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What Keeps a Farmer Up at Night?

U

sually that answer would be simple, grow a safe high- transport those bins. The processor or packer will not be able
quality product for your vendors, while fulfilling all of to package the fruit and ultimately deliver it to the grocery store
your contracts at a fair price. This has become far from for consumption. The consumer, may not have an ample food
simple with the advent of Covid-19. Life as we have known it supply.
has changed over the last few months. As a cold March gave
Our Farm developed a Covid-19 safety plan in accordance
way to spring, I speculated how Covid-19 would affect the crop with state mandate with assistance from Cornell Cooperative
of 280,000 Bushels of apples we had set out to grow. This led to Extension hosted webinars. Workers must stay 6 feet apart.
the question, how will the virus affect the industry as a whole?
Sanitize all frequently touched areas in their houses daily. When
As spring turned to a dry summer, Covid-19 is still the being transported, they must sit a seat apart and wear a mask
headline of every American news article. There were also several whenever they cannot maintain six feet apart. All workers are
outbreaks in in fruit and vegetable green houses and packaging provided with a personal sanitization kit, and good hand washing
facilities across the country. My concerns turned from growing procedures have always been in affect though our GAP Program.
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season that we have participated in the H-2A program, without from
sales
berotincreased
enough?
This year alone there was
that additional labor we would be unable to harvest our crops. a hike
in wages for the H-2A program and the new ag labor laws
Conclusions
Fruit rots are not often present at harvest unless there has been considerable rainfall and
All of the borders were shut down due to the virus. Would our in flooding.
New
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including
overtime.
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has
mindful of the potential level of fruit rot diseases even in covered production, especially if rains
have led to flooding
conditions.
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have a potential
fit in managing
aggressiveworkfruit
allowed to commence to secure the American food supply. On a Covid-19
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mind.
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to protect
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macro scale, the size of a commercial apple farm doesn’t matter, ersreduced
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additional
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the and
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weather events.
outside the country must quarantine for 14 days, including H-2A the supply chain safe. If not, the economic implications to the
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Table 3. Cumulative Net Present Value (NPV, $/ha) for each combination of training sy
(Central Leader – CL, SolAxe – SA, Slender Pyramid – SP, Tall Spindle – TS, and Vertical
– VA) and rootstock (‘MM.111’, ‘B.9’, ‘G.16’, ‘M.9’, ‘G.30’, and ‘M.26’) for ‘Honeycrisp
‘McIntosh’ at Peru, Clinton County, NY over 20 years. Means followed by different l
denotes significant differences (Tukey's honestly significant difference, P ≤ 0.05).
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Another feature of Figure 2, however, is that the predicted bitter pit was usually lower than
the actual bitter pit incidence. A one to one relationship is indicated by the broken line, so actual
bitter pit incidence is clearly under-estimated, on average by 8%, using the prediction method.
The results for each region are shown in Figure 3. The r2 values were lowest for the HV fruit
(0.68) and highest for the CH fruit (0.89). The under estimation of bitter pit was lowest in fruit
from western NY. For example, a predicted incidence of 20%, resulted in actual bitter pit
incidences of 26%, 33% and 39% in WNY, HV and CH, respectively. We do not have an
explanation for these differences among regions. What we don’t know is the effect of PGRs on
the model. Both ReTain and Harvista increase bitter pit development in treated fruit during
storage, and may in part be a factor behind the under-estimations. Further research is necessary.
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Figure 2. The relationship between actual bitter pit of fruit conditioned and stored and bitter pit
predicted in fruit sampled three weeks before commercial harvest, in three growing regions and
four years (1= 2016; 2= 2017; 3= 2018; 4= 2019).
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Update on the Passive Method Model to Predict Bitter
Pit in ‘Honeycrisp’ Apples
Yosef Al Shoffe, Jacqueline F Nock, Christopher B. Watkins
Horticulture Section, School of Integrative Plant Science, Ithaca, NY 14853
Keywords: apple, bitter pit, mineral nutrition, model prediction

T

he passive method model, in which fruits are harvested
3 weeks before anticipated harvest and kept at 68°F, is a
precise prediction test for risk of bitter pit development
in ‘Honeycrisp’ apples during storage. It enables growers and
storage operators to make an appropriate decision for marketing
and reduce economic losses resulting from unexpected development of bitter pit in fruit during storage.”
‘Honeycrisp’ apples are highly susceptible to development
of bitter pit, both preharvest and during storage. Many factors
in the field increase fruit susceptibility to bitter pit development
including growing season, nutrition, and maturity of fruit at harvest. Higher susceptibility of fruit to bitter pit is associated with
low calcium and high potassium and magnesium. These have
formed the basis of prediction models including the sap method
developed at Cornell University.
An additional factor that contributes to bitter pit development is the postharvest storage temperature, disorder incidence
typically being higher in fruit stored at 38oF than at 33oF. This
situation is aggravated in ‘Honeycrisp’ apples because of the conditioning at 68oF for a week that is recommended as a strategy to
reduce the risk of the low temperature disorders, soft scald and
soggy breakdown. Conditioning treatments increase losses of
fruit to bitter pit; over several orchards and regions the average
bitter pit incidence of 19% is increased to 31% (a 63% increased
loss of fruit) by conditioning (Al Shoffe et al., 2016).
However, conditioning of fruit is not always necessary because susceptibility of fruit to the low temperature disorders is
sometimes zero, as illustrated in Table 1. The effects of storage
temperatures with and without conditioning on development of
soft scald are shown for fruit from Pennsylvania (PA), western
NY (WNY), Hudson Valley (HV) and Champlain (CH) growing
regions. In all these orchards, there was little injury in fruit stored
at 38oF without conditioning. Indeed, fruit from the HV and PA
regions had very low incidences of soft scald at 33oF, even after
longer storage periods, while the risk of low temperature injury
was greater in WNY orchards.

This research was supported by the New
York Apple Research and Development
Program
The passive method model, in which
fruits are harvested 3 weeks before
anticipated harvest and kept at 68°F, is a
precise prediction test for risk of bitter pit
development in ‘Honeycrisp’ apples during
storage. It enables growers and storage
operators to make an appropriate decision
for marketing and reduce economic losses
resulting from unexpected development
of bitter pit in fruit during storage.

Interestingly, another study shows that
high bitter pit susceptibility is loosely
associated (relatively
poor r2 of 0.44) with
low risk of soft scald
and soggy breakdown development
(Figure 1). While
th i s i n fo r m at i o n
could never be used
to indicate safety for long term storage at 33oF, it suggests the
possibility of short term storage at this temperature, especially
for growing regions safer than WNY such as the HV.
Mineral content relationships with bitter pit have been
shown to be weak for many apple varieties under a range of
growing conditions around the world. Several non-mineral pre2013been tested, and in a previous
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Table 1. Soft scald (%) in ‘Honeycrisp’ apples after storage at 33°F or 38°F
with or without conditioning (C) for a week at 50°F. Fruit were harvested
in Western New York (WNY), Pennsylvania (PA), Hudson Valley (HV) or
Champlain (CH), and stored for 4 months in 2013, 5 months in 2015, and 2
months in 2016. (modified from Al Shoffe et al., 2020)
2013
Treatment

2015

2016

WNY

PA

HV

CH

33oF

25

0

1.3

5

36

7

C + 33oF

2

0

0.4

3

1.9

0.5

38oF

0

0

0

0

0

0.1

C + 38oF

0

0

0

0

0

0
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Figure 1. The relationship between soft scald after storage at 33°F and bitter
Figure
1. The relationship between soft scald after storage at 33°F and
pit after conditioning for a week at 50°F followed by storage at 38°F for
conditioning
for a week at 50°F followed by storage at 38°F for ‘Honeycrisp’ a
‘Honeycrisp’ apples harvested from WNY and stored for 4 months in 2013, 5
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et al.,and
2020).
from Al Shoffe et al., 2020).
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Mineral content relationships with bitter pit have been shown to be weak f

prediction studies and storage were harvested from the same
trees.
In addition, a further sample of 20 fruit per orchard block
was used for measurement of mineral contents. Peel from the
calyx-end of each fruit was taken after washing in Palmolive clear
dish detergent followed by rinsing with distilled water. Oven dried
tissue samples were analyzed at the nutrient analysis laboratory
at Cornell University.
At the time of commercial harvest, another sample of 100
fruit were harvested for storage, as well as 20 fruit for assessment
of fruit maturity. Fruits were conditioned at 50°F for one week,
and then stored at 38°F for 4 months. After removal from storage,
Figure 2. The relationship between actual bitter pit of fruit conditioned and stored and bitter
pit external and internal physiological disorders were assessed
Figure
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strategy whereby we can avoid conditioning and reduce losses
of fruit to bitter pit.

the stronger the relationship between the predicted and actual
bitter pit incidences – a value of 1 would be a perfect relationship
Methods
between two variables.
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Bitter pit relationships with mineral contents:

tions were stronger for fruit sampled at 3 weeks before harvest
than at harvest. Overall, the correlations were similar or lower
than found by using the passive bitter pit prediction method.

