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Hello to all my fellow New York fruit growers. My name 

is Jeff Smith, I operate Ledge Rock Farms LLC in Me-
dina with my wife Charlene, daughter Guinevere and 

son in law Alan Panek.  Our farm was started in 1898 by my 
great grandfather Albert, and has always had some type of fruit 
grown.  We currently grow about 90 acres of apples and a few 
sweet cherries and grapes.
 I am writing to you because the ARDP (Apple Research 
Development Program) board elected me to be chairman last 
year.  Walt Blackler stepped down after many years of exemplary 
service.
 So, who are we and what do we do? The ARDP board mem-
bers are nominated by the industry and are then approved by the 
NY commissioner of agriculture.  We have members from all the 
main growing areas of New York, and also members to represent 
the processors and the packers.
 Our main function is to allocate the research portion of 
the apple marketing order deductions.  We also allocate some 
research funds from the state budget.  Researchers send proposed 
projects for the board to review.  The board reads and ranks them, 
and funds as many as possible.  Our board also reads and advises 
regarding the fruit proposals sent to the New York Farm Viability 
Institute.
 Our long term members include Peter Ten Eyck, Mason For-
rence, Ted Furber, and Kevin Bittner.  The fruit growing industry 
is very challenging and it is great to have some new members and 
younger growers give us a fresh perspective.  Joy Crist, Jonathan 
Oakes and Robert Brown III recently came on board.
 Contact information is listed on the title page of Fruit Quar-
terly.  We always appreciate your input regarding what research 
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is important to New York growers.  Please email, call or talk with 
us at the coffee shop.
 Charlene and I have been able to travel more over the last 
few years, mainly to IFTA meetings in other states and provinces.  
After speaking with growers in other areas I realize how lucky 
we are to have many great researchers at Cornell and Geneva.  
This coupled with a vibrant Cooperative Extension makes us first 
class in the industry.  Growers from other areas respect what is 
being done here and have often reminded me how lucky we are 
to have these resources.
 This is an exciting time to be in our industry.  Cameras on 
RTVs go down rows and give the grower precise counts of apples 
on trees.  Robotic picker prototypes are being used in orchards.  
MOOG Corporation is working on a mobile system that will one 
day soon go down rows and use a laser to thin blooms.  Our own 
little terminator on wheels getting an important job done!!!  If 
I wrote this several years ago others would have thought I was 
crazy.  Things are changing and the pace ever quickens.
 Yes, we still have problems with labor, prices, and pests but 
I feel lucky to be in this industry.  We have some talented young 
people coming up to push things along.
 Getting the work boots on is harder each year, especially 
after turning 65.  I am blessed, to step out see the sun rise most 
mornings over land we have farmed for four generations, to know 
that the fifth and six generations are standing beside me, and I 
still enjoy being a fruit grower.
 Hope you feel the same, and are experiencing the same 
blessings. Have a great 2020.

Jeff Smith 
Ledge Rock Farms LLC 
Medina, NY  
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Confirming the breakdown of apple scab resistance in 
Malus floribunda 821, the most important source for 
scab resistance breeding, in North America
Awais Khan and David Papp

Plant Pathology and Plant-Microbe Biology Section, Cornell University, Geneva, NY, 14456, USA | Email: awais.khan@cornell.edu

Keywords: Genetic resistance, pathogen isolates, virulence, genome sequencing

Apple scab, caused by Venturia inaequalis, is the most eco-
nomically important fungal disease of apples in New York 
State (NYS), as a majority of the apple cultivars grown 

in NYS are moderately to highly susceptible. In NYS, fungicides 
are frequently applied by apple growers to control losses due to 
apple scab and other fungal diseases every year. However, current 
disease management strategies could be counterproductive by 
putting strong selection pressure on the fungus, leading to the 
emergence of scab isolates that are resistant to fungicides (Beck-
erman et al. 2015). In fact, V. inaequalis isolates that have devel-
oped resistance towards multiple fungicides without significant 
fitness cost have already been reported (Chapman et al. 2011). 
 Apple cultivars resistant to scab need much fewer fungicide 
applications, offering a cheaper and environmentally friendly 
scab control strategy. The development of scab resistant cultivars 
has relied on wild scab resistance donors, so their fruit quality 
often cannot compete with susceptible cultivars with desirable 
fruit quality, severely limiting their adoption and consumer ac-
ceptance. Nevertheless, the need for resistant cultivars is high, 
particularly in organic orchards and home gardens where 
fungicide treatments and sprays are rarely applied (Brown and 
Maloney, 2008). The development of scab resistant cultivars 
without heavy reliance on fungicides with consumer preferred 
fruit quality traits is one of the highest priorities of apple breed-
ing programs worldwide. So far, 20 apple scab resistance genes 
called ‘Rvi genes’, mainly originating from wild Malus accessions, 
have been identified and described (Bus et al. 2011). 
 Apple breeding programs for scab resistance have mainly 
employed the genes ‘Rvi6’ and ‘Rvi7’ derived from the Japanese 
crabapple Malus floribunda 821. Approximately 90% of modern 
scab resistant apple cultivars carry resistance derived from M. 
floribunda 821 (Brown and Maloney 2008). The M. floribunda 
crab apple was found to remain completely free of scab and was 
used at the University of Illinois to make several crosses. Later, 
the PRI (Purdue University, Rutgers University, and the University 
of Illinois) breeding program continued making crosses, leading 
to the release of the first scab resistant cultivar ‘Prima’ in 1967 
(Crosby et al. 1992). 
 Originally, M. floribunda 821 resistance was considered to 
be based on the single dominant gene ‘Rvi6’, but later analysis of 
the inheritance of its resistance symptoms indicated presence of 
an additional gene, ‘Rvi7’ (Bénaouf and Parisi 2000). However, 
the ‘Rvi7’ gene may have been lost early on in the breeding pro-
cess, or has been overcome by the fungus (Bénaouf and Parisi 
2000). Apple scab fungal isolates that can overcome the ‘Rvi6’ 

gene have also 
been reported in 
Europe. In Ger-
many, sporulat-
ing lesions were 
observed in the 
field on ‘Prima’ 
a n d  l a te r  th e 
breakdown of the 
‘Rvi6’ resistance 
was reported in 
other European 
countries. Scab 
fungal isolates 
that can break-
down the resis-
tance of M. flori-
bunda 821 have 
not been reported so far on the American continent, but the 
scab-like symptoms on ‘Pristine’ and ‘Pixie Crunch’, ‘Jonafree’, 
‘Enterprise’) (https://www.extension.purdue.edu/extmedia/BP/
BP-76-W.pdf) were considered breakdown of the resistance by 
Beckerman from 2007, 2008, and 2009 (Beckerman et al. 2009). 
 We have recently studied the breakdown of scab resistance 
in NYS and this report is a summary of our recently published 
work (Papp et al., 2020).

Materials and Methods
 A research orchard at Cornell AgriTech was planted with 
trees from M. floribunda 821 and the ‘Rvi6’ scab resistant apple 
cultivars ‘Prima’, ‘Nova Easygro’, ‘Dayton’, ‘Jonafree’, ‘Priscilla’ and 
‘Redfree’, and the scab susceptible cultivars ‘Gala’, ‘Macintosh’, 
and ‘Golden Delicious’, and the French resistant cultivar ‘Florina’. 
The orchard had four replications of each cultivar. No fungicide 
sprays were applied since 2017 in this orchard. Incidence of apple 
scab was assessed using the scale of Lateur and Populer (1994): 0 
(no observation), 1 (no visible lesions), 2 (few detectable lesions; 
0-1%), 3 (immediately apparent lesions; 1-5%), 4 (intermediate), 
5 (numerous lesions; ±25%), 6 (intermediate), 7 (severe infection; 
±50%), 8 (intermediate; ±75%), or 9 (tree completely affected by 
multiple lesions; >90%). Scab resistance reaction type was de-
termined according to the scale of Crosby et al. (1992) as 0 (no 
symptom), 1 (pin point pits), 2 (irregular chlorotic or necrotic 
lesions), 3 (few restricted sporulation), or 4 (abundant sporula-
tion).
 Scab infected leaves were collected from the trees in the re-

Trees of the Japanese crabapple M. 
floribunda 821 growing in a research 
orchard at Cornell AgriTech had 
severe scab infection, confirming 
the loss of scab resistance of M. 
floribunda 821 in North America. 
However, there was a low incidence 
of scab among descendants of 
M. floribunda 821, indicating the 
presence of other genetic factors 
in addition to the main resistance 
gene (Rvi6) in M. floribunda. These 
other genetic factors apparently 
contribute additional scab resistance 
in the descendants of M. floribunda.



Table 1. Apple scab symptoms and incidence on ‘Rvi6’ cultivars and 
susceptible controls. Incidence was assessed using the scale of Lateur and 
Populer (1994): 0 (no observation), 1 (no visible lesions), 2 (few detectable 
lesions; 0-1%), 3 (immediately apparent lesions; 1-5%), 4 (intermediate), 
5 (numerous lesions; ±25%), 6 (intermediate), 7 (severe infection; ±50%), 
8 (intermediate; ±75%), or 9 (tree completely affected by multiple lesions; 
>90%). Scab resistance reaction type was determined according to 
the scale of Crosby et al. (1992) as 0 (no symptom), 1 (pin point pits), 2 
(irregular chlorotic or necrotic lesions), 3 (few restricted sporulation), or 4 
(abundant sporulation). 

Cultivar Resistant genes Symptom class (0-4) Incidence (0-9)

Gala none 4 5

Wijcik McIntosh 8

Marshall McIntosh

Golden Delicious Rvi1 7

M. floribunda 821 Rvi6, Rvi7 4

Florina Rvi1, Rvi6 0 1

Nova Easygro Rvi6 M 2

Prima Rvi1, Rvi6 3

Jonafree Rvi6 0 1

Dayton

Redfree

Priscilla

Table 2. The geographical origin, name of the host cultivar/accession 
and resistance gene in the host for 11 single spore isolates of Venturia 
inaequalis used in this study.

Isolate Code Origin Host Resistance genes

VI-NY01-NE New York, USA Nova Easygro Rvi6

VI-NY02-MFa M. floribunda 821 Rvi6, Rvi7

VI-NY02-MFb

VI-NY02-MFc

VI-NY03-MF

VI-NY04-MFa

VI-NY04-MFb

VI-NY05-GD Golden Delicious Rvi1

VI-1797-9 Ohio, USA TSR33T239 Rvi4

EU-NL24 The Netherlands Prima Rvi1, Rvi6

EU-B05 Belgium Schone van Boskoop none
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search orchard and monospore isolates 
were obtained on potato dextrose agar 
(PDA) plates under sterile conditions 
in the lab. We also had the scab isolate 
previously collected from another or-
chard in Geneva, NY and from Ohio, 
USA and well-characterized reference 
V. inaequalis isolates of European ori-
gin (Caffier et al. 2015; Table 1).
 DNA was extracted from eleven isolates, six of which were 
from M. floribunda 821, one from ‘Golden Delicious’, one from 
‘Nova Easygro’, two from Europe and from Ohio, USA (Table 2). 
Cultures were grown on PDA for four weeks to extract DNA with 
the Wizard Genomic DNA Purification Kit (Promega). DNA was 
used to perform genome sequencing at Institute of Biotechnology, 
Cornell University, Ithaca, NY as described by Singh and Khan 
(2019). Raw sequences were processed and aligned against ge-
nome assembly of European V. inaequalis isolate EU-B04 (Le Cam 
et al. 2019) to detect single nucleotide polymorphisms (SNPs) 
as described by Singh and Khan (2019). High-quality SNPs were 
used to perform the genetic diversity and phylogenetic analysis 
of V. inaequalis isolates in Tassel v5 software (Bradbury et al. 
2007) with default settings. 
 Heavy sporulating leaves were collected from each of the 
four M. floribunda 821 trees from the orchard. These leaves were 
used to prepare fungal conidial spore suspension, in a beaker with 
distilled water and 0,5 µl/ml Tween 20, at a concentration of at 
least 3×10⁴ conidia/ml. This spore suspension was used to spray 
inoculate the first 4-6 actively growing leaves of four ‘Macfree’ 
scions grafted on M.9 rootstocks in a chamber with controlled 
humidity (100%) and temperature (18 °C) as described by Peil et 
al. (2018). We used light microscopy to evaluate the intensity of 
the sporulation on the leaves of ‘Macfree’. Spores from the infected 
leaves were suspended in water to observe their morphology un-
der the digital microscope (OMAX, Gyeonggi-do, South Korea).

Results and 
Discussion
 Apple scab symp-
toms on M. floribunda 
821 and scab resistant 
cultivars.  We observed 
apple scab infections on 
trees of M. floribunda 
821 and the scab resis-
tant apple cultivars ‘Pri-
ma’ and ‘Nova Easygro’ 
grown in the research 
orchard at Cornell Ag-
riTech, Geneva, NY, in 
June 2019. We have also 
evaluated the apple scab symptoms of four ‘Rvi6’ resistant PRI 
cultivars, ‘Dayton’, ‘Jonafree’, ‘Priscilla’, ‘Redfree’, as well as ‘Gala’, 
‘Macintosh’, ‘Golden Delicious’, and the French resistant cultivar 
‘Florina’ in the same orchard. There was heavy infection on scab-
susceptible cultivars, ‘Gala’, ‘Wijcik McIntosh’, ‘Marshall McIn-
tosh’, and ‘Golden Delicious’ and M. floribunda 821 with a lot of 
sporulation, often covering the whole leaf surface area and fruits 
(Figure 1; Figure 2), classified as class 4. Chlorosis and pin point 
pit type resistance typically associated with the response of ‘Rvi6’ 
and ‘Rvi7’ genes, respectively, were also common on the leaves 
of M. floribunda 821. ‘Rvi6’ cultivars, such as ‘Dayton’, ‘Florina’, 
‘Jonafree’, ‘Priscilla’ and ‘Redfree’, did not show any scab lesions 
in any replications during the season. We have also detected very 
weak symptoms on ‘Prima’, and ‘Nova Easygro’, the descendants 
of M. floribunda 821, and rated them as class 1. Chlorosis and 
necrosis were detected on ‘Nova Easygro’ and was considered as 
an induced defense response (M), whereas the weak sporulating 
lesions accompanied by strong chlorosis (3) were observed on 
‘Prima’.

Figure 2. Early season apple scab infection 
on M. floribunda 821 leaves (A); Late 
season symptoms of heavy apple scab 
sporulation on Malus floribunda 821 also 
showing chlorotic-pin point type resistance 
symptoms (B).

