.

The treatments and rates were: Exirel (10SE) at 20.5 fl oz/acre (plus adjuvant = 0.25% Dynamic),
Assail 30SG at 5.3 oz/acre, Imidan (liquid formulation) at 32 floz/acre, Malathion 8 aquamol at 2.5 pt/acre,
Bifenture 10DF at 16 oz/acre, Danitol 2.4EC at 10.7 floz/acre (plus adjuvant = 0.25% Dynamic), Delegate
30WG at 6 oz/acre, and Movento 240SC at 10 floz/acre (plus adjuvant = 0.25% MSO).

On the day of treatment, 10 July, each group of berries (36) was spread out on a 12"x12” wire-
mesh tray formed from 1/4”gap hardware-cloth prior to treatment. Applications were made with R&D CO,
backpack sprayer, using a 1-liter plastic bottle. The sprayer was calibrated to deliver 4.3 mL/sec at 30 psi
with a single ConeJet TXVS 4 nozzle. Trays were gently shaken during application to cause berries to roll
and be coated on all sides. Application took 3-4 seconds yielding 12.9-17.2 mL per group. Treated
berries were left on trays for 3 hours to dry. Larvae in berries were to be allowed to develop and emerge
before evaluation, so each group of treated berries were placed in a 16 oz clear plastic deli container
(Prime Source®, Chattanooga, TN) over approx 1 cm of clean dry playsand. All cups were capped with
ventilated lids and kept on trays in a 24°C incubator on a 15:9 L:D cycle to allow any surviving larvae to
develop. Samples were evaluated at 10 days post-treatment on 18 July. Fruit was allowed to incubate for
10 days to allow most surviving larvae enough time to develop and exit the berries, at which point larval
data were collected using the salt water extraction method (salt water extraction method = submerging
sample in warm salt water approx 1000 ml of salt to 5 gal water causing any larvae to leave fruit). Larvae
and pupae floating to surface were removed and counted, and the remaining berries were then dissected
to ensure no developed larvae/pupae were overlooked. The number of larvae per 50 berries was totaled
for each sample. Data were analyzed using ANOVA and means separation by Tukey test at P<0.05.
Count data were In-transformed prior to analysis [In(x+0.5)].

All insecticides provided > 90% curative control (Table 2). Exirel and delegate provided 100%
control. Movento provided the weakest curative control of all insecticides tested.
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TABLE 1. SPOTTED WING DROSOPHILA ON BLUEBERRY CV. ‘BLUECROP’

% Adult Mortality (MeantSE)

DAT Insecticide Gro Treatment Rate/ac Larvae/10 fruit
et up d1 (24 hn) d3 (72 hn) v ut
Exirel (10SE)® 10.1 floz 220+ 150 D 66.0 + 11.2 BCD 24+ 05 DE
Diamides Exirel (10SE)? 13.5 floz 220+ 102 D 86.0 + 7.5 AB 0.9 + 0.5 EFGH
Exirel (10SE)? 20.5 floz 140+ 51 DE 86.0 £+ 8.7 AB 0.3+03 GH
Neonicotinoids Assail 30SG 5.30z 14.0 £+ 40 DE 80.0+ 7.1 BC 25+ 12 EF
Imidan 70WP 1.331b 80.0+84 B 940+ 24 AB 0.0+00 H
Organophosphates  Imidan liquid 32 floz 16.0 £ 8.1 DE 70.0 £ 10.0 BCD 31+12 DE
Malathion 8 aquamul 2.5 pt 100.L0 £+ 0.0 A 100.0 £ 0.0 A 02+02 GH
1 DAT Bifenture 10DF 12 oz 40+ 24 DEF 46.0 + 15.0 CD 153+ 81 BC
. ifenture 0z .0+5 .0+38 9+ 2
Pyrethroids Bif 10DF 16 160+51 D 720+ 86 BCD 29+20 EFG
y Danitol .83EC? 5.33 floz 40+ 24 DEF 120+ 49 E 65+19 CD
Danitol .83EC? 10.7 floz 40+ 24 DEF 440 + 129 D 38+19 DE
Spynosyns Delegate 30WG 6 0z 48.0 £ 132 C 820+ 6.6 AB 0.7+ 0.5 FGH
Tetramic acid Movento® 8 floz 00+00 F 12.0 + 120 E 254 +99 AB
derivatives Movento® 10 floz 20+20 EF 48.0 + 128 D 15.0 + 3.5 ABC
Control 00+00 F 120+ 80 E 30.3+53 A
Exirel (10SE)” 10.1 floz 63.3+76 CD 66.7 £ 14.1 AB 0401 FG
Diamides Exirel (10SE)? 13.5 floz 30.0+£6.8 CD 75.0 £ 85 AB 05+03 FG
Exirel (10SE)? 20.5 floz 56.7 £+ 84 CD 100.0 + 0.0 AB 05+04 FG
Neonicotinoids Assail 30SG 5.3 0z 16.7+ 6.1 CD 43.3 = 145 AB 16 +06 EF
Imidan 70WP 1.331b 917+ 48 AB 100.0 =+ 0.0 AB 00+x00 G
Organophosphates  Imidan liquid 32 floz 50+50 D 35.0 + 15.4 AB 1.0+ 05 FG
Malathion 8 aquamul 2.5 pt 183+6.0 A 66.7 £ 18.0 A 48 £+ 18 CDE
3 DAT Bifenture 10DF 12 oz 28383 D 60.0 £ 12.9 BC 59+ 23 CDE
Pyrethroids Bifenture 10DF 16 oz 150+ 72 CD 33.3+12.0 AB 142 £ 8.2 CDE
4 Danitol .83EC? 5.33 floz 11.7+60 D 333x143C 9.0+18 CD
Danitol .83EC? 10.7 floz 20089 D 33.3 £ 13.8 BC 78 +50 DE
Spynosyns Delegate 30WG 6 0z 55.0 £ 13.4 BC 93.3+21 AB 0.2+0.1 FG
Tetramic acid Movento® 8 floz 00+x00 D 00+x00 C 30.0 £ 6.5 AB
derivatives Movento® 10 floz 00+00 D 10.0 + 8.2 BC 43768 A
Control 50+34 D 250+ 134 C 170 £ 6.5 BC
Exirel (10SE)° 10.1 floz 100+ 3.7 CD 65.0 + 13.4 AB 33+16 FG
Diamides Exirel (10SE)? 13.5 floz 16.7 £+ 6.7 CD 61.7 £+ 10.8 AB 31+17 FG
Exirel (10SE)? 20.5 floz 11.7+ 65 CD 96.7 £+ 3.3 AB 18+09 G
Neonicotinoids Assail 30SG 5.30z 1.7+17 CD 36.7+ 56 AB 10.9 + 3.0 CDE
Imidan 70WP 1.331b 26.7 £ 12.0 AB 71.7 £ 16.0 AB 16+07 G
Organophosphates  Imidan liquid 32 floz 6.7+49 D 51.7 + 19.0 AB 8.3+ 26 DE
Malathion 8 aquamul 2.5 pt 1.7+17 A 16.7 £ 11.7 A 11.3 + 25 BCDE
7 DAT Bifenture 10DF 12 oz 6.7+49 D 46.7 + 8.0 BC 16.9 + 3.4 ABCD
. Bifenture 10DF 16 oz 6.7+33 CD 46.7 + 3.3 AB 32+10 FG
Pyrethroids
y Danitol .83EC? 5.33 floz 17+17 D 36.7+56 C 16.1 + 3.7 ABCD
Danitol .83EC? 10.7 floz 50+34 D 250+ 22 BC 14.4 + 3.3 ABCD
Spynosyns Delegate 30WG 6 0z 13.3+88 BC 78.3 £ 83 AB 50+ 13 EF
Tetramic acid Movento® 8 floz 00+00 D 40.0 + 103 C 26.0 £+ 3.7 AB
derivatives Movento® 10 floz 00+00 D 383+31 BC 260 +40 A
Control 00+00 D 00+00 C 21.0 £+ 3.9 ABC