Summary
The passive method for prediction of bitter pit incidence is
easy for growers and consultants to use. No costly equipment or
tissue sampling is required. Based on several years of data we are
confident that the prediction model will provide a reliable method
to inform growers and storage operators about the risk of fruit
developing bitter pit during storage. To use this information, the
following factors need to
Table 2 Correlation coefficient (r) for
be taken into account.
minerals and ratios taken 3 weeks before
1. Bitter pit develops harvest (3WBH) and at harvest (H) against
quickly, most oc- bitter pit in ‘Honeycrisp’ apples stored at
curring within a 38°F after one week of conditioning at
month of harvest; 50°F. (modified from Al Shoffe et al., 2020)
Year 2
Year 3
2. Conditioning increases fruit loss
3WBH
H
3WBH
H
because it exac- P
0.35
0.23
0.36
0.34
erbates bitter pit K
0.58
0.19
0.50
0.27
incidence in the
Ca
-0.48
-0.41 -0.67
-0.59
range of 60% or
0.16
0.15
0.06
0.19
more over not Mg
Mg/Ca
0.75
0.55
0.84
0.66
conditioning;
0.75
0.49
0.75
0.64
3. Conditioning is K/Ca
not always neces- P/Ca
0.69
0.43
0.72
0.62
sary if non-injuri- (K+Mg)/Ca
0.75
0.49
0.77
0.66
ous storage tem(K+Mg+P)/Ca
0.76
0.15
0.77
0.68
peratures (38 oF)
are used;
4. Fruit with high bitter pit risk is less likely to be susceptible
to soft scald and therefore storage without conditioning
is less risky. The opposite is also true – if bitter pit risk is
low, you are taking a gamble by not conditioning.
5. There is a risk of soft scald and soggy breakdown development at 38°F, but actual losses with bitter pit are usually
much greater than occasional losses with soft scald/soggy
breakdown.
6. There is a greater risk of soft scald and soggy breakdown
development at 33°F, but it is low during the first month
of storage, and greatly reduced by conditioning.

Recommendations
Growers, consultants should use the passive prediction
method to predict development of bitter pit on an annual basis.
If the predicted bitter pit risk is greater than 30%, fruit should not
be conditioned. Fruit should be cooled rapidly and stored at 38oF.
Only fruit with a predicted bitter pit risk of less than 10% should
be marketed immediately.
Do not market fruit with higher than 10% bitter pit risk
within the first month as it continues to develop over time, with
negative effects in the marketplace (Conditioning immediately
after harvest will cause rapid development of bitter pit and therefore is recommended to allow the bitter pit to express before
marketing.)
Consider storing fruit at 33oF (if bitter pit risk is high, e.g.
> 50%) to further reduce bitter pit development for short term
periods (less than a month), but only in fruit from the HV (and
PA). Note that while this is a possible approach, careful monitorFRUIT QUARTERLY . VOLUME 28 . NUMBER 3 . FALL 2020

ing of fruit, e.g. eating several fruit from each block for any hint
of alcoholic off-flavors, must be carried out at weekly intervals.
Recommended sampling regime
1. Pick 100 fruit from trees that are representative of the
block. The ideal is to harvest less fruit from as many trees
as possible as opposed to more fruit from fewer trees. The
minimum number of trees should be 10. Where blocks
have wide variations in crop load, we suggest that separate
representative samples are taken from these trees.
2. Place the fruit at room temperature (approx. 68oF) for
three weeks.
3. Assess bitter pit incidence (external and internal) of each
sample and express as % of the total fruit number.
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Trunk Injection of Insecticides to Control Black Stem
Borer in Apples
Celeste Wheeler and John C. Wise
Michigan State University, Trevor Nichols Research Center, MI
Keywords: Black stem borer, apple IPM, ambrosia beetle, topworking
Black stem borer (BSB), (Coleoptera: Curculionidae: Scolytinae)
Xylosandrus germanus (Blandford), is an ambrosia beetle that
burrows into woody tissue of seemingly healthy trees. BSB do
not feed on wood, but prefer a diet of their symbiotic ambrosia
fungus they transport into the galleries of their host tree. They are
an invasive species in the United States and were first reported in
the US in 1932 in New York (Felt 1932). BSB can easily adapt to
new environments and establish populations in a range of woody
plants (Atkinson et al 1990).
BSB have become prevalent in the Midwest and Northeastern states and are present in 26 US states according to CABI
(2019). Most recently, BSB have been found in orchards in the
United States. In 2014 and 2015, BSB were discovered in southwest Michigan and near Grand Rapids in apple orchards (Haas
et. al. 2016, Wilson et. al. 2014).
Topworking is a process where an existing established rootstock are used to speed the process of changing to a more popular cultivar (Figure 1). This can reduce the time it takes for the
orchard to begin producing marketable fruit and, with the right
choice of cultivar and rootstock, can be very successful (Blazek
et. al 2002). In topworking, most of the apple tree scaffold limbs
are cut off, leaving a nursing branch. Next, 2-4 shoots from the
new cultivar are grafted on top of the remaining stump of the
central leader limb. This process wounds the tree and causes the
tree to synthesize ethanol, which is known to be an attractant to
BSB (Moeck 1970). The risk of BSB attacking newly topworked
apple trees could deter growers from practicing topworking.
Because of the rise in concern for orchard trees, it has become
important to research methods of control for this pest.
Trunk injection of insecticides may be a good option to
consider controlling BSB. Many pesticide products injected into
the xylem of the apple trees readily diffuse into the woody tissues of the tree into which BSB bore (Mota-Sanchez et al. 2009).
Although they do not feed directly on the woody tissue of the
tree, their bodies and mouthparts come into close contact with
treated wood. They have a high potential to ingest the insecticide
compounds during their grooming processes. When creating
and living in galleries, BSB are in contact with the treated wood
constantly and perhaps rub against the walls exposing the ambrosia fungal spores to the insecticide. The BSB may ingest the
ambrosia fungus with small amounts of injected insecticide. The
tunnels and galleries are moist environments with the sap flow of
the tree bringing a constant supply of sap laden with insecticide
and could ultimately be a toxic environment for BSB.
The objective of this study is to evaluate the efficacy of two
insecticides, emamectin benzoate and azadirachtin, and injection
timing fall and spring, on their ability to control BSB in apple trees
with simulated topworking and ethanol injection as an attractant.
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Methods and Materials

This work was supported in part
by the Michigan Apple Committee
Trunk injec tion of the two
insecticides emamectin benzoate
and azadirachtin were effective
in controlling Black stem borer
in apple trees. Fall and spring
injections of emamectin benzoate
preformed equally well but spring
injection of azadirachtin was more
effective in than fall injection.

