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University
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hen it comes to farm labor, it’s all action all the time!
New York growers are skilled, flexible, innovative, bold,
and creative problem-solvers and business people. If any
of these qualities are lacking, then a grower won’t last long in an
industry where weather, insects, disease, technology, and markets
are constantly presenting new challenges and new opportunities.
In the past, labor may have been taken for granted as a production
input that growers could readily access. Today, labor has become a
complex and rapidly changing set of puzzles that rival the production
and market puzzles that growers still must solve.
New York’s Agricultural Workforce Development Council
had the foresight to address labor issues as a united industry. One
outcome of that group’s work is the Cornell Agricultural Workforce
Development program. With a strong extension education and applied research mission, Cornell Ag Workforce works closely with
industry to identify, understand, and solve real-world challenges
that confront growers.
COVID-19. The global pandemic upset the world as we knew
it and workforce issues popped up immediately. Our team helped
H2-A employers recognize and solve problems for workers entering
the country through rapidly closing international borders. Within
weeks we pulled together scientists and management experts to
deliver training to help farmers learn and adopt new procedures to
prevent virus spread and protect the farm workforce. Over 1,000
people participated in these webinars or viewed the webinar recordings. Next, was development of business safety plans to further refine
on-farm plans and to meet the state’s operational requirements for
business. Behind the scenes, the Ag Workforce team was involved in
analyzing and preparing data about the farm workforce to guide New
York State government and Cornell Cooperative Extension (CCE)
with the timely distribution of hand sanitizer and face coverings. We
partnered with NY Farm Bureau and CCE to connect those organizations with local health departments to more effectively serve farms
and farm workers. We also coordinated a series of “Safe Harvest
Office Hours” via Zoom to help growers access experts and timely
information for the growing season.
Changing Regulations. In 2019 the state legislature passed,
and the governor signed, the Farm Laborer Fair Labor Practices Act
(FLFLPA). This monumental change to farm labor policy affects all of
the almost 9,000 farm employers in New York. The original FLFLPA
established a 60-hour weekly threshold for farm employees. Hours
worked beyond 60 must be paid at overtime. It also required a weekly
day of rest for farm laborers, which they can voluntarily work, but
must be paid overtime if they do so. The third major component of
FLFLPA was legalizing farm worker collective bargaining and union
organization. Minor changes included adjustments to insurance
requirements.
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FLFLPA also changed an important regulation about migrant
worker housing for farm and food processing businesses. Beginning
January 1, 2021 a permit will be required to operate housing occupied
by four or fewer people. Previously a permit was only required if five
or more people occupied the facility. Local health departments and
the NYS Department of Health will begin contacting these smaller
farms, conducting inspections, and issuing permits in 2021.
Significant amendments to FLFLPA occurred in 2020 and
growers need to make careful decisions about how they will classify,
manage, and compensate laborers, employees, managers, and family members who work in their operations. Some family members
and managers who meet certain definitions can be classified and
compensated in ways that will exempt them from overtime and
day-of-rest requirements, but the rules are complex and will need
careful consideration for each situation.
During the early months of the COVID-19 pandemic, New
York State government enacted legislation that permanently requires
sick leave for most private sector employees in New York, including farm employees. Small employers with four or fewer employees
must provide at least 40 hours per year of paid or unpaid sick leave
depending on their net income; those between five and 99 employees
must provide at least 40 hours of paid sick leave; and those with 100
or more must provide 56 hours per year.
Cornell Ag Workforce Development is collaborating with many
different industry organizations to deliver educational events like the
Labor Roadshow and the Becker Forum to help growers learn about
changing regulations and how to stay in compliance.
Leadership and Human Resource Management. Clearly, managing people in New York agriculture is more complex than ever. Need
is great for farms of all sizes to have capable managers in place who
can think strategically about workforce needs, organize a professional
workplace, and apply leadership to build effective teams and retain
talented employees. Cornell Ag Workforce Development is preparing a series of online courses in supervisory leadership to meet this
critical development need for today’s farm supervisors and managers.
Participants who complete the integrated series of courses can earn
a Certificate in Agricultural Supervisory Leadership.
Over 4,000 people visit the Ag Workforce Development website
each month to learn about labor issues and programs developed to
support farmers. Visit agworkforce.cals.cornell.edu to subscribe to
“The Ag Workforce Journal” and receive regular blog updates about
current farm workforce issues.
The farm workforce environment will remain challenging for
the foreseeable future but coordinated industry efforts and support
from Cornell Ag Workforce Development help clarify issues for
growers. Once the challenges are clear we can more effectively study
and identify practical solutions.

Richard Stup, Ph.D. | Cornell Agricultural Workforce Development
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New Cornell Apple Varieties, and other Managed
Varieties Grown in New York

This work was supported
by the Apple Research and
Development Program.
The decision of which
apple variety to plant has
immediate and long-term
effects on an apple farm.
Here we discuss several
options for growers.

Susan K. Brown and Kevin E. Maloney
Horticulture Section, School of Integrative Plant Science, Cornell Agritech, Geneva
Keywords: Cordera, Firecracker, Pink Luster, Evercrisp, Koru, Red Fleshed apples
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e are pleased to announce three new apples from
Cornell: ‘NY56’, ‘NY109’ and ‘NY73’, trademarked
fruit to be sold as ‘Cordera’, ‘Firecracker’ and
‘Pink Luster’.
We have released three new apple varieties this fall. They
were 20+ years in testing at Geneva and in grower orchards.
These varieties are open releases, allowing anyone in the US to
test/grow them. Please visit the Cornell Center for Technology
and Licensing website to see a list of nurseries that will be propagating trees or ask your favorite nursery if they have a license.
Consumer testing at various venues has provided strong
acceptance, even for NY109, which has a rustic appearance,
but has the quality to counter any appearance concerns. These
varieties are a team effort and benefitted from funding by the
Apple Research and Development Grant, from collaborations
with many faculty and staff at Cornell, Cornell Cooperative extension and growers. Our Field Research Crew at Geneva keeps
our research orchards in top condition. Thanks to them and to
the apple growers who tested them, as well as to the growers
who are part of Crunch Time. Many breeders do not get to see
their apples in the marketplace, let alone doing well. All of your
involvement and support made this happen. Thank you.
There are many great sources of information on new apples
or existing varieties. Information can be obtained from the
patents at USPTO.gov, by a simple internet search (using the
variety name and or trademark name). For scientific research
the variety name will be used. Using Google Scholar (under the
more button on Google, or by typing it in the search bar) provides
access to refereed research publications. Many varieties have
their own websites where additional information is available.
There is also the Register of New Fruit and Nut Cultivars List,
which is published frequently (Gasic et al., 2020). The apple section is authored by Sarah Kostick and Kate Evans at Washington
State University. Also, Kevin and I are always available to answer
questions on varieties.
This article also provides some information on recent announcements about some of the other managed varieties being
grown in NY. You may already have this information, but this
article ensures it is found in one place. Please feel free to suggest
varieties or topics for furfur articles.

a hybrid of ‘Spartan’ x a sister
seedling to ‘Liberty. It has excellent fruit quality and scab
resistance.
NY56 is resistant to the
fungal pathogen Venturia
inaequalis (apple scab), with resistance from the Vf gene from
Malus floribunda 821. ‘Honeycrisp’ also possesses resistance to
scab, however NY56 has not been genotyped to determine what
genes were transmitted from its ‘Honeycrisp’ mother.
NY 56 is an attractive, excellent quality scab resistant apple.
Fruit quality is superior to most commercially available scab resistant varieties. We did not name another scab resistant apple,
until we had one that growers agreed was of good quality. At
harvest, fruit are large in size (244 grams), crisp and mild in flavor,
with a good balance of sugar (13.2 Brix) and acid (0.7 acidity).
NY56 fruits do not have the high acidity, astringency and thick
skin common to resistant apples. Fruit color is 20 to 60 % red
blush on yellow. The average harvest date is ~ October 3 to 12.
At harvest it is 15-16 lbs. pressure and ranges from 13 to15 brix.
The scion vigor is very low, less than ‘Honeycrisp’, and similar
or lower vigor than NY1. This variety needs to be matched with

Apple Varieties:
‘Cordera’®: (NY56, US Plant Patent # 30,758, awarded on
July 30, 2019). Test tree codes for this variety are HH1502, II1604,
and JJ1702 (Figure 1). The new scab-resistant apple variety from
Cornell originated from a controlled pollination made in 1994
between the apple variety ‘Honeycrisp’ by the advanced breeding selection NY65707-19. The pollen parent, NY65707-19 is
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Figure 1: Cordera® apple (NY56)
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a higher vigor rootstock to reach optimum potential, such as
G.935, or a more vigorous rootstock. Leaves often have a similar
chlorotic leaf disorder as seen in ‘Honeycrisp’.
Some of its limitations are: Fruit rot susceptibility (especially
to bitter rot, Colletotrichum) is similar to ‘Honeycrisp’, so NY56
needs a late season fungicide prior to harvest. NY56 is susceptible
to powdery mildew, bitter pit, and black rot, but the incidence
of these diseases/disorders is low and may lessen with a greater
crop load. Initial fruits are very big but lessen with cropping. For
postharvest disorders, fruit are susceptible to several disorders,
but it should be noted this was under no fungicide sprays or
drench prior to storage. This selection should be sold at harvest
or stored only until the end of December.
Wegmans organic farm has been testing NY 56 and it has
also been tested in Cornell’s organic apple trial (Agnello et al.,
2015, 2017)
This scab-resistant apple is named in honor of my predecessor, Dr. Robert Lamb and his family. Cordera is Spanish for
lamb. We also appreciate the efforts of Dr. Aldwinckle, Plant
Pathology (retired, Professor Emeritus) in screening seedlings
for scab resistance.
Bob was dedicated to his family, his wife Barbara, and his
three children. Bob was very pleased that his daughter Betsy
is an IPM specialist at Cornell’s Integrated Pest Management
Program. It is fitting that this apple be named in Bob’s honor, as
it is related to the ‘Liberty’ apple that he and Herb Aldwinckle
named in 1978, followed by their naming of ‘Freedom’ apple in
1983. Interest in ‘Liberty is seeing a revival, for its use in hard
cider and for its resistance to scab and the bacterial pathogen that
causes fire blight. This is the third scab-resistant release from
Cornell. Former Technician David Terry also deserves credit.
‘Firecracker’® (NY 109, UPPP# 31,145, granted December
3, 2019): Test tree codes are HH1501, II1602 and JJ1701 (Figure
2). The parentage of this new Cornell variety includes ‘Golden
Glory’, a semi-spur limb mutation of ‘Smoothie® Golden Delicious’, which is a limb mutation of the popular cultivar “Golden
Delicious’. The pollen parent (male parent) is ‘NY752’ apple tree
(unpatented). NY752 is a proprietary advanced breeding selection
from Dr. Roger Way’s program at Cornell and is also the pollen
parent for NY1. The cross was made in 1997 and fruits have been
evaluated since first fruiting.
This blush apple has a partially russeted finish and rustic
appearance. Fruit examined at harvest time have an average of
l5.7°Brix, with a range of l3. l-17.4°Brix. Fruit acidity is 0.82%
malic acid as determined by titration. Firmness averages 18.7
pounds pressure (range 15.7-21.8 pounds) as measured with a
penetrometer. The high sugar, high acid, and high aroma make the
overall fruit quality unforgettable. The skin contains more flavor
than most varieties, which enhances the taste, as does the russet,
which are tiny cork cells that provide a slightly nutty flavor.
This selection also makes an excellent varietal hard cider.
Average harvest date is ~October 8 to October 16 but can vary
with crop load. Limitations: This variety tends to overset and
will become biennial if crop load is not controlled annually by
thinning. NY109 is susceptible to fire blight (Erwinia amylovora)
Scion vigor is intermediate.
Cornell Orchard in Ithaca tested this selection with consumers as Selection B, but that sometimes was switched to selection
A. Consumers suggested names and described the flavor and NY
109 became a favorite. We tested it at a Cornell dining event,
6

and it baked well, and was enjoyed fresh.
‘Pink Luster’®: (NY73, U.S. Plant Patent Application Serial No. 16/602,082, filed on August 1, 2019) (Figure 3). Test
tree codes are HH1503, II1603 and JJ1703. Cornell’s NY73 is a
hybrid of two popular commercial varieties, ‘Imperial Gala’ by
‘Honeycrisp’ and is an early maturing apple, with large fruit size
and an unusually attractive bright pink-red blush, which is rare
in NY varieties. The cross was made in 1997.
NY73 is a very large conic apple. The attractive pink blush (over a
green/yellow background color) is eye-catching, NY73 has excellent crisp texture and juiciness making it very well suited to retail
on-farm sales and you-pick operations. The tree has good vigor
and growth habit, making it easy to manage in the orchard. Fruits
are sun-sensitive, so blush coverage will range from 20 to 40%.
Maturity at Geneva NY is generally between September 10 to
September 20. The range will depend on season and crop load.

