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West Virginia - Call of the States, Report for CSFWC, 2012
Overall crop conditions were variable, ranging from fair to good, with any problems mostly
due to a freeze in late March, which resulted in a prolonged bloom in apple and a short crop in
stone fruits, followed by above-normal wet conditions during the months of May and August.
Several locations experienced multiple hail events in May and June. Early season disease
pressure was generally light, and disease management was good; although, a prolonged bloom
period and hail events (and a derecho in late June) resulted in moderate to severe fire blight
issues from some growers.

Generally warm temperatures in March were very favorable for early season plant
development with most growers agreeing that the season began about 2.5 weeks ahead of
normal. At KTFREC, which is generally cooler than many WV orchard locations, apple green
tip was observed on March 15 and full bloom on Golden Delicious was recorded on April 8.
Total precipitation (inches) in March, April, May, June, July, August, and September was 1.0,
2.8, 6.6, 2.5, 2.3, 4.9 and 4.4, respectively. Twelve early season infection periods (prior to 1
June) were followed by 19 additional infection periods from the period 1 Jun through 3 Sep.

Disease activity related to extension orchard visits centered around management issues with
bacterial spot on stone fruits, apple scab, fire blight, and tomato ring spot virus in peaches and
plums. Growers reported that prices for fruit were generally strong.
(Plant Pathology comments, submitted by Alan Biggs, Professor of Plant Pathology and
Extension Specialist, WVU-KTFREC).
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Call of the States - Virginia
Horticulture
The 2012 growing season began with unseasonable warm temperatures in February and
March, which caused fruit-tree bud break to be nearly four weeks ahead of the long-term
average. The early bud break led to an early bloom, which lengthened the period when
flowers and fruits were susceptible to freezes. Interestingly, trees in the northern Shenandoah
Valley were blooming at the same time as trees in Central Virginia; in most years there is a
two-week difference. Likewise, many apple, cherry, and peach trees had overlapping bloom.
Several frosts damaged blooming fruit trees in Virginia, particularly peaches and cherries,
with the most damaging frost occurring on the morning of March 27. Many king bloom in
apple were also lost to the frost. But, Virginia growers were spared the colder temperatures
that severely reduced the tree fruit crops in North Carolina in late March, and in New York and
Michigan in late April. Cool temperatures stretched out the remainder of the bloom period.
The frost and prolonged bloom made fruit thinning strategies more challenging.
The fruit producing regions of Virginia were also spared the droughts that devastated farmers
in many other parts of the country. However, high winds from the June 29 Derecho storm
damaged some orchards in both Central Virginia and Northern Shenandoah Valley orchards.
The massive Hurricane Sandy (October 29) that caused widespread flooding in the northeast
arrived after most of the Virginia apple crop was already harvested, so damage was minimal
and mostly from toppled trees. The early bloom meant that tree-fruit crops were harvested
10-14 days earlier than usual, but this was not problematic since crop losses in other states
meant that fruit was in high demand. The USApple crop forecast that was released in August
predicted little change in the 2012 apple crop compared to the five-year average. Despite
losing many king bloom in apple, fruit size was satisfactory, likely because of adequate rainfall
in the latter half of the growing season. I would say that most growers were happy with the
yields, quality, and prices that they received for their fruit this year.

Entomology
Warm temperatures in March translated to the earliest biofix dates for oriental fruit moth
(OFM) (March 20) and codling moth (CM) (April 14) recorded since 2000. OFM and CM biofix
occurred 10 and 9 days earlier, respectively, than the previous earliest in 2002 and 2008,
respectively. Cooler weather in April resulted in tufted apple budmoth biofix on April 29,
which tied the previous earliest record in 2000 and was only a few days earlier than average.
Cool, wet weather following petal-fall resulted in a prolonged period of plum curculio
movement into orchards. There were not significant issues with OFM and CM in fruit at
harvest and leafroller populations remained at the very low levels seen in recent years. The
overwintering population of adult brown marmorated stink bug (BMSB) was smaller than in
recent years, due to an unknown source of mortality late in the 2011 season. This translated
to relatively low BMSB pressure early in the growing season. BMSB populations rebounded
during the summer and large numbers of adults seeking overwintering sites were recorded
from late September through about mid-October; the first mass movement to overwintering
sites occurred on September 21. BMSB injury to peaches and nectarines at harvest was
relatively light, likely due to the combined effects of more targeted sprays, lighter pressure
early in the season, and an early harvest that reduced the duration of fruit exposure to some
8

extent. This was also noted in early and mid-season apple varieties. Late season varieties
were exposed to the last generation of BMSB in September and October; injury levels in those
varieties at harvest varied considerably among blocks, likely according largely to differences
in management programs. In general, BMSB management programs did not incite spider mite
or San Jose scale populations. However, woolly apple aphid outbreaks in August and
September were more common than is typical. Following its first detection in Virginia in 2011,
spotted wing drosophila posed a severe challenge to berry growers throughout the 2012
growing season. Some caneberry plantings experienced 100% berry infestation. Blueberries
and wine grapes were also affected.
Pathology
Apple scab: We had “normal” scab development in spite of the early 2012 season. Critical
primary infection periods occurred Mar 19-20 and Mar 24-25 and scab lesions appeared Apr
13. This led to severe secondary (also primary) infections Apr 18-19 and 21-23. Getting
proper spray coverage through several weeks in April was a challenge because of persistent
windy and rainy conditions. Nine later secondary infection periods occurred in May.
Apparent widespread emergence of QoI (strobilurin) resistance presents an important
problem for scab management in Frederick County.
Rusts: An unusual development with cedar rust infection was heavy infection on flower
cluster leaves (from Mar 24-25) as well as the mid-shoot positions (from May 5-15). For the
most part, fruit escaped quince rust infection because wetting periods were too cool for
infection while the blossoms were most susceptible.
Powdery mildew: This year we had 44 dry weather “mildew infection days”
between Mar 19.and May 31. Summer rains prolonged the length of shoot
susceptibility with more likelihood of bud infection, overwintering, and a
recurrent problem next year.
Fire blight: Although there were several opportunities for blossom blight infection from Mar
24-Apr 20, there were more numerous reports of fire blight from areas east of the Blue Ridge
and the Roanoke area south where bloom was open earlier than in the Winchester area. Some
pear shoot symptoms were evident in central VA as early as Apr 3, from infection in midMarch.
Summer diseases: We passed the 250-wetting hour sooty blotch/flyspeck threshold by May
25, four weeks ahead of last year, and the second earliest date for reaching this predictive
threshold on record since 1994. Sooty blotch was observed in non-treated trees at our AREC
June 13, and this confirmed the validity of using Apr 8 as the unusually early petal fall date
and Apr 18 as the date for starting wetting hour accumulation.
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Entomology

Call of the States – New York 2012
Art Agnello and Dave Kain
Cornell University, NYS Agric. Expt. Sta., Geneva, NY

Having a few weeks of spring-summer weather (March) followed by a normal month of winterspring weather (April), plus one of the driest seasons on record, not only took its toll on the normal
development of tree fruit crops, it also seemed to throw many of the insects' cycles (plus
management programs) into the realm of the never-seen-before.

Internal leps seemed to make the most of the unusual season; we had some of the earliest first
flights ever seen (OFM as early as April 14 in Western NY, and May 4 for CM), and the prolonged
warm temperatures easily promoted a 4th generation OFM flight in more advanced sites like Long
Island (especially in peaches), and a 3rd generation CM flight statewide. Damage from these
species was notable in high-pressure sites around the state, so growers fortunate enough to have a
crop had their work cut out for them keeping it protected from attack. Regrettably, some elected to
cut back on the numbers of sprays or blocks treated, so packinghouse reports have been indicating a
higher than normal incidence of infested fruits (current count from Motts is at 506 loads,
representing 82 growers) with worms of all sizes being detected (95% being identified as CM).
Obliquebanded leafroller, on the other hand, seemed not to fare so well; we generally saw a normal
(if early) 1st flight, starting at the end of May and finishing by mid-July, and then the 2nd flight
never really materialized into anything more than marginal straggling numbers for the remainder of
the season. Damage from these caterpillars also seemed to be scarce. Plum curculio probably came
and went fairly early in the season, but we truthfully didn't notice much evidence of its activity at
the time, and overall fruit damage seemed to be relatively minimal. Other insects showing apparent
extra broods this year include San Jose scale, with a likely 3rd generation in the Hudson Valley,
and dogwood borer, which may have had a second flight in western NY.

The hot and dry July-August period was actually fairly similar to 2011; European red mites
threatened to take off in a few orchards, and woolly apple aphids were evident in a few here and
there. Japanese beetles once again made an appearance, but didn't seem to leave much damage in
their wake. Apple maggot was almost nowhere to be found for most of the summer, although a
few August rains produced a small bump in trap numbers for a short time. Regardless, there were
many reports at harvest of fruits with numerous oviposition stings, but with no maggots or trails
evident. Potato leafhoppers came through in a couple of waves, making the case for control sprays
in some younger plantings.

Finally, as an update on Brown Marmorated Stink Bug (BMSB) and Spotted Wing
Drosophila (SWD): BMSB traps (with new, more effective lures) were set out in the Hudson
Valley this season, and did capture specimens (along with native green stink bugs) in agronomic
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plantings, which corresponded with feeding damage three commercial orchards. Weekly
inspections in Finger Lakes-area tree fruits and peripheral weed hosts turned up nothing once again
this year. SWD started showing up in low numbers by July in ENY, and early August west of
Rochester; there was a sharp increase in trap captures at the end of August, with peaches, brambles
and grapes being the favored sites.
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Not for Citation or Publication
Without Consent of the Author
88th Annual Cumberland-Shenandoah Fruit Workers Conference 2012 New Jersey Report
David Schmitt, Rutgers Cooperative Extension
Peach: Full Bloom (Redhaven) 3/27. New Jersey experienced the earliest bloom recorded in the past
12 years. A normal crop was set despite several frost events. Fruit in some areas displayed
physiological problems such as misshaped fruit and shattered pits as the season advanced most
likely due to frost events.
Apple: Red Delicious Full Bloom 4/27. The apple crop is good overall. Red Delicious was at tight
cluster/pink on April 13th and was injured by frost on the coldest sites. Injury was apparent on the
first hot day during bloom when blossoms began to abort. Movento was applied in a field trial
against wooly apple aphid and san jose scale. One years experience indicates it is a good scale
material and an excellent woolly aphid material.
Pear: Pear psylla pressure was extraordinarily high in 2009. Informal Field trials using Movento
indicated that it is a good psylla control material when used at the high rate with 1-2 pts Regulaid.
This years experience indicated that it should be applied prior to egg hatch as it takes some time to
move into plant tissues. We applied it at or a few days after first egg hatch. Under very high
pressure it required two applications and while it helped to suppress sooty mold development there
still was economic injury.
Late April and Early May were unseasonably cool and wet. Plum curculio ovipostion was first
observed on May 8 and activity continued well into June with some injury occurring later than is
normally observed. Cool temperatures throughout the spring were thought to have prolonged
oviposition activity.
Wet weather continued throughout the summer. Not surprisingly disease control drove most spray
programs. Peach scab levels were well above normal with control failures in some orchards. Apple
scab was also difficult to control. However summer disease control on apples and bacterial spot
control on stone fruit was good to excellent in spite of frequent wetting periods. Constriction
canker was moderate to severe in a few peach blocks and dieback continued to appear much later
than is normally observed.
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Table 1. Frost event on April 13
Date/duration of Frost Event
Richwood, Gloucester County, N.J.
04/13/09 02:30:00.0
04/13/09 03:00:00.0
04/13/09 03:30:00.0
04/13/09 04:00:00.0
04/13/09 04:30:00.0
04/13/09 05:00:00.0
04/13/09 05:30:00.0
04/13/09 06:00:00.0
04/13/09 06:30:00.0
04/13/09 07:00:00.0
04/13/09 07:30:00.0

Temperature Sensor @ 8'
Deg F
33.31
30.1
29.28
28.45
26.77
29.28
29.28
29.28
28.45
33.31
39.48

Temperature Sensor @ 4'
Deg F
33.31
30.1
29.28
27.62
26.77
28.45
28.45
29.28
27.62
29.28
34.88

Monroeville, Gloucester County, N.J
04/13/09 02:30:01.0
04/13/09 03:00:01.0
04/13/09 03:30:01.0
04/13/09 04:00:01.0
04/13/09 04:30:01.0
04/13/09 05:00:01.0
04/13/09 05:30:01.0
04/13/09 06:00:01.0
04/13/09 06:30:01.0
04/13/09 07:00:01.0
04/13/09 07:30:01.0

42.46
42.46
42.46
41.72
41.72
41.72
41.72
40.97
40.97
40.97
40.97

31.72
25.93
24.2
25.07
25.07
25.07
24.2
23.33
21.55
28.45
34.88

Bridgeton, Cumberland County, N.J
04/13/09 02:30:00.0
04/13/09 03:00:00.0
04/13/09 03:30:00.0
04/13/09 04:00:00.0
04/13/09 04:30:00.0
04/13/09 05:00:00.0
04/13/09 05:30:00.0
04/13/09 06:00:00.0
04/13/09 06:30:00.0
04/13/09 07:00:00.0
04/13/09 07:30:00.0

37.2
36.43
36.43
35.66
35.66
34.88
34.88
34.1
34.1
34.1
34.1

34.1
34.1
33.31
31.72
31.72
30.1
30.91
30.1
30.91
30.91
34.1
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HIGH DENSITY APPLE VARIETY FIRE BLIGHT RESISTANCE TRIAL COMPARING
M9/BUD 9 AND GENEVA 16 ROOTSTOCKS IN SOUTHERN MARYLAND
R. David Myers
University of Maryland Extension
7320 Ritchie Highway, Suite 210
Glen Burnie, MD 21061
Introduction/Situation
Orchardists in Southern Maryland have recognized that fireblight caused by the
bacteria Erwinia amylovora sp. has been the most limiting factor for expanding
apple and pear production into the warmer and humid coastal plains region.
Fireblight is especially devastating for high density apple orchards utilizing full
dwarfing rootstocks that offer no resistance, and generally succumb to graft union
necrosis within the first five years of growth. In the Southern Maryland region it is
not uncommon for fifty percent tree loss due to fireblight within the first five years for
apple orchards planted on either M9 or M26 rootstocks. These tree losses would
be incurred even when good fireblight prevention programs, such as Maryblyt and
timely spray treatments were utilized. A fruit research team was formed at the
University of Maryland Central Maryland Research and Education Center (CMREC),
Upper Marlboro Facility to address the production concerns of orchardists in the
Southern Maryland region by conducting training system evaluations and pest
management spray research programs. Viable apple and pear production for fresh
market sales in Southern Maryland and other coastal plains areas would certainly
be an excellent alternative agriculture enterprise for farmers seeking to transition
into a high value crop.
Objectives
The purpose of this five year trial conducted from 2008-2012 at the CMREC,
Upper Marlboro facility was to assess the performance and fire blight susceptibility
of five premium apple varieties on two dwarfing rootstocks: M9/Bud 9, which is
susceptible to fire blight, and Geneva 16, which is tolerant. Because of the warmer
climate in southern Maryland, fire blight is a serious problem for growers who want
to specialize in premium apples for the retail market. The varieties included in the
trial are Royal Court, Macoun, Ginger Gold, Pioneer Mac, and Honeycrisp. Each
variety was grafted onto both M9/Bud 9 and Geneva 16 for comparison of tree
growth, yield, and fireblight incidence over four bearing years. This research
orchard was instrumental in promoting fruit production in Southern Maryland,
alleviating grower apprehension to fruit crop adoption by providing hands-on
pruning clinics, field-days, twilights, lectures and demonstratable production data.
Experimental Procedure
The CMREC, Upper Marlboro facility apple fireblight research and demonstration
orchard was planted on March 12, 2008 on a Monmouth fine sandy loam soil with a
warm southern aspect exposure and orchard rows oriented north to south. Eighty
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nursery-grafted feathered trees were planted in a high-density quarter acre block
with fourteen foot between-row spacing and six foot in-row spacing, utilizing a
slender spindle training system with support conduits. Tall fescue was drilled into
the alleyways and herbicides were used throughout the study to maintain a five foot
weed free root zone. Fruit cover sprays were adhered to utilizing a calendar
approach with IPM scouting. Each treatment consisted of two trees of each variety
grafted onto M9/ Bud 9 or Geneva 16 rootstock. There were ten treatments: five
varieties by two rootstocks, replicated four times in a randomized complete block
design. Tree growth measurement began in 2008. The trees were allowed to begin
bearing in 2009, at which time yield and fire blight assessment began. Infection
periods were forecasted using Maryblyt and streptomycin sprays applied during
bloom only as indicated by the forecast. The percentage of flower clusters infected
and number of shoot strikes were assessed for each treatment. For the duration of
the study shoot and flower strikes were pruned out as observed; and copper sprays
were applied after severe fireblight strikes. The trees were evaluated for health and
vigor, rating the decline of trees caused by fireblight infection, which ultimately led to
weakened trees and death by graft union necrosis.
Observations
The fireblight blossom and shoot strikes observed on June 3, 2011 (graph 1)
provide evidence of the severity of fireblight disease in the research orchard and
offer no observable significant difference in the incidence of fireblight infections for
varieties or rootstocks. At the culmination of the five year study trees were
evaluated for fireblight hardiness and survival. On August 10, 2012 (graph 2)
observations were made of the percent healthy trees, weak trees, trees dead from
graft union necrosis (GUN) and trees dead from graft incompatibility (GI). The
Pioneer Mac G16 and Honeycrisp M9 trees that had graft incompatibility died during
the summer of planting, 87.5% and 12.5%, respectively. The death due to graft
incompatibility caused the variability of the study by variety and rootstock to
increase, leading to non-significant findings when comparing varieties and
rootstocks directly to each other. When comparing only the rootstock performance
for the same fireblight hardiness and survival observations, (graph 3) combining the
varieties, trees on M9/Bud9 rootstocks were 47.5% healthy, 25% weak, 25% dead
GUN, and 2.5% dead GI; whereas, trees on G16 rootstocks were 62.5% healthy,
0% weak, 20% dead GUN and 17.5% dead GI. The graft incompatibility also
renders this comparison confounded and non-significant. However, when the same
comparison is made excluding the trees that died early in the study due to GI,
examining only the healthy trees as compared to the trees that are weak,
(succumbing to fireblight) combined with the trees that have died due to GUN
(graph 4) the findings were significant for trees on M9/Bud9 rootstocks were 50%
healthy, 50% weak or dead GUN; whereas, trees on G16 rootstocks were 80%
healthy 20% weak or dead GUN, with an LSD value 14.05 and p value 0.0326.
Conclusions
Careful consideration should be given to the selection of variety grafted onto the
Geneva 16 for compatibility. Even in the Southern Maryland region of severe
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fireblight infection, this study provides good evidence that the Geneva 16 rootstocks
offers a thirty percent increase of survival of graft union necrosis caused by
fireblight and a fifty-five percent increase in tree health and hardiness. This
increase of productive apple trees surviving establishment and early orchard
development should offer encouragement to trial high density full dwarf apple
production once again in the coastal plains region. Growers utilizing Geneva 16
rootstocks on the strongest fireblight resistant apple varieties, coupled with strict
adherence to fireblight control programs, sanitation and spray strategies should be
able to achieve profitable high density apple orchards.
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PRESENCE AND CHARACTERISTICS OF STREPTOMYCIN RESISTANT FIRE BLIGHT
IN NY
Kerik Cox1, Debbie Breth2, J. Carroll3 S. Kuehne1, E. Borejsza-Wysocka1, and Herb
Aldwinckle1
1Plant Pathology and Plant-Microbe Biology
New York State Agricultural Experiment Station
CORNELL UNIVERSITY
Geneva, New York 14456
2Lake

Ontario Fruit Program, CCE
Albion, NY 14411
3NYS

IPM
Geneva, NY 14456
For over 40 years, streptomycin has been the industry standard in NY for
fire blight control during the blossom blight phase of the disease. In 2002
streptomycin resistant (SmR) Ea was identified in a Wayne County orchard planted
with trees from a Michigan nursery, where SmR Ea was known to be present.
Prompt identification and cooperation between stakeholders and CCE ensured that
the outbreak was eradicated. In annual assays from that area and other suspect fire
blight infections in grower orchards, no further outbreaks of SmR Ea were found
until Oct 2011, when SmR Ea was identified in apple production operations in
Wayne, Ontario, and Orleans Counties.
Although the streptomycin resistance had only been documented in Wayne,
Ontario and Orleans Counties in 2011, SmR Ea was found in budwood source and
nursery plantings. Given that the problem had gone unnoticed by producers until the
end of the 2011 season and that the presence of SmR Ea was widely distributed
across several blocks of source material, streptomycin resistant E. amylovora may
have present for several years prior. Production operations neighboring sites with
confirmed SR Ea and newly planted orchards throughout the state need to be
carefully monitored and sampled for SmR Ea in the coming years. In order to
improve the detection of SmR-Ea and understand the outbreaks of SR-Ea in NY,
efforts were established to better determine the prevalence of SmR Ea by
monitoring orchards statewide for FB infections, isolating Ea from putative
infections, assaying resulting Ea strains for SmR, and determining the genetic basis
of SmR Ea strains discoveres.
The programs of Cox and Aldwinckle et al., industry collaborators, and
members of the NYS IPM program and Cornell Cooperative Extension regional fruit
programs have formed a statewide survey effort for SmR fire blight bacteria in 2012.
Although orchards with fire blight infections were sampled throughout the state,
survey efforts focused on orchards and regions where streptomycin resistance was
confirmed in 2011, newly planted orchards, and 1-3 year old orchard plantings.
Once fire blight samples were obtained from outbreaks, isolations for E. amylovora
were made from woody tissue onto two selective media. Following isolation and
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subculturing of isolated putative Ea colonies, PCR amplification of pEA29, a
ubiquitous plasmid, was performed to confirm identity as E. amylovora. At the same
time, strains were tested for streptomycin sensitivity at 0, 100, 500, and 1000 ppm
streptomycin. All strains, displaying a streptomycin resistant phenotype, were tested
for the presence of plasmid borne resistance genes strA-strB using PCR. In
addition, strains with a SmR phenotype of growth on streptomycin at 1000 µg/mL
were subjected to PCR and sequencing of the rpsL gene to determine the presence
of mutations at codon 43.
In 2012, 173 samples were collected from 42 apple production operations
throughout the state. The majority of samples were collected from operations in the
Lake Ontario/Niagara production region and the Hudson Valley. Of these 173
samples, 13 samples from 8 different production operations were confirmed as
resistant. Interestingly, 7 of 8 locations with confirmed SmR Ea also had samples
infected SmS Ea in similar or in greater abundance. The majority of the affected
operations were in Monroe, Ontario, and Wayne Counties, and there were no
instances of SmR Ea in samples from the Hudson Valley or eastern NY as a whole.
Overall, ‘Gala’, ‘NY2’, and ‘Ginger Gold’ were the cultivars most frequently assayed
for fire blight infection with ‘Gala’, ‘NY2’, ‘SweeTango’, ‘Ginger Gold’, ‘Azetc Fuji’,
‘Cameo’, and ‘Idared’ representing the cultivars with infections from which SmR Ea
was obtained. SmR Ea was only isolated from one M.26 rootstock infection, but
SmR Ea was obtain from scion grafted to B.9., M.26, and M.9 rootstocks.
All 13 SmR Ea strains grew on 100ppm streptomycin. Of these 13 strsins 4
grew on 1000 ppm streptomycin. None of these 4 strains had the chromosomal
mutation in the rpsL gene conferring stable resistance to streptomycin. However,
strain 292 had a silent mutation at codon 43 (AAA to AAG). All 13 strains did
possess strA-strB resistance genes in Tn5393 on pEa29.
In short, SmR Ea is present in several apple production operations in NY,
and in some operations, across several blocks and varieties. Fortunately, SmR Ea
appears to be restricted to production operations in western NY, but with increased
sampling in other regions in coming years, we may find that SmR Ea is more
prevalent than previously believed. In regards to SmR genotype, no strains
possessed chromosomal mutations conferring resistance and all strains possessed
the plasmid borne resistance prevalent known to present in the Great Lakes region.
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Table 1 Characteristics of SmR Ea strains isolated from fire blight infections in NY in
2012.

Strai
n ID
2992c
2992d
3002a
3002d
3002e
301
189
254
230
249
278
292
306

# of
SmS,
SmR
sampl
es at
locatio
nb

strAstrB
gen
es
A&
B
A&
B
A&
B
A&
B
A&
B
A&
B
A&
B
A&
B
B

Growth on
1000pm
streptomyc
in
No

rpsL
codon
43
seqeun
ce
AAA

County
(Locati
on #)a
Cultivar
Wayne
NY2
6, 5
(1)
Wayne
NY2
No
AAA
6, 5
(1)
Wayne
Gala
No
AAA
6, 5
(1)
Wayne
Gala
No
AAA
6, 5
(1)
Wayne
Gala
No
AAA
6, 5
(1)
Niagar
SweeTan
No
AAA
1, 1
a (2)
go
Wayne
Ginger
Yes
AAA
3, 1
(3)
Gold
Wayne
M.26 RS
No
AAA
0, 1
(4)
Ontario
Idared
Yes
AAA
2, 1
(5)
Orlean
Aztec Fuji
A&
No
AAA
11, 2
s (6)
B
Orlean
Cameo
A&
No
AAA
11, 2
s (6)
B
Wayne
Idared
A&
Yes
AAG
4,1
(7)
B
Ontario
Lady
A&
Yes
AAA
3,1
(8)
apple
B
aThe number in parentheses refers to the location or production operation where the SmR strain was discovered
.
bNumbers of SmS and SmR samples represent the numbers for the location (Location #) from which the strain
was obtained. Strains with identical numbers of SmS, SmR samples are from the same location.
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Tree Fruit Pathology
The Effects of Dormant Copper and Manganese Applications on the DMI Sensitivity in an
orchard with a DMI Resistant Venturia inaequalis Population.
Z. Frederick1, S. Villani1, and K. Cox1
1
Cornell University, New York State Agricultural Experiment Station, Geneva, NY 14556
Apple scab, caused by the ascomycete pathogen Venturia inaequalis, is one of the more
destructive and economically important fungal diseases affecting apple production. V. inaequalis
management programs begin in the earliest parts of the season, while the apple trees are dormant,
through a combination of cultural controls and chemical applications that target overwintering
inoculum. Applications of formulated copper products are often used to reduce disease pressure
from the overwintering V. inaequalis inoculum. These products are usually copper sulfate, copper
hydroxide, copper oxide, copper sulfate and lime (Bordeaux mixture), or similar products and
mixtures. Other potential products are out there, such as novel ascospore inhibitors such as
manganese, and require evaluation. The full extent of these product’s effects on the V. inaequalis
population has not been fully elucidated, and is the subject of ongoing research. One area of interest
are the potential impacts these products have on sterol demethylation inhibitors (DMI’s), which are
a core component of many V. inaequalis primary season management programs. The purpose of this
experiment was to determine potential benefits from dormant applications of copper (a premix
product of hydroxide combined with copper oxychloride) and mangansese products on increasing
DMI sensitivity in a DMI resistant V. inaequalis orchard population.
Trials were conducted in a mature orchard at the New York State Agricultural Experiment
Station, which consisted of paired ‘McIntosh’ and ‘Cortland’ on M.M. 111 rootstocks. Applications
for the primary apple scab season were made on 7-10 day intervals from April through June, and
summer applications were made on 14-21 day intervals from July to September in four treatment
groups. One treatment group received a dormant application of myclobutanil (Rally, 5oz/A), and
another received a dormant copper hydroxide and copper oxychloride (Badge X2, 16 oz/A)
application. A third treatment received manganese (100% concentrated product) as a dormant
application. The final treatment received no dormant application. All four treatments received
standard protectants (captan + mancozeb) throughout the primary apple scab season. All four
treatments also received standard protectants (captan) throughout the summer covers.
During both years of the study, the sensitivity of V. inaequalis isolates to dodine was not
significantly different between the three treatment programs. The lack of any significant difference
in sensitivity to dodine, the non-selective pressure check, between the three programs suggests that
differences in isolate sensitivities to other fungicides tested are unlikely to be influenced by
positional confounding of treatment blocks due to uneven spatial distributions of fungicide
sensitivity within the resident population.
DMI sensitivity in orchard populations of V. inaequalis was highest in the copper treatment
in both trial years (2011: Figure 1, 2012: Figure 2), indicating that copper products have an impact
the overwintering of DMI resistant V. inaequalis isolates. This changes the orchard population of V.
inaequalis such that the proportion of isolates that are sensitive to DMI’s is greater than a V.
inaequalis population where no dormant copper applications were made.
The manganese treatment was also effective in the 2011 trial (figure 1) at increasing the
number of isolates that were sensitive to DMI fungicides. However, this effect was not observed in
the 2012 trial (figure 2). The effect of manganese is real, but slight and inconsistency in results
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could be incited by factors such as cultivar and weather variations. Temperature may also have a
significant effect on the effectiveness of the product. Further experimentation would be required to
determine the efficacy of this product.
This research demonstrates that copper applications can be used to effectively increase the
DMI sensitivity in a DMI resistant V. inaequalis populations. This means that copper products
reduce inoculum pressure in the primary scab season, but copper has additional benefit of affecting
population DMI sensitivity. The effect of manganese on V. inaequalis DMI sensitivity was not
consistent, and requires continued analysis to determine its efficacy at increasing DMI sensitivity.
Acknowledgements:
This work was support in part by funds appropriated to New York State Agricultural
Experiment Station, Cornell University and by research contributions by agrichemical companies
including Bayer, BASF, Syngenta, Cheminova, DuPont, & Dow Agrosciences. We would like to
thank Jessica Raes, Charlotte Lehman, Wendi Bacon and Juliana Freier for their assistance in the
collection and preparation of isolates, and with reading microscopy-aided mycelial relative growth
assays.
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Figure 1: Above are the mean relative growth values representing the in vitro fungicide sensitivity
of V. inaequalis isolates to a discriminatory dose of myclobutanil for each treatment program for the
2011 trial. Bars denoted by the same letter indicate a lack of statistical significance (α = 0.05)
among adjusted estimated mean incidences.
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Figure 2: Above are the mean relative growth values representing the in vitro fungicide sensitivity
of V. inaequalis isolates to a discriminatory dose of myclobutanil for each treatment program for the
2012 trial. Bars denoted by the same letter indicate a lack of statistical significance (α = 0.05)
among adjusted estimated mean incidences.
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Tree Fruit Pathology
The Effects of Summer Difenoconazole Applications on the DMI Sensitivity of Venturia
inaequalis in an orchard with a DMI Resistant Population.
Z. Frederick1, S. Villani1, and K. Cox1
Cornell University, New York State Agricultural Experiment Station, Geneva, NY 14556

1

Apple scab, caused by the ascomycete pathogen Venturia inaequalis, is one of the most
economically important fungal diseases that the apple industry faces in New York. Sterol
Demethylation Inhibitor (DMI) fungicides have traditionally been used to manage V. inaequalis
infections during the primary apple scab season (green tip through second cover, or approximately
April through June). A new management trend is to shift a minimum of one difenoconazole (DMI)
fungicide application to the summer cover fungicide programs to control multiple summer rots and
the sooty blotch/fly speck complex.
Stakeholders have voiced concern that the use of DMI’s during the summer management
season may predispose the V. inaequalis orchard population to increased DMI resistance because
selective pressure is being applied during their sexual recombination phase with the formation of
pseudothecia. However, this claim has not been experimentally validated. The objective of this
study is to determine if applications of difenoconazole during the summer covers significantly
reduce DMI Sensitivity of V. inaequalis in an orchard that already has a DMI resistant V. inaequalis
population.
Trials were conducted within a single orchard at the New York State Agricultural
Experiment Station in Geneva, NY during the 2010 and 2011 field seasons. The orchard consists of
16-yr-old paired ‘Empire’ and ‘Jonagold’ on M.9/M.M.111 interstem rootstocks. Treatment
programs included an untreated check of no fungicide applications all season long, and two
programs with applications of difenoconazole (1 fl oz. a.i./acre) products made either during the
primary apple scab season only or throughout the entire season. Single clonal conidial leaf lesions
were excised from leaves with primary infections, and conidia were rinsed from the lesions to
generate clonal conidial isolates. A minimum of 25 clonal conidial isolates per treatment with 5
single conidia evaluated were exposed to discriminatory doses of difenoconazole (0.1µg/ml),
myclobutanil (0.1µg/ml), and dodine (0.2µg/ml).
During both years of the study, the sensitivity of V. inaequalis isolates to dodine was not
significantly different (2011, P=0.2193 and 2012, P=0.6693) between the three treatment programs.
The lack of any significant difference in sensitivity to dodine, the non-selective pressure check,
between the three programs suggests that differences in isolate sensitivities to other fungicides
tested are unlikely to be influenced by positional confounding of treatment blocks due to uneven
spatial distributions of fungicide sensitivity within the resident population.
In 2011, there was a significant (P=0.0379) effect of treatment program on in vitro isolate
sensitivity to difenoconazole in the following season, with program 2 (difenoconazole primary
season only) showing the highest mean percent relative growth, or the greatest reduced sensitivity to
difenoconazole (Fig. 1). There were also no significant differences between any fungicide treatment
programs on isolate sensitivity in vitro to another DMI myclobutanil (P>0.4831). In 2012, there was
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a nearly significant (P=0.0549) effect of treatment program on in vitro isolate sensitivity to
difenoconazole (Fig. 2), and as in 2011, the program 2 showed the greatest reduced sensitivity to
difenoconazole in the following season. This program was also the only treatment group to be
significantly different from the program 1 (untreated) with regards to in vitro sensitivity to
difenoconazole (P=0.0044, Fig. 2). Interestingly, there was also a nearly significant (P=0.0551)
effect of treatment program on isolate sensitivity to myclobutanil in 2012 (Fig. 3), unlike in the
2011 trial. There was a significant difference (P=0.0066) between in vitro isolate sensitivity to
myclobutanil in program 3 (difenoconazole season long) when compared to program 1 (Fig. 3).
This result is not consistent with the treatment that has the greatest reduced sensitivity to
difenoconazole, which may indicate that the genetic factors are not necessarily the same between
different DMI fungicides.
The results of these experiments in 2011 and 2012 suggest that excessive use of
difenoconazole throughout the season (program 3) does not select for decreased DMI sensitivity any
more so than standard grower practice of applying difenoconazole products during the primary
apple scab season only (program 2). Within the confines of the experiment, program 2 had
significantly greater decreased sensitivity, suggesting that difenonconazole applications during the
primary apple scab season is much more likely to predispose an orchard population of V. inaequalis
to DMI resistance. The difference in sensitivity (mean percent relative growth) between the two
treatments could be due to the level of inoculum at the end of the season. Apple trees in program 2
only received Captan 80 WDG (5 lbs/A) during the summer cover applications. In this orchard, we
have observed that trees receiving standard protectant programs (data not shown) in summer cover
applications have higher end of season incidences of V. inaequalis symptoms on leaves and fruit.
This could be due to Captan serving as a prophylactic treatment that offers no control once
infections have been established. This lack of curative action may allow some established infections
to sporulate, which increases the inoculum load at the end of the season in program 2. The higher
level of inoculum at the end of the season might increase the probability inoculum with reduced
sensitivity to difenoconazole overwintering between trial years.
In short, this work should begin to allay regional concerns regarding unintentional
consequences on V. inaequalis population fungicide sensitivity during the use of the Inspire©, and
other difenoconazole products, for apple summer diseases. Even at an excessive input of 8 fl oz
a.i./A, the effect on isolate difenoconazole sensitivity was no greater than that resulting from
difenoconazole use during the primary apple scab season. However, the use of difenoconazole
products still places considerable selective pressure on a treated V. inaequalis population, given that
isolates from untreated blocks were often significantly more sensitive to difenoconazole than the
other two programs. The field work included in this experiment also demonstrated that V.
inaequalis insensitivity to one fungicide doesn’t necessary correlate to another fungicide.
Additional experiments using registered difenoconazole products, including a difenoconazole
summer cover treatment application only, are underway for the 2013 growing season to provide
further validation of these initial observations.
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Figures:

Figure 1: Above are the mean relative growth values representing the in vitro fungicide sensitivity
of V. inaequalis isolates to a discriminatory dose of difenoconazole for each treatment program for
the 2011 trial. The P-value present in the graph is the P-value for the linear contrast comparing the
mean for program 1 to the program next to the value. Bars denoted by the same letter indicate a lack
of statistical significance (α = 0.05) among adjusted estimated mean incidences.
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Figure 2: Above are the mean relative growth values representing the in vitro fungicide sensitivity
of V. inaequalis isolates to a discriminatory dose of difenoconazole for each treatment program for
the 2012 trial. The P-value present in the graph is the P-value for the linear contrast comparing the
mean for program 1 to the program next to the value. Bars denoted by the same letter indicate a lack
of statistical significance (α = 0.05) among adjusted estimated mean incidences.
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With current technology, disease prediction outcomes can sometimes be highly variable depending
on how the inputs are collected or obtained. For example, compared to rainfall measured on site,
measurements can vary widely compared to web-based predictions for a given area and wetness duration
measurements can vary among individual sensors themselves, depending upon placement. The lack of
accuracy and uniformity could significantly affect disease prediction because wetness duration is a key in
prediction models for many diseases. A field study was designed to test the variation in outputs from sensors
placed in different areas within the same orchard and different placement and aspect with the tree canopy,
and the outputs were subsequently used to determine variation in apple scab infection predictions.
The field study was carried out in a mature apple orchard at the Penn State Fruit Research and
Extension Center in Biglerville, PA. A 10-node sensor network was deployed in an orchard that measured
temperature, relative humidity, and leaf wetness from three leaf wetness sensors (LWS) at each station. Each
node consisted of a Decagon EM 50R data logger, a Decagon humidity/temperature sensor, and three
Decagon LWS (Decagon Devices Inc., Pullman, WA). Two of the LWS were placed facing north at a height
of approximately three and six feet above the soil surface, and the third was placed facing south at six feet.
Humidity/temperature sensors were mounted approximately five feet above the soil surface. All sensors were
located within the tree canopy. The network collected data continuously and transmitted it to a base station
where it could be obtained for analysis. The data obtained at each location were used to predict apple scab
infection periods using the modified Mills table. The estimates were also compared to disease estimates
obtained from Skybit (ZEDX, Inc.) and from a Davis VantagePro 2 (Davis Instruments Corp., Hayward CA)
located on site which is currently used to predict apple scab infection periods. This unit is located
approximately 100 yds away from the test orchard and the sensors were not placed in a tree canopy. Leaf
wetness data from the Decagon stations used to predict apple scab infection periods was taken from the 3ft,
north facing sensor at four locations in the orchard.
Data collected from the LWS was highly variable, particularly as the tree canopy became more
dense. Figure 1 shows the average leaf wetness from sensors across all stations relative to their position in
the tree canopy in April and May. The north-facing sensors, located 3 ft. above the soil surfaced showed the
shortest duration of wetness hours, while the south-facing sensors, showed the longest. Leaf wetness data
from the month of June was similar to May but showed slightly more variation. Rainfall totals for the months
of April, May, and June were 2.34, 5.88, and 3.40 respectively. The higher rainfall amounts in May and June
could have contributed to the variability in leaf wetness during those months.
Leaf wetness was highly variable across the locations in the orchard as well. It was not uncommon
for the units to detect several hours’ difference in leaf wetness per day. The wetness recorded by the Davis
LWS was typically lower than the Decagon sensors, which was likely due to its location outside of the tree
canopy and orchard. Figure 2a shows the relationship between leaf wetness sensors in two locations within
the orchard (Decagon 5 and Decagon 10) and figure 2b shows the same Decagon 5 leaf wetness sensor
compared to Skybit in June. Leaf wetness was the most variable factor observed, particularly in June.
Average monthly temperature across all weather stations was less variable and never exceeded more
than 2°F across all weather stations. There was a high correlation between the temperatures at different
location in the orchard (Decagon 5 and Decagon 10, Fig.3a) and at a location in the orchard and out of the
orchard (Decagon 5 and Davis, Fig.3b), although the later was not as strong. The Davis recorded the highest
average monthly temperatures of all of the stations, which was not surprising since it was not located within
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the canopy. Due to the overall minor variation in temperature, it would not likely be as important of a factor
for affecting disease outcomes as the variation in leaf wetness. Relative humidity was also analyzed and
showed little variation across the stations.
All of the temperature and leaf wetness outputs from the Decagon stations predicted apple scab
infection periods consistently in April with the exception of Decagon 10 which was positioned at the highest
elevation in the orchard (Figure 4a). The Davis station predicted infection periods that began slightly earlier
and ended sooner. Skybit predicted infection periods on some days as the others, but also predicted five
infection periods at the end of the month that none of the others predicted. Many more infection periods
occurred in May and June than in April (Figs. 4a,b,c), which suggests that in wetter months, there may be
more variability in disease prediction. The results suggest that location and the method used to collect data
for disease prediction may have implications for disease management. However, further research is
warranted to understand how variation in weather from season to season can affect disease prediction
outcomes.
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Figure 1. Effect of sensor position on leaf wetness in the tree canopy in April and May, 2012. Leaf wetness hrs
were averages of ten leaf wetness sensors at different locations that were three or six feet above the soil surface
facing north, or six feet facing south. Error bars represent standard error of the mean.
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Figure 2.
Relationship between the leaf wetness recorded by a) two sensors located in the orchard (Decagon 5 and Decagon
10), and b) a sensor located in the orchard compared with Skybit predictions in at PSU in June, 2012.

a)

b)
80

R² = 0.9812

75
70
65
60
55

R² = 0.9546

75

Davis

Decagon 10

80

70
65
60

55

65

75

Decagon 5

55

85

55

65

75

85

Decagon 5

Figure 3. Relationship between the temperature recorded by a) two weather stations located in the orchard (Decagon 5
and Decagon 10), and b) a weather station located in the orchard and outside the orchard (Decagon 5 and Davis) at PSU
in June, 2012.
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Figure 4. Apple scab infection periods obtained from data collected from Decagon data loggers at four different
locations within the orchard, a Davis weather station located outside of the orchard, and Skybit prediction data
at PSU in April, May, and June, 2012.
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APPLE (Malus domestica ‘Stayman Winesap’,
‘Idared’, ‘Granny Smith’)
Scab; Venturia inaequalis
Powdery mildew; Podosphaera leucotricha

Cedar-apple rust; Gymnosporangium juniperivirginianae
Brooks fruit spot; Mycosphaerella pomi
Sooty blotch; disease complex
Flyspeck; Zygophiala jamaicensis
Fruit finish

K. S. Yoder, A. E. Cochran II,
W. S. Royston, Jr., S. W. Kilmer,
and A.G.F. Engelman
Virginia Tech Agr. Res. & Ext.
Center
595 Laurel Grove Road
Winchester, VA 22602

Evaluation and mixed schedules of registered fungicides on Stayman, Idared, and
Granny Smith apples, 2012.
Ten combination treatments directed at fungicide resistance management approaches and
broad-spectrum control, including several experimental materials, were tested on 26-yr-old
trees in an area where scab fungus resistance to SI has been suspected since 2004 and
resistance to QoI fungicides became evident in 2012 (Fig. 1), and where powdery mildew
control by SIs and QoIs has progressively declined since 2004 (Fig. 2). The test was conducted
in a randomized block design with four three-cultivar replicate tree sets separated by nontreated border rows. Treatment rows had been used as non-treated border rows in 2011 to
stabilize mildew inoculum pressure for 2012. 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: 23 Mar, app. #1 (tight cluster, TC, Stayman; Idared early pink; Granny Smith
–open cluster; 3 Apr, app. #2 (bloom, Bl); 14 Apr, app. #3 (petal fall, PF); 25 Apr, app. #4 (1st
cover, 1C); 9 May, app. #5 (2nd cover 2C); 23 May, app. #6 (3rd cover, 3C). 6 Jun, app #7 (4th
cover, 4C); 23 Jun, app #8 (5th Cover, 5C); 6th-10th covers: 6 Jul, 18 Jul, 2 Aug, 15 Aug and 5
Sep. Maintenance materials applied to the entire test block with the same equipment included
Asana XL + oil, Assail, Altacor, Calypso, Delegate, Imidan, Lannate LV, Provado, and Retain +
Fruitone L + Silwet. Inoculum over each Idared test tree included cedar rust galls placed 22
Mar and wild blackberry canes with the sooty blotch and flyspeck fungi, more cedar rust galls
and bitter rot mummies placed 10 Apr. Other diseases developed from inoculum naturally
present in the test area. Foliar data represent averages of counts of ten Stayman flower cluster
leaf sets 17 May, or ten terminal shoots per tree 20 Jun (Idared), 20 Jul (Stayman), or 2 Aug
(Granny Smith). Postharvest fruit counts are means of 25-fruit samples picked from each of
four single-tree reps. Idared was sampled 17 Sep and rated after 25 days incubation at
ambient temperatures 59-83°F (mean 68°F); Stayman was sampled 27 Sep and rated after 14
days incubation 75-91°F (mean 84°F); Granny Smith was sampled 27 Sep and rated after 24
days incubation 56-83°F (mean 66°F). Percentage data were converted by the square root
arcsin transformation for statistical analysis.
The first application was made 23 Mar, just before the first major primary scab infection
period 24-25 Mar. Scab lesions began to appear 13 Apr on trees that had not been protected
Mar 19-25. There was evidence of weakness in foliar scab control, due to resistance to QoI
33

fungicides in treatments #8-9 and to SI fungicides in trt. #10, but all treatments benefited
from inclusion of protective fungicides for fruit scab control (Table 1). The best scab control
on foliage and fruit was provided by trts. #5-7, which were combinations of Manzate + Captan
or Manzate 6 lb alone, all followed by Fontelis 14 fl oz + either Manzate or Captan, or by
Fontelis 20 fl oz alone. All treatments gave adequate control of cedar-apple rust that infected
cluster leaves 24-25 Mar, but trts #3, and 5-7 were weaker on shoot leaf infection. Mildew
pressure was high in this test block with conidia available as early as 19 March, and 44 days
were favorable for mildew infection between 19 Mar and 31 May. Under these conditions,
Fontelis + Flint, rotated with Topguard, gave the most suppression of primary mildew and
secondary mildew control on foliage and fruit (Table 2). Including Microthiol Disperss with
Manzate + Ziram and including Fontelis in applications #3 and 4 significantly improved foliar
mildew control compared to parallel treatments that did not include those products. Sooty
blotch was observed in non-treated trees by 13 Jun. Under heavy sooty blotch/flyspeck
pressure, all treatments gave control as expected, and no treatment was consistently superior
on all three cultivars (Table 3). Treatment #8, Fontelis + Flint/Topguard+ Manzate/Captan +
Ziram, gave the best overall postharvest rot control, although it was not significantly different
than several other treatments (Table 5). Under moderate disease pressure, all treatments
gave excellent control of Brooks spot (Table 4). No treatment had significantly more russet or
opalescence than non-treated trees, and several treatments significantly improved fruit finish.
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Table 1. Scab and cedar rust control on Stayman, Idared and Granny Smith apples, 2012. Virginia Tech, Block #13.