Field Plots and Treatment Compounds This
experiment targeted natural
populations of black stem
borers at the MSU Trevor
Nichols Research Center in
Fennville, MI, USA (latitude
42.5951°: longitude -86.1561°). Treatments were made on 26 year
old apple trees (Malus domestica Borkhausen, var. “Johnafree”)
with single tree replicates and four replicate trees per treatment
set in a randomized complete block design on trees adjacent to
a natural wooded area.
Insecticide injections were preformed using an Arborjet Tree
IV TM (Arborjet Inc., Woburn, MA) with 4 ports equally spaced
along the circumference of each trunk. The injection equipment
included; the Arborjet Tree IVTM kit (Tree IV, #4 arbor plugs, and
plug tapper), hammer, cordless drill, and a 0.95 centimeter wood
drill bit (Figure 2).
For each injection, four holes were
drilled into trees trunks 5 centimeters
deep, 90 degrees horizontal from the
trunk and 30 centimeters above the
ground spaced as evenly as possible
while strategically placing under the
main scaffold branches of the tree.
Next, the plugs were tapped into place
deep enough so that the outside rim of
the plug was just below the bark.
Before each injection for every
tree, the Tree IV was sanitized with
the Arborjet Cleanjet TM (Arborjet
Inc., Woburn, MA) solution and water Figure 1. Topworked apple
to rinse out residues. The insecticides tree
were measured and diluted with distilled water so that the final volume
was 500 ml. The treatment solution
was then poured into the Arborjet injector holding tank. The needles were
inserted into the plugs and the solution
was injected via hand operated pressurized pump into the tree.
Compounds injected include
azadirachtin AzasolTM (Arborjet Inc.
Woburn, MA), and TREE-ägeTM (Arborjet Inc. Woburn, MA). Rates of
compounds were based on maximum Figure 2. Injection
labeled rates for apples and applied equipment
NEW YORK STATE HORTICULTURAL SOCIETY

with the equivalent amount of active ingredient on a per tree
basis (Table 1).
Fall treatments were timed prior to leaf senescence. Spring
treatment applications targeted two things, first the rise in natural BSB population, and second normal timing for topworking.
Normal timing for topworking is in April or May when the bark
slips freely. Bark slippage is when the bark can be separated, or
peeled back, easily from the wood with little damage. This stage
indicates that the vascular cambium of the tree is actively growing. Fall 2017 and Spring 2018 treatment insecticide applications
were made at 19 Oct and 22 May.
On the day BSB numbers correlated well with bark slippage
the trees were cut to simulate topworking. On the same day in the
afternoon the spring treated trees were injected with insecticides.
Then on the following day, all trees were injected with an ethanol
solution to attract BSB.
Black Stem Borer Monitoring Local BSB adult monitoring was done throughout the 2018 growing seasons. Traps were
constructed of one liter plastic bottles inverted with four large
windows cut out of the body of the bottle. Standard release ethanol lures (AgBio Inc. Westminster, CO) were clipped to the inside
of each trap, and 25mL of antifreeze was poured in the bottom
funnel of the trap as a preservative. Traps were placed approximately 0.5 meters above the ground just inside the wooded area
adjacent to the plots in early spring (17 Apr 2018). Traps were
monitored weekly during peak season, and the number of adults
captured was recorded (Figure 3).
Top-working Simulation Spring treatments were initiated
when the BSB trap catch was greater than 10 adults. At this point
the tops of trees were cut to simulate top-working procedures
(Hertz 1979). All branches except one were removed from the
trees in all treatments (22 May 2018).
Ethanol Injection Ethanol injections were made a day after
spring insecticide injections (23 May 2018) to increase attraction
of BSB adults, according to Reding et al (2013). Ethanol was injected a second time when BSB attacks plateaued approximately
10-20 days after the first ethanol injection (1 Jun 2018). Two holes
were drilled on opposite sides of the tree and staggered below
the injection ports so that each ethanol injection port was not
directly below any injection port.
Field Evaluations Weekly BSB evaluations were made for
each tree. The trunk of each tree was inspected for evidence of
BSB attacks (Figure 4). This was done by performing a 5 minute
visual analysis of each trunk to record BSB entry holes. Holes that
were found were circled with permanent marker as an indication
for the next evaluation.
Table 1. Treatment rates for apple trunk injection fall and spring
comparison at Trevor Nichols Research Center, Fennville, MI Fall 2017 and
Spring 2018.
Treatment/Application
Timing

Trade
Name

Active Ingredient

Application
Rate

Active Ingredient
per Tree

-

-

-

-

Emamectin benzoate/
Fall 2017

TreeAge

emamectin
benzoate

1.86 ml/tree

0.08 g/tree

Azadirachtin/ Fall 2017

TreeAge

azadirachtin

4.00 g/tree

0.24 g/tree

Emamectin benzoate/
Spring 2018

Azasol

emamectin
benzoate

1.86 ml/tree

0.08 g/tree

Azadirachtin/ Spring
2018

Azasol

azadirachtin

4.00 g/tree

0.24 g/tree

Untreated Control
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Figure 3. Total number of BSB adults in ethanol traps in the 2018 season.

Statistical Analysis The BSB
evaluation data were analyzed with
a repeated measures analysis as a
two-way RCBD using PROC MIXED
procedure in SAS 9.4 (SAS Institute,
Cary, NC, 2013).
When treatments were significant, all pairwise comparisons among
the treatment means were analyzed.
PROC GLIMMIX was run to generate
BSB least-squares means for treatment
by evaluation day sliced by treatment
and adjusted for Tukey-Kramer honestly significant difference (p ≤ 0.05).

Results

Figure 4. BSB adult entry
hole and toothpick-like
wood dust.

Field Evaluations The overall treatment effect for mean
BSB in 2018 was significant (P = 0.03). Differences of treatment
at each evaluation day indicated a total of 3 treatment means
were significantly different than the untreated check following
the first application of ethanol (Figure 5A).
The fall injection of emamectin benzoate significantly
reduced the number of BSB attacks after the first ethanol injection in 2018. Fall injected emamectin benzoate had significantly
lower BSB attacks than the untreated (P=0.0215), as well as
spring injected emamectin benzoate (P=0.0214). Azadirachtin
significantly reduced the number of BSB attacks in the spring
treatment (P=0.0119). Azadirachtin injected in the fall had lower
mean BSB attacks when compared to the untreated, however it
was not significant. After the second ethanol injection there were
no treatments that were significantly different from the untreated
(Figure 5B).
Ethanol Traps Traps were monitored weekly during peak
season, and the number of adults captured was recorded (Figure
3).

Discussion
This study contributes new information on the potential
for using trunk injection to control of BSB in apple trees. The
2018 study shows evidence that both emamectin benzoate and
azadirachtin injections can reduce BSB infestations. Our study
suggests that the timing of the injection influences the outcome
in terms of protecting apple trees from BSB, with spring injected
azadirachtin being more effective than fall injections.
In the 2018 season, emamectin benzoate reduced the num9

Azadirachtin Spring0.00

1

Mean BSB holes

6

4

2

*

*
0

*

Untreated

Emamectin
Benzoate Fall

Azadirachtin Fall

Emamectin
Benzoate Spring

Azadirachtin
Spring

Untreated

Emamectin
Benzoate Fall

Azadirachtin Fall

Emamectin
Benzoate Spring

Azadirachtin
Spring

Mean BSB holes

6

4

2

0

Treatments Fall 2017/Spring 2018
Figure 5. Mean number of BSB entry holes per treatment for the Fall 2017/
Spring 2018 treatment evaluations after the first ethanol injection 23-May
(A) and after the second ethanol injection 23-Jun (B). Values with * above
them represent a significant difference (α ≤ 0.05) between the untreated
and the treatment for evaluation date.