Figure 1. Heavy apple scab infection on fruit and leaves of susceptible apple cultivars in the research 
orchard at Cornell AgriTech, Geneva, New York in 2019 growing season. No fungicide was applied in this 
research orchard since 2017.
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 Genome sequenc-
ing of new scab iso-
lates. The six isolates 
from M. floribunda 821 
had 119,109 SNPs, and 
there were 55,130 SNPs 
in the three isolates col-
lected from the same M. 
floribunda 821 tree. The 
phylogenetic analysis of 
the 11 isolates grouped 
them European and U.S. 
groups (Figure 3). The 
isolates from Belgium 
and Netherlands further 
showed clear differences 
between each other. The 
isolates in the U.S. group 
showed a dispersed pat-
tern as well (Figure 3). 
Overall, this grouping 
and the genetic dissimi-
larities observed between 
these isolates may indi-
cate host preference, in 
line with isolate origin. 
 Scab inoculation 
of the ‘Rvi6’ resistant 
cultivar ‘Macfree’.  Heavily sporulating scab symptoms were 
observed under the microscope on the leaves of ‘Macfree’ 15 
days after inoculation in controlled environment (Figure 4). The 
sporulating lesions covered a large part of the leaf surface area 
without any trace of a chlorotic or necrotic response and was 
consider as infection class 4. 

Conclusions
 Trees of the Japanese crabapple M. floribunda 821 growing 
in a research orchard at Cornell AgriTech had severe scab infec-
tion, confirming the loss of scab resistance of M. floribunda 821 
in North America. There was a high incidence of scab across a 
range of known susceptible cultivars, but a low incidence among 
descendants of M. floribunda 821, indicating the presence of 
other genetic factors in addition to ‘Rvi6’ in different genetic 
backgrounds contributing additional resistance to V. inaequalis. 
Although it is possible that the isolates causing infection could be 
related to similarly virulent isolates from Europe, our comparison 
of genetic polymorphism of the European and American viru-
lent isolates suggested that both evolved or were selected from 
genetically distinct and separate populations. Understanding the 
distribution and evolutionary processes of isolates and factors 
responsible for the breakdown of resistance in M. floribunda 821 
but not in descendant cultivars, may help to reduce the risk of 
breakdown the resistance of ‘Rvi6’ cultivars and development of 
breeding and IPM strategies to enhance their durability.
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Spotted wing drosophila (SWD), an invasive insect from 
East Asia, was first detected in New York in Fall 2011. In 
2012, it caused severe damage to berry crops—raspberries, 

blackberries, blueberries—which are not usually protected with 
insecticide sprays close to harvest. In 2017, much of the Lake 
Ontario region’s tart cherry crop was rejected at the processor 
because of infested fruit. The sweet cherry crop is also at risk, as 
are elderberries, grapes, and other soft fruit.
 In contrast to other Drosophilids (vinegar flies) that infest 
damaged or rotting fruit, SWD females slice through the skin of 
healthy, near-ripe and ripe fruit to lay their eggs inside. Inside 
the fruit, the eggs hatch into tiny (<1 mm long), white, first instar 
maggots that feed and grow creating dimpled, leaky fruit. De-
pending on the level of infestation, a few SWD larvae in a fruit 
may go unnoticed, because even the final, third instar is very 
small (~2 mm long). The third instar emerges either partially 
or completely from the fruit and pupates. Adults emerge from 
pupae about 4 to 15 days later. 
 A mated female can lay about 350 eggs during her 20- to 
30-day lifespan. Usually adults are first detected in New York 
around mid-May to early June, and SWD populations build to 
enormous numbers by late summer. This places a tremendous 
burden on growers of susceptible fruit to protect their harvests 
from infestation.
 When humid, wet, and warm environmental conditions 
favor early SWD population build up, unprotected susceptible 
fruit may suffer damage, resulting in 80% to 100% crop loss, 
depending on their designated markets. For growers to protect 
their fruit from SWD, once adults have arrived, they must treat 
repeatedly with insecticides throughout the harvest period, re-
sulting in significant economic and environmental costs. 
 The New York berry industry has been decimated by SWD. 
Many growers didn’t own sprayers because, before the advent of 
SWD, raspberries and blueberries were relatively untroubled by 
deleterious levels of pests and plant diseases. Late-season berries, 
such as fall raspberries and late-season blueberry varieties, have 
been pushed out and few new plantings have gone in. Organic 
growers have been hit particularly hard because there is only one 
organic insecticide active ingredient that is fairly effective against 
SWD and few rotational partners all of which have relatively poor 
efficacy. 
 Berry production in NY is primarily direct market or U-pick, 
which makes it difficult to protect the ripening and ripe crop with 
insecticides while also protecting the customers. Many growers 
choose to shut down U-pick and direct market operations once 
infestation in fruit has been detected, either with or without a 
spray program in place. Growers are weary of spraying and want 
alternatives to routine chemical sprays.

 Many bird spe-
cies eat insects. The 
ruby-throated hum-
mingbird, Archilochus 
colubris, eats insects 
daily. Hummingbirds 
can consume 100% of 
their body’s weight in 
sugar water or nectar 
every day, in addition 
to as many as 2,000 
tiny insects. Before 
migration, it ’s  not 
unusual for a hum-
mingbird to double its 
weight, adding a huge 
amount of fat to power 
the long journey through Mexico or across the Gulf of Mexico to 
the Yucatan peninsula. Hummingbirds eat aphids, spiders, small 
caterpillars, and insect eggs that they remove from plants, as well 
as gnats, mosquitoes, and vinegar flies (including SWD) that they 
capture out of thin air—hummingbird hawking (Newfield 2001, 
Thurston 1999). We want to encourage hummingbirds to develop 
a voracious appetite for SWD to help control their populations. 
Research on hummingbirds’ feeding habits has shown that they 
learn, and remember, how to eat new things. They return in spring 
to feeding grounds; they will defend, but share feeding grounds; 
and will aggressively protect breeding, mating and nesting loca-
tions (Bené 1946).
 Our objective was to observe the effect of using 25 hum-
mingbird feeders per acre in brambles as a method to encour-
age predation of SWD by hummingbirds in the planting where 
feeders are hung. This method is being used by a grower in Mis-
sissippi in 4 acres of blackberry. To test this method’s effective-
ness we conducted observations of hummingbird behavior in a 
feeder-enriched raspberry planting, we measured levels of fruit 
infestation using salt flotation, and we measured the numbers 
of SWD in the planting by trap catch. We also determined the 
amount of time needed to maintain the feeders in the planting 
as a measure of the feasibility of this tactic for berry growers and 
to inform the practicality of conducting grower demonstration 
trials.

Methods
 Raspberry field characteristics. The experiment took place 
over four years in raspberry fields containing collections from 
the raspberry breeding program. The fields received no insecti-
cides or fungicides, minimal weed control, and canes were not 

When hummingbird feeders are placed 
in berry plantings, hummingbirds are 
attracted in and will spend time in the 
planting and feed on small insects 
including spotted wing drosophila. 
In our study fruit infestation level 
and trap catch numbers of SWD were 
lower in the portion of a raspberry 
planting that had the hummingbird 
feeders, especially during the time 
when hummingbirds were most 
frequently seen.
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Table 1. The proportion of observed behaviors (n) that had SWD predation 
potential and that indicated the hummingbird was remaining in the 
planting.

Behavior at Feeder 2015 2016 2017 2018

# of observations (n) 59 138 27 42

Predation potential 81% 75% 81% 88%

Within the planting 39% 29% 44% 26%

pruned or trained. Sixteen feeders were placed at a density of 25 
feeders/A in the treatment half of the field and the other half had 
no feeders. The field used in 2015 and 2016 was 1.25 A in size, 
the field used in 2017 and 2018 was 1.6 A.
 In 2015, methods were inadequate to assess the effect of the 
hummingbird enrichment on the levels of SWD in traps and in 
fruit. Therefore, in 2016, 2017, and 2018, hummingbird feeders 
were placed in transects across the feeder-treatment area of the 
field. Insect traps were placed and fruit samples were collected 
along the transects through both the treated and untreated areas. 
This provided more data points to assess the effect on SWD. In 
2016, transects were perpendicular to the raspberry rows (Fig. 
1). In 2017 and 2018, transects were parallel to the rows.
 Hummingbird observations. Hummingbird feeders were 
set in May and removed after hummingbirds were no longer seen. 
The cane sugar solution (1 part cane sugar and 4 parts tap water) 
was changed twice per week along with the feeders. Two sets of 
feeders were used, one clean ready for changing and one set up 
in the field, so feeders always had sugar solution in the treated 
half of the field. After each change, to prevent the growth of mold 
and bacteria on the hummingbird feeders, feeders were washed in 
warm soapy water, rinsed, then soaked in a 10% bleach solution 
for 10 to 30 minutes, rinsed thoroughly, and allowed to air dry. 
 Hummingbird observations were done once or twice per 
week in late morning to late afternoon.  Hummingbird counts 
were obtained during hour-long observations of feeders through 
binoculars, counting hummingbirds seen. No attempt to differen-
tiate hummingbird individuals was made during counts. The time 

hummingbirds spent in the field at feeders was clocked during 
a second hour-long observation period, noting arrival into the 
field to the feeder and departure from it.
 Efficacy against SWD. To determine if the hummingbirds 
drawn in by the feeders were having an effect on SWD in the 
treated half of the field, we monitored SWD traps set along tran-
sects (Fig. 1) and sampled fruit once SWD was caught in traps 
and fruit was ripe. Scentry traps and lures were placed in late 
May or early June and serviced weekly to enumerate male and 
female SWD. Once SWD was caught in traps, four marketable 
fruit were collected weekly from the nine trap locations along 
each of the four transects. Fruit were bulked for each of the nine 
exterior and interior transect locations (n=8 fruit). Salt flotation 
was used to enumerate SWD larvae in fruit. In 2016, due to the 
drought few fruit samples were collected (data not shown) and 
only SWD trap catch data was collected.

Results and Discussion
 Hummingbird observations. In the second year in both 
plots, more hummingbirds were sighted at feeders (Fig. 2) and 
they arrived earlier (Fig. 3A and B). Peak occurrence at feeders 
was in August in all years (Fig. 3A and B). Birds were no longer 
seen in mid-September and it was assumed they had begun their 
migration. The highest number of sightings of hummingbirds 
were seen in 2016, possibly due to the extreme drought and its 
impact on the availability of other floral resources. 
 Hummingbirds spent a split second to minutes at feeders. 
Flight patterns observed included male mating display flights and 
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Figure 1. Field plot experimental design in 2016, Darrow Farm, Cornell 
AgriTech. A different field with similar design was used in 2017 and 
2018. Traps for SWD were placed along four transects (blue squares) 
and hummingbird feeders (yellow circles) were placed along the same 
transects in the treatment half of the field. Transects (two exterior and two 
interior) ran perpendicular to the rows in 2016 and parallel in 2017 and 
2018.

Figure 2. Average and maximum number of hummingbird sightings with 
binoculars seen at feeders during an hour-long observation in the treated 
portion of the raspberry fields.



Table 2. For the date ranges when the most hummingbirds were sighted 
at feeders, the average, maximum, and minimum numbers sighted during 
the 1-hour-long observations for each year are given.

Year Date Range Average Maximum Minimum

2016 18 Aug – 2 Sep 49 69 23

2017 28 Jul – 28 Aug 13 26 2

2018 3 Aug – 24 Aug 26 44 16

feeding territory challenge flights by females and males. When 
using feeders, the hummingbird behaviors that demonstrated 
spending time within the raspberry planting had high potential 
for SWD predation. These included behaviors a, b, and c, de-
scribed below, where hummingbirds were seen to:

a. Fly up to the feeder from within the raspberries and 
then fly back into them. 

b. Fly up to the feeder from within the raspberries and 
then fly out of the field.

c. Fly to the feeder from outside the field and then fly 
into the raspberries.

d. Fly to the feeder from outside the field and then fly 
out of the field.

 Table 1 shows the proportion of the total observed behav-

iors (n) that had SWD predation potential and that indicated 
the hummingbird was remaining in the planting. Although the 
observation number was different in each year, the proportion 
of observed behaviors with predation potential were remarkably 
similar across years.
 SWD trap catch & fruit infestation. When both hum-
mingbird and SWD numbers were high, trap catch (average/trap) 
was reduced by up to 59% and fruit infestation (larvae/g) was 
reduced by up to 56% in the area of the field with the humming-
bird feeders compared to the area without feeders. During the 
period when most hummingbirds were seen per hour (Table 2), 
a corresponding reduction in SWD trap catch was found in 2016 
(Fig. 4A), 2017 (Fig. 4B), and 2018 (Fig. 4C) and a corresponding 
reduction in fruit infestation was found in 2017 (Fig. 5A) and 2018 
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Figure 3. Number of hummingbird sightings with binoculars seen at 
feeders during hour-long observations during 2015 and 2016 (A) and 
2017 and 2018 (B) in the raspberry fields. Note peak numbers sighted in 
August, probably because of fledglings.