Figure 2. Firecracker® apple (NY109)

Figure 3. Pink Luster® apple (NY73)
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At harvest fruits are very firm: 18 lbs. pressure, with a range of 15
to 20 pounds -this is exceptionally firm for an early apple. Similar
to other early apples, storage life in cold storage is ~2 months.
Fruits have 13 brix. In testing at local fairs and with small test
groups, NY73 has been extremely well liked by consumers.
Evercrisp® (MAIA-1): EverCrisp® apple was released in
2012 and is a cross between ‘Fuji’ and ‘Honeycrisp’. According
to MAIA, the fruit rarely drops, though it is susceptible to water
core, similar to its ‘Fuji’ parent. Fruit have high brix at harvest.
Young trees tend to produce fruit with a green or muddy
background color, but as trees mature in years four and five the
fruit becomes much redder (looking similar red Fuji strains). The
harvest timing tends to be with or shortly after late ‘Fuji’ strains.
Most growers seem to experience moderate to low vigor with
‘Evercrisp’ trees (http://maiaapples.com/apples/maia-1-evercrisp/).
The MAIA News: Summer Newsletter 2020 is an excellent
resource on reports on storage trials, by Reality Research in NY
and pruning recommendations and rootstocks to prevent poor
coloration. It is found on the MAIA website.
Amy Irish Brown and Phil Schwailer, of Michigan State
University noted in a 2019 harvest report that many growers use
the starch-iodine test for apple maturity because it’s easy to do.
However, for ‘Evercrisp’ they warned that this variety doesn’t stain
very well, and you might think the starch clearing is higher than
it is. Using the background color change is one determination
for maturity of ‘Evercrisp’. Once that dark green color changes to
lighter green, then it’s ready, of course over color should also have
developed. ‘Evercrisp’ can be a low internal ethylene producer
like its ‘Honeycrisp’ parent, making this parameter ineffective as
a maturity measurement.
Koru: ‘Koru’® (‘Plumac’): US Plant Patent #23,418 granted
in 2013. Although found as a chance seedling in New Zealand in
1998, genetic testing revealed that ‘Fuji’ and ‘Braeburn’ are the
parents. ‘Plumac’ is being managed in North America by Oneonta
and Borton Fruit in Yakima and NY Apple Sales in Glenmont,
NY, and it is grown by several growers in NY State. Fire blight
susceptibility in the nursery (noted in the patent), and perhaps
the field, may be a concern. ‘Plumac’ has a weeping tree form,
consistently large fruit size, and is very sweet (close to 18°Brix)
and crisp. https://koruapple.nz/grow-koru/63-grow-korugrower-information
‘Smitten’™ (PremA17): USPP 22,356, granted in 2011. The
marketing tag line is “Once bitten, forever smitten” and it is also
described as “wild apple”. This Prevar variety from New Zealand
has a pedigree of a ‘Falstaff ’ x ‘Fiesta’ sibling and ‘Braeburn’ x
‘Royal Gala’ and was released in 1995. North American rights
were granted to Pegasus. PremA17 is being grown in NY and
Michigan (Mertz 2017b). According to the patent, fruit ripen two
weeks before ‘Tenroy Gala’, store about 70 days, have excellent
flavor and texture, and weak aroma. www.smittenapple.com. Skin
greasiness will need to be watched prior to harvest. Research
from New Zealand and France suggest using artificial spur extinction and precision crop management to maximize quality. There
are substantial acres of young Smitten® trees being managed as
organic orchards.
‘Story’ (’Inored’): I included this because it is unusual to see
scab resistant apples promoted in a major way in the US. USPP#
22,794. Granted June 19, 2012 (so we are 8 years into the patent
life). The parentage is ‘Pinova’(known as ‘Pinata’ in US) x X6398.
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Scab resistant. Long shelf life. Cultivar ‘Story ‘Inored’ can be described with smaller fruit size (69 mm) and higher percentage of
surface color (93 (Csihon et al., 2019). Susceptibility to powdery
mildew is mentioned in the patent. Brandt’s Fruit trees will sell
trees for 2022. https://biosuedtirol.com/en/apple/story-inored
Unfortunately, its harvest period 10 to 15 days after ‘Granny
Smith’ prevents it from being considered for our region.
‘SweeTango’ (‘Minneiska’): Apples are grown and packed
in Washington, Minnesota, Wisconsin, Michigan, and New York
and two Canadian provinces Nova Scotia and Quebec. Scotian
Gold is SweeTango marketing and sales lead in Canada. The
variety has shown a strong tendency to self-thin down to king
bloom, so that caution in thinning is advised. Recent studies in
Michigan by David Jones and Phil Schwallier, aided by recommendations from Polianna Francescatta, Valent Crop Sciences,
suggests that Minneiska produces a burst of ethylene several days
before bloom and that treatment with Retain could lessen this
ethylene burst and improve flower retention (Mertz, Millkovich).
In related research, the self-incompatibility genotype of ‘Minneiska’ has been determined to be S2455 (Sheick et al. 2020), so
‘Minneiska’ received S24 from its ‘Honeycrisp’ parent and S55
from its ‘Zestar’ parent. Please see Orcheski and Brown (2012)
for a review of this topic. Having a unique S allele may make the
selection of appropriate pollen sources easier. Drop copter, a
drone for pollination, is being tested at several orchards in New
York
‘Minneiska’ has shown a tendency to become basally dominant if height is delayed by cropping. It is also prone to water
core.
In Nova Scotia, Canada, a Delta absorbance meter was used
by Delong et al. (2020) to assess proper maturity for quality and
to reduce disorders in storage. They found that as the IAD values
declined during fruit maturity, the upper boundary value of 0.26
was defined as ‘when to begin
harvest’, while the lower boundary value of 0.12 was deemed
‘when to end harvest’ for longer-term storage. This information is
specific to that region and would need to be repeated in New York.
‘Wild Twist’ (Formerly ‘Sweet Cheeks’ (Regal 10-45): A
hybrid of ‘Honeycrisp’ x ‘Cripps Pink’, ‘Wild Twist’ inherited
the long growing season from its ‘Cripps Pink’ parent, which
can make it challenging to harvest before frost during some East
Coast seasons. Harvest is the last week of October or first week
of November.
Amy Snowden in The Packer reported that Hess Bros. Fruit
Co. in Lancaster, Pennsylvania has partnered with Rainier Fruit
Co. in Selah, Washington to expand its ‘Wild Twist’ apple program. In the first phase, half of the ‘Wild Twist’ volume will be
grown by Hess Bros. and half by Rainier Fruit. It will be interesting
to contrast fruit quality of fruit produced one each coast. I wish
them all the best.
‘Wild Twist’ does not show measurable internal ethylene
during fruit maturation. Reflective materials can aid coloration
in the East, as with many varieties.

Red Fleshed Apples (RFA):
As with any category, red fleshed apples include many different varieties and ranges of quality. Cornell was one of the first
breeding programs to breed for red flesh, resulting in the release
of ‘Red Ford’ and ‘Red Flesh’ in the 1950s. Unfortunately, they
were not a commercial success. ‘Pink Pearl’ and ‘Surprise’, from
7

Albert Etter’s breeding program in California are also found in the
US market. Now there are several breeders and marketing groups
working on developing and commercializing red fleshed apples.
Unfortunately, red flesh, high acidity and some astringency seem
to be linked to red flesh, which is all derived from Malus pumila
niedzwetzkyana, of Malus sieversii fame. Redlove is a private
program. There are several kinds of Redlove apples: Era, Calypso,
Circe, Odysso, and Lollipop, but these seem to be most popular in
tree sales to homeowners. ‘Red Moon’ red-fleshed apple in Italy
is also having some success in the markets where more acidity is
appreciated.
Zanetti et al., 2020 surveyed consumer response to red
fleshed apples (RFA) in Italy and New Zealand and suggested that
experts think the market for RFA will develop slowly, and (they)
will remain a niche product. “Some stakeholders are skeptical
about consumer RFA appreciation, and fear that RFA are too
radical a novelty on the market. The RFA may be perceived as not
natural. There is a need to coordinate food chain stakeholders’
management practices on RFA. “This would allow a mitigation
of risks, set food standards acceptable for all chain stakeholders,
and make sustainable economic investment on innovation”.
‘Kissabel’: https://www.kissabel.com/ In the US commercial plantings by NBT (Next Big Thing) partners will be
started in 2021 so the first Kissabel® fruit on the market will not
be until 2023. Kissabel is from a cooperative breeding program
in France, with an excellent track record. Many of the producers
and growers who have signed onto red-fleshed kissabel are astute
businessmen and women. Yet, I am concerned that it will be a
small niche, bought for its novelty more than anything else.
Kissabel Jaune. (Y102). This is pink fleshed and a hybrid of
‘Golden Delicious’ x an advanced selection SJ109. The cross was
made in 2006. USPP 30,041; 1Jan. 2019. This apple is receiving
good reception in initial EU trials.
Kissabel Orange. (Y101). This is also hybrid of ‘Golden Delicious’ x an advanced selection SJ109; Cross was made in 2006;
propagated in 2012. USPP# 28,201; 18 July 2017 after 5 years of
clonal trials. Fruit: medium, diameter 7.1 cm; conical. Overcolor
is 90% orange/red. The flesh is 80% dark pink; moderately firm,
crunchy, juicy, with balanced aroma, 13°Brix. Fruits ripen in early
September. Trees have medium vigor and a droopy growth habit.
This variety is reported to be resistant to scab.
Kissabel Rouge. (R201). MNR33S1A51 x ‘Galaxy’; Cross
made in 2006; propagated 2011. USPP 28,218; 25 July 2017. Fruit
medium in size (7.8 cm). The overcolor is dark purple brown, with
flesh 80% red, and reported to be moderately firm and juicy. The
flavor is said to be berry-like, with 15°Brix, but no mention of
acidity. It ripens late, with Braeburn. Tree vigor is moderate and
is also drooping. A report in European Fruit Magazine suggested
some of the Red skin, red fleshed types may be prone to russet,
but I couldn’t find that citation.

Apple nutritional components-dihydrochalcones:
We know that apples have many health properties, but
apples also produce some compounds that are unique to apples,
specifically some dihydrochalcones called phloridzin, trilobatin
and sieboldin (Gutierrez et al., 2018). These compounds affect
glucose transport, so they have been looked at in diabetes medications. However, they also have the ability as defense compounds
in the plant and may have industrial applications. In addition,
both trilobatin and sieboldin are bitter blockers and sweetness
8

enhancers, allowing for a natural sugar booster, without the
calories.
Ben Gutierrez was my doctoral student and is now apple
curator at the USDA/ARS germplasm collection in Geneva, NY.
His expertise and willingness to collaborate is of great benefit
to the apple industry. Ben developed a population that was
genotyped by sequencing and characterized for these unique
compounds. My current doctoral student, Andrew Scheldorf is
studying this same population. One parent is Malus prunifolia
which is said to transmit drought tolerance, while the other parent
has the columnar mutation causing upright architecture, perhaps
suitable to automation. By studying what is considered a “wide
cross” of two genetically distinct Malus species, we can examine
if these traits correlate with any important quality or adaptation
traits. Further it allows us to see whether a small fruited Malus
species will produce sufficient fruit size and quality in one or two
generations. We found some non-ripening mutations, which was
a surprising and rewarding occurrence.
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A

pple orchards are transforming from lower density, freestanding tree systems comprised of tall spheres to highdensity, trellised tree systems comprised of continuous
narrow “fruiting walls” (Robinson, 2007). Narrower row spacing
in this cropping system have reduced the productive capacity of
tractor-pulled airblast sprayers designed for large, broad canopies
and increased the risk of crop damage from contact of the crop
by the tractor and sprayer. The basic airblast sprayer design has
changed little since its first development although a variety of
additional air assisted sprayer designs (e.g. Proptec/Curtech,
Agtec and cannon sprayers) have been developed and sprayer
automation is becoming more common place.
Solid Set Canopy Delivery Systems (SSCDS) represent a radical departure from traditional orchard sprayer technology with
current designs borrowing heavily from irrigation microemitters.
SSCDS consist of a network of microsprayers positioned in the
tree canopy/trellis and connected to a pumping/mixing station
located outside the orchard (Fig. 1). Ongoing SSCDS research has
demonstrated that this technology is capable of at least matching
the pest management performance of a typical radial air blast
sprayer in both Michigan and New York (Agnello and Landers,
2006, Owen-Smith, 2017; Owen Smith et al., 2019).
Fully commercialized SSCDS could provide a variety of benefits to growers. They do not require tractors to enter the sprayed
area so they will reduce applicator exposure to agrochemicals
as well as soil compaction. In addition, as “fixed” systems they
have the potential to be automated and could be used in or-

This work was supported in part by the
Michigan Apple Committee
Our research has shown that a Solid
Set Canopy Delivery Systems used for
spraying in a high density orchard
can greatly reduce off target drift
compared to an airblast sprayer.
Our results also suggest that the
Hadar impact type microsprayers
are less prone to ground loss than
the rotary atomizer type Greenspin
(showerdown) microsprayers.

chards with tighter row
spacings. One anecdotal
observation of SSCDS
is that they appear to
generate much less offtarget drift compared to
radial airblast sprayers.
Reducing off target drift
is important from the
perspectives of saving
the applicator money
–spray that leaves the targeted area is wasted spray, and for improving environmental stewardship. Thus, determining whether
SSCDS are less prone to the development of off target drift would
identify an additional potential benefit of this technology.
The objective of our two-year study was to identify and
quantify the non-target losses of SSCDS and radial airblast
sprayers in a high-density apple orchard. To this end, in-orchard
spray losses to ground, immediate downwind vertical flux, and
downwind spray drift sedimentation were measured. We evaluated two types of SSCDS microsprayers at typical spray volumes
and hypothesized that the SSCDS would develop less non-target
drift compared to a radial airblast sprayer.

Materials and methods
Study Site Description: Our study was conducted in the
summer months of 2017 and 2018 in a mature high-density,
single-trellised four-row block of Honeycrisp apple trees located
at the MSU Clarksville Research Center (MSU AgBioResearch,

Figure 2: Schematic showing how samplers were placed relative the edge
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nce.

the 4. They were placed
in the same location
for all replications and
treatments, at 0 meters,
+/- 50 cm (drip edge
of tree) then +/- 1.3
and +/- 1.8 meters (the
drive middle center).
A full set of samplers was collected for
each replication. Samples were refrigerated
and stored in isopropyl
alcohol while awaiting laboratory analysis.
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a Rears PB533N radial airblast sprayer equipped T-Jet hollow percentage of applied (showerdown) in red. 8 m drift pole and 3
cone nozzles with DC23 whirlplates D4 discs and operated at volume to normalize m tall apple tree provided for scale.
180 psi (0.69 bar) calibrated to 70 gallons/acre (650 L/Ha) with the difference in appli10 nozzles on at an operating speed of 3.8 Miles per hour (6.1 cation volume between the airblast and SSCDS applications.
km/h) we turned the top 3 nozzles off to best target this particular Results and Discussion
canopy, resulting in a net application rate of 49 gallons per acre
Downwind Deposition: In 2017, mean SSCDS and air(460 L/Ha). The SSCDS consisted of one microsprayer hung
above the canopy every 6 linear feet and a double set of emitters blast downwind deposition at 0 m to 64 m ranged from 9.03%
hung in the central portion of the canopy every 6 feet with the to 0.29%, 14.23% to 0.61%, respectively with a total collection at
two strata offset by three feet. The system was operated at 0.69 distances beyond 4 m 1.94% and 17.05%, respectively. In 2018,
bar using a prior tested SSCDS design (Owen-Smith 2019) utiliz- mean SSCDS (Hadar), SSCDS GreenSpin (showerdown) and
ing Jain Irrigation Modular Group 7000 series microsprinklers airblast downwind deposition at 0 m to 64 m ranged from 20.16%
with violet nozzles and yellow flat spreaders and 32 psi stop drip to 0.06%, 45.26% to 0.01%, and 54.85% to 0.42% respectively with
device (NanJain Irrigation, Fresno, CA). In 2018, we repeated the a total collection at distances beyond 4 m of 2.02%, 0.74%, and
experiment with the addition of an 2nd SSCDS system utilizing 39.1%, respectively (Fig. 3). Thus, SSCDS configurations generJain GreenSpin rotary atomizer type microsprayers with sprayers ate considerably less horizontal drift than the airblast sprayer.
positioned every three feet above the canopy (later described as However, the rotary atomizer “Greenspin” microsprayers had a
“Showerdown”). Spray volume for SSCDS treatments was main- slightly higher horizontal off target drift compared to the “Hadar”
tained at 70 gallons/acre (650 L/Ha) and spray solutions consisted impact based microsprayers at distances less than 1m.
Vertical Mass Flux measurement: In 2017, mean SSCDS
of water and a 0.1% volume/volume non-ionic surfactant and
0.1% mass/volume Pyranine dye. Treatments were replicated and airblast Vertical Flux (drift height) from 1 m to 8 m ranged
from 4.0% to 0.7% and 20.21% to 3.66% , respectively (Fig. 4).
four times in 2017 and 3 times in 2018.
Measurements Taken: In-orchard losses to ground were In 2018 mean SSCDS Hadar, SSCDS Greenspin (showerdown)
quantitatively measured, along with downwind sedimentation and airblast Vertical Flux at 1m to 8m ranged from 7.58%-0.34%,
typical to drift studies. Figure 2 provides a graphical representa- 11.07%-0.21%, and 49.34%-3.86%, respectively (Fig. 4). These
tion of how samplers were arranged. Horizontal Downwind Drift data suggest that somewhere between 5 and 10 times more of
Sedimentation was measured quantitatively using 3 parallel rows the material delivered by the airblast sprayer compared with
of 102 mm square Mylar targets spaced 0,1, 2, 4, 8, 16, 32 and 64 m either SSCDS configuration was released and lost above the tree
downwind of the orchard, as described in ISO standard 22866 and canopy. The 2018 data indicate that both SSCDS microemitters
ASABE S561.1. Vertical flux was measured using 3, 8m tall drift developed largely similar vertical drift profiles at 1 m downwind
poles at the downwind edge of the orchard using 1.8 mm braided with very little material recovered above 3m in height.
Ground Deposition: In 2017, overall mean ground depopolypropylene string that was exposed to the duration of each
replication’s spray application. String was separated into 1 meter sition was 6.13% and 14.81% for the SSCDS and Airblast treatsegments harvested in individual bags for quantitative analysis. ments respectively. In 2018 overall mean ground deposition for
Ground deposition was collected using 15 cm Petri dishes placed SSCDS Hadar, SSCDS GreenSpin (showerdown) and airblast
in 4 rows perpendicular to the 3rd easternmost sprayed row of were 38.54%, 70.35%, and 22.74%, respectively (Fig. 5). These
10
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results suggest that the Hadar microsprayers provide comparable
or lower losses to ground compared to the airblast sprayer but
GreenSpin (showerdown) microsprayers lose an appreciable
portion of spray to ground loss.