Scab, % leaves or fruit infected

Treatment and formulated rate/acre

0 No fungicide
1 Manzate Prostick 75DG 3 lb + Captan
80WDG 3 lb
Captan 80WDG 30 oz + Ziram 3 lb
2 Manzate Prostick 75DG 3 lb + Ziram 76WDG
3 lb
Captan 80WDG 30 oz + Ziram 3 lb
3 Manzate Prostick 75DG 3 lb + Ziram 76WDG
3 lb +
Microthiol Disperss 80DF 8 lb
Captan 80WDG 30 oz+ Ziram 3 lb
4 Manzate Prostick 75DG 6 lb
Captan 80WDG 3 lb + Ziram 76WDG 3 lb
Captan 80WDG 30 oz + Ziram 3 lb
5 Manzate Prostick 75DG 3 lb + Captan 30 oz
Fontelis 1.67SC 14 fl oz + Manzate 75DG 3 lb
Captan 80WDG 30 oz + Ziram 3 lb

Cedar-apple
rust,
Stayman
Granny Smith
Idared
% leaves
infected
% leaves
%
shoot %
shoot %
Stayma Idared
n
Timing cluste shoot fruit leaves fruit leaves fruit clusters shoots
r
--- 19 c 72 f
81 d 72 d
90 c 17 e 56 b
26 c
7b
TC-3C 2 b
5a
1 ab 10 bc
4 ab 1 a
0a
0a
<1 a
4C →
TC-3C
4C →
TC-3C
4C →

TC-PF
1C-3C
4C →
#1,2,5,
6
#3,4
4C →
6 Manzate 75DG 3 lb + Captan 80WDG 30 oz #1,2,5,
Fontelis 1.67SC 14 fl oz + Captan 80WDG 30
6
oz
#3,4
Captan 80WDG 30 oz + Ziram 3 lb
4C →

1 ab 11 a-c

<1 ab 26 de

3 bc 14 c

5 ab

2 a-c

0a

0a

<1 a

0a

2 ab

4 bd

2a

0a

6b

16 c

2b

9 ab

0a

7 ab

1 ab

3 a-d 0 a

1 ab

6a

0a

4 ab

3 ab

2 a-c

0a

2b

6b

1 ab

5a

0a

2a

1 ab

1 ab

0a

1 ab

6b
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<1 ab

<1 a

7 Manzate Prostick 75DG 6 lb
#1,2,5 1 ab 8 ab
0a
3a
0a
2 a-c 0 a
2 ab 10 b
Fontelis 1.67SC 20 fl oz
#3,4
Captan 80WDG 50 oz
#6
Captan 80WDG 30 oz + Ziram 3 lb
4C →
8 Fontelis 1.67SC 10 fl oz + Flint 50WG 2 oz
#1,3,5, <1 ab 19 cd
1 ab 5 ab
6b
3 b- 0 a
0a
<1 a
Topguard 10 fl oz + Manzate Prostick 75DG
7
d
3 lb
#2,4,6,
Captan 80WDG 30 oz + Ziram 3 lb
8
6C →
9 Flint 50WG 2 oz + Manzate Prostick 75DG 3 TC-3C 3 b 15 b6 c 10 bc
5 ab 7 d
4a
0a
2a
lb
4C →
d
Captan 80WDG 30 oz + Ziram 3 lb
1 Rally 40WSP 5 oz + Manzate Prostick 75DG TC-3C 0 a 34 e
0 a 16 c
3 ab 4 cd 0 a
0a
<1 a
0 3 lb
4C →
Captan 80WDG 30 oz + Ziram 3 lb
Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four single-tree reps. Infection rated on 10 Stayman cluster leaf sets 17
May, or 10 shoots/tree 20 Jun (Idared), 30 Jul (Stayman), or 2 Aug (Granny Smith), or 25-fruit samples picked 17 Sep (Idared), 27
Sep (Stayman and Granny Smith).

Treatments applied airblast at 100 gpa to both sides of the row on each date: 23 Mar, app. #1 (tight cluster, TC, Stayman; Idared
early pink; Granny Smith –open cluster; 3 Apr, app. #2 (bloom, Bl); 14 Apr, app. #3 (petal fall, PF); 25 Apr, app. #4 (1st cover, 1C); 9
May, app. #5 (2nd
cover 2C); 23 May, app. #6 (3rd cover, 3C). 6 Jun, app #7 (4th cover, 4C); 23 Jun, app #8 (5th Cover, 5C); 6th-10th covers: 6 Jul, 18
Jul,
2 Aug, 15 Aug and 5 Sep.
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Table 2. Powdery mildew control on Stayman, Idared, and Granny Smith apples, 2012.

Treatment and formulated rate/acre

0 No fungicide

1 Manzate Prostick 75DG 3 lb + Captan 80WDG 3
lb
Captan 80WDG 30 oz + Ziram 3 lb
2 Manzate Prostick 75DG 3 lb + Ziram 76WDG 3
lb
Captan 80WDG 30 oz + Ziram 3 lb
3 Manzate Prostick 75DG 3 lb + Ziram 76WDG 3 lb
+
Microthiol Disperss 80DF 8 lb
Captan 80WDG 30 oz+ Ziram 3 lb
4 Manzate Prostick 75DG 6 lb
Captan 80WDG 3 lb + Ziram 76WDG 3 lb
Captan 80WDG 30 oz + Ziram 3 lb
5 Manzate Prostick 75DG 3 lb + Captan 30 oz
Fontelis 1.67SC 14 fl oz + Manzate 75DG 3 lb
Captan 80WDG 30 oz + Ziram 3 lb
6 Manzate 75DG 3 lb + Captan 80WDG 30 oz
Fontelis 1.67SC 14 fl oz + Captan 80WDG 30 oz
Captan 80WDG 30 oz + Ziram 3 lb
7 Manzate Prostick 75DG 6 lb
Fontelis 1.67SC 20 fl oz
Captan 80WDG 50 oz
Captan 80WDG 30 oz + Ziram 3 lb
8 Fontelis 1.67SC 10 fl oz + Flint 50WG 2 oz
Topguard 10 fl oz + Manzate Prostick 75DG 3 lb
Captan 80WDG 30 oz + Ziram 3 lb

Idared
% leaves or leaf area or fruit
primar
Idared
Stayman
y
Timing effect* lvs area fruit lvs area fruit
--1.3 h
6 d-f 3 e 5 d
7 f 5 h 20 c
1
8
9
2
3
TC-3C 3.4 fg
6 ef 4 e 3 bc 6 ef 2 g
0a
4C →
2
1
0
2
3

infected
Granny Smith
lvs
6e
7
6e
4

area fruit
3 e 24 c
5
2 cd 2 ab
5

TC-3C
5
1
4.0 d-g
c-e d
4C →
6
8

5
d
4

1
b
1

TC-3C 3.1 g
4C →

TC-PF
1C-3C
4C →
#1,2,5,6
#3,4
4C →
#1,2,5,6
#3,4
4C →
#1,2,5
#3,4
#6
4C →
#1,3,5,7
#2,4,6,8
4C →

3.6 e-f
4.1 d-f
4.5 de
4.6 d
8.5 a
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6f
7

4e
4

2 a-c 6 ef 2 g
4
1
1
1
a
0

6
f
4

4
e
3

5
cd
5

1
3
bc bc
1
1

3
a
3

4a

5
1
c-e d
7
8

3
c
4

4
cd
1

5 c-e 1 cd 3 c
6
4
4

1
a
0

5d
2e
6
e
0

5d
3e
5d
0e
3b
6c
1
a
8

3 ab

1
de 6 b
2
2
fg
0
1
ef
5

5b
8b

1
c-e 8 b
1
7 bc

3 ab

3a

0a

6e
4

6
e
4

3 de
0

2 ab
2 ab

2
c
2

5 ab

5
1
cd b
1
2

1 ab

5
d
1

1
b
1

4 bc 9 b
4
2
a
8

4a

2 ab

4b
2 ab

9 Flint 50WG 2 oz + Manzate Prostick 75DG 3 lb
TC-3C 5.9 c
4 b 7 ab 1 a
2 b 4 ab 0 a
2a 4a
0a
Captan 80WDG 30 oz + Ziram 3 lb
6C →
4
2
9
8
1 Rally 40WSP 5 oz + Manzate Prostick 75DG 3 lb TC-3C 6.9 b
5 bc 1 bc 1 ab 4 c 8 cd 0 a
4b 9b
1 ab
0 Captan 80WDG 30 oz + Ziram 3 lb
4C →
0
0
3
6d
4
Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four single-tree reps. Infection rated on: 10 Stayman cluster leaf
sets 17 May, or 10 shoots/tree 20 Jun (Idared), 30 Jul (Stayman), or 2 Aug (Granny Smith); or 25-fruit samples picked 17 Sep
(Idared), 27 Sep (Stayman and Granny Smith). Treatment rows were used as non-treated border rows in 2011 to stabilize
mildew inoculum pressure for 2012.
* Apparent suppressive effect rated on six Idared primary mildew shoots / tree, four reps 17 May: scale 1-10 (1= none; 10=
excellent effect).
Treatments applied airblast at 100 gpa to both sides of the row on each date: 23 Mar, app. #1 (tight cluster, TC, Stayman;
Idared early pink;
Granny Smith –open cluster; 3 Apr, app. #2 (bloom, Bl); 14 Apr, app. #3 (petal fall, PF); 25 Apr, app. #4 (1st cover, 1C); 9 May,
app. #5 (2nd
cover 2C); 23 May, app. #6 (3rd cover, 3C). 6 Jun, app #7 (4th cover, 4C); 23 Jun, app #8 (5th Cover, 5C); 6th-10th covers: 6 Jul,
18 Jul, 2 Aug,
15 Aug and 5 Sep.
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Table 3. Control of sooty blotch and flyspeck on Stayman, Idared, and Granny Smith apples, 2012.

0
1
2
3
4

Treatment and formulated rate/acre

No fungicide
Manzate Prostick 3 lb + Captan
80WDG 3 lb
Captan 80WDG 30 oz + Ziram 3 lb
Manzate Prostick 3 lb + Ziram 76WDG
3 lb
Captan 80WDG 30 oz + Ziram 3 lb
Manzate Prostick 3 lb + Ziram 76WDG
3 lb +
Microthiol Disperss 80DF 8 lb
Captan 80WDG 30 oz+ Ziram 3 lb
Manzate Prostick 6 lb
Captan 80WDG 3 lb + Ziram 76WDG 3
lb
Captan 80WDG 30 oz + Ziram 3 lb

Flyspeck, % fruit or fruit area infected
Stayman
Idared Granny Smith
fruit area fruit area fruit area fruit area
10
2
10
10
9
0d 2d
0d 8d
0c 7c 8 d 8 d

Sooty blotch, % fruit or fruit area infected
Stayman
Idared
Granny Smith

Timing fruit area
10
2
--0b 0c

fruit area
10
2
0c 5d

TC-3C
4C → 48 a 4 ab 47 ab 4 a-c 24 ab 2 ab
TC-3C
4C → 66 a 6 ab 45 ab 4 a-c 46 bc 3 bc
TC-3C
4C → 56 a 4 ab 67 b

TC-PF
1C-3C
4C →
5
#1,2,5,
Manzate Prostick 3 lb + Captan 30 oz
6
Fontelis 1.67SC 14 fl oz + Manzate 3 lb #3,4
Captan 80WDG 30 oz + Ziram 3 lb
4C →
6
#1,2,5,
Manzate Prostick 3 lb + Captan 30 oz
6
Fontelis 1.67SC 14 fl oz + Captan 30 oz #3,4
Captan 80WDG 30 oz + Ziram 3 lb
4C →
7
#1,2,5
Manzate Prostick 75DG 6 lb
#3,4
Fontelis 1.67SC 20 fl oz
#6
Captan 80WDG 50 oz
4C →
Captan 80WDG 30 oz + Ziram 3 lb

5 bc

60 c

5c

20 ab 1 ab

23 ab 1 b

23 a-c 1 a-c 10 a 1 a

2
3 a-c 1 a-c
2
1 a-c 1 a-c

3
21 ab 1 a-c 21 ab 1 ab 1 c

2c

47 a 4 ab 43 ab 4 a-c 28 ab 3 ab

25 bc 1 bc

1
21 ab 1 ab 9 a-c 1 a-c

49 a 3 ab 39 ab 3 a-c 26 ab 2 ab

12 a

2
23 b 1 ab 6 bc 2 bc

49 a 4 ab 30 a
36 a 2 a

2 ab

32 a-c 2 ab

39 ab 2 a-c 14 a
39

1a

1a

1
3 ab 1 ab

22 ab 2 bc

24 b 1 b

24 a-c 1 bc

2
16 ab 1 ab 2 a-c 1 a-c

8 Fontelis 1.67SC 10 fl oz + Flint 50WG 2 #1,3,5,
oz
7
Topguard 10 fl oz + Manzate Prostick 3 #2,4,6,
lb
8
Captan 80WDG 30 oz + Ziram 3 lb
6C → 51 a 5 ab 32 a 2 a
30 ab 2 ab 16 ab 1 ab 13 ab 1 ab 9 a 1 A
9 Flint 50WG 2 oz + Manzate Prostick 3
lb
TC-3C
1
Captan 80WDG 30 oz + Ziram 3 lb
4C → 55 a 4 ab 40 ab 3 a-c 21 ab 1 a
15 ab 1 ab 11 ab 1 ab 3 a 1 a
1 Rally 40WSP 5 oz + Manzate Prostick 3
0 lb
TC-3C
a2
Captan 80WDG 30 oz + Ziram 3 lb
4C → 72 a 7 b 62 ab 6 c
45 bc 3 c
41 c 2 c
21 ab 1 ab 5 a-c 1 a-c
Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four single-tree reps. Infection rated on 25-fruit samples picked 17
Sep (Idared), 27 Sep (Stayman and Granny Smith).
Treatments applied airblast at 100 gpa to both sides of the row on each date: 23 Mar, app. #1 (tight cluster, TC, Stayman;
Idared early pink; Granny Smith –open cluster; 3 Apr, app. #2 (bloom, Bl); 14 Apr, app. #3 (petal fall, PF); 25 Apr, app. #4 (1st
cover, 1C); 9 May, app. #5 (2nd cover 2C); 23 May, app. #6 (3rd cover, 3C). 6 Jun, app #7 (4th cover, 4C); 23 Jun, app #8 (5th
Cover, 5C); 6th-10th covers: 6 Jul, 18 Jul, 2 Aug, 15 Aug and 5 Sep.
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Table 4. Control of Brooks spot and rots, and fruit finish effects by fungicides on Stayman, Idared, and Granny Smith
apples, 2012.

Treatment and rate/A

0 No fungicide
1 Manzate Prostick 3 lb + Captan 80WDG 3 lb
Captan 80WDG 30 oz + Ziram 3 lb

Brooks spot,
% fruit infected
--TC-3C
4C →
TC-3C
4C →

2 Manzate Prostick 3 lb + Ziram 76WDG 3 lb
Captan 80WDG 30 oz + Ziram 3 lb
3 Manzate Prostick 3 lb + Ziram 76WDG 3 lb
+
TC-3C
Microthiol Disperss 80DF 8 lb
4C →
Captan 80WDG 30 oz+ Ziram 3 lb
4 Manzate Prostick 6 lb
TC-PF
Captan 80WDG 3 lb + Ziram 76WDG 3 lb
1C-3C
Captan 80WDG 30 oz + Ziram 3 lb
4C →
5 Manzate Prostick 3 lb + Captan 80WDG 30 #1,2,5,6
oz
#3,4
Fontelis 1.67SC 14 fl oz + Manzate 3 lb
4C →
Captan 80WDG 30 oz + Ziram 3 lb
6 Manzate Prostick 3 lb + Captan 80WDG 30 oz
#1,2,5,6
Fontelis 1.67SC 14 fl oz + Captan 30 oz
#3,4
Captan 80WDG 30 oz + Ziram 3 lb
4C →
7 Manzate Prostick 75DG 6 lb
#1,2,5
Fontelis 1.67SC 20 fl oz
#3,4
Captan 80WDG 50 oz
#6
Captan 80WDG 30 oz + Ziram 3 lb
4C →
8 Fontelis 1.67SC 10 fl oz + Flint 50WG 2 oz #1,3,5,7
Topguard 10 fl oz + Manzate Prostick 3 lb #2,4,6,8
Captan 80WDG 30 oz + Ziram 3 lb
6C →
9 Flint 50WG 2 oz + Manzate Prostick 3 lb
TC-3C
Captan 80WDG 30 oz + Ziram 3 lb
4C →

Fruit finish ratings (0-5)*
Russet
Opalescence
Stayma Idared
Stayma Idared
Idared Granny
n
Granny
n
Granny
1.8
b
13 b
6b
2.3 c
1.5 c
2.1 a
2.7 a
1.3 b
0a
0a
1.9 a
1.9 a-c 0.9 ab 1.3 a
1.1 a
0.7 a
0a

0a

2.4 a

1.7 ab

0.9 ab

2.0 a

0.9 a

0.7 a

0a

0a

2.4 a

2.1 bc

1.1 bc

1.9 a

1.0 a

1.3 b

0a

0a

2.2 a

1.8 a-c 0.9 ab

1.9 a

1.0 a

0.9 ab

0a

0a

2.1 a

1.9 a-c

1.0 ab

1.5 a

1.2 a

0.7 a

0a

0a

2.8 a

1.5 a

1.0 ab

1.8 a

0.8 a

0.9 ab

0a

0a

2.2 a

1.7 ab

0.7 a

1.3 a

1.1 a

0.7 a

0a

0a

2.2 a

1.7 a-c 0.7 a

1.4 a

0.7 a

0.5 a

0a

0a
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2.2 a

1.8 a-c 0.8 a

1.4 a

1.1 a

0.7 a

1 Rally 40WSP 5 oz + Manzate Prostick 3 lb
TC-3C
0a
0a
2.4 a
2.1 bc 0.9 ab 1.7 a
1.1 a
0.6 a
0 Captan 80WDG 30 oz + Ziram 3 lb
4C →
Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four single-tree reps. Infection rated on 25-fruit samples picked 17
Sep (Idared), 27 Sep (Stayman and Granny Smith).
* Fruit finish rated on a scale of 0-5 (0= perfect finish; 5= severe opalescence or russet, not presumed to be related to mildew).
Treatments applied airblast at 100 gpa to both sides of the row on each date: 23 Mar, app. #1 (tight cluster, TC, Stayman;
Idared early pink; Granny Smith –open cluster; 3 Apr, app. #2 (bloom, Bl); 14 Apr, app. #3 (petal fall, PF); 25 Apr, app. #4 (1st
cover, 1C); 9 May, app. #5 (2nd
cover 2C); 23 May, app. #6 (3rd cover, 3C). 6 Jun, app #7 (4th cover, 4C); 23 Jun, app #8 (5th Cover, 5C); 6th-10th covers: 6 Jul,
18 Jul, 2 Aug, 15 Aug and 5 Sep.
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Table 5. Post-storage rot control on Stayman, Idared, and Granny Smith apples, 2012.

Treatment and formulated rate/acre

0 No fungicide

Timing
---

1 Manzate Prostick 3 lb + Captan 80WDG 3 TC-3C
lb
4C →
Captan 80WDG 30 oz + Ziram 3 lb
2 Manzate Prostick 3 lb + Ziram 76WDG 3 TC-3C
lb
4C →
Captan 80WDG 30 oz + Ziram 3 lb
3 Manzate Prostick 3 lb + Ziram 76WDG 3 lb +
Microthiol Disperss 80DF 8 lb
TC-3C
Captan 80WDG 30 oz+ Ziram 3 lb
4C →
4 Manzate Prostick 6 lb
TC-PF
Captan 80WDG 3 lb + Ziram 76WDG 3 lb 1C-3C
Captan 80WDG 30 oz + Ziram 3 lb
4C →
5 Manzate Prostick 3 lb + Captan 80WDG #1,2,5,6
30 oz
#3,4
Fontelis 1.67SC 14 fl oz + Manzate 3 lb
4C →
Captan 80WDG 30 oz + Ziram 3 lb
6 Manzate Prostick 3 lb + Captan 80WDG #1,2,5,6
30 oz
#3,4
Fontelis 1.67SC 14 fl oz + Captan 30 oz
4C →
Captan 80WDG 30 oz + Ziram 3 lb
7 Manzate Prostick 75DG 6 lb
#1,2,5
Fontelis 1.67SC 20 fl oz
#3,4
Captan 80WDG 50 oz
#6
Captan 80WDG 30 oz + Ziram 3 lb
4C →

Any rot
Stay- Ida- Gr.
man red smith

% fruit infected with indicated rot
Bitter rot
White rot
Alternaria
Stay- Ida- Gr. Stay- Ida- Gr. Stay- Ida- Gr.
man red smith man red smith man red smith

26 d 51 b 61 d

1
3d

3
5b

5
2d

13 b

1
6b

8b

2a

7b

8b

5b

0a

8a

4b

2a

2a

1a

0a

0a

0a

7b

0a

5b

2a

0a

1a

0a

0a

1a

1a

1a

1a

0a

0a

0a

1 ab 2 a

2a

2a

0a

0a

0a

1
2 ab 0 a
1
2 ab 4 a
1
2 ab 0 a
1
6 bc 0 a

1
6c

1
4a

1
1 ab 0 a

3 ab 4 bc

8a

1
5c

1 ab 9 a

7b

1 ab 7 a

6b

0a

1a

0a

0a

1a

1a

2 ab 4 a

5b

1 ab 3 a

4 ab 0 a

1a

1a

1a

0a

0a

9c

4b

6c

3 ab 2 a

2a

2a

1a

0a

0a

3a
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1a

8 Fontelis 1.67SC 10 fl oz + Flint 50WG 2 oz #1,3,5,7
Topguard 10 fl oz + Manzate Prostick 3 lb #2,4,6,8
Captan 80WDG 30 oz + Ziram 3 lb
6C → 0 a 2 a
9 Flint 50WG 2 oz + Manzate Prostick 3 lb TC-3C
Captan 80WDG 30 oz + Ziram 3 lb
4C → 2 ab 0 a
1 Rally 40WSP 5 oz + Manzate Prostick 3 lb TC-3C
1
0 Captan 80WDG 30 oz + Ziram 3 lb
4C →
4 bc 2 a

0a

0a

2a

0a

0a

0a

0a

0a

0a

0a

0a

2 a-c 9 a

0a

1a

2a

0a

1a

1a

0a

2 ab 1 ab 0 a

2 ab 0 a

0a

0a

1a

0a

0a

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four single-tree replications.
Infection rated on 25-fruit samples picked 17 Sep (Idared), 27 Sep (Stayman and Granny Smith).Treatments applied airblast at 100 gpa to both
sides of the row on each date: 23 Mar, app. #1 (tight cluster, TC, Stayman; Idared early pink; Granny Smith –open cluster; 3 Apr, app. #2 (bloom,
Bl); 14 Apr, app. #3 (petal fall, PF); 25 Apr, app. #4 (1st cover, 1C); 9 May, app. #5 (2nd
cover 2C); 23 May, app. #6 (3rd cover, 3C). 6 Jun, app #7 (4th cover, 4C); 23 Jun, app #8 (5th Cover, 5C); 6th-10th covers: 6 Jul, 18 Jul,
2 Aug, 15 Aug and 5 Sep.
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Figure 1. 19-yr history of foliar scab control with SI or QoI+EBDC
Stayman apple, Winchester, VA
Check (% lvs inf.)
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Figure 2. Control of % leaves infected with mildew by SI+EBDC and QoI
Stayman and Idared apples, 1994-2012, Winchester, VA
Check (% lvs inf.)
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APPLE (Malus domestica ‘Golden Delicious’,
‘Idared’, ‘York’)
Scab; Venturia inaequalis
Powdery mildew; Podosphaera leucotricha
Cedar-apple rust; Gymnosporangium juniperivirginianae
Sooty blotch; disease complex
Flyspeck; Zygophiala jamaicensis
Brooks spot; Mycosphaerella pomi
Rots (unspecified)
Bitter rot; Colletotrichum spp.
White rot; Botryosphaeria dothidea
Fruit finish

K. S. Yoder, A. E. Cochran II,
W. S. Royston, Jr., S. W. Kilmer,
and G. Engelman
Virginia Tech Ag. Res. & Ext.
Center
595 Laurel Grove Road
Winchester, VA 22602

Disease control by experimental and registered fungicides and mixtures on Golden
Delicious, Idared, and York Imperial apples, 2012.
Fifteen experimental or combination treatment schedules were compared to registered
treatments on 12-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 2011, which allowed mildew inoculum pressure to stabilize on 2012 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: 27
Mar, app. #1 (York- tight cluster-pink, TC; Golden- open cluster-early pink; Idared- pink; 3
Apr, (Trt #2 only, pink-petal fall). 13 Apr, App. #2 (late bloom-petal fall); 20 Apr, (Trt #2
only). 25 Apr, App. #3 (petal fall, PF); 2 May (Trt #2 only); 9 May, app. #4 (1st cover); 16
May (Trt #2 only); 23 May, app. #5 (2nd cover); 30 May (Trt #2 only); 8 Jun #6 (3rd cover);
16 Jun (Trt #2 only); 23 Jun App. #7 (4th cover); 29 Jun (Trt #2 only); 11 Jul, App. #8 (5th
cover); 19 Jul (Trt #2 only); 25 Jul App. #9 (6th cover); 2 Aug (Trt #2 only); 7 Aug App. #10
(7th cover); 15 Aug (Trt #2 only); 22 Aug App. #11 (8th cover); 29 Aug (Trt #2 only).
Maintenance applications applied to the entire test block with the same equipment
included: Asana + oil, FireWall, Assail, Altacor, Calypso, NAA 15 ppm + Carbaryl,
Provado, Imidan Lannate LV, and Delegate. Inoculum placed over each Idared test tree
included cedar galls, wild blackberry canes with the sooty blotch and flyspeck fungi, and
bitter rot mummies 2 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: 1 Jun (York), 27 Jun (Golden
Delicious) or 13 Jul (Idared). Fruit data represent postharvest counts of 25 fruit per
replicate tree sampled: 16 Sep (Golden Delicious and Idared), or 24 Sep (York). Golden
Delicious fruit held 25 days in cold storage, then rated after 6 and 25 days incubation at
ambient temperatures 61-78°F. Idared fruit were held 32 days in cold storage, then rated
after 19 days incubation. York fruit were held 39 days in cold storage, then rated after 12
days incubation. Percentage data were converted by the square root arcsin transformation
for statistical analysis.
The first application was made 27 Mar after primary scab infection periods 19-20 Mar
(light) and 24-25 Mar (heavy). Scab lesions began to appear 13 Apr on trees that were not
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protected Mar 19-25. The best scab control was provided by Luna Tranquility + Manzate
rotated with Rally + Manzate (Trt 13). Weaker foliar scab control by Rally + Manzate (Trt 1)
suggested resistance to DMI fungicides and better control by Luna Tranquility than by
Luna Sensation, Merivon, and Sovran suggested developing resistance to the QoI
fungicides as well. Mildew pressure was high in this test block with conidia available as
early as 19 March, and 44 days were favorable for mildew infection between 19 Mar and
31 May. Under these conditions Luna Sensation, Luna Tranquility and Merivon, all rotated
with Rally, and Sovran + Microthiol rotated with Topguard gave the most suppression of
primary mildew and secondary mildew control on foliage and fruit (Table 2). Experimental
material VA-2 + Manzate gave some suppressive effect, especially on fruit, but VA-3 had
less effect. Cedar-apple rust infection first occurred 24 Mar and treatments #10-13,
receiving Rally or Topguard 13 Apr, had good control. However, treatments #14 and 15
received Luna Sensation or Luna Tranquility 13 Apr and rust control on flower cluster
leaves was significantly weaker. All treatments except VA-3 and Microthiol gave adequate
control of Brooks spot, sooty blotch and flyspeck. No treatment had significantly more
russet or opalescence than non-treated trees and several treatments significantly improved
fruit finish.
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Table 6. Scab control by experimental and registered fungicides on Idared, Golden Delicious and York apples, 2012.
Golden Delicious, % scab
Idared, % scab
York, % scab
Treatment and rate/A
App. # cluster lvs shoot lvs % fruit
% lvs
% fruit
% lvs
% fruit
0 No fungicide
--46 c-e
41 f
98 h
15 e-h
87 e
27 gh
91 h
1 Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#1-8
51 c-e
36 ef
28 c-e
18 h
22 bc
19 d-h
7 c-e
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11
2 VA-2 8 fl oz + Manzate Pro-stick 75DG 3 lb
7 day/
56 de
32 d-f
37 de
13 d-h
23 bc
22 e-h
13 e
VA-2 8 fl oz
7 day
3 VA-2 8 fl oz + Manzate Pro-stick 75DG 3 lb
TC→
59 e
33 d-f
41 ef
12 c-g
12 a-c
20 d-h
10 de
4 VA-2 12 fl oz + Manzate Pro-stick 75DG 3 lb
TC→
57 de
30 c-f
30 c-e
11 c-f
8a
15 c-e
3 bc
5 VA-2 16 fl oz + Manzate Pro-stick 75DG 3 lb
TC→
36 c
27 c-e
34 c-e
8 a-d
10 a-c
20 d-g
5 b-d
6 VA-3 X rate + adjuvant
TC→
49 c-e
41 f
73 g
17 gh
84 de
19 d-g
57 g
7 VA-3 2X rate + adjuvant
TC→
56 de
40 f
98 h
14 e-h
82 de
28 h
68 g
8 VA-3 4X rate + adjuvant
TC→
52 c-e
32 d-f
95 h
15 e-h
73 d
24 f-h
71 g
9 Kocide 2000 35DF 1.5 lb + Microthiol Disperss 80DF 8 lb
TC
41 cd
38 ef
64 fg
16 f-h
25 c
17 c-f
40 f
Microthiol Disperss 80DF 10 lb
P→
10 Sovran 4 oz+ Koverall 75DF3 lb + Microthiol Disperss 8 lb
#1,3,5,7 41 cd
27 c-e
22 c-e
12 c-h
10 ab
13 cd
4 b-d
Topguard 1.04SC 13 fl oz + Koverall 75DF 3 lb
#2,4,6,8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11
11 Merivon 4 fl oz + Manzate Pro-Stick 75DG 3 lb
#1,3,5,7 36 c
23 cd
18 b-d
12 c-h
7a
14 cd
5 b-d
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#2,4,6,8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11
12 Luna Sensation 500SC 4.0 oz + Manzate Pro-stick 75DG 3 lb #1,3,5,7 19 b
33 d-f
15 a-c
10 b-e
6a
10 bc
1 ab
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#2,4,6,8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11
13 Luna Tranquility SC 11.2 oz + Manzate Pro-Stick 75DG 3 lb
#1,3,5,7
6a
13 ab
6a
5a
10 ab
3a
0a
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#2,4,6,8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11
14 Luna Sensation 500SC 4 fl oz + Manzate Pro-Stick 75DG 3 lb #1,2,4,5 21 b
20 bc
7 ab
7 a-c
6a
6 ab
5 b-d
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#3
Indar 2F 8 fl oz + Captan 80WDG 30 oz + LI-700, 2 pt/100 gal
#6-8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11
15 Luna Tranquility SC 11.2 fl oz + Manzate Pro-stick 75DG 3 lb #1,2,4,5 20 b
9a
6a
6 ab
3a
2a
1 ab
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#3
Indar 2F 8 fl oz + Captan 80WDG 30 oz + LI-700, 2 pt/100 gal
#6-8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11
Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four reps; Means of 10 shoots per tree rated 1 Jun (York), 27 Jun (Golden Delicious) or 13
Jul (Idared). Fruit data represent postharvest counts of 25 fruit per replicate tree sampled: 16 Sep (Golden Delicious and Idared), or 24 Sep (York).
Applied airblast at 100 gpa to both sides of the row on each application date.

48

Table 7. Mildew control on Idared, Golden Delicious and York apples, 2012.
Idared
Mildew , % leaves, leaf area or fruit infected
primary
Idared
Golden Del.
York
Treatment and rate/A
Timing effect* leaves lf area fruit
lvs lf area leaves lf area fruit
0 No fungicide
--1.1 h
68 e 27 f
47 g
68 f
28 g
55 g 16 g
7a
1 Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#1-8
3.7 c-e 51 c 12 c
7e
47 d
7 bc 29 e
3 b-d 0 a
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11
2 VA-2 8 fl oz + Manzate Pro-stick 75DG 3 lb
7 day/
4.0 cd 63 de 20 de 3 a-e 57 d-f 12 c-f 47 fg
6 d-f 0 a
VA-2 8 fl oz
7 day
3 VA-2 8 fl oz + Manzate Pro-stick 75DG 3 lb
TC→ 2.0 f-h 61 de 21 d-f 0 a
59 d-f 11 c-e 49 fg
8 ef
0a
4 VA-2 12 fl oz + Manzate Pro-stick 75DG 3 lb
TC→ 2.5 e-g 65 de 19 d
5 c-e 62 ef 14 d-f 52 fg
8 ef
0a
5 VA-2 16 fl oz + Manzate Pro-stick 75DG 3 lb
TC→ 3.1 d-f 57 cd 12 c
6 b-e 49 d
8c
46 fg
6 d-f 0 a
6 VA-3 X rate + adjuvant
TC→ 1.7 gh 60 de 19 d 37 fg
55 de 10 cd 49 fg
6 d-f 1 a
7 VA-3 2X rate + adjuvant
TC→ 1.6 gh 65 e 25 ef 32 fg
65 ef 17 f
54 g
8 ef
0a
8 VA-3 4X rate + adjuvant
TC→ 1.9 f-h 62 de 24 d-f 26 f
66 ef 15 ef
57 g 10 fg
0a
9 Kocide 2000 35DF 1.5 lb + Microthiol Disperss 80DF 8 lb
TC
4.6 c
41 b
5b
1 ab 31 c
4 ab 41 f
5 c-e 1 a
Microthiol Disperss 80DF 10 lb
P→
10 Sovran 4 oz+ Koverall 75DF3 lb + Microthiol Disperss 8 lb
#1,3,5,7 6.7 b
17 a
3 ab 4 a-e 18 ab 3 a
18 d
2 a-c 1 a
Topguard 1.04SC 13 fl oz + Koverall 75DF 3 lb
#2,4,6,8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11
11 Merivon 4 fl oz + Manzate Pro-Stick 75DG 3 lb
#1,3,5,7 7.2 ab 16 a
2 ab 2 a-c 16 ab 2 a
10 cd 2 ab 0 a
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#2,4,6,8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11
12 Luna Sensation 500SC 4.0 oz + Manzate Pro-stick 75DG 3 lb #1,3,5,7 7.0 ab 14 a
3 ab 6 b-e 14 ab 2 a
5a
1a
0a
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#2,4,6,8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11
13 Luna Tranquility SC 11.2 oz + Manzate Pro-Stick 75DG 3 lb
#1,3,5,7 7.3 ab 17 a
3 ab 8 de 16 ab 2 a
9 bc
2 ab 0 a
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#2,4,6,8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11
14 Luna Sensation 500SC 4 fl oz + Manzate Pro-Stick 75DG 3 lb #1,2,4,5 8.2 a
13 a
2a
0a
11 a
2a
5 a-c 1 a
0a
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#3
Indar 2F 8 fl oz + Captan 80WDG 30 oz + LI-700, 2 pt/100 gal
#6-8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11
15 Luna Tranquility SC 11.2 fl oz + Manzate Pro-stick 75DG 3 lb #1,2,4,5 7.1 ab 17 a
3 ab 2 a-d 21 bc 3 a
5 ab 1 a
0a
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#3
Indar 2F 8 fl oz + Captan 80WDG 30 oz + LI-700, 2 pt/100 gal
#6-8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11
Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four reps; Means of 10 shoots per tree rated 1 Jun (York), 27 Jun (Golden Delicious) or
13 Jul (Idared). Test rows non-treated border rows in 2011 to stabilize mildew inoculum pressure for 2012.
* Apparent suppressive effect rated on six primary mildew shoots / tree 4 Jun, scale: 1-10 (1= none; 10= excellent effect).
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Table 8. Cedar-apple rust and Brooks spot control on Idared, Golden Delicious and York apples, 2012.