Figure 4. Average number of spotted wing drosophila caught in traps set 
along the transects in the hummingbird-feeder-treated and no-feeder-
treated portions of the raspberry fields in (A) 2016, (B) 2017, and (C) 2018. 
In 2017, traps were removed from the field on 10 August. In 2018, only 
one interior transect (In1) was monitored during the dates shown. Dates 
coincide with when the most hummingbirds were seen per hour.
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(Fig. 5B). Insufficient fruit was available for sampling in 2016 due 
to the drought.
 The beneficial effect of having the feeders in the field was 
seen consistently throughout the season for fruit infestation 
in both 2017 and 2018, but only in 2017 for trap catch. Lower 
average numbers of larvae/g in fruit were found in the feeder 
treatment in 10 out of 12 weeks (83%) in 2017 and in 7 out of 10 
weeks (70%) in 2018. Lower average trap catch numbers in the 
feeder treatment were found in 7 out of 8 weeks (88%) in 2017, 
but only in 5 out of 11 weeks (45%) in 2018.
 Statistically significant (p ≤ 0.05) reductions in fruit infesta-
tion in the feeder treatment were found on 20 July and 3 August 
2017 and in trap catch on 10 August 2017. Reductions, especially 
in SWD trap catch numbers, did not consistently occur across 
all weeks during the season. However, during the weeks when 
hummingbirds were most abundant in the field in all years, 
consistent reduction in SWD trap catch and fruit infestation in 
the feeder-treated portion of the field was found (Figs. 4 and 5) 
and the effect was more pronounced on fruit infestation than on 
trap catch. 
 Grower demonstrations. Because the time for labor to 
maintain hummingbird feeders in a one acre plot of raspberry was 
estimated to be two to three hours, including the time to wash 
feeders, fill them, and replace them in the field, it was decided to 
test the feasibility for growers to use the technique. Three grower 
demonstrations were done: one direct market raspberry grower 

in eastern NY (2018), one CSA raspberry grower in western NY 
(2019), and one organic blueberry grower in western NY (2018 
and 2019). Growers were provided with instructions on how to 
maintain the feeders, as well as the hummingbird feeders and 
hangers (Fig. 6). 
 Hummingbirds were observed in all the fields where feeders 
were placed (Fig. 6). Growers were willing to use and maintain 
the feeders in their fields. The direct market grower in Eastern 
NY applied their normal SWD insecticide program. Spray ap-
plications, when needed, coincided with feeder maintenance 
when feeders would be out of the field. None of the insecticides 
registered against SWD in NY pose a risk to birds via exposure, 
according to the pesticide label. The CSA raspberry grower ap-
plied no insecticides for SWD and had no complaints about fruit 
infestation. The organic blueberry grower, despite having lost the 
crop to SWD infestation in 2017, in 2018 and 2019, only a single 
spray of Entrust was applied, timed according to trap catch, and 
fruit was successfully marketed without complaints or rejection.
Conclusion
 We have determined that, when hummingbird feeders 
are placed in berry plantings hummingbirds are attracted in 
and will spend time in the planting. In the raspberry plantings, 
hummingbirds were seen to spend time within the plant canopy 
where they would have the opportunity to feed on small insects. 
In both research plots, feeder enrichment brought more hum-
mingbirds into the planting in the second year than in the first, 

Figure 5. Average number of spotted wing drosophila larvae found per gram of fruit in 
samples collected along the transects in the hummingbird-feeder-treated (blue bars) 
and no-feeder-treated (orange bars) portions of the raspberry fields in (A) 2017 and (B) 
2018. Dates coincide with when the most hummingbirds were seen per hour.

Figure 6. Ruby-throated hummingbird on a feeder set in a 
blueberry planting.
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significantly so in some cases, suggesting that hummingbirds will 
become more abundant in the planting over time. Research on 
hummingbird behavior (Bené 1946) found that hummingbirds 
learn about new foods by testing them and that they remember 
those foods, feeding on them in subsequent years. In this way, 
they learn about hummingbird feeders, new floral resources, 
and new insects to feed on. Perhaps the longer SWD is in New 
York, the better the ruby-throated hummingbird’s appetite for 
this invasive insect will become.
 Fruit infestation level and trap catch numbers were lower in 
the portion of the raspberry planting that had the hummingbird 
feeders, especially during the time when hummingbirds were 
most frequently seen. Reductions in fruit infestation and trap 
catch for the most part were not statistically significant. This 
may have been due to the planting being highly conducive to 
SWD infestation. Without the benefit of IPM cultural tactics 
such as pruning, clean picking, culling of infested fruit, and weed 
management, the field posed a severe test of the effectiveness 
of hummingbird enrichment on SWD management. It is likely 
that when combined with an IPM strategy for SWD, the use of 
hummingbirds would prove more successful against SWD than 
our research was able to show.
 In addition, more hummingbirds were seen in the second 
year in both research plots, which suggests that over time hum-
mingbirds will become increasingly numerous in a planting that 
has feeders. In turn, these hummingbirds may develop a taste for 
SWD and perhaps will eat more of them. A limiting factor might 
be the size of the planting and the cost of feeders, sugar, bleach, 
and labor. The grower who brought this technique to our atten-
tion grows four acres of blackberries. How large an area could 
this technique be used on? Could interplanting a berry field with 
plants hummingbirds feed on provide similar benefit with less 
maintenance or would it lower yields by reducing crop-growing 
area? Growers found it feasible to deploy hummingbird feeders in 
small berry plantings. Would they be willing to try this in larger 
plantings? 
 Hummingbirds are fascinating animals. Beautiful, fearless, 
tiny, and fast. We have found that enriching a fruit planting with 
hummingbirds shows promise as an alternative to pesticides for 
managing SWD.
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Protective netting has been demonstrated to reduce weather 
related and pest injury to pome fruit in Australia, New 
Zealand and across parts of Europe while also providing 

protection from sunburn sensitive high-valued fruit varieties 
(Scarascia-Mugnozza et al., 2012, Sauphanor et al., 2012). While 
there are numerous companies providing agricultural netting 
options, Drape Net North America provides an over the row op-
tion for over the row high-density apple production systems on 
supported trellis. Life expectancy of the net averages 7-years with 
initial costs running $3,500 per acre and over the row applicator 
‘Net Wizz’ running $17,500 (Fruit Grower News, 2019). In this 
study we assessed attributes of complete exclusion protective net-
ting to manage post bloom tree fruit maladies including sunburn.
 Sunburn symptoms on apples, directly caused by high 
temperature and solar radiation, impair fruit quality resulting 
in a downgrade of affected apples on the packing line or their 
complete rejection to cullage. The cullage due to sunburn varies 
with location with an average level of 10% in Washington State, 
New Zealand, South Africa, but could get as high as 40% in Chile 
(Schrader et al., 2011, Yuri et al., 1996, Bergh et al., 1980; Wünsche 
et al., 2001).
 By the year 2055, according to NESDIS – NOAA, the Hud-
son Valley region of NY State will likely experience an additional 
6-12 days with a maximum temperature exceeding 95°F (scenar-
ios.globalchange.gov). This trend would likely cause an increase 
of the occurrence of temperature dependent types of sunburn: 
sunburn browning (SB) and sunburn necrosis (SN), especially 
in highly susceptible apple varieties among which is ‘Honey-

crisp’. Experimental 
data has shown that 
full sun exposure of 60 
min and fruit surface 
temperature (FST) 
over 46°C, ‘Honey-
crisp’ can develop 
SB (Schrader et al., 
2001). Temperature 
of the exposed fruit 
surface can exceed air 
temperature by 5 to 15°C, suggesting that even 31°C or 88°F of 
air temperature could induce SB in ‘Honeycrisp’ if fruit surface 
temperatures were 15° C higher. 
 Beginning in 2015, Reig et al., (2016) conducted trials of dif-
ferent approaches to reduce the occurrence of sunburn symptoms 
on two sunburn sensitive varieties: ‘Cameo’ and ‘Honeycrisp’ in 
the Hudson Valley. Trial evaluations included Raynox® (carnauba 
wax and organically modified clay based product), ScreenDuo® (a 
reflective kaolin based particle film), Decco 405 (liquid calcium 
chloride used in bitter pit control), and Raynox®+Decco 405 ap-
plied late in the season of 2015 while including strategies such as 
evaporative cooling (EC) and over the row incomplete exclusion 
protective netting (PN), together with the season-long applica-
tions of particle film and sunscreen products (ScreenDuo® and 
Raynox®) in 2016 (Reig et al., 2017). ScreenDuo® was the best 
performing spray product of those trials.  We then expanded 
our trials with other reflective particle films to include Surround® 
WP (kaolin based) and Purshade® (calcium-carbonite based) in 
2017 and 2018. By far, the best sunburn control was achieved 
with PN (Reig et al., 2017). To further our understanding of the 
exclusion potential, we also included Drape Net North America 

This work was supported in part by 
the New York Apple Research and 
Development Program

Protected culture of crops, specifically of 
tree fruit, has been studied since the mid-
20th century, gaining global acceptance 
over the past decade to provide shade, 
reduced fruit injury due to sunburn and 
reduced injury from invertebrate and 
vertebrate feeding and reduced pesticide 
use through the use of complete netted 
exclusion. 

Figure 1. Maximum daily temperature, solar radiation and precipitation 
for May – August 2018. Figure 2. Sunburn browning SB-1 (A) and SB-2 (B)

A B
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product: a complete exclu-
sion PN system. Although the 
Drape Net is advertised for 
hail and solar radiation pro-
tection, complete exclusion 
netting systems have proved 
to be effective barriers against 
bird damage, fruit bats and 
insects (Arthurs et al., 2013; 
Shahak et al., 2004), and are 
increasingly employed in 
organic production systems 
(Granatstein et al., 2016). 
 Our studies in 2018 were 
conducted in two research 
blocks at the Hudson Val-
ley Research Laboratory to 
evaluate both sunburn and 
insect exclusion: In sunburn 
trials we assessed the effect 
of season long applications 
of Surround® WP, Purshade®, 
ScreenDuo® with the Drape 
Net system installed using 
two colors: white and black 
compared on sunburn control and on fruit quality. In our high-
density ‘Transitional Organic’ orchard we studied the efficacy of 
complete exclusion using the Drape Net system to control the 
apple insect complex. The insect exclusion systems was incor-
porated into two insect management strategies using either a 
season long IPM ‘reduced-risk’ insecticide program or an IPM / 
Transitional Organic program, relying only on exclusion of insects 
after 1st June. 

Material and Methods
 Experiment 1. Tall spindle ‘Honeycrisp’ trees planted in 
2010, grafted on M.9Nic.29, rootstock, spaced at 3 ft x 14 ft, trel-
lised with a 2-5 wire trellis support system and grown in loamy 
soil at the Hudson Valley Research Laboratory (HVRL) experi-
mental orchards in Highland, NY were used for this experiment. 
Standard conventional management practices recommended for 
the orchard were followed. Full bloom and petal fall occurred on 
May 11th and 17th, respectively. The experiment was organized 
as a complete randomized block design (CRBD) with 5 blocks. 
The experimental unit consisted of 3 trees with a buffer zone of 
at least one tree on each side to prevent overspray between treat-
ments. Treatments included: (1) untreated control (UTC), (2) 
ScreenDuo®, (3) Surround® WP, (4) Purshade®, (5) White Drape 
Net, and (6) Black Drape Net. Spray treatments were applied us-
ing Eco Tower Boom, non-air assist, using pressure at the nozzle 
only to move the material into the tree canopy, traveling at 2.1 
mph and delivering 100 gal/A. Table 1 presents treatments rate 
and date of applications.
 The fruit were harvested on September 19th, when we re-
corded the yield per tree and fruit count. The tree circumference 
at 30 cm above the graft union was measured after harvest and 
was used for trunk cross-sectional area and crop load calculation 
(Table 2).
 Samples of 150 apples per treatment were taken for fruit 
quality analysis. Apples were stored at 38°F prior to the analysis. 

We sorted apples in two categories: with and without sunburn 
symptoms in order to rate their quality parameters (data not 
shown for fruit with sunburn symptoms). Fruit firmness (FF), 
soluble solids content (SSC), titratable acidity (TA) and the skin 
color based on CIELAB coordinates (L, a, b, Chroma and Hue) 
were analyzed separately for each side of the fruit (B or sun-
exposed side and NB or shaded side). Blush was expressed as 
percentage of red color on the fruit surface (Table 3). 
 The evaluation of sunburn was done on samples of 150 apples 
per treatment and expressed as the incidence of all three types of 
sunburn symptoms: SN (Figure 3), SB (Figure 2) and photooxida-
tive sunburn (PS) (Figure 4, Table 4). Based upon the previous 
sunburn research done on ‘Honeycrisp’ apples grown in Hudson 
Valley, the most prevalent type of sunburn symptom, SB, was 
additionally assessed by adopting the two browning subclasses 
of symptoms severity: SB-1 and SB-2 (Figure 2), according to 
Felicetti and Schrader (2008).
 Experiment 2. In our high-density ‘Transitional Organic’ 
orchard, 12 yr.-old trees including apple scab resistant varieties 
(SRV) from the PRI breeding program selections grafted on G.11 
rootstock, planted in 11-tree RCBD plots at a spacing of 3’ x 11’ 
were used in the trial. Treatments were applied in a split-block 
to northern or southern half of the orchard plots, replicated 
in six rows. Treatments were applied concentrate using a Slim 
Line tower sprayer using 100 psi, delivering 0.05 to 0.07 gal/tree 
traveling at 2.5-2.86 mph averaging 74 gal/A. Insecticide calcu-
lations (presented as amt/A) are based on a standard dilution 
of 100 gal/A. Maintenance applications for disease control and 
crop load reduction were made using concentrate airblast at 100 
gal/A. Rows were treated with Drape Net shortly after fruit set.
 Maintenance applications for disease management followed 
a standard program for mildew, cedar apple rust and fruit rot 
organisms on apple scab resistant varieties. Insecticide programs 
(Tables 5) applied to manage the insect complex were assessed at 
harvest with evaluations made on ‘Crimson Crisp’, ‘Honeycrisp’ 
and ‘Gold Rush’ cultivars on 29th September by randomly select-
ing 50 fruit from each tree and scoring for external damage. The 
‘Ext. Lep.’ (external lepidopteran) category includes combined 
pre-bloom to 1C damage from the green fruit-worm, red-banded 
leafroller, and oblique-banded leafroller complex. Evaluations of 
codling moth (CM) injury assessed fruit using calyx end frass and 
‘bulls-eye sting’ of fruit as evidence of CM activity combined with 
sliced assessment of the seed cavity to determine seed feeding, 
also as evidence of CM. San Jose scale (SJS) injury to fruit was 
assessed by scoring fruit as injured with ‘red haloed’ markings.