Conclusions:

Our results provide strong support that SSCDS greatly
reduce off target drift compared to a radial airblast sprayer. As
we hypothesized, spray applications using SSCDS dramatically
reduce off target losses, especially outside of the treated area.
This was true even considering the 21 gallons per acre HIGHER
application volume for the SSCDS compared to the airblast
sprayer (70 and 49 g/acre, respectively). This is not surprising,
considering the fact that spray applications from SSCDS systems
do not rely on forced air to deliver spray droplets to the canopy.
Our results also suggest that the Hadar impact
type5.microFigure
In field Figure
ground
expressed
as percentage
of applied
5. Inlosses
field ground
losses expressed
as percentage
of appliedrate
rate recovered
sprayers are less prone to ground loss than theacross
rotary the
atomizer
recovered
from
across
the
outer
full
row.
Data
is
presented
for
both
outer full row. Data is presented for both the 2017 and 2018 the
experiments.
and 2018 experiments. 2017 data presented in light blue, 2018 data
type Greenspin (showerdown) microsprayers. Based
on
this
find- in 2017
data presented
light
blue,
2018
data
presented
in
darker
blue.
Images
of the air
ing we suggest that further SSCDS applications in tall spindle type presented in darker blue. Images of the airblast sprayer, Hadar impactsprayer, Hadar impact-type
and
GreenSpin
rotary
atomizer
type
microsprayer
type and GreenSpin rotary atomizer type microsprayers are provided for
plantings should use impact type microsprayers. While our study reference.
provided for reference.
demonstrates an appreciable advantage of SSCDS for reducing
drift and keeping material within the treated area, it is important
to note that the level of benefit will likely vary compared to other
air assisted sprayer technologies.
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A

pple bitter rot is a widespread disease in the East coast
and Midwest states of the USA, occurring as far north
as Ontario, Canada (Sutton et al. 2014; Celetti 2016). It
has been known from the late 1800s to plant pathologists in the
U.S., who reported that bitter rot is a destructive disease that can
infect apples during any period of the season when hot, humid
weather prevails (Alwood 1894; Burrill 1907). Burrill (1907)
estimated losses to apple bitter rot in the U.S. to $276 million
a year, expressed in today’s dollar value (CPI Inflation Calculator). In New York (NY), apple fruit losses to bitter rot usually
range between 14 to 25%, but in very wet years can reach 60% in
poorly protected conventional orchards and up to 100% in organic
orchards (Aćimović 2018; Iungerman 2013). The most affected
cultivars in NY from 2017 to 2019 were Honeycrisp, Gala, Fuji,
Empire, McIntosh, Enterprise, Idared and Crimson Crisp. Losses
in NY in 2017 were up to 80% on Asian pear and between 2 to
10% on European pear (Pavlović et al. 2019). In 2018, losses to
bitter rot in Pennsylvania (PA) ranged from 5 to 100%, with cv.
Honeycrisp and Empire most affected (Peter, personal observations). In Kentucky, apple losses on average are 30%, with some
orchards a complete loss (Gauthier et al. 2017; McCulloch et al.
2019). In North Carolina losses can reach 100% (Villani, personal
communication, Mertz 2019).
Bitter rot is favored by warm, wet and humid weather conditions during late spring and summer and can occur both in the
orchard and after storage as a postharvest decay (Biggs & Miller
2001; Sutton et al. 2014; Rosenberger 2016). On apples and pears
this disease can be caused by at least 19 different fungal species
of the genus Colletotrichum. Many of these species used to be
called Glomerella cingulata, a name that is still found on some
fungicide labels. These species largely belong to three different
species complexes (groups): (1) Colletotrichum acutatum species
complex, (2) Colletotrichum gloeosporioides species complex and
(3) Colletotrichum boninense species complex, with majority of
apple pathogens being in the first two complexes. In general,
species in the C. acutatum species complex (CASC) have lower
optimal temperatures (around 77°F) than the species in the C.
gloeosporioides species complex (CGSC) (around 86°F), which
makes them more prevalent in cooler and warmer growing regions of the world, respectively, although their distribution ranges
are highly overlapping (Damm et al. 2012; Weir et al. 2012; Dowling et al. 2020). Overall, the symptoms of bitter rot on apple fruit
caused by these various Colletotrichum species are almost identical (Fig. 1), however, the pathogen biology and the effective man12

agement strategies
This research was supported by the New York
can differ signifiApple Research and Development Program
cantly among these
species and species
Bitter rot will continue to be an issue
complexes (Rosenfor growers for the foreseeable future
berger 2016).
considering the observed climate trends and
Colletotriconsumer demand for susceptible cultivars
chum species in
like Honeycrisp. Our research has shown the
southeastern US
most common species causing this disease
and Brazil can also
cause a leaf disin the mid-Atlantic is Colletotrichum fioriniae
ease called Globut other species are also present. We have
merella leaf spot
also identified the most effective fungicides
(GLS) which can
to keep this troublesome disease in check.
rapidly defoliate
Golden Delicious
and Gala trees, although Pink Lady,
Jonagold, Goldrush, Pristine and Granny Smith can also be severely infected (González et al. 2006; Rosenberger 2012; Velho
et al. 2015; Aćimović 2016, personal observations); Villani 2018.
Colletotrichum species in NY have occasionally been found in
leaf spots that resemble GLS, but it was not confirmed if these
species were actually causing those spots (Beaudoin et al. 2015;
Rosenberger 2012).
The same species that cause bitter rot can also cause diseases
on over 100 different vegetables and fruits, including ripe rot on
grapes and anthracnose in strawberry and blueberry (Damm et
al. 2012; Weir et al. 2012). Because of variations between species

Figure 1. Variability in manifestation of bitter rot lesions on apple fruit
caused by Colletotrichum species depicting unique flat to sunken saucer
lesion profile and a tell-tale V-shaped rot appearance in flesh on fruit cross
section.
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and the possibility that this could allow us to fine-tune our bitter
rot management we wanted to determine which Colletotrichum
fungal species infect apple fruit in the Mid-Atlantic region of NY,
PA and surrounding states.

Which Species are Causing Bitter Rot in the Mid-Atlantic
Region?
Although bitter rot was present and known to growers in
the past, it was unknown which Colletotrichum species are the
major causes of apple fruit bitter rot in the Mid-Atlantic region.
After an extensive, multi-year regional collection of infected fruit
from 32 locations in PA, 12 in NY, and 4 in Virginia (VA), and
one location each in Ohio, Maryland and Delaware, we isolated
the causal fungi and using gene sequencing and phylogenetics,
we determined the following species.
Colletotrichum fioriniae from CASC was the most prevalent
and widely distributed species to cause apple bitter rot in NY
and PA (Fig. 2). About 50 to 65% of isolates in NY exhibited the
distinct salmon to red colony color, fusiform spores, and slower
growth rate on potato dextrose agar (PDA) medium that is characteristic of C. fioriniae (Fig. 2). Within the CASC we found a
single isolate of another species, C. nymphaeae, on a farm that
was organically managed. C. nymphaeae is known as a common
cause of strawberry anthracnose (Wang et al. 2019) and causes
bitter rot of apple in Kentucky (Leonberger et al. 2019). The dominance of C. fioriniae as a bitter rot cause aligns with the previous
reports of this species being very common on apple, both in the
US (Pennsylvania, Kentucky), and in Croatia and Korea (Ivić et
al. 2013; Munir et al. 2016; Park et al. 2018; Kou et al. 2014).
In the CGSC we were surprised to find C. chrysophilum
and C. noveboracense (the latter is a new species we described in
Khodadadi et al. 2020) (Fig. 3), with their distribution spanning
throughout the Hudson River Valley of NY, south-central and
southeastern PA, to the Great Appalachian Valley and Piedmont
regions of VA (Fig. 4).
The new species name noveboracense is derived from Noveboracum which is New York translated in Latin. The distributions
of most prevalent species of C. fioriniae, C. chrysophilum and C.
noveboracense in NY, PA, OH, DE and VA are presented in Fig. 4.
The surprise lies in the fact that C. chrysophilum has only been
recently identified and described as a species in the Colletotrichum genus, having been reported as a pathogen of banana and
cashew (Vieira et al. 2017; Veloso et al. 2018). An isolate of the
new species C. noveboracense was previously found in Oklahoma
as a leaf endophyte of black walnut, Juglans nigra (Doyle et al.
2013). Some isolates of both of these species have sometimes
been misidentified as C. fructicola (Hu et al. 2015; Munir et al.
2016; Chen et al. 2016; Khodadadi et al. 2020).
Also in the CGSC and in addition to the two species mentioned above, C. siamense, was detected in our apple samples
from southern PA and farther south; C. fructicola was found only
in the two locations in central and southern VA; a single isolate
of C. gloeosporioides sensu stricto was found on a MD farm that
had no summer fungicide applications; and four C. henanense
isolates were found in a conventionally managed farm in PA with
diverse tree and berry fruit (Fig. 4).
Because these species are more prevalent in the south, it is
possible that climate change (Kunkel et al. 2013; NRCC 2019)
has favored the expansion of these warm climate pathogens into
the northeastern U.S. (Bebber et al. 2013). In 2018, precipitation
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Figure 2. Morphological characteristics (colony color, conidial shape) of
Colletotrichum fioriniae Colletotrichum isolated from bitter rot-infected
apple fruit: (a) Front, (b) Reverse, (c) Conidial shape. (From: Khodadadi et
al. 2020).

Figure 3. Morphological characteristics (colony color, conidial shape) of
Colletotrichum chrysophilum (a, b, c) and C. noveboracense isolated from
bitter rot infected apple fruit (d, e, f) (From: Khodadadi et al. 2020).

Figure 4. Map of sampling area with pie-charts at bitter rot collection
locations showing the identity of species from that location. The number
in the pie-chart is the number of Colletotrichum fungal isolates obtained
from that location. Isolates from NY were identified based on morphology
and species complex specific PCR. Isolates from other locations were
identified based on gene sequencing (From Martin et al. 2021).
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in 90% of NY state was more than 10 inches above average, with
some regions more than 20 inches above average (NRCC 2019;
Aćimović & Meredith 2019). PA recorded its wettest year on
record in 2018, with 63.6 inches of precipitation statewide (with
some regions receiving significantly more precipitation), which
was 20+ inches more precipitation for an average year (NOAA).
Between 1895 and 2011, temperatures in the Northeastern U.S.
increased by 2°F (0.16°F/decade), while annual precipitation increased by about 5.0 inches, or 0.4 inches per decade (Kunkel et
al. 2013). Between 1958 and 2010, the Northeast had a more than
70% increase in precipitation (Groisman et al. 2013). In South
Carolina, average temperature has increased 0.5°F since the early
20th century and extreme rain deposits are projected to enlarge
(Runkle et al. 2017). From 1895, annual total rainfall in the AL, FL,
and GA has increased about 10% during the past century (Florida
Climate Center, 2019). Therefore, environmental conditions on
the East Coast are highly favorable for bitter rot outbreaks because
warmer and wetter weather patterns predominate (Coakley et al.
1999; Hayhoe et al. 2007; Frumhoff et al. 2007; Groisman et al.
2013).
It is important to appreciate the diversity of Colletotrichum
species causing apple bitter rot in the Mid-Atlantic, however, the
core tenants for management recommendations most likely will
be consistent. Knowing all the causal species of bitter rot in a
certain region or an apple farm is significant for research purposes
because different Colletotrichum species differ in their infective
aggressiveness i.e. virulence, sensitivity to fungicides, temperature
requirements, and very likely the mechanisms through which
they develop resistance to fungicides. All these traits are critical
for successful management of these and other fungal species.

Figure 5. Examples of leaves of various orchard and forest plants
showing masses of C. fioriniae conidia that are visible as tiny orange dots.
Clockwise from lower left the leaves are from quaking aspen, black cherry,
poison ivy, apple, Amur honeysuckle, sassafras, and wild grape.

What Are the Lifestyles and Habitats of Colletotrichum
fioriniae?
The Colletotrichum species that cause bitter rot are known as
hemibiotrophs, which means that the initial penetration of plant
tissue is followed by a period of time known as the biotrophic,
latent, or quiescent phase, after which rot symptoms become
visible, which is known as the necrotrophic phase. This means
that even though bitter rot might not be observed until close to
or after harvest, the initial infection could have happened much
earlier in the growing season. To complicate things further, Colletotrichum species can grow on and inside of many different plants
without ever causing disease, in which case they are considered
epiphytes or endophytes (epi means on, endo means inside, phyte
means plant). These plants could then serve as hosts for these
Colletotrichum species, which could spread to nearby orchards
and fields. In our effort to better understand the lifestyles of the
Colletotrichum species that cause bitter rot, we chose to focus
on C. fioriniae, the most common species causing bitter rot in
the Mid-Atlantic region.
Since C. fioriniae was previously isolated from the leaves of
forest plants (Marcelino et al. 2009), we decided to see if we could
trap any conidia (asexual spores) of this fungus in the forest and
compare it with how many conidia we could trap in the orchard.
We used the molecular-based pathogen diagnostic method called
q-PCR to test over 500 samples from heavily bitter-rot-infected
apple orchards and nearby forest woodlots over two summers.
While we were expecting to find some C. fioriniae conidia in
the forest, we were surprised to find that our forest spore traps
captured more conidia than the traps in the orchards (Martin &
14

Figure 6. Hypothesized generalized infection cycle for C. fioriniae. This
infection cycle is based mostly on endophytic leaf infections, but includes
necrotrophic fruit infections where susceptible fruits are present (From
Martin et al. 2020).