Treatment and rate/A
0 No fungicide
1 Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
Captan 80WDG 30 oz + Ziram 76DF 3 lb
2 VA-2 8 fl oz + Manzate Pro-stick 75DG 3 lb
VA-2 8 fl oz
3 VA-2 8 fl oz + Manzate Pro-stick 75DG 3 lb
4 VA-2 12 fl oz + Manzate Pro-stick 75DG 3 lb
5 VA-2 16 fl oz + Manzate Pro-stick 75DG 3 lb
6 VA-3 X rate + adjuvant
7 VA-3 2X rate + adjuvant
8 VA-3 4X rate + adjuvant
9 Kocide 2000 35DF 1.5 lb + Microthiol Disperss 80DF 8 lb
Microthiol Disperss 80DF 10 lb
10 Sovran 4 oz+ Koverall 75DF3 lb + Microthiol Disperss 8 lb
Topguard 1.04SC 13 fl oz + Koverall 75DF 3 lb
Captan 80WDG 30 oz + Ziram 76DF 3 lb
11 Merivon 4 fl oz + Manzate Pro-Stick 75DG 3 lb
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
Captan 80WDG 30 oz + Ziram 76DF 3 lb
12 Luna Sensation 500SC 4.0 oz + Manzate Pro-stick 75DG 3 lb
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
Captan 80WDG 30 oz + Ziram 76DF 3 lb
13 Luna Tranquility SC 11.2 oz + Manzate Pro-Stick 75DG 3 lb
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
Captan 80WDG 30 oz + Ziram 76DF 3 lb
14 Luna Sensation 500SC 4 fl oz + Manzate Pro-Stick 75DG 3 lb
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
Indar 2F 8 fl oz + Captan 80WDG 30 oz + LI-700, 2 pt/100 gal
Captan 80WDG 30 oz + Ziram 76DF 3 lb
15 Luna Tranquility SC 11.2 fl oz + Manzate Pro-stick 75DG 3 lb
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
Indar 2F 8 fl oz + Captan 80WDG 30 oz + LI-700, 2 pt/100 gal
Captan 80WDG 30 oz + Ziram 76DF 3 lb

Timing
--#1-8
#9-11
7 day/
7 day
TC→
TC→
TC→
TC→
TC→
TC→
TC
P→
#1,3,5,7
#2,4,6,8
#9-11
#1,3,5,7
#2,4,6,8
#9-11
#1,3,5,7
#2,4,6,8
#9-11
#1,3,5,7
#2,4,6,8
#9-11
#1,2,4,5
#3
#6-8
#9-11
#1,2,4,5
#3
#6-8
#9-11

Cedar-apple rust infection, % lvs
G.Del,.
shoot leaves
clusters G.Del
Idared
York
55 e
32 g
18 f
35 g
0a
<1 ab
0a
0a

Brooks spot
% fruit infected,
G. Del. Idared
11 b
12 d
0a
0a

0a

<1 bc

<1 a

<1 ab

0a

0a

1a
1a
17 cd
1a
1a
2a
29 d

<1 ab
8e
5 de
1 a-c
7e
10 e
16 f

0a
4 cd
3c
<1 a
3c
6d
13 e

<1 a
5 de
4 cd
1 bc
3 cd
9 ef
14 f

0a
0a
0a
0a
2a
0a
0a

0a
2b
0a
5c
6c
6c
7c

3 ab

<1 ab

0a

<1 ab

0a

0a

<1 a

<1 ab

<1 a

0a

0a

0a

2a

<1 ab

<1 a

<1 a

0a

0a

2a

0a

<1 a

<1 ab

0a

0a

11 bc

3 cd

<1 a

<1 ab

0a

0a

15 c

6 de

2 cd

0a

0a

1 ab

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four replications; Means of 10 shoots per tree rated 1 Jun (York), 27 Jun (Golden Delicious) or 13 Jul
(Idared). Fruit data represent postharvest counts of 25 fruit per replicate tree sampled: 16 Sep (Golden Delicious and Idared), or 24 Sep (York).
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Table 9. Sooty blotch and flyspeck control, on Idared, Golden Delicious and York apples, 2012.
% fruit infected
Sooty blotch
Flyspeck
G.Del Idared York
G.Del Idared York
100 e
99 f
95 f
100 e 100 f
100 h

Treatment and rate/A
Timing
0 No fungicide
--1 Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#1-8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11
0a
2 ab
3 ab
1a
12 a-d
2 VA-2 8 fl oz + Manzate Pro-stick 75DG 3 lb
7 day/
2 ab
5 a-c
1a
0a
20 de
VA-2 8 fl oz
7 day
3 VA-2 8 fl oz + Manzate Pro-stick 75DG 3 lb
TC→
1 ab
8c
0a
1 ab 21 de
4 VA-2 12 fl oz + Manzate Pro-stick 75DG 3 lb
TC→
3 ab
8 bc
0a
3 a-c 15 b-e
5 VA-2 16 fl oz + Manzate Pro-stick 75DG 3 lb
TC→
9b
9 bc
2a
7 bc
17 c-e
6 VA-3 X rate + adjuvant
TC→
78 cd 93 e
75 d
82 d 100 f
7 VA-3 2X rate + adjuvant
TC→
87 d
89 e
55 c
96 e
99 f
8 VA-3 4X rate + adjuvant
TC→
76 c
82 e
88 e
81 d
98 f
9 Kocide 2000 35DF 1.5 lb + Microthiol Disperss 80DF 8 lb
TC
Microthiol Disperss 80DF 10 lb
P→
6 ab 29 d
7b
10 c
25 e
10 Sovran 4 oz+ Koverall 75DF3 lb + Microthiol Disperss 8 lb
#1,3,5,7
Topguard 1.04SC 13 fl oz + Koverall 75DF 3 lb
#2,4,6,8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11
0a
2 ab
3 ab
0a
16 b-e
11 Merivon 4 fl oz + Manzate Pro-Stick 75DG 3 lb
#1,3,5,7
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#2,4,6,8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11
0a
1a
1a
0a
6 a-c
12 Luna Sensation 500SC 4.0 oz + Manzate Pro-stick 75DG 3 lb
#1,3,5,7
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#2,4,6,8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11
1 ab
1a
0a
5 a-c 10 a-e
13 Luna Tranquility SC 11.2 oz + Manzate Pro-Stick 75DG 3 lb
#1,3,5,7
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#2,4,6,8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11
0a
5 a-c
0a
3 a-c
9 a-c
14 Luna Sensation 500SC 4 fl oz + Manzate Pro-Stick 75DG 3 lb
#1,2,4,5
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#3
Indar 2F 8 fl oz + Captan 80WDG 30 oz + LI-700, 2 pt/100 gal
#6-8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11
6 ab
3 ab
0a
3 a-c
5 ab
15 Luna Tranquility SC 11.2 fl oz + Manzate Pro-stick 75DG 3 lb
#1,2,4,5
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#3
Indar 2F 8 fl oz + Captan 80WDG 30 oz + LI-700, 2 pt/100 gal
#6-8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11
0a
2 ab
2a
0a
2a
Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four reps; Fruit data represent postharvest counts of 25 fruit per
replicate tree sampled: 16 Sep (Golden Delicious and Idared), or 24 Sep (York).
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17 e
5 a-c
19 e
16 e
6 a-d
96 gh
88 fg
82 f
16 c-e

18 ef

5 ab

13 c-e

5a

10 b-e

13 c-e

Table 10. Rots on Golden Delicious, Idared and York apples, after warn storage incubation, 2012.
Rot incidence (%) after indicated days incubation*
Golden Delicious (25 days)
Idared (19 days)
York (12 days)
Any Bitter White AlterAny
Bitter White Any Bitter White AlterTreatment and rate/A
Timing
rot
rot
rot
naria
rot
rot
rot
rot
rot
rot
naria
0 No fungicide
--86 i
45 e
50 ef 11 a 49 h
48 g
5 b 67 e 41 d 45 e
9d
1 Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#1-8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11 36 d-g 8 ab 24 a-d 7 a
5 a-d 5 b-d 0 a 13 a-d 8 bc
4 a-c 1 ab
2 VA-2 8 fl oz + Manzate Pro-stick 75DG 3 lb
7 day/
30 b-e 4 a
19 a-c 9 a
9 b-e 8 b-e 1 ab 21 b-d 11 bc
9 a-d 3 a-c
VA-2 8 fl oz
7 day
3 VA-2 8 fl oz + Manzate Pro-stick 75DG 3 lb
TC→ 25 a-c 3 a
17 a-c 8 a 17 d-f 15 de
2 ab 8 a-c 2 a-c 2 a
3 a-c
4 VA-2 12 fl oz + Manzate Pro-stick 75DG 3 lb
TC→ 43 d-g 9 a-c 34 c-f 9 a 12 c-e 11 c-e
2 ab 9 a-c 0 a
9 a-d 0 a
5 VA-2 16 fl oz + Manzate Pro-stick 75DG 3 lb
TC→ 36 d-g 6 ab 27 a-d 10 a
6 a-d 5 b-d 1 ab 5 a-c 1 ab 4 a-c 0 a
6 VA-3 X rate + adjuvant
TC→ 65 h 20 cd 54 f
8 a 31 f-h 30 fg
2 ab 24 cd 11 bc 12 b-d 3 a-d
7 VA-3 2X rate + adjuvant
TC→ 49 f-h 16 b-d 40 d-f 4 a 24 e-g 23 ef
2 ab 34 d 11 c 23 d
9 cd
8 VA-3 4X rate + adjuvant
TC→ 54 gh 29 de 31 b-e 7 a 34 gh 31 fg
3 ab 14 b-d 2 a-c 4 ab 8 b-d
9 Kocide 2000 35DF 1.5 lb + Microthiol 80DF 8 lb
TC
Microthiol Disperss 80DF 10 lb
P→ 49 f-h 13 b-d 39 d-f 5 a 22 e-g 20 ef
3 ab 26 cd 8 bc 15 cd 3 ab
10 Sovran 4 oz+ Koverall 75DF3 lb + Microthiol 8 lb
#1,3,5,7
Topguard 1.04SC 13 fl oz + Koverall 75DF 3 lb
#2,4,6,8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11 16 a
4a
10 a
4a
5 ab
4 a-c
1 ab 3 ab 1 ab 2 a
0a
11 Merivon 4 fl oz + Manzate Pro-Stick 75DG 3 lb
#1,3,5,7
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb #2,4,6,8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11 19 ab 1 a
16 ab 6 a
7 a-d 7 b-d 0 a
1a
0a
1a
0a
12 Luna Sensation 500SC 4.0 oz + Manzate 75DG 3 lb #1,3,5,7
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb #2,4,6,8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11 29 a-d 7 ab 20 a-c 4 a
4 ab
4 a-c
0a
4 ab 0 a
3a
1 ab
13 Luna Tranquility SC 11.2 oz + Manzate 75DG 3 lb #1,3,5,7
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb #2,4,6,8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11 27 a-c 7 a-c 17 a-c 7 a
1a
0a
0 a 10 a-c 5 a-c 4 ab 1 ab
14 Luna Sensation 500SC 4 fl oz + Manzate 75DG 3 lb #1,2,4,5
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#3
Indar 8 fl oz + Captan 30 oz + LI-700, 2 pt/100 gal
#6-8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11 44 e-g 14 b-d 26 a-d 9 a
2 ab
2 ab
0 a 14 a-d 8 bc
6 a-c 1 ab
15 Luna Tranquility SC 11.2 fl oz + Manzate 75DG 3 lb #1,2,4,5
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#3
Indar 8 fl oz + Captan 30 oz + LI-700, 2 pt/100 gal
#6-8
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#9-11 36 d-g 8 ab 22 a-d 7 a
5 a-c
5 a-d 0 a
5 ab 2 a-c 1 a
2 ab
• 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 16 Sep
(Golden Delicious and Idared), or 24 Sep (York) and rated after extended storage at 39°F then indicated days incubation at 61-78°F.
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Table 11. Fruit finish on Golden Delicious, Idared and York apples, 2012.

Treatment and rate/A
0 No fungicide
1 Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
Captan 80WDG 30 oz + Ziram 76DF 3 lb
2 VA-2 8 fl oz + Manzate Pro-stick 75DG 3 lb
VA-2 8 fl oz
3 VA-2 8 fl oz + Manzate Pro-stick 75DG 3 lb
4 VA-2 12 fl oz + Manzate Pro-stick 75DG 3 lb
5 VA-2 16 fl oz + Manzate Pro-stick 75DG 3 lb
6 VA-3 X rate + adjuvant
7 VA-3 2X rate + adjuvant
8 VA-3 4X rate + adjuvant
9 Kocide 2000 35DF 1.5 lb + Microthiol Disperss 80DF 8 lb
Microthiol Disperss 80DF 10 lb
10 Sovran 4 oz+ Koverall 75DF3 lb + Microthiol Disperss 8 lb
Topguard 1.04SC 13 fl oz + Koverall 75DF 3 lb
Captan 80WDG 30 oz + Ziram 76DF 3 lb
11 Merivon 4 fl oz + Manzate Pro-Stick 75DG 3 lb
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
Captan 80WDG 30 oz + Ziram 76DF 3 lb
12 Luna Sensation 500SC 4.0 oz + Manzate Pro-stick 75DG 3 lb
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
Captan 80WDG 30 oz + Ziram 76DF 3 lb
13 Luna Tranquility SC 11.2 oz + Manzate Pro-Stick 75DG 3 lb
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
Captan 80WDG 30 oz + Ziram 76DF 3 lb
14 Luna Sensation 500SC 4 fl oz + Manzate Pro-Stick 75DG 3 lb
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
Indar 2F 8 fl oz + Captan 80WDG 30 oz + LI-700, 2 pt/100 gal
Captan 80WDG 30 oz + Ziram 76DF 3 lb
15 Luna Tranquility SC 11.2 fl oz + Manzate Pro-stick 75DG 3 lb
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
Indar 2F 8 fl oz + Captan 80WDG 30 oz + LI-700, 2 pt/100 gal
Captan 80WDG 30 oz + Ziram 76DF 3 lb

Timing
--#1-8
#9-11
7 day/
7 day
TC→
TC→
TC→
TC→
TC→
TC→
TC
P→
#1,3,5,7
#2,4,6,8
#9-11
#1,3,5,7
#2,4,6,8
#9-11
#1,3,5,7
#2,4,6,8
#9-11
#1,3,5,7
#2,4,6,8
#9-11
#1,2,4,5
#3
#6-8
#9-11
#1,2,4,5
#3
#6-8
#9-11

Golden Del. russet*
russet
% USDA
rating 0-5 Fcy & X-Fcy
4.1 fg
16 f
3.6 c-e
40 a-d

Russet
rating (0-5)*
Idared
York
2.5 fg
1.9 b
1.6 a
1.6 b

Opalescence
rating (0-5)*
Idared
York
2.1 f
1.7 a
0.7 a
1.4 a

3.1 a-c

44 a-d

2.0 b-e

1.5 ab

1.2 bc

1.6 a

3.1 a-c
3.6 d-f
3.6 d-f
4.3 g
4.0 e-g
3.5 b-e

59 ab
27 c-f
31 b-f
15 ef
33 a-f
45 a-d

2.3 d-g
1.9 a-c
2.0 b-e
2.4 e-g
2.5 g
2.3 d-g

1.4 ab
1.4 ab
1.7 b
1.5 b
1.5 b
1.4 ab

1.1 a-c
1.3 bc
1.0 ab
1.7 de
1.4 cd
1.9 ef

1.4 a
1.3 a
1.4 a
1.5 a
1.4 a
1.0 a

3.8 e-g
2.9 a

30 d-f
62 a

2.1 b-e
2.1 b-f

0.8 a
1.4 ab

1.3 bc
1.0 ab

1.2 a
1.7 a

3.0 b

59 ab

2.2 c-g

1.6 b

1.2 bc

1.2 a

3.2 a-d

53 a-c

1.8 a-c

1.5 ab

1.1 bc

1.6 a

2.8 a

62 a

1.9 a-d

1.3 ab

1.4 cd

1.1 a

3.6 c-e

37 a-e

2.0 b-e

1.5 ab

1.2 bc

1.5 a

3.2 a-d

47 a-d

1.7 ab

1.6 b

1.0 ab

1.7 a

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 16 Sep (Golden
Delicious and Idared), or 24 Sep (York) * Fruit finish rated on a scale of 0-5 (0=perfect finish; 5=severe russet). USDA Extra fancy and fancy grades after downgrading
by russet presumed not to be caused by mildew.
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APPLE (Malus domestica ‘‘Idared’)
Powdery mildew; Podosphaera leucotricha
Scab; Venturia inaequalis
Quince rust; Gymnosporangium clavipes
Sooty blotch; disease complex
Flyspeck; Zygophiala jamaicensis
Bitter rot; Colletotrichum spp.
White rot; Botryosphaeria dothidea
Alternaria rot; Alternaria spp.
Fruit finish

K. S. Yoder, A. E. Cochran II,
W. S. Royston, Jr., S. W. Kilmer,
and A.G.F. Engelman
Virginia Tech Agr. Res. & Ext. Center
595 Laurel Grove Road
Winchester, VA 22602

Control of powdery mildew and other diseases by and mixed fungicide schedules on Idared
apples, 2012.
Sixteen experimental and registered combination treatment regimes were directed at powdery mildew
control in an area where SI and QoI fungicide effectiveness has been declining. The test was
established as four randomized blocks on 31-yr-old trees using single-tree replications with border rows
between treatment rows. Treatment rows had been used as non-treated border rows in 2011 to stabilize
mildew inoculum pressure for 2012. 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: 30 Mar, (pink-40% bloom);
13 Apr (petal fall); 1st-10th covers (1C-10C): 26 Apr, 11 May, 24 May, 7 Jun, 20 Jun, 11 Jul, 25 Jul, 7
Aug, 21 Aug, and 5 Sep. Maintenance materials applied to the entire test block with the same
equipment included Asana + oil, Altacor, Assail, 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 8 Jun. Apparent suppressive effect on appearance of primary
mildew was rated on six primary mildew shoots / tree, 17 May 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 singletree reps 24 Sep and evaluated after 28 days at ambient temperatures 60-83°F (mean 69°F).
Percentage data were converted by the square root arcsin transformation for statistical analysis.
Rotation of non-treated border rows in 2011 to treatment rows in 2012 led to heavy mildew pressure in
this orchard block. Mildew conidia were available 19 Mar and 44 day were favorable for infection
between 19 Mar and 31 May. There was a wide range in effectiveness but all treatments gave
significant control under heavy disease pressure. Qualitative assessment of treatment effects on
primary powdery mildew development (first data column, Table 12) showed the greatest effects by Luna
Sensation/Topguard (Trt. 11), but also excellent effects by other treatments, including rotations of
Merivon or Luna Tranquility with Rally or Topguard (Trts. 8-10, 12 & 13). Generally, these treatments
also gave the best mildew control of secondary infection as indicated by percent leaves and leaf area
and percent fruit infected. However, combinations of Rally or Flint with Microthiol Disperss (Trts. 3 and
4) had good effects on primary infection but were not better than Microthiol alone (Trt. 2) for secondary
mildew. Control by JMS Stylet Oil was similar to Rally and combining them improved foliar mildew
control. MBI-106020 significantly reduced mildew infection on leaves and fruit but was ineffective on
scab. Most treatments gave significant control of scab which was light on foliage but more prevalent on
non-treated fruit. The most effective scab treatments involved Merivon, Luna Sensation or Luna
Tranquility, all in combination with Manzate. Although most of the treatment schedules received Captan
+ Ziram in the last several applications, effects from earlier program components were evident in sooty
blotch, flyspeck and rot control (Tables 13-14). JMS Stylet Oil and MBI-106020, applied in the late
covers sprays, were significantly weaker than other treatments for summer disease and bitter rot and
white rot control, but they did provide significant suppression compared to non-treated trees. Apart from
russetting that was presumed to be caused by mildew, there was no significant increase in either russet
or opalescence compared to non-treated fruit (Table 14), and several treatments significantly improved
fruit finish.
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Table 12. Powdery mildew control on Idared apples, 2012. Block #15. Virginia Tech AREC.
Primary
Mildew infection
mildew
% leaves
% fruit inf.
Treatment and rate /A
Timing effect* % lvs area % fruit area
0 No fungicide
--1.5 i
63 h
42 g
57 i
10 g
1 Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#1-7 4.7 g
55 gh 22 f
23 e-g 4 d-f
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#8→
2 Microthiol Disperss 80DF 8 lb
#1-7 3.5 h
46 d-g 13 c-e 31 f-h
4 d-f
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#8→
3 Rally 40WSP 5 oz + Microthiol Disperss 80DF 8 lb
#1-7 6.7 cd 44 b-e 11 bc 15 b-e 2 a-c
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#8→
4 Flint 50WG 2 oz + Microthiol Disperss 80DF 8 lb
#1-7 4.9 fg 44 b-d 12 b-d
8 ab
1a
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#8→
5 JMS Stylet Oil 1.5 gal
#1→ 3.4 h
54 g
19 ef
37 h
6f
6 Rally 40WSP 5 oz + JMS Stylet Oil 1 gal
#1-7 5.6 ef 42 b-d 8 a-c 21 d-g 4 c-e
JMS Stylet Oil 1 gal + Ziram 76DF 3 lb
#8→
7
#1
Merivon 5.5 fl oz + Manzate 3 lb + Silwet 114 ml/100
#2-7
5.3 fg 53 e-g 19 d-f
5a
1a
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#8→
Captan 80WDG 30 oz + Ziram 76DF 3 lb
8
#1&3-7
Rally 40WSP 5 oz + Manzate Pro-Stick 3 lb
#2
7.3 bc 45 c-f
9 a-c 11 a-c 2 ab
Merivon 5.5 fl oz + Manzate 3 lb Silwet 114 ml/100
#8→
Captan 80WDG 30 oz + Ziram 76DF 3 lb
9
#1&2
Merivon 5.5 fl oz + Manzate 3 lb + Silwet 114 ml/100
#3-7 7.1 bc 37 a-c 7 ab
7 ab
1a
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#8→
Captan 80WDG 30 oz + Ziram 76DF 3 lb
10
#1&2
Merivon 5.5 fl oz + Manzate 3 lb + Silwet 114 ml/100
36 ab
6 ab
8 ab
1a
#3-6 7.6 b
Topguard 10 fl oz + Manzate Pro-stick 75DG 3 lb
#7
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#8→
Captan 80WDG 30 oz + Ziram 76DF 3 lb
11
#1&2
Luna Sensation 5.5 fl oz + Manzate 3 lb + Silwet 114 ml #3-6 9.0 a
32 a
4a
9 ab
1a
Topguard 10 fl oz + Manzate Pro-stick 75DG 3 lb
#7
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#8→
Captan 80WDG 30 oz + Ziram 76DF 3 lb
12 Luna Sensation 4 fl oz + Manzate Pro-Stick 75DG 3 lb #1,3,5,7
Topguard 10 fl oz + Manzate Pro-Stick 75DG 3 lb
#2,4,6 7.9 b
36 ab
4a
11 a-d 2 a-c
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#8→
13 Luna Tranquility 11.2 fl oz+ Manzate Pro-Stick 3 lb
#1,3,5,7
Topguard 10 fl oz + Manzate Pro-Stick 75DG 3 lb
#2,4,6 7.9 b
40 a-d 6 ab 10 ab
1a
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#8→
14 MBI-106020 SE 16 fl oz
53 e-g 19 ef
21 c-f
3 b-d
#1→ 3.0 h
15 MBI-106020 SE 32 fl oz
54 fg 23 f
31 f-h
5 ef
#1→ 3.0 h
16 MBI-106020 SE 8 fl oz + Manzate Pro-Stick 3 lb
#1,3
Luna Sensation 4 fl oz
#2,4 6.1 de 47 d-g 10 bc 35 gh
6 ef
MBI-106020 SE 16 fl oz
#5-7
MBI-106020 SE 16 fl oz + Ziram 76DF 3 lb
#8-12
Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four reps; ten shoots per tree rated 8 Jun. or 25 fruit per
replication harvested 24 Sep and placed in cold storage until evaluation 22 Oct.
Test rows non-treated border rows in 2011 to stabilize mildew inoculum pressure for 2012. Applied airblast at 100
gpa to both sides of the row on each application date. * Suppressive effect rated on six primary mildew shoots/tree
17 May, scale: 1-10 (1= none; 10= excellent effect). Treatment applications: 30 Mar, (pink-40% bloom); 13 Apr
(petal fall); 1st-10th covers (1C-5C): 26 Apr, 11 & 24 May, 7 & 20 Jun, 11 Jul, 25 Jul, 7 Aug, 21 Aug, and 5 Sep
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Table 13. Early season and summer disease control on Idared apples, 2012. Block #15.
% fruit infected
Scab
Sooty
Fly
Treatment and rate /A
Timing % lvs % fruit blotch speck
0 No fungicide
--14 ef
41 e 100 k 91 g
1 Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#1-7
6 bc
3a
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#8→
14 c-f 2 ab
2 Microthiol Disperss 80DF 8 lb
#1-7
9 c-e 19 c
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#8→
34 gh 5 ab
3 Rally 40WSP 5 oz + Microthiol Disperss 80DF 8 lb
#1-7
7 bc 10 b
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#8→
27 fg 15 c
4 Flint 50WG 2 oz + Microthiol Disperss 80DF 8 lb
#1-7
9 c-e 15 bc
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#8→
22 e-g 1 a
5 JMS Stylet Oil 1.5 gal
#1→
7 bc 23 cd 64 i
74 f
6 Rally 40WSP 5 oz + JMS Stylet Oil 1 gal
#1-7 15 f
39 e
JMS Stylet Oil 1 gal + Ziram 76DF 3 lb
#8→
48 hi 40 d
7
#1
Merivon 5.5 fl oz + Manzate 3 lb + Silwet 114 ml/100 gal #2-7
4 ab
0a
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#8→
Captan 80WDG 30 oz + Ziram 76DF 3 lb
11 a-d 2 ab
8
#1&3-7
Rally 40WSP 5 oz + Manzate Pro-Stick 3 lb
#2
2a
1a
Merivon 5.5 fl oz + Manzate 3 lb Silwet 114 ml/100 gal
#8→
Captan 80WDG 30 oz + Ziram 76DF 3 lb
4 a-c 0 a
9
#1&2
Merivon 5.5 fl oz + Manzate 3 lb + Silwet 114 ml/100 gal #3-7
3a
2a
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#8→
Captan 80WDG 30 oz + Ziram 76DF 3 lb
1a
2 ab
10
#1&2
Merivon 5.5 fl oz + Manzate 3 lb + Silwet 114 ml/100 gal #3-6
2a
1a
Topguard 10 fl oz + Manzate Pro-stick 75DG 3 lb
#7
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#8→
Captan 80WDG 30 oz + Ziram 76DF 3 lb
2 ab 0 a
11
#1&2
Luna Sensation 5.5 fl oz + Manzate 3 lb + Silwet 114 ml #3-6
2a
1a
Topguard 10 fl oz + Manzate Pro-stick 75DG 3 lb
#7
Rally 40WSP 5 oz + Manzate Pro-Stick 75DG 3 lb
#8→
Captan 80WDG 30 oz + Ziram 76DF 3 lb
9 b-e 5 ab
12 Luna Sensation 4 fl oz + Manzate Pro-Stick 75DG 3 lb #1,3,5,7
Topguard 10 fl oz + Manzate Pro-Stick 75DG 3 lb
#2,4,6 3 a
1a
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#8→
22 e-g 3 ab
13 Luna Tranquility 11.2 fl oz+ Manzate Pro-Stick 3 lb
#1,3,5,7
Topguard 10 fl oz + Manzate Pro-Stick 75DG 3 lb
#2,4,6 3 a
0a
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#8→
20 d-g 8 bc
14 MBI-106020 SE 16 fl oz
40 e
#1→ 13 ef
48 hi 33 d
15 MBI-106020 SE 32 fl oz
43
e
#1→ 10 c-f
84 j
61 ef
16 MBI-106020 SE 8 fl oz + Manzate Pro-Stick 3 lb
#1,3
Luna Sensation 4 fl oz
#2,4 12 d-f 31 de
MBI-106020 SE 16 fl oz
#5-7
MBI-106020 SE 16 fl oz + Ziram 76DF 3 lb
#8-12
56 i
42 de
Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four reps; 10 shoots per tree rated 8 Jun,
or 25 fruit per replication harvested 24 Sep and placed in cold storage until evaluation 22 Oct.
Treatment applications: 30 Mar, (pink-40% bloom); 13 Apr (petal fall); 1st-10th covers (1C-10C):
26 Apr, 11 & 24 May, 7 & 20 Jun, 11 Jul, 25 Jul, 7 Aug, 21 Aug, and 5 Sep.
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Table 14. Postharvest storage rots and fruit finish of Idared apples, 2012. Block #15.
% post-storage rots*
Any
Bitter White
rot
rot
rot
44 e
36 e
16 e

Treatment and rate/A
Timing
0 No fungicide
--1 Rally 5 oz + Manzate Pro-Stick 75DG 3 lb
#1-7
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#8→
3 a-c
0a
2 Microthiol Disperss 80DF 8 lb
#1-7
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#8→
9 bc
5c
3 Rally 5 oz + Microthiol Disperss 80DF 8 lb
#1-7
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#8→
1a
0a
4 Flint 2 oz + Microthiol Disperss 80DF 8 lb
#1-7
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#8→
1a
1 ab
5 JMS Stylet Oil 1.5 gal
#1→
9 bc
6 bc
6 Rally 40WSP 5 oz + JMS Stylet Oil 1 gal
#1-7
JMS Stylet Oil 1 gal + Ziram 76DF 3 lb
#8→
3 a-c
0a
7
#1
Merivon 5.5 fl oz + Manzate 3 lb + Silwet 114 ml #2-7
Rally 5 oz + Manzate Pro-Stick 75DG 3 lb
#8→
Captan 80WDG 30 oz + Ziram 76DF 3 lb
2 ab
1 ab
8
#1&3-7
Rally 40WSP 5 oz + Manzate Pro-Stick 3 lb
#2
Merivon 5.5 fl oz + Manzate 3 lb Silwet 114 ml
#8→
Captan 80WDG 30 oz + Ziram 76DF 3 lb
2a
0a
9
#1&2
Merivon 5.5 fl oz + Manzate 3 lb + Silwet 114 ml #3-7
Rally 40WSP 5 oz + Manzate Pro-Stick 3 lb
#8→
Captan 80WDG 30 oz + Ziram 76DF 3 lb
0a
0a
10
#1&2
Merivon 5.5 fl oz + Manzate 3 lb + Silwet 114 ml #3-6
Topguard 10 fl oz + Manzate Pro-stick 3 lb
#7
Rally 5 oz + Manzate Pro-Stick 75DG 3 lb
#8→
Captan 80WDG 30 oz + Ziram 76DF 3 lb
2 ab
0a
11
#1&2
Luna Sensation 5.5 fl oz + Manzate 3 lb + Silwet #3-6
Topguard 10 fl oz + Manzate Pro-stick 3 lb
#7
Rally 40WSP 5 oz + Manzate Pro-Stick 3 lb
#8→
Captan 80WDG 30 oz + Ziram 76DF 3 lb
1a
0a
12 Luna Sensation 4 fl oz + Manzate Pro-Stick 3 lb #1,3,5,7
Topguard 10 fl oz + Manzate Pro-Stick 3 lb
#2,4,6
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#8→
1a
0a
13 Luna Tranquility 11.2 fl oz+ Manzate 3 lb
#1,3,5,7
Topguard 10 fl oz + Manzate Pro-Stick 3 lb
#2,4,6
Captan 80WDG 30 oz + Ziram 76DF 3 lb
#8→
4 a-c
1 ab
14 MBI-106020 SE 16 fl oz
#1→
10 cd
3 a-c
15 MBI-106020 SE 32 fl oz
#1→
21 d
13 d
16 MBI-106020 SE 8 fl oz + Manzate Pro-Stick 3 lb
#1,3
Luna Sensation 4 fl oz
#2,4
MBI-106020 SE 16 fl oz
#5-7
MBI-106020 SE 16 fl oz + Ziram 76DF 3 lb
#8-12
8 bc
7c
* Mean separation by Waller-Duncan K-ratio t-test (p=0.05).

Fruit finish**
opalrusset escence
1.7 ab 1.2 ab
1.6 ab 1.1 ab

3 b-d
1.5 ab 0.8 ab
3 a-d
1.3 a

1.0 ab

1 ab
1.8 ab 1.0 ab
0a
2 a-c

1.8 ab 1.2 ab
2.0 b
1.8 c

3 b-d
1.4 ab 0.7 a
1 ab
1.4 ab 0.7 a
1 ab
1.6 ab 0.7 ab
0a
1.5 ab 0.7 ab
1 ab
1.7 ab 0.9 ab
1 ab
1.9 ab 1.0 ab
1 ab
1.7 ab 1.1 ab
3 a-d
5 cd
7d

1.8 ab 0.9 ab
1.9 ab 1.3 bc
1.7 ab 1.2 ab

1 ab

Data represent postharvest counts of 25-fruit samples picked from each of four single-tree reps 24 Sep and
evaluated after 28 days at ambient temperatures 60-83°F (mean 69°F).
** Fruit finish rated on a scale of 0-5 (0=perfect finish; 5=severe russet presumed not to be caused by mildew).
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APPLE (Malus domestica ‘Golden Delicious',
'Red Delicious', and ‘Rome Beauty’)
Scab; Venturia inaequalis
Powdery mildew; Podosphaera leucotricha
Cedar-apple rust; Gymnosporangium juniperi-virginianae
Sooty blotch; disease complex
Flyspeck; Zygophiala jamaicensis
Bitter rot; Colletotrichum spp.
White (Bot) rot; Botryosphaeria dothidea
Alternaria rot; Alternaria spp.
Fruit finish

K. S. Yoder, A. E. Cochran II,
W. S. Royston, Jr., and S. W. Kilmer
and A.G.F. Engelman
Virginia Tech Agr. Res. & Ext. Center
595 Laurel Grove Road
Winchester, VA 22602

Fungicide mixtures and rotations for full season disease management on Red Delicious, Golden
Delicious, and Rome apples, 2012.
Nine treatments, aimed primarily at early season and early summer diseases, were compared for seasonlong fungal disease control and fruit finish effects on three apple cultivars. Treatments were evaluated on 23-yrold, three-cultivar tree sets in a four-replicate randomized block design. The Rome trees used in the test had
not been treated in 2011 to allow powdery mildew inoculum to stabilize in the 2012 test trees. Dilute treatments
were applied to the point of runoff with a single nozzle handgun at 450 psi as follows: 30 Mar, Trt #1-9 (Rally on
# 9, pink-king bloom); 13 Apr, Trt #1-9 (No Rally on #9, Rome-pink, Golden Delicious pink-bloom, Red
Delicious-petal fall); 25 Apr, (Rally on #9, Rome-late petal fall); 9 May, (1st Cover, 1C; Trt #1-9, Rally on #9); 24
May (3rd Cover, 3C; Trt #1-9, no Rally on #9); 4th-8th Covers (4C-8C): 7 Jun, 20 Jun, 11 Jul, 27 Jul, 15 Aug.
Inoculum over each Golden Delicious test tree included: cedar rust galls placed 22 Mar and wild blackberry
canes with the sooty blotch and flyspeck fungi and bitter rot mummies placed 10 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: Asana XL + oil, Altacor, Assail, Calypso, Imidan, Lannate LV, Provado, Delegate, and Retain
+ Fruitone + Silwet. Foliar data represent averages of counts of ten cluster leaf sets or shoots per Golden
Delicious tree 8 May and Red Delicious cluster leaves 11 May or ten terminal shoots 25 Jun (Golden Delicious)
and 23 Jul (Rome). Fruit counts are means of 25-fruit samples picked from each of four single-tree reps 11 Sep
(Golden Delicious), 16 Sep (Red Del.) or 26 Sep (Rome), placed in cold storage at 39°F and rated after 37
days (Rome), 31 days (Golden Del.), and 32 days cold storage (Red Delicious). After initial fruit evaluation,
fruit were incubated at ambient warm temperatures 67-88°F before final storage rot assessment. Percentage
data were converted by the square root arcsin transformation for statistical analysis.
Early season weather and inoculum conditions were favorable for scab, cedar-apple rust and powdery
mildew. The first application was made 30 Mar, five days after the first major primary scab infection period 2425 Mar. Scab lesions began to appear 13 Apr on trees that had not been protected Mar 19-25. In this afterinfection application mode, there was evidence of weakness in foliar scab control, due to resistance to SI
fungicides (Rally) in trts. #1 and #4, and to QoI fungicides (Flint) in treatments #8-9. Flint gave better control of
primary infection on cluster leaves but was weaker on secondary infection on shoot leaves, suggesting a buildup of resistance over time(Table 15). The best scab control on foliage and fruit was provided by trts. #5-7,
which all contain fluxapyroxad +Manzate or Captan, (as well as pyraclostrobin in Merivon). IKF-5411 gave
significant suppression of cedar-apple rust, but was weak for scab control. Treatments involving the SI
fungicide Rally gave excellent control of cedar-apple rust even after-infection on cluster leaves, and a half rate
of Rally included as needed post-infection with Flint (Trt. #9), dramatically improved the weaknesses of that
treatment (Trt. #8) against rust (Table 16). Mildew pressure was high in this test block with conidia available as
early as 19 March, and 44 days were favorable for mildew infection between 19 Mar and 31 May. Under these
conditions most treatments gave significant suppression of percent leaf area and percent fruit infected.
Treatments with Merivon and BAS 700 gave the best control on foliage and fruit. Flint also gave good control of
mildew on foliage, and its control on fruit was improved by mixing a half rate of Rally with it. Merivon with
Manzate or Captan, applied through 2nd cover, gave the best control of sooty blotch and flyspeck (Table 17).
Under moderate sooty blotch and flyspeck pressure and early wetting hour accumulation, all treatments gave
significant suppression with differences in control related to Merivon and Flint applied as early as 2nd cover
(Table 17). All treatments gave significant control of one or more rots (Table 18). The only significant treatment
difference in fruit finish, compared to non-treated, was a slight increase in opalescence by BAS 700 + Manzate
+ Silwet (Table 17).
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Table 15. Scab control on, Red Delicious, Golden Delicious and Rome Beauty apple, 2012.