*Adjuvant added: 0.25% MSO
“Adjuvant added: 0.25% Dynamic

Means in the same column followed by different letters are significantly different (Fisher's LSD Test, P <0.05)
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TABLE 2. SPOTTED WING DROSOPHILA CURATIVE CONTROL

No. Larvae / 50 fruit

% Curative

Treatment Rate (Mean * SE) Control
Exirel (LOSE)* 20.5 floz/ac 0.00 £ 0.00 d (100.0)
Assail 30SG 5.3 oz/ac 0.75 + 0.48 cd (99.7)
Imidan (liquid formulation) 32 floz/ac 0.25 + 0.25 cd (99.9)
Malathion 8Aquamol 2.5 pt/ac 0.25 + 0.25 cd (99.9)
Bifenture 10DF 16 oz/ac 4.00 £ 141 c (98.6)
Danitol 2.4EC* 10.7 floz/ac 2.25 +£1.03 cd (99.2)
Delegate 30WG 6 oz/ac 0.00 £ 0.00 d (100.0)
Movento 240SC** 10 floz/ac 23.75 £ 5.23 b (92.0)
Control - 295.75+25.09 a 0.0

*Adjuvant=0.25% Dynamic,

**Adjuvant=0.25% MSO

Means within a column followed by different letters are significantly different (Tukey test,

P<0.05)

Count data were In(x+0.5) transformed prior to analysis

% Curative Control = [1-(No. Larvae in insecticide-treatment / No. larvae in control)]*100

92



Not for Citation or Publication Without Consent of the Author

PRELIMINARY DATA FROM PIERCE’S DISEASE SURVEY AMONG VIRGINIA VINEYARDS

K. Doughertyl, M.A. Hansen®, E. Bush', M. Nita®
! Virginia Tech Plant Disease Clinic
2 Alson H. Smith, Jr. Agricultural Research and Extension Center

Pierce’s Disease (PD) is a vascular disease of grape caused by the bacterium Xylella fastidiosa
Wells et al. (Xf), which is vectored by xylem-feeding sharpshooters in the southern and eastern United
States [Redak et al., 2004]. After infection the bacteria proliferate in the xylem, which leads to symptoms
that include interveinal chlorosis, marginal necrosis, green islands on shoots, and leaf abscission that
leaves characteristic “matchstick petioles”. Infected vines suffer decline, yield loss, and even death. With
severe infection on a susceptible variety, a vine can be killed within two to three years.

In general, areas with daily minimum temperatures below -9.5 C° for two or more days are
considered to be at low risk for Pierce’s disease [Anas et al., 2008] because low temperatures can kill the
bacterium [Lieth et al., 2011]. However, due to recent climate trends [Mahlstein et al., 2012] and the
expansion of grape growing regions in VA, there are several reasons to be concerned about PD in the
near future. A study showed that almost the entire state of VA is now considered a high risk area based on
recent 8-year average data [Anas et al, 2008]. The same study presented results of a 2008 survey in NC
and GA, where 82% and 75% of surveyed vineyards, respectively, were positive for PD. Moreover, a
small survey that took place in 2006 revealed that PD-positive vines were found in more than 70% of
surveyed vines in VA [Wallingford et al., 2007].

The number of vineyards has been increasing rapidly in VA-- from 105 total vineyards in 2005 to
over 350 in 2013. Currently, there are approximately 64 wineries located in the lower half of VA where PD
has historically been considered an issue. However, based on the aforementioned study [Anas et al.,
2008], even Monticello American Viticulture Area (AVA) and Northern VA, where the majority of vineyards
are located, are considered high risk. Since the previous Xf survey took place in 2006, it is important to
know the current status of PD distribution among VA vineyards so that growers can know the current risk
of PD in their region and whether Extension should be emphasizing PD management strategies to
growers. Also, detection methods will be compared to identify the most sensitive method for Xf detection.

This report details the results of comparisons of alternative Xf testing methods, enzyme-linked
immunosorbent assay, which was used in the 2006 survey, and quantitative polymerase chain reaction
(qPCR), for detection of Xf from grape petiole tissue. Results of a comparison of two DNA extraction
methods identified an inhibitor-free extraction method for robust and reliable gPCR. An overview of the
current survey of Virginia vineyards, which is expanded compared to the 2006 survey, and includes all the
Virginia wine regions, using the more sensitive detection method that was identified is also outlined.

The authors acknowledge the Virginia Wine Board and the Virginia Tech College of Agriculture
and Life Sciences Internal Competitive Grants Program for support of this project.
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EFFECTIVENESS OF FRUIT BAGS FOR CONTROLLING INSECT PESTS OF APPLE

Daniel L. Frank
West Virginia University, Extension Service, Agriculture and Natural Resources Unit Agricultural Sciences
Bldg., P.O. Box 6108, Morgantown, WV 26506

Bagging fruit is a pest management tactic that has been recommended in many home orchard
management guides to control insect pest damage. Essentially, this practice involves placing bags over
developing fruit to exclude pests. Although fruit bags have been used extensively in Asian markets to
reduce pest problems in various fruit crops, few quantitative analyses of their effectiveness in the United
States have been conducted. The purpose of this study was to investigate the effectiveness of Japanese
fruit bags for protecting apples from various insect pests present in the mid-Atlantic United States.

Materials and Methods

The study was conducted in a 2.6-acre block of 33-yr-old apple trees with alternating rows of
‘Rome’ and ‘Golden Delicious’ trees planted on M.106 rootstock at the West Virginia University Tree Fruit
Research and Education Center in Kearneysville, WV. Trees measured approximately 16 ft. in height and
15 ft. in width and were planted at a spacing of 16 x 24 ft. Japanese fruit bags (Wilson Orchard and
Vineyard Supply, Union Gap, WA) were placed over 20 apples in 15 ‘Golden Delicious’ trees (300 total
apples) on June 4, 2013 when fruit were 1/2 to 3/4 inch in diameter. The orchard block received minimal
insecticide inputs (two spray applications) to protect fruit prior to bagging. Fruit injury at harvest from
brown marmorated stinkbug (BMSB), internal Lepidoptera (IW), San Jose scale (SJS), plum curculio (PC),
tarnished plant bug (TPB), and leafrollers (LR) was assessed by picking and inspecting all bagged fruit as
well as an equivalent number of un-bagged control fruit from each tree. All data were analyzed using an
unpaired t-test (P < 0.05). When necessary, the results were square root transformed to meet the
assumptions of normality and homogeneity of variances.

Results and Discussion

Japanese fruit bags provided significant protection from IW and LR (Table 1). However, fruit
injury from BMSB, SJS, PC and TPB were not reduced significantly. BMSB caused the greatest amount
of fruit injury during the study regardless of whether fruit bags were used. Overall, bagging significantly
increased the percentage of clean fruit. Additional considerations of using fruit bags were the cost and
effort in their implementation. Japanese fruit bags were 14 cents/apple and the total time needed to place
bags on fruit in the study was 4.5 hours. Furthermore, during the course of the study 8% of bagged fruit
went missing, likely due to several storms with heavy winds that blew bags from trees. In conclusion,
Japanese fruit bags can be recommended to home orchardists, or organic growers to reduce insect
damage in apple. However, if BMSB populations are high, the effectiveness of fruit bags may be
negligible and other control options should be considered.
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Table 1.
% fruit injury % clean
Treatment .
BMSB IW SJS PC TPB LR fruit
Bagged 18.8 a 22b 43 a 25a l1la 3.6Db 67.4 a
Un-bagged control 23.6 a 9.8a 6.5a 3.6a 0.7 a 13.0a 428 b

Means within columns followed by the same letters are not significantly different (P > 0.05).
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Screening of Fungicides for the Control of Ripe Rot on Grapes

Sabrina Hartley and Mizuho Nita
Virginia Tech, Alson H. Smith Jr. AREC
Winchester, Virginia 22602

Quality grape production is a delicate balance that can easily be disturbed by late season
diseases such as ripe rot of grape. Ripe rot is currently considered an endemic throughout Virginia
vineyards, and proposes a serious risk to lower wine quality (Meunier & Steel, 2009). Currently there are
very few fungicides on the market that are recommended for control of ripe rot. By investigating different
fungicides, with various modes of action, for their effectiveness at stopping the infection and development
of Colletotrichum species on grapes, we can improve chemically control of ripe rot.