Results and Discussion
 Experiment 1. Figure 1 shows the maximum daily tem-

Figure 5. ‘Honeycrisp’ under Drape Net, Ulster County, 2019Figure 3. Sunburn necrosis

Figure 4. Photooxidative sunburn
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perature (MDT), solar radiation and precipitation during the 
2018 growing season (http://www.newa.cornell.edu). There were 
27 days with MDT exceeding 88°F, which made this year very 
conducive for ‘Honeycrisp’ sunburn damage. 
 The UTC had 12% of fruit with sunburn symptoms followed 
by ScreenDuo® and Surround® with 10% and 9%, respectively. The 
incidence of total sunburn damage on apples grown under White 
Drape net did not significantly differ from the UTC. Sunburn 
Necrosis, which was directly and primarily caused by high FST, 
had the largest contribution to total sunburn incidence found 
under White Drape net. Similar level of SN contribution to total 
sunburn was found in the UTC. Black Drape Net showed excel-
lent results in sunburn control, followed by a reflective particle 
film Purshade®. 
 However, this superior level of sunburn reduction negatively 
reflected on the quality of apples grown under the Black Drape 
Net. This treatment delayed fruit maturity, which was determined 
through lower level of SSC and poorer color development ex-
pressed with a blush reduction, low a*/b* ratio and higher Hue 
value. In contrast, Purshade® reduced SSC of the B-side of fruit, 
while red color was unaffected. White Drape Net showed similar 
levels of sunburn as UTC and produced fruit of equal quality as 
the UTC. Only the SSC of B-side was significantly reduced. 
 A previous report on sunburn control in Hudson Valley 
orchards found that Surround® had a negative impact on fruit 
weight and color of ‘Honeycrisp’ (Schupp et al. 2002). We did 
not observe this undesirable effects on fruit quality in our study, 
likely due to a less intense treatment application schedule (7 days 
vs 14 days) and/or frequent rain events during the season, which 
could cause residual loss of the product and thus interfere with 
its effectiveness. 
 Our trial confirmed previous findings by Reig et al., (2017) 
that ScreenDuo® did not influence yield, fruit size, TA, FF or color 
of Honeycrisp. However, we noticed a significant reduction in 
SSC and an increase of Hue of the sun exposed side of the fruit. 
 Experiment 2. The use of Drape Net for insect exclusion in 
our study was successful in excluding the late season migratory 
insect complex with either the IPM/Organic schedule. This was 
not shown in parallel studies in which the net was not providing 
complete enclosure of the tree. The non-migratory or endemic 
pests, established and overwintering in the orchard during the 
previous year were contained in netted system and left unman-
aged, causing significant injury to the fruit. Significant differences 
across the lepidopteran, apple maggot and stink bug categories 
were most apparent. It is possible that late season insecticide use 
may be reduced given the potential for insect exclusion using this 
management strategy. Additional targeted organic insecticides 
will be required to manage endemic, established populations. 
Endemic pests include wooly apple aphid (WAA), San Jose scale 
and the internal worm complex. Most importantly, management 
of codling moth during the onset on 1st generation within the net-
ted system will need to be addressed in Year 1 with the complete 
exclusion management system. An important consideration of 
employing complete exclusion netting is the loss of the beneficial 
insect complex which provide significant pest reduction. This was 
most notably observed with the increase of WAA within netted 
plots. Augmenting specific beneficial insects targeting pome 
fruit pests into netted trees may resolve pest build-up such as 
WAA and is an additional area of research needed to improve 
this system.

 In the mid-Hudson Valley growing region of NYS, the brown 
marmorated stink bug has required intensive use of insecticide 
management beginning in mid-August through harvest in No-
vember with varieties such as Pink Lady. Late season applica-
tions of efficacious insecticides in the pyrethroid, carbamate 
and neonicotinoid classes increase management costs. In years 
of drought, MRL limits of late insecticide use may be exceeded 
when residual removal from rain does not occur. The use of a 
complete exclusion systems may significantly reduce the need for 
late season insecticide management of stink bug to high valued 
fruit, especially along the woodland orchard border. Continued 
studies of these systems should include application timing for 
and refinement of complete exclusion netted system management 
practices which are likely to provide best management practices 
in the near future. 

Conclusion
 In many NYS locations where tree fruit is grown, frequent 
hail events and bird injury alone would justify the cost for in-
corporating incomplete netted enclosure systems such as Drape 
Nets for high-valued, high-density systems (Figure 5). Trials have 
shown Drape Net systems allow excellent penetration, coverage 
and reduced drift of air assist droplets in the canopy and on fruit 
for chemical thinning, disease and insect pest management. Fur-
thermore, the reduced sunlight penetration of Black Drape Net 
provides reductions in sunburn injury in sensitive fruit cultivars. 
Gathering nets at the base of the tree to completely enclose the 
tree, has shown additional benefits of insect pest management. 
Further study to develop and optimize winter pruning strategies 
for enclosures, amendments to provide cost effective access for 
summer pruning and multiple harvest picks may improve effi-
ciency and increase grower adoption of this innovative tree fruit 
management strategy.
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Table 1. Products Used for Sunburn Control with Application Rate and Date.

Application/installation date

Product Rate 21-May 25-May 7-Jun 21-Jun 3-Jul 18-Jul 31-Jul 14-Aug

ScreenDuo®1 10lbs/100 gal x x x x x x x

Surround®2 50lbs/100 gal x x x x x x x

Purshade®2 2 gal/A x x x x x x x

White Drape Net3 x

Black Drape Net x

1 Certis USA L.L.C. (Maryland, USA) | 2 NovaSource International (Arizona, USA) | 3 Drape Net North America (New York, USA)

Table 2. Treatments Effect on Yield, Fruit Weight and Crop Load.

Treatment Yield per Tree (kg) Fruit Weight (g) Crop Load (fruit/
cm2)

UTC 14.7 a 242.5 a 4.0 a

ScreenDuo® 12.4 a 242.3 a 3.7 a

Surround® 12.6 a 224.9 a 3.9 a

Purshade® 12.6 a 245.8 a 3.3 a

White Drape Net 13.8 a 256.9 a 3.5 a

Black Drape Net 12.4 a 252.6 a 3.2 a

F-Value 0.6107 0.2826 0.5256

Means followed by the same letter are not significantly different at P≤0.05 according to 
Student’s t-test.
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Table 3. Treatments Effect on Fruit Chemistry, Flesh Firmness (FF), and Color of ‘Honeycrisp’ without Sunburn Symptoms

SSC1 TA2 (g/100mL as malic acid) FF (kg) a*/b* Hue

Treatments B NB B NB B NB B NB B NB Blush (%)

UTC 12.4 a 11.2 a 0.38 a 0.36 a 5.8 a 5.6 a 1.17 a -0.04 a 48.2 b 69.7 b 58.0 a

ScreenDuo® 11.6 b 10.7 a 0.37 a 0.38 a 5.7 a 5.7 a 1.14 a -0.07 a 51.1 a 68.8 bc 59.3 a

Surround® 10.8 c 10.2 a 0.37 a 0.38 a 5.7 a 5.8 a 0.93 ab -0.04 a 52.2 a 67.2 d 60.7 a

Purshade® 11.6 b 10.6 a 0.36 a 0.35 a 5.7 a 5.6 a 1.13 a -0.02 a 50.3 ab 67.5 cd 59.4 a

White Drape Net 11.4 bc 10.6 a 0.36 a 0.36 a 5.7 a 5.5 a 0.95 ab -0.02 a 51.2 a 68.7 bcd 57.8 a

Black Drape Net 10.9 bc 10.0 a 0.35 a 0.35 a 5.5 a 5.4 a 0.77 b -0.20 b 52.9 a 72.0 a 44.2 b

F-Value 0.003 0.086 0.7862 0.5453 0.0665 0.0826 0.0194 0.0015 0.0424 <.0001 0.0044

Means followed by the same letter are not significantly different at P≤0.05 according to Student’s t-test. |  1Soluble solids content  |  2Titratable acidity
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Table 6. Insecticide Treatment Schedule to Manage the Apple Insect Complex Using Season Long IPM or IPM / Organic Split Management

Incidence (%) of insect damaged cluster fruit

Treatment / Rate PC1 EAS2 TPB3 Lf.Rlr4 Int.Lep5 Ext.Lep6 CM7 AM.P8 AM.T9 SJS10 SB11

Black Drape Early Season IPM 3.0 a 0.6 a 4.4 a 10.9 bc 2.2 b 18.8 b 11.3 b 0.6 b 0.6 b 96.3 a 0.3 b

White Drape Early Season IPM 4.7 a 0.0 a 4.4 a 11.9 b 3.1 b 20.3 b 12.5 b 0.9 b 0.9 b 95.6 a 0.9 b

No Drape Early Season IPM 10.8 a 0.8 a 4.6 a 22.9 a 6.7 a 37.1 a 23.8 a 7.5 a 4.2a 83.8 b 3.8 a

Black Drape Season Long IPM 5.6 a 1.3 a 7.8 a 0.3 d 0.0 c 1.6 c 0.3 c 0.0 bc 0.0 b 6.6 d 0.0 b

White Drape Season Long IPM 7.8 a 0.9 a 7.8 a 0.3 d 0.0 c 0.6 c 0.0 c 0.3 b c 0.3 b 20.0 c 0.0 b

No Drape Season Long IPM 5.6 a 0.9 a 5.0 a 0.6 cd 0.3 c 1.3 c 0.0 c 0.6 b c 0.3 b 6.3 d 0.9 b

P value 0.2062 0.6565 0.5998 0.0001 0.0001 0.0001 0.0001 0.0001 0.0135 0.0001 0.0154

Means separation by Fisher Protected (P ≤0.05); treatment means followed by the same letter are not significantly different.  |  1Plum curculio (Conotrachelus nenuphar, Herbst)  |  2European apple sawfly (Hoplocampa 
testudinea, Klug)  |  3Tarnished plant bug (Lygus lineolaris, P. de B.)  |  4Leaf Roller: Obliquebanded leafroller (Choristoneura rosaceana, Harris) and Redbanded leafroller (Argyrotaenia velutinana, Walker)  |  5Internal 
Lepidopteran  |  6External Lepidopteran  |  7Codling moth (Cydia pomonella, Linnaeus)  |  8Apple Maggot (Rhagoletis pomonella, Walsh) Puncture  |  9Apple Maggot (Rhagoletis pomonella, Walsh) Tunnel  |  10San Jose 
scale (Quadraspidiotus perniciosus, Comstock)  |  11Stink Bug: Green (Chinavia halaris, Stål) and Brown Marmorated Stink Bug (Halyomorpha halys, Stål) 
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Figure 3. Modified sprayer and sensors in the trial orchard 
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Figure 2.  RR test site, Wayne Co., NY using Gala trees on M.9 rootstock planted May 3, 2014.   
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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.

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

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

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
 

 NYSHS ISSUES
• Pesticide Registrations
• Food Quality Protection Act
• Integrated Pest Management
• Agricultural Labor and 

Immigration
• Fruit Industry Economic 

Development
• Cornell Research and Extension
• Education Public Officials
• Educating Industry
• Food Safety

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



Table 4. Treatments Effect on Sunburn Necrosis (SN), Sunburn Browning 
(SB) with Subclasses SB-1 and SB-2 and Photooxidative Sunburn (SP)

Treatment SN (%) SB-1 (%) SB-2 (%) SB (%) PS (%) Total 
Sunburn 

(%)

UTC 6.0 c 0.7 a 1.3 a 2.0 a 4.7 a 12.7 b

ScreenDuo® 2.7 abc 4.0 a 0.7 a 4.7 a 2.7 a 10.0 b

Surround® 1.3 abc 2.7 a 1.3 a 4.0 a 4.0 a 9.3 b

Purshade® 0.7 ab 2.7 a 3.3 a 6.0 a 0.0 a 6.7 ab

White Drape Net 4.7 bc 1.3 a 0.7 a 2.0 a 2.0 a 8.7 b

Black Drape Net 0.0 a 0.0 a 1.3 a 1.3 a 0.7 a 2.0 a

ChiSq-Value 0.0426 0.5871 0.2955 0.2718 0.1644 0.0412

Means followed by the same letter are not significantly different at P≤0.05 according Wilxocon Method

Table 5. Insecticide Treatment Schedule to Manage the Apple Insect 
Complex Using Season Long IPM and IPM / Organic Split Management1

Treatment/Formulation Rate and Timing Application Dates

Early Season IPM

Actara 5.5 oz/A 18-May

Avaunt 6.0 oz/A 25-May

Entrust SC 10.0 fl oz/A 8-Jun

Venerate 2.0 gal/A 21-Jun

Season Long IPM

Actara 5.5 oz./A 18-May

Avaunt 6.0 oz./A 25-May

Imidan 70W 4.9 lbs/A 7-Jun

Esteem 35WP 5.0 oz/A 21-Jun

Assail 30SG 4.0 oz/A 21-Jun

Altacor 4.5 oz/A 21-Jun

Assail 30SG 4.0 oz/A 10-Jul

Exirel 20.5 oz/A 24-Jul

Exirel 20.5 oz/A 31-Jul

Exirel 20.5 oz/A 6-Aug

Bifenture 10DF 32.0 oz/A 6-Aug

1Treatments were applied concentrate using a Slim Line tower sprayer using 100 psi, delivering 0.05 
to 0.07 gal/tree traveling at 2.5-2.86 mph averaging 74 gal/A. Insecticide calculations (presented as 
amt/A) are based on a standard dilution of 100 gal/A. Maintenance applications for disease control and 
crop load reduction were also made using concentrate airblast, delivery using 100 gal/A. Rows were 
treated with Drape net shortly after fruit set.
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bloom) for both 
shoot blight and 
blossom blight has 
been limited due 
to label restric-
tions, the need for 
pre-infection ap-
plications, and the 
limited leaf surface 
area available be-
fore bloom (Evans 
et al. 1999). How-
ever, a few reports 
demonstrate distinct potential for PhCa-mediated blossom blight 
protection and early shoot blight protection, if applied pre-bloom 
(Buban et al. 2006; Spinelli et al. 2006) or post-harvest leading 
to carry-over effects in the following season (Greene 2005). In 
addition, there is growing interest in the industry and exten-
sion to evaluate PhCa for control of blossom blight. Novel uses, 
including pre-bloom applications, could prevent invasion of the 
blossom tissues through the mechanism of cell wall thickening. 
Applying PhCa at lower rates for blossom blight control may 
allow for protection without inhibiting canopy growth by the 
end of the season.
 Originally, the mechanism of action for shoot blight con-
trol was believed to be via the production of novel antibiotic 
compounds within the host, the result of an altered flavonoid 
biosynthetic pathway (Evans et al. 1999). However, more recent 
work has found reduced pathogen migration within the leaf xylem 
and parenchyma tissue in vitro (Spinelli et al. 2006) and evidence 
for physical inhibition of bacteria within the host through the 
thickening of cell walls in the cortical parenchyma tissue to the 
point where E. amylovora’s Type III secretion system-associated 
pilus is prevented from delivering effectors (McGrath et al. 2009).
 The objective of this work was to evaluate pre-bloom PhCa 
programs for fire blight management. Specifically, we evaluated 
PhCa applied at ‘pink,’ for impacts on fire blight (blossom and 
shoot blight) as well as impacts on tree growth. We hypothesized 
that these PhCa programs would reduce disease incidence of blos-
soms and shoots through the mechanism of cell wall thickening, 
without negatively impacting tree growth. Such management 
programs would fit with standard production practices for apple 
and may be a step towards the development of fire blight manage-
ment programs without the use of antibiotics.