Treatment and formulated rate/100 gal
0 Non-treated control
1 Rally 40WSP 1.25 oz + Manzate Pro-Stick 75DG 12 oz
Captan 80WDG 7.5 oz + Ziram 76DF 12 oz

Timing
--TC-2C
3C →

Scab, % leaves or fruit infected
cluster leaves
Shoot leaves
Scab, % fruit inf.
R Del G Del G. Del. Rome R. Del. G. Del. Rome
9a
19 c-e 30 cd 34 c
90 f
81 e
52 d
11 a
27 e
21 bc 43 c
31 d
12 bc
8b

TC→

9a

22 c-e

27 cd

43 c

3 IKF-5411 400SC 3.1 fl oz + Manzate Pro-Stick 12 oz
IKF-5411 400SC 3.1 fl oz + Captan 80WDG 12 oz

TC-2C
3C→

15 a

25 de

16 b

35 c

4 Rally 40WSP 1.25 oz + Manzate Pro-Stick 75DG 12 oz
Omega 500F 3.5 fl oz

TC-2C
3C→

12 a

24 de

23 b-d 43 c

5 Merivon 1 fl oz + Captan 7.5 oz + Silwet 114 ml

TC-2C
3C→

6a

17 b-e

2 IKF-5411 400SC 3.1 fl oz

3a

17 ab

21 d
5 bc
9c
1 ab

51 d
4a
23 c
4 ab

21 c
6 ab
19 c
2 ab

Captan 80WDG 7.5 oz + Ziram 76DF 12 oz
6 Merivon 1 fl oz + Manzate 12 oz + Silwet 114 ml
TC-2C
5a
9 ab
3a
22 b
1 ab
2a
1a
Captan 80WDG 7.5 oz + Ziram 76DF 12 oz
3C→
7 BAS 700 SC 24.4 ml + Manzate 12 oz + Silwet 114 ml
TC-2C 10 a
16 a-d
4a
14 a
0a
1a
2 ab
Captan 80WDG 7.5 oz + Ziram 76DF 12 oz
3C→
8 Flint 50WG 0.5 oz
TC-2C
7a
9a
28 cd 56 d
33 d
66 de 52 d
Captan 80WDG 7.5 oz + Ziram 76DF 12 oz
3C →
9 Flint 50WG 0.5 oz (+ Rally 40WSP 0.6 oz post-inf)
TC-2C
7a
15 a-c 30 d
62 d
52 e
65 de 43 d
Captan 80WDG 7.5 oz + Ziram 76DF 12 oz
3C →
Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four replications. Data based on 10 cluster leaf sets or shoots per
rep: Golden Delicious clusters 8 May, Red Delicious clusters 11 May or ten shoots, 25 Jun (Golden Delicious) and 23 Jul
(Rome). Fruit counts are means of 25-fruit samples picked from each of four single-tree reps 11 Sep (Golden Delicious),
16 Sep (Red Delicious) or 26 Sep (Rome).
Treatments were applied dilute to run-off: 30 Mar, Trt #1-9 (Rally on # 9), (pink-king bloom); 13 Apr, Trt #1-9 (No Rally on #9),
(Rome-pink, G.Del. pink-bloom, R.Del.-petal fall); 25 Apr, (Rally on #9, Rome-late petal fall); 9 May, (1st Cover, 1C; Trt #1-9,
Rally on #9); 24 May (3rd Cover, 3C; Trt #1-9, no Rally on #9); 4th-8th Covers (4C-8C): 7 Jun, 20 Jun, 11 Jul, 27 Jul, 15 Aug.
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Table 16. Rust and mildew control on Rome Beauty and Golden Delicious apple, 2012. Block #11, Virginia Tech AREC.
Powdery mildew, primary effect,
Cedar-apple rust
% leaves, leaf area or fruit infected
% leaves infected
Rome
Rome Beauty
Golden Del.
G.Del
Shoot leaves
fruit Primary % lvs % leaf
%
% lvs % leaf
Treatment and formulated rate/100 gal
Timing cluster G. Del Rome (%)
effect* inf.
area
fruit
inf. area
0 Non-treated control
--77 e
55 e
35 e
9b
1.2 g 61 d 25 e 40 d
65 e 23 f
1 Rally 40WSP 1.25 oz + Manzate Pro-Stick 75DG 12 oz TC-2C
0a
<1 a
0a
1a
4.1 de 54 cd 13 cd 15 bc 43 c
5d
Captan 80WDG 7.5 oz + Ziram 76DF 12 oz
3C →
2 IKF-5411 400SC 3.1 fl oz
3 IKF-5411 400SC 3.1 fl oz + Manzate Pro-Stick 12 oz
IKF-5411 400SC 3.1 fl oz + Captan 80WDG 12 oz

TC→

8 bc

TC-2C 50 d
3C→

4 Rally 40WSP 1.25 oz + Manzate Pro-Stick 75DG 12 oz TC-2C
3C→
Omega 500F 3.5 fl oz

1 ab

5 Merivon 1 fl oz + Captan 7.5 oz + Silwet 114 ml

4 a-c

TC-2C
3C→

3c

14 cd

0a

3.0 ef

52 cd 13 cd 26 cd

45 cd

5d

17 d

18 d

4a

2.8 f

55 cd 19 de 22 bc

52 d

10 e

<1 a

<1 a

0a

3.8 d-f 48 c

8 bc 22 cd

18 d

0a

7.8 b

15 a

2a

0a

9.0 a

12 a

1 a-c

39 c

4 cd

6 ab

6a

2 ab

2a

4a

3a

1a

Captan 80WDG 7.5 oz + Ziram 76DF 12 oz
6 Merivon 1 fl oz + Manzate 12 oz + Silwet 114 ml
Captan 80WDG 7.5 oz + Ziram 76DF 12 oz
7 BAS 700 SC 24.4 ml + Manzate 12 oz + Silwet 114 ml
Captan 80WDG 7.5 oz + Ziram 76DF 12 oz
8 Flint 50WG 0.5 oz
Captan 80WDG 7.5 oz + Ziram 76DF 12 oz
9 Flint 50WG 0.5 oz (+ Rally 40WSP 0.6 oz post-inf)
Captan 80WDG 7.5 oz + Ziram 76DF 12 oz

TC-2C 11 c
3C→
TC-2C 37 d
3C→
TC-2C 53 d
3C →
TC-2C
1a
3C →

1 bc

6 bc

14 d

31 e

1a

8.0 ab 12 a

2a

1a

6a

1 ab

13 d

30 e

1a

4.3 cd 27 b

3a

17 bc

17 b

2b

3b

0a

5.3 c

4 ab

4a

19 b

3 bc

1 ab

34 b

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Data based on 10 cluster leaf sets or shoots per rep: Golden Delicious clusters 8 May, Red Delicious
clusters 11 May or ten shoots, 25 Jun (Golden Delicious) and 23 Jul (Rome). Fruit counts are means of 25-fruit samples picked from each of four single-tree reps
11 Sep (Golden Delicious) or 26 Sep (Rome).
Rome trees in 2012 test were not in test in 2011 to stabilize mildew inoculum pressure for 2012.
* Suppressive effect on six primary mildew shoots / tree 25 Jun: rating scale 1-10 (1= none; 10= excellent effect).
Treatments were applied dilute to run-off: 30 Mar, Trt #1-9 (Rally on # 9), (pink-king bloom); 13 Apr, Trt #1-9 (No Rally on #9), (Rome-pink, G.Del. pink-bloom,
R.Del.-petal fall); 25 Apr, (Rally on #9, Rome-late petal fall); 9 May, (1st Cover, 1C; Trt #1-9, Rally on #9); 24 May (3rd Cover, 3C; Trt #1-9, no Rally on #9); 4th-8th
Covers (4C-8C): 7 Jun, 20 Jun, 11 Jul, 27 Jul, 15 Aug.
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Table 17. Sooty blotch, flyspeck and fruit finish on Rome Beauty, Golden Delicious and Red Delicious apple, 2012.

Treatment and formulated rate/100 gal
0 Non-treated control
1 Rally 40WSP 1.25 oz + Manzate Pro-Stick 75DG 12 oz
Captan 80WDG 7.5 oz + Ziram 76DF 12 oz

% fruit infected
Sooty blotch
Flyspeck
Timing R. Del. G. Del. Rome R. Del. G. Del. Rome
--98 d
96 c
100 e
98 e
100 f
98 c
TC-2C
3C →
16 c
2a
3 ab 21 d
18 a-d 19 b
TC→
21 c
22 b
35 d
22 d
25 b-d 18 b
TC-2C
3C→
2 ab
5a
3b
8 ab
10 a
3a
TC-2C
3C→
17 c
25 b
15 c
17 cd
44 e
20 b
TC-2C
3C→

Opalescence
Russet
rating (0-5)*, rating (0-5)*,
Rome
Golden Del.
1.0 a
3.6 a
1.2 ab

3.2 a

1.5 ab

3.7 a

1.3 ab

3.0 a

1.5 ab

3.2 a

0a
1a
1 ab
9 a-c
15 a-c 8 ab
1.3 ab
6 Merivon 1 fl oz + Manzate 12 oz + Silwet 114 ml
TC-2C
Captan 80WDG 7.5 oz + Ziram 76DF 12 oz
3C→
0a
1a
0a
6a
13 ab
9 ab
1.5 ab
7 BAS 700 SC 24.4 ml + Manzate 12 oz + Silwet 114 ml
TC-2C
Captan 80WDG 7.5 oz + Ziram 76DF 12 oz
3C→
5b
1a
0a
21 d
32 c-e 14 ab
1.8 b
8 Flint 50WG 0.5 oz
TC-2C
Captan 80WDG 7.5 oz + Ziram 76DF 12 oz
3C →
1 ab
0a
1 ab
5 ab
21 ab
6 ab
1.6 ab
9 Flint 50WG 0.5 oz (+ Rally 40WSP 0.6 oz post-inf)
TC-2C
Captan 80WDG 7.5 oz + Ziram 76DF 12 oz
3C →
2 ab
3a
1 ab 12 b-d 37 de
9 ab
1.5 ab
Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four single-tree reps. Harvest counts based on 25 fruit per replication.

2.8 a

2 IKF-5411 400SC 3.1 fl oz
3 IKF-5411 400SC 3.1 fl oz + Manzate Pro-Stick 12 oz
IKF-5411 400SC 3.1 fl oz + Captan 80WDG 12 oz
4 Rally 40WSP 1.25 oz + Manzate Pro-Stick 75DG 12 oz
Omega 500F 3.5 fl oz
5 Merivon 1 fl oz + Captan 7.5 oz + Silwet 114 ml
Captan 80WDG 7.5 oz + Ziram 76DF 12 oz

3.4 a
3.0 a
3.4 a
3.6 a

Postharvest fruit counts are means of 25-fruit samples picked from each of four single-tree reps 11 Sep (Golden Delicious), 16 Sep (Red Del.)
or 26 Sep (Rome), placed in cold storage at 4°C and rated after 37 days (Rome), 31 days (Golden Del.), 32 days cold storage (Red Del.).
* Fruit finish rated on a scale of 0-5 (0=perfect finish; 5=severe russet).
Treatments were applied dilute to run-off: 30 Mar, Trt #1-9 (Rally on # 9), (pink-king bloom); 13 Apr, Trt #1-9 (No Rally on #9), (Rome-pink,
G.Del. pink-bloom, R.Del.-petal fall); 25 Apr, (Rally on #9, Rome-late petal fall); 9 May, (1st Cover, 1C; Trt #1-9, Rally on #9); 24 May (3rd c
over, 3C; Trt #1-9, no Rally on #9); 4th-8th Covers (4C-8C): 7 Jun, 20 Jun, 11 Jul, 27 Jul, 15 Aug.
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Table 18. Post-storage rot control on Rome Beauty, Golden Delicious, and Red Delicious apple, 2012.

0
1
2
3
4
5

Post-incubation storage rots, % fruit infected
Any rot
Bitter rot
White (Bot) rot
Alternaria
Treatment and formulated rate/100 gal
Timing Rome G.Del R.Del Rome G.Del R.Del Rome G.Del R.Del Rome R.Del
Non-treated control
--- 48 d 60 d 16 b 34 d 24 c
4b
17 d 37 b
7b
5b
3a
Rally 40WSP 1.25 oz + Manzate Pro-Stick 75DG 12 oz TC-2C
3C →
Captan 80WDG 7.5 oz + Ziram 76DF 12 oz
4 ab 17 a-c 0 a
1 ab 4 ab 0 a
3 ab 12 a
0a
0a
0a
TC→
IKF-5411 400SC 3.1 fl oz
6 b 26 bc
4a
3 a-c 4 ab 2 ab
3 bc 20 ab 1 ab 1 ab 0 a
IKF-5411 400SC 3.1 fl oz + Manzate Pro-Stick 12 oz
TC-2C
3C→
IKF-5411 400SC 3.1 fl oz + Captan 80WDG 12 oz
5 b 27 c
5 ab 4 bc
8b
1 ab
2 ab 18 ab 1 ab 0 a
2a
Rally 40WSP 1.25 oz + Manzate Pro-Stick 75DG 12 oz TC-2C
Omega 500F 3.5 fl oz
3C→
16 c 12 a-c 4 ab 8 c
0a
2 ab
7 c 12 a
2 ab 2 ab 0 a
Merivon 1 fl oz + Captan 7.5 oz + Silwet 114 ml
TC-2C
3C→
Captan 80WDG 7.5 oz + Ziram 76DF 12 oz

6 b 14 ab 2 a
5 bc
6 Merivon 1 fl oz + Manzate 12 oz + Silwet 114 ml
TC-2C
8a
3a
4 bc
Captan 80WDG 7.5 oz + Ziram 76DF 12 oz
3C→ 6 b
7 BAS 700 SC 24.4 ml + Manzate 12 oz + Silwet 114 ml TC-2C
Captan 80WDG 7.5 oz + Ziram 76DF 12 oz
3C→ 1 a 14 a-c 6 ab 1 ab
8 Flint 50WG 0.5 oz
TC-2C
2 ab
Captan 80WDG 7.5 oz + Ziram 76DF 12 oz
3C → 5 b 21 a-c 4 a
9 Flint 50WG 0.5 oz (+ Rally 40WSP 0.6 oz post-inf)
TC-2C
0a
Captan 80WDG 7.5 oz + Ziram 76DF 12 oz
3C → 0 a 13 a-c 1 a
Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Counts based on 25 fruit per tree.

7 ab

0a

1 ab

7a

0a

0a

2a

1 ab

3 ab

0a

5a

0a

2 ab

0a

4 ab

0a

0a

9a

4 ab

0a

2a

3 ab

0a

3 bc 17 a

1 ab

0a

1a

1 ab

0a

0a

1 ab

0a

0a

13 a

Postharvest fruit counts are means of 25-fruit samples picked from each of four single-tree reps 11 Sep (Golden Delicious), 16 Sep (Red Del. and),
or 26 Sep (Rome), placed in cold storage at 39°F and rated after 37 days (Rome), 31 days (Golden Del.), or 32 days cold storage (Red Del.). After
initial fruit evaluation, fruit were incubated at ambient warm temperatures 67-88°F and rated after 14 days (Rome), 25 days (Golden Del.), and 20
days (Red Delicious)
.
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APPLE (Malus domestica ‘Fuji’
cab; Venturia inaequalis
Cedar-apple rust; Gymnosporangium juniperivirginianae

After-infection scab treatments on Fuji apple, 2012.

K. S. Yoder, A. E. Cochran II,
W. S. Royston, Jr., S. W. Kilmer
and A.G.F. Engelman

Virginia Tech Agr. Res. & Ext.
Center
595 Laurel Grove Road
Winchester, VA 22602

Fifteen treatments involving four recently registered products, an experimental material, and two
previously registered standards were tested for apple scab control in post-infection regimes followed
by successive applications. Scab lesions from a 24-25 Mar infection period were beginning to appear
in the test area by 13 Apr. The test trees had no fungicides until treatments were first applied after a
heavy secondary scab infection period 18-19 Apr (28 hr at 47-50°F). The intent was to apply the
treatment series one day or four days after the 18-19 Apr infection period, but another unexpected
infection period occurred 21-23 Apr (48 hr at 62-40°), and this was followed by unfavorable application
weather. So treatments shown as first application 20 Apr were one day after-infection for the 18-19
Apr infection period and protectant for 21-23 Apr. Treatments shown as 25 Apr were six days afterinfection for 18-19 Apr and 2-4 days after-infection for 21-23 Apr. Following the selected timings
indicated for 20 or 25 Apr, all treatments were re-applied together on 16 May, 30 May, and 15 Jun.
Dilute treatments were applied to the point of runoff with a single nozzle handgun at 450 psi in a
randomized block design with four single-tree replications within two rows of the orchard block.
Following this application series, no additional fungicides were applied to the treatment trees in this
block. In an adjacent two rows on the west side of the block, Flint 0.5 oz/100 gal was applied to the
west row twice on 20 & 25 Apr and Fontelis 4 fl oz/100 gal was applied to the 2nd row from west 20 &
25 Apr. The Flint and Fontelis rows also received follow-up applications along with the regular test
treatments 16 May, 30 May, and 15 Jun. Twelve scab infection periods occurred after 23 Apr until 19
Jun; cedar-apple rust infection occurred on shoot leaves in this test primarily from three infection
periods 5-15 May. Data are based on means of all leaves on eight shoots per tree 14 Aug and 10-25
fruit per tree rated 13 Aug. Maintenance insecticides, applied with an airblast sprayer, included Asana
XL + oil, Altacor, Assail, Calypso, Carbaryl, Delegate, Imidan, Lannate LV, and Provado. Percentage
data were converted by the square root arcsin transformation for statistical analysis.
We had been aware of apple scab fungus resistance to the DMI fungicides in the test area since 2004,
but QoI resistance was not evident until this year. There was some suppression on fruit by Flint at the
first application timing 20 Apr (Trt. 1), but no control on leaves or fruit where the first application had
been delayed until 25 Apr (Trt. 7). There was moderate control by Inspire Super and by Fontelis at
both timings. Luna Tranquility was significantly more effective than Luna Sensation at both timings,
evidence of resistance to the QoI compound in Luna Sensation. Merivon was similarly affected.
Control by both Merivon and Fontelis was improved by adjuvants; Fontelis by oil (Trt. 9 vs. 10), and
Merivon by Silwet (Trt. 13 vs. 14). Under these strong after-infection test conditions and expanding
resistance to long-term standard fungicide classes, outstanding scab control was provided by VA-1, a
confidential material with unknown chemistry. Scab incidence and lesions per leaf were comparable in
the adjacent rows treated with Fontelis or flint on both early application dates 20 and 25 Apr, indicating
that the additional application was of little benefit under these conditions. All treatments gave good
control of cedar-apple rust infection that occurred during the early test period.
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Table 19. After-infection scab treatments on Fuji apple, 2012. Block #8. VT-AREC.
Treatment and rate /100 gal dilute
0 No fungicide
1 Flint 50WG 0.5 oz
2 Inspire Super 3 fl oz
3 Fontelis 4 fl oz
4 Luna Tranquility 3.5 fl oz
5 Luna Sensation 1.25 fl oz
6 Merivon 1.25 fl oz
7 Flint 50WG 0.5 oz
8 Inspire Super 3 fl oz
9 Fontelis 4 fl oz
10 Fontelis 4 fl oz + oil
11 Luna Tranquility 3.5 fl oz
12 Luna Sensation 1.25 fl oz
13 Merivon 1.25 fl oz
14 Merivon 1.25 fl oz + Silwet 114 ml
15 VA-1 63 ml

Timing of
Scab infection
C-a rust,
first app.* % leaves les/leaf % fruit % leaves
--84 g
16.6 cd
93 g
12.3 c
20 Apr
67 fg 10.2 bc
44 e
0.7 ab
20 Apr
34 b-e 4.2 ab
55 ef
0.1 a
20 Apr
34 b-e 2.7 ab
20 b-d 0.5 a
20 Apr
28 a-c 2.0 a
38 c-e 2.8 b
20 Apr
51 d-f
6.0 ab
58 ef
0a
20 Apr
42 c-e 7.8 ab
17 a-c 0.7 a
25 Apr
84 g
22.4 d
94 g
1.7 ab
25 Apr
30 b-d 2.1 a
39 de
0.8 ab
25 Apr
47 c-f
3.8 ab
57 ef
0a
25 Apr
18 ab
0.4 a
18 a-d 0.5 ab
25 Apr
22 ab
1.1 a
48 ef
1.2 ab
25 Apr
52 ef
6.2 ab
66 f
0.7 a
25 Apr
48 c-f
7.1 ab
47 ef
1.1 ab
25 Apr
18 ab
0.6 a
14 ab
1.3 ab
25 Apr
11 a
0.6 a
4a
0.4 a

Adjacent full-row treatments:
14.8
7.4
Flint 50WG 0.5 oz (west row)
20 & 25 Apr 82
1.6
8.8
Fontelis 4 fl oz (2nd from west)
20 & 25 Apr 29
Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four single-tree replications.
Means of 8 shoots 14 Aug and 10-25 fruit per tree rated 13 Aug.
Treatments applied dilute to run-off.
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APPLE (Malus domestica ‘Fuji')
Scab; Venturia inaequalis
Powdery mildew; Podosphaera leucotricha
Cedar-apple rust; Gymnosporangium juniperi-virginianae
Sooty blotch; disease complex
Fly speck; Zygophiala jamaicensis
White rot; Botryosphaeria dothidea
Alternaria rot; Alternaria spp.
Bitter rot; Colletotrichum spp.
Fruit finish

K. S. Yoder, A. E. Cochran II,
W. S. Royston, Jr., S. W. Kilmer
and A.G.F. Engelman
Virginia Tech Ag. Res. & Ext. Center
595 Laurel Grove Road
Winchester, VA 22602

Evaluation of experimental and registered cover spray fungicide combinations for disease control
on Fuji apple, 2012.
Fourteen experimental and registered treatments involving package-mix fungicides and a standard
summer schedule were compared during the mid-season cover spray period on 17-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 13 Apr. 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: 13 Apr (Bloom-petal fall); First –9th covers: 25 Apr, 9 May, 24
May, 6 Jun, 20 Jun, 18 Jul, 2 Aug, 22 Aug. 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 (68-76ºF); first evaluated 10 Oct, then re-evaluated for storage rots 1 Nov. Insecticides
applied to the entire test block with the same equipment during the test period included: Asana XL + Oil,
Assail, Delegate, Calypso, Altacor, Imidan, Provado, and Lannate LV. Percentage data were converted
by the square root arcsin transformation for statistical analysis.
The test was set up primarily to evaluate the treatments for summer disease control, starting at petal
fall, and scab lesions were already appearing in the test block when the treatment series began 13 Apr.
Ten secondary scab infection periods occurred 18 Apr-2 Jun. Under these conditions, most treatments
significantly suppressed the amount of scab, but confidential material VA-1 was outstanding. Control by
Evito and Mettle was probably negatively impacted by presence of QoI and DMI resistance in the test
area, and the combination of Evito + Mettle was less effective than adding Captan to each of them. CX10440 gave significant control of fruit scab, but was not rate responsive. Optiva gave some suppression
of fruit scab, but control was dramatically improved by addition of ProPhyt. Cedar rust and mildew
pressure were light and variable and several treatments significantly reduced powdery mildew infection
on fruit although the treatments were not initiated until petal fall. The 250-wetting hour threshold for the
presence of sooty blotch and flyspeck (SBFS) was reached by 25 May and sooty blotch was observed in
non-treated trees by 13 Jun. VA-1 gave the best overall control of sooty blotch and flyspeck. Evito 3 fl oz
+ Captan 30 oz also gave good control. The combination of Evito 3 fl oz + Mettle 30 oz also gave good
control, and was significantly better than either Evito 3 fl oz or Mettle alone. CX-10440 gave some
suppression of SBFS, but was not rate responsive. Optiva also gave some suppression of SBFS and, as
with scab, control was dramatically improved by addition of ProPhyt. Captan, Evito and Mettle each gave
significant suppression of bitter, white and Alternaria rots, and Evito in combination with Captan or with
Mettle gave excellent rot control. The higher rate of VA-1 and Optiva + ProPhyt gave good rot control;
CX-10440 and Optiva alone were ineffective or inconsistent for rot control. Captan and Evito each
significantly reduced russet while only Optiva + ProPhyt significantly increased russet compared to nontreated fruit. Nearly all treatments significantly reduced the amount of opalescence, with Evito and Captan
having the lowest ratings.
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Table 20. Early season disease control by fungicides first applied at petal fall, 2012 Block 28-S. Fuji.
% leaves or fruit infected
Finish ratings *
foliar scab
fruit with scab
cedar rust
% mildew
opalTreatment and rate/ acre
Timing % lvs les/leaf on tree harvest lvs
fruit
lvs fruit russet escence
0 No fungicide
--- 47 h 2.7 de 87 g
87 e
6a
2 a-c
9 c 28 d 2.0 bc 2.0 f
1 Manzate Pro-Stick 75DG 6 lb PF
18 b-d 0.4 ab
7 a-c
9b
3a
3 bc 10 c 3 a 1.4 a
1.1 a
Captan 80WDG 40 oz
1C →
2 Captan 80WDG 30 oz
11 b
2a
1 ab
5 bc 10 a-c 1.7 ab 1.2 a-c
PF → 22 c-e 0.6 a-c 9 c
3 Evito 480SC 3 fl oz
60 d
1a
5c
2 ab 8 a-c 1.8 a-c 1.5 b-d
PF → 30 e-g 1.1 a-d 57 e
4 Evito 480SC 6 fl oz
55 d <1 a
0a
3 ab 8 a-c 1.4 a
1.1 a
PF → 40 gh 2.4 de 55 e
5 Evito 3 fl oz + Captan 30 oz PF → 17 bc 0.5 ab 14 c
14 b
2a
4c
4 ab 15 cd 2.0 bc 1.5 b-e
6 Evito 3 fl oz + Mettle 5 fl oz PF → 37 f-h 2.3 c-e 51 e
50 d
3a
0a
<1 a 8 a-c 1.7 a-c 1.2 ab
7 Captan 30 oz + Mettle 5 fl oz PF → 17 bc 0.5 ab 14 c
10 b
1a
0a
3 ab 7 a-c 1.9 bc 1.4 a-d
8 Mettle 125ME 5 fl oz
65 ef
58 d
3a
0a
1 a 11 bc 1.8 a-c 1.6 de
PF → 35 fg 3.0 e
9 VA-1 7.0 fl oz
5
a
0.1
a
2
ab
2
a
3
a
0
a
3 ab 9 a-c 1.9 bc 1.5 b-e
PF →
10 VA-1 8.5 fl oz
2a
1 a <1 a
0a
2 ab 8 ab 1.7 a-c 1.2 a-c
PF → 4 a 0.1 a
11 CX-10440 6.5 oz
34 c
1a
0a
<1 a 15 cd 2.0 bc 1.5 c-e
PF → 27 d-f 1.0 a-d 32 d
12 CX-10440 13 oz
40
gh
2.4
de
61
ef
58
d
1
a
0
a
1 ab 11 bc 2.0 bc 1.6 de
PF →
13 Optiva 1.0 lb
57 d
1a
3 a-c
2 ab 16 cd 2.1 c
1.8 ef
PF → 38 gh 2.1 b-e 73 f
14 Optiva 1 lb + ProPhyt 4 pt
14 b
2a
0a
1 ab 9 a-c 2.7 d
1.9 f
PF → 13 b 1.1 a-d 8 bc
Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four single-tree replications. Foliar counts based on 10
shoots per rep 21 Jul. On-tree fruit counts based on 50 fruit per replication 26 Jul. Postharvest data are based on a
25-fruit sample harvested 4 Oct.
No fungicides applied until after scab lesions were present in the test trees. Treatments applied at 100 gpa to both
sides of the tree row on each application date airblast: 6 May (petal fall); first to sixth cover sprays 16 May, 30 May,
14 Jun, 28 Jun, 26 Jul and 16 Aug.
* Fruit finish rated on a scale of 0-5 (0 = perfect finish, 5 = severe russet or opalescence.
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Table 21. Summer disease effects by cover spray fungicide treatments, 2012.
% fruit or fruit area infected
% fruit rot after 28 days incubation
sooty blotch
flyspeck
any
bitter white Alternaria
Treatment and rate/ A
Timing % fruit % area % fruit % area
rot
rot
rot
rot
0 No fungicide
--94 i
12.3 h
87 i
6.6 h
29 e
21 e
5a
4b
1 Manzate Pro-Stick 75DG 6 lb
PF
Captan 80WDG 40 oz
1C → 12 c
0.7 cd
16 d-g 0.8 d-f
8 cd
5 b-d 4 a
1a
2 Captan 80WDG 30 oz
7 bc 0.4 bc
21 gh 1.2 fg
3 a-d 3 b-d 0 a
0a
PF →
3 Evito 480SC 3 fl oz
2.8 f
17 e-h 0.9 e-g
1 ab
0a
1a
0a
PF → 47 fg
4 Evito 480SC 6 fl oz
1.6 e
3 a-d 0.2 a-d
5 cd
4 cd
1a
0a
PF → 31 ef
5 Evito 3 fl oz + Captan 30 oz
4 ab 0.2 ab
3 a-c 0.2 a-c
1 ab
1 ab
0a
0a
PF →
6 Evito 3 fl oz + Mettle 5 fl oz
9 bc 0.5 b-d
2 a-c 0.1 a-c
0a
0a
0a
0a
PF →
7 Captan 30 oz + Mettle 5 fl oz
6 b-e 0.3 b-e
4 a-d 2 a-c
2a
0a
PF → 15 cd 0.8 c-e
8 Mettle 125ME 5 fl oz
74
h
4.4
g
20
e-h
1.1
e-g
7
d
7
d
0
a
0a
PF →
9 VA-1 7.0 fl oz
0a
0a
0a
0a
5 b-d 1 ab
2a
2 ab
PF →
10 VA-1 8.5 fl oz
1a
0.1 a
1 ab 0.1 ab
3 a-d 2 a-c
1a
0a
PF →
11 CX-10440 6.5 oz
7 c-f 0.4 c-e
4 a-d 0 a
4a
0a
PF → 30 de 1.2 de
12 CX-10440 13 oz
PF → 56 g
3.5 fg
31 h
1.6 g
24 e
17 e
4a
5b
13 Optiva 1.0 lb
PF → 60 gh 2.9 f
21 f-h 1.3 fg
20 e
15 e
6a
2 ab
14 Optiva 1 lb + ProPhyt 4 pt
PF → 17 c-e 0.9 c-e
4 a-d 0.2 a-d
2 a-c
0a
1a
0a
Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Randomized block design with four single-tree reps.
Treatments applied airblast at 100 gpa to both sides of the tree row on each application date: 6 May (petal fall);
1st-6th covers: 16 May, 30 May, 14 Jun, 28 Jun, 26 Jul and 16 Aug.
Fruit counts based on 25 fruit per replication harvested 4 Oct and held at ambient temperatures (68-76ºF); first
evaluated 10 Oct, then re-evaluated for storage rots 1 Nov.
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APPLE (Malus domestica ‘Idared’)
Fireblight; Erwinia amylovora

K. S. Yoder, A. E. Cochran II, W. S. Royston, Jr.,
and S. W. Kilmer
Virginia Tech Ag. Research & Extension Center
595 Laurel Grove Road
Winchester, VA 22602

Test of antibiotics and adjuvants for fire blight suppression on Idared apple, 2012.
Two kasugamycin formulations, oxytetracycline (FireLine) and five streptomycin/adjuvant
combinations were compared to streptomycin (Firewall) for blossom blight control. The test was
established in four randomized blocks on 30-yr-old trees using single-tree replications with border
rows between treatment rows. All treatments were applied to both sides of the tree with a
Swanson Model DA-400 airblast sprayer at 100 gallons per acre 3 Apr (pink-early bloom), 13 Apr
(late bloom), and again 20 Apr (most petals off). Four selected branches per tree, each with 25 to
40 blossom clusters, were inoculated by spraying to wet with a bacterial suspension containing
1X106 Erwinia amylovora cells/ml in the evenings of 3 Apr and 13 Apr, the days of the first and
second applications. Trees were not inoculated after the third 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 7 May. Maintenance insecticides were applied to the entire block with a commercial
airblast sprayer. Fruit finish was rated on harvested 25-fruit samples 28 Aug.
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. Fire blight test conditions were
erratic in 2012, starting with a rapidly developing early season and first blossoms opening 24 Mar,
followed by several days that were unfavorably cool weather interspersed with a few days that
were favorable for inoculation and an extended bloom period. Although non-treated trees had the
highest percent blossom clusters infected, there was considerable variation among replications
and no significant difference could be detected among the treatments and the non-treated control
trees. There was no significant treatment effect on fruit finish.
Table 22. Suppression of fire blight on Idared blossoms, 2012
All treatments applied airblast at 100 gal/acre
% clusters

%

Fruit finish

Color
Treatment and rate/A (or /100 gal in tank for LI-700)
infected control russet opalescence
0 Blk/ blu No treatment
27.0 a
-2.2 a
1.6 a
1 Red
FireWall 17 1.5 lb
16.7 a
38
2.3 a
1.6 a
2 White FireWall 17 12 oz
24.4 a
10
2.2 a
1.2 a
3 Blue
Firewall 17 12 oz + LI-700 1 pt/ 100 gal
24.3 a
10
2.5 a
1.7 a
4 Yellow FireWall 17 12 oz + S233 80 ml/ 100 gal
20.9 a
23
2.1 a
1.3 a
5 Orange FireWall 17 12 oz + S233 50 ml / 100 gal
25.1 a
7
2.4 a
1.3 a
6 Pink
FireWall 17 12 oz + S240 80 ml / 100 gal
26.6 a
1
2.5 a
1.6 a
7 Green FireWall 17 12 oz + S240 50 ml / 100 gal
22.9 a
15
2.2 a
1.5 a
8 Black
Kasumin 2L 6 qt (100 ppm eq.) + LI-700 1 pt/ 100 gal 20.6 a
24
2.5 a
1.5 a
9 Red/Blk Kasumin 2L 3 qt (50 ppm eq.) + LI-700 1 pt/ 100 gal
24.0 a
11
2.4 a
1.6 a
10 Purple ARY-0416-06 8% 3 pt + LI-700 1 pt/100 gal
18.0 a
33
2.3 a
1.6 a
11 Yell/blk ARY-0416-06 8% 1.5 pt + LI-700 1 pt/100 gal
21.7 a
20
2.4 a
1.7 a
12 Wh/blk FireLine 17 12 oz + LI-700 1 pt/ 100 gal
18.4 a
31
2.3 a
1.3 a
Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four single-tree reps with border
rows between treatment rows and in-row border trees.
* Infection data based on counts of number of clusters at inoculation and number of clusters with
any infection on inoculated branches 7 May.
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APPLE (Malus domestica ‘Nittany')
Fire blight; Erwinia amylovora
Scab; Venturia inaequalis
Cedar-apple rust, Gymnosporangium juniperi- virginianae
Fruit finish; russet

K. S. Yoder, A. E. Cochran II,
W. S. Royston, Jr., S. W. Kilmer
and A.G.F. Engelman
Virginia Tech Agr. Res. & Ext. Center
595 Laurel Grove Road
Winchester, VA 22602

Test of copper fungicides for fire blight and primary scab control on Nittany apple, 2012.
Fourteen treatments involving an early season copper application were tested for fire blight blossom
blight, early season scab control, and potential for fruit russetting. The test strategy was to apply
copper treatments at delayed dormant (approximately 1/2”-greentip) with and without a follow-up
streptomycin (FireWall) application at bloom and to spray-inoculate blossom clusters in the tops of
the test trees to promote secondary infection throughout the tree. The test was conducted on 31-yrold trees with a 28-ft row spacing in a randomized block design with four single-tree replicates.
Copper treatments were applied dilute to run-off on 22 Mar, (Application #1, Trts #2-14; 1/4”-greentight cluster). On 2 Apr, at early bloom, four groups of blossoms in the top of each tree were
inoculated by spraying a suspension of E. amylovora (1X106 cfu/ml) in each inoculation site. On 3
Apr, follow-up streptomycin was applied at pink-30% bloom to treatments #1, 3, 5, 7, 9, 11, 13, and
14. After a period of cool weather unfavorable for natural fire blight development, a water spray was
applied to the test orchard to increase the potential for infection in the absence of natural wetting
during warmer weather at late bloom-petal fall 16 Apr. This was applied by airblast at 100 gal per
acre. Fungal diseases developed from inoculum naturally present in the test area. Fire blight strikes
were counted 21 May. Foliar fungal diseases were assessed on ten flower cluster leaf sets per tree
23 May and on the first ten leaves of ten shoots per tree 22 Aug. Fruit data are based on 25-fruit
sample taken and rated 23 Aug. Late season fungicides, applied to all but non-treated trees,
included Captan 80WDG 30 oz + Ziram 3 lb/A applied 10 Jul, 26 Jul, 2 Aug, and 15 Aug and Pristine
14.5 oz + Captan 80WDG 30 oz/A applied 29 Aug. Maintenance materials applied to the entire test
block with the same equipment included Asana XL + oil, Assail, Altacor, Calypso, Delegate, Imidan,
Lannate LV, and Provado. Percentage data were converted by the square root arcsin transformation
for statistical analysis.
Fire blight strikes were extremely variable and non-treated trees had among the lowest incidence,
resulting in no significant differences among any treatments. The first scab infection period occurred
24-25 Mar and lesions appeared as early as 13 Apr with a two secondary infection periods following
on 18 and 21 Apr. On cluster leaves Cuprofix treatments #11 and 13 had significantly fewer percent
leaves infected, but all copper treatments had fewer lesions per leaf than non-treated trees. Scab
incidence was quite variable on shoot leaves 1-10, but several copper treatments gave significant
control and there were some significant rate effects between the 12 fl oz and 18 fl oz Mastercop
treatments. On fruit, all copper treatments significantly reduced scab incidence and number of
lesions, and there were significant differences between Mastercop 12 fl oz and 18 fl oz. Cedar-apple
rust infection was variable on both cluster and shoot leaves and no differences were expected.
There was no significant treatment effect on (p=0.05) in fruit finish by any treatment compared to
non-treated fruit.
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Table 1. Test of copper application for fire blight and early season fungal disease control on Nittany apple, 2012. VT-AREC, Block 14.

Rate per 100 gal dilute
No treatment
Firewall 17 4 oz + LI-700 1 pt
Mastercop 12 fl oz
Mastercop 12 fl oz
Firewall 17 4 oz + LI-700 1 pt
4 Mastercop 18 fl oz
5 Mastercop 18 fl oz
Firewall 17 4 oz + LI-700 1 pt
6 Mastercop 24 fl oz
7 Mastercop 24 fl oz
Firewall 17 4 oz + LI-700 1 pt
8 Cuprofix Ultra 10.5 oz
9 Cuprofix Ultra 10.5 oz
Firewall 17 4 oz + LI-700 1 pt
10 Cuprofix Ultra 15.8 oz
11 Cuprofix Ultra 15.8 oz
Firewall 17 4 oz + LI-700 1 pt
12 Cuprofix Ultra 21.0 oz
13 Cuprofix Ultra 21.0 oz
Firewall 17 4 oz + LI-700 1 pt
14 Mastercop 12 fl oz
Mastercop 4 fl oz
0
1
2
3

Timing
1/2"G Bl
---X
X
-X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Fireblight
strikes
per tree
2.4 a
7.2 a
13.0 a
2.0 a

Scab incidence or lesions/leaf or fruit
Cedar-apple rust infection
cluster leaves shoot lvs 1-10
fruit
cluster leaves shoot lvs 1-10
% lvs les/leaf % lvs les/lf
% inf les/fruit % lvs les/lf
% lvs les/lf
10 b
0.5 c
40 b-d 4.3 a-d 94 e
8.0 e
16 ab 0.3 a
43 a
1.4 a
7 ab 0.2 a-c 57 e
9.8 e
77 cd 4.6 cd
15 ab 0.3 a
50 a
2.3 a
5 ab 0.1 ab
44 c-e 6.1 b-d 74 cd 4.3 b-d
9 ab 0.2 a
42 a
1.5 a
6 ab 0.4 bc
50 de 6.9 c-e 78 cd 6.1 de
9 ab 0.2 a
47 a
2.3 a

Russet
rating
(0-5)*
1.7 a
2.2 a
1.9 a
1.9 a

28.4 a
8.8 a

4 ab 0.1 a
3 ab 0.1 a

32 a-c 2.8 ab
31 a-c 3.9 a-c

55 b
2.6 a-c
48 ab 2.0 a

13 ab 0.4 a
6a
0.1 a

41 a
36 a

2.1 a
1.6 a

1.8 a
1.9 a

12.4 a
8.2 a

3 ab 0.1 a
2 ab 0.1 a

29 ab 3.1 ab
36 a-d 2.5 ab

62 bc
55 b

14 ab 0.3 a
16 ab 0.5 a

43 a
50 a

1.8 a
2.4 a

1.9 a
1.7 a

12.0 a
12.6 a

4 ab 0.1 a
5 ab 0.1 a

23 a
25 a

42 ab 1.7 a
54 b
2.0 a

10 ab 0.2 a
21 b
0.5 a

36 a
48 a

1.7 a
2.6 a

1.8 a
1.9 a

10.6 a
3.0 a

3 ab <0.1 a
2a
0.1 a

33 a-c 3.6 a-c
27 ab 1.7 a

47 ab 2.1 a
34 a
0.9 a

9 ab 0.3 a
6a
0.1 a

43 a
47 a

2.1 a
2.9 a

2.0 a
2.4 a

7.4 a
4.6 a

4 ab 0.1 a
2 a <0.1 a

26 ab 2.3 a
37 a-d 3.0 ab

29 a
0.6 a
42 ab 1.2 a

10 ab 0.3 a
7 ab 0.2 a

41 a
49 a

1.7 a
2.0 a

1.6 a
1.9 a

12.2 a

6 ab 0.1 ab

44 c-e 7.7 de

80 d

17 ab 0.5 a

47 a

1.9 a

2.1 a

2.1 a
1.4 a

2.7 a-c
2.2 ab

5.0 d

Mean separation by Waller-Duncan K-ratio t-test (p=0.05). Four reps; Fire blight strikes counted 21 May. Fire blight strikes were counted 21 May.
Foliar fungal diseases assessed on ten flower cluster leaf sets per tree 23 May and on the first ten leaves of ten shoots per tree 22 Aug.
Fruit data based on 25-fruit sample taken and rated 23 Aug.
* Fruit finish rated on a scale of 0-5 (0=perfect finish; 5=severe russet).
Test strategy: Apply copper treatments then spray inoculate blossom clusters in the tops of the test trees to promote secondary infection
conditions throughout the tree.
Treatment applications and inoculation schedule: Copper treatments applied dilute to run-off 22 Mar, app. #1 (Trts #2-14, 1/4” GT-TC).
Four groups of blossoms inoculated by spraying a suspension of E. amylovora (1X106) in the top of each tree 2 Apr.
Streptomycin (FireWall) applied 3 Apr, to Treatments #1,3,5,7,9,11,13,14, Pink-30%-Bloom).
Water spray applied airblast 100 gal/A to supply wetting requirement for infection during warm, otherwise dry, weather 16 Apr, bloom-petal fall.
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RESISTANCE TO MULTIPLE FUNGICIDES IN MONILINIA FRUCTIOCLA STRAINS
FROM PENNSYLVANIA, MARYLAND, AND SOUTH CAROLINA
Guido Schnabel and Fengping Chen
Clemson University
School of Agricultural, Forest, and Environmental Sciences, Clemson, SC 29634

In recent years significant brown rot disease caused by Monilinia fructicola was
observed in peach orchards of South Carolina and other states despite preharvest fungicide
applications of appropriate fungicides. We collected isolates from some of the problem orchards
and investigated whether resistance to fungicides had shifted.
Twentytwo Isolates obtained from a ‘problem’ orchard in Spartanburg County, South
Carolina, were sensitive to the quinone outside inhibitor (QoI) fungicide, azoxystrobin and the
methyl benzimidazole carbamate (MBC) fungicide, thiophanate-methyl. Five were resistant to
the demethylation inhibitor (DMI) fungicide, propiconazole and were selected, together with five
propiconazole-sensitive isolates, for further investigations. One of the 10 isolates was resistant
to propiconazole but sensitive to the SDHI fungicide, boscalid (EC50 = 0.42 μg/ml), 3 were
resistant to propiconazole with intermediate sensitivity to boscalid (EC50 0.72 to 2.1 μg/ml); 2
were sensitive to propiconazole with intermediate sensitivity to boscalid; 3 were sensitive to
propiconazole but resistant to boscalid (EC50 ≥ 2.1 μg/ml); and 1 (isolate MD22) was resistant to
both propiconazole and boscalid. Disease incidence on detached fruit treated with formulated
propiconazole or boscalid was significantly higher for MD22 compared to a sensitive control
isolate. Continued monitoring of fungicide resistance in the same orchard in 2012 revealed an
increase of isolates resistant to propiconazole from 22.7% in 2011 to 34.7% and an increase of
isolates resistant to both propiconazole and boscalid from 4.5% in 2011 to 18.4%.
Propiconazole resistance was always associated with the presence of the Mona mobile element
located upstream of the sterol 14- demethylation (MfCYP51) gene. To investigate whether
mutations in the subunits of the succinate dehydrogenase enzyme were involved in boscalid
resistance, significant portions of the M. fructicola SdhA, SdhB, SdhC, and SdhD genes were
cloned and analyzed for 2 sensitive, 2 boscalid-resistant and 6 dual-resistant isolates. Although
sequence variation was found among the isolates, no single change correlated with resistance.
Interestingly, analysis of isolates collected from orchards in 2001 and 2002, prior to the
registration of boscalid, revealed a range of sensitivities to boscalid (EC50 0.03 to 3.46 μg/ml)
including boscalid-resistant isolates. The presence of boscalid-resistant isolates in the baseline
population was unexpected and requires further investigation.
In 2012, significant brown rot disease was observed on stone fruits in Pennsylvania,
Maryland, and South Carolina despite preharvest application of methyl benzimidazole
carbamate (MBC) and demethylase inhibitor (DMI) fungicides. A total of 140 Monilinia fructicola
isolates were collected from problem orchards and examined for fungicide sensitivity. In addition
to isolates resistant to either the DMI propiconazole or the MBC thiophanate-methyl, twenty-two
isolates were discovered that were resistant to both fungicides, including 4 isolates from peach
in South Carolina, 12 isolates from peach and sweet cherry in Maryland, and 6 isolates from
sweet cherry in Pennsylvania. Analysis of MBC resistance revealed that dual resistant isolates
from South Carolina carried the β-tubulin E198A mutation, whereas isolates from Maryland and
Pennsylvania carried E198 mutations not previously described in the Monilinia genus, E198Q or
F200Y. The genetic element Mona, associated with DMI fungicide resistance in M. fructicola,
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was detected in the dual resistant isolates from South Carolina but not in the isolates from the
two more northern states. An investigation into the molecular mechanism of DMI resistance in
the latter isolates revealed that resistance was not based on increased expression or mutation
of MfCYP51, which encodes the target of DMI fungicides. Label rates of formulated
propiconazole or thiophanate-methyl were unable to control dual resistant isolates on detached
peach fruit confirming field relevance of dual resistance. The same isolates were not affected by
fitness penalties based on mycelial growth rate, ability to sporulate, and pathogenicity on
detached peach fruit.
The emergence of M. fructicola strains resistant to multiple fungicides in multiple states
and multiple stone fruit crops is a significant development and needs to be considered when
designing resistance management strategies in stone fruit orchards.
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ACROSS BORDER RESISTANCE MONITORING IN BOTRYTIS CINEREA OF
STRAWBERRY
Guido Schnabel, F. Louws (1), and D. Fernandez Ortuno
Clemson University
School of Agricultural, Forest, and Environmental Sciences, Clemson, SC 29634
and
Department of Plant Pathology, NCSU (1)
Gray mold (Figure 1) is the most important disease of many small fruits, including
strawberry and grapes. It is caused by the fungus Botrytis cinerea, which during wet weather
and relatively cool temperatures, attacks the flowers and the fruit. To protect the crop from
rotting, fungicides must be used during bloom and sometimes preharvest. In recent years, the
efficacy of fungicides has declined dramatically in experimental fields in North Carolina and
Florida, which signaled for the first time the emergence of a problem. Follow up studies showed
that years of exposure to modern fungicides selected for resistance to many fungicides in North
Carolina and South Carolina fields rendering many applications ineffective.