Detached berry fungicide assays were preformed to screen 10 commercially available fungicides.
Currently recommended fungicides for control ripe rot include, Qol fungicides, and broad-spectrum
fungicides: Mancozeb, and Captan. Existing issues with recommended fungicides limit their effectiveness
in the field. Mancozeb has a Preharvest Interval (PHI) of 66 days; this fails to cover the late season
symptomology of Colletotrichum species. Screening for alternative fungicides with a less limiting PHI will
help improve late season chemical management. Fungi, including Colletotrichum species, have also
shown evidence of developing resistance to Qol fungicides, with a single gene mutation, G143A.

Table 1.Fungicides examined for their efficacy against ripe rot pathogens using table grape assay

Commercial Active FRAC code Rate Rate Comment
name ingredient(s) per per
Acre gallon
1-Abound Azoxystrobin 11 (Qol) 12 floz | 3.5 mL Currently
recommended for ripe
rot
2-Basic Copper M1 (inorganic) 31b 1369
copper
3-Captan Captan M4 21b 9.1¢ Currently
(phthalimides) recommended for ripe
rot
4-Endura Boscalid 7 (SDHI) 8 0z 23¢9
5-IKF-309 Not listed U8 (Actin 5 floz 1.5mL
Disruptor)
6-Mettle Tetraconazole 3 (DMI) 4 floz 1.2mL
7-Penncozeb | Mancozeb M3 (EBDC) 13.6 13.6¢g Currently
recommended for ripe
rot
8-Prophyt phosphorous 33 5 pt 23.7 mL | Anecdotal comments
acid (phosphonates) on Colletotrichum
control
9-Serenade Bacillus subtilis | 44 (microbial) 45¢ 45¢ Often recommended
Optimum QST 713 for Botrytis
management
10-Topsin-M thiophanate- 1 (MBC) 1llb 45¢ Similar to
methyl benzimidazoles that is
effective against C.
gloeosporioides

Prior to the experiment, each berry was surface sterilized by washing with tap water, dipped into

10% Clorox solution for 1.5 min, and then rinsed with sterilized water for three times. Then the pedicel
end of the berry was sealed with hot wax to prevent berries from desiccation. In each experimental run
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there were 4 replications per treatment, and 3 berries per replication. Experimental factors included the 10
commercially available fungicides (Table 1), a Colletotrichum inoculated check and water inoculated
check. Fungicides were applied using an airbrush, and inoculation was made with a drop of either C.
acutatum or C. gloeosporioides spore suspension (adjusted to 5 x 10° spores per ml of water). There
were at least 4 hours between the application of the fungicide and the inoculation. After inoculation,
berries were kept under high humidity condition for 24 hours, then dried for incubation. Disease
assessment was made at 3, 5, 7, 10, 12, and 14 days after inoculation. Each species of Colletotrichum
(acutatum and gloeosporioides) were analyzed separately using ANOVA (linear mixed model, SAS 9.3).

Preliminary results demonstrated how the different species, Colletotrichum acutatum, and
Colletotrichum gloeosporioides, react differently to the same fungicide. Response to the treatment
depended not only on the fungicide, but also on the fungal species. Insensitivity to Qol fungicides was
also demonstrated in our results. Initial findings suggest that DMI group fungicides have significant control
of Colletotrichum acutatum as well as Colletotrichum gloeosporioides. The experiment has been run a
total of 2 times thus far, with plans for future trials with wine and table grapes.

Reference:
Meunier, M. and C. C. Steel (2009). "Effect of Colletotrichum acutatum ripe rot on the composition and

sensory attributes of Cabernet Sauvignon grapes and wine." Australian Journal of Grape and
Wine Research 15(3): 223-227.
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Fungicide performance evaluations, downy mildew, powdery mildew, and Botrytis bunch
rot of grape at Winchester, VA 2013

Mizuho Nita
Virginia Tech, Alson H. Smith, Jr. Agricultural Research and Extension Center

This trial was conducted with ‘Chardonnay’ grapes planted in 2009, trained to a vertical shoot
positioning (VSP) system with bilateral cordons, with a spacing of 5-ft between vines and 10-ft between
rows. Plots consisted of three consecutive vines, and were arranged in a completely randomized block
design with four blocks. Treatments were applied with a 4 gal backpack air sprayer, regulated to 21 psi by
a CFValve system (GATE LLC) through a single boom with a flat fan nozzle (TeeJet 8003VS).

Treatments were started at trace bloom (31 May), then followed two times at 13 Jun and 27 Jun. Until two
weeks prior to the treatment application, all vines were treated with Penncozeb (3 Ib/A) and Microthiol
Disperss (sulfur, 3 Ib/A) to control various diseases. An adjuvant ACTIVATOR 90 (0.3%) was added to all
treatments. Diseases were visually assessed two times during the season, and results from 1 Jul are
shown. Of three vines used for each plot, outer cordons that were adjacent to the next treatment were not
assessed in order to avoid recording effects from fungicide drift. Sixty leaves and 30 clusters per plot were
randomly selected and assessed for the estimated percentage of infected area (disease severity) per leaf
or cluster and presence of diseased tissue (disease incidence). With four blocks, there were a total of 240
leaves and 120 clusters per treatment assessed. The linear mixed model was used to conduct the
analysis of variance (JMP Prol0, SAS institute, Cary NC). Treatment was considered as a fixed effect,
and block was considered as a random effect. Disease incidence and severity data were transformed
using angular transformation (arcsine of square-rooted value) prior to the analysis.

Bud break at Winchester was 20 Apr, and 50% bloom was 2 Jun. There were consistent rain
events between bud break and bloom. The total amount of precipitation at the trial site was about 5.8
inches between bud break and bloom, followed by 5.0 and 6.8 inches of rain during Jun and Jul,
respectively.

Downy Mildew: There were three treatments in this trial. Zampro, Penncozeb (served as a
standard treatment), and Torino alternated with Quintec (equivalent to untreated check treatment since
neither fungicide has efficacy against grape downy mildew). Mean leaf disease incidence of downy
mildew varied from 13.75% to 65.42% and disease severity varied from 0.2% to 3%. Treatment
differences were highly significant for disease incidence and severity (P < 0.0001) measurements, and a
good separation of treatment means was found. Zampro treatment resulted in significantly lower disease
incidence and severity (P < 0.05) compared with both untreated check (Torino alternated with Quintec)
and standard (Penncozeb), and the standard treatment resulted in significantly lower disease incidence
and severity than the untreated check. .

Days after first

Treatment’ application’ Disease incidence” Disease severity"”
Zampro 12 f10Z v.ovovveee e, 27,40, 54 13.75 C 022 C
Penncozeb 75DF 31b .............. 27,40, 54 2957 B 0.88 B
Torino 3.4 fl oz alt. with 27,54

Quintec4floz..................... 40 65.42 A 299 A

All rates are calculated based on per acre bases using 100 gal of water.