Materials and Methods
 Evaluation of pre-bloom prohexadione-calcium pro-
grams.  To evaluate the effects of novel PhCa programs for fire 
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Fire blight, caused by the bacteria pathogen Erwinia amylov-
ora, has been successfully managed in commercial orchards 
in the northeast using antibiotics for over 40 years. Howev-

er, there is continued pressure from markets and regulators to find 
alternative management tools, due to the potential for antibiotic 
resistance to develop in the pathogen and off-target populations. 
Indeed, resistance to streptomycin, the primary antibiotic used 
in orchards, has been documented in nearly all regions in which 
apples are grown (van der Zwet, T. 2012). Antibiotic use has been 
prohibited in organic production in the United States since 2014, 
consistent with regulations in other locations including, Canada 
and European Union (Johnson and Temple 2013).
 Additionally, antibiotics may not be the most appropriate 
management tool for all phases of fire blight. Typically, the focus 
of commercial fire blight management programs is the blossom 
blight phase, because infected blossoms can produce inoculum 
for secondary shoot blight infections observed during the sum-
mer. However, blossom blight is difficult to manage: it requires 
extremely precise application timing during a host phenological 
stage that may last only a few days, symptoms are not obvious may 
easily be overlooked, and very low incidences of infected blossoms 
are capable of producing inoculum for secondary infection. As a 
result, fire blight is usually reported as shoot blight in late June 
to July—rather than blossom blight which would occur earlier in 
the spring—as evidenced by recent statewide fire blight surveys 
conducted by our lab. It is generally believed that shoot blight 
is more frequently reported in commercial orchards because 
symptoms are more easily identified, especially during periods 
of vigorous shoot growth. In this regard, should growers focus on 
managing both blossom and shoot blight earlier, prior to bloom 
and should materials other than antibiotics be investigated?
 The plant growth regulator prohexadione-calcium (PhCa) 
could be used to manage both blossom and shoot blight prior 
to infection. PhCa, marketed as Apogee (BASF) or Kudos (Fine 
Americas), is a gibberellic acid inhibitor, originally registered for 
apple production in the United States in 1999 with the primary 
commercial use of canopy management and reduction of shoot 
vigor (Evans et al. 1999). It is currently used for management of 
shoot blight. Research trials have found that one application or 
a split application of 12 oz/100 gal at petal fall can provide 40 to 
90% reduction in shoot blight incidence (Norelli and Miller 2004; 
Aldwinckle et al. 2000). Timing of the application is critical as 
the material requires 10-14 days to have an effect. This timing 
typically coincides with rapid shoot development, therefore it 
is problematic for blocks in which adequate canopy growth is 
desired, particularly that of young high density orchards still in 
establishment (Norelli and Miller 2006; Aldwinckle et al. 2000). 
 Investigation of PhCa applied earlier in the season (pre-

Early [pink] prohexadione-calicum 
[PhCa] programs resulted in less than 
27% incidence of blossom blight and 
less than 13% incidence of shoot blight 
across all three years [2016-18]. These 
programs may have utility as part of a 
comprehensive antibiotic alternative 
management program. While these 
early timings of PhCa did not provide 
a level of control equivalent with 
antibiotic programs they may have 
utility as part of a comprehensive 
antibiotic alternative management 
program as they do not mandate the 
same level of precise timing as bloom 
applications for antibiotics.



Table 2. Mean disease incidence and shoot growth of Gala trees treated with pre-bloom fire blight programs utilizing prohexadione-calcium (Apogee) at 
the Cornell AgriTech research orchards in Geneva, NY in 2016, 2017, and 2018.

Treatment Blossom Blight (%)y Shoot Blight (%)x Shoot Length July (mm)w Shoot Length Sept (mm)w

2016 

Untreated 65.0 az 23.9 a 308.5 a 330.4 a

Bloom FireWall 17 1.68 kg/ha 3.9 cd 0.0 c 221.7 b 316.8 abc

Bloom Kasumin 4.7L/ha 2.0 d 0.7 bc 277.0 ab 298.1 bc

Pink Apogee 62.5mg/L & Untreated 25.6 b 6.3 bc 265.0 ab 255.5 c

Pink Apogee 62.5mg/L & Bloom Double Nickel LC 2.34 kg/ha 22.8 b 5.3 b 258.3 ab 256.7 c

Pink Apogee 125mg/L & Untreated 15.3 b 3.9 bc 260.6 ab 255.4 bc

Pink Apogee 125mg/L & Bloom Double Nickel LC 2.34 kg/ha 12.5 bc 5.4 b 229.8 b 179.6 d

P-Values <.0001 <.0001 <.0001 <.0001

2017

Untreated 94.4 a 55.0 a 207.9 b 239.9 b

Bloom FireWall 17 1.68 kg/ha 3.3 b 0.0 bc 292.1 ab 293.3 a

Bloom Kasumin 4.7L/ha 0.9 b 2.4 c 308.3 a 339.1 ab

Pink Apogee 62.5mg/L & Untreated 26.9 b 11.5 b 278.9 ab 321.4 ab

Pink Apogee 62.5mg/L & Bloom Double Nickel LC 2.34 kg/ha 10.7 b 4.3 bc 289.5 a 292.1 ab

Pink Apogee 125mg/L & Untreated 13.2 b 12.9 b 259.6 ab 277.7 ab

Pink Apogee 125mg/L & Bloom Double Nickel LC 2.34 kg/ha 6.4 b 6.4 bc 277.3 ab 281.1 ab

P-Values <.0001 <.0001 <.0001 <.0001

2018

Untreated 55.2 a 27.8 a 206.0 d 299.7 c

Bloom FireWall 17 1.68 kg/ha 1.6 b 0.6 b 311.8 a 318.0 bc

Bloom Kasumin 4.7L/ha 12.1 b 3.2 b 311.9 a 306.2 bc

Pink Apogee 62.5mg/L & Untreated 13.5 b 2.0 b 282.6 ab 360.3 ab 

Pink Apogee 62.5mg/L & Bloom Double Nickel LC 2.34 kg/ha 14.4 b 4.7 b 268.6 abc 400.4 a 

Pink Apogee 125mg/L & Untreated 15.0 b 5.2 b 228.0 cd 312.4 bc

Pink Apogee 125mg/L & Bloom Double Nickel LC 2.34 kg/ha 8.8 b 3.2 b 243.3 bcd 308.0 bc

P-Values <.0001 <.0001 <.0001 <.0001

zValues within columns for a given year followed by the same letter are not significantly different (P < 0.05) according to the LSMEANS procedure in SAS 9.4 with an adjustment for Tukey’s HSD to control for family-wise 
error.  |  yPercent incidence/percent control of blossom blight, number of blighted blossoms per cluster for 20 blossom clusters rated  |  xPercent incidence/percent control of shoot blight for 20 terminal shoots rated  |  
wMean length of current season’s growth for 20 shoots

Table 1. Summary of pre- and post-bloom treatments evaluated for fire 
blight protection and shoot growth in 2016, 2017 and 2018. 

Treatment and Rate Time2 Active Ingredient

Control Programs

Untreated NA NA

Bloom FireWall 17 1.68 kg/ha (24oz/A) Bloom Streptomycin

Bloom Kasumin 4.7L/ha (64oz/A) Bloom Kasugamycin

Pre-Bloom PhCa Programs

Pink Apogee 62.5 mg/L (3oz/100gal) Pink Prohexadione-calcium

Pink Apogee 62.5 mg/L (3oz/100gal) 
& Bloom Double Nickel LC 2.34 kg/ha 
(1qt/A)

Pink & Bloom Prohexadione-calcium & 
Bacillus amyloliquefaciens

Pink Apogee 125 mg/L (6oz/100gal) Pink Prohexadione-calcium

Pink Apogee 125 mg/L (6oz/100gal) 
& Bloom Double Nickel LC 2.34 kg/ha 
(1qt/A)

Pink & Bloom Prohexadione-calcium & 
Bacillus amyloliquefaciens

2Application times included Pink (3 May, 27 Apr, and 11 May) and 80% Bloom (11 May, 9 May, and 18 
May) in 2016, 2017 and 2018 respectively.
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blight management, field trials were conducted at Cornell Agri-
Tech in a research orchard in Geneva, NY over three field seasons: 
2016, 2017, and 2018. Experiments were performed in a planting 
of ‘Buckeye Gala’ on B.9 rootstock, planted in 2000 at 3ft in-row 
spacing. Trees exhibited moderate vigor; fertilization and prun-
ing was maintained according to the Cornell Pest Management 
Guidelines (Agnello et al. 2019). A randomized complete block 
design with four single-tree replications was used to evaluate 
the management programs (Table 1). All applications were made 
using a Solo 475-B gas-powered mist blower (Solo Incorporated, 
Newport News, VA) calibrated to deliver approximately 100gal/A. 
Specific application times included pink (3 May, 27 Apr, and 11 
May) and 80% Bloom (11 May, 9 May, and 18 May) in 2016, 2017 
and 2018 respectively.
 To ensure adequate disease pressure, trees were inoculated 
with E. amylovora strain Ea273, at 1x106 CFU ml-1 suspended 
in phosphate buffered saline immediately prior to inoculation. 
Inoculum was applied using a hand-pumped Solo 475-B backpack 
sprayer (Solo Incorporated) at 80 to 90% bloom. Inoculation was 
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performed on 11 May, 10 May, and 18 May in 2016, 2017, and 
2018, respectively. Inoculations were performed within 24 hours 
of bloom pesticide applications, after drying. Weather conditions 
at the time of inoculation included daily mean and high tempera-
tures of 47.7°F, 53.4°F, and 43.5°F, and 52.7°F, 50.2°F, and 59.9°F in 
2016, 2017, and 2018, respectively, with wind speed less than 5.6 
mile hour-1 in all years. In all three years a wetting event occurred 
within the three days following inoculation, in which 0.33, 0, 0.59 
in of accumulation was recorded in respective years; leaf wetness 
ranged from 1 to 19 hours; and 10 to 32 hours of relative humid-
ity >90% were recorded. Blighted clusters served as inoculum for 
shoot blight infections. To assess efficacy of pre-bloom programs 
for fire blight management, symptoms were assessed on blossom 
clusters (number of flowers blighted per cluster) and terminal 
shoots (shoot tip infections) in June. Disease was rated as early as 
symptoms were reliably detectable, for blossom blight on 3 Jun, 3 
Jun, and 13 Jun, and for shoot blight on 30 Jun, 30 Jun, and 3 Jul 
in 2016, 2017 and 2018 respectively. The incidence of blossom or 
shoot blight was expressed as the number of blighted flowers per 
cluster or terminal shoots blighted out of 20 assessments for four 
replicate trees per treatment. To preserve trees, disease strikes 
were pruned out mid-summer following disease ratings.
 To assess effects of pre-bloom PhCa programs on tree 
growth, shoot growth was evaluated each year. Measurements 
were made at two points during the season: once in July at ap-
proximately terminal bud set, the point at which trees stop putting 
on significant vegetative growth (5 Jul, 6 Jul, and 6 Jul in 2016, 
2017, and 2018), and once in September, following harvest when 
growth is concluded for the season (22 Sep, 21 Sep, and 21 Sep). 
To evaluate shoot length, current season’s growth (bud scale 
scar to attachment point of terminal leaf ) was measured for 20 
randomly selected healthy shoots in each treatment replication.
 Investigating PhCa-induced cell wall thickening. To 
investigate the mechanism of action of PhCa in reduction of blos-
som blight incidence in pre-bloom programs, we evaluated cell 
wall thicknesses in pedicels of developing flowers and fruitlets 
in 2018 and 2019, using methods adapted from McGrath et al. 
(2019). In each year, PhCa was applied at 0, 3 and 6 oz/100gal) 
at pink as previously described. Measurements were taken at 
two times during the season: i) after petal fall, approximately 20 
days after PhCa treatments when treatment effects should have 
first been visible, and ii) approximately 40 days after full bloom 
(DAFB) or 50 days after PhCa treatments. Specific collection 

times included 4 Jun and 27 Jun in 2018 (24 and 47 days after 
pink application), and 3 Jun and 27 Jun in 2019 (24 and 48 days 
after pink application). In 2018, measurements were also taken 
at pink (0 days after treatment), and no significant difference 
was found between treatments (data not shown). At each time 
point, king blossoms or fruitlets were randomly selected for each 
treatment replication, transported in plastic Ziploc bags to the 
lab (within 1 hour), held at 40°C (4°F), and processed within 24 
hours of collection. The pedicel was separated from the flower 
or fruitlet and cross-sectioned by hand at the mid-point. Thin 
cross sections (approximately one cell thick) were made under 
a dissection microscope by holding the pedicel steady between 
two microscope slides and making slices perpendicular to the 
stem with a double-edged razor blade (Personna, Staunton, VA). 
Wet mounts were constructed, and prepared slides were imaged 
using a light microscope (Model BX50, Olympus, Webster, NY). 
Digital images were taken at 400x magnification using SPOT 
Basic Imaging Software Version 5.3 (Figure 1; SPOT Imaging, 
Diagnostic Instruments, Sterling Heights, MI). Fifty total cell wall 
measurements were made within the cortical parenchyma tissue 
directly below the epidermal tissue for each treatment replicate.