Figure 1. Gray mold of strawberry
During the 2011/2012 growing season we received and analyzed gray mold samples
from about 80 commercial strawberry farms in 8 states (including Arizona, Florida, Georgia,
South Carolina, North Carolina, Kansas, Maryland, and Virginia) and investigated the sensitivity
of the causal agent to all 7 chemical classes (FRAC codes 1, 7, 11, 12, 17, 3, and 9) registered
for the suppression or control of gray mold (Figure 2). Sensitivity assays were performed on
fungicide-amended media containing specific discriminatory doses of fungicides that allowed the
distinction of sensitive from resistant isolates. Discriminatory doses were largely described
previously (3), but we made some adjustments due to assay-specific differences. Briefly, spores
from 10 fruit per location were collected with cotton swabs (one swab per fruit), shipped to our
lab, transferred with a toothpick to the center of amended medium in 24-well plates and
incubated for 4 days. Growth was assessed visually and growth data were entered in a
webapplication we specifically developed for this purpose (2). The web application calculates a
resistance factor that determined whether a sample was sensitive, low resistant, medium
resistant, or highly resistant to a certain fungicide.
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2012 Fungicide Resistance Snapshot from 80
Strawberry Fields in 8 States
Topsin M

1

FRAC Code

11

Abound, Cabrio

7

Endura, Fontelis

12

Scala

17

Elevate
Rovral

3

Scholar

9
0

20

40
60
80
Fields with highly resistant strains (%)

100

Figure 2. Average occurrence of resistance in samples from fields of 8 states.
A sample was considered ‘highly resistant’ if at least 20% of the strains were resistant to
a fungicide. The monitoring indicated that the gray mold fungus from strawberry in many states
had developed resistance to different classes of fungicides. The majority of all samples
indicated resistance to Topsin M, Abound, and Cabrio fungicides. The latter two products are
not exactly gray mold products, but according to the labels they have ‘suppressive action’. To
our surprise, about half of all samples revealed resistance to Elevate, Scala, and Endura. All of
those products are commonly used for gray mold control. The newly registered Fontelis is listed
in the figure together with Endura because these two products are more or less cross resistant.
On the flipside, resistance to Rovral and fludioxonil (Scholar formulated product) was either rare
or non-existent. Fludioxonil is a component of Switch.
The monitoring results indicated that resistance to various fungicides is present in the
gray mold fungus, which might be surprising to many growers because pre- and postharvest
gray mold has not been a tremendous issue in recent years. I think the reasons for this apparent
discrepancy can be summed up like this:
-inoculum levels in plasticulture systems are generally low. The crop starts with new,
mostly disease-free plants on fumigated soil with very little plant debris from the previous
season. It likely takes a couple of infection periods for the fungus to gain in numbers for an
epidemic.
-we have had relatively dry springs in recent years making it hard for the fungus to
establish
-we have far fewer infection periods than previously thought. We have been monitoring
infection periods for two years in SC and realized that we may have only 3 (during dry springs)
to 6 (during wetter springs) infection periods per season. That is it. That means a lot of our
sprays are applied in the ‘off season’.
But it only takes a wet spring and the application of ineffective fungicides for gray mold to thrive.
Therefore we must implement resistance management practices. Below are some suggestions
on how each producer can extend the productive life of a chemical class in his operation and
save money by spraying smart.
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-reduce inoculum levels. If there is little fungus, there is little problem. Conservative
application of nitrogen fertilizer makes plants less susceptible to pathogens in general and
allows water to evaporate quicker due to less luscious canopies. Also, increasing plant spacing
could be considered for improved air circulation.
-moderate used of fungicides. The fewer we spray the less we select for fungicide resistance.
In other words, it is much better to spray only when needed than calendar-based. Applications
should be done PRIOR (if possible) or soon after (using fungicides with kick-back action) to
anticipated rain events of more than one inch or so of rainfall. Research has shown that the
focus of fungicide applications should on protecting the strawberry flowers.
-reduce the use of materials that are prone to resistance development. If growers want to
spray prior to bloom, products like thiram and captan should be used exclusively. These
products also provide effective control during bloom unless we experience unusually high
rainfall. Products like Elevate, Pristine, Switch, should be used only during bloom and only when
weather conditions such as extended rain favor disease development.
-take advantage of resistance monitoring services (if available in your state). At first sign
of gray mold during bloom or harvest contact your county agent or specialist and ask for a
sample to be sent for testing (if available). Testing will identify resistance if it is present and thus
will provide valuable information to improve your spray program and avoid control failure.
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UPDATE: APPLE SCAB & BROWN ROT FUNGICIDE RESISTANCE SCREENING IN
PENNSYLVANIA
Noemi O. Halbrendt, Henry K. Ngugi, James W. Travis, John M. Halbrendt, and Brian L.
Lehman
Penn State University, Department of Plant Pathology
Fruit Research & Extension Center, Biglerville, PA 17307
Apple scab, caused by the fungus Venturia inaequalis, and brown rot, caused by
Monilinia fructicola, are the most economically important diseases of apple and stone fruit in
Pennsylvania. Losses result from reduced yield and quality of infected fruit, and from costs
associated with disease management practices that rely heavily on use of synthetic fungicides.
Current apple scab and brown rot chemical control strategies rely on several classes of fungicides
e.g. sterol demethylation inhibitors (DMIs), quinone outside inhibitors (QoI), also known as
strobilurins, anilinopyrimidines (AP), succinate-dehydrogenase inhibitors (SDHIs) and a wide
array of other broad-spectrum, protectant materials. This study evaluated the occurrence of
Venturia inaequalis and Monilinia fructicola that are resistant or shifted (reduced sensitivity) to
the five major fungicide classes used to manage apple scab and brown rot. Other studies have
independently assessed fungicide resistance of this pathogen to these classes of fungicides. We
tested these fungicides on a population of V. inaequalis and Monilinia isolates simultaneously,
which allowed for an assessment of resistance to multiple fungicides.
Results
Adopted from previously established thresholds and baselines (Pfeufer and Ngugi, 2010;
Chapman et al. 2011; Hu et al. 2011), resistance to all five of the fungicides was detected at
varying frequencies in the V. inaequalis and M. fructicola isolates examined in this study.
Isolates were defined as sensitive, shifted and resistant at < 40 %, 40 -74 % and > 75% relative
mycelia growth (RMG), respectively on potato dextrose agar (PDA) amended with
discriminatory doses of fungicides compared to the growth on nonamended PDA multiplied by
100.
A. Variation between apple orchards. Scab isolates were classified as resistant or
shifted at 0.5 ug/ml myclobutanil, 0.25 ug/ml trifloxystrobin, 0.25 ug/ml cyprodinil and dodine,
and 0.5 ug/ml thiophanate-methyl amended PDA. The RMG of all screened isolates with
myclobutanil, trifloxystrobin, cyprodinil, dodine, and thiophanate-methyl were 94, 80, 85, 72,
and 100% of the population, respectively (Table 1). The distribution of RMG of individual
isolates tested with myclobutanil, trifloxystrobin, cyprodinil, dodine, and thiophanate-methyl
ranged from 0-433%, 0-767%, 0-255%, 0-475%, and 0-548%, respectively. Of 597 isolates
(from a total of 1791 plated samples), resistance to myclobutanil, trifloxystrobin, cyprodinil,
dodine, and thiophanate-methyl was 87, 70, 64, 44, and 95% of the population and 11, 9, 20, 48,
and 4% were classified as shifted, respectively. A wider variation of shifted or resistant isolates
was observed on myclobutanil, trifloxystrobin, thiophanate methyl and cyprodinil. Almost no
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variation was detected on isolates tested dodine as the majority of the population was resistant
(44%) or shifted (48%) (Fig.1).
B. Variation between stone fruit orchards. Isolates were classified as resistant or
shifted at 0.5 ug/ml fenbuconazole and propiconazole, or 0.2 ug/ml azoxystrobin. The mean
RMG of all brown rot isolates grown on PDA amended with fenbuconazole, propiconazole, and
azoxystrobin was 38, 43, and 52%, respectively. The distribution of RMG of individual isolates
tested with fenbuconazole, propiconazole, and azoxystrobin ranged from 0-142%, 0-139%, and
0-363 %, respectively (Table 2). Out of 582 isolates, 28 and 27% of the population were
resistant to fenbuconazole and propiconazole, respectively and isolates that were shifted to
fenbuconazole and propiconazole comprised of 21 and 29% of the population, respectively. The
percent of isolates that were resistant to azoxystrobin was similar at 27% but isolates that were
shifted to azoxystrobin comprised of 41% of the population. Approximately 51, 44, and 31 % of
the population are sensitive to fenbuconazole, propiconazole, and azoxystrobin, respectively
(Fig. 2).
Results indicate that some PA orchards have a severe problem with multiple fungicide
resistance. Also, this is the first data collected showing field resistance to strobilurins in
Pennsylvania. Additional research is warranted to complete the screening of the 2012 isolates on
the five classes of fungicides, confirm the strobilurin resistance in V. inaequalis and M.
fructicola using molecular procedures, extend the test to additional orchards that have severe
scab and brown rot problems and determine whether or not there is loss of fitness associated with
fungicide resistance. The need for this study resulted from grower concerns of decreased efficacy
by DMI and strobilurin fungicides in controlling apple scab and brown rot. The result of this
study included orchard-specific information for growers describing the fungicide resistance of V.
inaequalis and M. fructicola populations to multiple fungicides.
Table 1. Relative growth rates for Venturia inaequalis isolates from Pennsylvania apple
orchards screened with 5 fungicides.
Fungicides (ug/ml) c

nd

Median a

Mean a

1791

71

72

0-475

100

0-548

Cyprodinil 0.25

1791

Myclobutanil 0.5

1791

Dodine 0.25

Thiophanate Methyl 0.5
Trifloxystrobin 0.25*

RMG
Distribution

76
95

1791

101

1791

90

85

b

94

0-433

80

0-767

Values = % relative mycelial growth (RMG).
b Distribution % RMG of individual Venturia inaequalis isolates on plates amended with
discriminatory doses of fungicides.
a
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Concentration of fungicides added to PDA agar media in parts per million for classification of
isolates based on percent relative mycelia growth, % RMG. *SHAM was used on trifloxystrobin to
block the alternative respiratory pathway within the fungus.
d Number of plated isolates from 10 PA orchards @ 50 single spore isolates/orchard x 3 replicates
= 597 single spore isolates
c

Fig. 1. Percentage of Venturia inaequalis isolates collected from Pennsylvania apple
orchards that are sensitive, shifted or resistant. Five hundred ninety seven isolates
were tested for resistance with mycelial growth assay to the following 5 fungicide
at the corresponding discriminatory doses: 0.25 ug/ml cyprodinil and dodine,
0.5 ug ug/ml myclobutanil and thiophanate methyl and 0.25 ug/ml trifloxystrobin.
Resistance was present for all fungicides tested.
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Table 2. Relative growth rates for Monilinia fructicola isolates from Pennsylvania orchards on
potato-dextrose agar plates amended with 3 fungicides.
Fungicides (ug/ml)c

Fenbuconazole 0.5
Propiconazole 0.5
Azoxystrobin 0.2

2011-nd

1164
1164
1164

Mediana
36
54
54

Meana
38
43
52

Distribution
RMG b
0-142
0-139
0-363

Values = % relative mycelial growth (RMG).
Distribution of relative mycelial growth of individual Monilinia fructicola isolates on plates amended with
discriminatory doses of fungicides.
c Concentration of fungicides added to PDA agar media in parts per million for classification of isolates based
on percent relative growth, % RMG. SHAM was used on azoxystrobin to block the alternative respiratory
pathway within the fungus.
d Number of plated isolates from 11 PA orchards @ 50 single spore isolates/orchard x 2 replicates = 582
single spore isolates.
a

b

Fig. 2. Percentage of Monilinia fructicola isolates collected from 11 Pennsylvania orchards
that are sensitive, shifted or resistant. Five hundred thirty two isolates were tested for
resistance with mycelial growth assay to the following 3 fungicides at the corresponding
discriminatory doses: 0.2 ug/ml azoxystrobin (Abound), 0.5 ug ug/ml propiconazole
(Orbit) and 0.5 ug/ml fenbuconazole (Indar). Resistance was present for all fungicides
tested.

79

Acknowledgement
This project was supported in part by the State Horticultural Association of Pennsylvania,
Inc., PA Peach and Nectarine Board and the donation of technical grade fungicides from
Chemical companies. We thank Teresa Krawczyk and Mattie Kuntz for laboratory
assistance and Dr. Milton Loyer for statistical analysis.
References

Chapman, K. S., Sundin, G. W., and Beckerman, J. L. 2011. Identification of resistance to
multiple fungicides in field populations of Venturia inaequalis. Plant Dis. 95:921-926.
Hu, M-J., Luo C-X., Grabke, A., and Schnabel, G. 2011. Selection of a Suitable Medium to
Determine Sensitivity of Monilinia fructicola Mycelium to SDHI Fungicides. J Phytopathology
159:616–620 (2011).
Koller, W., Wilcox, W. F., Barnard, J., Jones, A. L., and Braun, P. G. 1997. Detection and
quantification of resistance of Venturia inaequalis populations to sterol demethylation
inhibitors. Phytopathology 87:184-190.

Pfeufer, E. E., Travis, J. W., and Ngugi, H. K. 2010. Resistance to DMI fungicides in Venturia
inaequalis from Pennsylvania. Phytopathology 100:S100 (Abstract).

80

Not for Citation or Publication
Without Consent of the Authors
HIGHLIGHTS OF 2012 FUNGICIDE TRIALS ON APPLE
Noemi O. Halbrendt and John M. Halbrendt
Penn State University, Department of Plant Pathology
Fruit Research & Extension Center, Biglerville, PA 17307
Apple scab is the most serious disease affecting apples in Pennsylvania. The disease causes
losses by reducing the yield and quality of fruit and by reducing tree vigor. A reduction in tree vigor
can result in increased winter injury and susceptibility to secondary diseases and insects. Fungicide
programs were evaluated in a mature apple orchard at the Penn State Fruit Research & Extension
Center to evaluate the efficacy of succinate dehydrogenase inhibition (SDHI) fungicides applied
alone or in combination with other fungicides for control of apple scab. The test was conducted in a
randomized complete block design with four replications per treatment. Treatments were applied
dilute to both sides of the trees with a boom sprayer at 400 psi, which delivered 100 gal/A.
Treatment applications were made on 8 to 15-day intervals beginning at half-inch green (1/2" GT, 22
Mar); tight cluster/pink (TC/P, 30 Mar); pink/bloom (P/B, 10 Apr); full bloom (FB, 19 Apr); petal
fall (PF, 27 Apr); 1st cover and 2nd cover (2C, 25 May). Summer cover sprays were applied from
3rd through 7th cover with a boom sprayer. A standard program of insecticide sprays was applied
separately to all the treatments. Weather data was recorded with electronic monitoring systems
(Davis ProVantage Weather System), and scab infection periods calculated using a modified Mills
apple scab infection model. Rainfall for Apr, May, Jun, Jul, and Aug was 2.4 in., 5.41 in., 3.21 in.,
5.11 in., and 3.86 in., respectively. Apple scab pressure was severe at the test site. There were 45
infection periods during the primary season from 15 Mar to 15 Jun. The incidence of apple scab
symptoms on Rome Beauty was determined for spur leaf clusters (16 May) and shoot leaves and fruit
on 1 Jun and 28 Jun by examining 25 randomly selected spur clusters, shoots and fruit. Data was
analyzed by analysis of variance and significance between means was determined using Fisher’s
Protected LSD test
(P < 0.05) (SAS Institute Inc., Cary, NC).
Although efficacy varied among treatments, the incidence of apple scab on spur leaves,
shoots, and fruit were significantly lower in all cases than on the untreated control. Programs with
Merivon, Fontelis 1.67SC/Manzate Pro-Stick 75DF, Luna Sensation/Penncozeb 75DF, Luna
Tranquility/Penncozeb 75DF, IKF-5411/Manzate Pro-Stick 75DF, a DMI check program of Indar
2F/Rally 40WSP/Captan 80WDG provided the greatest control of scab incidence on shoot leaves.
IKF-5411, applied alone, had the highest incidence of apple scab on leaves (Trt. 11), however the
addition of Manzate Pro-Stick 75DF with IKF-5411 (Trt. 12) resulted in significantly lower apple
scab incidence on both leaves and fruit. On 28 Jun programs with Fontelis 1.67 SC (14 fl oz
rate)/Captan 80WDG (Trt. 9) had the lowest incidence of scab on shoots, followed by Fontelis
1.67SC (14 fl oz rate)/ Manzate Pro-Stick 75DF (Trt. 8), Merivon/Penncozeb 75DF (Trt. 7), and
Indar 2F/Rally 40WSP/Captan 80WDG (Trt. 2). Merivon/Captan 80WDG (Trt. 6), Luna
Sensation/Penncozeb 75DF (Trt. 4), Luna Tranquility/Penncozeb 75DF (Trt. 5), and IKF-5411/
Manzate Pro-Stick 75DF (Trt. 12). Protectant Penncozeb/Captan program (Trt. 3) was not as
effective in controlling scab on leaves compared to the other treatments, but significantly reduced
scab on fruit, as did the other programs. No phytotoxicity on leaves or fruit was observed (Table 1).
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Table 1. Scab incidence on Rome Beauty apple, 2012.
1
2

3
4
5
6
7
8
9
10
11
12
z
y

Treatment and amount/A
Timingz
Untreated check........................................ ¼” GT-2C
Dithane 75DF 3 lb +
Captan 80WDG 2 lb
½” GT
Indar 2F 8 fl oz +
LI 700 2 pt +
Captan 80WDG 3 lb
TC/P- 2C
Rally 40WSP 8 oz ..................................... 1C

Penncozeb 75DF 6 lb
½” GT-PF
Captan 80WDG3 lb .................................. 1C-2C

Penncozeb 75DF 6 lb
½” GT, P/B
Luna Sensation 4 fl oz +
Penncozeb 75DF 3 lb
TC/P, FB-1C
Captan 80WDG 3 lb ................................. 2C
Penncozeb 75DF 6 lb
½” GT, P/B
Luna Tranquility 11.2 fl oz +
Penncozeb 75DF 3 lb
TC/P, FB-1C
Captan 80WDG 3 lb ................................. 2C
Penncozeb 75DF 6 lb
½” GT, P/B
Merivon 4 oz +
Captan 80WDG 2 lb
TC/P, FB-1C
Captan 80WDG 3 lb ................................. 2C
Penncozeb 75DF 6 lb
½” GT, P/B
Merivon 4 oz +
Penncozeb 75DF 3 lb
TC/P, FB-1C
Captan 80WDG 3 lb ................................. 2C

Manzate Pro-Stock 75DF 3 lb
½” GT, FB-1C
Captan 80WDG 3 lb
½” GT, FB-2C
Fontelis 1.67SC 14 fl oz +
TC/P-P/B
Manzate 75DF 3 lb...............................
Manzate Pro-Stock 75DF 3 lb
½” GT, FB-1C
Captan 80WDG 3 lb
½” GT, FB-2C
Fontelis 1.67SC 14 fl oz +
TC/P-P/B
Captan 80WDG ......................................
Manzate Pro-Stick 75DF 3 lb
½” GT, FB-PF
Fontelis 1.67SC 20 fl oz
TC/P-P/B
Captan 80WDG .......................................... 1C-2C
IKF-5411 12/5 fl oz ................................ ½” GT-2C

Incidence (%)y
Fruit
Shoot
6/1
6/28
82.0 a
100.0 a

Spur
5/16
53.0 ax

Shoot
6/1
94.0 a

0.0 b

3.0 cd

0.0 b

11.0 ef

0.0 d

0.0 b

8.0 bc

1.0 b

19.0 cd

0.0 d

0.0 b

4.0 cd

0.0 b

22.0 c

3.0 cd

0.0 b

0.0 e

0.0 b

24.0 c

3.0 cd

0.0 b

0.0 e

0.0 b

22.0 c

6.0 c

0.0 b

0.0 e

0.0 b

9.0 fg

2.0 cd

0.0 b

1.0 e

0.0 b

5.0 gh

0.0 d

0.0 b

0.0 e

0.0 b

1.0 h

1.0 d

0.0 b

3.0 cd

0.0 b

17.0 cde

0.0 d

0.0 b

11.0 b

0.0 b

55.0 b

Fruit
6/28
100.0 a

8.0 b

IKF-5411 12.5 fl oz +
Manzate Pro-Stick 75DF 4 lb
½” GT-PF
IKF-5411 12.5 fl oz +
Captan 80WDG 3 lb ............................. 2C
2.0 b
2.0 e
0.0 b
15.0 cde
2.0 cd
Application timings: half-inch green (1/2” GT, 22 Mar); Tight cluster/pink (TC/P, 30 Mar); Pink/bloom
(P/B, 10 Apr); Full bloom (FB, 19 Apr); Petal fall (PF, 27 Apr) 1st cover (1C, 12 May); 2nd cover (2C, 25 May).
All values are scab incidence and the means of at least 25 spurs, terminal shoots, leaves, and fruit across
four replicate trees arranged in randomized complete blocks.
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x

Values within columns followed by the same letter(s) are not significantly different (P<0.05) according to
Fisher’s Protected LSD test.
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HIGHLIGHTS OF 2012 FUNGICIDE TRIALS ON PEACH
Noemi O. Halbrendt and John M. Halbrendt
Penn State University, Department of Plant Pathology
Fruit Research & Extension Center, Biglerville, PA 17307
Fruit rot, caused by Monilinia fructicola and Rhizopus stolonifer are important diseases of
peach in Pennsylvania. Infected fruit will rot on the tree and in storage. To alleviate this problem,
fungicide programs were evaluated to manage brown rot and Rhizopus rot on Beekman, Sweet
Dream, and Snow King peach at the Penn State Fruit Research & Extension Center in Biglerville,
PA. The experimental design was a four replicate split-plot arrangement with treatments and
cultivars assigned to main-plots and sub-plots, respectively. Sub-plot treatments consisted of single
trees of each cultivar, of which Red Haven was designated as the buffer tree. Treatments were
applied with a boom sprayer (100 gal/A spray volume at 400 psi) on each side of the tree. Two
bloom applications at 20-50% bloom (B1) and at 50-80% bloom (B2) were made on 21 Mar and 27
Mar. Two preharvest applications (PH) and one harvest application (H) were made on 11 Jul, 25 Jul
and 2 Aug for Sweet Dream; 18 Jul, 27 Jul, and 6 Aug for Beekman; and 3 Aug, 9 Aug, and 16 Aug
for Snow King. Maintenance sprays for other diseases and insects were applied to all treatments from
petal fall through the cover sprays with a Durand airblast sprayer (100 gal/A spray volume at 400
psi). No blossom blight was observed after bloom. Disease pressure initially developed slowly until
summer rains encouraged further disease development. Overall, disease pressure was high. At
maturity, 50 random fruits were harvested from each plot for assessment. Fruits were harvested on 3
Aug (Sweet Dream), 7 Aug (Beekman), and 17 Aug (Snow King). Fruit were placed on fiber
produce trays and incubated in a temperature-controlled room at 72 oF. Brown rot, Rhizopus rot, and
other rots were assessed at 1, 3, and 7 days after harvest incubation (DAI). Data obtained was
analyzed by analysis of variance and significance between means was determined by the Fisher’s
Protected LSD test (P < 0.05) (SAS Institute Inc., Cary, NC).
The incidence of brown rot and Rhizopus rot on nontreated Sweet Dream (Table 1),
Beekman (Table 2) and Snow King (Table 3) fruit at 0-7 days after harvest – incubation (DAI)
ranged from 43-97%, 22-96% and 43-97%, respectively whereas, the severity of brown rot on these
same fruit ranged from 24-37%, 9-38%, and 20-37%, respectively. The incidence of Rhizopus rot on
Sweet Dream, Beekman, and Snow King fruit at 7 DAI was 65%, 65%, and 16%, respectively. On
Sweet Dream, Merivon treatments provided the greatest brown rot control at 7 DAI followed by
Pristine, Fontelis, Luna Sensation, and Indar/Inspire Super programs. F9110 and Rovral/F9110
treatments had the highest incidence and severity of brown rot. All treatments provided significant
control of Rhizopus rot, and Merivon and Luna Sensation programs provided the best control. On
Beekman and Snow King, all treatments provided significant reduction in the incidence of brown rot
and Rhizopus rot relative to the nontreated trees although efficacy varied among treatments.
Merivon, Luna Sensation and Indar/Inspire Super programs provided the best brown rot control;
while Fontelis, F9110 and Rovral/F9110 programs were less effective. Luna Sensation and Merivon
(4 fl oz rate) provided excellent Rhizopus rot control. We observed no phytotoxicity.
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Table 1. Brown rot and Rhizopus rot on Sweet Dream peach, 2012.

1
2

3

4

5

6

7

8

9

10

*
**

Brown rot
Incidence (%)
Severity (%)
1 DAI
3 DAI
7 DAI
1 DAI
3 DAI 7 DAI
43.0 a**
90.5 a
96.5 a
20.4 a
34.7 a
36.8 a

Rhizopus
Incidence (%)
7 DAI
65.0 a

Treatment & Rate/A
Untreated check .....................

Timing*
1-5

Merivon 4 fl oz +
Latron B-1956 7.7 fl oz ......

1-5

6.0 de

17.0 de

31.5 ef

2.0 d

4.1 ef

8.8 e

11.5 ef

Merivon 5.5 fl oz +
Latron B-1956 7.7 fl oz ......

1-5

6.0 de

12.5 e

28.0 f

1.1 d

2.1 f

6.0 e

6.0 f

Merivon 6.5 fl oz +
Latron B-1956 7.7 fl oz ......

1-5

2.0 e

17.0 de

37.0 de

0.6 d

3.9 ef

9.8 e

12.0 ef

Pristine 12 oz +
Latron B-1956 7.7 fl oz ......

1-5

6.0 de

22.0 d

37.0 de

1.5 d

5.6 ef

9.4 e

19.0 de

Fontelis 20 oz + +
Latron B-1956 7.7 fl oz ......

1-5

9.0 d

22.0 d

37.0 de

2.8 d

6.4 e

10.1 e

22.0 d

2,4

23.0 c

57.5 b

75.5 b

11.4 b

19.9 c

25.6 c

44.5 b

F9110-1 20.5 oz +
LI 700 1 pt ..........................

1-5

35.0 b

62.0 b

77.5 b

20.1 a

27.3 b

32.4 b

43.5 bc

Luna Sensation 5.6 oz +
LI 700 1 pt ..........................

1-5

7.0 de

23.5 d

42.5 d

1.9 d

4.6 ef

8.8 e

13.5 ef

Rovral 4F 24 fl oz +
LI 700 1 pt
F9110-1 20.5 oz +
LI700 1 pt ...........................

1,3-5

Indar 2F 12 fl oz +
LI 700 1 pt
1,3-5
Inspire Super 2.82EW 20 fl oz
LI 700 1 pt ..........................
2,4
18.0 c
40.0 c
57.5 c
7.3 c
13.4 d 18.7 d
36.5 c
1=20-50% Bloom; 2=50-80% Bloom; 3=3-4 weeks Preharvest; 4=2 weeks Preharvest; 5=1 day before harvest.
Means in the same column marked with the same letter(s) are not significantly different (P<0.05), Fisher’s Protected LSD
test .
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Table 2. Brown rot and Rhizopus rot on Beekman peach, 2012.

Brown rot

1
2

3

4

5

6

7

8

9

10

*
**

Treatment & Rate/A
Untreated check .....................

Timing*
1-5

Merivon 4 fl oz +
Latron B-1956 7.7 fl oz ......

1-5

Merivon 5.5 fl oz +
Latron B-1956 7.7 fl oz ......

1-5

Merivon 6.5 fl oz +
Latron B-1956 7.7 fl oz ......

Incidence (%)
1 DAI
3 DAI
7 DI
22.0 a** 74.0 a
96.0 a

Severity (%)
3 DAI
7 DAI
25.3 a
37.9 a

14.5 f

43.5 ef

0.6 c

3.7 ef

14.4 ef

6.1 ef

3.5 c

20.5 def

54.0 d

0.4 c

7.6 cd

22.1 cd

10.1 cd

1-5

3.5 c

16.0 ef

43.0 ef

0.9 c

4.9 def

18.1 de

9.2 cde

Pristine 12 oz +
Latron B-1956 7.7 fl oz ......

1-5

5.0 bc

18.0 ef

51.5 de

1.8 c

6.8 de

21.8 cd

11.2 cd

Fontelis 20 oz + +
Latron B-1956 7.7 fl oz ......

1-5

7.0 bc

34.5 c

74.5 c

1.4 c

10.7 bc

28.8 b

16.4 a

2,4

9.5 b

28.5 cd

72.5 c

2.1 c

6.3 def

26.3 bc

12.3 bc

F9110-1 20.5 oz +
LI 700 1 pt ..........................

1-5

21.5 a

44.5 b

84.5 b

6.3 b

12.8 b

35.1 a

18.6 a

Luna Sensation 5.6 oz +
LI 700 1 pt ..........................

1-5

5.5 bc

18.0 ef

42.0 f

0.8 c

3.3 f

12.0 f

4.0 f

Rovral 4F 24 fl oz +
LI 700 1 pt
F9110-1 20.5 oz +
LI700 1 pt ...........................

2.0 c

1 DAI
8.5 a

R
Rhizopus
Incidence (%)
7 DAI
15.8 ab

1,3-5

Indar 2F 12 fl oz +
LI 700 1 pt
1,3-5
Inspire Super 2.82EW 20 fl oz
LI 700 1 pt ..........................
2,4
6.5 bc
23.0 de
54.0 d
1.4 c
5.9 def
16.0 ef
1=20-50% Bloom; 2=50-80% Bloom; 3=3-4 weeks Preharvest; 4=2 weeks Preharvest; 5=1 day before harvest.

7.6 def

Means in the same column marked with the same letter(s) are not significantly different (P<0.05), Fisher’s Protected LSD
test.
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Table 3. Brown rot and Rhizopus rot on Snow King peach, 2012.

1
2

3

4

5

6

7

8

9

10

*
**

Brown rot
Incidence (%)
Severity (%)
1 DAI
3 DAI
7 DI
1 DAI
3 DAI
7 DAI
43.0 **
90.5 a
96.5 a
20.4 a
34.7 a
36.8 a

Rhizopus
Incidence (%)
7 DAI
65.0 a

Treatment & Rate/A
Untreated check .....................

Timing*
1-5

Merivon 4 fl oz +
Latron B-1956 7.7 fl oz ......

1-5

6.0 de

17.0 de

31.5 ef

2.0 d

4.1 ef

8.8 e

11.5 ef

Merivon 5.5 fl oz +
Latron B-1956 7.7 fl oz ......

1-5

6.0 de

12.5 e

28.0 f

1.1 d

2.1 f

6.0 e

6.0 f

Merivon 6.5 fl oz +
Latron B-1956 7.7 fl oz ......

1-5

2.0 e

17.0 de

37.0 de

0.6 d

3.9 ef

9.8 e

12.0 ef

Pristine 12 oz +
Latron B-1956 7.7 fl oz ......

1-5

6.0 de

22.0 d

37.0 de

1.5 d

5.6 ef

9.4 e

19.0 de

Fontelis 20 oz + +
Latron B-1956 7.7 fl oz ......

1-5

9.0 d

22.0 d

37.0 de

2.8 d

6.4 e

10.1 e

22.0 d

2,4

23.0 c

57.5 b

75.5 b

11.4 b

19.9 c

25.6 c

44.5 b

F9110-1 20.5 oz +
LI 700 1 pt ..........................

1-5

35.0 b

62.0 b

77.5 b

20.1 a

27.3 b

32.4 b

43.5 bc

Luna Sensation 5.6 oz +
LI 700 1 pt ..........................

1-5

7.0 de

23.5 d

42.5 d

1.9 d

4.6 ef

8.8 e

13.5 ef

Rovral 4F 24 fl oz +
LI 700 1 pt
F9110-1 20.5 oz +
LI700 1 pt ...........................

1,3-5

Indar 2F 12 fl oz +
LI 700 1 pt
1,3-5
Inspire Super 2.82EW 20 fl oz
LI 700 1 pt ..........................
2,4
18.0 c
40.0 c
57.5 c
7.3 c
13.4 d
18.7 d
36.5 c
1=20-50% Bloom; 2=50-80% Bloom; 3=3-4 weeks Preharvest; 4=2 weeks Preharvest; 5=1 day before harvest.
Means in the same column marked with the same letter(s) are not significantly different (P<0.05), Fisher’s Protected LSD
test.
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HIGHLIGHTS OF 2012 FUNGICIDE TRIALS ON GRAPE
Noemi O. Halbrendt and John M. Halbrendt
Penn State University, Department of Plant Pathology
Fruit Research & Extension Center, Biglerville, PA 17307
Grape growers are challenged with several important seasonal diseases and are highly
dependent on chemical controls to reach yield and quality targets. To tackle this concern, we
evaluated the efficacy of new fungicides and reduced risk protectant fungicide programs for
management of grape downy mildew. The plot consisted of four Vitis interspecific hybrids
Chancellor, Chambourcin, Traminette, and Vidal Blanc that were randomly planted in each post
length, spaced at 6 x 9 ft. The treatments were applied to 4-vine plots arranged in a randomized
complete block design with four replications. The vines were trained to a high-wire cordon
system. Fungicides were applied with a Friend covered-boom plot sprayer at 100 psi. Seven
experimental applications were made between 30 Apr and 11 Jul. Applications 1-2 were applied
at 50 gal/A, and applications 4-7 at 100 gal/A. Prior to commencement of the protocols, all plots
received two applications of Penncozeb 75DF at 4 lb/A and Micro Sulf 5 lb/A for control of
Phomopsis cane and leaf spot. On Aug. 8, the incidence of downy mildew was rated on shoots,
leaves and fruit clusters by visually determining the percent infected among 25 arbitrarilyselected shoots and clusters of Chambourcin, Chancellor, Vidal and Traminette per plot.
Severity (percent infection within a shoot, leaf or cluster) was rated using the Barratt-Horsfall
scale and was converted to percent area infected using Elanco conversion tables. Data are
presented as combined effect on the four grape cultivars and analyzed using analysis of variance
and mean separation was determined by the Fisher’s Protected LSD test (P < 0.05) (SAS
Institute Inc., Cary, NC).
Conditions were wet during most of the cluster susceptibility period and downy mildew
disease pressure was high. Rainfall for Apr, May, Jun, Jul, and Aug was 2.4 in., 5.41 in., 3.21 in.,
5.11 in., and 3.86 in., respectively. All fungicide treatments provided excellent and practically
complete control of downy mildew by 8 Aug, when compared to the nontreated check. The
Ranman/Phostrol followed by Revus Top and Zampro treatments showed the best control on
leaves and shoots. Phostrol alone, followed the reduced risk program 1 with
Gavel/Phostrol/Captan, whereas the reduced risk program 2 with
Penncozeb/Regalia/Captan/Phostrol/Gavel and Merivon/Phostrol had higher levels of downy
mildew on leaves and shoots. The Ranman/Phostrol program resulted in the lowest level of
downy mildew on fruit. Strobilurin fungicides resistance is suspected in this vineyard and is
being evaluated. None of the treatments was phytotoxic to fruits or foliage.
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Table 1. Downy mildew incidence on grapes, 2012.
Treatment and rate/A
Untreated check ...........

*

Timing

Shoots
63.0 a**

Incidence (%)
Leaves
73.0 a

Fruits
55.0 a

Reduced risk program 1
Gavel 75DF 2.5 lb
Phostrol 4 pt
Captan 80WDG............

6-7
3-5
8,9

14.5 c (76)

22.8 b (68)

9.0 bc (84)

Reduced risk program 2
Penncozeb 75DF 3 lb
Regalia 2 qt
Captan 80WDG 2.5 lb
Phostrol 4 pt
Gavel 75DF 2.5 lb ........

3-4
7,9
9
5-6,8
7

12.3 d (80)

17.3 c (76)

12.8 b (77)

Zampro 14 fl oz
Phostrol 4 pt
Captan 80WDG............

3-5, 7
6, 9
8

3.8 e (94)

6.8 c (91)

6.3 cd (89)

Merivon 5.5 oz
Phostrol 4 pt .................

3-8
9

12.0 cd (81)

22.5 b (69)

11.0 bc (80)

Ranman 2.75 fl oz +
Phostrol 2 pt ..............

3-9

2.3 ef (96)

2.5 c (96)

1.3 e (98)

Phostrol 4 pt .................

3-9

20.3 b (68)

27.3 b (63)

8.5 bcd (85)

Revus Top 7 fl oz .........
3-9
2.3 ef (96)
3.0 c (95)
5.5 cd (90)
*
Timings: 1=0-2” shoot growth (4/13); 2=3-6” shoot growth (4/20); 3=4-8” shoot growth
(4/30); 4=Prebloom (5/15); 5= 1st Post-bloom (5/25); 6=2nd Post-bloom 10-14 days (6/6); 7=3rd
Post-bloom (6/14); 8=4th Post-bloom (6/25); 9=5th Post-bloom (7/11).
**
Values within columns followed by the same letter(s) are not significantly different
(P<0.05), Fisher’s Protected LSD test. Values in parentheses are percent control of disease
incidence relative to the untreated control.
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Table 2. Downy mildew severity on grapes, 2012.
Treatment and rate/A
Untreated check ...........

*

Timing

Shoots
35.4 a**

Severity (%)
Leaves
35.5 a

Fruits
10.3 a

1.2 c

1.6 bc

0.4 b

1.0 c

1.5 bc

0.5 b

Reduced risk program 1
Gavel 75DF 2.5 lb
Phostrol 4 pt
Captan 80WDG............