Y First fungicide application was 4 May 2013. At day 31, all treatments received Vangard (8 0z/A) as
Botrytis control

Disease incidence = percentage of diseased leaves: Numbers presented are the least square mean of
percentage. The same letter indicates there was no significant difference between treatments (Tukey-
Kramer adjustment method, the overall error rate = 0.05)

Disease severity = percentage of area of leaves or bunches diseased: Numbers presented are the
least square mean of percentage. The same letter indicates there was no significant difference
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between treatments (Tukey-Kramer adjustment method, the overall error rate = 0.05)

Powdery Mildew: Despite frequent rain events, which should inhibit development of powdery
mildew in general, the onset of powdery mildew in the experimental plot was early and strong. Mean leaf
disease incidence of powdery mildew varied from 3.75% to 52.5% and disease severity varied from 0.04%
to 6.11%. Cluster disease incidence and severity varied from 52.5% to 100% and 0.73% to 43.13%,
respectively. Treatment differences were highly significant (P < 0.001) on all disease measurements, and
a good separation of treatment means was found. All treatments resulted in significantly lower leaf disease
incidence and severity (P < 0.05) compared to the control (Revus alone, which does not have an efficacy
against grape powdery mildew), and all treatments resulted in significantly lower cluster disease severity
(P <0.05). Although some treatments were numerically lower than others, none of the treatments
resulted in significantly lower leaf disease incidence or severity (P < 0.05) compared to the “standard”
(Dithane 75DF + Microthiol D), due to high variability of leaf disease measurements among samples. Two
treatments, IKF 309 at 4 fl oz alternated with Rally (two IKF 309 applications followed by two Rally
applications) and A12946 alternated with Quintec in every other application, resulted in significantly higher
disease leaf incidence and severity than the Dithane + Microthiol (standard) program. Inspire super,
A12946, and A19334 programs resulted in significantly lower cluster disease incidence (P < 0.05) than the
other treatments. Both the A19334 program and the Inspire Super program resulted in significantly lower
cluster disease severity (P < 0.05) than the other treatments; on the other hand, the A12946 program,
which resulted in lower cluster disease incidence, resulted in relatively high (11.6%) cluster disease
severity. IKF-309 alone at 5 fl 0z/A and IKF-309 at 4 fl oz alternated with Quintec in every other
application resulted in significantly lower cluster disease severity (P < 0.05) than all but A19334 and
Inspire super programs.

Disease incidence” Disease severity*

Days after first Cluster
Treatment and rate/A” application’ Leaf " Leaf Cluster
Torino 3.4 fl oz 27 1250 DE 100 A 0.16 DE 17.28 C
Luna Experience 8.6 fl oz 39
Vivando 15 oz 54
Torino 3.4 fl oz 67
IKF-309 5 fl 0z 27, 39, 54, 67 9.17 DEF 9125 A 016 E 528 G
IKF-309 4 fl oz alt. with 27,54 11.67 DEF 96.25 A 022 DE 438 G
Quintec 5floz ..cvvviiiii 39, 67
IKF-309 4 fl oz alt. with 27,54 6.67 EF 9%5 A 014 E 756 EF
Rally 50Z....ccooviiiiiiiii 39, 67
IKF-309 4 fl oz alt. with 27,39 14.17 DE 100 A 025 DE 1635 C
Quintec 5floz ..covvviiiii 54, 67
IKF-309 4 fl oz alt. with 27,39 21.25 BC 100 A 084 BC 12.34 CD
Rally 50Z....ccooviiiiiiiiii 54, 67
Inspire super 20 fl oz alt.w/ 27,54 1458 CD 63.75 B 060 CD 124 H
Quintec 4 fl oz 39, 67
A12946 10 fl oz alt. with 27,54 27.08 B 75 B 079 B 11.60 DE
Quintec 4fl0z coovvvvviiiii i, 39, 67
A19334 13 fl oz 27,54 375 F 525 B 004 E 073 H
Quintec 4floz .ooovvvviiiii i, 39, 67
Dithane 75DF 3 Ib + Microthiol D 3 Ib 27, 39, 54, 67 11.67 DEF 100 A 0.23 DE 31.24 B
Revus 8fl0Z ... 27, 39, 54, 67 5250 A 100 A 611 A 43.13 A
z

All rates are calculated based on per acre bases using 100 gal of water, PM Check received Revus
during the experiment to prevent downy mildew.
¥ First fungicide application was 4 May 2013. At the day 31, all treatments received Vangard (8 0z/A)
as Botrytis control.
Disease incidence = percentage of diseased leaves or clusters, Disease severity = percentage of area
of leaves or clusters exhibiting disease: Numbers presented are the least square mean of percentage.
The same letter indicates there was no significant difference between treatments (LSD with P < 0.05).

98



Botrytis and Sour rot: Due to relatively dry late season environmental conditions, Botrytis
development was low. Mean cluster disease incidence of Botrytis varied from 0% to 11.3% and disease
severity varied from 0% to 0.45%. Treatment differences were significant on disease incidence (p-value =
0.005), and a good separation of treatment means was found, but treatment effect on disease severity
was not significant (p-value = 0.08). Two Luna products (Experience and Tranquility) and IKF-5411 at
high rates resulted in significantly lower (P < 0.05) disease incidence, and IKF-5411 at high rates resulted
in significantly lower disease severity compared with the untreated check. Mean sour rot disease
incidence and severity among treatments varied from 4.3 to 37.1% and 0.04 to 0.44%, respectively.
Treatment effect was significant on disease incidence (p-value = 0.002), and severity (p-value < 0.0001).
Although both Luna products resulted in low disease incidence, only Luna Tranquility resulted in
significantly lower disease incidence compared to the untreated control. For disease severity, both Luna
products, and Silwet by itself, were significantly lower (p < 0.05) than the untreated check. Silwet resulted
in numerically lower disease incidence in both Botrytis and sour rot disease incidence. In addition, results
from IKF-5411 low rate mixed with Silwet showed numerically lower disease incidence and disease
severity on Botrytis; however, disease severity of sour rot was significantly higher than that of untreated
check.

Botrytis Sour rot
Disease
Days after first Disease Disease incidence  Disease
Treatment’ application” incidence*  severity" X severity"
A 43 C 00 D
Luna Tranquility 16 floz ......... 31,59, 97 1.30 B 0.07 4
Luna Experience 8.6 fl 0z A 71 B 0.1 CD
......... 31,59, 97 125 B 0.06 C 3
IKF-5411 13.7 fl oz + Silwet A 371 A 1.1 A
(0.1%) 31,59, 97 273 AB 0.09
IKF-5411 17.1fl oz A 200 B 0.4 BC
.................. 31,59, 97 416 AB 0.10 4
A 114 B 0.2 BC
IKF541120floz ....c.eevevnnn. 31,59, 97 0.00 B 0.00 C 3 D
A 100 B 0.2 CD
Silwet 0.1% ....oovvviiieiiine 31,59, 97 773 A 0.45 C 2
A 229 A 05 B
Untreated check 11.30 A 0.36 B 9
z

All rates are calculated based on per acre bases using 100 gal of water.
Y First fungicide application was 4 May 2013, day 31 is at bloom application
¥ Disease incidence = percentage of diseased leaves: Numbers presented are the least square mean of
percentage. The same letter(s) next to a mean indicate there was no significant difference between
treatments (LSD, P < 0.05)
Disease severity = percentage of area of leaves or bunches diseased: Numbers presented are the
least square mean of percentage. The same letter(s) next to a mean indicate there was no significant
difference between treatments (LSD, P < 0.05)
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BLOOM THINNING OF HONEYCRISP AND GOLDEN DELICIOUS IN VIRGINIA

Greg Peck, Keith Yoder, Leon Combs, and Dave Carbaugh
Virginia Tech
Alson H. Smith, Jr. Agricultural Research and Extension Center

595 Laurel Grove Road

Winchester, VA 22602
Introduction

Liquid lime sulfur and oil (either fish or a petroleum based product) have become the standard materials for

bloom thinning apples. While effective, this combination can damage the fruit peel causing russet damage that
lowers the fruits’ marketability, often burns the leaf margins, and is a known photosynthetic inhibitor which can
result in smaller fruit size at harvest. Additionally, outside of Washington State, there is no liquid lime sulfur product
labeled for bloom thinning in the US. For these reasons, additional bloom thinning products are needed. In 2013, two
projects were conducted to explore potential bloom thinning chemicals. The first experiment used the cultivar
Honeycrisp because of its tendency to become biennial if not thinned well enough. Additionally, Honeycrisp blooms
late, making it a good candidate for bloom thinning in the Eastern US where late spring frosts have made bloom
thinning an uncommon practice. The second used Golden Delicious because of its tendency to russet from early
season applications of caustic materials.

Materials and Methods
Experiment 1: Honeycrisp.