ber of BSB attacks most effectively after the first application of
ethanol. Azadirachtin also reduced the number of BSB attacks in
the spring treatments after the first application of ethanol. This
shows that both compounds have the potential for good control
of BSB attacks when attacks are within 7 days of injection. After
the second injection of ethanol, there were no significant differences in BSB attacks between the treatments and the untreated.
It is worth noting that the untreated check did not experience
further BSB attacks after the second ethanol treatment, while fall
treatments and spring azadirachtin treatment did experience a
rise in BSB attacks.
Azadirachtin is an anti-feedant, repellant, and insect growth
regulator (Karnavar 1987, Subrahmanyam 1990, US EPA 1993).
Azadirachtin affects the morphogenesis, ovarian development,
fecundity, egg viability and molting of BSB through the endocrine
system (Karnavar, 1987). It also has fungicidal properties (Schmutterer 1990, Dubey and Kumar 2003). Neem oil was observed
to significantly reduce germination in an entomopathogenic
fungus (Aguda et. al 1986). It is likely a combination of these
properties that impacts the BSB in azadirachtin injected treatments.
Emamectin benzoate belongs to avermectin group of insecticides. These compounds affect the nervous system in arthropods.
They inhibit the neurotransmitters by permanently opening
glutamate gated channels and allowing an influx of chloride ions
into nerve cells, rendering the cells non-functional. Ultimately,
invertebrates are paralyzed irreversibly and stop feeding. Avermectins are taken up by arthropods via contact and ingestion,
although ingestion is the primary route (Ishaaya and Degheele
1998). It is also xylem mobile, making it a good candidate for
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trunk injection.
Emamectin benzoate has been used successfully through
trunk injection to control bark beetles in previous work. Fettig et.
al. (2014) conducted a study controlling mountain pine beetle in
lodgepole pine. Their data indicated that injections of emamectin
benzoate applied in late summer or early fall will provide adequate
levels of tree protection the following summer. McCullough et.
al. (2011) used emamectin benzoate injections with great success
to control emerald ash borer. Emerald ash borer density on trees
treated with emamectin benzoate were less than 1% of control
trees. They noted similar findings that injection treatments were
equally effective a year later suggesting 2 years of effectiveness
for one injection. It was also reported that emamectin benzoate
induces mortality in adult beetles with little exposure and at low
concentrations. Coslor et. al (2019) injected apple trees with
emamectin benzoate, along with phosphorous acid, and resulted
in significant leafroller control. Coslor et. al (2018), found that
timing also effected availability of emamectin benzoate in leaves,
nectar and pollen. Spring injections allowed for movement via
transpiration, where fall injections did not until the following
spring.
In conclusion, trunk injection of the two insecticides emamectin benzoate and azadirachtin have potential for controlling
BSB in apple trees. Fall and spring injections of emamectin benzoate preformed equally well in the 2018 season after the first
ethanol injection. Spring injected azadirachtin treatments were
more effective in the 2018 season after the first ethanol injection
than fall injected azadirachtin treatments. Given that topworking
of apple orchards is well-planned and high investment practice,
the necessary economic investment of injecting trees to protect
against BSB may be justified. Additional research is needed to
verify these results and to assess not only the number of BSB
attacks, but also the success rate of the galleries.
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I

n the present study, a novel hybrid methodology was applied
to assess fan effectiveness as a frost prevention measure by
quantifying changes in orchard temperatures as influenced
by landscape patterns and varying distance from the fans. Results
indicated that magnitude of temperature change diminishes with
increasing distance from the fan, but fan effectiveness is also
influenced strongly by landscape patterns, particularly elevation
and slope. Great knowledge of both the landscape and climate
regimes is critical for fan placement and overall fan effectiveness. This study therefore recommends leveraging the utility of
GIS and Remote Sensing in identifying suitable locations for fan
placement.
For a cool-climate region like Michigan, the beginning of the
fruit growing season is defined as the period between budburst
and first fall frost (Schultze, Sabbatini, and Luo 2016). As such,
first fall (and last spring) freeze events are important factors that
influence harvest dates, yield amounts and quality (Andresen,
Pollyea, and Mason 2019). Yet, there is no reliable method for
forecasting these events with ample lead time to allow growers to
take action, since freeze events result from complex interactions
among factors at multiple climatic scales (Andresen, Pollyea, and
Mason 2019). Apple trees need dormancy and cold weather for
buds to develop (Malagi et al. 2015). However, the timing of such
low temperatures is crucial. An apple’s phenological cycle requires
both sufficiently cold and warm temperatures to occur. Over the
course of winter, cold or freezing temperatures are essential, but
in early spring, when temperatures rise consistently above the
40-degree Fahrenheit mark, the trees get ready for budburst and
fruit development (Zhu, Borsboom, and Tromp 1997; Greer et
al. 2006). Overall, as apples progress through their phenological
cycle, their tolerance to cold diminishes, and if a freeze event
occurs after budburst, growers will see damage to the fruit and
experience economic losses (Longstroth 2012; Herrick 2017).
In May 2017 for example, a late season freeze across the state of
Michigan resulted in widespread damage to the lower canopy of
many apple orchards. During this year, approximately 20 million
bushels were harvested and this was about 4 million bushels below
the state’s average and 8—10 million bushels less than 2016 yields
(Michigan Apple Committee 2017; USDA NASS Great Lakes
Region 2018). To combat such loss, growers have turned to frost
prevention measures such as fans (wind machines) and sprinkler
systems, which can be expensive to install and run depending on
orchard size (Ribeiro, De Melo-Abreu, and Snyder 2006).
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State-of-the-art technologies, including
GIS and Remote Sensing, can help us
better understand spatial variability
in climate impacts, such as spring
frost, across the landscape leading to
improved monitoring and management
strategies. Our work with LiDAR and
Thermal Imagery is helping to guide
frost fan placement and understand how
topography affects their effectiveness.

Throughout Michigan, fans have been the
most up-and-coming
and commonly used
frost prevention measure. Fans utilize the
properties of thermal
inversion, a situation
in which atmospheric nighttime temperatures rise with increase
in height as a result of ground radiational cooling of adjacent air
(Crawford and Ganser 1960), by drawing down warm air from
aloft and mixing it with freezing air at the ground level (Ribeiro,
De Melo-Abreu, and Snyder 2006). Such fans can either be installed permanently or as portable units, but no matter what, the
placement of these systems requires special consideration based
on the surrounding topography (Andresen, Pollyea, and Mason
2019) and height of the inversion layer (Renquist 1985; Battany
2012), both of which can affect airflow patterns and the resulting
impact on temperatures. Typically, it is thought that a single fan
can impact temperatures across multiple acres, but some research
has shown a greatly diminished effect of such fans at distances
greater than 50 meters from the fan (Sutherland et al. 1981).
Besides, the effectiveness of fans is suspected to be impacted by
factors influencing freeze occurrence, including both ground
topography (Zabadal et al. 2007; Poling 2008; Andresen, Pollyea,
and Mason 2019) and barriers to air drainage (Poling 2008). It is
therefore important that cold air movement is correctly characterized to inform fan placement decisions that would ensure their
effectiveness. Remote sensing (RS) technologies are especially
useful in meeting this goal as both climate and environmental
factors impacting such movement can be monitored.
RS use in agriculture dates back to 1950s, but has recently
expanded due to technological improvements that have increased
access for most agricultural producers (Nowatzki, Andres, and
Kyllo 2017). These advancements include improved spatial and
temporal resolutions of RS imagery and advances in thermal
imaging. Through thermal RS, radiation emitted from the surface of an object is measured and converted to temperatures
(Ishimwe, Abutaleb, and Ahmed 2014). These data provide a
spatial overview of surface temperatures across an area, providing
a perspective beyond more conventional ground measurements.
The data can be collected on-demand using unmanned aerial
systems (UAS) that are now commonly used in many sectors.
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Materials and Methods

Figure 1: Case study area, the Goodfellow Orchards.