6-7
3-5
8,9

Reduced risk program 2
Penncozeb 75DF 3 lb
Regalia 2 qt
Captan 80WDG 2.5 lb
Phostrol 4 pt
Gavel 75DF 2.5 lb ........

3-4
7,9
9
5-6,8
7

Zampro 14 fl oz
Phostrol 4 pt
Captan 80WDG............

3-5, 7
6, 9
8

0.2 c

0.8 c

0.3 b

Merivon 5.5 oz
Phostrol 4 pt .................

3-8
9

1.3 c

1.8 bc

0.4 b

Ranman 2.75 fl oz +
Phostrol 2 pt ..............

3-9

0.1 c

0.1 c

0.0 b

Phostrol 4 pt .................

3-9

3.9 b

3.2 b

0.3 b

Revus Top 7 fl oz .........
3-9
0.1 c
0.1 c
0.2 b
*
Timings: 1=0-2” shoot growth (4/193); 2=3-6” shoot growth (4/20); 3=4-8” shoot growth
(4/30); 4=Prebloom (5/15); 5= 1st Post-bloom (5/25); 6=2nd Post-bloom 10-14 days (6/6); 7=3rd
Post-bloom (6/14); 8=4th Post-bloom (6/25); 9=5th Post-bloom (7/11).
**
Values within columns followed by the same letter(s) are not significantly different
(P<0.05), Fisher’s Protected LSD test.
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Fungicide performance trial for control of powdery mildew and Botrytis bunch rot of
grape in Virginia, 2012
Mizuho Nita and Kathleen Yablonski
Virginia Polytechnic Institute and State University
AHS Agricultural Research and Extension Center
595 Laurel Grove Rd
Winchester, VA 22602

The first powdery mildew 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 bloom and repeated three consecutive times. The interval
between applications was approximately 14 days (varied based on the growth of grape).
Treatments were tank mixed with Revus (7 fl oz/A) in order to suppress downy mildew
infection. Prior to the experimental treatment, all vines were treated with Penncozeb (3
lb/A) and Microthiol Disperss (3 lb/A) to control various diseases. At prebloom (16 May),
myclobutanil (4 oz) was applied to manage infection prior to the trial. In addition, at bloom
(24 May), all vines were treated with Vangard (8 oz/A) to control blossom blight by
Botrytis. An adjuvant Sylgard (0.3%) was added to all treatment. Diseases were visually
assessed four times during the season, and results from 27 Jun 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 panel were assessed (a total of 240 leaves and 120 clusters per treatment).
These leaves and clusters were randomly selected from the inner cordons, and the
estimated percentage of infected area (disease severity) was recorded. The linear mixed
model was used to conduct the analysis of variance (JMP 9.0, SAS institute, Cary NC).
Treatment was considered as a fixed effect, and block was considered as a random effect.
Data were transformed using angular transformation (arcsine of square-rooted value)
prior to the analysis.
Bud break at Winchester was 22 Mar, and 50% bloom was 21 May. There were
consistent rain events between bud break to bloom. The total amount of precipitation at
Winchester was about 3.3 inches between bud break to bloom, followed by 3.2 and 4.9
inches of rain during June and July, respectively. Probably due to cooler weather pattern,
development of powdery mildew was relatively slow compared with the last 3 years. Mean
leaf disease incidence of powdery mildew varied from 0.4% to 50% and disease severity
varied from 0.01% to 2.3%. Treatment differences were highly significant (P < 0.001) on all
disease measurements, and a good separation of treatment means was found. All
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treatments resulted in significantly lower leaf disease incidence and severity than PM
control, and all but the Regalia treatment that resulted significantly lower leaf disease
incidence and severity than ‘Standard’ (Sulfur only) treatment. Although leaf disease
severity was not significant, SDHI group (Luna Experience and Merivon with two different
rates) resulted in significantly lower leaf disease incidence than fungicides with other
modes of action, except Quintec. There were higher disease levels on clusters, and
variability of disease intensity (incidence and severity) among treatments was wider than
that of leaves. Cluster disease incidence and severity varied from 1.3% to 99% and 0.01%
to 12%, respectively. The SDHI group again resulted in significantly lower disease
incidence and severity than others. Compared with PM check and ‘Standard’, Vivando,
Torino, and Regalia treatments resulted in significantly lower cluster disease severity. The
difference between two rates of Merivon on both leaf and cluster disease intensity was not
significantly different from each other.
Leaf
trt
#
1
2
3
4
5
6
7
8
9
trt
#
1
2
3
4
5
6
7
8
9

Treatmentz
Standard (Microthiol D 3-4
lb)
PM check (Revus 200CS 7
fl oz)
Merivon 500 SC 4 fl oz
Merivon 500 SC 5 floz
Vivando 300 SC 15 fl oz
Quintec 2 SC 4 fl oz
Luna Experience 400 SC 8
oz
Torino 3.4 fl oz
Vivando 300 15 fl oz then
Regalia 2qt
Treatmentz
Standard (Microthiol D 3-4
lb)
PM check (Revus 200CS 7
fl oz)
Merivon 500 SC 4 fl oz
Merivon 500 SC 5 floz
Vivando 300 SC 15 fl oz
Quintec 2 SC 4 fl oz
Luna Experience 400 SC 8
oz
Torino 3.4 fl oz
Vivando 300 15 fl oz then
Regalia 2qt

Days after first
applicationy

Disease
incidencex

%
controlw

Disease
severityv

%
controlw

55, 70, 83

27.9

b

44.6

0.97

b

57.1

55, 70, 83
55, 70, 83

0.83
12.1

d
c

98.4
76.0

0.01
0.15

c
c

99.6
93.2

55, 70, 83
55, 70, 83
55, 70, 83
55, 70, 83
55, 70, 83

50.4
0.83
0.42
12.5
5.0

55, 70, 83

Days after first
applicationy

34.2

Disease
incidencex

a
d
d
c
cd

b

0
98.4
99.2
75.2
90.1

2.27
0.01
0.00
0.19
0.08

32.2
Cluster

1.37

%
controlw

Disease
severityv

a
c
c
c
c

b

0
99.6
99.8
91.6
96.3

39.8

%
controlw

55, 70, 83

87.5

a

11.4

10.1

a

14.8

55, 70, 83
55, 70, 83

10.0
63.8

b
a

89.9
35.4

0.10
3.45

e
bc

99.2
70.9

55, 70, 83
55, 70, 83
55, 70, 83
55, 70, 83
55, 70, 83

98.8
5.0
1.25
70.0
50.0

55, 70, 83

70.0
92

a
b
b
a
a

a

0
94.9
98.7
29.1
49.4

29.1

11.9
0.05
0.01
1.63
1.15

6.48

a
e
e
cd
d

b

0
99.6
99.9
86.3
90.3

45.4

z All

rates are calculated based on per acre bases using 100 gal of water, PM Check received mancozeb
(Penncozeb 3 lb/A ) during the experiment to prevent downy mildew and black rot.
y The first application was made in 29 March. Unless noted otherwise, sprays prior to the day 48 (days 1, 15,
32) included mancozeb (Penncozeb) and sulfur both applied at 3 lb per acre. The treatment applied for
day 48 contained mancozeb (3lb), sulfur (3lb) and Rally (4 oz). All treatment applied at day 70 contained
Vanguard (8 oz).
x 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)
v 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 between treatments
(Tukey-Kramer adjustment method, the overall error rate = 0.05)
w %Control = the percentage of disease controlled, compared with PM check
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The second powdery mildew trial was conducted with ‘Chardonnay’ grapes planted
in 2009, trained to a vertical positioning (VSP) system with bilateral cordons, with a
spacing of 5-ft between vines and 10-ft between rows. Each row contained 35 vines with
five vines per panel. Plots consisted of two adjacent 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 5 d after
bloom and repeated two consecutive times. The interval between applications was
approximately 14 days (varied based on the growth of grape). Treatments were tank
mixed with Revus (7 fl oz/A) in order to suppress downy mildew infection. Prior to the
experimental treatment, all vines were treated with Penncozeb (3 lb/A) and Microthiol
Disperss (3 lb/A) to control various diseases. At prebloom (16 May), myclobutanyl (3.4 oz)
was applied to manage infection prior to the trial. In addition, at bloom (24 May), all vines
were treated with Vangard (8 oz/A) to control blossom blight by Botrytis. Diseases were
visually assessed three times during the season, and results from 28 Jun and 26 Jul are
shown. Of two 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. A
total of 20 clusters per plot were assessed (a total of 80 clusters per treatment). These
clusters were randomly selected, and the estimated percentage of infected area (disease
severity) was recorded. The linear mixed model was used to conduct the analysis of
variance (JMP 9.0, SAS institute, Cary NC). Treatment was considered as a fixed effect, and
block was considered as a random effect. Data were transformed using angular
transformation (arcsine of square-rooted value) prior to the analysis.
Bud break at Winchester was 22 Mar, and 50% bloom was 21 May. There were
consistent rain events between bud break to bloom. The total amount of precipitation at
Winchester was about 3.3 inches between bud break to bloom, followed by 3.2 and 4.9
inches of rain during June and July, respectively. Probably due to cooler weather pattern,
development of powdery mildew was relatively slow compared with last 3 years.
Treatments commenced after observing establishment of powdery mildew on 28 Jun. Mean
disease severity for both check and treatment was 22.5% at the beginning of the trial, and
disease incidence was 100% for both treatments. Application of Kaligreen was made three
times (28 Jun, 5 Jul, and 17 Jul). At the beginning of veraison, treated vines resulted in
significantly lower disease severity than the check. Kaligreen treated vines resulted in only
slightly increased disease severity (~2%). It seems that clusters with higher disease
severity at the beginning expanded even after the application of Kaligreen while clusters
with lower disease severity at the beginning held at about the same level of disease
severity. On the other hand, clusters on check vines resulted in 63% (~41% increase)
disease severity.
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Treatmentz
Check
Kaligreen 3 lb
Treatmentz
Check
Kaligreen 3 lb

28 Jun, prior to the trial

Days after
first
applicationy
91, 98, 110
91, 98, 110

Disease
severityv
22.5
22.5

Days after
first
applicationy
91, 98, 110
91, 98, 110

Disease
severityv
63.3
25.5

z All

%
controlw
26 Jul

A
B

%
controlw
59.7

rates are calculated based on per acre bases using 100 gal of water, PM Check received mancozeb
(Penncozeb 3 lb/A ) during the experiment to prevent downy mildew and black rot.
y The first application was made in 29 Mar. Unless noted otherwise, maintenance sprays (days 1, 15, 32, 53,
82) included mancozeb (Penncozeb) and sulfur both applied at 3 lb per acre. The treatment applied for
day 48 contained mancozeb (3lb), sulfur (3lb) and Rally (3.4 oz).
v Disease severity = percentage of area of leaves or bunches that is diseased: Numbers presented are the least
square mean of percentage. The same letter indicates there was no significant difference between treatments
(Student t test).
w % Control = the percentage of disease controlled, compared with PM check

95

Botrytis bunch rot 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 two 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 5 d after bloom and repeated three consecutive times. The interval between
applications was approximately 14 days (varied based on the growth of grape).
Treatments were tank mixed with Revus 250SC (7 fl oz/A) and Microthiol Disperss (3 lb/A)
in order to suppress other diseases. Prior to the experimental treatment series, all vines
were treated with Penncozeb (3 lb/A) and Microthiol Disperss (3 lb/A) to control various
diseases. An adjuvant Sylgard (0.3%) was added to all treatments. Diseases were visually
assessed four times during the season, and results from 5 Sep 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. A total of 20 clusters per
plot were assessed (a total of 80 clusters per treatment). Clusters were randomly selected,
and the estimated percentage of infected area (disease severity) was recorded. The linear
mixed model was used to conduct the analysis of variance (JMP 9.0, SAS institute, Cary NC).
Treatment was considered as a fixed effect, and block was considered as a random effect.
Data were transformed using square root transformation prior to the analysis.
Mean cluster disease incidence of Botrytis bunch rot varied from 7.5% to 35% and
disease severity varied from 0.3% to 1.9%. Treatment effects were highly significant (P <
0.05) on both disease incidence and severity. Disease incidence on IKF-5411 resulted
significantly lower than other treatments. Both Vangard and Regalia treatment resulted in
significantly higher disease severity than that the other treatments, including the check
(sulfur only). Mean cluster disease incidence of powdery mildew varied from 80% to 99%
and that of disease severity varied from 4% to 39%. Treatment effects were highly
significant (P < 0.001) on disease severity, but not on disease incidence, probably due to
uniformly infected clusters. All treatments resulted in significantly lower disease severity
than check (sulfur only), and Pristine treatment resulted in significantly lower disease
severity than any other treatments tested. “Other general rots” includes sour rot,
Aspergillus, and ripe rot. Mean cluster disease incidence ranged from 85% to 100%, and
that of disease severity ranged from 5.8% to 57%. Treatment effects were significant
(P<0.05) on both disease incidence and severity. Disease incidence on the Pristine
treatment was significantly lower than the other treatments; however incidence was still
very high (85%). All treatments resulted in significantly lower disease severity than the
check (sulfur only); however, there are significant differences among treatments. Although
most treatments resulted in more than 30% disease severity, Pristine treatment resulted in
significantly low disease severity.
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5 Sep 2012, at harvest
trt #
1
2
3
4
5
6

Treatmentz
Check
IKF-5411 20 fl oz
Vangard 75WG
10 oz
Elevate 50 WDG
16 oz
Pristine 23 oz alt
w Flint 3 oz
Regalia 2 qt alt w
Elevate 50 WDG
16 oz

Powdery mildew
Days after
first
applicationy
53, 82, 125
53, 82, 125

Disease
incidencex
98.8
93.8

% controlw
AB
A

Disease
severityv
38.6
16.5

A
C

% controlw

53, 82, 125

100

A

13.4

C

53, 82, 125

98.8

AB

28.7

B

53, 82, 125

80

B

3.95

D

53, 82, 125

100

A

20.8

BC

57.30
65.34
25.66
89.75
46.15

Botrytis bunch rot
trt #
1
2
3
4
5
6

Treatmentz
Check
IKF-5411 20 fl oz
Vangard 75WG
10 oz
Elevate 50 WDG
16 oz
Pristine 23 oz alt
w Flint 3 oz
Regalia 2 qt alt w
Elevate 50 WDG
16 oz

trt #
1
2
3
4
5
6

Treatmentz
Check
IKF-5411 20 fl oz
Vangard 75WG
10 oz
Elevate 50 WDG
16 oz
Pristine 23 oz alt
w Flint 3 oz
Regalia 2 qt alt w
Elevate 50 WDG
16 oz

Days after
first
applicationy
53, 82, 125
53, 82, 125

Disease
incidencex
15.0
7.5

50.00

Disease
severityv
0.75
0.32

-133.33

1.90

A

% controlw
AB
B

% controlw
BC
C

57.06

53, 82, 125

35.0

A

53, 82, 125

10.0

AB

33.33

0.65

BC

13.81

53, 82, 125

18.6

AB

-23.81

0.88

BC

-16.49

53, 82, 125

19.1

AB

-27.08
1.25
Other general rots

AB

-65.95

Days after
first
applicationy
53, 82, 125
53, 82, 125

Disease
incidencex
98.8
100

AB
A

-1.27

Disease
severityv
56.7
21.5

% controlw

-151.94

% controlw
A
D

62.08

53, 82, 125

100

A

-1.27

24.3

CD

57.15

53, 82, 125

100

A

-1.27

42.2

B

25.69

53, 82, 125

85.0

B

13.92

5.8

E

89.73

53, 82, 125

100

A

-1.27

29.9

C

47.24

z All

rates are calculated based on per acre bases using 100 gal of water, “Check” treatment did not contain
any material to control Botrytis.
y The first application was made on 29 Mar. Unless noted otherwise, maintenance sprays (days 1, 15, 32, 70)
included mancozeb (Penncozeb) and sulfur, both applied at 3 lb per acre. The treatment applied for day 48
contained Penncozeb 75DF (3lb), Microthiol D (3lb) and Rally 40WSP (3.4 oz). A maintenance spray at day
110 contained Phostrol (3 qt), Microthiol D (3 lb), and Quintec (4 oz), day 136 spray contained Phostrol,
Captan (4oz), and Microthiol D (3lb), and day 152 spray contained Phostrol (3 qt) and Captan (4 oz).
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x 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)
v Disease severity = percentage of area of leaves or bunches that is diseased: 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)
w % Control = the percentage of disease controlled, compared with “standard” treatment
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Fungicide performance trial for control of downy mildew of grape in Virginia, 2012
Mizuho Nita and Kathleen Yablonski
Virginia Polytechnic Institute and State University
AHS Agricultural Research and Extension Center
595 Laurel Grove Rd
Winchester, VA 22602

This trial was conducted with ‘Merlot’ 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 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 bloom and repeated four times. The interval
between applications was approximately 14 days (varied based on the growth of grape). All
treatments were tank mixed with Microthiol Disperss (3 lb/A) in order to suppress powdery
mildew infection. Also, an adjuvant Sylgard (0.3%) was added to all treatment. Prior to the
experimental treatment, all vines were treated with Penncozeb (3 lb/A) and Microthiol Disperss
(3 lb/A) to control various diseases. At prebloom (16 May), myclobutanil (4 oz) was applied to
manage infection prior to the trial. In addition, at bloom (24 May), all vines were treated with
Vangard (8 oz/A) to control blossom blight by Botrytis. Diseases were visually assessed four times
during the season, and results from 11 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 panel were assessed (a total of 240
leaves and 120 clusters per treatment). These leaves and clusters were randomly selected from
the inner cordons, and the estimated percentage of infected area (disease severity) was recorded.
The linear mixed model was used to conduct the analysis of variance (JMP 9.0, SAS institute, Cary
NC). Treatment was considered as a fixed effect, and block was considered as a random effect.
Data were transformed using angular transformation (arcsine of square-rooted value) prior to the
analysis. Bud break at Winchester was 22 Mar, and 50% bloom was 21 May. There were
consistent rain events between bud break to bloom. The total amount of precipitation at
Winchester was about 3.3 inches between bud break to bloom, followed by 3.2 and 4.9 inches of
rain during June and July, respectively. Probably due to cooler temperatures during the early part
of the season, and the lack of inoculum from low disease intensity in the previous two years,
downy mildew did not develop until late July. Since the season started early, late-July was well
passed the critical period for downy mildew infection; thus, there was no significant development
of downy mildew on clusters.
Mean downy mildew leaf disease incidence varied from 0.4% to 28% and severity varied
from 0.04% to 1.1%. Treatment differences were highly significant (P < 0.01 for both incidence
and severity). However, to our surprise, DM check (Flint at bloom, followed by Quintec), resulted
in very low disease incidence (5%). All treatments were significantly lower in disease incidence
than the standard (Mancozeb alone). Merivon and Zampro resulted in very low disease intensity
(severity and incidence). The effect of Phostrol (mixed with a fixed rate of Ranman) was not
significantly different, probably due to very late and low development of downy mildew. Phostrol,
at the higher rate (4 pt) resulted in slight phytotoxicity symptoms. The second table contains
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results from an additional rating, which took place in 3 Sep. After the rating in July, all vines were
treated in the same manner. As for downy mildew management, mancozeb was applied once in
mid-July, and then followed by Phostrol applied twice during the month of August. Due to
frequent rain events, there was further development of downy mildew that resulted in symptoms
on leaves and also defoliation. Although the last treatment in the experiment was applied more
than 60 days prior to the rating, there were differences among treatments. Disease incidence and
severity varied from 12% to 81% and 0.2% to 7.1%, respectively, and defoliation (the whole vine
was visually rated for a percentage of defoliation) ranged from 0% to 18%. Overall, we can still
observe the effect of treatments from Zampro and Ranman. On the other hand, there were large
increases in disease incidence and severity in both DM check and Merivon treatments, such that
both disease incidence and severity were significantly higher than the most of treatments. DM
check treatment also resulted in a significantly higher rate of defoliation than the other
treatments. Since DM check had a Flint application as the initial treatment and Merivon contains a
QoI (pyraclostrobin) as a partner compound, we are suspecting the efficacy of QoI that somehow
held back the development of downy mildew, yet that efficacy was not sustained until the end of
the season. This vineyard is planted in the site where a QoI-resistant strain of downy mildew was
previously reported.
trt #
1
2
3
4
5
6
7
trt #
1
2
3
4
5
6
7

Treatmentz
Standard (Penncozeb
75DF 3 lb)
DM check (Flint 3 oz
and Quintec 2 SC 4 fl
oz)
Ranman 400 SC 2.75 oz
Ranman 400 SC 2.75 fl
oz + Phostrol 2 pt
Ranman 400 SC 2.75 fl
oz + Phostrol 4 pt
Merivon 500 SC 5.5 fl
oz
Zampro 14 fl oz
Treatmentz
Standard (Penncozeb
75DF 3 lb)
DM check (Flint 3 oz
and Quintec 2 SC 4 fl
oz)
Ranman 400 SC 2.75 oz
Ranman 400 SC 2.75 fl
oz + Phostrol 2 pt
Ranman 400 SC 2.75 fl
oz + Phostrol 4 pt
Merivon 500 SC 5.5 fl
oz
Zampro 14 fl oz

Days after first
applicationy
56, 71, 83, 98
56, 71, 83, 98
56, 71, 83, 98
56, 71, 83, 98

27.9

D

1.07

A

5.0
16.3

C
C

0.24
0.44

CD
BC

10.8

C

0.32

BCD

20.4

56, 71, 83, 98
56, 71, 83, 98

0.42
9.6

56, 71, 83, 98
Days after first
applicationy

Leaf
Disease
severityv

Disease
incidencex

Disease
incidencex

56, 71, 83, 98
56, 71, 83, 98
56, 71, 83, 98
56, 71, 83, 98
56, 71, 83, 98

100

0.04
0.28

Leaf at Harvest
Disease
severityv

B

D
CD

Defoliation
%

D

0.4

CD

80.6
49.4

A
BC

7.1
2.9

33.1

CD

1.5

76.3
11.9

56, 71, 83, 98

A
B

0.60

15.6

55.6

56, 71, 83, 98

C

ABC
AB
D

3.2
6.3
0.2

0.0

B

A
B

18.4
2.3

A
B

C

0.9

B

B

A
D

0.8

7.1
0.06

B
B
B

z All

rates are calculated based on per acre bases using 100 gal of water, DM Check received sulfur (Microthiol
Disperss 3 lb/A ) during the experiment to prevent powdery mildew.
y The first application was made in 29 Mar. Unless noted otherwise, sprays prior to the day 48 (days 1, 15, 32)
included mancozeb (Penncozeb) and sulfur both applied at 3 lb per acre. The treatment applied for day 48
contained mancozeb (3lb), sulfur (3lb) and Rally (4 oz). All treatment applied at day 71 contained Vangard (8 oz).
x 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)
v Disease severity = percentage of area of leaves or bunches that is diseased: 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)
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MOLECULAR IDENTIFICATION OF MEALYBUG SPECIES, VECTORS OF GRAPEVINE
LEAFROLL DISEASE, IN VIRGINIA
Hover, S. S-M. Jones, T.J., Nita, M.N.*
Virginia Polytechnic Institute and State University
AHS Jr. Agricultural Research and Extension Center
595 Laurel Grove Rd
Winchester, VA 22602
* - Corresponding author
One of the most common diseases found in grapevine growing regions throughout the
world is Grapevine leafroll disease (GLD). Grapevine leafroll associated viruses (GLRaVs), are
phloem-limited viruses that can cause GLD. There are at least ten known GLRaVs that can
infect the grapevine and cause significant disease (Fuchs, 2007; Fuchs et al., 2009). An
infection with GLD causes a number of symptoms that can affect the overall quality of wine
produced from diseased grapes (Fuchs et al., 2009; Rayapati et al., 2008; Cabaleiro et al.,
1999). These symptoms include reduced crop yield and grape quality, decreased berry color
intensity, and a reduction in Brix (Kovacs et al., 2001). In vineyards with high infection rates,
crop losses can range from 30% to 50%, thus causing significant detriment to an annual harvest
(Fuchs et al., 2009). An infected vine will exhibit loss of vigor, making the vine more susceptible
to environmental stress factors and further decreasing the ability to produce healthy grapes.
Transmission of GLRaVs occurs by vegetative propagation, grafting, and through insect
vectors. Insect vectors are a major source of transmission and infection, specifically mealybugs
[Pseudococcidae] and soft scales [Coccidae]) are most commonly associated with GLRaVs
(Fuchs et al., 2009; Rayapati et al., 2008; Charles et al., 2006). It has been shown that these
insects can transmit four of the known ten GLRaVs (GLRaV-1, -3, -5, and -9) between
grapevines (Fuchs et al. 2009; Martelli et al., 2002). Mealybugs and scale insects are in the
order Hemiptera, which is a large and diverse group that is most notably characterized by their
piercing/sucking mouthparts (Johnson and Triplehorn, 2005). Mealybugs and scale insects are
in the superfamily Coccoidea, and families Pseudococcidae (mealybugs) and Coccidae (soft
scales, wax scales, tortoise scales) (Johnson and Triplehorn, 2005). Currently Coccidae and
Pseudococcidae are the only known vectors of GLRaVs.
Mealybugs are commonly found in Virginia vineyards, and are of particular interest in
this study. Mealybugs are small and white, with waxy secretions that cover their body (Johnson
and Triplehorn, 2005). These insects secrete honeydew, which serves as a major attractant to
ants. Ants utilize the sugar source and are often found “herding” mealybugs and protecting them
from various predators. Mealybugs often live and can be found under leaves, in clusters, under
bark, or along roots.
There are over 240 different species of mealybugs in North America, many of which
cause problems by feeding on crops or vectoring diseases between crops (Johnson and
Triplehorn, 2005). Mealybugs can be found on grapes, citrus, pistachios, sugarcane, pineapple,
coffee, cassava and many others. The transmission of diseases by these vectors occurs by way
of feeding. Mealybugs transmit GLRaV-3 in a semi-persistent manner (Martelli et al., 2002) and
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will acquire GLRaV-3 from an infected vine, travel to another vine and spread the disease by
feeding on another non-infected vine up to 5 days after acquisition. Transmission of GLRaVs
only occurs with the female mealybug. Female mealybugs do not have wings, and must travel
from vine to vine by short-distance crawling (Grimes & Cone, 1985; Fuchs, 2007) or wind
movement throughout the vineyard. Male mealybugs do not have mouthparts, and therefore
cannot feed or transmit the disease (Grimes & Cone, 1985; Fuchs, 2007). The transmission
efficiency has been found to be about 15-25%, with the acquisition of the virus when feeding
from an infected vine takes approximately 0.25-12 h and can stay in the vector for 12 h to 5
days (Charles et al., 2006). This suggests that the mealybug is an efficient vector of these
devastating viruses.
There is no detailed knowledge of what species of mealybugs are currently present in
Virginia. However, mealybugs have been found abundantly throughout Virginia vineyards. It is
known that some species are more problematic than others. For example, the Vine mealybug,
which is able to transmit GLRaV-3 and is a very problematic vector in California vineyards, can
cause extensive vine and berry damage. The Vine mealybug also has overlapping and frequent
generations, making it hard to control. The objective of this study is to determine what species
of mealybugs (vectors of GLD) are present in the state of Virginia.
Mealybug identification was performed on multiple samples taken from commercial
vineyards across the state as well as from vines at the AHS Jr. AREC (Winchester, VA). A
multiplex protocol that was adapted from Daane et al. (2011) was used to identify the species of
collected vineyard mealybugs. Various vineyards were searched and 75 total mealybugs were
collected. For total DNA extraction, the QIAGEN DNeasy Blood and Tissue kit was used. The
mealybug multiplex PCR was performed using the QIAGEN Multiplex PCR kit. Primer design
and amplification protocol used were identical to those in Daane et al., (2011) testing for seven
common vineyard mealybug species. The PCR reactions were placed into a PCR machine with
the following thermalcycling conditions: 95 °C for 15 minutes, 30 cycles of 94° C for 30
seconds, 53°C for 90 seconds, and 72°C for 90 seconds, and 72 °C for 10 minutes. PCR
products were then purified using the QIAquick PCR Purification kit. Purified PCR products
were run on a 1.2% agarose gel and sent in for sequencing.
Results from the gel electrophoresis show that two bands appeared on the gel. One band
appeared at 150 bp and the other at around 425 bp. The 150 base pair product is
representative of the expected product of Ferrisia gilli (Gill’s mealybug). The 425 bp product
band was in between two expected product band ranges (400 bp for Ps. Maritimus (Grape
mealybug) and 450 bp for Pl. ficus (Vine mealybug). Sequencing results confirmed the results
found from the multiplex PCR in regards to the Gill’s mealybug. The isolates found in Virginia
vineyards were similar to two isolates from Arizona. Sequencing returned unconfirmed results
for 425 bp band with no significant matches to these sequences.
The multiplex PCR for vineyard mealybugs positively detected the presence of one
mealybug species, with unclear results in detection of the second found mealybug species.
Ferissia gilli (or Gill’s mealybug), has now been confirmed to be in Virginia. Our preliminary data
shows the ability to amplify GLRaV-3 from total genomic Gill’s mealybug DNA. This indicates
that Gill’s mealybug can acquire GLD but is not indicative of transmission. Further transmission
assays will need to be done to determine the ability to transmit GLD. Finding significant
populations of Gill’s mealybugs in Virginia is an unexpected result because the Gill’s mealybug
is commonly seen causing damage on pistachios in tropical climates (Gullan et al., 2003;
Haviland et al., 2006).
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The unconfirmed species found no exact matches, but previous morphological
identification (Dr. Ian Stock (UF)) of mealybug species in Virginia confirmed the Grape
mealybug to be present in Virginia. This may imply that the unknown species could in fact be a
Grape mealybug. Further examination of the COI gene is necessary to further validate this
implication. The Grape mealybug is known to efficiently transmit GLRaV-3, therefore it is
important to determine what this unknown species is.
This study confirms that at least one (and possibly two) vectors of GLD are present in
the state of Virginia.
Acknowledgements: the Virginia Wine Board supported this project. We thank commercial
vineyards in Virginia for their participation in this study.
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A SURVEY OF GRAPEVINE VIRUSES IN VINEYARDS IN VIRGINIA
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Grapevines can be infected with over 60 known viruses, the most detected in any
perennial crop worldwide (Rayapati, 2012). Of these, Grapevine leafroll disease (GLD) is one of
the most common diseases found in all grapevine growing areas of the world. GLD can be
caused by any one of at least ten known phloem-limited viruses, referred to as the grapevine
leafroll associated viruses (GLRaVs) (Fuchs, 2007; Fuchs et al., 2009). GLD can significantly
reduce both crop yield and grape quality (Kovacs et al., 2001). Berry color intensity, titratable
acidity, pH, and Brix can be reduced and, thus, negatively affect the wine quality (Fuchs et al.,
2009; Rayapati et al., 2008; Cabaleiro et al., 1999). Other viruses, such as those belonging to the
Rugose wood complex (Rupestris stem-pitting-associated virus-1 (RSPaV-1), Grapevine virus A
(GVA), Grapevine virus B (GVB)) canc cause a slow decline of grapevines and are also very
common throughout the world. In addition, infection by multiple viruses can affect fruit quality.
For example, fruit quality parameters of vines infected with both GLRaV-3 and Grapevine fleck
virus (GFkV, genus Maculavirus) were inferior to those of healthy vines and vines infected only
with GLRaV-3 (Kovacs et al., 2001). Therefore, a survey was conducted between 2009 and
2012 to detect ten different viruses (GLRaV-1, GLRaV-2, GLRaV-3, GLRaV-4, GLRaV-5,
GLRaV-9, RSPaV-1, GVA, GVB, GFkV) present infceting grapevines in vineyards.in the state
of Virginia.
Randm petiole samples were collected from different locations on a vine (e.g. petioles
from random shoots on the vine all over the canopy, including the top, middle, bottom and
edges) and pooled for testing from vineyards in Virginia. In some cases, intensive sampling
schemes were used (e.g. ‘X’ number of vines by ‘X’ number of rows within the same field). The
petiole samples were sealed in a plastic bag and stored in a cooler containing ice. In the lab, 0.25
g of each sample was placed into grinding bags (BIOREBA, Switzerland) containing 5 ml of a
filter-sterilized grapevine extraction buffer (1.59 g/liter Na2CO3, 2.93 g/liter NaHCO3, 2%
Polyvinylpyrrolidone-40, 0.2% Bovine Serum Albumin, and 0.05% Tween 20) (Sigma-Aldrich
Co. LLC, St. Louis, MO), and ground using a mechanical grinder (BIOREBA, Switzerland,
Homex 6 [115V]). Crude extracts were then transferred into 1.5-ml microcentrifuge tubes and
stored at -80°C. Stored crude extract was then used in a one-tube, one-step RT-PCR protocol
that was developed by Dr. Rayapati (Washington State University) for the detection of different
viruses (Rowhani et al., 2000; Naidu et al., 2006; Rayapati et al., 2008) using ten virus specific
primers. Wild grapevines were also collected throughout the state and tested for viruses utilizing
the same method.
A total of 77 different vineyards were visited in Virginia, and around 1,300 cultivated
grapevine samples were taken throuhgout 39 different wine grape varieites. Thus far, 8%, 25%,
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and 1% of vines were positive for GLRaV-2, GLRaV-3, and GFkV, respectively. With just
those three viruses, 64% of the total vineyards surveryed were postivie for at least one infected
grapevine. Almost 60% of the total vines sampled and tested so far have been positive for
RSPaV-1, while 5.5% and 1.3% of vines were positive for GVA and GVB, respectively. Less
than 1% of the total vines tested were positive for GLRaV-1, GLRaV-4, GLRaV-5, and GLRaV9. A total of 100 wild grapevines were sampled none of which were positive for any viruses.
One intensive sampling block that was tested in three consecutive years showed spread of
GLRaV-3 in all years and significant levels of aggregation were also present. Vine planted prior
to 1990 had a significantly higher chance of being infected with a virus than vines planted after
1990. Similarly, vines that were infested with mealybugs had a significantly higher chance of
being infected with GLRaV-3. It was also found that visual symptoms are not a good indicator
of virus infection or lack-thereof.
As expected, GLRaV-3 was the most common grapeivne leafroll-associated virus.
Similarly, there was a high incidence of RSPaV-1 infected vines, which was expected as RSPaV1 is not a targeted virus for clean plant materials. All ten viruses surveyed were found within the
state in the samples tested thus far. With a more detailed knowledge of what viruses are present
in Virginia, we can hope to get a baseline for further research that may be necessary.
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PRELIMINARY REVIEW OF THE INFECTIONOF
GRAPE CLUSTERS ON TWO SPECIES OF COLLETOTRICHUM.
Charlotte Oliver, Mizuho Nita
Alson H. Smith Jr. AREC
Winchester, VA 22602
Ripe rot, which is caused by two pathogens Colletotrichum acutatum and C.
gloeosporioides, is often considered a relatively minor disease for wine grape
production but, the damage can be detrimental to production. In 2010, there were a few
growers in VA who lost more than 30% of their potential crop due to this disease (Nita,
personal communication). The pathogen from 2010 season was confirmed as C.
gloeosporioides by the Plant Disease Clinic at Virginia Tech. The suffering growers all
agreed that the wine quality was hugely compromised by infected berries. Diseased
berries tended to reduce freshness and added unwanted spicy, sometimes described as
tobacco-like, flavor to wine. Thus, the actual damage can be far greater than direct
reductions of yield. A study by Meunier (2009) indicated that only 3% contamination can
results in noticeable changes in flavor and color. Due to these pathogens’ optimal
conditions [humid and warm (25-28C)], and a warming treand in recent climates, we are
expecting to see more ripe rot incidences in VA.
Although both C. acutatum and C. gloeosporioides are economically significant
pathogens on many crops, the life cycle of ripe rot pathogens on grape has not been
well studied. The overwintering stage is on either the infected and mummified berries or
possibly on infected canes. In spring, the pathogen produces fruiting bodies called
acervuli, containing conidia (spores) that are disseminated by rain events onto healthy
grape tissues to cause disease. Berries are susceptible throughout all growth stages. If
berry infection occurs at bloom or soon after fruit set, the pathogens cause latent
infection, which is asymptomatic infection period when the pathogen is either
establishing itself or staying dormant. Although fruit rot is economically important
disease phase, based on the previous studies on strawberry and apple, it is probably
reasonable to assume that these pathogens can infect wide range of grape tissues
including, canes, leaves, and berries. It tends to appear on the upper side of berries,
and is often misdiagnosed as sunburn or heat damage, especially on white varieties.
The lesion then becomes a circular lesion with brown concentric rings in which
numerous fruiting bodies (acervuli) reside. Pinkish to salmon-pink masses of conidia
(spores) can be observed on these fruiting bodies and once a berry is covered with
acervuli, it will shrink and appear mummified.
There are multiple important knowledge gaps on this pathosystem. These are: 1)
Lack of information on the infection conditions and difference between two species; 2)
Lack of information on winter survival; 3) Unknown stages of their lifecycle that they
behave as biotroph or epiphytic on non-symptomatic tissues; 4) Uncertainty of true
economic significance, which is difficult to determine due to symptoms that resemble
sunburn. These gaps can hinder the development of a proper disease management
tactics. In this presentation several preliminary studies that are the backbone of future
studies to eliminate these knowledge gaps.
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In the preliminary studies, a small number of potted grapevines (cultivar
‘Cabernet sauvignon’) with fruit clusters were inoculated with a culture of C. acutatum in
2011 and 2012 seasons. Infection was made at bloom, pea-size, bunch closure, and
veraison in 2011, and was made at bloom, bb-size, pea-size, bunch closure, veraison,
and 2-weeks after veraison in 2012. The data suggests that the infection can occur at
any growth stages of clusters; however, the intensity of disease symptoms differed.
Disease severity increased with more mature grape clusters. In general, it was
confirmed that this pathogen could cause infection at any growth stages tested, and
there was an increase trend in disease severity toward the end of the season.
Likewise, several clusters of varieties Cabernet Franc and Merlot were inoculated
at several cluster growth stages in field during 2012. Inoculation was made at was
made at bloom, bb-size, pea-size, bunch closure, veraison, and 2-weeks after veraison
in 2012 with an exception of an omission of inoculation at bloom infection of Merlot.
The dataset was analyzed using a linear mixed model (JPM 10, SAS institute, Cary,
NC), and both variety (p=0.013) and inoculation date (p=0.002) were significant. It was
found that there were two spikes in occurrence at bloom and BB-size to bunch closure
which are significantly higher in disease severity than the background infection level
indicating, once again, that the infection can happen anytime between bloom and
harvest, and early season infection can result in high disease severity at the end of the
season.
Acknowledgements: Dr. Nita for the opportunity and Kathleen Yoblonski for performing
the work.
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EVALUATION OF VAPOR GARD ON WINE GRAPES IN PENNSYLVANIA
Bryan Hed1, and Noemi Halbrendt2
Dept. Plant Pathology, Penn State University, (1) North East, Pennsylvania 16428; (2)
Biglerville, Pennsylvania 17307
Late in 2011, wine grape growers in Pennsylvania expressed an interest in examining the
effects of Vapor Gard on fruit quality. According to the manufacturer, Miller Chemical and
Fertilizer Corporation, Vapor Gard is a water emulsifiable organic concentrate that forms a clear,
glossy, elastic film on plant surfaces that retards moisture loss and maintains healthy foliage. The
label claims that Vapor Gard may improve quality of various fruit crops. This project proposed
to examine the effects of Vapor Gard on crop health and quality in wine grape vineyards in
Pennsylvania. Our goal was to better define the spectrum of effects that can be achieved by
variations in application timing on grape varieties important to the Pennsylvania wine grape
industry.
Vapor Gard was evaluated at label rate and timing and at two ‘off label’ rates and timings:
1) Label rate and timing (1% solution just before bunch closure)
2) Flower separation and again 2 weeks later, at 3% solution (for cluster loosening and rot
control).
3) During ripening at 1%, for effects on berry splitting and juice quality.
At the Lake Erie Regional Grape Research and Extension Center (LERGREC) and the Fruit
Research Station (FREC), Vapor Gard was also compared with leaf removal at trace bloom and
at fruit set (currently recommended timing) to determine if Vapor Gard can mimic the beneficial
effects of these treatments (1-3) for bunch rot control. At LERGREC, all treatments, except for
the untreated control, were applied as amendments to a reduced chemical program for bunch rot:
two Botrytis spp.-specific fungicide applications made prior to cluster closure (pre-close) and at
veraison.
Results
Lake Erie Regional Grape Research and Extension Center (LERGREC)
- Chardonnay, Cluster rots: Almost all cluster rot was from Botrytis. Frequent rainfall,
especially during the last week of the ripening period, created favorable conditions for
this fungus. Vapor Gard did not reduce rot development at any rate or timing; in fact, rots
were numerically greater where vapor gard was used, but the increases were not
statistically significant. Leaf removal was the most effective way to reduce the number of
Botrytis fungicide applications without sacrificing rot control, significantly reducing the
incidence (percentage of clusters with rot) of bunch rot over two Botrytis fungicides
alone. Only the early leaf removal timing (trace bloom) significantly reduced the severity
of bunch rot over two Botrytis fungicides alone (by almost 70%). All other amendments,
including the addition of Pristine at bloom and Elevate at pre-harvest, failed to improve
rot control over the reduced Botrytis chemical program alone (Figure 1). Cluster samples
were collected and frozen to determine effects of Vapor Gard on juice quality. These
evaluations will be completed by spring of 2013.
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-

Chardonnay, Powdery mildew: The application of leaf removal (at either timing) and two
additional Botrytis spp specific fungicides, significantly reduced powdery mildew
development on Chardonnay fruit over the basic ‘two Botrytis fungicide’ program, but
the early (trace bloom) leaf removal was the most effective (50% reduction on fruit).
There were no significant reductions of powdery mildew from any Vapor Gard
treatments. There was no significant effect on yield per vine from any treatment.
Figure 1: Chardonnay, Botrytis
Lake Erie Regional Grape Research and Extension Center, North East Pa
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Riesling, Cluster rots: At LERGREC, harvest rots in Riesling were reduced most by
cluster zone leaf removal, either at trace bloom (34% reduction) or 2-3 weeks post bloom
(46% reduction), but none of these reductions were statistically significant. Vapor Gard,
applied at flower separation and again 2 weeks later, at 3% solution (for cluster loosening
and rot control), reduced rots by only 5%. There were no treatment effects on yield
(cluster weights) when compared to the untreated check.