This experiment was conducted in a Honeycrisp/MM.111 orchard at the Alson H. Smith, Jr. AREC in
Winchester, VA. Chemical bloom thinning application timing was based upon the Honeycrisp specific Pollen Tube
Growth Model developed by Virginia Tech. Bloom thinning treatments included: ammonium thiosulfate (ATS), 1-
Napthaleneacetamide (NAD; Amid-Thin W; AMVAC Chemical Corp.), liquid lime sulfur (Miller Chemical Corp.)
combined with JMS Stylet-Oil (JMS Flower Farms, Inc.), 1-aminocyclopropene-1-carboxylic acid (ACC; Valent
BioSciences Corp.), 6-benzyladenine (6-BA; MaxCel; Valent BioSciences Corp.), liquid lime sulfur by itself, 1-
naphthaleneacetic acid (NAA; PoMaxa; Valent BioSciences Corp.), ethephon (Ethrel; Bayer CropScience), and
abscisic acid (ABA; Valent BioSciences Corp.). There was also an unthinned control, a hand thinned control, and a
growers’ standard control (MaxCel plus carbaryl at the 10 mm fruitlet size).

There were five single-tree replications of each treatment in a randomized complete block design. Trees
were blocked by bloom density. Two limbs per tree were used to assess crop load and fruitlet number. Fruit size,
weight, and finish were assessed on 10 fruit per tree.

Experiment 2: Golden Delicious.

This experiment follows up on similar work conducted in 2011 and 2012. The objective was to assess the
effectiveness of liquid lime sulfur and treatments applied for bloom thinning on 13-yr-old Golden Delicious/M.9
trees, based on a pollen tube growth model. The test was set up in a randomized block design with four single-tree
replications. Treatments were applied dilute to the point of runoff with a single nozzle handgun, or airblast, based on
a bloom thinning pollen tube growth model developed by Virginia Tech in cooperation with Washington Tree Fruit
Research Commission. Treatments included different rates and application methods of liquid lime sulfur (Miller
Chemical Corp.), JMS Stylet-Oil (JMS Flower Farms, Inc.), and Regalia (Marrone Bio Innovations).

Results and Discussion
Experiment 1: Honeycrisp.

Compared with the unthinned control, ABA and ethephon were the only two treatments that did not
significantly reduce crop load. ABA, ethephon, PoMaxa, and liquid lime sulfur at the 4% rate resulted in
significantly greater crop load than the hand thinned and growers’ standard controls. ATS and lime sulfur at the 4%
rate both caused leaf scorching after application. However, fruit finish was not significantly worse for the ATS
treatment—perhaps because the damaged fruit were not viable and therefore not present at harvest. Overall, fruit
finish data were variable and difficult to fully explain, though the lime sulfur plus oil treatment did result in
significantly more damage than any other treatment. Candidate materials for future exploration include: ATS at a rate
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lower than 3.5%, Amid-Thin, ACC, and MaxCel. The latter three materials are particularly interesting since they are
less likely to cause fruit finish problems. However, the mode-of-action for these plant growth regulators also needs to
be more fully understood to take full advantage of the pollen tube growth model.

Experiment 2: Golden Delicious.

All treatments, except the 4- and 6-qt rates of Regalia, when applied by handgun, reduced crop load relative
to the control. Few differences were seen for crop load amongst the different bloom thinning treatments. However,
Regalia at the 4-gt and 6-qgt (handgun and airblast) rates had significantly greater crop load than the grower’s
standard of NAA plus carbaryl applied at 8 mm fruitlet size. Part of this year’s study was to determine if Regalia
provided a rate response between 2-, 4-, and 6-qts/100 gal. In 2012, there was a rate response between the 2- and 4-
gt rates for crop load. In 2013, no additional thinning was achieved when the Regalia rate was increased.
Additionally, crop load was similar at the 6-gt rate whether applied by handgun or airblast.

Another objective of this experiment was to compare a 1-gal lime sulfur combined with a 1-gal JMS Stylet-
Oil rate with a 2-gal lime sulfur combined with a 2 gal JMS Stylet-Oil rate. Comparisons were also made between
handgun and airblast applications of the 2-gal lime sulfur and 2-gal JMS Stylet-Oil rates. None of these applications
were significantly different from each other in terms of crop load or the various microscopic analyses of the flowers.
Differences between style lengths are not likely attributable to the treatments.

Overall, Regalia has been shown to have mild bloom thinning effects and can be a useful material for when
moderate thinning is desired. Future work should investigate using lime sulfur treatments for the first bloom thinning
application followed by Regalia for the second and subsequent applications. This combination approach might
reduce the negative impacts of lime sulfur on tree health, fruit size, and fruit finish, as well as prevent the
overthinning that sometimes occurs with lime sulfur. These combination lime sulfur-Regalia sprays would be useful
for organic producers and might add disease prevention with the bloom thinning applications.
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Figure 1. The Pollen Tube Growth Model for ‘Honeycrisp’ apple trees at the Alson H. Smith, Jr. AREC in 2013. The
model started on 24 Apr at 0800 EDT. The first thinning application for all bloom thinning treatments was applied
on 1 May at 1200 EDT, and the second thinning spray occurred on 5 May at 1100 EDT.
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Figure 2. The Pollen Tube Growth Model for ‘Golden Delicious’ apple trees at the Alson H. Smith, Jr. AREC in
2013. The model started on 19 Apr at 1000 EDT. The first thinning application for all bloom thinning treatments was
applied on 26 Apr at 1500 EDT, and the second thinning spray occurred on 2 May at 1500 EDT.
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Table 1. Measurements of yield and fruit finish from bloom thinning treatments of ‘Honeycrisp/MM.111" in 2013, Winchester, VA"

Crop load More than
(fruit/cm? two fruit
Rate Time of Application limb cross One fruitin ~ Two fruit ina
(per 100 Fruitlet sectional Fruitsize  Fruit weight  Fruit finish a cluster in a cluster cluster
Treatment gal) Date size area)"” (in)* @)* (0-5)" (%) (%) (%)
Untreated Control - - 9.89 & 2.85fg 1545 fg 1.07 be 69.2 bcde 23.7 abc 7.2 abc
Hand Thinned - Mid-June 314e 3.07 be 198.1 be 1.57b 100.0a 0.0d 00¢
Control
MaxCel + bafloz  omay 107 304e 3.14b 213.7h 0.84 ¢ 799abcd  156bcd 45 abc
Carbaryl 1pt
ATS 3.5% é mg 2.13e 2.93 def 170.0 def 0.74c 84.3 abc 12.8 cd 2.9 bc
. . 1 May
Amid-Thin 40 ppm 5 May 242¢ 3.28a 2385a 0.77 ¢ 88.0 ab 9.5cd 2.5 bc
Liquid Lime Sulfur 2% 1 May
Stylet Oil 204 5 May 3.72 de 2.95 cdef 175.8 cdef 222 a 73.1 bede 19.9 abc 7.1 abc
1 May
ACC 300 ppm 5 May 4.74 de 3.00 cde 180.9 cde 1.21 bc 60.3 de 25.1 abc 14.6 ab
1 May
MaxCel 64 fl oz 5 May 5.24 cde 3.01 bed 189.5cd 1.23 bc 70.4 bcde 21.1 abc 8.4 abc
Liquid Lime Sulfur 4% é mg 6.42 bed 2.88 efg 160.6 efg 1.08 bc 64.6 bcde 29.7 ab 5.7 abc
PoMaxa 3floz ¢ mg 658bcd  3.02bcd 1846 cd 0.94 ¢ 782abcd  17.4abc  4.3abe
1 May
Ethephon 600 ppm 5 May 8.21 abc 2799 145.7 g 1.12 bc 5l4e 32.0a 16.6a
ABA 1000 ppm é mg 8.64 ab 2.86 fg 155.7 fg 1.10 be 60.9 cde 29.4 ab 9.7 abc

Y Full bloom occurred on 4 May; petal fall occurred on 4 May.

" Crop load was measured on 8 Jul.

* Fruit size and weight were measured on 21 Aug.

Y Fruit finish was measured on 22 Aug.