Results and Discussion
 Pre-bloom prohexadione-calcium for blossom and shoot 
blight management. Blossom blight was observed in each year, 
following blossom inoculation, with highest incidence occurring 
in 2017. Blossom blight incidence for untreated control trees was 
65±4%, 94±2%, and 55±3% in 2016, 2017, and 2018 respectively 
(Table 2). Shoot blight also developed following inoculation of 
blossoms in the each of the three years. The incidence of shoot 
blight in the untreated controls was 24±4%, 55±3%, and 28±3% 
in 2016, 2017, and 2018 respectively (Table 2).  In all three years, 
there was a significant effect of treatment on the incidence of 
blossom blight (P < 0.0001) and shoot blight (P < 0.0001). 
 Both antibiotic programs provided excellent control with 
less than 4% blossom blight incidence; the only exception was 
kasugamycin in 2018 (12% incidence), but this was not signifi-
cantly different than the streptomycin program (Table 2). Blossom 
blight incidence for the streptomycin treatment was 3.9±1.8%, 
3.3±3.1%, and 1.6±0.4% in 2016, 2017, and 2018 respectively. In 
kasugamycin programs, blossom blight incidence was 2.0±0.4%, 
0.9±0.9%, and 12.1±6.3% in the three years. Shoot blight inci-
dence for streptomycin treatment was 0.0±0.0%, 0.0±0.0%, and 
0.6±0.6% in 2016, 2017, and 2018 respectively. For kasugamycin 
programs shoot, blight incidence was 0.7±0.4%, 2.4±1.9%, and 
3.2±1.9% in the three years. 
 There were no significant differences in the incidence of fire 
blight between any of the pre-bloom PhCa programs in any of 
the three years, with the incidence of blossom blight and shoot 
blight less than 27% and 13% respectively (P > 0.05, Table 2). Al-
though not significant, the program in which 6 oz/100gal PhCa 
was applied at pink and the biopesticide DN was applied at bloom 
tended to have lower incidences of blossom blight and shoot 
blight. Linear contrast analysis did indicate that in 2017 there 
was a significant reduction in blossom blight incidence when 
DN application followed the 3oz/100gal PhCa application (P < 
0.0001), and there was a significant reduction for both the 3 and 
6 oz/100gal rates of PhCa when DN was included in the program 
(P = 0.0266 and P = 0.0088). Linear contrast analysis comparing 
PhCa alone vs. with the addition of DN was not significant for 

Figure 1. Hand cross-sections of apple fruitlet pedicels at 50 days 
post-treatment (40 days after full bloom) for trees treated with 0 g/L 
(A) and 125 g/L (B) prohexadione-calcium. Fifty (50) random cell wall 
measurements were taken in the cortical parenchyma tissue just below 
the epidermis from a minimum of 25 pedicels for each replication, 
as indicated by the arrow. Cell wall thickness in treated trees was 
significantly greater than cell wall thickness of untreated trees. Coloration 
reflects natural pigmentation of the pedicels at the time of sampling. 
Scale bars represent 50 μm.
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Figure 2. Mean cell wall thicknesses (±1 SE) of fruitlet pedicels taken in 
2018 (A, B) and 2019 (C, D) for Gala trees treated with prohexadione-
calcium (trade name Apogee) at 24 days (A, C) and 47 and 48 days (B, D) 
after treatment in 2018 and 2019 respectively at the Cornell AgriTech 
Research Station in Geneva, NY. Within each graph, different letters above 
bars indicate significant differences between means based on Tukey HSD 
test (p<0.05). 

2016 or 2018 (P > 0.05).  All pre-bloom PhCa treatments had a 
lower incidence of blossom blight than the untreated controls. 
In 2016, the incidence of blossom blight in pre-bloom PhCa 
programs was higher than that for the two antibiotic controls. By 
contrast, in 2017 and 2018, there were no significant differences 
in the incidence of blossom blight between pre-bloom PhCa 
programs and the antibiotic programs. Shoot blight in pre-bloom 
PhCa programs in 2017 and 2018 generally was higher than in 
the streptomycin program, but not in the kasugamycin program.
 The overall management implications of these findings may 
be affected by regional and seasonal conditions. Because PhCa 
requires 10-14 days to take effect, the amount of time between 
applications, phenological stages, and infection periods are 
critical to the efficacy of these programs, and the duration of 
phenological stages can vary considerably between regions and 
years. In this study, the period between pink, when PhCa was 
applied, and 80% bloom, when blossom infection would take 
place, was 8, 12, and 7 days in 2016, 2017, and 2018. From 80% 
bloom to petal fall, there was an additional 9, 3, and 11 days dur-
ing which the bacteria may have entered the flower. This presents 
an extremely narrow margin for PhCa applied at pink to take an 
effect in time to prevent blossom blight. In regions or seasons 
in which phenology progresses more rapidly, the window would 
be even smaller and PhCa may not have adequate time to take 
effect. In this case, even earlier applications may be required. On 
the other hand, blossom blight symptoms often do not appear 
until much later in the season, indicating that once an infection 
event occurs (the bacteria are washed into the blossom), more 
time may be required for the pathogen to establish in the plant 
and symptoms to develop. This may be related to temperature: 
E. amylovora has an optimal growth temperature of 28°C, and 
reduced growth rates and symptom development are correlated 
with reduced temperatures (Santander and Biosca, 2017; van der 
Zwet et al. 2012). When the period during bloom is cooler, there 
may be an adequate slow-down of bacterial growth that allows for 
PhCa effect to take place prior to establishment of infection. In 
this study, there were between 23 and 26 days between inocula-

tion and reliably detectable blossom blight symptoms, suggesting 
the pathogen was acclimating to the blossom environment and 
growing during this time period. This lag time is likely to be dif-
ferent in a warmer region or season. Differences in tree growth in 
different regions, seasons, and under different nutrient manage-
ment programs may also impact efficacy of pink PhCa treatment, 
for shoot blight control especially. It is well established that high 
vigor (longer shoot growth) is implicated in fire blight infection 
(van der Zwet et al. 2012). Trees undergoing more shoot growth 
during infection periods would be expected to be more impacted 
by PhCa programs. This would have implications for both disease 
incidence and horticultural considerations.
 Given that the level of fire blight control is correlated with the 
suppression of growth, the use of PhCa has been limited to mature 
orchards, and excluded from young plantings being pushed to fill 
canopy space with vigorous canopy growth (Norelli and Miller 
2004, 2006). Use of pre-bloom applications of PhCa in these 
experiments, rather than timing PhCa applications when shoot 
growth averaged 2.5 to 4 inches of growth (i.e. post-bloom) as 
in the majority of previous work (Norelli and Miller 2004, 2006), 
it appears that this practice is able to take advantage of disease 
suppression activity during critical infection windows at bloom, 
but allowing shoot growth to resume afterwards until terminal 
bud set, reducing the overall impact on tree growth. Certainly, in 
the present work, overall impact on shoot growth was minimal 
for pre-bloom PhCa programs. In all three years, there was rarely 
a difference in shoot length and any differences observed were 
on the order of only a few centimeters. This magnitude of growth 
is arguably not horticulturally significant and may not have an 
impact on orchard establishment. 
 Pre-bloom prohexadione-calcium and tree growth. A 
minimal impact was observed on shoot length for all programs 
across the three years, (P < 0.0001 for all three years) with reduc-
tions in growth being approximately 4 to 6 inches for both July 
and September measurements. In untreated control trees, growth 
tended to be lower because trees experience higher levels of shoot 
blight, therefore, the antibiotic treatments were used for shoot 
growth comparisons. Pre-bloom PhCa programs rarely differed 
in shoot length from the antibiotic programs in either July or 
September, with only two exceptions. In 2016, 6 oz/100gal PhCa 
followed by the biopesticide at bloom had shorter shoot growth 
than both antibiotic programs. In 2018, 6 oz/100gal PhCa without 
a bloom biopesticide application had shorter shoot growth than 
both antibiotics (P < 0.0001).
 PhCa-induced cell wall thickening as the mechanism of 
action providing blossom blight control. There was an effect 
of treatment program on cell wall thickness in the pedicel at the 
majority of sampling times (Figure 2). In 2018, trees treated with 
PhCa at pink did not have thicker cell walls than the untreated 
control trees at petal fall (e.g. shortly after the treatment, P = 
0.0515), but trees treated with 3 or 6 oz/100gal PhCa at 40 DAFB 
both had thicker cell walls than untreated trees (P = 0.0006). In 
2019, trees receiving 3 or 6 oz/100gal PhCa at pink had thicker 
cell walls than untreated trees at petal fall (P < 0.0001) and 40 
DAFB (P < 0.0001).  
 The mechanism of action of PhCa has been described as a 
thickening of the cell walls in the cortical parenchyma of devel-
oping shoots, which provides a physical barrier for movement 
of the pathogen between host cells (McGrath et al. 2009). We 
found evidence for this cell wall thickening in cross sections of 
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fruitlet pedicels taken both at petal fall (24 days after treatment, 
one year out of two) and 40 DAFB (50 days after pre-bloom PhCa 
treatments).

Conclusions
 In this research we tested novel timings and rates of PhCa 
applied at earlier timings, to target blossom and subsequent shoot 
blight over three growing seasons in a mature planting of ‘Gala’ 
trees. Early PhCa programs resulted in less than 27% incidence of 
blossom blight and less than 13% incidence of shoot blight across 
all three years. While these programs did not provide a level of 
control equivalent with antibiotic programs, which typically had 
less than 5% incidence of blossom blight, they may have utility 
as part of a comprehensive antibiotic alternative management 
program as they do not mandate the same level of precise tim-
ing as bloom applications for antibiotics. It is also important to 
note that the PhCa programs were tested under experimental 
conditions with high levels inoculum to ensure infection, which 
are at levels much greater than would occur in most commercial 
orchards. It is likely that the efficacy of these programs would 
be greater under the lower inoculum pressures of commercial 
orchards.
 The results found here demonstrate potential for pre-bloom 
PhCa management programs for managing fire blight in com-
mercial orchards. These programs provided control of fire blight 
with minimal impact to shoot growth. However, these programs 
must be evaluated in a variety of production settings (regions, 
cultivars, rootstocks, production systems, age of planting, etc.) 
in order to determine their efficacy in different climates and 
production systems. Further, these programs should be tested in 
commercial orchards, both to evaluate effects in these systems 
and facilitate adoption by commercial growers.
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Crop load management is the single most important yet 
difficult management strategy that determines the annual 
profitability of apple orchards (Robinson, et al., 2013). 

The number of fruit that remain on a tree directly affects yield, 
fruit size and the quality of fruit that are harvested, which largely 
determines crop value. If thinning is inadequate and too many 
fruits remain on the tree, fruit size will be small, fruit quality 
will be poor and flower bud initiation for the following year’s 
crop may be either reduced or eliminated. Consequently, poor 
or inadequate thinning will reduce profitability in the current 
year and result in inadequate return bloom in the following year. 
Over thinning also carries economic perils since yield and crop 
value the year of application will be reduced and fruit size will 
be excessively large with reduced fruit quality due to reduced 
flesh firmness, reduced color and a much-reduced postharvest 
life. Thus, management of crop load is a balancing act between 
reducing crop load (yield) sufficiently to achieve optimum fruit 
size and adequate return bloom without reducing yield exces-
sively (Francescatto et al. 2019).
 For the past 50 years chemical thinning has been the primary 
method growers have used to achieve both the proper crop load in 
the current crop year and good return bloom the next but despite 
over 50 years of experience with chemical thinning, it remains 
an unpredictable part of apple production with large variations 
from year to year and within years due to weather (Williams and 
Edgerton, 1981).
 The interactions of environment with thinning have been 
observed for many years. Our work has shown extreme varia-
tion in timing of response and thinning efficacy between years 
over the 3 week period after bloom when chemical thinners 
are applied (Robinson and Lakso, 2004; Lakso et al. 2006). An 
important source of variation is the sensitivity of the tree itself 
to the chemicals, which is related to the level of bloom, how 
many fruits are present at the time of application, leaf area, 
temperatures, sunlight, and tree vigor. Many of these factors are 
directly related to the balance of carbohydrate supply from tree 
photosynthesis in relation to the demand for carbohydrates from 
all of the competing organs of the tree (crop, shoots, roots, and 
woody structure) (Byers, et al., 1991). 
 Beginning in 2000 we began a systematic study of thinning 
efficacy and estimated tree carbohydrate balance by comparing 
field thinning efficacy and estimated carbohydrate balance at vari-
ous times throughout the chemical thinning period each year.  In 
2008 we introduced  the use of the MaluSim carbohydrate balance 
model as a tool to help predict chemical thinning efficacy. The 
model uses daily maximum and minimum temperatures and sun-
light to calculate the production of carbohydrates each day and 

allocates the avail-
able carbohydrates to 
the organs of the tree. 
From these data the 
model calculates the 
daily balance of car-
bohydrates for a vir-
tual tree. The model 
is especially valuable 
in estimating carbo-
hydrate balance in 
less obvious conditions such as cool and cloudy compared to hot 
and sunny and gives a quantitative value under all conditions. 
We have observed that during the chemical thinning window 
(bloom until fruits are 20mm in diameter), periods of either a 
carbohydrate surplus or a deficit have been associated with either 
greater or lesser thinning responses from the chemical spray, 
respectively (Lakso et al., 2007; Robinson and Lakso, 2011). We 
have used the estimated supply-demand balance of the tree to 
predict or explain thinning response as follows: carbohydrate 
surplus will support fruit growth giving less thinning while car-
bohydrate deficits will limit fruit growth giving more thinning 
from chemical thinning agents. 
 We have developed an online version of the apple carbohy-
drate model for use by apple growers and consultants.  The model 
exists on a web server at Cornell University, which is available 
over the Internet at the NEWA site (http://www.newa.cornell.
edu).  It is linked to on-farm weather stations from which the 
model accesses temperature and sunlight data from the date 
of bud-break in the spring to daily calculate tree carbohydrate 
balance.  The web version of the carbohydrate model also uses 
weather forecasts for prediction of carbohydrate balance 7 days 
into the future (Figures 2 and 3).  The web site allows apple grow-
ers or consultants to run the model and receive predictions in 
real time of carbohydrate balance and suggested chemical thinner 
dose adjustments based on carbon balance.
 The suggested chemical thinner dose adjustments came 
from a 2008 greenhouse study using potted apple trees where 
we imposed one of 3 temperature regimes for a 5-day period 
immediately after thinner application of Napthaleneacetic acid 
(NAA)+Carbaryl or Benzyladenine(BA)+Carbaryl) (Kviklys and 
Robinson, 2010; Yoon et al., 2010). The 5-day average carbo-
hydrate balance was well correlated with fruit set in a strongly 
positive manner. We have used these results to develop simple 
decision rules based on carbohydrate balance for the day of thin-
ning and the next 3 days. 
 The carbohydrate model has potential to predict thinner 
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In 2008 we introduced the concept of 
precision chemical thinning through 
sequential chemical thinning sprays 
guided by the use of  the Cornell 
c arbohydrate model (MaluSim) to 
adjust the dose and timing of chemical 
application.  Our experiments over the last 
two decades have led to improvements in 
the MaluSim model which are explained 
in this article.
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responses prior to the application of thinners thus allowing grow-
ers to adjust thinner treatment and timing to achieve an optimal 
amount of thinning. However, it imprecisely assesses the real 
effect of the chemical thinner after application. A more precise 
assessment tool after application would be of value to growers 
in deciding whether to apply a second application of chemical 
thinner.
 In 2013 we introduced a broader concept of chemical thin-
ning we termed precision chemical thinning protocol to signifi-
cantly enhance accuracy and precision of the chemical thinning. 
This protocol used three computer-based models to guide crop 
load adjustment from bloom until fruits reach 20mm diameter. 
The protocol uses the Pollen Tube Growth Model developed at 
Virginia Tech University by Ross Byers (1991) to guide bloom 
thinning, the MaluSim Carbohydrate Model developed at Cor-
nell University by Alan Lakso (2007) and the Fruit Growth Rate 
Model developed by Duane Greene (2013) at the Univ. of Mass. 
to guide small fruitlet thinning. Since 2008 we have evaluated all 
three models.
 In 2018 and 2019 we evaluated our summarized and evalu-
ated our results with chemical thinning for the last 18 years and 
determined that several improvements to the MaluSim model 
were needed. This article details the improvements.
Materials and Methods
 Beginning in 2000 and each year until 2011, individual trees 
of Gala, McIntosh and Delicious were assigned to one of three 
spray treatments: 1) unthinned control, 2) a single application 
spray of a tank mix of 7.5 ppm Naphthalene acetic acid (NAA) 
(formulation Fruitone N) plus 600 ppm of Carbaryl (formulation 
Sevin XLR Plus) or 3) a single application spray of a tank mix of 
ppm of 6-benzlyadenine (BA) (formulation Maxcel) plus 600 ppm 
of Carbaryl. Different individual trees were treated with either 
of the two spray treatments at 3 or 4 day intervals beginning at 
petal fall (PF) until 21 days after petal fall (PF+21) for a total of 7 
timings. Sprayed trees were sprayed only once each season. Un-
treated control trees (UTC) did not receive any chemical thinning 
spray whatsoever. Each year new trees in each rep were selected 
for treatment which had substantial and similar bloom each year 
and return bloom was evaluated from the trees used the previous 
season. Trees were sprayed with a tunnel sprayer, which limited 
chemical drift onto the adjacent trees. Spray volume was 100 
gal/acre using a 2X concentration of chemicals. Calculated tree 
row volume was 200 gal/acre. No mechanical or hand thinning 
was performed whatsoever. Each year (2000-2011) at pink bud 
stage, two branches on opposite sides of each test tree, one lower 
tier scaffold and one upper tier scaffold, were selected and the 
number of flower clusters per branch was recorded. At harvest, 
the number of fruits on each branch was recorded. Fruit set was 
defined and calculated as the ratio of fruits harvested on both 
branches to the number of flower clusters on both branches. Rela-
tive fruit set was calculated as treatment fruit set in relation to 
the UTC fruit set. Total fruit number per tree and yield (kg) were 
also recorded at harvest for every tree. Mean fruit weight (g) was 
then calculated. An estimate of initial flower cluster number per 
tree was calculated from the final fruit number using the percent 
fruit set calculated from the tagged branches. 
 Daily maximum and minimum temperatures and total daily 
solar radiation were recorded at a reference weather station 
within 1 km of the experimental orchard. This weather data was 
inputted into the MaluSim model (Lakso et al., 2001) to calcu-