-

Chambourcin: Chambourcin typically produces large clusters that require thinning to
reduce crop and improve fruit quality; an expensive operation. At LERGREC, Vapor
Gard was applied to Chambourcin at flower separation and again 2 weeks later, at 3%
solution (off label; for effects on crop thinning and fruit quality). This treatment was
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compared to gibberellin (25 ppm at bloom) and an untreated check. Although powdery
mildew on fruit was not affected by treatment, Vapor Gard significantly reduced cluster
weight (by 32%) and fruit set (by 25%) when compared to the untreated check.
Gibberellin also reduced cluster weight and fruit set, but to a lesser degree. However,
gibberellin increased berry weight, whereas Vapor Gard did not, when compared to the
check. It must be noted though that a slight degree of phytotoxicity was observed
(necrotic spotting) on leaves directly sprayed with 3% Vapor Gard applications. This did
not appear to hinder canopy development. Cluster samples were collected and frozen to
determine effects of Vapor Gard on juice quality. These evaluations will be completed by
spring of 2013.
Fruit Research Station (FREC): All Vapor Gard treatments were applied as amendments to a
standard rot control program (sprayed check) consisting of 4 Botrytis spp specific fungicide
applications; at bloom, pre-close, pre-veraison, and pre-harvest. Treatments were applied to 4
premium wine varieties: Cabernet Franc, Chardonnay, Pinot Noir, and Riesling. Cluster rot on all
varieties was from a combination of Botrytis, sour rot organisms, and ripe rot (total rot). In
general, Vapor Gard applications provided little, if any, improvement in rot control on these
varieties.
- Cabernet Franc: Cluster rots were lowest on Cab Franc, when compared to the other 3
varieties. Vapor Gard, amended to the sprayed check, did not reduce the incidence or
severity of total rot development at any rate or timing, when compared to the sprayed
check alone.
- Chardonnay: Vapor Gard, amended to the sprayed check, did not reduce the incidence or
severity of total rot development at any rate or timing, when compared to the sprayed
check alone.
- Pinot Noir: Rots at harvest were most severe on this variety. As with Cab F and
Chardonnay, Vapor Gard did not reduce the incidence or severity of total rot
development at any rate or timing, when compared to the sprayed check alone.
- Riesling: Rots at harvest took a heavy toll on Riesling as well, but Vapor Gard, amended
to the sprayed check, significantly reduced the severity of total rot development at all
rates and timings, when compared to the sprayed check alone. However, the reductions
were small, ranging from 10-26% (1% solution at pre-close and veraison). Cluster zone
leaf removal and gibberellin application (25 ppm at bloom) also significantly reduced
total rot severity on fruit when compared to Botrytis fungicides alone. The early leaf
removal timing (at trace bloom) was the most effective amendment (31 % reduction),
being significantly more effective than all other amendments except Vapor Gard at 1%
solution at pre-close and veraison.
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canopies associated with leaf removal and control of Botrytis bunch rot. Phytopathology 79:395401.
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CONTROL OF APPLE DISEASES WITH TOPGUARD AND FONTELIS
Alan R. Biggs
West Virginia University
Tree Fruit Research and Education Center
P. O. Box 609
Kearneysville, WV 25430
Topguard alternated with Pristine, Fontelis alone or mixed with Manzate or Captan, and a
standard alternation of Rally + Manzate and Flint + Manzate were evaluated for early-season
disease control in a 12-yr-old research orchard of apple cultivar ‘Rome’ spaced 4.3 m x 7.3 m on
M.111 rootstock. The test was conducted in a randomized block design with four single-tree
replications per treatment. Treatments were applied from both sides of the row with a Swanson
model DA-500 airblast sprayer (935 L/ha, 100 gal/A) as follows: 27 Mar (tight cluster, TC), 3
Apr (pink, P), 13 Apr (bloom), 20 Apr (extended bloom, B), 25 Apr (petal fall, PF), 11 May
(first cover, 1C), and 24 May (second cover, 2C) (Table 1). Maintenance insecticide sprays were
applied separately with the same equipment. Control of summer diseases was accomplished with
Captan 80WDG + Topsin-M 70WP applied at approximately 14-day intervals at 3rd through 7th
cover to all the trees in the block. Total precipitation (inches) in Mar, Apr, May, Jun, Jul, Aug,
and Sep was 1.0, 2.8, 6.6, 2.5, 2.3, 4.9 and 4.4, respectively. Twelve early season infection
periods (prior to 1 June) were followed by 19 additional infection periods from the period 1 Jun
through 3 Sep. Nine infection periods occurred during the test period (TC through 2C). Generally
warm temperatures in March were very favorable for early season plant development. Disease
incidence on leaves was determined on 7 Jun from 10 terminal shoots per tree from single-tree
plots in each of the four replications. Incidence of diseases on fruit was determined on 4 Jun and
21 Sep from 100 and 25 fruit, respectively, from each treatment and block (400 and 100 total
fruit per treatment in Jun and Sep, respectively). Percent data were transformed (arcsin
transformation) and subjected to analysis of variance and means separation with the WallerDuncan k-ratio t-test.
Non-sprayed foliage in Jun showed 61% of leaves with scab and 7% of leaves with
cedar-apple rust. For leaf scab, all treatments were significantly better than the nonsprayed
control and not significantly different from each other (Table 1). Fontelis without Manzate
(treatment 3) and Manzate + Captan (treatment 4) were less effective for cedar apple rust than
the Rally/Flint, Topguard, or other Fontelis treatments; although two of the Fontelis treatments
were not significantly better than the control. Fruit from nonsprayed trees showed 36% and 82%
of the fruit with scab in Jun and Sep, respectively. All treatments were significantly better than
the nonsprayed control but not different from each other in Jun and Sep (Table 2). Least control
of all diseases at harvest was observed in the Fontelis at 20 oz. treatment with only 43% clean
fruit. Incidence of fly speck and total rots at harvest were not significantly different from the
other treatments and the control (data not shown). For sooty blotch, all treatments were similar to
each other and significantly better than the control. No phytotoxicity was observed in any of the
treatments.
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Table 1. Fungicide treatments, amounts, application timing, and percent of apple cultivar
“Rome’ leaves showing signs and symptoms of apple scab and cedar apple rust in early
June, 2012.
No. Treatment
Fungicide

1. Manzate 75DF + Captan 80WDG
Manzate 75DF + Fontelis
Captan 80WDG + Topsin-M 70WP….
2. Manzate 75DF + Captan 80WDG
Captan 80WDG + Fontelis
Captan 80WDG + Topsin-M 70WP….
3. Captan 80WDG
Fontelis
Captan 80WDG + Topsin-M 70WP….
4. Manzate 75DF + Captan 80WDG
Captan 80WDG + Topsin-M 70WP….
5. Topguard + Koverall 75
Pristine 38WG + Koverall 75
Captan 80WDG + Topsin-M 70WP….
6. Manzate 75 + Rally 40W
Manzate 75 + Flint 50WG
Captan 80WDG + Ziram 76DF
Captan 80WDG + Topsin-M 70WP….
7. Untreated………………………..........
Captan 80WDG + Topsin-M 70WP….

z Application

Amount/A

Timingz

3 lb + 2 lb
TC,1C
3lb + 14 fl oz
P,B1,B2,PF
2 lb + 8 oz
2C-7C
3 lb + 2 lb
TC,1C
2 lb + 14 fl oz
P,B1,B2,PF
2 lb + 8 oz
2C-7C
5 lb
TC,1C
20 oz
P,B1,B2,PF
2 lb + 8 oz
2C-7C
3 lb + 2 lb
TC,P,B1,B2,PF,1C
2 lb + 8 oz
2C-7C
13 fl oz + 3 lb TC,B1,B2,1C,2C
16.5 oz + 3 lb
P,PF
2 lb + 8 oz
3C-7C
3 lb + 5 oz
TC,PF,1C
3 lb + 2.5 oz
P,B1,B2
2 lb + 3 lb
2C,3C
2 lb + 8 oz
4C-7C
--TC – 2C
2 lb + 8 oz
3C – 7C

Scab (%)
17.0

bw

Leaves – 7 Jun y

Cedar-apple rust (%)
3.0 abc

13.7 b

1.3 bc

16.3 b

6.0 ab

18.3 b

4.7 ab

14.7 b

0.0 c

61.3 a

6.7 a

18.3 b

0.0 c

timings: TC = 27 Mar, P = 3 April, B1 = 13 Apr. B2 = 20 Apr, PF = 25 Apr, 1C = 11 May, 2C = 24 May, 2012.
are mean percent incidence from 10 terminal shoots per tree from each of four single-tree replicates arranged in
randomized blocks. Different letters within columns denote significant differences among arcsine-transformed
percentage values. Percentages reported in columns.
x Data are mean percent incidence from 100 (Jun) or 25 (Sep) fruit per tree from each of four single-tree replicates
arranged in randomized blocks. Different letters within columns denote significant differences among arcsinetransformed percentage values. Percentages reported in columns.
w Means marked with the same letter are not significantly different within columns among arcsine-transformed
percentage values according to the Waller Duncan K-ratio t-test (K=100; α=0.05);. Actual percentages reported in
columns.
y Data
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Table 2. Fungicide treatments, amounts, application timing, and percent of apple cultivar
‘Rome’ fruit showing signs and symptoms of apple scab and sooty blotch in June and
September, 2012.
No. Treatment
Fungicide

1. Manzate 75DF + Captan 80WDG
Manzate 75DF + Fontelis
Captan 80WDG + Topsin-M 70WP….
2. Manzate 75DF + Captan 80WDG
Captan 80WDG + Fontelis
Captan 80WDG + Topsin-M 70WP….
3. Captan 80WDG
Fontelis
Captan 80WDG + Topsin-M 70WP….
4. Manzate 75DF + Captan 80WDG
Captan 80WDG + Topsin-M 70WP….
5. Topguard + Koverall 75
Pristine 38WG + Koverall 75
Captan 80WDG + Topsin-M 70WP….
6. Manzate 75 + Rally 40W
Manzate 75 + Flint 50WG
Captan 80WDG + Ziram 76DF
Captan 80WDG + Topsin-M 70WP….
7. Untreated………………………..........
Captan 80WDG + Topsin-M 70WP….

z Application

Amount/A

3 lb + 2 lb
3lb + 14 fl oz
2 lb + 8 oz
3 lb + 2 lb
2 lb + 14 fl oz
2 lb + 8 oz
5 lb
20 oz
2 lb + 8 oz
3 lb + 2 lb
2 lb + 8 oz
13 fl oz + 3 lb
16.5 oz + 3 lb
2 lb + 8 oz
3 lb + 5 oz
3 lb + 2.5 oz
2 lb + 3 lb
2 lb + 8 oz
--2 lb + 8 oz

Timingz

TC,1C
P,B1,B2,PF
2C-7C
TC,1C
P,B1,B2,PF
2C-7C
TC,1C
P,B1,B2,PF
2C-7C
TC,P,B1,B2,P
F,1C
2C-7C
TC,B1,B2,1C,
2C
P,PF
3C-7C
TC,PF,1C
P,B1,B2
2C,3C
4C-7C
TC – 2C
3C – 7C

Fruit
scab
4 Jun

Fruit diseases x
Fruit
scab
21 Sep

Sooty
blotch
21 Sep

No disease
21 Sep

0.5 b

14.0 b

1.0 b

67.0 a

1.0 b

19.0 b

2.0 b

43.0 b

1.6 b

15.0 b

2.0 b

61.0 ab

0.0 b

4.0 b

1.0 b

67.0 a

0.6 b

15.0 b

1.0 b

63.0 a

35.5 a

82.0 a

9.0 a

10.0 c

0.0 b

12.0 b

1.0 b

62.0 ab

timings: TC = 27 Mar, P = 3 April, B1 = 13 Apr. B2 = 20 Apr, PF = 25 Apr, 1C = 11 May, 2C = 24 May, 2012.
are mean percent incidence from 10 terminal shoots per tree from each of four single-tree replicates arranged in
randomized blocks. Different letters within columns denote significant differences among arcsine-transformed
percentage values. Percentages reported in columns.
x Data are mean percent incidence from 100 (Jun) or 25 (Sep) fruit per tree from each of four single-tree replicates
arranged in randomized blocks. Different letters within columns denote significant differences among arcsinetransformed percentage values. Percentages reported in columns.
w Means marked with the same letter are not significantly different within columns among arcsine-transformed
percentage values according to the Waller Duncan K-ratio t-test (K=100; α=0.05);. Actual percentages reported in
columns.
y Data
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EVALUATION OF CAPTAN AND FONTELIS TANK MIXES IN RED DELICIOUS APPLE
FOR CROP SAFETY
Alan R. Biggs
West Virginia University
Tree Fruit Research and Education Center
P. O. Box 609
Kearneysville, WV 25430
Tank mixes of Captan 80WDG and Fontelis at three rates, along with the two products
applied alone at three rates each, were evaluated for crop safety in in a 2.1 acre block of 27-yrold Red Delicious trees on M.7A rootstock. Trees measured approximately 12 ft. in height and
11.5 ft. in width and were planted at a spacing of 12 x 18 ft. The test was conducted in a
completely randomized design with four single-tree replications per treatment, with each
replicate surrounded by at least one unsprayed tree on each side and with buffer rows between
rows containing treatment trees. Treatments were applied from both sides of the row with a
Swanson model DA-500 air blast sprayer (935 L/ha, 100 gal/A, 2.6 mph) as follows: 27 Mar
(pink, P), 3 Apr (bloom, B), 13 Apr (petal fall, PF), and 30 Apr (first cover, 1C) (Table 1).
Maintenance insecticide and fungicide sprays were applied separately with the same equipment.
Other materials applied separately to all treatments were Assail, Rimon, Calcium Chloride,
Calypso, Delegate, Imidan, Indar, Inspire Super, Intrepid, Lannate, Manzate Prostick, Pristine,
Provado, Solubor, Topsin-M, Warrior, and Ziram. Control of diseases after first cover was
accomplished with Captan 80WDG + Topsin-M 70WP applied at approximately 14-day intervals
at 2rd through 7th cover.
Foliage was examined visually at approximately 5 to 7 days after each of the four spray
applications. A final visual foliage assessment was conducted on 15 May by counting the total
number of leaves on 5 terminal shoots per treated tree, the number of leaves with visible injury,
and the number of lesions per leaf on injured leaves. Sub-samples of injured leaves were
collected and brought into the laboratory where they were scanned and subjected to analysis with
Assess 2.0 software to determine percent leaf area affected. Data were analyzed with SAS
Statistical Software using analysis of variance and Waller-Duncan k-ratio t-test to separate
differences among means. Fruit were examined for finish quality at harvest by determining the
percent of fruit surface with russet from 25 fruit per treated tree.
The 2012 growing season was atypical with warm temperatures in March leading to early
bud break and bloom. A freeze on 27 Mar led to an extended bloom period, accompanied by
generally cooler temperatures in April. Low monthly rainfall in March and April provide only
four apple scab infection periods during the test period. Total precipitation (inches) in Apr and
May, was 1.04 and 2.82, respectively. Injury to foliage was first noticed after the third
application as purple stippling approximately 1 mm in diameter or less on the adaxial leaf
surfaces (Fig. 1). The purple stippling eventually developed into necrotic spots more typical of
what is commonly regarded as “captan injury” on Red Delicious foliage, with tan to brown,
circular lesions approximately one to 5 mm in diameter, sometimes coalescing into larger
necrotic areas (Fig. 2).
Foliage from tank mix treatments showed a mean of 17.3% of leaves with injury, which
was significantly greater than treatments with either captan alone or Fontelis alone, which were
not significantly different from each other (3.2 and 7.8 %, respectively). For severity (numbers of
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lesions per injured leaf), foliage from tank mix treatments showed a mean of 20.0 lesions/leaf,
which was significantly greater than treatments with either captan alone or Fontelis alone, which
were not significantly different from each other (2.9 and 5.4 %, respectively). These data
suggest a synergistic effect of the two materials leading to the observed phytotoxicity.
In the tank mix group (treatments 1, 2, and 3), the most injury was observed in treatment
3 with the highest concentrations of captan and Fontelis (26.7% of leaves, 39.8 lesions/leaf, and
6.9% leaf area on symptomatic leaves), followed by treatment 2 (15.3% of leaves, 10.6
lesions/leaf, and 6.8% leaf area on symptomatic leaves), and treatment 1 (the proposed field use
rate, at 9.8% of leaves, 9.5 lesions/leaf, and 4.3% leaf area on symptomatic leaves) (Table 1). In
the Fontelis group (treatments 4,5, and 6), the highest proportion of injured leaves was observed
in treatment 4 with the lowest concentrations of Fontelis (12.7% of leaves, 7.9 lesions/leaf, and
3.4% leaf area on symptomatic leaves), followed by treatment 5 (5.0% of leaves, 3.0 lesions/leaf,
and 6.0% leaf area on symptomatic leaves), and treatment 6 (5.6% of leaves, 5.4 lesions/leaf, and
5.2% leaf area on symptomatic leaves) (Table 1), with the latter two treatments not significantly
different from each other and with significantly fewer leaves injured (%) than treatment 4 (the
proposed field use rate of Fontelis). In the captan group (treatments 7, 8, and 9), the most injury
was observed in treatment 8 with the 3.75 lb/acre concentration of captan (4.8% of leaves, 5.5
lesions/leaf, and 0.4% leaf area on symptomatic leaves), however, all captan treatments were
similar to each other and not significantly different from the non-sprayed control (Table 1). Leaf
area injured on symptomatic leaves was less than in the other two treatment groups and not
significantly different from the non-sprayed control. No phytotoxicity was observed in any of the
non-sprayed treatments. No injury to fruit was observed in any of the treatments (Table 2).
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Table 1. Injured leaves (%), number of lesions/leaf on injured leaves, and leaf area injured on
symptomatic leaves (% area) for Red Delicious apple leaves treated with captan and Fontelis
alone or in mixtures.
Leaf area
Lesions/leaf injured – on
Leaves
– on injured symptomatic
injured
Flag color
Treatment
Rate/Acre
leaves (#)x
leaves (%)y
w
(%)
Red
1. Captan 80W
1.875 lb
9.8 bcz
9.5 b
4.3 abc
+
+
Fontelis
16 oz
Blue

2. Captan 80W
3.75 lb
15.3 b
10.6 b
6.8 a
+
+
Fontelis
32 oz
Black
3. Captan 80W
7.5 lb +
26.7 a
39.8 a
6.9 a
+ Fontelis
64 oz
Red/White
4. Fontelis
16 oz
12.7 b
7.9 bc
3.4 bcd
Blue/White
5. Fontelis
32 oz
5.0 cde
3.0 cde
6.0 ab
Red/Black
6. Fontelis
64 oz
5.6 cd
5.4 bcd
5.2 abc
Blue/Black
7. Captan 80W
1.875 lb
2.3 de
1.8 de
2.6 cde
Green/Black
8. Captan 80W
3.75 lb
4.8 cde
5.5 bcd
0.4 e
Yellow/Black
9. Captan 80W
7.5 lb
2.7 de
1.5 de
1.5 de
White
10. Not sprayed
-0.0 e
0.0 e
0.6 e
w
Percentage of leaves showing injury on terminal shoots from five terminals per treated tree (20
total, shoots possessed approximately 15 leaves/shoot at the time of assessment (15 May)).
x
Mean number of lesions per leaf on injured leaves from five terminal shoots per treated tree.
y
Percent leaf area injured on leaves with lesions from a minimum of ten injured leaves from a
composite sample across replicates.
w
Means with different letters are significantly different according to the Waller-Duncan k-ratio
t-test (p ≤ 0.05).
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Table 2. Fruit russet categories at harvest for Red Delicious apple treated with captan and Fontelis alone or in mixtures.
0%
1 – 10%
11 – 25%
26 – 50%
Flag color
Red

Treatment

Rate/Acre

1. Captan 80W + 1.875 lb +
Fontelis
16 oz

No russet (%)u
35.0 az

Blue

5% russet (%)v 18% russet
(%)w
50.0 a
13.0 a

38% russet
(%)x
2.0 a

51 – 100%
More than
50% russet
(%)y
0.0 a

2. Captan 80W + 3.75 lb +
49.0 a
40.0 a
9.0 a
1.0 a
1.0 a
Fontelis
32 oz
Black
3. Captan 80W + 7.5 lb +
40.0 a
50.0 a
8.0 a
2.0 a
0.0 a
Fontelis
64 oz
Red/White
4. Fontelis
16 oz
44.0 a
49.0 a
6.0 a
1.0 a
0.0 a
Blue/White
5. Fontelis
32 oz
51.0 a
40.0 a
7.0 a
2.0 a
0.0 a
Red/Black
6. Fontelis
64 oz
49.0 a
42.0 a
8.0 a
1.0 a
0.0 a
Blue/Black
7. Captan 80W
1.875 lb
60.0 a
35.0 a
5.0 a
0.0 a
0.0 a
Green/Black
8. Captan 80W
3.75 lb
55.0 a
41.0 a
4.0 a
0.0 a
0.0 a
Yellow/Black
9. Captan 80W
7.5 lb
54.0 a
33.0 a
11.0 a
1.0 a
1.0 a
White
10. Not sprayed
-57.0 a
33.0 a
9.0 a
1.0 a
0.0 a
u
Percentage of fruit with no russet symptoms at harvest (100 total fruit (4 reps of 25 fruit/rep) (6 September)).
v
Percentage of fruit with 1 to 10% fruit surface area with russet symptoms at harvest (100 total fruit (4 reps of 25 fruit/rep) (6 September)).
w
Percentage of fruit with 11 to 25% fruit surface area with russet symptoms at harvest (100 total fruit (4 reps of 25 fruit/rep) (6 September)).
x
Percentage of fruit with 26 to 50% fruit surface area with russet symptoms at harvest (100 total fruit (4 reps of 25 fruit/rep) (6 September)).
y
Percentage of fruit with 51 to 100% fruit surface area with russet symptoms at harvest (100 total fruit (4 reps of 25 fruit/rep) (6 September)).
z
Means with different letters are significantly different according to the Waller-Duncan k-ratio t-test (p ≤ 0.05).
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Fig. 1. Appearance of leaves in treatment 3 on 4 May 2012.
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Fig. 2. Appearance of leaves in treatment 3 on 15 May 2012.
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EVALUATION OF INSECTICIDES AGAINST WOOLLY APPLE APHID
David Combs and W. H. Reissig
New York State Agriculture Experiment Station
Geneva, NY 14456
Field tests were conducted in a research orchard at the Cornell University’s
Agricultural Experiment Station in Geneva, NY to compare the efficacy of several
chemicals known to have activity against the woolly apple aphid (WAA). Treatments were
arranged in a RCB design and replicated four times in 2 tree blocks of ‘McIntosh’. These
plots were sprayed using handgun application at 300 dgpa. A full list of treatments
including materials used, application timings and rates is listed in Table 1. Because WAA
is a sporadic pest, two applications of Mesurol 75W (12.0 oz/A) were applied to the test
orchard on 6 Jun and again on 5 Jul in an attempt to flare populations in the test orchard.
WAA was sampled pre-application to determine population levels, as well as post
application (approx.7, 14, 28, 35 days PT) to determine efficacy. Because there are no
recommended treatment threshold levels for WAA in NY apple orchards, treatments were
applied when infestation levels exceeded 30.0% in all the plots. Threshold was reached on
24 Jul and applications were made on 25 Jul. Treatments were sampled by counting the
presence or absence of live WAA colonies on 100 terminals in each replicate. Data was
transformed and subjected to an AOV with JMP. Means were separated with Student’s t
test.
Seven days after the initial control spray, live colonies of WAA were substantially
reduced all test plots. WAA infestations in the untreated check plot also slightly dropped
but the check plots continued to have significantly higher numbers than that of the
treatments where a control measure was applied. . In previous years tests in this orchard,
applications were made with an air-blast sprayer and drift seemed to have a detrimental
effect on WAA populations in the untreated plots, therefore this year’s sprays were applied
by handgun sprayer to reduce this problem. Closer SC was applied at 2 different rates as
well as a one application vs. two applications program. The 2 treatments using 3.0 oz/A, (1
app vs. 2 apps) both had excellent control, indicating that a second application is not
warranted. The 4.0 oz/A rate, applied only once, also had excellent control. Movento
240SC did not have the immediate effect of the other materials in the trial and a second
application was used 21d after the initial treatment. Due to the systemic activity of this
material and the time of year applied, the tree was likely not able to absorb the product very
well due to hardening leaf surfaces. This would compare with previous years research
findings. However, very acceptable control levels were still achieved. One application of
the industry standard, Diazinon 50W at 2.0 lb/A, also provided excellent control.
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Evaluation of Insecticides Against Woolly Apple Aphid, 2012
Table 1
Treatment
Closer 240 SC
LI-700
Closer 240 SC
LI-700
Closer 240 SC
LI-700
Movento 240 SC
LI-700
Diazinon 50W

1
2
3
4
5
6

Rate/A
3.0 oz
32.0 oz
3.0 oz
32.0 oz
4.0 oz
32.0 oz
9.0 oz
32.0 oz
2.0 lb

Untreated Check

Timing
Approx. Threshold (25 Jul)
of 30% infestation
Approx. Threshold (25 Jul & 7 Aug)
of 30% infestation
Approx. Threshold (25 Jul)
of 30% infestation
Approx. Threshold (25 Jul & 13 Aug)
of 30% infestation
Approx. Threshold (25 Jul)
of 30% infestation

Table 2.
WAA Infested Terminals
Treatment
1
2
3
4
5
6

% inf.
6/18

% inf.
6/25

% inf.
7/2

5.25
11.25
7.25
8.75
8.25
13.75

11.0 A
9.0 A
12.3 A
9.8 A
7.0 A
13.8 A

7.25 AB
7.0 AB
4.75 B
12.8 A
7.0 AB
11.5 A

A
A
A
A
A
A

% inf.
7/11
11.8 B
18.5 AB
10.0 B
25.0 AB
23.8 AB
29.5 A

% inf.
7/18
21.8 B
33.0 AB
23.3 B
38.5 AB
45.0 AB
54.0 A

% inf.
7/24
40.8 B
47.5 AB
31.8 B
57.5 AB
52.0 AB
72.5 A

% inf.
7/30
9.25
11.5
6.25
17.8
1.5
58.8

BC
BC
BC
B
C
A

% inf.
8/7
2.0 BC
2.0 BC
0.8 C
8.8 B
0.5 C
30.5 A

Means followed by the same letters are not significantly different (P > 0.05) according to Student’s t-test.
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% inf.
8/13

% inf.
8/21

% inf.
8/27

0.0 C
0.0 C
0.0 C
3.25 B
0.0 C
9.75 A

0.2 B
0.0 B
0.0 B
3.0 B
0.0 B
29.0 A

0.0
0.0
0.75
1.0
0.0
7.25

B
B
B
B
B
A
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INTEGRATING PHENOLOGY, LIFE HISTORY, AND DISPERSAL
DATA FOR BROWN MARMORATED STINK BUG IN OREGON
Nik Wiman1,3, Peter Shearer2, Silvia Rondon1, and Vaughn Walton3
Hermiston Agricultural Research & Extension Center, 2Mid-Columbia Agricultural Research &
Extension Center, and 3Department of Horticulture, 4017 Ag. & Life Sci. Bldg., Oregon State University,
Corvallis, Oregon 97731
1

Brown marmorated stink bug (BMSB), Halyomorpha halys (Stål), is an ever-increasing threat to
specialty crops in Oregon. In 2012, our beat sample surveys indicated that BMSB is now established
in every county in the Willamette Valley, and BMSB was detected on farms for the first time,
although economic damage has not yet occurred. Our surveys also detected BMSB in Hood River
and Jackson Counties, which are important production areas for tree fruits. Development of
phenology models for BMSB is a high priority for researchers across the country, as these models
will provide the basic framework for management. This research report explores how laboratory
experiments performed on BMSB collected over a range of degree days (DD) might improve
understanding of phenology, population dynamics, and lead to improved phenology. The key concept
utilized in this research is that physiological status of adult BMSB collected from the field will be
reflected in life history parameters that are measured in the laboratory. One of the assumptions made
is that heat unit accumulations are equivalent regardless of the rate at which units are acquired, so
that life history events quantified on a DD scale under constant temperatures in the laboratory can be
translated to predict events in the field where DD are accumulated over different time intervals. Our
basic approach relies on life table data collected from BMSB representing dispersed field populations
of BMSB with known DD accumulations. Some individuals from these cohorts are placed on flight
mills for a 24 h assay to evaluate their flight capacity before they are placed in the life table study.
Preliminary results for overwintered indicate that BMSB survival (days lived) was negatively related
to the number of DD at the time of collection (P < 0.001), as was fecundity (number of eggs; P <
0.001), and fertility (number of eggs hatched; P < 0.01). These results support the hypothesis that
declining physiological status of BMSB as a function of increasing heat unit accumulation in the
field at the time of collection is captured in laboratory life history data. The survival of these BMSB
on a DD scale (TL = 12°C, TH = 33°C; Jan. 1 biofix) predicted an age-specific survival curve (Lx) for
BMSB in the field, which made some interesting predictions. The survival model predicted that 50%
mortality and 100% mortality for the overwintered generation occur at 600 and 1000 DD,
respectively. A small proportion (<10%) of the overwintered generation of adults was predicted to
survive over most of the season, and much longer than the period over which overwintered adults
were actually collected. Approximately 600 BMSB representing overwintered and summer adults
were evaluated on the flight mills between May to November in a 24 hour trial. These results suggest
flight capacity/tendency was similar between overwintered and summer generation BMSB (mean =
3.5 km). Adult males and females from the overwintered generation had similar flight tendencies (P
> 0.05), but females from the summer generation flew approximately 1 km further than males on
average (P < 0.01). Flight patterns were generally diurnal. The maximum flight distance was found
to be 80 km, but most BMSB flew 10 km or less. It was difficult to evaluate the effect of flight on
subsequent life history but in general, BMSB females that flew the farthest produced fewer egg
masses. This research will benefit from more data, which will be collected in 2013.
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Management Options for Oriental Fruit Moth in North Carolina Apples
James F. Walgenbach and Steven C. Schoof
NC State University, MHCREC
Mills River, NC

In recent years, late-season populations of the oriental fruit moth (OFM) have
increased considerably in many NC apple orchards that do not use mating disruption for
codling moth and OFM. These late-season populations have generally been most intense
form late July or early August through late September, and represent overlapping third and
fourth generations (Fig. 1). With the
decline of codling moth populations
in recent years, many growers now
rely on a single insecticide
application in August (usually early
to mid-August) for lepidopteran
control through September.
However, additional applications in
late August and/or early September
are often necessary in those
orchards where OFM is a late-season
problem. Delegate and Altacor are
the two materials that are most
commonly used at this time.
2011

Among those growers who do
not currently use CM/OFM mating disruption, mating disruption for late-season control of
OFM alone is an option that would preclude the need for a second application of Altacor or
Delegate in late August or September. For mating disruption to be a viable option,
however, it would need to be cost competitive with a single application of Delegate or
Altacor, both of which are approximately $30-35 per acre. To achieve this cost, OFM
mating disruption products would need to be applied at reduced rates. Previous studies
with a diversity of mating disruption products has shown that the rate of pheromone
deployed is more important than dispenser density for OFM mating disruption, and that
rates as low as 20 gm of pheromone dispersed over about 150 days was sufficient for
control of OFM. The objective of this study was to evaluate reduced rates of pheromone for
mating disruption of late-season populations of OFM.
Materials and Methods

The experiment was originally designed to evaluate several different OFM mating
disruption products and application timings. However, a widespread frost in mid-April
resultedin loss of much of the NC crop in 2012, and we were therefore restricted to only a
few sites with limited acreage where the OFM population was known to be problematic in
2011. Consequently, only four treatments (three mating disruption treatments and a
control) were replicated in three different orchards.
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Study sites: Studies were conducted in two Henderson County orchards where
OFM was known to have been a problem in 2011, and one Polk County orchard where OFM
was suspected of being a problem in 2011. Pheromone traps were placed in orchards in
late March to gauge the intensity of first generation OFM populations, and early season
peak trap captures in Hend-S and Hend-L were 197 and 172 moths per trap on 2 April,
respectively. The Polk-L orchard was approximately 1200 ft lower elevation than either of
the Henderson County orchards, and traps were placed in orchards after peak capture, so
the intensity of first generation OFM in relation to the Henderson orchards was unknown.
On 26 March, 34 moths/trap were captured in Polk-L, but OFM larvae were detected fruit
sent to processors in 2011.

Pheromone Treatments: At each of the three orchards, four treatments were
established: two Isomate OFM-TT treatments, one CheckMate OFM-F treatment, and a nontreated control. Treatments were partitioned in a contiguous block of trees at each site
such that 4 to 8-acre treatments were adjacent to one another. All treatments, including
the control, were sprayed with the same insecticide program targeting internal-feeding
Lepidopteran pests (i.e., OFM and codling moth). Insecticide use varied among orchards.
Hend-S received two applications of Altacor (1st and 2nd cover) and one Delegate
application (9 July). Due to a low crop load, Hend-L received no insecticide applications
until July, after which Altarcor (7/17), Imidan (7-26) were applied. Polk-L received two
Altacor applications at 1st and 2nd cover, and Delegate on 7/18. Pheromone treatments are
described below:

Isomate OFM-TT (100/A): Isomate OFM-TT applied in late May at 100 dispensers
per acre. Isoamte-OFM TT is a 3-component blend of pheromone (88.54% Z-8-Dodecen-1yl Acetate; 5.68% E-8-Dodecen-1-yl Acetate; 0.99% Z-8-Dodecen-1-ol; 4.79% other
ingredients) that contains 479.52 mg of active ingredient per dispenser. The recommend
rate is 100 dispensers per acre, which is equivalent to approximately 48 gm of pheromone
per acre. The life of dispensers is 180 days.
Isomate OFM-TT (50/A): Isomate OFM-TT applied in late May at 50 dispensers per
acre (24 gm a.i. per acre).

CheckMate OFM-F: One to two applications of CheckMate OFM-F (1.3 oz/Acre),
the first in mid-to-late July and the second (in one orchard) in late August. CheckMate
OFM-F is a sprayable formulation of a 3 component blend of pheromone (21.86% Z-8Dodecen-1-yl Acetate; 1.47% E-8-Dodecen-1-yl Acetate; 0.27% Z-8-Dodecen-1-ol; 76.40%
other ingredients) that contains 6.82 gm pheromone per oz. Hence, each application at 1.3
oz was equal to 8.9 gm of pheromone per acre.

Treatment efficacy was assessed by placing two OFM pheromone traps (Scentry
LPD) in each treatment block and monitoring traps at weekly intervals. Trap bottoms were
replaced as needed to maintain a clean trapping surface, and lures (Scentry L111) were
replaced at 6-wk intervals. Fruit damage was assessed by harvesting 50 fruit per tree from
a minimum of 5 trees per treatment. In addition to observing fruit for external entries, all
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fruit was also cut to detect damage. Orchards were harvested in late August to early
September, with ‘Golden Delicious’ and ‘Rome Beauty’ varieties harvested in each orchard.
The time necessary to hang pheromone at each location was recorded as man-hours of
work.
Results

OFM populations were of low intensity at all orchards, with mean cumulative trap
capture (June through September) in the control ranging from 7.5 to 40.3 moths per trap in
the Hend-S and Polk-L orchards, respectively (Table 1). A total of four codling moth
pheromone traps were also placed in each orchard study site, and cumulative trap capture
in the Hend-S, Hend-L and Polk-L orchards was 0, 96.5 and 10.3, respectively. Codling
moth was obviously a more serious issue than OFM in the Hend-L orchard.

Table 1. OFM pheromone treatment applications and cumulative OFM and codling moth pheromone
trap captures form June through September. OFM numbers in parentheses represent cumulative
captures from the time of CheckMate OFM-F application (mid July) through September.
Orchard
Hend-S
Hend-L
Polk-L

Treatment
Isomate OFM-TT (100)
Isomate OFM-TT (50)
CheckMate OFM-F (1.3 oz)
Control
Isomate OFM-TT (100)
Isomate OFM-TT (50)
CheckMate OFM-F (1.3 oz)
Control
Isomate OFM-TT (100)
Isomate OFM-TT (50)
CheckMate OFM-F (1.3 oz)
Control

Applic. date
5/31
5/31
7/9
─
5/30
5/30
7/17, 8/21
─
5/24
5/24
7/18
─

Cumulative trap capture

OFM
1.5 (0)
0.5 (0.5)
5.0 (4.5)
7.5 (5.0)
0
0
18.0 (1)
30.0 (19)
0
0
11.0 (0)
40.3 (9.5)

Codling moth
─
─
─
0
─
─
─
96.5
─
─
─
10.3

Mean cumulative trap capture in each treatment averaged across all locations is
illustrated in Fig. 2. Both Isomate OFM-TT applied at 100 and 50 dispensers per acre in late
May were highly effective in suppressing OFM pheromone trap capture through
September. CheckMate OFM-F, which was applied once in July at Hend-S and Polk-L and
twice at the Hend-L site (July and August) were not as effective as Isomate OFM-TT in
suppressing trap capture, but cumulative trap capture from mid-July through September
was considerably lower than that of the control.
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The Hend-L orchard was the only site where significant levels of damage by
internal-feeding lepidopterans was present (Table 2). Due to a very low crop load in this
orchard, no insecticides were applied against the first codling moth generation, and only
one application of Delegate and Imidan were subsequently applied. Evidence suggests that
the majority of damage in the Hend-L orchard was due to codling moth, because codling
moth trap captures were extremely high and worms collected from the few fruit containing
with live worms were identified as codling moth. Damage in the remaining two orchards
was non-existent or extremely low, suggesting that the OFM populations were not of
sufficient levels to result in fruit damage.
Table 2. Mean percentage internal-lep damage to apples grown
under different mating disruption programs.
% internal lep damage
Orchard
Isomate 100 Isomate 50 CheckMate
Control
Hend-S
0
0
0
0
Hend-L
1.0
2.5
0.5
1.5
Polk-L
0
0
0.5
0

The total cost of the various treatments is shown in Table 3. Although OFM
populations were low following the first generation, evidence from this and previous trials
suggest that the 50 dispenser rate of Isomate OFM-TT should work well when applied in
May. This reduced rate is estimated to cost about $35/acre, which is similar or slightly
higher than a single application of Altacor or Delegate. While a single application of
CheckMate OFM-F worked well at Hend-S and Polk-L, two applications would likely be
necessary under more intense OFM pressure, as previous studies have shown the residual
activity of sprayable OFM pheromone to be 3 to 4 wks.
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Table 3. Cost of various mating disruption treatments.
Product

Isomate OFM-TT
Isomate OFM-TT

CheckMate OFM-F

Rate/A

Applic. cost
($10/hr)

Product
cost

No.
applications

Total Cost
($/A)

50

3.50

31.25

1

34.75

100

1.32

5.10

62.50

—

17.30
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1
1
2

67.60
17.30
34.60
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Performance of an Electronic Insect Detection Trap in 2012
Brian L. Lehman1, Larry A. Hull1, Greg Krawczyk2, Johnny Park2,3, Anderson Nascimento3,
Henry Medeiros3, Vincent P. Jones4, and Callie C. Baker4
1

Penn State University Fruit Research & Extension Center,
Biglerville, PA 17307

2

Purdue University, School of Electrical & Computer Engineering,
West Lafayette, IN 47907
3

Spensa Technologies Inc, West Lafayette, IN 47906

4

Washington State University Tree Fruit & Extension Center,
Wenatchee, WA 98801

Pest monitoring can provide valuable information about the density of specific pest
populations and aid the decision-making process on whether to apply appropriate management
tactics. The automation of the insect trapping and monitoring has the potential to reduce labor
costs by limiting the time scouts spend in the field checking and maintaining traps. A completely
redesigned bio-impedance based electronic sex pheromone prototype trap (Z-Trap) was tested in
the field in 2012 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.
A new design of the Z-trap was tested in 2012 along with a version previously tested in
2011. The traps used battery power to electrically charge adjacent steel windings that surround a
sex pheromone lure. The 2011 design used a removable rechargeable battery, while the 2012
design used an integrated rechargeable battery. The traps were also equipped with a
microcontroller and a wireless communication module. When an insect contacted the adjacent
windings, it closed the circuit and current would flow though the insect and stun it, causing the
organism to fall through a funnel into a collector. Each time an electrical discharge occurred, the
microcontroller recorded the time of the event and the properties of each electric discharge (i.e.,
the amplitude and duration of the electric current pulse). The insect capture data was then
automatically sent to a base station, which automatically uploaded the data to a web interface
specifically designed to display insect trap capture data. The signal data could then be
analyzed using an algorithm to determine whether the event was caused by a target insect (i.e.,
CM/OFM), a non-target insect, or various other non-biological events (i.e., rainfall).
Sixteen Z-Traps were deployed throughout an apple orchard at the Pennsylvania
State University, Fruit Research and Extension Center in Biglerville, PA to monitor OFM and
CM populations. Eight of the units were a newly designed version for 2012 and eight were 2011
versions with new software. Four 2012 and four 2011 Z-traps were also deployed at the Sunrise
Orchard at the Washington State University, Tree Fruit Research and Extension Center in
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Wenatchee, WA to monitor CM populations. Each trap was deployed with a large plastic delta
(LPD) trap (the industry standard trap) nearby to assess the performance of the Z-Traps.
The traps were rotated weekly to eliminate variability of moth capture by location.
Batteries were charged weekly at PSU, and once every two weeks in WA. Traps at PSU were
checked twice a day until early August to determine capture rates of insects between the hours of
1530 and 0730 for evening capture and 0730 and 1530 for daytime capture. Traps at WSU were
monitored for CM and non-target capture but not for time of day. Traps in PA were also tested
for the effectiveness of Insect-a-slip® coating (a synthetic polymer resin that prevents insect
attachment) on the funnels from early August until the end of the season.