? Mean separation within column by Tukey’s Honestly Significant Difference.
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Table 2. Measurements of yield and flower organs from bloom thinning treatments of ‘of ‘Honeycrisp/MM.111" in 2013, Winchester, VA",

Crop load
. P fruit/cm? Pollen tubes Average number
Time of Application ( R rag . .
Rate I PpTica limb cross in stigma of visible pollen Percent of side Percent of side
(per 100 Fruitlet sectional (visual tubes at end of bloom flowers bloom styles
Treatment gal) Date size area)" rating-0-10)” styles fertilized fertilized

Untreated Control - - 9.89a 451a 3.29a 84 ab 68 ab
Hand Thinned Control - Mid-June 3.1l4e Not sampled -- -- --
MaxCel + 64 fl oz
Carbaryl 1pt 17 May 10.7 3.04¢e Not sampled -- -- --
ATS 3.5% 1 May 213 2.42¢ 0.55 f 40¢ 24d

5 May

. . 1 May

Amid-Thin 40 ppm 5 May 242¢ 3.88b 1.81 bed 68 abc 50 abcd
Liquid Lime Sulfur 2% 1 May
Stylet Oil 204 5 May 3.72 de 248 ¢ 0.82 ef 56 bc 36 cd
ACC 300 ppm é mg 4.74 de 4.06 ab 233D 80 ab 46 abed
MaxCel 64 fl oz é mg 5.24 cde 4.01ab 1.06 def 72 abc 41 bed
Liquid Lime Sulfur 4% é mg 6.42 bed 222¢ 1.47 bede 64 abc 41 bed
PoMaxa 3fl oz 1 May 6.58 bcd 3.98 b 2.10 be 92a 70a

5 May

1 May
Ethephon 600 ppm 5 May 8.21 abc 3.95b 1.32 cdef 76 ab 55 abc

1 May
ABA 1000 ppm 5 May 8.64 ab 4.22 ab 2.11 bc 76 ab 57 abc

Y Full bloom occurred on 4 May; petal fall occurred on 4 May.

" Crop load was measured on 8 Jul.

* Fruit size and weight were measured on 21 Aug.

Y Fruit finish was measured on 22 Aug.

? Mean separation within column by Tukey’s Honestly Significant Difference.
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Table 3. Measurements of yield and flower organs from bloom thinning treatments of ‘Golden Delicious’/*M.9’ in 2013, Winchester, VA.

Average number

Crop load at Pollen tubes  of visible pollen  Average length
Treatment rates harvest (Fruit/trunk  in stigma tubes /style  of longest pollen Average number of 9% of styles with Average
per 100 gal dilute (or  cross-sectional (visual penetrating tubes in style  visible pollen tubes  pollen tubes at length of
per acre) area) rating-0-10)" stigma base (mm) at end of styles end of styles styles (mm)

0 No treatment 10.71a 3.30 bed 26.2 he 5.44 ab 0.84 ahc 425a 8.05 ¢
1 Lime Sulfur 2 gal +

JMS Stylet-Oil 2 gal 5.68 de 3.72ab 30.8 ab 4.67 cd 0.50 bcd 30.0 ab 8.56 a
2 Lime Sulfur 2 gal +

JMS Stylet-Oil 2 gal/A 6.18 cde 3.43 abc 28.3b 43lcd 0.47 bed 325ab 7.85d

airblast
3 Lime Sulfur 1 gal +

JMS Stylet-Oil 1 5.85 def 3.31 bed 27.8b 3.94d 0.40 cd 27.5ab 8.08 ¢

gal/100 gal dilute
4 Regalia 6 gt +

B-1956 8 fl 0z 8.26 bc 3.39 abc 29.0ab 4.80 bc 0.51 bed 225b 8.36b
> Regalia 4 gt +

B-1956 8 fl 0z 7.70 bcde 3.08 cd 25.2 bc 4.08 cd 0.19d 30.0ab 854 a
6 Regalia 2 gt +

B-1956 8 fl 0z 8.19 bc 3.86a 35.1a 571a 131a 30.0 ab 8.59a
7 Regalia 6 gt +

B-1956 8 fl 0z /A 8.09 bc 2.84d 209¢c 4.02d 0.93ab 30.0ab 8.52a

airblast
8 Carbaryl 2 pt +

NAA 5 ppm +

Regulaid 11 fl oz 4.05f --- --- --- ---

(conventional timing,

~8mm)
9 Hand-thinned control 7.79 bed --- --- --- --- --- ---

Four single-tree replications

Treatments #1-7 applied 26 Apr and 2 May at 1500 hrs EDT.

Fruit hand thinned from trt. 9 - (12 Jun) after limb fruit count taken.
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Table 4. Measurements of fertilized flower and yield from bloom thinning treatments of ‘Golden
Delicious’/M.9’ in 2013, Winchester, VA.

Projected %

Crop load at
harvest

Projected % of  of flowers  (Fruit/trunk Average single
Treatment rates flowers samples samples Cross- fruit weight at
per 100 gal dilute (or fertilized (King  fertilized sectional harvest
per acre) bloom) (Side bloom) area) (9/3/13)
0 No treatment 68a 56 a 10.71a 103.0 f
1 Lime Sulfur 2 gal +
JMS Stylet-Oil 2 gal 48 ab 16 a 5.68 de 147.3 bc
2 Lime Sulfur 2 gal +
JMS Stylet-Qil 2 gal/A 52 ab 32a 6.18 cde 135.5cd
airblast
3 Lime Sulfur 1 gal +
JMS Stylet-Oil 1 44 ab 40 a 5.85 def 159.9 ab
gal/100 gal dilute
4 .
Regalia 6 gt +
B-1956 8 fl 0z 44 ab 40 a 8.26 bc 114.7 ef
5 Regalia 4 gt +
B-1956 8 fl 0z 40b 40 a 7.70 bede 122.7 de
6 Regalia 2 gt +
B-1956 8 fl 0z 48 ab 37a 8.19 bc 117.9 def
7 Regalia 6 gt +
B-1956 8 fl oz /A 48 ab 40 ab 8.09 bc 127.2 de
airblast
8 Carbaryl 2 pt +
NAA 5 ppm +
Regulaid 11 fl oz --- --- 4.05f 178.8 a
(conventional timing,
~8mm)
9 Hand-thinned control --- - 7.79 bed 115.9 ef

Four single-tree replications
Treatments #1-7 applied 26 Apr and 2 May at 1500 hrs EDT.

Fruit hand thinned from trt. 9 - (12 Jun) after limb fruit count taken.
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PRIMOCANE BLACKBERRY TRIALS FOR SEASON EXTENSION IN DELAWARE

Gordon C. Johnson
University of Delaware Carvel Research and Education Center
16483 County Seat Highway, Georgetown, DE 19947

Research was conducted on extending production seasons for small fruits in Delaware. Primocane
producing blackberries offer the potential for extended summer production and fall production for sales at farmers
markets, to schools and institutions, to restaurants, and to local wholesale outlets

Materials and Methods

Two commercially available thorny primocane bearing blackberry varieties, Prime Jan and Prime Ark 45
were planted in 2011 in a randomized complete block design with 5 replications. Plots consisted of 10 plants with
3 ft. between plants. Plot were harvested from August-November in 2012. A portion of these were left to fruit on
floricanes in 2013 as well as on new primocanes in 2013.

In addition, five experimental fall-bearing thornless varieties from the University of Arkansas were planted
in 2011 in a randomized complete block design with 4 replications. Plots consisted of 3 plants with 3 ft. between
plants. These plots were harvested from July through August in 2012. In 2013, all plots were fruited on both
floricanes and on primocanes.

Experimental varieties:
153 (Freedom) thornless
158 thorny

185 thornless

190 thornless

205 thornless

Results and Discussion

Yields for primocane production in 2012 were low due to excessive heat across all varieties. The
experimental, 158, had the highest primocate yields at 1,058 Ibs. per acre.

In 2013, floricane yields in Ark 45 were over 16,000 Ibs per acre. with an additional 6,000 Ibs per acre on
the primocanes. This is twice the expected yield. Several experimental varieties also had high yields of over
20,000 Ibs per acre (158 and 190T). The variety 153T, which has been commercially released as Prime Ark
Freedom, had lower yields but the largest fruit size at over 8 grams per berry. The dual production system on both
floricanes and primocanes is promising for extended production over an 18-20 week season from June through
October. However, there was heavy pressure from Spotted Wing Drosophila in 2013 with this extended
production.