Additionally, the availability of precise, high-resolution topographic data derived from LiDAR (Light Detection and Ranging)
data, which was previously unavailable for most of Michigan, has
enabled analysis of even subtle effects of topography on agricultural processes. An integration of these two datasets opens great
opportunities to boost production efficiency for the agriculture
sector. The integrated data can be used for many purposes including identification of areas which, based on their topographic
orientation, are most likely to experience frost events.
This study utilizes advanced image analysis including thermal RS to characterize cold air movement and how topography
and environmental covariates influence temperature within an
apple orchard. Ultimately, this study explores factors affecting
placement and effectiveness of wind machines for shielding apple
orchards from freeze injury. The study sought to answer one major question: What are the spatial patterns of cold air movement
in orchards and how can understanding the differential spatial
impacts of frost prevention measures assist with management
and production efficiency? The study employed a novel hybrid
methodology involving: (1) collection of high resolution, time
series thermal imagery of orchards using UAS and; (2) quantifying
the total impact of frost prevention measures by studying changes
in temperatures with varying distance from the fan. Knowledge
from this study will help boost production efficiency by providing information about potential factors that influence cold air
movement and therefore site selection for fan placement – to
maximize efficiency of the fans and consequently minimize fruit
tree vulnerability to freeze injury.
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Thermal Imagery: This study utilized a DJI M100 multirotor UAS equipped with a Zenmuse XT-R thermal imager
to collect imagery over a portion of the Goodfellow Orchards
located west of Sparta, a town in northwest Kent County, Michigan (Figure 1). The mapped orchard measured approximately 20
acres and included wind machines and moderate topographic
relief. Data was collected hourly on May 11, 2019 approximately
between 4:00 AM and 8:05 AM local time.
Precise geographic coordinates were collected at ground
control points (GCPs) using a Trimble Catalyst Global Navigation Satellite System (GNSS) receiver. Wind machine locations
were collected with the receiver as well. Following GCP placement, thermal infrared drone data were collected during three
flights –prior to wind machine activation (4:00 am to 4:30 am),
during machine use (5:45 am to 6:15 am) and, after wind machines
were deactivated (7:35 am to 8:05 am). All flights occurred under
windless, or near windless conditions. Temperatures were near
freezing for the entire period. Flights occurred in a “lawn mower”
pattern with image overlap of 90% in the flight direction (endlap)
and 85% between flight lines (sidelap). Acquisition altitude for all
thermal missions was 360 feet above ground. Resultant imagery
was processed into geo-referenced products including an image
mosaic, 3D point cloud and raster digital surface model using
Pix4D software. GCPs were used during processing to ensure
correct geospatial image placement. Single thermal images over
fans were georeferenced separately using the GCP locations.
After georeferencing, the images were converted to land surface
temperature. This conversion was performed in ArcGIS 10.6
(ESRI 2018).
For analysis purposes, 5-meter buffer ring intervals around
each of the four fans were created. Furthermore, the buffer rings
were divided into directional quadrant polygons. This resulted in
96 individual polygons representing distance and direction from
specific fans. Figure 2 below shows the generated directional
quadrants around each fan.
LiDAR Imagery: This study used a USGS Quality Level 2
(QL2) LiDAR-derived digital elevation model (DEM). These data,
which were obtained
through the USGS
National Map viewer
online, were used to
generate precise slope,
aspect, flow line and
topographic depression
datasets. Topography
was included because
cold air movement in
orchards is affected
by topographic relief
(Andresen, Pollyea ,
and Mason 2019). Flow
lines represent channels
where water and, in this
case, cold air is likely to
gather and flow. Topographic depressions Figure 2. Directional buffer ring polygons
denote cold air sinks. created for analysis purposes. Wind
machine locations are indicated by the
Flow lines and sinks orange triangles.
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within the study area are
shown in Figure 3. The
direction and amount of
slope dictate where and
how quickly cold air will
drain.
Statistical Analysis: For statistical analysis, the following information was generated
and joined to the directional buffer ring polygon
database table, 1.) Dis- Figure 3. Flow lines (blue lines) and sinks
tances from buffer ring (light blue polygons) for the study area
polygons to the nearest (Goodfellow Orchards near Sparta, MI) are
shown above. Wind machine locations are
flow line and nearest indicated by the orange triangles.
topographic depression;
2.) Average temperature for each flight; 3.) Average elevation
and 4.) Average slope. Such data was developed and exported for
further data analysis in R (R Core Team 2018), using the ‘spdep’
(Bivand and Wong 2018), ‘ggplot2’ (Wickham 2016), and ‘rgdal’
(Bivand, Keitt, and Rowlingson 2019) libraries. As a first step,
variables were plotted for visual interpretation. Next, multiple
linear regression (MLR) was used to identify factors driving
cold air movement within the apple orchard. MLR allows one
to characterize and quantify the role of multiple independent
(predictor) variables, Y, in accounting for variance in one dependent (response) variable, X, (Nathans, Oswald, and Nimon
2012). In this study, both linear and forward stepwise linear
regression (Hocking 1976) were applied in multiple instances,
and temperature was used as the response while direction from
the fan, mean elevation, mean slope, distance of fan from sinks
and flow lines were used as predictors. With these regressions,
a theoretical understanding can be developed of the distance to
which fans impact temperatures in orchards.

Figure 4. Temperature change as a function of direction and distance from
the fan.

Results and Discussion
Changes in temperature as a function of fan direction
of and distance from the fan: In Figure 4, temperature change
is summarized for each wind machine by direction. Two fans
indicated large temperature changes over the three thermal
infrared missions (Figures 4B and D), while the rest showed
small and moderate changes (Figures 4A and C, respectively).
Additionally, for the most part, there was a greater change in
temperature closer to the fan than farther away. Figure 5, which
depicts temperature change at each fan compared to distance
for each direction, demonstrates that increasing distance from
a fan results in more variable temperature change. The data also
demonstrate that trends exist with direction (Figures 5 and 6).
For instance, viewing the collection of points in Figure 5C, it is
clear that for this fan location, temperature change increases in
the northerly direction with distance and decreases in the southerly direction. Essentially, this shows that cardinal direction and
distance from the fan matters in terms of fan impact.
Figure 6 compares pre-fan and post-fan temperatures across
each of the fans. Just from the figure axes we see that the pre- and
post- fan temperatures are significantly different, highlighting
the air mixing caused by the fan. Further, this figure highlights
greater change in temperature over time for the buffers adjacent
to the fans (up to 20m) compared to farther (30m).
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Figure 5. Temperature change vs. Distance by direction.

Changes in temperatures as a function of elevation: The
relationship of temperature change as it relates to elevation,
indicates that, at least for three of the fans, small changes in
elevation result in more temperature change than areas with a
greater elevational gradient (see Figures 7A—C). The final grouping, Figure 7D, has the greatest elevational gradient and shows
the least difference in temperature change. Based on such scatter
plots, it can be concluded that elevation plays a role in the fans’
effectiveness. Furthermore, as slope increases, there is, in most
cases, more change in temperature (positive linear relationship;
Figure 8).
Linear regression results: The regression analysis was conducted to highlight the variables that are significant in causing
the differential patterns of temperature change pre- and postfans running. Overall, a linear regression approach was shown
to be ideal for this study though tests for non-linear trends were
conducted. In totality, regardless of buffer distance, the study
found that direction, elevation, and slope were most significant
in the regression model. However, there exist differential patterns
NEW YORK STATE HORTICULTURAL SOCIETY

of significant variables for regressions by the distance buffers
themselves (Table 1). Mean elevation was most significant at
0.001 significance level or higher, for all buffer distances. Results
indicate that a unit change in mean elevation influences an increase of 1–1.5 °F in temperature. Mean slope was found to be
significant at all but 15-meter buffer distances, with significance at
the 0.1 level or higher. Despite this, slope was found to influence
the greatest reduction in temperatures (up to 3.7 °F), and this
influence seemed to strengthen with distance from the fan. Flow
distance was weakly significant (at 0.1 level) for 5-meter buffer
distances. Sink distance was found to be significant at 5-meter
(at 0 level) and 10-meter (at 0.05 level) buffers. Finally, direction
was not significant at any of the distances. In terms of the variance explained by the models (indicated by R2), a consistently
decreasing trend was found with increasing distance from the
fan (from 0.98 at 5 meters to 0.76 at 30 meters). This indicates
that the strength of the regression model to explain temperature
variability reduces with distance from the fan, which is expected.
It should be noted that the distance buffer regressions would
need more than one case study to test their statistical robustness.
However, given the multiple fans and number of directional buffers across this orchard, we can still draw meaningful inferences
from the statistical analysis.

Figure 6. Pre-fan vs. Post-fan temperatures by distance and direction.