Peter 2020).
To confirm our conidia trap counts were correct, we isolated directly from leaves using a freezing method, in which the
leaves were surface disinfected to kill microbes on the surface,
frozen to kill the leaves but not the fungus, and incubated for two
weeks at 70 to 72 F° to allow any fungi inside the leaf to emerge
and sporulate. We tested over 1,000 leaves of apple and 24 different forest plant species and found C. fioriniae was present in
many of them (Martin & Peter 2020; example photos in Fig. 5).
C. fioriniae isolates from leaves were pathogenic on apple fruit
and multi-locus DNA sequence analysis showed 100% identity
to C. fioriniae between most isolates from leaves and those from
diseased fruit. We therefore concluded that C. fioriniae is primarily a leaf endophyte and present the conclusion as a generalized
C. fioriniae infection cycle that provides an updated framework
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for its integrated management in agricultural systems (Fig. 6).
The implications of this discovery are that most of the C.
fioriniae populations in orchards likely originally came from
nearby fence rows and forests. However, since C. fioriniae conidia
are dispersed by rain splashing and most conidia land within a
few yards of their source, conidia would only come from fence
rows and forests during extreme rain and wind events. The vast
majority of conidia would cycle within the orchard due to their
limited mobility. It also showed that C. fioriniae can live as an
endophyte in apple leaves without causing any disease symptoms, and it is likely that these endophytic apple leaf infections
produce some of the conidia that infect the fruit. C. fioriniae did
not seem to be causing disease in the forest plants from which it
was isolated, suggesting these plants must be genetically resistant
to disease by C. fioriniae. Combined with the variation observed
in susceptibility of apple cultivars, this indicates that selecting
apple cultivars that are less susceptible to bitter rot may be the
best long-term bitter rot management strategy since eliminating
the pathogen infection sources is not feasible.

Do We Have Fungicide Resistance in Colletotrichum
Species Found in the Mid-Atlantic?
Due to the ability of C. fioriniae to inhabit apple leaves without causing any disease symptoms on these leaves, the fungus
likely gets exposed to all fungicides used to manage apple scab
and powdery mildew. If fungicide resistance management for
apple scab and powdery mildew is being followed, this will also
reduce the risk of fungicide resistance in Colletotrichum species.
An important fungicide group of particular concern for
resistance in many different pathogen species is the Quinine
Outside Inhibitors (QoI-s), often referred to as strobilurins or
FRAC group 11 fungicides. Plant pathogens are prone to QoI
fungicide resistance, which is due to mutations (G143A, F129L)
in the cytochrome b gene. These mutations seem stable in
plant pathogen populations and do not induce a fitness penalty.
Therefore, fungicide resistance will persist in a population once
present. Because of the threat of QoI resistance, fungicide label
requirements limit commercial farms to only four applications
per season of any QoI fungicide (Flint Extra, Sovran, Luna Sensation, Pristine, Merivon). Over the last five years, numerous
reports warn that Colletotrichum species from apples and other
fruit crops around the world are developing resistance to QoI
fungicides (Koenig et al. 2012; Forcelini et al. 2016; Kim et al. 2016;
Nita & Bly 2016; Munir et al. 2016). However, the prevalence in
the Mid-Atlantic of QoI resistance is low to-date and has been
confirmed only in a few C. siamense isolates from orchards in
Maryland (Martin et al. 2020) and Illinois (Chechi et al. 2019);
resistance has yet to be detected in C. fiorinae in the Eastern
U.S. Consequently, Mid-Atlantic fruit growers are in an excellent
position to be proactive in limiting the progression of fungicide
resistance among the Colletotrichum species populations that
exist in our region.

What Fungicides Are Most Effective for Bitter Rot Control?
Taking into consideration the issue of fungicide resistance
management, we wanted to better understand the scope of the
efficacy of available fungicides to control bitter rot. In 2020, we
evaluated 13 different fungicide spray treatments with 12 of
them consisting of a single active ingredient, or its different rate
(Table 1). We selected these fungicides based on their novelty
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or a promising potential for bitter rot control in previous trials
(Villani 2017). The treatments listed in Table 1 were initiated on
4 Jun and applied subsequently at 9 to 23-day intervals depending on the weather conditions. Rain amounts were recorded for
Highland NY via an on-site NEWA weather station: http://newa.
cornell.edu/index.php?page=all-weather-data. We used 19-yearold apple trees, which included cultivars Honeycrisp/M.9(337)/
EMLA111, Cameo/B.9, and Royal Court on M.9(337)/EMLA111
in the experimental orchard at Cornell University’s Hudson
Valley Research Laboratory in Highland, NY (41°44’59.6’’N,
73°58’03.4’’W), with 8 ft between trees, 14 ft between three-cultivar plots, and 25 ft between rows. Treatments were replicated on
three trees of each cultivar using a complete randomized design
(CRD). Each replicate plot consisted of all three cultivars stated
above. To secure good canopy coverage, all spray treatments were
spray applied dilute to drip (300 gal/A) using a tractor-carried
brass handgun sprayer (Rear’s Pak-Tank 100-gal sprayer, 250
PSI). Various insecticides for protection against insect pest were
applied according to entomologist recommendations for 2020
season: https://blogs.cornell.edu/jentsch/.
We prepared C. fioriniae inoculum for this trial by inoculating mature apple fruit of Honeycrisp in the laboratory with C.
fioriniae mycelial plugs and incubating the fruit at 25ºC (77°F)
in the dark for 15 days or until bitter rot lesions yielded fungal
spores on the fruit surface. Once sporulation was detected on all
fruit, the inoculated fruit were placed in onion bags, which were
then hung as inoculum in the middle top of the canopy of each
Honeycrisp and Royal Court tree on 5 Jun 2020, being fungicidetreated or untreated (growth stage: fruit size up to 15mm), and of
each Cameo tree on 7 Aug 2020 (growth stage: fruit about 60%
Table 1. Treatments for control of apple bitter rot (Colletotrichum
fioriniae) evaluated in Highland NY in 2020 including new and classic
SDHI fungicides (FRAC): indiflin (Excalia), pydiflumetofen (Miravis),
benzovindiflupyr (Aprovia), fluxapyroxad (Sercadis), pyraziflumid, and
penthiopyrad (Fontelis; a DMI): mefentrifluconazole (Cevya; a QoI):
trifloxystrobin (Flint Extra); captan (Captan 80 WDG); fluazinam (Omega
500); and polyoxin D zinc salt (OSO 5% SC).
#

Treatment/ Rate per Acre

1

Untreated Control

2

Captan 80 WDG 3 lb

3

Omega 500 13.8 fl oz

4

Omega 500 (Low) 6.9 fl oz

5

Excalia 3 fl oz

6

Miravis 3.42 fl oz

7

Aprovia 5.5. fl oz

8

Fontelis 16 fl oz

9

Sercadis 4.5 fl oz

10

Pyraziflumid 4.65 fl oz

11

Cevya 5 fl oz

12

Oso 5% SC 10 fl oz

13

Flint Extra 2.9 fl oz

14

Grower's Standard

Dates of Application/ Products and Rates per Acre

4, 13 Jun; 6, 21 Jul; 3, 20 Aug; 3 Sep; 1 Oct

4 Jun: Topsin M 1 lb + Captan 80 WDG 2.5 lb
13 Jun: Prophyt 64 fl oz + Captan 80 WDG 2.5 lb
6 Jul: Flint Extra 2.9 oz + Captan 80 WDG 2.5 lb
21 Jul: Pristine 14.5 oz + Captan 80 WDG 2.5 lb
3 Aug: Captan 80 WDG 3 lb
20 Aug: Merivon 5.5. fl oz + Captan 80 WDG 2.5 lb
3 Sep: Merivon 5.5. fl oz + Captan 80 WDG 2.5 lb
1 Oct: Captan 80 WDG 3 lb
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final size). The inoculation dates were offset intentionally due
to different average maturation times of these cultivars in the
lower Hudson River Valley, which is early to mid-September for
Honeycrisp, mid- to late September for Royal Court, and mid- to
late October for Cameo.
The fruit bitter rot incidence was visually rated on 9 Sep
2020 (Fig. 7), which is the usual time when harvest of Honeycrisp
starts, and second time on 14 Oct 2020 (Fig. 8), which is the usual
time when harvest of Cameo starts. The mean percent bitter rot
incidence on apple fruit was calculated from the number of fruit
with bitter rot lesions versus the number of fruit without lesions
on 150 fruit for each cultivar (50 fruit per each tree). Disease
incidences on fruit for each treatment were subjected to LSD
tests (α=0.05) for a CRD (Fig 7, 8).
Consistently across both rating dates of 9 Sep and 14 Oct,
fungicides Captan 80 WDG, Aprovia, Omega 500, Flint Extra and
Grower’s Standard performed the best on Honeycrisp (Figs 7, 8),
which is the most susceptible cultivar to bitter rot (Biggs & Miller
2001). On Honeycrisp (Fig. 8), captan provided significant bitter
rot reduction, i.e. 97.8% control, while Aprovia (benzovindiflupyr)
gave 90.1% control, compared to the untreated control, which
agrees with previous report of benzovindiflupyr being effective
on CASC (Ishii et al. 2016). Omega 500 high and low rates gave
90.3% and 78.2% control, respectively, compared to the untreated
control, which agrees with previous trials and recommendations
(Villani 2017). Grower’s standard showed 100% control and Flint
Extra showed 95% control, compared to the untreated control
(Fig. 8). Keep in mind that Aprovia cannot be applied within 30
days of harvest and has been primarily intended for controlling
apple scab early in the spring. However, including one or two
applications of Aprovia, mixed with captan or ziram, during
July or early August (30 days before harvest), might help to slow
or prevent buildup of potential QoI-resistant individuals in C.
fioriniae populations in apple orchards (Rosenberger 2017). We
are happy to see that the QoI fungicide Flint Extra showed high
efficacy in bitter rot control and allowed only 3.7% disease incidence on Honeycrisp, indicating that the C. fioriniae is susceptible
to QoI-s (Fig. 8). Nevertheless, we intend to repeat the trial in
2021 to confirm the consistency of these results.
On cv. Royal Court, Captan 80 WDG, Aprovia and Flint
Extra each provided 100% control (Fig. 8). On cv. Royal Court,
Omega 500 high and low rates gave 87.4 and 96% control, respectively, while Grower’s Standard provided control of 94%
(Fig. 8). On cv. Cameo, Captan 80 WDG and Omega 500 high
rate provided control of 100% each, while Aprovia and Grower’s
Standard each provided 96% control. On cv. Cameo, Omega
500 low rate gave 88.6% control (Fig. 8). Based on the low bitter
rot incidence developing on cvs Cameo and Royal Court (Figs
7, 8), especially in the untreated control (15-20%), it seems that
these cvs are less susceptible to bitter rot, agreeing with previous reports based on natural infection pressures (Rosenberger
2012, 2015a).
The large increase in disease incidence on Honeycrisp fruit
detected from 9 Sep to 14 Oct (35 days) in the ineffective treatments and untreated control (Figs 7, 8), indicated that prolonged
wetting from 11 Sep to 1 Oct in the form of dew and rain events,
coupled with lower temperatures (Fig. 9), favored spreading of bitter rot infections and worked in concert with high susceptibility of
this fully mature cultivar. Good control of bitter rot was observed
on 9 Sep (Fig. 7) for Honeycrisp when Sercadis (79.2%) and Fon16
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Figure 7. Apple fruit bitter rot control on 9 Sep 2020 on Honeycrisp,
Cameo and Royal Court, after 7 consecutive summer applications of
individual fungicides or their rates listed in each numbered treatment,
except in treatment 14 which consisted of many different fungicides
(LSD test, P < 0.05). Means within each cultivar i.e. bar color followed by
different letters are significantly different.
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Figure 8. Apple fruit bitter rot control on 14 Oct 2020 on Honeycrisp,
Cameo and Royal Court, after 8 consecutive summer applications of
individual fungicides or their rates listed in each numbered treatment,
except in treatment 14 which consisted of many different fungicides
(LSD test, P < 0.05). Means within each cultivar i.e. bar color followed by
different letters are significantly different.
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Figure 9. Weather conditions during the bitter rot fungicide trial in 2020
in Highland, NY, recorded by a nearby NEWA weather station in New Paltz,
NY. Top graph: red line shows temperatures (left y-axis in red), blue curved
lines show rain lengths and amounts in inches (right y-axis in blue), grey
background represent relative air humidity (RH) in % (far left y-axis in
black). Bottom graph with dates shows the length of rain (dark blue) and
of wetting periods after the rain stopped or from dew (light blue).

telis (94.1%) were used, however, this control was transient (Fig.
8). It is possible that if the Honeycrisp fruit were harvested on 9
Sep and immediately cooled below 41ºF (5ºC), bitter rot might
not develop and become a problem during storage or after sale
(Brooks & Cooley 1917). The failure of Fontelis to maintain the
level of control on 14 Oct achieved on 9 Sep disagrees with previous work reporting that penthiopyrad has good activity against
pathogens in the CASC, and this may be related to the 16 fl oz
rate, which is lower than the 20 fl oz rate recommended in the
Fontelis special use label for bitter rot (Ishii et al. 2016, Yoder
et al. 2016a, 2016b). Failure of Sercadis to maintain the level of
control on 14 Oct achieved on 9 Sep agrees with previous work
showing that the SDHIs fluxapyroxad (Sercadis; one of the two
components in Merivon), fluopyram (one of the two components
in Luna Sensation) and boscalid (one of the two components in
Pristine), are not effective against C. acutatum (Ishii et al. 2016).
Finally, Sercadis also cannot be applied within 30 days before
harvest. Therefore, this narrows the SDHI choice for bitter rot
control only to all Aprovia applications with the optimal time
for using it in mid-summer when bitter rot begins to build up
its symptomless presence in leaves and forms quiescent infections on fruit. Keep in mind that only limited amount of Aprovia
(27.6 fl oz/A/year) can be used each year (5 to 4 applications with
either 5.5 or 7 fl oz/A). Growers who use Aprovia for apple scab
control early in the season may “run out of bullets” and not be
able to apply it during summer. Bear in mind that no more than
two consecutive applications of Aprovia can be applied on a
7-day interval and that all other applications must be applied no
closer than at a 14-day interval. Failure of Cevya to control bitter
rot on Honeycrisp aligns with previous observations that DMI
fungicides are not as effective for bitter rot control, especially in
years with heavy infection pressures (Brannen 2018). In peach
orchards, Colletotrichum species that were collected in South
Carolina and Georgia varied significantly in their susceptibility
to DMI fungicides (Chen et al. 2016). However, even though
DMI-s like Inspire Super and Indar can provide good control
of sooty blotch and flyspeck and fair control of fruit rots during
summer, they can contribute selection pressure to DMI-resistant
individuals in apple scab fungus populations.
QoI fungicides can be used for control of bitter rot during
the summer cover sprays as long as they are applied in a tank
FRUIT QUARTERLY . VOLUME 28 . NUMBER 4 . WINTER 2020