late carbon balance on a “standard” tree that had constant tree 
parameters representing a slender spindle tree at 1280 trees/ha 
with 600 fruits/tree (Lordan et al., 2019; 2020). Thus, the yearly 
variations were due only to the varying weather inputs. To run 
the model, weather data until bloom was standardized, using 
for all the years the same number of cumulative growing degree 
days (base 4°C) from bud break to full bloom (170 DD ). Thus, the 
yearly variations of carbon balance were due only to the varying 
weather inputs after bloom. 
Results
 Using data from all the 12 years of the study we found no 
significant differences for fruit set, relative fruit set, and final fruit 
number when comparing the two active ingredients (BA vs NAA) 
for ‘Delicious’ and ‘Gala’ but there was a significant difference of 
active ingredient for ‘McIntosh’.  However the greater significant 
effect was for the timing of application on both relative fruit set 
and final fruit number (Figure 1). The greatest thinning efficacy 
occurred at 200-250 DD after bloom (~12-14mm fruit size). At 
earlier timings between 75 and 125 DD (petal fall to PF+4 days) 
and at later timings when DD was greater than 300 (>PF+18 days) 
thinning efficacy was significantly less than at the optimum tim-
ing.
 When considering each year separately but pooling together 
all three cultivars some year to year variation was noted in the 
“U” shaped pattern of the curve for relative fruit set over the 
time period that thinning sprays were applied (Figure 2). In four 
of the 12 years (2001, 2002, 2008 and 2009) the curve simply had 
a negative slope with the relative set at petal fall the highest and 
declining continuously until the last spray timing. In the other 8 
years the relative set at the later timings was significantly greater 
than at the optimum timing. The optimum timing (minimum rela-
tive set values ~0.4-0.6) varied from about 150 DD (2006-2007) 
to 250 DD (2001-2002, 2008 & 2011). King fruit diameters were 
found to be linearly correlated to DD from bloom to 25 mm with 
a slope for about 7 mm/100 DD. At 200 DD king diameters were 
about 12 mm (data not shown).

Figure 1. Precision chemical thinning protocol.
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 The most significant variable related to final fruit number 
was the initial number of flower clusters per tree.  With greater 
number of flowers cluster, the number of final fruits per tree was 
increased regardless of the thinning treatment or thinning timing.  
 A third important variable related to relative fruit set and 
final fruit number was the carbohydrate net balance for the pe-
riod comprised from two days before the spray through four days 
after the spray. Lastly, the best regressions were when we used a 
higher number of fruits on the virtual tree (600 vs the previous 
number of 300 fruits).  
 Looking at the prediction profiler (interactively explains how 
each factor impacts the response as well as the other factors in the 
model), there was a negative linear correlation for relative fruit 
set and the initial number of flower clusters per tree. There was 
a quadratic correlation between relative fruit set and cumulative 
DD after bloom, with a minimum value around 200-250 DD. 
Carbohydrate net balance showed a positive correlation. Relative 
fruit set was ~0.7 when carbohydrate net balance was 0, and rose 
up to 0.85 when carbohydrate net balance over the 4 days after 
spraying was +43 g. For Gala, carbohydrate net balance had a 
positive relationship, with final fruit number which varied from 
414 when the average carbohydrate net balance for the period 
comprised from one day after the spray through five days after 
was -65 g up to 520 fruit/tree when it was +41 g.
 Further regression analysis of the effect of carbohydrate 
balance (average of -2 days through 5 days after spraying) on 
thinning efficacy at different timings of spray application showed 
that the effect on thinning efficacy was different depending on 
the time of application. When thinning sprays were applied at 
PF there was no significant relationship of carbohydrate balance 
with thinning efficacy (Figure 4). At PF+4 days only ‘Delicious’ 
showed a significant relationship of carbon balance and rela-
tive fruit set. At PF+7, PF+11 and PF+14 days all three cultivars 
showed a significant positive relationship between carbon balance 
and thinning efficacy. At PF+18 days all three cultivars showed 
a positive relationship between carbohydrate balance and final 
fruit number, while at PF+21 days ‘Delicious’ and ‘McIntosh’ also 
showed a positive relationship. In general, the period between 7 
and 14 days after petal fall is when thinning was most related to 
carbohydrate balance. The slopes of the significant regressions 
varied among the timings but averaged 2.52, 3.19 and 1.90 fruits/g 
of carbohydrate available for fruit growth of ‘Delicious’, ‘Gala’ and 
‘McIntosh’, respectively (Figure 4).

Discussion
 Our goal in the long-term study was to explain relative fruit 
set and final fruit number per tree using various tree, weather 
and simulated carbohydrate status variables before and after 
bloom. Relative fruit set and final fruit number per tree are 
both tree response variables related to thinning but they differ 
in an important characteristic. Relative fruit set in our study is 
an estimate of the effect of the chemical thinner independent of 
natural thinning that can be caused by climate, tree physiology 
and pollinator efficacy. Relative fruit set resulting from a chemical 
treatment is normalized by the natural fruit set of the untreated 
controls, whereas final fruit number is a measure of the combined 
effects of natural drop and drop induced by the chemical thinner. 
Relative fruit set is a useful response variable to isolate factors that 
influence tree response to chemical thinners. However, final fruit 
number per tree that integrates both natural drop and chemically 

induced drop is a very practical response variable since a fruit 
grower desires a target number of fruits on the tree after natural 
and chemically induced drop to maximize economic returns. 
Thus, similar final fruit numbers can be reached by high natural 
set and strong thinner response or vice versa. 
 The most important variable affecting relative fruit set and 
final fruit number was initial flower number per tree, which was 
negatively correlated to relative fruit set with all three cultivars, 
but positively correlated to final fruit number per tree. With 
more flowers there were always more final fruits on the tree re-
gardless of thinning treatment, timing, or other climatic factors. 
This result coincides with the result of our earlier paper where 
we showed that natural drop of unthinned trees over 18 years 
increased when the initial flower cluster number also increased 

Figure 2. Relationship of cumulative growing degree days from bloom 
and relative fruit set (fruit set/untreated control fruit set) for ‘Delicious’, 
‘Gala’ and ‘McIntosh’ apple trees over 12 years when sprayed with a 
chemical thinning spray at Geneva, NY.
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Figure 3. Relationship of cumulative growing degree days from bloom and relative fruit set (fruit set/untreated control fruit set) for each year at Geneva 
NY, pooling together the three cultivars ‘Delicious’, ‘Gala’ and ‘McIntosh’ and both thinners 6-benzlyadenine and Naphthalene acetic acid (BA and NAA).

0,0
0,2
0,4
0,6
0,8
1,0
1,2
1,4

0 100 200 300 400 500

2000

0,0
0,2
0,4
0,6
0,8
1,0
1,2
1,4

0 100 200 300 400 500

2001

0,0
0,2
0,4
0,6
0,8
1,0
1,2
1,4

0 100 200 300 400 500

2002

0,0
0,2
0,4
0,6
0,8
1,0
1,2
1,4

0 100 200 300 400 500

2003

0,0
0,2
0,4
0,6
0,8
1,0
1,2
1,4

0 100 200 300 400 500

2004

0,0
0,2
0,4
0,6
0,8
1,0
1,2
1,4

0 100 200 300 400 500

2005

0,0
0,2
0,4
0,6
0,8
1,0
1,2
1,4

0 100 200 300 400 500

2006

0,0
0,2
0,4
0,6
0,8
1,0
1,2
1,4

0 100 200 300 400 500

2007

0,0
0,2
0,4
0,6
0,8
1,0
1,2
1,4

0 100 200 300 400 500

2008

0,0
0,2
0,4
0,6
0,8
1,0
1,2
1,4

0 100 200 300 400 500

2009

0,0
0,2
0,4
0,6
0,8
1,0
1,2
1,4

0 100 200 300 400 500

2010

0,0
0,2
0,4
0,6
0,8
1,0
1,2
1,4

0 100 200 300 400 500

2011

Cumulative growing degree days from bloom

R
el

at
iv

e 
fr

ui
t s

et

Figure 4.  Change in slope of regression line between carbohydrate 
balance and final fruit number for three varieties averaged over 12 
years at Geneva, NY, USA.  At petal fall there is a very small effect of 
carbohydrate balance on thinning results. At later times the effect varied 
from 1 fruit to 4 fruits per g of carbon.

-6

-4

-2

0

2

4

6

0 5 10 15 20

Sl
op

e 
of

 C
ar

bo
hy

dr
at

e 
Ef

fe
ct

 o
n 

Fi
na

l F
ru

it 
nu

m
be

r (
fr

ui
ts

/g
 ca

rb
oh

yd
ra

te
)

Days after Petal Fall

Delicious
Gala
McIntosh

(Lordan et al., 2019a). Probably, this is because the large number 
of initial fruitlets compete for resources at the same period that 
the carbohydrate support for fruit growth mainly comes from 
the spur leaves (Byers et al., 1991). During the thinning window 
(5-20 mm of fruit size) carbohydrate supply and demand is highly 
associated with the level of light and temperature (Byers et al., 
1991) and with a high number of initial flowers the early fruitlet 
demand is often more than the tree can support.
 A second important variable in explaining relative fruit set 
of chemical thinners was the time after bloom measured in DD 
that the chemical thinner was applied. This is likely an expression 
of the stage of development. Both BA and NAA applied at petal 
fall had the least effect on relative fruit set (0.9), whereas the 
greatest reduction in relative fruit set occurred when chemicals 
were applied at about 200-250 DD after bloom (~14 days after 
petal fall in most years). This result also coincides with the results 
of our previous paper where we showed that natural drop of 
unthinned trees over 18 years was greatest at 200-250 DD after 
bloom (Lordan et al., 2019). When looking at yearly patterns in 
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our current work, there was some variation from the 200-250 
DD optimum obtained by combining the data from all 12 years. 
At that time of the year, long-term weather averages at Geneva, 
NY show that each day contributes on average about 10 DD, 
which relates to about 0.6 mm fruit growth resulting in a fruit 
size of 11-12 mm, when fruitlets are most susceptible to chemi-
cal thinners. However, the patterns of thinner response varied 
considerably by year. In some years the minimum relative set 
induced by chemical thinners occurred when sprays were applied 
as early as 150 to 200 DD (2009 and 2010) and in other years when 
sprays were applied much later at 250-275 DD (2001, 2002, and 
2008). Thus, in any given year there seemed to be natural drop 
reaching a maximum at 200-250 DD (Lordan et al., 2019) but 
also drop induced by chemicals could occur earlier or later than 
that time. In addition, in some years like 2004 or 2009, relative 
set varied little (1-0.8) compared to the unthinned control trees 
and in response to chemical thinner applications over the entire 
thinning period from 100-350 DD. This illustrates that other 
factors in addition to initial flower number and DD from bloom 
are affecting chemical thinning efficacy.
 When the data from all 12 years was considered, carbohy-
drate balance was an important factor in explaining relative fruit 
set. There was a positive linear relationship for the carbohydrate 
net balance for the period comprised between 2 days before the 
chemical application and up to 5 days after. However, the effect of 
carbon balance was greatest at 200-250 DD after bloom and was 
much less at earlier or later timings. This indicates that consider-
ing carbon balance using the MaluSim model can add important 
predictive power to models to predict thinning but carbon bal-
ance will be most helpful in predicting thinning efficacy at the 
PF+7 to the PF+18 time period. Carbon balance was not only 
important in predicting relative fruit set of a chemical thinning 
spray but our earlier work (Lordan et al., 2019a) showed that it 
is also important in predicting natural fruit drop. 
 Our results confirm that both relative fruit set caused by 
chemical thinning sprays and final fruit number per tree affected 
by both natural and chemical induced drop are affected by the 
carbohydrate balance two days before the spray and up to five 
days after. We theorize that chemical thinning sprays operate by 
inducing a carbohydrate deficit relative to fruit demand which 
causes reduced relative fruit set. This action by the chemical 
thinners is modified and modulated by climate induced carbohy-
drate deficits or surpluses. Thus, naturally induced carbohydrate 
surpluses available to support fruit growth could negate the 
chemically induced reduction in carbon supply and be the cause 
of higher relative fruit set and higher final fruit number in some 
years when chemical thinners do not work very well (Lakso et 
al., 2006; Robinson and Lakso, 2011). However, in other years 
with a large climate created carbohydrate deficit coinciding with 
a chemical spray induced carbon deficit could be the cause of 
excessive thinning in some years. 
 Our data also support predicted carbon balances by the 
MaluSim model (Lakso et al., 2006). The model predicts that 
near petal fall the demand for carbon by the very small fruitlets 
is relatively low since fruitlets are small and not growing rapidly 
(Lakso et al., 2006; Lakso et al., 2007). Even with a significant 
carbohydrate deficit at that time our field data indicate there was 
little impact of thinning chemicals at this timing since the slope 
of the relationship is almost zero. However, at later timings when 
fruit growth is more rapid and fruit demand for carbohydrate is 

high, our data showed large effects of carbon deficits on thinning 
efficacy when thinning chemicals were applied. The slopes of the 
relationship of carbohydrate balance and final fruit number at the 
time of maximum effect of carbon balance on final fruit number 
(12-14 days after petal fall) was 4 fruits, 3 fruits and 1.5 fruits per g 
of carbon for ‘Gala’, ‘Delicious’ and ‘McIntosh’, respectively (Figure 
10).  Thus, efforts to model final fruit number must consider: 1) 
the initial flower number per tree, 2) the time after bloom (DD) 
when the spray is applied, and 3) the carbohydrate balance for 2 
days before the spray through 5 days after the spray.