Discussion
Frost is a major challenge to agricultural production. There
are two types of frost: radiative and advective. Radiative frost is
caused by loss of heat into a generally clear sky while advective
frost occurs when very cold air is horizontally blown by strong
winds over a surface (Rahimi and Eccel 2013). In Michigan,
most of the frost events are radiative in nature and occur during
relatively clear, calm weather conditions (Andresen and Winkler
2009). Michigan climate has warmed in the last six decades, yet,
frequency of these frost events remains unchanged (Schultze,
Sabbatini, and Luo 2016). As a result, growers are at risk of
economic loss due to occurrence of frost, with the latest event
experienced in May 2017. Fans are commonly used to protect
crops against frost, and the decision to establish them is based
on the knowledge of critical damage temperatures for the crop,
forecasts of a location’s minimum temperatures and strength
of temperature inversion (Ribeiro, De Melo-Abreu, and Snyder
2006). Although installing and operating fans is expensive (initial cost of $28,000 per unit), they are preferred because of their
effectiveness in controlling radiative frost, higher average net
returns in locations with at least 20 percent annual probability of
frost occurrence, lower cost than heaters and better convenience
compared to sprinklers (Poling 2008). However, Poling (2008)
also discusses major limitations related to fans, including their
high initial cost, higher operational costs compared to sprinklers
and the minimum requirement of 2.8 hectares of land to warrant
their use. Accordingly, the current study looks to assess fan effectiveness and inform fan placement decisions by quantifying
magnitude of change in orchard temperatures as influenced by
landscape patterns and distance from the fan.
Fans should be used as a freeze protection measure in areas
where thermal inversion exists (Renquist 1985). The effectiveness
of the fans is known to improve with strength of the inversion
(Crawford and Ganser 1960). Factors that influence the occurrence of freeze events, including topography (slope, slope aspect,
sinks) and objects on the landscape, directly affect fan effectiveFRUIT QUARTERLY . VOLUME 28 . NUMBER 3 . FALL 2020

Figure 7. Temperature change as it relates to elevation.

Figure 8. Temperature change as it relates to slope.
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ness. In the past, these relationships could hardly be Table 1. Regression Coefficients for the 7 regression analyses performed. Significance
characterized, but with the advent of precise, high- Code: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘. ’ 0.1 ‘ ’ 1
resolution LiDAR-derived topographic data, improvements in RS and advances in thermal RS, areas likely to
experience frost events can now be mapped and characterized at very fine resolutions. In the current study,
thermal, LiDAR, and environmental data were combined
to characterize changes in temperature mixing, with
increased distance from the wind machines. The study
confirmed the inverse relationship between distance
and fan influence, indicating that, as expected, magnitude of temperature change diminishes with increasing
distance from the fan. This result has previously been
reported by Evans (2000), Battany (2012), Ribeiro, De
Melo-Abreu, and Snyder (2006) and Heusinkveld et al.
(2020). Despite the agreement, previous studies have
made varied conclusions about the distance with which
fans impacted temperatures across an orchard, ranging
from 20 to 110 meters. It can be inferred from this study
that such variable zones of impact are highly possible.
The study also confirmed that fans are highly sensitive
to landscape patterns. Specifically, the study established
that topography, notably elevation and slope, has significant influence on fan effectiveness. Direction was
also found to be significant when distance from the fan
was not considered. These results highlight that great
knowledge of both the landscape and climate regimes is
critical for fan placement and overall fan effectiveness.
Over time, many state-of-the-art technologies, including GIS and RS, have been applied in the agricultural
industry to enhance productivity (Shafi et al. 2019). This
is necessary since agricultural production faces multiple
Andresen, J., A. Pollyea, and K. Mason. 2019. Using climatology to estimate first
pressures specifically from effects of climate change and
freezing temperatures of the fall season. Michigan State University Extenvariability (Nelson et al. 2009) and increasing human populations
sion. https://www.canr.msu.edu/news/using-climatology-to-estimate-first(Metzger et al. 2006). Given these conditions, there is increasfreezing-temperatures-of-the-fall-season (last accessed 25 March 2020).
ing need for timely data and the ability to integrate and analyze Atzberger, C. 2013. Advances in remote sensing of agriculture: Context description, existing operational monitoring systems and major information needs.
multiple variables affecting production. The utility of GIS and RS
Remote Sensing 5 (2):949–981.
has become essential in agriculture, because agricultural activities Balafoutis, A. T., B. Beck, S. Fountas, Z. Tsiropoulos, J. Vangeyte, T. van der Wal,
I. Soto-Embodas, M. Gómez-Barbero, and S. M. Pedersen. 2017. Smart
are uniquely affected by spatially and temporally varying factors
Farming Technologies – Description, Taxonomy and Economic Impact.
(Atzberger 2013). Ultimately, through these technologies, growers Battany,
M. C. 2012. Vineyard frost protection with upward-blowing wind macan make better plans and decisions that would minimize crop
chines. Agricultural and Forest Meteorology 157:39–48.
failure, improve yields, increase return on investment and finally Bivand, R., T. Keitt, and B. Rowlingson. 2019. rgdal: Bindings for the “Geospatial”
Data Abstraction Library.
boost agricultural production efficiency.
Study Limitations and Future Work
A limitation of this study is the use of a single orchard to
characterize cold air movement and assess relationships between
temperature and topography and environmental covariates. Such
relationships are significantly dependent on landscape characteristics including presence of objects. Therefore, increasing the
sample size is recommended to improve statistical robustness
of such analyses. Through this first case study, a new methodology has been created to develop, in future work, meaningful
climatological flow data for growers (i.e. cold air drainage, flow
lines, cold air sinks). Such information will be used by growers
to understand cold air movement in their orchards.
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marketer to your advantage, services
are FREE.

Stan peterson
fruit tree sales
1-888-333-1464 | www.fruit-treesales.com
C: 231-499-9292 | F: 231-843-4113
fruit-treesales@outlook.com
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Quality up to 60%
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large bins evenly,
without bruising
fruit

Ultrasonic “Sense-O-Matic”
Steering System

Sort the Fruit
Presort bin for culls
Removable
Conveyors
Remove
conveyors
for pruning

Compressor
Onboard air
compressor

Leveling & Stability
Hydraulic leveling
suspension.
Auto-leveling on
Modular Model.
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Four (4) hydraulic picking
platforms -- pick at various levels
Modular
Unit Push
Button
Controls
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Bin Trailer
Trailer holds
up to 16 bins

O
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• For apple & pear high-density fruit
orchards
• Compact 12’-6” footprint
• Independent front & rear steering
• 4-wheel drive system
• Self-contained power and mobility;
no tractor needed

• Auto-drive, auto-level, auto-steering
• Whisper-quiet fuel efﬁcient diesel
engine
• Onboard compressor for air-driven
tools
• Flow-thru bin design

Call OESCO, Inc.
for a demonstration

800-634-5557
www.oescoinc.com

The NYSHS
now has a
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P.O. Box 540, 8 Ashﬁeld Road / Rt. 116, Conway, MA 01341
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Difenoconazole + Cyprodinil
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NA
3+9
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Managing Common Strawberry Fruit Rots with LateSeason Fungicide and Biopesticide Applications Prior
to Harvest