2012 Yields of Experimental Primocane Blackberries in Small Plot Trials, Georgetown, DE.
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2013 Yields of Experimental Primocane Blackberries in Large Plot Trials, Georgetown, DE
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FIELD AND LABORATORY TESTS OF PRE-MIXED INSECTICIDE COMBINATIONS AGAINST
APPLE MAGGOT, 2013

W. Harvey Reissig, David Combs, and Cynthia Smith, Entomology Department
Cornell University, New York State Agricultural Experiment Station,
Geneva, New York

Pre-mixed insecticides are becoming increasingly more commonly used in NY apple orchards and very
few formal tests have been done to test their effectiveness against the apple maggot, Rhagoletis pomonella (AM).
Most tree-fruit entomologists would rather growers would tank mix materials together when necessary rather than
use pre-mixed formulations of insecticides. However growers use these pre-mixes because they perceive them
as being very reasonably priced. Some pre-mixes combine non-IPM compatible insecticides such as pyrethroids
with newer, more selective materials. Rates of insecticides in some pre-mixes are lower than recommended
labeled rates of materials alone for some insect pests. Very little is known about additive effects or potential
synergism of insecticide combinations in pre-mixes. The following treatments were compared in both field and
laboratory tests: (1) Calypso Standard, 8 0z form/100 gal, (2) Voliam Xpress, 12 oz form/100 gal. (3) Endigo, 5.5
oz form/100 gal., (4) Voliam Flexi, 7 oz form/100 gal. (5) Leverage, 2.8 oz form/100 gal. and (6) Agri-Flex 4.95 oz
form/100 gal.

In laboratory tests, Red Delicious apples were dipped into an insecticide solution, and after residues were
dry, placed in a plastic cup with 5 gravid AM females. After 24 hours, mortality of females was monitored,
punctures were counted, and larval emergence from infested apples was compared. Egg deposition was
estimated on treated apples by dissecting punctures on 1 treated apple/replication. Treatments were applied in
the field with an airblast sprayer (150gpa) to 12-tree plots along the edge of an orchard. Treatments were
replicated 3X and arranged in a RCB. Sprays were applied on 19 Jul., 30 Jul., 12Aug., and 27 Aug. Fruit was
evaluated on 12 Sept. and rated for stings (<1/8 inch deep) or tunnels (brown trails within the fruit).

In laboratory tests, Calypso and the mixtures tested were not highly toxic to AM flies. For example AM
mortality in the Calypso treatment was 33% and the most toxic material Voliam Flexi, killed 81.7% of the flies. All
treatments significantly reduced AM punctures in the laboratory compared to the untreated check apples. Also in
the laboratory, all treatments significantly reduced the numbers of larvae emerging from the apples compared to
the check fruit. Only Leverage significantly reduced the avg. # of eggs/puncture in the laboratory trials suggesting
that the reductions in larval emergence were caused by toxicity to the eggs or newly emerging larvae. In the field,
all treatments were statistically as effective in preventing AM infestation (tunneling) as the Calypso standard
except for Agri-Flex. All treatments allowed some stings in apples in the field (superficial oviposition punctures),
particularly Calypso. In conclusion, the laboratory and field tests show that Calypso and the other tank-mixes
tested have several modes of action against AM: Toxicity to flies, reduction of numbers of oviposition punctures,
and toxicity to eggs and/or newly hatched larvae within the fruit.
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A Tool to Facilitate Economical IPM Decision-Making for Apples
Using Efficacy and Pesticide Resistance Information

J.K. Harper*, A.M. Agnello?, and W.H. Reissig’
'Dept. of Agri. Econ., Rural Soc., and Education, The Pennsylvania State Univ., University Park, PA
“Dept. of Entomology, NYS Agricultural Experiment Station, Cornell University, Geneva, NY

Apple growers face difficult decisions when trying to balance their need for effective insect control with
cost and marketing constraints. This is not a straightforward process because the choice of insecticide is
complicated by various use restrictions, the presence of beneficial insects, production parameters, and marketing
issues. To assist growers in choosing between their various management options, an insecticide selection tool that
incorporates IPM guidelines would be very helpful. Such a tool would generate least cost options that are subject
to constraints such as rotation of pesticides for resistance management, label use limitations, and pre-harvest
intervals as well as other types of user imposed constraints. These models would be useful both for in-season
decision making and pre-season planning that would allow growers to better benefit from pre-season bulk
discounts.

Similar efforts in the past to develop least-cost tools for pesticide use have involved the use of
mathematical programming models. An example of this type of work was done by Olsen, Harper, and Curran
(1996) using an integer programming model that selected least cost herbicide programs for corn (and soybean;
unpublished). By selecting the weed species to be controlled and the level of control desired, customized herbicide
programs were generated. The models also accounted for crop rotation and tillage practices and for changes in
the minimum level of control desired for an individual weed species or set of weeds. The major problem with this
type of approach is that it requires the use of expensive and complex mathematical programming software in
order to generate solutions, so it was never intended as tool to be directed used by farmers.

Current spray recommendations for New York State found in the Cornell Pest Management Guidelines for
Commercial Tree Fruit Production provide fruit growers with a wealth of information including labeled rates, pre-
harvest intervals, re-entry restrictions, and a judgment of the efficacy of each alternative. The challenge was to
develop a planning tool that will help New York apple growers select insecticides that takes into account these
types of constraints while also being readily accessible and user friendly. Because the idea was to develop a tool
that will be available without the need for complex, proprietary software, Microsoft Excel was chosen as the basis
for the model. Users have the option to change the default price list and select attributes that reflect their
production environment. Macros written in Visual Basic for Applications (VBA) then perform the necessary
calculations, execute various sorting algorithms, and implement certain heuristic decision rules to come up with a
least-cost solution. The efficacy data used in the model was obtained from the 2013 Cornell Pest Management
Guidelines for Commercial Tree Fruit Production (Table 7.1.1. Activity Spectrum of pome fruit insecticides and
acaricides). The efficacy data is based on a 3 point scale, where 1 =poor, 2 = fair, and 3 = good. The list of
insecticides and acaricides labeled for use in New York and their range of rates was also obtained from 2013
Cornell Pest Management Guidelines for Commercial Tree Fruit Production (Table 11.5.1. Pesticide Spray Table-
Apples).

Specifically, the apple insecticide decision tool:

1) allows user to specify whether they:
a) can use restricted use pesticides,
b) are located on Long Island (where certain insecticides are not labeled),
c¢) wish to only consider materials that are OMRI approved,
d) want to only use materials that are considered “low risk” (reduced risk, mating disruption, oil, bT etc.),
e) want to exclude organophosphates from consideration,

2) allows the user to select the insects that need to be controlled and the minimum level of control desired based
on selection of:
a) insecticides with at least moderate efficacy or
b) insecticides with the highest level of efficacy available,

3) allows user to select the insecticide application level (low, mid-point, or high based on the range of labeled
rates), and
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4) has a default price list of insecticide costs that can be edited by user.

The decision tool then uses various sorting algorithms and decision heuristics (programmed in VBA) to
select the least cost option given the user's selections in 1-4.

The planned date for making the apple insecticide model available to the growers depends on several
issues including what the final format will be (web pages or downloadable Excel file). Future improvements to the
model will use IRAC codes to evaluate consecutive sprays to minimize potential resistance and constrain summer
sprays based on pre-harvest intervals (early summer, mid-summer, and late summer sprays).

This decision making tool could be used to develop a similar model for apple fungicides. Efficacy data is
available is also available for fungicides in New York based on a 5 point scale, where 0 = none, 1 = slight, 2 = fair,
3 =good, and 4 = excellent (2013 Cornell Pest Management Guidelines for Commercial Tree Fruit Production,
Table 6.1.1. Activity spectrum of apple fungicides). It could also be used to develop similar models in other states
(for example, Pennsylvania has efficacy data for both insecticides/miticides and fungicides; Pennsylvania 2012-
2013 Tree Fruit Production Guide, Table 4-6. Apples: Insecticide and miticide efficacy and Table 4-8. Apples:
Fungicide efficacy). This approach could also be used for other fruit crops (for example, peaches and pears) or
any other crops with efficacy data (vegetables).