mix with a contact fungicide (e.g. captan, ziram or ferbam) just
before the warm wetting events that favor this disease, with the
last application just before harvest if that specific QoI has zero
days pre-harvest interval (Pristine, Merivon). Based on our data,
the concept of alternating modes of fungicide action by using
Aprovia (FRAC 7), Omega 500 (FRAC 29) at a high rate, and/
or QoI fungicides (FRAC 11) in tank mixes with captan, ferbam
or ziram, during June, July or early August, to help slow selection pressure for resistance in Colletotrichum species in apple
orchards, seems a logical choice well supported in published
literature.
Below we list summer cover spray combinations you could
rotate, with no more than two consecutive applications of any
of these combinations (Do not apply Ziram within 14 days of
harvest and Ferbam is not recommended for late-season cover
sprays on fresh market fruit due to the potential for dark residual
spots of Ferbam at harvest. Do not apply Ferbam within 7 days
of harvest):
• Captan 80 WDG 2.5 LB/A + Inspire Super* 12 fl oz/A
• Captan 80 WDG @ 2.5 LB/A + Prophyt** 64 FL/A
• Captan 80 WDG @ 3 LB/A + Topsin M** 1 LB/A
• Captan 80 WDG 2.5 LB/A + Flint Extra 2.9 fl oz/A
• Captan 80 WDG 2.5 LB/A + Omega 13.8 fl oz/A
• Captan 80 WDG 2.5 LB/A + Aprovia 5.5 fl oz/A to 7
fl oz/A
• Captan 80 WDG @ 2.5 LB/A + Ferbam 76 WDG or
Ferbam Granuflo 4.6 lbs/A
• Captan 80 WDG @ 2.5 LB/A + Ziram 6 lbs/A
• Captan 80 WDG @ 3 LB/A
*Under high disease pressure, DMI fungicides and are not effective for bitter rot control (Brannen 2018).
**Phosphites and thiophanate-methyl are not effective for bitter
rot control (Rosenberger 2015b).
Ziram and/or ferbam can be substituted for captan when
used with Flint Extra, Aprovia, Omega, Inspire Super, or Topsin
M. Remember your cover spray is worth 14 days or 2 inches of
rain, whichever comes first. If you do not get rain for 14 days,
you can extend the spray interval to 21 days, under the condition
that you do not get rain during the 7 additional days.
Bitter rot will continue to be an issue for growers for the
foreseeable future considering the observed climate trends and
consumer demand for susceptible cultivars. However, growers
have tools to be able to keep this troublesome disease in check.
In addition to practicing fungicide resistance management and
keeping coverage consistent during warm, wet seasons, sanitation practices, such as proper pruning, removal of dead wood
and fruit mummies, should not be overlooked. Fungicides are a
major line of defense and we have current ongoing studies comparing fungicide sensitivity of Colletotrichum species isolates
from commercial and unsprayed orchards. By monitoring the
prevalence of resistance to the key fungicides we will be able to
prevent major fungicide failures and ultimate crop loss.
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Use of Gibberellins (GAs) and GA Inhibitors as Plant
Growth Regulators (PGRs) to Influence Flowering,
Return Bloom and Crop Load in Apple
Steve van Nocker and Chris Gottschalk
Department of Horticulture, Michigan State University, East Lansing, MI | Email: vannocke@msu.edu
Keywords: alternate bearing, gibberellins, Honeycrisp apple, crop load
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This work was supported in part by the
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Gibberellins (GAs) are endogenous plant
hormones that can strongly influence
flowering in apple. The application
of plant growth regulators (PGRs)
containing GAs or GA inhibitors as summer
sprays offers an attractive opportunity to
manage crop load and return bloom.
Here, we briefly review research in this
area, including our own trials focusing
on ‘Honeycrisp’ in Michigan.

n apple, as in other tree fruit crops, the obvious objective of
tree fruits, spans two
managing flowering is to enable optimal bloom density in
growing seasons. In
spring and crop load through the remainder of the season. In
the first season, flowtypical growing seasons, apple trees naturally tend to ‘overcrop’,
ers are initiated at the
producing prodigious flowers and fruit, and the result is a large
tips of new growth,
crop of small, poor quality fruit that ripen asynchronously. On the
within condensed roother hand, in occasional years, crop load can be reduced too far
sette shoots called
by frosts during bloom, or poor weather conditions for pollinabourse shoots (spurs).
tion and fruit set. For many cultivars, overcropping in one season
For apple, this initiaalso leads to poor flowering of the tree in the subsequent season
tion typically occurs
(‘return bloom’), while undercropping can result in subsequent
sometime in earlyoverly heavy return bloom. This phenomenon is called alternate
or mid-summer. The
or biennial bearing (Jonkers 1979, Monselise and Goldschmidt
new flowers develop during the growing season and arrest in a
1982) (Fig. 1). Many commercial cultivars tend to be biennial,
partially developed state before winter dormancy. In the second
including ‘Honeycrisp’, ‘Fuji’, ‘Red Delicious’ and ‘Jonagold’, and
year, the flowers complete development in late winter and early
crop load management may be one of the most significant probspring, culminating in bloom just after bud break. So, treatments
lems for production for these cultivars.
to reduce bloom by repressing initiation need to be performed
The common approach for reducing crop load to improve
during the season previous to that in which the reduction in
fruit quality (most cultivars in typical years) and mitigating alterbloom is desired. Especially, for ‘Honeycrisp’ and other alternate
nate bearing (‘Honeycrisp’ and other alternate bearers in an ‘on’
bearers, this would be desired when frost, poor pollination or
year), is thinning flowers or fruit early in the season. However,
over-thinning has reduced crop load too far, and trees are exchemical thinning at bloom can be expensive and can negatively
pected to return bloom very heavily.
impact pollinators, which is unsustainable and unpopular with
GAs are natural phytohormones that regulate growth
consumers, and may reduce crop too far in years with poor fruit
and development.
set. Chemical thinners can also have undesirable off-target effects
such as foliar phytotoxicity and fruit russeting (Kon et al. 2018).
GAs are natural regulators of growth and development in
Post-bloom treatments can be unreliable and highly dependent
plants. They comprise a large class of small molecules similar in
on tree physiology, which is in turn influenced by weather condistructure and chemical properties. Although over 100 distinct
tions following treatment. Hand thinning is much more effective,
GAs are known, only a few - including GA3, GA4, and GA7 - have
but labor is either too
been shown to have biological activity. As hormones, GAs can be
costly or not available,
produced in a given plant structure, and transported throughout
and technology for
the plant to control whole-plant processes. Where best studied,
automated mechaniGAs are produced in actively growing organs (Binenbaum et al.
cal thinning is still not
2018). GAs influence not only flowering, but also seed dormancy
well developed.
and germination, bud dormancy and bud break, stem elongation,
The potential
fruit size, and shoot elongation (Daviere and Achard, 2013). Comto reduce bloom by
mon industrial, GA-based PGRs include Provide® (Valent; a mix
repressing floral iniof GA4+GA7) and ProGibb® (Valent; GA3). Several compounds
tiation is an attracthat inhibit GAs by interfering with their biosynthesis or transtive possibility for
port in the plant are also marketed as PGRs. These GA inhibitors
reducing crop load
include prohexadione-Ca (e.g., Apogee; BASF), daminozide (e.g.,
that could, in theory,
B-NINE; OHP), and paclobutrazol (e.g., Piccolo; Fine Americas).
complement or reofbloom
GAs -and
inhibitors
to manage
place thinning. The Fig.
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return
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Figure
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Several previous studies have concluded that foliar
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Figure 3. Bloom in 2019 following application of various GA applications to thinned trees in 2018. Percent

flowering
spurs (A) and visual flower rating (B) following application of ProGibb at 400 ppm at various times.
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applied to Honeycrisp. C) Provide applied to Fuji. D) Provide applied to
dataset. Student’s t-test , *P < 0.05, ns = not significant
**** P<= 0.0001, ***P < 0.001, *P < 0.05, ns = not significant.

Red Delicious. E) Provide applied to Gala. F) Provide applied to Jonagold.
Black circles represent outliers in the dataset. Student’s t-test , *P < 0.05,
ns = not significant

application(s) of GAs (either GA4/GA7 or GA3) to trees carrying
a low crop load during early or mid-summer can reduce return
bloom (e.g., Guttridge 1962, Marcelle and Sironval 1963, Luckwill
and Silva 1979, Bertelsen and Tustin 2002, Schmidt et al. 2009,
Zhang et al. 2016). When carried out in commercial operations,
this approach has been demonstrated to increase fruit size and
quality (Greene 2000, González-Rossia et al. 2006). However,
these studies have also shown inconsistent and highly variable
results between seasons, GA formulations, and cultivars. This is
at least partly due to the commonly employed ‘spray-and-pray’
approach to experimental designs, which often fails to consider
the underlying biological mechanisms.
In fact, how GA represses flowering is not known. It has
been suggested that GAs act only indirectly, through changing
the architecture of the shoot to promote more vegetative buds,
but our research at MSU has shown that GAs can repress flowering without greatly changing shoot architecture (Zhang et al.
2019). Previous research has also suggested that GAs may work
primarily by lowering the levels of another class of natural phytohormones, the cytokinins, in the bourse shoot. For example,
application of GA resulted in decrease of cytokinin content in
terminal buds, and a decrease of GA levels seen during floral
induction was accompanied by an increase in cytokinin levels
(Zhang et al. 2016). It is worthwhile to note that, consistent with
an antagonistic interplay between GAs and CKs (Yanai et al.
2005), using CKs as a summer spray was found in two studies to
promote floral induction, at least in trees carrying a heavy crop
load (Ramírez et al. 2004, Li et al. 2016). In fact, in China, which
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Percent flowering spurs (C) and visual rating (D) following application
of Provide at 500 ppm. E) Percent flowering spurs following application
of ProGibb at 200 ppm, 39 DAFB. F) Percent flowering spurs following
application of 100 ppm or 200 ppm at 39 DAFB. Black circles represent
outliers in the dataset. Student’s t-test , **** P<= 0.0001, ***P < 0.001, *P <
0.05, ns = not significant.

is the top apple producing country in the world by volume, a
synthetic cytokinin (6-benzyladenine derivative) has been used
routinely for many years for stimulating return bloom in ‘Fuji’,
which is the main cultivar grown there (Zhang et al. 2016).

Materials and Methods
In the past few years, we have trialed various commercial
formulations and concentrations of GAs and GA inhibitors to
reduce or promote return bloom in ‘Honeycrisp’, both in highdensity, experimental plantings at MSU research fields, and at
a lower-density, commercial operation. We also assessed the
effects of timing and concentration of the summer sprays of
PGRs on return bloom in several additional cultivars including
Fuji, Red Delicious, and Jonagold. We evaluated effects of these
treatments on ‘Gala’, an annual bearer, for comparison. For these
studies, we have attempted to coordinate PGR application with
the floral initiation stage of the tree. For experiments with GA
formulations to repress an anticipated high return bloom, we
used trees in which the crop load was reduced to near zero by
hand thinning or chemical thinning. For experiments with GA
inhibitors to promote return bloom, we applied the treatments
to heavily bearing trees where available. Applications were
made with a backpack sprayer or commercial airblast sprayer
and used 0.1% Regulaid (KALO) as a surfactant. Bloom density
in spring was assessed both qualitatively, by trained observers,
and quantitatively, by direct census of vegetative and flowering
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Figure 4. Effect of GA3/ProGibb on ‘Honeycrisp’ fruit quality. ProGibb was applied to hand-thinned trees 4-8 WAFB in 2018, and fruit quality was assessed
in 2019. (Left) CRC farm crew with harvest from treated trees (left half of bin) and control trees (right half of bin). (RIght) Measurements of fruit weight
Figure 4. Effect of GA3/ProGibb on 'Honeycrisp' crop load and fruit quality.
(A), diameters (B,C), red coloration (D), green coloration (E), and projected grade (F).

ProG
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2019. (Left) CRC farm crew with harvest from treated trees (left half of bin) and co
inhibitors, we did not obtain consistent results for any cultivar, effect was seen with ‘Honeycrisp’ and an application at 53 DAFB,
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timings or concentrations. However, these studies were limited by these experiments might be confounded by the fact that bloom
the scarcity of high-crop-load trees during the years of the study. density in our 2017 experiments was exceptionally low, even
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ProGibb (200 ppm) and Provide (188 ppm) at weekly intervals pressing flowering in ‘Honeycrisp’. For each product, we increased
from 36 to 57 days after full bloom (DAFB), corresponding to the number of application concentrations and timings. Similar to
mid-June and early July, respectively. ProGibb was trialed with our 2016 experiments, we found no strong effects with Provide,
but found a significant and striking effect of ProGibb: A single
‘Honeycrisp’ whereas Provide was trialed with all five cultivars.
application, made at 27 DAFB at 400 ppm, resulted in return
Results and Discussion
bloom of about 15% of potential flowering shoots, compared with
For ProGibb and ‘Honeycrisp’, we found a repressive effect, 65% for non-treated control trees. We also noted repression for
with efficacy increasing at the later treatment dates (Fig. 2A). applications of ProGibb done at 39 and 56 DAFB, although the
Provide also showed a repressive effect in ‘Honeycrisp’, but only at effects were not statistically significant (Fig. 3A,B). Application
the latest treatment date (57 DAFB), and this was not statistically of lower concentrations (200 and 300 ppm) at 27 DAFB had no
significant (Fig. 2B). For the four additional cultivars tested with striking effect on flowering (Fig. 3), while a higher concentration,
Provide, the only significant effect was observed in ‘Red Delicious’, 500 ppm, repressed flowering but not as well as 400 ppm (Fig 3).
at a single time point (36 DAFB), but this was an unanticipated
Based on this evidence, we concluded that a ProGibb sumpromotive effect (Fig. 2D).
mer spray could be a potentially powerful tool for repressing
In 2017, based on the remarkable effect of ProGibb on return bloom in ‘Honeycrisp’. As a first step to determine if this
‘Honeycrisp’ seen in 2016, we expanded our studies of ProGibb could be economically feasible, we evaluated fruit quality in the
to ‘Fuji’ and ‘Red Delicious’. We also trialed ProGibb on ‘Honey- return (2019) crop from 2018 treatments. We want to note that
crisp’ at the commercial operation. In this planting, overbloom trees were not thinned in 2019, and so the 2019 crop load reflected
in 2018 was expected because spring frosts in 2017 led to very exclusively the influence of the 2018 ProGibb treatment. Using a
low bloom density in 2017. Surprisingly however, we found no commercial fruit-grade sorter, we found that fruit size and weight
repressive effect on flowering in any cultivar, either at the MSU were increased, relative to control, and that the percentage red
experimental site or the commercial operation (not shown). In- skin color was also increased (Fig. 4). This resulted in a higher
stead, application of ProGibb was associated with a slight increase percentage of fruit that met a ‘high-quality’ and ‘fresh-market’
24
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grade, relative to the nontreated trees. Additionally, we found
that fruit from treated trees was less firm and higher in sugar
(not shown), suggesting that maturity was advanced. Finally, we
observed return bloom in 2020 from trees that were treated in
2018 (no treatments were made to these trees in 2019). The single
application of 400 ppm ProGibb at 27 DAFB done in 2018 that
reduced return bloom in 2019 increased return bloom in 2020;
treated trees returned bloom at about 25%, whereas control trees
were largely absent of bloom (not shown). Thus, treatment done
in 2018 was effective to control bloom for at least two subsequent
years.