Certis USA
Bayer CropScie
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Syngenta
DuPont Crop P
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Section of Plant Pathology & Plant-Microbe Biology, Cornell University, Cornell AgriTech
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ruit rots may develop a few days after harvest on what was
apparently healthy fruit and disappoint consumers; impacting return business. Our trials show several classes of
fungicides can control these rots if applied just prior to harvest.
Some products have 0-day pre-harvest intervals (PHIs) allowing
one to make an application during harvest for maximum flexibility in disease control.
Two pre- and post- harvest fruit rots principally threaten
strawberry production in New York State: anthracnose and gray
mold (Fig. 1). Anthracnose of strawberries is caused by numerous fungal species of the Colletotrichum genus. This pathogen
overwinters in perennial plantings on plant debris, but in annual
plantings inoculum is introduced via transplants as it survives
poorly in the soil. During the advent of spring, as temperatures
rise, lesions on infected tissues produce gelatinous salmoncolored droplets composed of millions of microscopic spores.
These spores are transported via water splash, wind-blown rain,
and insects to start new infections on young flowers, petioles,
and fruit (Maas 1998).
Gray mold (also called Botrytis fruit rot) in strawberries is
caused by the fungus Botrytis cinerea. This pathogen overwinters
among plant debris but may also survive in straw mulch and in
weeds. Like Colletotrichum, B. cinerea infects young flowers and
nascent leaves, which are the principal infection courts to infect
developing fruit in the spring and early summer. Once the infected
tissue begins to die, the fungus will sporulate with a mass of gray
fuzzy stalks producing millions of spores which can completely
envelop susceptible mature fruit and floral tissues. Spores of B.
cinerea are dispersed by wind, rainfall, and irrigation water to
new tissues. Direct infection of healthy fruit is only possible if it
becomes injured in production, at picking, or begins to senesce.
In this regard, B. cinerea is a greater threat to overripe fruit remaining in the planting at harvest (Maas 1998).
These fruit rot pathogens are endemic to all fruit and vegetable operations to NY, not just strawberries, and present a perennial problem to growers (Wilcox and Seem, 1994; Poling 2008).
Fruit rots are most common during periods of rainy weather
and flooding during harvest. Post-harvest appearance of these
rots dramatically reduces fruit shelf life. Given the importance
of flower infections for gray mold and anthracnose, chemical
management typically focuses on applying protective measures at
bloom (Wilcox and Seem, 1994). However, late season fungicide
applications just prior to harvest may have the best opportunity
to prolong fruit shelf-life by reducing post-harvest fruit rot incidence.
20
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Materials and
Methods

In 2018-2019
A
we conducted preand post-harvest
fruit rot fungicide
trials on strawber-FigureFigure
up ofonstrawberries
a vented
1. Close 1.
up Close
of strawberries
in a vented paperon
pulpin
1-pint
berry container. There are
several with gray
mold1-pint
(G) displaying
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covered
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berry the
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There
arewith gray sporulation of
ries in Geneva atBotrytispaper
cinerea, and others with anthracnose (A) displaying the classic sunken lesion filled with
several with
gray mold
(G) displaying
pale salmon-colored
sporulation
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fioriniae. the
Cornell AgriTech. typical lesions covered with gray sporulation of
We evaluated one Botrytis cinerea, and others with anthracnose (A)
member of each displaying the classic sunken lesion filled with
pale salmon-colored sporulation of Colletotrichum
major fungicide fioriniae.
group and the biological active ingredients most often used in small fruit production statewide. Studies were conducted on ‘Albion’, a day-neutral
cultivar planted on white-on-black plastic in low tunnels (Dubois
Agrinovation). Prior to the harvest period during August to Oct,
an application of each conventional fungicide or biopesticide was
made to triplicate plots of strawberries using a Solo 425 Backpack
Sprayer fitted with a XR TeeJet 8002VS nozzle, 40 gal/A, 50 PSI.
Table 1. List of fungicide groups and biopesticide active ingredients
evaluated in the study.
Product Evaluated

Rate

Fungicide or Biopesticide
active ingredient

FRAC
Group

Manufacturer

Scala SC

18 fl. oz./A

Pyrimethanil

9

Bayer CropScience

Rovral

32 fl. oz./A

Iprodione

2

FMC Corporation

24 oz./A

Fenhexamid

17

Arysta LifeScience

Switch

14 oz./A

Cyprodinil + Fludioxonil

9 + 12

Syngenta

Captan Gold 80
WDG

3.75 lb./A

Captan

M4

ADAMA

Organic JMS
Stylet-Oil

9 qts./A

White Mineral Oil

NA

JMS Flower Farms

Pristine

23 oz./A

Pyraclostrobin + Boscalid

11 + 7

BASF

Merivon

11 fl. oz./A

Pyraclostrobin + Fluxapyroxad

11 + 7

BASF

DoubleNickel LC

6 qts./A

Bacillus amyloliquefaciens

NA

Certis USA

Serenade Opti

20 oz./A

Bac. subtilis QST 713

NA

Bayer CropScience

256 fl.
oz./A

Copper octanoate

NA

Certis USA

Inspire Super

20 fl. oz./A

Difenoconazole + Cyprodinil

3+9

Syngenta

Fontelis

24 fl. oz./A

Penthiopyrad

7

DuPont Crop Protection

Elevate WG

Cueva
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The fungicide groups and active ingredients used in the trial are
listed in Table 1. For each material, the highest labeled rate was
evaluated. Following application, healthy strawberries where then
gently harvested by hand into 1-pint vented clamshell containers
and separate pints of strawberries were inoculated with spores of
B. cinerea and Colletotrichum fioriniae at 104 spores/mL. Pints
were incubated for five days in cold storage (40°F) then three days
at room temperature. After storage, the untreated controls or least
effective materials had nearly 50% disease incidence. At this point,
the incidence of gray mold and anthracnose was assessed for all
treatments. This experiment was repeated three times.

Results and Discussion
Across all materials in 2018, the incidence of gray mold and
anthracnose ranged from 0 to 45% and 0 to 55%, respectively.
Of the materials tested, we found that applications of materials
containing iprodione, fludioxonil, difenoconazole fluxapyroxad,
and pethiopyrad provided the best control of gray mold (Fig. 2).
Interestingly, some fungicides were ineffective against grey mold
in this test with disease incidences equivalent to the untreated
plots (P > 0.05). The biopesticide based on Bacillus amyloliquefaciens provided better gray mold control than the untreated control
and several conventional products (P < 0.05) despite the high
artificial pressure of this inoculated test. Against anthracnose, we
observed that materials containing iprodione, fludioxonil, and pethiopyrad resulted in the lowest incidence of fruit rots in the 2018
trial (Fig. 2). In contrast to gray mold, many fungicides (with the
exception of Pristine) were effective against anthracnose in this
artificially inoculated test and provided more than 50% control.
The biopesticide based on Bacillus amyloliquefaciens was able to
provide a level of anthracnose control equivalent to or better than
several conventional products (P < 0.05). Following harvest and
storage, we observed that for most tested products, greater than
70% of fruit were free of disease symptoms (i.e. clean fruit, Fig.

3). Experimental treatments containing iprodione, cyprodinil +
fludioxonil, and difenoconazole + cyprodinil produced the largest
mean percentage of clean fruit.
In 2019, across all materials, the incidence of gray mold
and anthracnose among treatments ranged from 0 to 57% and
0 to 45%, respectively. We observed similar disease control
trends among the materials tested to those of the 2018 trial (Fig.
4). Following harvest and storage, we observed that the mean
percentage of clean fruit varied widely amongst products, and
some products did not perform as well in 2019 as in 2018 (Fig.
5). It should be noted that 2019 was a particularly wet growing
season and may have increased the disease pressure fruit were
exposed to prior to harvest and storage. Successful treatments
were those containing iprodione, cyprodinil + fludioxonil, and
difenoconazole + cyprodinil, and penthiopyrad.

Conclusions
It is important to bear in mind that the study shown here is a
high-pressure test using artificial inoculum and is not representative of levels of inoculum and conditions experienced in grower
fields. We consider any treatment with less than 33% incidence
(the gray lines in Fig 1, 3) to have been successful in managing
these diseases. Also, the applications were perfectly timed into
the infection event, which did provide some advantage to the
fungicides being evaluated. This multi-year trial provides some
evidence of the effectiveness of the different fungicides relative
to one another in a head to head comparison. It is also important
to note that the isolates of B. cinerea and C. fioriniae used in
these inoculations has resistance to QoI fungicides (Group 11).
This may explain the poor performance of the fungicide mix
Pristine, which has a weaker SDHI (Group 7) compared to the
mix Merivon; which provided excellent control against both grey
mold and anthracnose. In general, each product evaluated here is
suitably effective against fruit rot diseases under natural inoculum
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conditions. Use of each fungicide group will contribute to a successful disease management program in strawberries. Finally, it is
important to note biopesticides have a potential fit even against
aggressive fruit rot diseases and can provide a reasonable level
of control.
Overall, fruit rots are not often observed at harvest unless
there has been considerable rainfall and flooding at the end of the
season. However, fruit rots may develop a few days after harvest
on what was apparently healthy fruit and disappoint consumers; impacting return business. Hence, it is important to the be
mindful of the potential level of fruit rot diseases even in covered
production, especially if rains have led to flooding conditions.
When heavy rains and flooding occurs at harvest, consider selecting a fungicide group with excellent activity against pre- and
post-harvest rots. Consider the data here, but also look at the
labels as many have 0-day pre-harvest intervals (PHIs) allowing
one to make an application during harvest for maximum flexibility
in disease control.