At PSU, the LPD traps had significantly higher OFM capture rates than the Z-Traps for
the period of 13 August through 11 October (Figure 1a). The 2011 traps (Z-2011) had
significantly higher capture rates than the 2012 traps (Z-2012). The CM capture in the LDP traps
was also significantly higher than the Z-traps. The Z-2011 CM traps also had higher capture rates
than the Z-2012 traps, although it was not statistically higher (Figure 1b). The reasons for the
lower capture rates in the Z-Traps are unclear because data from 2011 show similar capture rates
for the LPD and Z-2011 traps. One explanation may be that some hardware failures went
unnoticed for a period of time long enough to affect moth capture. A possible explanation for the
higher OFM capture in the Z-2011 traps compared to the Z-2012 traps is the spacing between the
steel windings may have been too large to allow these small moths to contact both windings.
Nearly 90% of OFM were captured during the evening/night periods, whereas the capture of
non-target species in the traps was very similar across both time periods (Figure 2a). The capture
of CM occurred almost entirely during the evening/night periods. Capture rates of non-target
species in the CM traps was relatively low and occurred mostly during the evening hours as well
(Figure 2b). Non-target capture rates at WSU were slightly lower overall than at PSU. Capture
rates of OFM in traps with Insect-a-slip® was nearly twice as high as the traps without the
coating during the test period (Figure 3). This data supports data from a 2011 study where
coating a funnel with Insect-a-slip® significantly reduced OFM moth escape.
Codling moth capture rates in the Z-traps in Washington State were more comparable to
LPD traps (Figure 4). The Z-2011 traps typically caught more CM than the LPD traps and the Z2012 traps. Capture rates in the Z-2012 traps were typically lower than the LPD’s, however, the
difference was often less than 50%, At PSU, the difference between the capture rates in LPD
traps and the Z-traps was larger. Figure 4 shows the number of automatic detections made by the
2012 traps. The number of automatic detections reported by the 2012 Z-Trap sensor at WSU
varied between 59% and 87% of the number of targets captured by the LPD traps. Some of
the difference in capture rates and auto detections could be explained by an algorithm that
is not refined enough to differentiate between the target and non-target species.
Future work will continue to refine the algorithm as well as improve target capture
efficiency. Battery efficiency still remains a priority; however there was a vast
improvement in 2012 by the addition of new firmware, which consumed much less energy
by decreasing the sampling rate. Batteries originally had enough charge to power the traps
for approximately two weeks. By decreasing the sampling rate, the traps were able to
remain in the orchard from 23 Aug through the end of the season (11 Oct) without needing
additional charge. Further testing will involve duty cycling (cutting power to the bands for
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short periods of time) and turning off power during non-peak flight. Work will also
continue on the user interface to improve function and user friendliness.
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a)

b)

Figure 1. Average daily capture of a) OFM and b) CM in the conventional large plastic delta (LPD) trap, the 2011
Z-trap (Z-2011), and the 2012 Z-Trap (Z-2012) at PSU in 2012. The data is for the period of 13 Aug through 11 Oct
for OFM and from 13 Aug through 20 Sep for CM.
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a)

b)

Figure 2. Mean cumulative capture of a) OFM and non-targets (other) during the day and night periods, and b) CM
and non-targets during the day and night periods at PSU in 2012. Mean capture data was summed across all three
trap types. Captures of the various organisms during the evening/night period were from 1530 to 0730, while
captures during the day were from 0730 to 1530.

Figure 3. Mean cumulative capture of OFM in Z-Traps with funnels coated with Insect-a-slip® and traps without
over a seven week period at PSU in 2012.
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Figure 4: Weekly capture of CM adults by LPD traps and the Z-Traps at WSU in 2012. The blue bars represent the
number of CM adults captured LPD Traps, the red and green bars represent actual physical counts by the 2011 and
2012 model of the Z-Traps, and the orange bars represent the number of detections reported by the 2012 Z-Traps.
Trap detections may include non-target insects identified by the algorithm as codling moth.
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Incorporating Surround® into an IPM Program for Control of BMSB in Apples
Bryan Butler, Doug Price, Hannah Elizabeth Nealis

Following the 2010 growing season with its devastating losses in peaches and apples caused by
Brown Marmorated Stink Bug (BMSB), many growers in Maryland were ready to use any
chemistry required to produce a crop in 2011. The 2011 season proved to be frustrating for
growers that experienced BMSB infestations with regard to: pick your own spray schedules, days
to harvest, IPM programs being damaged by broad spectrum pesticide application leading to loss
of beneficial insects, increased exposure to high toxicity products, cost, increased number of
applications, fuel, time, loss of some of these products, and public perception. Thus, growers
have been forced to spend significantly more on production costs such as labor, fuel, materials,
and maintenance.
This project examines the potential to return to pre-2009 timing, interval, and material selection
by incorporating Surround® as a tool to combat our newest and most insidious pest, Brown
Marmorated Stink Bug (BMSB).
Current recommendations for the control of BMSB in apples include the use of Synthetic
Pyrethroids, Organochlorines and Organophosphates. These chemical families have been
replaced in orchard spray programs in recent years by products with more specific modes of
action that are generally less harmful to beneficial organisms. The use of the more general
insecticides that appear to reduce the level of BMSB damage may potentially lead to the
destruction of Integrated Pest Management (IPM) programs that have been in place for nearly
thirty years as beneficial populations are decimated. The purpose of this experiment is to
determine if the addition of Surround® (an organically certified kaolin clay product) to
insecticide materials used to control traditional orchard pests can reduce the level of damage to
fruit caused by BMSB.
The Surround® was used at a rate of 12.5 pounds per 100 gallons as a tank mix that may be
acting as a repellent or tactile deterrent and could offer greater protection of the fruit, particularly
if used as a bridge treatment between, or a replacement for insecticide applications, or as part of
a push-pull management strategy. Thus, the addition of the clay to the surface of the fruit and
foliage may result in behavioral modification of BMSB. It is well documented that BMBS is
very mobile and moves into the orchard causing the most severe damage on the perimeter rows.
The clay barrier from Surround® could be deterring BMSB from moving into the orchard or
possibly reduce the time it spends in the trees leading to a reduction in feeding damage. In order
to examine this, samples evaluated were paired with samples from trees in similar positions in
the orchard, i.e. exterior bordering to corn, exterior bordering woods, and interior. This was done
to compare fruit that should be receiving comparable pressure form BMSB based on the
environment.
The insecticide applications were made based on an IPM program using traditional monitoring
tools for lepidopteron pests with visual observations for BMSB being added to the program and
material selection being based on need for control of the pests present. Pheromone traps for
Coddling Moth, Tufted Apple Bud Moth and Oriental Fruit Moth were placed in the block and
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monitored weekly to determine need for application. BMSB were monitored using three minute
surveys of five trees weekly to determine presence and damage to fruit.
Half of the trees received the program without Surround® added and half received the program
with Surround® added. Fifty fruit per tree were destructively sampled at harvest and, although
damage was still above what would be considered acceptable, economic threshold severity of
damage was very low yielding a high percentage of salable fruit.
Although we are in the process of evaluating the data, initially it appears that there was nearly
30% less damage by BMSB on the fruit that received the program with Surround® and larger
differences when like replicates are paired for comparison.
2012 Apple Timeline
3/12/12 – Late dormant/silver tip – Lorsban Advanced + Tenn Cop 5E + Dam Oil
3/22/12 – Tight cluster – Manzate Pro-Stick + Vintage SC
4/03/12 – Bloom – Manzate Pro-Stick + Rally 40WSP + Agri-Mycin 17
4/16/12 – Late Bloom – Syllit 65W + Captan 50W + Agri-Mycin 17
4/25/12 – Petal fall – Manzate Pro-Stick + Vintage SC + Assail 30SG
5/04/12 – Rally 40WSP + Syllit 65W + Imidan 70W + Agri-Mycin 17 + Surround WP*
5/16/12 – Penncozeb 75DF + Rally 40WSP + Assail 30SG + Surround WP*
5/24/12 – Penncozeb 75DF + Flint + Actara + Surround WP*
6/04/12 – Rally 40WSP + Captan 50 + Altacor + Surround WP*
6/14/12 – Captan 50 + Delegate + Surround WP*
6/22/12 – Rally 40 WSP + Captan 50 + Delegate + Surround WP*
7/02/12 – Ziram 76DF + Assail 30SG + Surround WP*
7/12/12 – Rally 40WSP + Captan 50 + Assail 30SG + Surround WP*
7/24/12 – Pristine + Ziram 76DF + Actara + Surround WP*
8/03/12 – Captan 50 + Topsin M WSB + Assail 30SG + Surround WP*
8/13/12 – Pristine + Topsin M WSB + Captan 50W + Altacor + Surround WP*
9/07/12 – Pristine (Goldrush/Enterprise only)
9/07/12 – Pristine + Brigade WSB (Granny Smith/Pink Lady only)
*Surround WP was not applied to designated blocks of Goldrush and Enterprise
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Farm-Wide Mating Disruption in a PA Commercial Setting: a Case Study
Nicolas H. Ellis, MS, PhD, BCE

Introduction
Since 2004, El Vista Orchards, in Adams County, PA has implemented large-scale codling
moth (CM) and Oriental fruit moth (OFM) mating disruption. Pheromone trapping data
from 2000-2012 was compiled and examined for: trapping patterns resulting from this
treatment regimen, and some implications for farm-wide lepidopteran pest management.

General Methodology
El Vista Orchards is approximately 750 acres in size, divided into 10 farm units. Starting in
2004, individual farm units were treated with Isomate C TT CM and Isomate M 100 OFM
(CBC (America), Corp., Commack, NY ) pheromone dispensers at rates of 200 and 100 per
acre, respectively. Starting in 2007, Isomate CM/OFM TT dual dispensers were used at
their label rate of 200 dispensers per acre. Plastic delta traps were deployed at densities of
1 to 5 CM, OFM and tufted apple bud moth (TABM) traps per farm unit. OFM and TABM
lures were changed every four weeks. Until 2010, standard 4-week CM lures were used.
Starting in 2010, 8-week DA Combo lures (Trécé, Inc., Adair, OK) were used. Trapping was
begun in April and ended in late September or early October of each year. OFM and TABM
traps were hung at eye-level; CM traps were hung in the upper one-third of the tree
canopies.
Results

Fig. 1: Establishes the baseline CM and OFM trapping levels at five farm units prior to
mating disruption's being put in place.
• The apples at both the Apple Valley and Rebert farm units had CM peaks that were
numerically higher than those at the other farm units.
• In general, at all five farm units, weekly OFM counts in the late part of the season
were between 10 and 50 moths per week. At the Rebert Farm there were often
more than 50 per week.
Fig. 2: Weekly CM/OFM trap captures between 2004 and 2006.
• At Apple Valley, the first farm unit to have Isomate C TT CM mating disruption
applied in 2004, a substantial decrease in weekly trap captures is apparent from
2004 to 2006
• Trapping and C TT were begun at B Farm in 2005. This site was a "hot spot", often
having 10-50 CM per trap per week in 2005.
• OFM counts decreased markedly at Apple Valley following the initial use of Isomate
M 100 there in 2005
Fig. 3: Long-term impact of 8 combined years of mating disruption across El Vista
Orchards.
• Starting in 2008, the entire farm was treated with Isomate TT CM/OFM dispensers
at a rate of 200 dispensers/A
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•

Four CM "hot spots" are still obvious: Knouse Farm; Rebert Farm; L Farm and Mtn.
Edge Farm
o In the case of Knouse Farm, migratory CM are thought to come from a
neighboring bin storage yard, approximately 5 acres in size.
• However, in general, the CM have responded to the mating disruption, as shown by
the low weekly counts in the majority of farm units
• The same farm units are also problematic in terms of OFM. In 2012 a new site at the
Donaldson farm unit is also contributing to the OFM count.
o But like the low CM counts, the low OFM counts overall are evidence that the
pheromone dispensers are effectively shutting down traps and also
preventing mating
• Success with the long-term mating disruption has permitted a reduction of the
density of dispensers per acre. The reduced rate is El Vista's proprietary
information. Hot spots most likely remain on programs using the full rate(s).
• The Kelly Farm, which is a peach-only farm, was not treated with mating disruption
in 2012. This probably partially explains the slight increase in weekly OFM captures
there that year
• In short, the mating disruption allows El Vista to manage internally-feeding
Lepidoptera effectively and focus management efforts on other pests It also ensures
the best likelihood of clean fruit going into harvest.
o Spray program is more tailored to manage early-season pests; leafrollers and
brown marmorated stink bugs
o Altacor is primarily employed for leafroller control but offers late-season
protection from CM/OFM when these pests "slip through" the mating
disruption barrier
Fig. 4: TABM trap counts from 2001 to 2012. What is very interesting here is the
consistency in peak flight occurrences over each season. Without the effects of mating
disruption on the population biology, TABM flights are remarkably consistent. The
implication for control is that with multiple seasons of flight data, TABM populations are
essentially predictable. They can be very effectively mitigated with carefully-timed
applications. Case in point: TABM injury is rarely, if ever, a serious problem for El Vista,
despite the TABM's being completely unaffected by mating disruption.
Acknowledgements
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Fig. 1. Trap data from five farm units prior to area-wide mating disruption in Adams County, PA,
2001-2003. [(A) CM; (B) OFM]
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Fig. 2. Trap data from five farm units prior to area-wide mating disruption in Adams County, PA,
2004-2006. [(A) CM; (B) OFM]

143

A

B

Fig. 3. Trap data from five farm units prior to area-wide mating disruption in Adams County, PA,
2008-2012. [(A) CM; (B) OFM]

144

Fig. 4. TABM trap data from five farm units prior to area-wide mating disruption in Adams County, PA,
2001-2012.
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Invasive drosophilids in the Virginia fruit arthropod community: Spotted wing drosophila and African
fig fly
1
1
Douglas G. Pfeiffer , Meredith E. Shrader , Curt Laub1, Ryan Mays1, Timothy A. Jordan1, J. Christopher
Bergh2, Jean Engelman2, Eric R. Day1 and Kim van der Linde3
1
Department of Entomology, Virginia Tech, Blacksburg VA 24061
2
Alson H. Smith Agric. Res. Ext. Ctr, Virginia Tech, Winchester VA 22602
3
Departmentvof Medicine and Biomedical Sciences, Florida State University, Tallahassee FL 32306
Spotted wing drosophila (SWD), Drosophila suzukii Matsumura, has become a severe berry pest, and a
late season vineyard pest in Virginia. It was found in Virginia for the first time in 2011 (Pfeiffer et al.
2011, Pfeiffer 2012). This insect is able to oviposit in healthy, ripening fruit (unlike native drosophilids),
owing to its hardened and serrate ovipositor. It was first found in Virginia in 2011, where it is expected
to cause problems in grape (Pfeiffer et al. 2012). Severe infestations in berry crops occurred,
approaching 100% infestation in some caneberry plantings. SWD larvae were found in otherwise intact
grapes in winegrape vineyards, with adults reared from retrieved clusters (Fig. 2).

Fig. 1. Collection counties for spotted wing drosophila in Virginia, as of October 2012.

Fig. 2a. Spotted wing drosophila larvae in raspberry, b. Larvae in Pinot Noir grape, c. Adult on Pinot Noir
cluster (note oviposition puncture in berry above the fly).
While investigating a suspected infestation of SWD in Albemarle County in September 2012, the grape
grower commented that he had an infestation of a different fly, marked by distinctive stripes on the
body. Drosophilids were collected and grapes retrieved to the laboratory. In one block of Petit Verdot
grapes, many individuals of the striped fly would fly from between grapes in the cluster when disturbed.
A few individuals of SWD were also observed. The clusters looked generally intact, except for portions
with shriveling berries typically seen in cases of SWD infestation, with a characteristic odor of sour rot.
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The striped fly was determined to be Zaprionus indianus Gupta. This is an invasive drosophilid originally
from Africa, having invaded Brazil in 1999, and being found in Florida in 2005 (Steck 2005, van der Linde
et al. 2006). It has since colonized Arizona and California (San Diego) (2006), South Carolina and
Oklahoma (2007), and is now established in North Carolina (Burrack personal communication) and
Mississippi. Populations in the southeastern US are more closely related to those in Africa, and may
constitute a second introduction (van der Linde 2010). The Zaprionus collected and reared in 2012 from
Virginia vineyards were at the time, the northernmost reported populations of this drosophilid. The
species has since been collected in Michigan, Wisconsin, Pennsylvania and Connecticut. The US
distribution in November 2012 is shown in a map posted by van der Linde (van der Linde 2012). The
distribution in Virginia is shown in Fig. 3. While the range is not as extensive as that of SWD, it
nevertheless includes some of the most important fruit (including winegrape) counties. While there is
no ESA-approved common name, African fig fly (AFF) has been used in the literature and is appropriate.

Fig. 3. Collection counties for African fig fly, Zaprionus indianus Gupta, in Virginia as of November 2012.
The morphology and appearance of AFF were discussed by van der Linde (2010); the adult is depicted in
Fig. 4. This species becomes a human-commensal species (Yassin et al. 2008). Z. indianus formerly
included two cryptic species: Zaprionus africanus Yassin & David and Z. gabonicus Yassin & David (Yassin
and David 2010). More sensitive to cold than Drosophila species, making it normally a tropical and
subtropical species (Araripe et al. 2004). It rises to dominance under warm conditions, causing other
drosophilid species to make ecological adjustments (da Silva et al. 2005a).
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Fig. 4. Adult African fig fly, Zaprionus indianus, collected in a winegrape vineyard in Albemarle County.
Most hosts are fruits that have been injured or have fallen. However in the Valinhos region of Brazil it
became a pest in eyed figs, Ficus carica L., since they could oviposit into the ostiole of fruits. Entire lots
of figs were rejected, with 50% loss estimated (Tidon et al. 2003). In the Brazilian Cerrado, AFF adapted
to another plant, Solanum lycocarpum St. Hil., attacking fruits throughout the fruit development period
(Leão and Tidon 2004). This plant is known locally as fruta do lobo, lobeira or jurubebao, with edible
berries, and is the most abundant native fleshy-fruited plant in the region. Leão and Tidon (2004) found
that AFF predominated in fresh fruit of that host, but declined markedly in damaged fruit, rising again in
severely overripe fruit.
African fig fly may be adapting to cooler temperatures (Castro and Valente 2001). It is often associated
with human activities; such areas may provide warm areas enabling it to survive in otherwise cold areas
(Commar et al. 2012). It has great adaptive flexibility and can develop tolerance to a wide range of
environmental conditions (da Mata et al. 2010). It has shown the ability to establish in different
ecological niches in new areas of invasion, with different temperature regimes (da Mata et al. 2010); it
has become established from southern to northern parts of India.
Other grape growers communicated that they also saw striped flies in Petit Verdot blocks. We collected
flies from such blocks in Nelson and Orange Counties. Grapes were retrieved from one of the affected
blocks to the lab in Blacksburg in order to rear adults. Both SWD and AFF were reared from grapes. In
one sample, AFF comprised about 90% of the emerging adults. AFF is thought to be less able to attack
intact fruit because of the less developed ovipositor (Fig. 5b,c). The fact that AFF outnumbered SWD
emerging from grapes needs further consideration in order to clarify its potential status as a grape pest.
It may be secondary in nature, taking advantage of injury inflicted by SWD or other factors. Secondary
in this sense does not mean unimportant, however. AFF is known to inoculate host fruits with the yeast,
Candida tropicalis, in Brazil (Gomes et al. 2003). Drosophilid-infested grape berries become affected by
sour rot, and hence the quality of the crop may be affected. The grower in the Albemarle County
vineyard removed the most affected clusters, and estimated a 30% reduction in the crop in the vineyard
block.
Once established in a new area, AFF upset the dominance in the drosophilid community of Drosophila
simulans and D. willistoni (Castro and Valente 2001, da Silva et al. 2005b, da Silva et al. 2005a). Effects
on other drosophilid species were studied by Tidon et al. (2003). At the beginning of the wet season,
endemic species predominated in their samples; however by the end of the season, AFF predominated.
This species feeds on more than 80 host plant species; this relative polyphagy among the Drosophilidae
has contributed to is noted ability to invade new areas (Commar et al. 2012). In India, several
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morphological traits have shown variation with latitude and elevation, indicating genetic adaptation to
different environmental conditions (Karan et al. 2000). It has been noted to be able to attack unripe
fruit (Commar et al. 2012).
Development was studied by (Nava et al. 2007 ). At 20°C, the egg stage lasts 1 day, larval development
takes 13 days, and the pupal period 6.9 days, resulting in a total of 20.9 days. AFF was reared at several
constant temperatures. Development at 18°C 28.8 days, 20°C 20.9 days, 22°C 17.6 days, 25°C 15.4 days,
28°C 12.7 days, 30°C 13.3 days, 32°C 13.0 days. It was projected that AFF may show 13-17 generations
in different parts of Brazil.
Gilpin et al. (1986) compared all paired combinations of 28 drosophilid species - all Drosophila except
for Zaprionus vittiger Coquillet, a species closely related to Z. indianus, and often confused (Yassin and
David 2010). Thick and thin food environments were compared, as well as two temperatures - 19 and
25°C. Some species did better in one medium or another, some at one temperature or another.
Zaprionus was a medium competitor in most of the comparisons, which were done in thick food at 25°.
However, one of the comparisons showed that Zaprionus was one of the best competitors in thin diets.
In thick food, and at 19°, it was ranked 12 out of 28; in thick medium at 25°, it was ranked 8. But in thin
food, it was ranked 5 at 25°, and 3 at 19°. The authors noted, "There is anecdotal evidence for
generalized interference under at least some circumstances. The larvae in some cases crowd the entire
surface of the food, leaving insufficient space for larvae to breathe or rest. Since larvae do not burrow
into the food, only the top layer of food is immediately accessible. After one week the food becomes
liquified, and many larvae and eggs drown and are eaten by other larvae. The species Vir (and also Zap)
[D. virilis and Z. vittiger, respectively] "destroys the habitat" by making the medium soupy and then
turning it into a hard, asphaltlike surface. Vir's large and active larval population makes it difficult for
larvae of other species to survive. Thus, generalized interference directed at larvae rather than at adults
might be important" (Gilpin et al. 1986).
In India, fermenting fruit traps and sweep netting were used to sample AFF (Karan et al. 2000).
Populations were sampled by collecting fallen fruit by Castro and Valente (2001). Fermenting banana
fruit were used as bait for sampling by Tidon et al. (2003). The species was sampled from fallen S.
lycocarpum fruit by Leão and Tidon (2004).

Fig. 5a. African fig fly, Zaprionus indianus, above, spotted wing drosophila, Drosophila suzukii, female
below, b. ovipositor of African fig fly, c. ovipositor of spotted wing drosophila.
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PRELIMINARY ASSESSMENTS OF NATIVE STRAINS OF ENTOMOPATHOGENIC
NEMATODES FOR PLUM CURCULIO MANAGEMENT
A. Agnello1, M. Keller2, E. Shields2, and T. Testa2
Dept. of Entomology, Cornell University, Geneva, NY 14456, and 2Ithaca, NY 14853

1

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/acre/year, 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 coldadapted 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 and field bioassays, entomopathogenic nematodes (EPNs), particularly strains of
Steinernema riobrave, S. feltiae, S. carpocapsae, and Heterorhabditis bacteriophora have shown efficacy
against last instar plum curculio (PC) larvae, which burrow in the soil to pupate. The majority of past
research has been directed toward the inundative release or biopesticide approach with commercially
reared nematode strains. However, commercial nematode strains tested under NY field conditions do not
persist at any effective population level after 6 months, and the use of these commercial strains would
require at least an annual application. The strains we are testing in this study 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.
In 2012, we began laboratory and field bioassays on the nematode species S. carpocapsae (strain ‘NY
001’), S. feltiae (strain ‘NY 04’), and H. bacteriophora (strain ‘Oswego’), to determine their potential use
as PC biocontrol agents. In the lab, petri plates filled with autoclaved soil were inoculated with water
solutions at concentrations of 250–1250 nematode infective juveniles (IJs) per ml, and PC larvae or adults
were confined in the plates to determine the ability of different nematode strains to kill these stages. We
found that exposure of PC larvae 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). Marginal mortality of PC adults (5–10%) was seen within 96 hrs after 24-hr
exposure to either of these species. There was no effect of increasing the IJ concentration above 250/ml.
For the field trials, we applied nematode IJs of S. feltiae and S. carpocapsae to the soil surface in an
Idared research apple planting at the NYS Agricultural Experiment Station in Geneva on May 30, using
an ATV-mounted modified spray boom with 5 fertilizer (0010) nozzles and traveling between 3.0–3.5
mph. Applications of a 50:50 combination of S. feltiae and S. carpocapsae IJs were made to the orchard
rows and row middles in four 2-row plots, at a rate of approximately 450 million total IJs/A. On July 3,
soil core samples were taken from the treated rows and assessed for evidence of nematode establishment.
Because of the very dry soil conditions since the inoculation date, coupled with a lack of natural hosts
(other insect larvae) in the orchard soil, the establishment of EPN larval populations in the treated rows
was greatly reduced compared with the levels anticipated.
A row having one of the highest establishment levels (15-20% presence in the samples) was selected
for a larval exposure trial (Aug 10–21). Micro-plot exposure arenas (4.5" diameter x 5" deep) were dug
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using a soil corer, and each was lined with an acrylic tube sleeve. In each of 10 replicates, 10 mature PC
larvae were introduced into the arena, which was covered with an emergence trap top, and checked for
emerged PC adults over the next 5 weeks. 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 labmixed nematode solutions (containing 7,500–9000 S. feltiae IJs per arena), to serve as a positive check.
The resulting average percent adult emergence in field-inoculated plots (70%) was greater than in both
the hand-inoculated (31%) and check (41%) plots, again indicating that field establishment of the EPN
population has not yet occurred (Fig. 2). Inasmuch as the drought conditions during the summer of 2012
prevented a normal pace of establishment, these field sites will be re-inoculated in 2013.
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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SPOTTED W ING DROSOPHILA DISTRIBUTION IN SOUTH W EST VIRGINIA
AND
EFFICACY OF A NOVEL FRUIT SCENT ATTRACTANT
Meredith Shrader and Doug Pfeiffer
Virginia Tech, Blacksburg, VA 24060
Spotted wing drosophila, D. suzukii, (SWD) was recently located in Virginia in the
summer of 2011. Since that time monitoring sites have been established in counties
throughout Virginia in order to track the flies’ progress throughout the state. In the
summer of 2012 I set up several SWD monitoring sites in southwest Virginia. I located
pick your own berry farms and selected these blueberry plots to sample throughout the
summer. These sites were located in the counties of; Floyd, Giles, Craig, Whyth and
Montgomery. Plastic deli cups with 12 holes punched around the top were used as
traps for the SWD. Traps were placed at three locations at each site and were baited
with 2 inches of apple cider vinegar. Traps were checked once a week and flies were
collected, counted and sexed. All sites were positive for SWD in 2012 (Fig. 1). I was
able to track two locations consistently this summer, Giles and Craig County. Craig
County had high bush blue berries while Giles County grew rabbit eye. High bush
berries ripen in early July while rabbit eye berries ripen in August through September.
The SWD peaks in the distribution graph show the population fluctuations as the berries
ripen and then subside. Flies were able to be trapped long after there were no berries
in the field. This suggests that a native host near the plantings maybe being utilized as
an alternative host. It may also suggest that the flies are able to live for a period of time
without host plants. My sites and Montgomery County was only sampled for a short
period because I used this site in an experiment, so trapping stopped. The sites at
Floyd and Wyth Counties were not suitable for trapping due to site destruction by
mowers and overspraying making sampling difficult and inconsistent. Other SWD
positive counties that I samples included; Rappahannock, Accomack and Orange
Counties. These sites grew either blueberry or grapes and were sampled to track the
spread of the fly on the eastern part of the state.
Another aspect of my work this summer was to see if SWD would be attracted
to novel fruit scents. I had one site at Montgomery County which grew blueberry,
blackberry and raspberries. I selected three fruit scents to test in the field; plum, sweet
cherry and sour cherry. These scents were purchased from Alpha scents and were
saturated fabric squares held in a permeable plastic sachet. These scents were tested
against the standard apple cider vinegar. Plastic deli cups were used to trap the flies
and the Alpha scent sachets had Low Tox antifreeze in the bottom to capture the flies.
Antifreeze was used instead of water to prevent fly decomposition. Three reps in each
of the berry types were placed into the fields when berries were ripening. The traps
were randomized weekly within each replication. Traps were checked weekly and
sachets were changed if they became water logged. The apple cider vinegar was
changed every 4 weeks with recharging if levels went below 2 inches. Trapping in the
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blueberries was not successful due to low trap counts and poor berry quality. No
statistical analysis could be done. Blueberries had declined and none were present in
the field when this experiment started. Blackberry trapping was from 1 August – 15
September. Apple cider vinegar and plum trapped the most flies, however trap
numbers were low. These results can be seen in Fig. 2. Trapping in raspberries was
from 15 September through 15 October. Trap counts were also low and no statistical
analysis could be done in these plots. These were primocane bearing raspberries and
there was little to no shade for the traps. This full sun exposure is not preferable for
SWD, which seem to like staying in the shade and plant canopy.
In summary of the work I did this summer SWD was found at all trapping sites.
Apple cider vinegar is probably not the best attractant due to low trap numbers.
Ripening fruit is still more attractive to the flies over the synthetic fruit scents. Fruit
scents may need to be more potent and the sachets have some delivery problems with
bags filling with water in humid climates.

Figure 1. SWD adults trapped in apple cider vinegar at various southwest Virginia
Counties.
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Figure 2. Alpha scent trial of plum, sour cherry, sweet cherry versus apple cider vinegar.
Total SWD trapped in blackberries in Montgomery County, VA.
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SANITATION AS A CULTURAL CONTROL PRACTICE TO REDUCE
SPOTTED WING DROSOPHILA POPULATIONS IN BLUEBERRY FIELDS
John Abraham1 and Cesar Rodriguez-Saona2
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Faculty of Science and Technology, Free University of Bolzano,
Piazza Università 5, 39100 Bolzano, Italy
2

Department of Entomology, Rutgers University,
P.E. Marucci Center for Blueberry & Cranberry Research & Extension,
125A Lake Oswego Rd., Chatsworth, NJ 08019, USA
Drosophila suzukii Matsumura, commonly known as Spotted Wing Drosophila (SWD), is
an invasive pest insect which was first seen in continental USA on strawberries and caneberries
in Santa Cruz, CA during the summer of 2008 (Beers et al., 2011; Goodhue et al., 2011). Since
this first detection, SWD has progressively spread to other parts of the USA. However, prior to
April 2010, there was no reported case of SWD detection in the northeast of USA (Isaacs and
Rodriguez-Saona, 2010). It was not until 7 July, 2011 that SWD was first detected in a highbush
blueberry (Vaccinium corymbosum L.) field in New Jersey (Rodriguez-Saona and Polk, 2011).
Since then, it has spread across all blueberry-producing areas in New Jersey.
.
Growers of soft-skinned fruits have so far relied heavily on insecticides, such as the
pyrethroids, spinosyns, and organophosphates, to control SWD because these have shown fairly
good efficacy against this pest (Haviland and Beers, 2012). Current limitations on insecticide
use are largely based on their Pre-Harvest Intervals (PHIs) and Maximum Residue Limits
(MRLs). Although not sustainable, growers have at the moment a few chemical options to
control SWD infesting berries on blueberry bushes. There are, however, no control methods
available to control infested berries on the ground.
Sanitation is a cultural practice that involves removing or destroying potential sources of
pest infestation, and could reduce the population of SWD on blueberry farms. In fact, fruit on
the ground can be a source of SWD by way of acting as alternative oviposition sites. Removal or
destruction of fallen fruit has been used to reduce populations of plum curculio (All, 1999),
codling moth (Prokopy, 2001), and fruit flies (Bajwa, 1989; Stoll, 2000). Mechanical operations,
such as deep disking, can also be used as a cultural practice for pest control. In blueberries,
disking is recommended for mummy berry (Cline, 2010) and gall midge (Plazanin et al., 2012)
control.
Therefore, this research sought to investigate three questions:
(i)
Does SWD infestation of blueberries on bushes differ from that on the ground?
(ii)
If so, are these differences due to differences in fruit quality?
(iii) How can growers reduce SWD populations on ground?
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Materials and Methods
To determine whether or not SWD infests more berries on the bushes than on the ground,
we collected fruit from two blueberry cultivars: Bluecrop (n = 9) and Elliott (n = 7). Fruit was
collected from various fields of six commercial farms over a period of eight weeks. Each week,
300 berries were picked from the bushes or from the ground of each sampled field within each
farm and taken to the laboratory. In the laboratory, 30 berries were placed over a thin layer of
sand in deli cups (diameter 10 cm, height 4.5 cm) (Prime source, Bunzl Distribution USA Inc.)
with perforated lids, yielding 10 cups per week per field. These were then incubated at 24-26°C
for 20 days. Flies that emerged after incubation were placed on ice to immobilize them and then
identified under a microscope (Nikon, Japan) and counted.
To determine whether or not the observed differences were due to the quality of the
berries, we conducted a 4-choice test with Bluecrop blueberries picked from bushes and from the
ground and Elliott blueberries also picked from the bushes and from the ground. We also took
°Brix values for these two cultivars. The set-up of the 4-choice test was such that all four
choices were presented at the same time to gravid females to make oviposition choices. Thirty
uninfected Bluecrop blueberries collected on bush and on ground as well as 30 uninfected Elliott
blueberries collected on bush and on ground were exposed to 10 males and 20 females SWD (5-6
day old) in cages for 48 hours. Following, the berries were removed from the cages, placed in
deli cups as previously described, and incubated at 24-26°C for 20 days. The number of SWD
that emerged were sexed and counted. This experiment was replicated 20 times.
The °Brix values of the two blueberry cultivars, Bluecrop and Elliott, were measured
with a refractometer (Atago, Japan) to investigate the effect of sugar content on female SWD
oviposition choice. Five berries were smashed and mixed together. The mixture was then
centrifuged at 5700 rcf for 20 s after which 5 ml of the sample was dropped on the refractometer
for a reading. For each sample, three refractometer readings were taken and the mean of them
was used for statistics. This was replicated 20 times each for Bluecrop blueberries and Elliott
blueberries.
To investigate whether burying infested berries can reduce SWD populations, were
exposed blueberries to mated females (5-6 days old) for 72 hour in an incubator (Percival
Scientific, USA) with a constant temperature of 23°C, 70% humidity and day light length of 14
hours. After 72 hours, the infested berries were buried under sand at depths of 5, 10, 20, and 30
cm in plastic tubes (4’ clear tube guard; Lithonia Lighting, Conyers, GA). The control had no
sand over the berries. Each treatment had 10 replicates.
We perform analysis of variance (ANOVA) using SPSS to determine statistical
significant different. Where there were statistical significant differences, we performed Tukey’s
HSD tests. Where necessary we performed a t-test.
Results and Discussion
SWD infests more blueberries on bushes than on the ground
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SWD infestation started on the third week (24 July) in the fields studied, and increased
with time (Figure 1). Consistently, there was higher SWD infestation on berries on the bushes
than on berries on the ground. This suggests either that SWD forages more on the canopy of
blueberry plants or that berries on the bushes are of better quality for oviposition than those on
the ground. Since Elliott blueberry is a late season cultivar, there were high levels of SWD
infestation even towards the end of the season (late August) (Figure 1B). In both cultivars, there
were more infested berries on the ground after most berries on the bush were harvested,
indicating that SWD females utilized more berries on the ground for oviposition as the season
progressed and there were fewer berries on the bushes.

Figure 1. Number of adult SWD that emerged after incubation of blueberries for 20 days. A:
Bluecrop blueberries; B: Elliott blueberries. Statistics = Treatment: F(3, 155) = 19.530; p < 0.001;
Week: F(7, 155) = 23.882; p < .001; Interaction (treatment × week): F(17, 155) = 14.099; p < 0.001
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Quality of berries does not affect the ovipostion choices of SWD females
We conducted choice tests to determine whether berries on the bushes are of better
quality for oviposition than those on the ground. When confined, the gravid females of SWD did
not show any oviposition preference between berries picked from the bushes versus those from
the ground (Figure 2). This result suggests that the differences in infestation between berries on
the bush versus those on the ground are likely due to the foraging behavior of females rather than
on the quality of the fruit.

Figure 2. Number of SWD that emerged from Bluecrop and Elliott blueberries collected from the
bush or on ground after exposure to females in choice tests
Sugar content does not differ between blueberry cultivars
The °Brix measurement of Bluecrop and Elliott blueberries showed no statistical
difference (Figure 3). This indicates that Bluecrop and Elliott blueberries are similar in sugar
content.
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Figure 3. °Brix values for Bluecrop and Elliott blueberries
Burying infested berries reduces SWD emergence
Burying infested berries under sand reduced the number of emerged SWD adults (Figure
4). Our study showed that burying fallen infested berries at depths of 5-30 cm reduces the
number of SWD by 70-100%. Since it is practically impossible to disk berries to a depth of 30
cm, depths of 5-10 cm will be appropriate. For instance, farmers can disk up to 13 cm in depth,
and this practice could reduce SWD populations in their farms.

161

Figure 4. Emergence of SWD adults after buying infested blueberries under sand at different
depths. Statistics = Depth: F(4, 135) = 120.93; p < 0.001; Days after burial: F(2, 135) = 14.578; p <
0.001; Interaction (depth × days after burial): F(8, 135) = 2.811; p = 0.006
Conclusions
•
•
•

SWD infests more berries on the bushes than on the ground.
These differences are not based on fruit quality for oviposition but likely on SWD female
foraging behavior.
Disking to bury berries 5-10 cm below ground may reduce SWD emergence by 70-100%.
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SPOTTED WING DROSOPHILA MONITORING & DAMAGE in NJ BLUEBERRIES
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125A Lake Oswego Rd., Chatsworth, NJ 08019, USA
A series of apple cider vinegar (ACV) traps was used to survey soft fruit crops
throughout New Jersey. Highbush blueberries are a $70-$80 million crop in New Jersey, and are
at a great risk from Spotted Wing Drosophila (SWD) infestation. Therefor, this was the primary
crop of concern. Traps were the standard 1L clear deli cups, each with 12 3/16” hole around the
top about ½” down from the lid. Traps were hung with a #14 wire 3’ above the ground on row
ends near wooded borders. Each trap was charged with 150ml of ACV, and monitored and
changed at weekly intervals. Trap captures were filtered from the ACV in the field, and SWD
flies identified in the lab. When any trap was found to be positive, a fresh 2 qt. fruit sample was
picked from the trapped area. The presence of SWD larvae was determined with a salt floatation
test, using a 9 x 13” baking pan. One qt. of fruit was placed on the pan bottom, covered with ¼”
hardware cloth and weighted down with 2 pieces of 3/8” steel rod. A warm saturated salt
solution (1 cup/gal of water) was poured over the berries and allowed to sit for 10 minutes before
counting.
One grower question was, “can larvae be detected in frozen fruit?” Three heavily infested
flats were obtained from which a random 4, 3 qt boxes were flash frozen, and 4 were packed as
fresh. The number of detected larvae per 2 qt of frozen berries was compared to each box of
fresh berries with the same salt floatation method outlined above (Figure 2).
Figure 1. SWD Traps & Infestation, BB 2012
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Figure 2. Number of SWD larvae per 2 qt. in frozen vs. fresh samples.
Process Type
Box number
1*
2
3
4
Frozen
6
11
7
Fresh
558
242
272
296
* Denotes number of larvae per 2 qt. in unprocessed fresh berries.

5
14
386

Results:
Trap captures and infestation (Figure 1.) – ACV traps are inefficient and did not
capture many flies until later in the season, although captures were seen as early as early
June and increased throughout the season and through the fall. Positive (infested) fruit
samples were found in late June. Some late variety harvests were found with over 100
larvae per 2 qt. of fruit.
Effect of packing and freezing on SWD detection - Processing the fruit for either
fresh or frozen pack appears to have some effect on the number of larvae found in the fruit.
Modern fresh pack lines have color and firmness sorters which may contribute to removing
some infested fruit. In this case (Figure 2) about 50% of the infested fruit were removed
from fresh pack operations alone. Larvae can still be found in frozen samples, but at a much
lower level than in fresh or even fresh packed fruit. This suggests that when larvae are
detected in frozen fruit, then it is likely that the original pack actually has a much higher
level.
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