Prospects for using GA-based PGRs to manage flowering
Collectively, our studies conclude that ProGibb can be used
to reduce return bloom in ‘Honeycrisp’. However, as with previous
studies by other investigators, our results have been inconsistent
and highly variable. If carried out as a single application, then the
timing of application seems critical (within a window as short
as two weeks). The optimal timing probably overlaps a specific
early stage of floral initiation. Our preliminary data indicates that
cultivars vary widely in their seasonal timing of floral initiation,
potentially explaining the inconsistency in results among cultivars. In addition, flowers are initiated relatively independently on
each shoot throughout a tree, and the time span for floral initiation for a given cultivar may vary between seasons, governed by
tree physiology and weather conditions. Multiple applications
throughout the potential period of floral initiation are an obvious
solution, but risks repressing bloom too far, and adds to expense
and labor. At current costs, even a single application of ProGibb
at a concentration of 400 ppm at a rate of 0.67 liters/tree would
cost about $420/acre for a moderately high-density (1200 trees/
acre) orchard. This is ~3.5 times higher than the cost of applying a
blossom thinner ($80-120/acre). Potentially, alternative formulations of GA3 that are less costly could be designed and utilized.
Alternatively, novel PGRs with GA-like activity might be
employed. Two such compounds show promise for managing
flowering in apple - karrikins and phtalimides. Karrikins are a
class of natural plant growth regulator produced in woodsmoke.
Their natural function is to promote germination of seeds following forest fires - an activity also shared by GAs. In 2018, we analyzed the molecular response of apple plants to GAs, and found
that this response appeared very similar to plants that had been
exposed to karrikins. This suggests that karrikins may substitute
for GAs in at least some contexts. Karrikins are already available
as trace ingredients in woodsmoke flavorings used in cooking. We
hypothesize that treatment of low-crop load trees with karrikin
formulation at those times shown to be effective for ProGibb (ie,
4-6 WAFB) will significantly repress return bloom. Phthalimides,
in turn, have already been shown to have GA-like activity in inhibiting flowering in sour cherry, and have been used to reduce
flowering in new plantings of ‘Montmorency’ in Michigan and
elsewhere (this delays viral infection by several years) (Retamales
et al. 2014). Experiments to influence flowering in ‘Honeycrisp’
using these two novel compounds are now underway at MSU.
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Use of Host Plant Defense Compounds to Repel and
Protect Apple Trees from Black Stem Borer
Arthur Agnello and David Combs
Dept. of Entomology, Cornell AgriTech, Geneva, NY
Keywords: ambrosia beetles, induced plant defenses, methyl salicylate, SAR induction, verbenone

T

he black stem borer (BSB, Xylosandrus germanus), is an
ambrosia beetle that is a serious pest in ornamental tree
nurseries and forests in the US (Oliver and Manning 2001;
Ranger et al. 2016) (Fig. 1). It is native to Asia and was first documented in NY in 1932. Current studies indicate that it invades
orchards from nearby wooded areas. The insects attack stressed
(including some “apparently healthy”) trees, boring into the trunk
or limbs to create galleries where young develop (Hoffmann 1941;
Agnello 2020). The trees wall off their vascular system in response
to the attack, causing tree decline and death (Fig. 2). Infestations
in commercial apple orchards were seen for the first time in 2013,
in multiple western NY sites, causing up to 30% tree loss in some
sites, mostly in young dwarf apple plantings (Agnello et al. 2015,
2017). In our previous work, we have
demonstrated the usefulness of traps
baited with ethanol, an attractant for
these beetles, to document their distribution and timing of occurrence in NY
orchards (Agnello 2018). We have also
tested various insecticide sprays for
their control and investigated the use Figure 1. Black stem borer
of a repellent (verbenone) applied as adult female [photo: Steve
either a volatile or in topically applied Valley, Oregon Dept.
Agriculture]
formulations to deter beetle attacks.
Over the past five years, we have
used ethanol traps to document the
occurrence and timing of black stem
borer in over 50 NY orchards, and
also tested different trunk insecticide
sprays and chemical repellents for BSB
control in waterlogged potted apple
trees placed in the orchard to stress Figure 2. NY2 tree showing
them enough to produce ethanol. midsummer decline from
In 2015, trunk and tree damage was black stem borer infestation.
assessed among different insecticide
spray treatments; overall, there was a reduction in trunk infestation holes and galleries in the treated tress compared with untreated checks, but results were variable between the commercial
orchard sites. In 2016, we again tested different trunk insecticide
sprays for BSB control in potted apple trees under stress, both
alone and in combination with a dispenser of verbenone placed in
the center of 5-tree groupings. Overall, there was some reduction
in trunk infestation holes and galleries in the treated tress compared with untreated checks, but in no case did the combination
of verbenone repellent plus insecticide sprays appear to improve
the control of BSB over the insecticides alone.
In our most recent trials from 2017–2019, we tested a mixture of verbenone + methyl salicylate, a host defense and signaling
28

This work was supported by the
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Program
Our results over the past six
years indicate that direct topical
application of the combination
formulation of verbenone + methyl
salicylate early in the season could
be an effective tactic in helping to
prevent stressed apple trees from
attacks by black stem borer beetles.

compound produced by
plants under stress, as well
as SAR (Systemic Acquired
Resistance) activator products. In 2017, we again
tested verbenone in potted
tree trials, but topically
applied in two different
formulations – a flowable
wax paste matrix (SPLAT),
and impregnated in plastic flakes stuck onto the trunk. Results
of those trials showed no damage in treatments of verbenone
combined in an experimental formulation with methyl salicylate.
This article reports results of continued trials focused on
repellents and host plant defense compounds as a means of preventing BSB infestations in apple trees stressed by flooding. In
2018, our treatments focused on the combination of verbenone
+ methyl salicylate, as well as a trunk spray of Actigard, a commercial SAR product labeled in apples to promote tree defense
against fire blight. In 2019, we tested trunk applications of different repellents and host defense compounds as preventive treatments, which included different topical formulations of methyl
salicylate, alone and combined with verbenone. Additional
treatments were the SAR activator products Actigard, Regalia,
and a formulation of salicylic acid. In 2020, we conducted a trial
to indirectly evaluate the ability of a commercial repellent, Beetle
Guard, containing verbenone + methyl salicylate to provide a
“halo effect”, by measuring trap shutdown of beetle adults at
increasing distances from a central ethanol-soaked apple bolt
treated with the repellent.

Methods
In 2018, we tested trunk applications of different repellents
for X. germanus control in potted apple trees from the nursery
(2-yr old ‘HH1503’ on G.935 rootstock), waterlogged to stress
them to produce ethanol, and placed inside wooded areas directly
adjacent to three orchard sites located in Sodus, South Sodus, and
Huron, NY. Additionally, individual ethanol lures were attached
to each tree to increase their attractiveness to the beetles. The
preventive treatments, which were applied on 9 May, included
different topical formulations and rates of methyl salicylate, alone
and combined with verbenone; these were in SPLAT formulations (ISCA Tech), and applied using a caulking gun. Additional
treatments were the SAR activator Actigard (acibenzolar-Smethyl, Syngenta) and the grower standard insecticide Lorsban
(chlorpyrifos, Dow AgroScience). The last two treatments were
applied using a Solo AccuPower 416 battery-powered backpack
sprayer with a TeeJet 8004 LP flat fan nozzle. Each treatment
NEW YORK STATE HORTICULTURAL SOCIETY

was replicated on 6 trees,
which were arranged in 6-tree
groupings at each of the sites
(Fig. 3), with groups of trees
separated by a distance of 10
m (one group per treatment
per site). Trunk damage was
assessed among the different
treatments on 10 July, after Figure 3. Setup of potted tree trial in
the end of the first adult flight, wooded area adjacent to orchard.
and on 23 August, as the
second flight was subsiding,
to determine the effect these
treatments had in preventing
attacks by this beetle. On
each date, half the trees in
each treatment group were
uprooted and brought to the
lab, where they were dissected
to count and characterize the
infestation levels.
In 2019, we again tested
trunk applications of different
repellents for X. germanus
control in potted apple trees Figure 4. Ethanol-soaked apple bolt
treated with SPLAT verbenone +
(2-yr old Red Delicious on methyl salicylate repellent.
Nic.29 rootstock), using the
same methods and locations
as in 2018. The preventive
treatments, which were applied on 15 May, included
different topical formulations
of methyl salicylate, alone and
combined with verbenone, in
SPLAT formulations applied
with a caulking gun. The
methyl salicylate + verbenone
combination product was applied at one of two timings,
either 15 May (the start of the Figure 5. Black stem borer trap using
1st flight) or 12 June (the start juice bottle and commercial ethanol
of the 2nd flight), to assess its lure.
usefulness if used later in the
season. Additional treatments were the SAR activator products
Actigard (acibenzolar-S-methyl), Regalia (Reynoutria sachalinensis extract, Marrone), and a formulation of salicylic acid (Growth

Figure 6. Layout of Bullseye Range Test using bottle traps set up at
increasing distances from central apple bolts.
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start of
trial

end of
trial

Figure 7. First generation trap catches of black stem borer adults at
Bullseye Range Test site.

Products); the insecticide Lorsban (chlorpyrifos) was used as a
grower standard comparison. The last four treatments were applied using a backpack sprayer, as in 2018. Each treatment was
replicated and arranged in 6-tree groupings as in 2018. The three
SAR treatments were applied twice more, at 4-week intervals:
12 June and 9 July; this 3-spray regimen was used to attempt
to maximize their potential effect over the period of the season
when the majority of the infestations were assumed to occur.
Trunk damage was assessed among the different treatments
on 9 July, after the end of the first adult flight, and on 3 September,
as the second flight was subsiding, to determine the effect of these
treatments in preventing attacks by this beetle. On each date, half
the trees in each treatment group were uprooted and brought to
the lab, where they were dissected to count and characterize the
infestation levels.
In 2020, a “Bullseye Range Test” trial was conducted at a
single orchard site (South Sodus, NY), in which a 2 cm x 30 cm
apple bolt (soaked in 30% ethanol for 48 hrs), representing a
“target tree”, was treated using a caulking gun with a 10-g SPLAT
application of verbenone + methyl salicylate (Beetle Guard,
Isca Tech) and hung at a 1-m height from a garden hook in a
tree row within the orchard (Fig. 4), near an edge adjacent to
BSB-infested woods. An ethanol-baited bottle trap (Fig. 5) was
placed at a distance of 5, 10, 15, or 20 m from the bolt in each of
the four cardinal directions (N, S, E, W) to determine whether
the repellent had a “halo effect” on preventing captures of BSB
adults at increasing distances from the treated bolt. Traps at
each distance from the target bolt were rotated among the four
positions every 2 days to eliminate directional site variability,
so that traps placed at each distance completed a circuit of the
compass in 8 days. We included a Positive Control, consisting
of the same setup but without the repellent on the bolt, and a
Negative Control, consisting of an apple bolt that had not been
soaked in ethanol or treated with the repellent, for a total of 3
treatments. All treatments were set up sequentially in the same
tree row, adjacent to each other and at a spacing of 40 m (Fig. 6).
Target bolts were rotated among the three treatment locations
every 2 days, at the same times the bottle traps were rotated.
The trial was initiated on 20 May, at the start of the first adult
flight, and replicated sequentially over time for three consecutive
8-day periods, ending on 14 June, three days before the end of
the flight (Fig. 7). At the end of each replicate period, all three
target bolts were replaced with fresh bolts and examined in the
lab for infestation sites (holes, Fig. 8).

Results and Discussion
2018 Infestation holes: On the 23 August evaluation date,
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all the repellent treatments had fewer infestation sites (holes)
than the (flooded) Untreated Checks (Table 1). There was a
similar trend on the earlier evaluation date, but not at statistically
significant levels. On 10 July, Actigard had fewer holes than the
Lorsban treatment. The drought-stressed Untreated Check had
the lowest incidence, likely due to insufficient attractiveness of
these trees to the beetles.
• Gallery contents, adults: The fewest number of galleries
containing adults was seen in the Actigard and all the repellent treatments, especially on the 23 August evaluation date.
• Gallery contents, brood: No brood was present in galleries
on 10 July. On 23 August, lower numbers were seen in all
treatments than in the flooded Check except Lorsban, with
zero in all treatments containing methyl salicylate.
• Empty or aborted galleries: The fewest numbers were found
in the combination verbenone + methyl salicylate treatments, particularly at the higher rates.
In general, all the repellent treatments had fewer infestation
sites (holes) than the flooded Untreated Checks. The combined
verbenone + methyl salicylate treatments had the lowest incidences of galleries containing adults or brood; effects were more
pronounced according to rate. The combination formulation was
more effective than either verbenone or methyl salicylate alone.
Only a single application of Actigard was used in these trials, but
some trends were still apparent, which suggested the possibility of
increased efficacy with multiple applications. We were apparently
not able to generate enough stress to attract beetles in simulating
drought stress in the trees by sealing off the root zone to exclude
all external moisture (Table 1).
2019 Infestation holes: On the 3 September evaluation date,
the treatments with the fewest infestation sites were the early application of verbenone + methyl salicylate, and verbenone (Table
2). The Lorsban treatment had the highest levels on this date,
while the salicylic acid resulted in the most holes on the 9 July
date.
• Gallery contents, adults: The fewest number of galleries containing adults was seen in the verbenone + methyl salicylate
combination treatments (both timings), as well as in the
Untreated Checks, for which we can propose no explanation.
• Gallery contents, brood: Brood numbers were uniformly
low in all the treatments this season. The only treatment to
break out statistically was the salicylic acid, but only on the
early evaluation date.
• Empty or aborted galleries: The fewest numbers were found
in the combination verbenone + methyl salicylate early treatment, on both evaluation dates; salicylic acid had the highest
number on the 9 July date, and the Lorsban treatment had
the highest number on the 3 September date.
Of all the treatments, the early verbenone + methyl salicylate
application showed the most uniform trend of the lowest infestation characteristics on both the June and September evaluation
dates. Among the SAR treatments, Actigard tended to show
marginally greater effectiveness than Regalia, and the salicylic
acid had the least. SAR inducers like Actigard prime the host for
stress events by inducing the expression of host defense genes;
in apples, these have been used primarily for fire blight control,
but our results indicated that a program of multiple applications
could be of potential value against black stem borer infestations
(Table 2).
2020 In the Bullseye Range Test, there was no significant dif30