Improvements to the MaluSim Carbohydrate Thinning 
Model 
 The three major results of the long-term thinning study led to 
the three significant improvements in the carbohydrate thinning 
model (MaluSim) on the NEWA website. In addition we gave the 
model an updated look. The improvements require an additional 
input value from the user (grower or consultant). The user will be 
required to input an estimate of the % of spurs that are flowering 
in one of 4 ranges (0-25, 26-50, 51-75 and 76-100%.). This input 
value is used by the model to tailor a recommended severity 
of thinning.  With a light bloom the recommended severity of 
thinning will be less while with a heavy bloom the recommended 
severity of thinning will be greater.  This helps compensate for 
the result of the long-term study that when you start with more 
flower clusters you always end up with more fruit. 
 The model will now automatically calculate DD base 4°C 
and the daily value of DD from bloom will be listed as a column 
in the output table and will have colors highlighting when the 
degree day accumulation is in the optimum range for thinning 
(200-250DD from bloom). 
 The calculation of the Thinning Index (running average car-
bohydrate balance) was modified to comprise a broader number 
of days which is in line with the results of our long-term study.  It 
is now composed of the average carbohydrate balance of 2 days 
before the day of thinning and the next 4 days = 7 day running 
average. This broader number of days dampens the variability 
of the thinning index curve.  However, counter-balancing the 
dampening of the thinning index curve will be the new higher 
number of fruit assumed on the virtual tree (600 fruits vs the 
previous 300 fruits) which increases the magnitude of response 
of the thinning index to environmental conditions creating a 
deficit.  
 Lastly, the column of thinning recommendations will be 
based on a new 3 dimensional lookup table considering DD 
from bloom, % of spurs that are flowering and carb balance over 
7 days. The thinning recommendation cells in the table will also 
be color coded to indicate red=high risk of overthinning, yellow= 
caution possible aggressive thinning efficacy, green=good thin-
ning efficacy and blue= little or no thinning expected.

Conclusions
 Over the 12 years of our study in a variable climate, both 
relative fruit set and final fruit numbers could be relatively well 
modeled with a value for flower density, an estimate of carbo-
hydrate balance via a model representing carbon availability to 
support fruit growth, and DD after bloom. This confirms that 
carbohydrate supply-demand balance can be useful in under-
standing variation in thinning responses.

Continued on page 35
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the use of netting in 
apples. The netting 
and application was 
purchased by the 
grower cooperators 
in early summer of 
2018.  The Drape 
Net company do-
nated netting for the 
Michigan State Uni-
versity Clarksville 
Research Center trial. Michigan State 
University was also allowed to use the 
applicator machine. Netting was put in 
place at various dates depending on the 
grower site. All was in place by early July.
 Michigan State University Extension 
workers conducted various observations 
and collected in-season and harvest data. 
Insect traps and lures were deployed soon 
after netting went up at all sites except 
MSU Clarksville Research Center. Trap-
ping and monitoring was done both in-
side and outside the netting. Pests moni-
tored with pheromones included Codling 
Moth, Obliquebanded Leafroller and 
Oriental Fruit Moth. Evaluation of pests 
and signs of pest activity common to 
apples were monitored via visual scouting 
at least every other week, including at the 
MSU Clarksville Research Center site. 
Date loggers for temperature and relative 
humidity readings were deployed at each 
site both inside and outside the netting 
shortly after netting went on.
 At harvest we measured fruit qual-
ity, maturity, and yields,  the impact of 
hail, sunburn, wind damage and other 
climate related stresses, the impact of 
pest damage (bird, insect, disease, etc.), 
the microclimates in and out of the net-
ting, tree growth and development. We 
also compared black and white netting. 
We evaluated drape nets with several 
apple variety including Gala, Jonathan, 
Jonagold and Honeycrisp. The trials were 
not replicated since whole rows were 
netted. Random apple samples were harvested and evaluated at 
the Michigan State University Extension Ridge Apple Lab where 
fruit were run over a Compac SLS grader. 

Drape Net Field Netting Investigation & Results
Amy Irish-Brown and Phil Schwallier

Michigan State University Extension, Grand Rapids, MI

Keywords: hail netting

When fruit quality and pack out are not as high as 
possible, profits are often left on the table for apple 
growers. Fruit defects come in many forms – disease, 

insects, frost and freeze marks, hail damage and sunburn. While 
some defects can be prevented through horticultural and pest 
management tools, many related to weather cannot without 
substantial investment in permanent structures. In 2018 and 
2019 Grand Rapids area growers installed 10 to 20 acres of a new 
product called Drape Net over apple trees during the growing 
season. No one in the Michigan apple industry had used this 
new material prior to 2018 and progressive growers were very 
interested in using it for the first time based on positive results 
reported from growers in New York, New Zealand and Australia.  
 Drape Net is a non-structured netting that appears to be easy 
to apply and remove. Drape Net is advertised to have the following 
impacts on trees and fruit which could improve quality and pack 
out and increase profitability: hail protection; reduce sunburn; 
bird protection; increase water retention; reduce wind damage; 
reduce insect damage; and prevent blush development on green-
yellow varieties. It is proposed to have a long life, lasting ten years 
depending on use and storage. It comes in 100 meter (328 feet) 
lengths and in widths that can be custom ordered up to 12 meters 
(39 feet). Lengths can be sewn together with a machine to reach 
the row length you might need. It is applied and removed with a 
machine (Net Wizz) purchased from the Drape Net Company at 
approximately $20,000 USD. The netting is approximately $3,500 
USD/acre, keeping in mind it should last for 10 years. It comes in 
different colors: white net: 10% to 12% shading; green net: 16% 
to 18% shading; black net: 24% to 26% shading.
 The interest among Michigan growers prompted this coop-
erative project where growers purchased the Drape Nets and pro-
vided the applicator/removal machine and a few acres of orchard 
for the trials while Michigan State University Extension Educators 
did the data collection and evaluation.  Our goals were twofold: 
1) Measure the impact of drape netting on fruit quality, maturity, 
and yields and well as the impact of hail, sunburn, pest damage 
(bird, insect, disease, etc.), wind damage and other climate related 
stresses. 2) Measure weather data (temperature, relative humid-
ity) inside and outside of netted areas. Many improvements in 
fruit quality are in some way associated with weather – russet, 
lenticel injury, sunburn, etc. By monitoring environmental data 
inside and outside of netted trees throughout the entire growing 
season, we hoped to further understand how protecting with 
netting can improve fruit quality. 

Materials and Methods
 In 2018, five apple orchard sites were identified to take part 
in the Drape Net project – four were grower cooperator sites 
and the fifth was at the Michigan State University Clarksville 
Research Center (CRC). In 2019, we further investigated of 

This work was supported in part by 
the Michigan Apple Committee

Drape nets are reported to protect 
fruits from hail damage and sunburn. 
In our trials we did not experience 
and hail but drape nets resulted in 
slightly smaller fruit size and slightly 
less fruit color and only a small impact 
on fruit maturity.  The nets were easy 
to use and may be an effective way to 
protect from hail damage but with 
small reductions in fruit quality.

Drape Net applicator 
machine.

Trees after Drape Net 
removed

Apple under Drape Net

Non-netted and 
netted trees
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Results
 MSU Clarksville Research Center. In 
general, the untreated/non netted control 
had the largest average fruit weight (AFW). 
Fruit under white netting was smaller than 
with no nets and fruit under black netting 
was the smallest (Figure 1) Among varieties, 
Jonathan, Gala and Jonagold had smaller 
fruit size under both white and black net-
ting while with Honeycrisp fruits under the 
nets were larger and the results were quite 
variable (Figure 2).  Data from Honeycrisp 
was not included in Figure 1.
 For red color, the un-netted/untreated check had the best 
red color followed by the white netting and then the black netting 
having the poorest color (Figure 1). All varieties showed the same 
reduction in fruit red color under the nets (Figure 3).
 Maturity was slightly delayed in the netted treatments. We 
estimate maturity to be delayed by a day or two at most and fruits 
quickly catch up once netting is removed if left to hang for a few 
days.

 PGS 9 Mile Orchard. Average fruit weight of unnetted fruits 
was largest, followed by white netting and then black netting 
(Figure 4). There was some variation, especially in Honeycrisp 
as in other sites.
 For red color the non-netted trees had best fruit red color 
followed by the white netting, then the black netting (Figure 5). 
As expected, netting does inhibit color development slightly.  
For Granny Smith the non-netted fruit was the was greenest 
followed by white, then black netting. In 2018, there was very 

little red cheek color development in Granny Smith in 
all treatments.
 Insect Activity. We used pheromone trapping inside 
and outside the nets. For all trapped pests, there was 
a reduction in accumulated insect trap numbers – all 
5 sites (Figure 6). We also monitored for mites, aphids 
and other non-trapped pests and found very little dif-
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Jonathan or Jonagold at Clarksville Research Center MI in 2018.
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ference from netting and non-netting. These orchards were all 
very clean blocks to begin with. As a side note, in other past net-
ting trials, an increase in Woolly Apple Aphids has been noted 
under netting. Pests such as Wholly Apple Aphid are managed 
well typically with beneficials in the system. Netting would limit 
access of beneficials such as green lacewing and syrphid flies to 
pests such as aphids, therefore, potentially leading to increases 
in pest numbers.
 W e a t h e r 
Monitoring. In 
genera l ,  tem-
peratures were 
warmer under 
white  nett ing 
than non-netted 
trees. There was 
also somewhat 
greater relative 
humidity under 
white netting as 
would be expect-
ed with warmer temperatures and the limitation to water vapor 
movement the nets bring. Figure 7 is an example of the tempera-
ture difference and the relative humidity difference inside and 
outside of white netting and is a summary of the whole summer 
for one orchard site. The graph shows hours in the day (military 
time) on the horizontal X-axis with difference in temperature or 
relative humidity between netted and non-netted trees on the 
vertical Y-axis. If Figure 7 is difficult to understand, here’s the 

short version - if the bars are above the “zero” line, the value is 
greater inside the netting compared to no netting. If the bars 
are below the “zero” line, the value is lower inside the netting 
compared to no netting. Temperature readings were consistently 
warmer inside the netting at night. Daytime hours were the 
reverse - cooler inside the netting and warmer outside.
 The relative humidity results were the opposite of tem-
perature in this trial. In general, the relative humidity (Figure 
7 red bars) was slightly less under the nets at night and greater 
during the day compared to no netting. For the whole summer 
the average temperature was slightly warmer inside the nets by 
0.07 degrees Fahrenheit while the average relative humidity for 

the whole summer was increased by 0.6 percent inside the white 
nets. These results are very small over the entirety of a summer and 
most likely account for the very slight reduction in apple maturity 
at the end of the growing season. 
 Figure 8 shows the difference in average summer tempera-
tures over the whole summer under netting of different colors 
c o m p a r e d  t o 
no netting. The 
black and white 
Drape Nets in-
crease the over-
all temperatures 
c o m p a r e d  t o 
no netting. The 
pearl netting was 
from a different 
trial and was in-
cluded here as 
another point of 
reference. 
 F i g u r e 
9  s h o w s  t h e 
d i f f e r e n c e  i n 
average relative 
humidity over the 
whole summer 
under netting of 
different colors 
compared to no 

netting. The black netting had the highest 
average relative humidity levels inside the netting compared to no 
netting or netting of other colors. Please note that the temperature 
scale on the Y axis – it is not a very big difference under black 
netting compared to no netting.
 Figure 10 and 11  depict temperature and relative humidity in 
a different manner. Here we break it down by month compared to 
the entire summer. The values for “inside netting” refer to under 
both black and white netting compared to no netting. The purpose 
here is to show that during different months of the summer, the 
temperature and relative humidity effects could be very different 
based on the changing environmental conditions of Michigan 
summer months.
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Conclusions
 Over two seasons, growers in general found the product easy 
to work with. There were some issues with unfolding it for the first 
time – it required a bit of human interaction to pull it apart, but 
it was less of an issue in the second year once it’s been unfurled 
and loosened. One grower reported fruit being knocked off dur-
ing the applica-
tion and we es-
timated it to be 
less than 1% of 
fruits and insig-
nificant. There 
w e r e  s o m e 
s h o o t s  t h a t 
pushed through 
the netting but 
overall it was 
insignif icant . 
When netting 
was removed, it 
was quite easy to tell which rows had been installed Drape Nets 
as the growing shoots in the tops of trees were a bent sideways. 
We judged it to be insignificant.
 General observations were:

• Largest fruit was with No netting > White > Black  
• Fruit red color was best with No netting > Black > 

White.
• During night hours the temperature inside netting was 

warmer than outside.
• During daytime hours the temperature inside netting 

was cooler than outside.
• During night hours the percent relative humidity was 

slightly less inside netting.
• During daytime hours percent relative humidity was 

higher inside netting.
• Most insect counts were lower inside netting for this 

trial.  Insects that crawl rather than fly to trees could 
show different results since the netting was not secured 
tightly at the underside of the trees. 

• Apple maturity was delayed only slightly and not of 
major significance based on the sites, varieties and 
netting used in this trial.

• Honeycrisp did not respond the same as other vari-
eties. There was great variability in the data points 
measured for Honeycrisp.

• There were no major weather events (hail or storms) 
to quantify the benefits of the nets.
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