References:

2013 Cornell Pest Management Guidelines for Commercial Tree Fruit Production. Pesticide Management
Education Program, Cornell University, 2012.

Olsen, J.R., J.K. Harper, and W.S. Curran. "Selecting Cost-Minimizing Herbicide Programs for Corn (Zea mays)."
Weed Technology 10(1996): 327-336.
Pennsylvania 2012-2013 Tree Fruit Production Guide. Penn State Cooperative Extension, 2012.
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Call of the States — New York 2013

Art Agnello and Dave Kain
Cornell University, NYS Agric. Expt. Sta., Geneva, NY

Entomology

Most people in the fruit business were frankly a little apprehensive about what to expect from this season.
After 2012, there was a sense that anything was possible, particularly scenarios that had a greater resemblance to
some of the southeastern states than to the good old (if non-standard) New York summers of memory and
common lore. Even as the spring proceeded to unwind in a slow, gradual, and even boring sequence of non-
dramatic crop and pest development stages, there remained a tendency for us to glance over our shoulder to be
sure nothing was sneaking up on us. We had all heard the worries over "light" control programs last year, pests
that had had extra flights, and then the cold-but-not-epic winter temperatures, all of which could have presaged a
monumental insect resurgence this year. Nonetheless, the pre-bloom period was cool and not too rainy, bloom
was abundant, pollination weather generally acceptable, and fruit set proceeded with relatively few frost or hail
events being reported. Early season pests seemed to have slept in, and we somehow reverted to business as
usual, just another "normal” NY growing season.

Which is to say that the version of normal that we experienced this year was of the a-bit-too-much-rain and
not-enough-heat variety, so that real summer temperatures didn't occur until July, and then retreated for the next 6
or 8 weeks. The insect pests, fortunately, did not explode, although they weren't actually absent. We hardly saw
any mites, or pear psylla, or plum curculio; however, San Jose scale infestations were a common sight, as well
as potato leafhopper, woolly apple aphid, and of course the internal lep complex. Codling moth and oriental
fruit moth did not overrun the countryside, but they were out there in all the usual spots, the same as
obliquebanded leafrollers — packinghouse reports noted 67 loads (from 32 growers) with larval detections, 80%
of which contained only one infested apple. Apple maggot took its time in emerging, but seemed to have another
extended season of occurrence this year.

Not surprisingly, more time and attention was directed this year to our two invasive species, a phenomenon
that should probably be taken as a sign of things to come. Brown marmorated stink bug finally began showing
up in traps in western NY this year, albeit in low, sporadic numbers; the new-this-year availability of the true BMSB
pheromone lure probably played a part. More eastern NY sites recorded adult captures this year, including further
north into Columbia Co., so we expect this trend to continue going forward. Growers applied more preventive
sprays, so the incidence of actual fruit damage was down considerably from 2012. Spotted wing drosophila has
become a more universal, and urgent, concern, although mostly for berry growers; our cherry and peach plantings
seem to have escaped any notable damage this time, but next season could be different if the fly's first occurrence
date continues to advance each year. Finally, a number of normally very careful apple growers were unpleasantly
surprised to find wilting and dying trees in some of their best dwarf plantings; nearly all were associated with fire
blight symptoms, but the disturbing discovery — and in distinctly different parts of the region — of a previously
unseen ambrosia beetle in the trunks (Xylosandrus germanus, the so-called black stem borer), was a mystery
that we're making plans to address with more aggressive trapping and monitoring next season.
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Call of the States - Virginia

Horticulture

The 2013 growing season was marked with abundant rains in May, June, and July and relatively cool
conditions from mid-August through to the end of harvest. Spring conditions were generally favorable for planting,
and many acres of new orchard have been established in Virginia over the past year. On 22 April and 15 May
there were light spring frosts in the Winchester area. Additionally, there was cool weather with reduced honeybee
flight when many fruit trees were flowering. With the exception of russetted fruit in some low-lying areas, neither
the peach or apple crops appeared to be significantly negatively affected by the frosts. In fact, many growers
reported having fewer superficial blemishes and russets than would be expected from the cool humid conditions.
However, the sweet cherry crop in Winchester, as well as many other locations in the mid-Atlantic displayed
severe fruit drop due to these environmental factors, as well as potentially low light levels that occurred prior to pit
hardening. Amongst the tree-fruit crops in Virginia, sweet cherries once again proved to be the most disappointing.
In general, apple fruit set was more than adequate and most growers had a full crop.

Growers throughout the Commonwealth reported above average yields for both peaches and apples.
Indeed, it would not be surprising if Virginia’s statewide apple yields in 2013 were greater than from any year in the
past decade, if not longer. Indeed, many growers had difficulty sourcing sufficient labor and towards the end of
harvest enough bins into which to pick their crop. However, excellent crop conditions were also reported in
Pennsylvania, New York, Michigan, and elsewhere in the Eastern US, so prices were lower than grower
expectations. In addition to the abundant yields, fruit size, color, and overall quality were quite good.

Entomology

Oriental Fruit Moth biofix was April 11, Codling Moth on May 2; both within historical norms since 2000.
Cool wet weather following biofix resulted in slow Degree Day accumulation. There was very low internal worm
pressure in 2013; was this effects of weather? Cool spring also resulted in prolonged activity of Plum Curculio and
injury well into the summer. There was an unusual instance of lots of pansy spot on some apple varieties
throughout central and northern VA and extending further north. Also foliar injury: Western Flower Thrips and/or
soybean thrips.

Brown Marmorated Stink Bug (BMSB) populations were very high by late summer, based on captures in
traps. Ideal growing conditions maintained lush condition of wild hosts, prompting the question,” Did BMSB stay
longer on them? (considering the huge amount of vegetative growth on peach).” BMSB injury at harvest managed
quite well in most orchards in which targeted sprays used. Many growers are now using Alternate Row Middle
sprays. There were examples of high levels of BMSB injury to late-season apples when BMSB was not targeted as
in processing blocks. San Jose Scale is an increasing concern behind BMSB programs. Mites continue not to be
an issue. The biggest secondary pest concern is late-season Wooly Apple Aphid outbreaks; Diazinon worked very
well, but not Movento, Provado or Closer. There was Issue with Diazinon restrictions on fruit for baby food; Also
there was a potential issue with compatibility between diazinon and captan.

Pathology

2013 was an “average” disease year in the Winchester area, but with progressively heavier pressure
farther south. There was no apple scab infection period until Apr 17. Scab lesions from Apr 17 were present by
May 6, then heavier secondary occurred May 6-24. Sterol inhibiting fungicide resistance and Qol resistance,
confirmed in 2012, are being dealt with in the Winchester area. Cedar-apple rust spores were released as early as
Apr 12 and discharge continued into June; but for the most part, susceptible blossoms escaped quince rust
infection. Our test treatments in 2013 again bore out the value of following likely cedar rust infection periods with
an Sl fungicide for after-infection control. In 2013, mildew conidia were available Apr 11 a week ahead of scab
infection, and we had 42 dry weather “mildew infection days” from Apr 11-June 14. Summer rains prolonged the
length of shoot susceptibility, and secondary mildew infection was common on susceptible varieties. In spite of
some earlier indications, some (Maryblyt) predicted fire blight days fell short of the requirements for infection and
most infection events occurred mostly only on late bloom.

For purposes of predicting development of the sooty blotch and flyspeck (SBFS) fungal complex, we
started wetting hour accumulation from May 13, and by Jul 1, had reached the 250-wetting hour threshold for
specific treatment against the SBFS fungal complex, about five weeks later than last year. Leaf spot problems on
Golden Delicious in the Winchester area were primarily necrotic leaf blotch, not the Glomerella leaf spot which
suddenly became prominent in late August 2012. The late season was not conducive to rot development in the
Winchester area; however, with heavy rainfall in southern VA and western NC, Glomerella was again a problem in
those areas in 2013. Some samples of rot spots from those areas developed into bitter rot and some were white
(Bot) rot.

Grape disease development followed a similar pattern, with generally heavier disease pressure by wet
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weather diseases farther south into Virginia.
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