ference in the average number of black stem borer adults caught
in bottle traps at any of the four distances from the target apple
bolts in any of the treatments (Table 3). Captures in the traps
placed nearest (5 m) to the repellent treated bolt were numerically
lower than those in the Positive or Negative Controls, but not
at a statistical level. These results indicate that the verbenone +
methyl salicylate combination did not induce a “halo effect” of
protection from the beetles at the distances we tested. However,
the repellent was effective in preventing nearly all attacks of the
apple bolts by the beetles, as the number of holes in the Repellent treatment was significantly less than in the Positive Control,
and statistically equivalent to the Negative Control. This result is
consistent with our previous field trials in which a topical application of the verbenone + methyl salicylate formulation effectively
protected potted apple trees from attacks by BSB.
Plants such as apple trees have evolved physiological defenses against stress factors in the environment, both biotic (e.g.,
disease pathogens, insect herbivores, and vertebrate grazers
(Agrawal 1998) and abiotic (e.g., water stress [Fayez and Bazaid
2014], temperature stress, and cultural practices like pruning and
girdling). These defenses take the form of proteins encoded by
the host plant genes but induced only in pathological or related
situations (Antoniw and White 1980). Pathological situations
refer to all types of ‘infected’ states, not just infection by a pathogen, but also including attacks by nematodes and plant-feeding
insects (van Loon et al. 1994). Activation of plant defenses that
promote resistance to stressors in trees is a potentially valuable
tool against insects such as ambrosia beetles (e.g., black stem
borer) and their possible contribution to Rapid Apple Decline,
which has been reported recently in regional apple plantings
(Khan and Singh 2019).
Two forms of induced resistance currently recognized are
induced systemic resistance (ISR) and systemic acquired resistance (SAR). Induced systemic resistance (ISR) activators are
living microbes or microbial extracts that prime the host immune
system for stress events through the ethylene and jasmonic acid
(JA) defense response pathways. Application of salicylic acid
(SA) analogs, such as methyl salicylate, prompts the activation
of another defense pathway called systemic acquired resistance
(SAR). These inducers and activators prime the host tree for
stress events by activating host defense genes, stimulating them to
produce proteins that defend against biotic and abiotic stressors,
as noted above (Hammerschmidt 2007).
In apple, applications of these products have been used
primarily for fire blight control; additionally, salicylic acid applications have been shown to protect plants against water stress.
Another host plant defense compound, jasmonic acid, is known
to be activated by insect herbivore behavior (Stout 2007); therefore, we felt it would be of value to evaluate the potential of these
types of compounds, together and in combination with a known
beetle repellent, for preventing attacks by black stem borer
in stressed trees. Our results
over the past six years indicate
that direct topical application
of the combination formulation of verbenone + methyl
salicylate early in the season Figure 8. Apple bolt showing
could be an effective tactic in infestation holes caused by black
helping to prevent stressed stem borers.
NEW YORK STATE HORTICULTURAL SOCIETY

apple trees from attacks by black stem borer
beetles.
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Table 1. Ambrosia beetle infestations in two-year old potted flooded apple trees treated with a
single preventive trunk application of different repellents. Data pooled across three replicated
orchard sites, Wayne Co. 2018
Treatmenta
Lorsban

Rate

Application
Date

Mean # galleries with
Infestation Sites

Empty Galleries

10 Jul

23 Aug

10 Jul

Adults

Brood

23 Aug

10 Jul

23 Aug

23 Aug

3 Sep

1.5 qt/100 gal

6.3 a

9.2 a

2.8 a

4.0 a

3.6 a

4.1 ab

2.0 ab

0.2 b

0.7 a

Verbenone

10 g/tree

3.7 ab

2.9 b

2.8 a

1.0 bcd

0.9 b

1.6 bc

0.3 bc

0.0 b

0.4 a

MeSa

10 g/tree

2.0 bc

2.7 b

1.2 ab

2.1
abcd

0.8 b

0.8 c

0.0 c

0.1 b

0.2 a

Actigard

0.7 oz/100 gal

1.6 bc

4.7 ab

1.0 ab

3.1 ab

0.6 b

1.2 bc

0.3 bc

0.1 b

0.1 a

Verb+MeSa

1 g/tree

0.8 bc

1.9 b

0.2 b

1.6 bcd

0.6 b

0.3 c

0.0 c

0.0 b

0.0 a

Verb+MeSa

10 g/tree

1.6 bc

1.0 b

1.1 ab

0.9 bcd

0.4 b

0.1 c

0.0 c

0.0 b

0.3 a

Verb+MeSa

35 g/tree

0.0 c

1.3 b

0.0 b

0.7 cd

0.0 b

0.7 c

0.0 c

0.1 b

0.4 a

—

3.1 abc

9.8 a

2.6 a

2.8 abc

0.6 b

5.4 a

3.4 a

1.8 a

0.2 a

Control
(flooded)

Agnello, A., D. Breth, E. Tee, K. Cox, and H. R. Warren. Control
—
0.4 bc
0.3 b
0.0 b
0.1 d
0.4 b
0.1 c
0.0 c
0.0 b
0.1 a
2015. Ambrosia beetle – an emergent apple pest.
(drought)
NY Fruit Quarterly. 23(1): 25-28.
Agnello, A. M, Breth, D. I., Tee, E. M., Cox, K. D., Villani, Values in a column followed by the same letter not significantly different (P< 0.05, Student’s t-test.) | a MeSa, methyl salicylate; Verb, verbenone
S. M., Ayer, K. M., Wallis, A. E., Donahue, D. J.,
Combs, D. B., Davis, A. E., Neal, J. A., and English- Table 2. Ambrosia beetle infestations in two-year old potted flooded apple trees treated with
Loeb, F. M. 2017. Xylosandrus germanus (Coleop- preventive trunk applications of different materials. Data pooled across three replicated orchard
tera: Curculionidae: Scolytinae) occurrence, fungal sites, Wayne Co. 2019
associations, and management trials in New York
Mean # sites with
apple orchards. J. Econ. Entomol. 110: 2149–2164.
ApplicaAgnello, A. 2018. Repellents to prevent ambrosia beetle Treatmenta
Rate
tion
Infestation Sites Empty Galleries
Adults
Brood
infestations in apples. Fruit Quarterly 26 (1): 24–30.
Date
9 Jul
3 Sep
9 Jul
3 Sep 9 Jul
3 Sep
9 Jul
3 Sep
Agnello, A. 2020. Black stem borer. Cornell Coop.
Extension Tree Fruit Fact Sheet, New York State Lorsban
1.5 qt/100 gal
5/15
1.3 b
9.7 a
0.8 b
6.1 a
0.2 b
2.9 ab
0.2 b
0.7 a
Integrated Pest Management Program, Geneva.
10 g/tree
5/15
1.6 b
2.2 c
1.1 ab 1.1 bc 0.4 ab 0.9 abc
0.0 b
0.4 a
Agrawal, A. 1998. Induced responses to herbivory Verbenone
and increased plant performance. Science 279: MeSa
10 g/tree
5/15
1.2 b
3.2 bc
0.4 b 2.4 abc 0.4 ab 0.8 bc
0.1 b
0.2 a
1201–1202.
Antoniw, J. F., and White, R. F. 1980. The effects of as- Verb+MeSa
10 g/tree
5/15
0.2 b
0.8 c
0.1 b
0.1 c
0.1 b
0.6 c
0.1 b
0.1 a
pirin and polyacrylic acid on soluble leaf proteins (early)
and resistance to virus infection in five cultivars or
Verb+MeSa
tobacco. Phytopathol. Z. 98: 331–341.
10 g/tree
7/9
0.0 b
4.3 abc
0.0 b 3.9 abc 0.0 b
0.4 c
0.0 b
0.0 a
Fayez, K. A. and Bazaid, S. A. 2014. Improving drought (late)
and salinity tolerance in barley by application of
5/15,
2 oz/100 gal
2.2 b
5.9 abc
2.0 ab 3.6 abc 0.2 b 2.1 abc
0.0 b
0.3 a
salicylic acid and potassium nitrate. J. Saudi Soc. Actigard 50WG
6/12, 7/9
Agric. Sci. 13: 45–55.
5/15,
Hammerschmidt, R. 2007. Introduction: definitions and Regalia
30 ml/gal
0.6 b
8.3 ab
0.3 b
4.9 ab 0.2 b
3.0 a
0.1 b
0.4 a
6/12, 7/9
some history. Chap. 1 5 In: Walters, D., Newton,
A. and Lyon, G., eds. Induced Resistance for Plant SAR Salicylic
5/15,
8 fl oz/100 gal
6.7 a
3.0 bc
4.3 a
1.7 bc 1.2 a 1.2 abc
1.8 a
0.2 a
Defence: A Sustainable Approach to Crop Protec- acid
6/12, 7/9
tion. Blackwell, Oxford.
—
—
2.2 b
2.7 bc
1.9 ab 1.9 bc 0.0 b
0.7 c
0.0 b
0.1 a
Hoffmann, C. H. 1941. Biological observations on Untreated Check
Xylosandrus germanus (Bldfd.). J. Econ. Entomol.
a
Values in a column followed by the same letter not significantly different (P< 0.05, Student’s t-test.) | MeSa, methyl salicylate; Verb, verbenone
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ethanol-soaked apple bolt treated with a verbenone + methyl salicylate
Oliver, J. and C. M. Mannion. 2001. Ambrosia beetle (Coleoptera: Scolytidae)
repellent. 2020.
species attacking chestnut and captured in ethanol-baited traps in middle
Tennessee. J. Econ. Entomol. 30: 909–918.
Adults captureda/ trap distance from
# attack
Ranger, C. M., M. E. Reding, P. B. Schultz, J. B. Oliver, S. D. Frank, K. M. Addesso,
target bolt
sitesa
Bolt
Treatment
J. H. Chong, B. Sampson, C. Werle, and C. Krause. 2016a. Biology, ecology,
5m
10 m
15 m
20 m
in bolt
and management of nonnative ambrosia beetles (Coleoptera: Curculionidae:
Scolytinae) in ornamental plant nurseries. J. Integr. Pest Manag. 7: 1–23.
Repellent (10 g SPLAT formulation)
15.0 a
15.0 a
12.0 a
28.3 a
3.3 b
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to herbivorous arthropods. Chap. 5 In: Walters, D., Newton, A. and Lyon,
Positive Control (ethanol-soaked,
17.3 a
12.7 a
11.0 a
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no repellent)
Crop Protection. Blackwell, Oxford.
Negative Control (no ethanol or
van Loon, L. C., Pierpoint, W. S., Boller, T., and Conejero, V. 1994. Recom19.7 a
10.7 a
15.7 a
15.3 a
0.0 b
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S

potted-wing drosophila (SWD) is an invasive pest of soft
fruits and berries. It was introduced to North America in
2008 and quickly spread, becoming a primary economic
pest, particularly in berries. SWD is unique among drosophilids in
that the female has a serrated ovipositor, allowing her to lay eggs
in undamaged, ripening fruit. These eggs hatch and the developing larvae feed on the fruit as it ripens. Infested berries become
soft, leaky, and unmarketable. There is zero tolerance for infested
fruit in retail or wholesale outlets. SWD overwinters locally in
protected areas, and small early spring populations survive on
wild berries and other hosts in the woods and hedgerows until
they are attracted to ripening fruit in production fields (Stockton
et al. 2019). Blueberries are especially susceptible, as they ripen
July-September, when the SWD populations are peaking in New
York (Carroll et al. 2020). To protect their crops, growers must
repeatedly spray insecticides throughout the entire ripening and
harvest season. This is expensive, time-consuming and logistically challenging, as growers must navigate pre-harvest timing
windows, maximum application limits, and insecticide class
rotation. Frequent use of broad-spectrum insecticides prevents
use of strong IPM programs and seems to be leading to economic
injury from other minor pests, as predators are killed by the
weekly insecticide sprays (Van Timmeren and Isaacs, 2013). Organic growers, in particular, are struggling, as there are very few
effective organic insecticides, and the most useful, Entrust, has a
maximum of three sprays per year. Many researchers are working
on safer, more sustainable approaches to control this devastating
insect, from harvest frequency, to mulching, to biological control (Cahenzli et al. 2018; Leach et al. 2018, Rendon et al. 2019).
Clive Kaiser and Vaugh Walton of Oregon State University are
developing materials from food grade ingredients for agricultural
applications such as reduced skin cracking and greater drought
tolerance. Some of these products have also shown promise as
deterrents and attractants for SWD (Stacconi et al. 2020). One of
these materials, ‘Hydroshield’, has been shown to increase the skin
strength of grapes and blueberries enough to prevent the female
SWD from penetrating with her ovipositor (Herrick 2019). To
determine if this effect results in reduced infestation under field
conditions, we applied Hydroshield to blueberries and evaluated
the rate of infestation through the harvest season, compared to
conventional and organic spray programs.

This research was funded by the New York State
Berry Growers Association
In field trials, an organic deterrent material
(Hydroshield) was not as effective in reducing
spotted-wing drosophila (SWD) fruit infestation as
the standard organic insecticide program. Neither
of the organic options were significantly different
than the untreated control. The conventional
insecticide program provided good management
of SWD, with infestation rates significantly lower
than the untreated control. Organic blueberry
production in New York will require a combination
of cultural control strategies and insecticides,
rather than depending on an organic version of
a conventional spray program.

b l u eb e r r i e s
were flagged
as treatment
plots . The
plants were
fully mature
(over 30 years
old) with a
calculated
tree row volume ( TRV )
of 91%. A
Randomized
Complete Block Design was used, with five blocks of four treatment plots, for 20 total plots. Each plot consisted of four plants,
with one or more buffer plants between treatments. The area
of each treatment (five plots) was 0.023 acre. Four treatments
were: Hydroshield sprays, organic sprays, conventional sprays,
and an untreated control. Delegate WG (spinetoram, Corteva
Agriscience) and Malathion 5EC (Drexel Chemical Company)
were chosen for the conventional treatment because they are
not restricted-use in New York, and we faced some limitations
on applying restricted-use pesticides. Entrust SC (spinosad,
Corteva Agriscience) and Grandevo WDG (Chromobacterium
subtsugae strain PRAA4- 1, Marrone BioInnovations) in rotation
is a common organic recommendation. Grandevo is only rated
“Fair” for SWD control, but using it allows growers to spread out
their more effective Entrust applications. Grandevo was tank
mixed with Nu Film P (spreader-sticker, Miller Chemical Co.),
at the recommendation of Marrone Bio. Hydroshield was used
alone, at the highest recommended rate. Treatments began on

Materials and Methods
Treatments: A 40 acre blueberry farm in Cattaraugus County, NY, was identified as the research site. Three rows of ‘Bluecrop’
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Figure 5: Blueberry field in Cattaraugus County, NY, 2020, with flagged
plots. Plants were mature Bluecrop variety.
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June 22, when berries started to look slightly blue, and the SWD
trapping network was reporting sustained catches across the
area. Treatments were made by loading the appropriate volume
of water and quantity of product, based on the total treatment
area, then evenly applying the measured volume to all 5 plots
of each treatment. Applications were made using four-gallon
CropKing backpack sprayers, using flat fan nozzles, at the rates
and dates shown in Table 1. Separate sprayers were used for each
of the treatment programs, for efficiency of application and to
avoid risk of cross-contamination. When we decided that a seventh week of treatments was needed, we had reached our season
limit for applications of Entrust, Delegate and malathion. We
added a treatment of Assail 30SG (acetamiprid, UPL NA Inc.)
for the conventional program and an additional application of
Grandevo for the organic program. This is similar to the decisions
that growers have to make as they run out of legal applications,
and we felt that it was consistent with our goal of testing under
normal field conditions.
Sampling: Field fruit sampling began on July 14, with the
first ripe fruit. Each week, fruit were picked the day before the
next set of pesticide treatments (6 days after treatment). Roughly
1 L of berries were harvested from each plot (about 250 ml of
berries from each of the four plants) into pre-labeled zip-top bags.
Table 1. Schedule of treatments and harvest evaluations in blueberry trial
on spotted-wing drosophila control, Cattaraugus County, NY, 2020.
Date of
insecticide
application

Conventional
treatment

Organic
treatment

Hydroshield
treatment

Control
treatment

Sampling for
larvae at
harvest

6/22/2020

Delegate WG
6 oz/A in 100
gal water/A

Entrust SC
6 fl oz/A in 100
gal water/A

Hydroshield 0.5
gal in 100 gal
water/A (0.5%
v.v.)

no spray

no

2

6/29/2020

Malathion 5EC
2 pt/A in 200
gal water/A

Grandevo
WDG 3 lb/A +
1 pt NuFilm
P in 100 gal
water/A

Hydroshield 0.5
gal in 100 gal
water/A (0.5%
v.v.)

no spray

no

3

7/6/2020

Delegate WG
6 oz/A in 100
gal water/A

Entrust SC
6 fl oz/A in 100
gal water/A

Hydroshield 0.5
gal in 100 gal
water/A (0.5%
v.v.)

no spray

no

Malathion 5EC
2 pt/A in 200
gal water/A

Grandevo
WDG 3 lb/A +
1 pt NuFilm
P in 100 gal
water/A

Hydroshield 0.5
gal in 100 gal
water/A (0.5%
v.v.)

no spray

Delegate WG
6 oz/A in 100
gal/

Entrust SC
6 fl oz/A in 100
gal water/A

Hydroshield 0.5
gal in 100 gal
water/A (0.5%
v.v.)

Week

1

4

5

6

7/14/2020

7/21/2020

7/28/2020

yes

no spray

yes

Grandevo
WDG 3 lb/A +
1 pt NuFilm
P in 100 gal
water/A
Grandevo
WDG 3 lb/A +
1 pt NuFilm
P in 100 gal
water/A

Hydroshield 0.5
gal in 100 gal
water/A (0.5%
v.v.)

no spray

yes

no spray

no spray

no spray

yes

7

8/4/2020

Assail 30 SG
5.3 oz/A in 100
gal/A

8

8/10/2020

no spray

Table 2: Infestation rates of spotted-wing drosophila, by treatment and
sampling date, in blueberry trial, Cattaraugus County, NY, 2020; mean of
five blocked replicates for treatment plots, and mean of three samples for
grower standard.
Treatments

Conventional

13-Jul

0

Hydroshield

Organic

Untreated
Control

Grower
Standard

Mean number of small + large larvae per gram

Malathion 5EC
2 pt/A in 200
gal water/A

Hydroshield 0.5
gal in 100 gal
water/A (0.5%
v.v.)

Only ripe, undamaged fruit
were selected; berries with
obvious damage (e.g. mummyberry, Japanese Beetle
feeding, anthracnose fruit
rot) were dropped. An additional three samples were
collected each week from
blueberry plants outside Figure 1: SWD larvae are trapped on
a filter after being extracted from
the trial area, that were be- blueberry fruit, in SWD insecticide
ing sprayed by the grower. trial, Cattaraugus County, NY, 2020.
These were intended as an Photo courtesy Ted Taft, CLEREL.
informal comparison to the
grower’s program, as well as
to provide her with information on how well her SWD
management was working. Samples were delivered
to the Cornell Lake Erie
Research and Extension
Laboratory for analysis. The Figure 2: SWD larvae under
grower collaborator allowed magnification (brownish object is a
“pick-your-own” customers blueberry seed), during extraction
from blueberry fruit in SWD
in the trial area twice during insecticide trial, Cattaraugus County,
the five weeks of the sam- NY, 2020 Photo courtesy of Ted Taft,
pling period, but otherwise CLEREL.
the only fruit removed were
the samples taken from each plot.
Fruit Infestation Analysis: Each sample of blueberries was
weighed and the berries counted. Larvae were extracted using
the filter salt method as described in Van Timmeren et al. (2017).
Briefly, berries were gently squashed, soaked in a salt solution for
at least 1 hour, the fruit solids were filtered out, while eggs and
larvae were trapped on a fine screen. Using a dissecting scope,
larvae were divided into small and large categories (Figures 1 and
2). Infestation was reported in larvae per gram and in larvae per
10 berries. For statistical analyses, we combined the counts of
small and large larvae, as the relationships between treatments
were consistent, and markets tolerate zero larval presence. Data
were analyzed with a Linear Mixed Model of relationship between

no spray

yes

0.0009

0

0.0006

0

20-Jul

0

0

0

0.0007

0

27-Jul

0.0005

0.0030

0.0020

0

0.0009

3-Aug

0.0004

0.0034

0.0006

0.0025

0

10-Aug

0.0079

0.2154

0.1691

0.1758

0.0272

13-Jul

0

0.0123

0

Mean number of larvae per 10 berries
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0.0169

0

20-Jul

0

0

0

0

0.0148

27-Jul

0.01

0.0173

0.0563

0.0345

0

3-Aug

0.0086

0

0.0651

0.0114

0.0461

10-Aug

0.1116

0.4375

3.0663

2.6974

2.3765
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Table 3: Comparison of treatment pairs using Post-hoc Tukey-Kramer HSD
showing least square means relationships between insecticide treatment
means of SWD infestation in blueberry trial, Cattaraugus County, NY, for fruit
sampled August 10, 2020, with infestation reported as larvae per gram.
Treatment

Treatment

Difference

Std Err
Diff

Lower CL

Upper CL

p-Value

Hydroshield

Conventional

0.2076

0.0572

0.0438

0.3713

0.0109*

Untreated
Control

Conventional

0.1679

0.0572

0.0041

0.3316

0.0434*

Organic

Conventional

0.1612

0.0572

-0.0025

0.3249

0.0544

Hydroshield

Organic

0.0463

0.0572

-0.1174

0.2100

0.8490

Hydroshield

Untreated
Control

0.0396

0.0572

-0.1241

0.2034

0.8985

Untreated
Control

Organic

0.0067

0.0572

-0.1570

0.1705

0.9994

Table 4: Comparison of mean SWD infestion rates by insecticide
treatment, in larvae per gram of blueberry fruit, for August 10 sampling
in SWD insecticide trial, Cattaraugus County, NY, 2020.
Treatment

Mean

Hydroshield

0.2154

A

Untreated Control

0.1758

A

Organic

0.1691

A

Conventional

0.0079

Figure 3: Means of small and large SWD larvae per gram of blueberry fruit, by treatment, for
each of the five weeks of fruit sampling, in SWD insecticide trial, Cattaraugus County, NY,
2020.

Figure 3: Means of small and large SWD larvae per gram of blueberry
fruit, by treatment, for each of the five weeks of fruit sampling, in SWD
insecticide
trial, Cattaraugus County, NY, 2020.
Figure 4: Means (+ SEM) of SWD larvae per gram of blueberry fruit, by insecticide treatment
for August 10 sampling date, in SWD insecticide trial, Cattaraugus County, NY, 2020

B
B

Levels not connected by the same letter are significantly different.

larvae/gram and treatment, by date, using JMP (JMP®, Version 12.
SAS Institute Inc., Cary, NC, 1989-2019). Post hoc analysis was
performed with Tukey-Kramer HSD.

Results
The first four weeks of sampling showed very low larval
counts in all treatments (Table 2). The fifth week of sampling
(August 10) showed a dramatic increase in infestation rates
(Figure 3), so we focused our analysis on this date. For August
10, the untreated control had an average of 0.176 larvae/gram, or
about 2.4 larvae for every 10 berries. The average infestation for
Hydroshield was about 20% higher than the untreated control,
with 0.215 larvae/gram or 3.1 larvae/10 berries. The organic
treatment was only 4% less infested than the control, with 0.169
larvae/gram or 2.7 larvae/10 berries. The conventional treatment
had a 96% lower average infestation than the control, with 0.008
larvae/gram or 0.1 larvae/10 berries. The samples taken from
the Grower Standard plants were about 15% less infested than
the untreated control, but still 30% more infested than the conventional treatment. To determine which treatment pairs were
significantly different than each other, means comparisons using
Tukey-Kramer HSD were performed, showing significant differences between the Conventional and the Hydroshield treatments
(p-value 0.0109) and the Conventional and Control treatments
(p-value 0.0434) (Tables 3 & 4).

Discussion
This study showed that weekly sprays of conventional insecticides are an effective method for preventing SWD infestation,
even under high pest pressure. All of the treatments showed low
levels of infestation until mid-August, when the SWD pressure
became very high, with a large amount of ripe fruit on the plants.
Given the very low rates of infestation in the first weeks of harvest,
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Figure 4: Means (+ SEM) of SWD larvae per gram of blueberry fruit, by
insecticide treatment for August 10 sampling date, in SWD insecticide
trial, Cattaraugus County, NY, 2020

it is likely that we started all applications too early, and could
have waited a few more weeks to start spraying, thus avoiding the
depletion of the allowed number of applications of the insecticides. It is also encouraging to note that the conventional program
consisted entirely of general use (not restricted-use) insecticides.
Small growers without a private applicator license should still be
able to control SWD with a good rotational insecticide program.
The organic spray program that we used resulted in SWD
infestation that was not significantly different than the untreated
control, in spite of using a recommended rotation. In hindsight, it
might have been better to use the Grandevo earlier in the season,
saving more Entrust applications for the period of higher pest
pressure in August. The plot by plot results for the organic treatment were highly variable, making it not significantly different
than the conventional treatment either, even though the mean
is closer to the untreated control and Hydroshield treatments
(Table 4).
Hydroshield as a stand-alone product was disappointing in
this trial, but some of the field conditions made for challenging
NEW YORK STATE HORTICULTURAL SOCIETY
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conditions. Similar to many blueberry farms in New York, this
grower uses a “pick-your-own” marketing model to reduce labor
costs, but the public does a poor job of thorough picking. When
the grower reported that she had directed people to pick the
treatment area, there seemed to be just as much fruit as before.
This meant that by the fifth week of sampling, the berries on
the bushes were extremely ripe and becoming soft. Hydroshield
has no inherent deterrent or insecticidal properties; it is simply
supposed to increase the force required to penetrate the skin.
However, with soft, overripe berries, this increased penetration
force was likely lost. Hydroshield could still be useful in an operation where ripe fruit is harvested frequently, or in combination
with an insecticide, but it is not likely to work as a solo product
in a “pick-your-own” system.
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Founded in 1855, the mission of the New York
State Horticultural Society is to foster the
growth, development and profitability of the 	
  
fruit industry in New York State.

NYSHS accomplishes this by:
• Supporting educational opportunities for members
• Promoting the industry
• Representing the industry in matters of public policy

Figure 3. M

OBJECTIVES
Education - providing education programs for members that
include:
• obtaining and disseminating information to the fruit industry
• sponsor and/or cooperate with other groups to provide and
support tours
• sponsor trade shows
• cooperate with and encourage others to provide educational
opportunities

Figure 2. RR test site, W

Promoting the Fruit Industry by:
• promoting ideas which will benefit the economic health of the
fruit industry
• educate the general public about the New York fruit industry

NYS

Representing the New York fruit industry by:
• Have cemented our role as legislative voice in both Albany and
Washington, DC for the fruit industry
• representing the industry’s interest as well as other agencies and
institutions

•
•
•
•

Follow Us On Facebook:

•

www.facebook.com/NYSHorticulturalSociety

•
•
•
•

Get updates, plus links to other
agricultural organizations!

Esther Kibbe is a Berry Specialist in Western NY State for
Cornell Cooperative Extension and is a member of the Harvest NY regional specialist team. Celeste Welty is a professor
of Entomology at Ohio State University.
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NYSHS MEMBERSHIP INVOICE
Yes! I will support the NYSHS and its mission to
Educate, Promote and Protect the New York Fruit Industry.

What the NYSHS Does for You:
FRUIT INDUSTRY EDUCATION
Sponsor/Cosponsor of:
• Annual Empire State Fruit & Vegetable Direct
Marketing Expo
• Industry Leadership Forums
• Cornell Extension Events
• Sponsor of Labor Conferences
Publisher of:
• The New York Fruit Quarterly
• Hort Flash Newsletter
Presentations at:
• Growers’ Meetings
• Discussion in Albany on All Labor Topics
Achievements:
• Twice awarded $500,000 for Applied Apple
Research
• Cornell Apple Labor Survey
Articles in:
• Fruit Industry Publications

Yearly membership includes Hort Flash Newsletter, and the
New York Fruit Quarterly. Dues are paid once a year, good from
July 1st until June 30th. Please enclose check or cash.
Growers Membship ....................................................$225
Per Each Multiple Membership after 1st ...........$100
Growers w/50 Acres or Less.....................................$100
Industry Professional ................................................$225
Academic Professional ..............................................$100
Sponsors:
Bronze level ...................................................................$300
Silver leve .......................................................................$500
Gold level ......................................................................$1000
Platinum .........................................................................$2500 and up
ADDITIONAL SUPPORT:
AREAS YOU’D LIKE NYSHS TO SPEND MORE EFFORT ON:
H2A Reform ...................................................................$100
Speaker Programs .......................................................$100
Your Thought________________________________________
______________________________________ $____________
TOTAL AMOUNT.....................................................................$____________
Name_________________________________________________
Company______________________________________________

FRUIT INDUSTRY PROMOTION

Mailing address_________________________________________

• Empire State Council of Agricultural Organizations
• NYS Berry Growers Association and NYS Ag
Affiliates
Cooperate with:
• The U.S. Apple Association
• The United Fresh Fruit and Vegetable Association
• The New York Apple Association

City_____________________________State_____ Zip__________

FRUIT INDUSTRY PROTECTION
Seats on Advisory Boards:
• Agricultural Affiliated; make certain all understand
our industry’s often unique concerns and needs.

www.NYSHS.org
To educate, promote and protect the
New York State Fruit Industry.

County __________________________
Phone______________________Fax________________________
E-mail ________________________________________________
Thank You for Your Support!!! Membership dues are not deductible for Federal Income Tax Purposes. They may be tax-deductible
under other provisions of the IRS Code. Please check with your
tax advisor.
Please remit to:
NYSHS
630 W. North Street
Hedrick Hall
Geneva, NY 14456

Contact Us:

NYSHS
630 W. North Street
Hedrick Hall
Geneva, NY 14456
www.NYSHS.org
Ph 315-787-2404
Fx 315-787-2216
nyshs@hotmail.com
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