David Strickland is a PhD student working with Kerik Cox in
the Plant Pathology and Plant Microbe Biology Section in the
School of Integrative Plant Science at the Geneva AgriTech
campus of Cornell University. Dr. Kerik Cox is a research and
extension professor who leads Cornell’s program in disease
control of tree fruits and berry crops.
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Anthracnose and gray mold (also called Botrytis fruit rot)
the importance lesion filled with pale salmon-colored sporulation
are the two most economically important fruit rot diseases of
of warm weather of Colletotrichum fioriniae. Photo: K. Cox.
strawberry in New York State (Fig. 1). Both diseases in are enand rainfall in
demic in nearly all fruit and vegetable operations statewide and
causing infection, both diseases can be quite devastating with
are commonly observed in strawberry fields during and shortly
NY’s temperate climate where seasonal rainfall can be abundant
after harvest periods (Wilcox and Seem, 1994; Poling 2008).
(Pritts and Handley, 1998). These two diseases can be of further
Anthracnose in strawberries is caused by various fungal species
nuisance for extended-season plantings of day-neutral strawberry
of Colletotrichum, which overwinter in perennial plantings on
cultivars where flowering into the fall and early winter is possible.
debris. In annual plantings, inoculum arrives on transplants as it
Fortunately, covered production in the form of high and low
survives poorly in the soil. Aside from the fruit, the fungus can
tunnel structures can greatly mitigate the risk of these diseases.
infect and cause sunken sporulating lesions on the flowers, petiInfections of fruit resting on the mulch or plastic are still possible
oles, and runners. As the weather warms, anthracnose lesions will
in summer and late fall plantings. However, the protection from
produce gelatinous, salmon-colored droplets containing millions
rainfall afforded by covered production provides an opportunity
of spores which are transported via water splash, wind-blown
to manage these diseases using biopesticides.
rain, and insects to start new infections on vegetative tissues and
fruit elsewhere (Maas 1998).
Materials and Methods
Gray mold in strawberries is caused by the fungus Botrytis
We conducted two years of field trials in Geneva at Cornell
cinerea, which overwinters in plant debris, but can also survive in straw mulch
and among some weed species. Like
Colletotrichum, gray mold can also affect leaves and young flowers, which are
the principal routes of infection for the
fungus to access developing fruit in the
spring and early summer. Once infected
tissue begins to die, infections sporulate
with a mass of gray fuzzy stalks producing millions of spores that can completely
envelop susceptible fruit and floral tissues. These spores are dispersed by wind,
rainfall, and irrigation water to new,
uncolonized tissues. Direct infection of
healthy fruit is possible if fruit becomes
injured in production, at picking, or as
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Figure 3. Mean percent incidence of Botrytis fruit rot at harvest in October
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AgriTech on strawberry fruit rot management under plant covers
using biopesticides. Trials were conducted on a strawberry planting with the day-neutral cultivar ‘Albion’, set into white-on-black
plastic either in the open or covered with commercially available
low tunnels (Dubois Agrinovation). Trials began in late July to
focus on disease development from August to October where
pathogen growth may slow and the disease risk to fruit is reduced
with encroaching cold weather.
In 2018 and 2019, we examined the influence of plants covers
(uncovered vs low tunnel), fungicide program (conventional vs
organic), and timing (Calendar; 7-10 days vs NEWA strawberry
fruit rot model; “High” risk). Beginning at bloom, calendar-based
applications were made at 7 to 10-day intervals, and NEWA-based
24

applications were made after 7-10 days before a “High” disease
risk period was forecast. Applications were made using a Solo
425 Backpack Sprayer fitted with a XR TeeJet 8002VS nozzle, 40
gal/A, 50 PSI. The organic fungicide program consisted of the
commercially available biopesticides Double Nickel LC (1qt/A;
Bacillus amyloliquefaciens; Certis) alternated with Lifegard WG
(4.5 oz/100 gal; Bacillus mycoides isolate J; Certis). A standard
program composed of conventional fungicides Switch (11 oz./A;
fludioxonil-cyprodinil; Syngenta) alternated with Elevate (24 oz/A
fenhexamid; Arysta Life Science;) was included for comparison.

Results and Discussion
Across both trial years, experimental plots under plant covers had a reduced number of plants in decline by late fall (Fig. 2),
NEW YORK STATE HORTICULTURAL SOCIETY

introduction to the workshop. HortScience 43(1): 59-65.
supporting the notion that covered strawberry production reM. and Handley, D. 1998. Strawberry Production Guide for the Northeast,
duces the influence of direct rainfall on disease development and Pritts,Midwest,
and Eastern Canada. NRAES-88. Cornell Cooperative Extension,
potential plant decline from root diseases. Covered production
Ithaca, NY, 162 p.
extends the lifespan of plants and the productivity of plantings. Wilcox, W. F., and Seem, R. C. 1994. Relationship between strawberry gray mold
incidence, environmental variables, and fungicide applications during difWith respect to the impact of the fungicide program, in 2018,
ferent periods of the fruiting season. Phytopathology 84: 264-270.
gray mold disease incidence on all observed fruit was suitably
reduced by both biopesticide and conventional programs (Fig.
David Strickland is a PhD student working with Kerik Cox in
3). In 2019, a very wet season and thus a high disease-pressure
the Plant Pathology and Plant Microbe Biology Section in the
scenario, conventional fungicide programs reduced gray mold
School of Integrative Plant Science at the Geneva AgriTech
disease incidence to ~30% compared to the ~45-50% observed
campus of Cornell University. Dr. Kerik Cox is a research and
in plots treated with biopesticides (Fig. 4).
extension professor who leads Cornell’s program in disease
With respect to the two fungicide program’s application
control of tree fruits and berry crops.
schedule we evaluated, there was not a significant difference in
disease severity between the calendar-based and the NEWAbased application schedules in both trial years (Fig. 3, 4). The Table 1. Trial application timings of calendar and forecast-based fungicide
calendar-based program required 7 applications compared to applications for disease suppression, 2018
the 3 required by the NEWA program in 2018 (Table 1), and 9
NEWA- Projected Disease Risk Level
applications vs. 5 applications in 2019 (Table 2). This trial effecApplication Timing
Application Date
Gray Mold
Anthracnose
tively showcases the usefulness of a forecasting model to reduce
Calendar
8/10
0.36
0.11
fungicide applications yet still maintain similar disease control
Calendar
8/17
0.79
0.59
compared to a calendar-based schedule.
Calendar
8/24
0.04
0.04
With respect to the impact scheduling had on covered vs.
uncovered production, it appears to be highly weather dependent.
Calendar
8/31
0.79
0.59
For the 2018 trial, the NEWA program had significantly reduced
Calendar
9/7
0.019
0.07
disease incidence in both treatments with lower incidence in
Calendar
9/14
0.52
0.34
covered plots (Fig. 5). However, the opposite was observed in
Calendar
9/21
0.1
0.07
the 2019 trial (the very wet season), where fruit in the covered
NEWA
8/13
0.94
0.85
plots had the greatest incidence of gray mold disease, irrespective
NEWA
8/21
0.9
0.74
of fungicide application schedule choice (Fig. 6). These results
highlight the importance of good drainage to prevent flooding
NEWA
9/10
0.86
0.31
and the impact covered production has on trapping moisture and
humidity in high rainfall seasons, which is conducive to fruit rot Table 2. Trial application timings of calendar and forecast-based fungicide
applications for disease suppression, 2019
development and spread.
Projected Disease Risk Level NA
DoubleNickel LC
6 qts./A
BacillusNEWAamyloliquefaciens
Conclusions
Serenade Opti
Bac. subtilis
NA
Application Timing 20 oz./A
Application Date
Gray MoldQST 713
Anthracnose
Fruit rots are not often present at harvest unless there
has
Cueva
256 fl. oz./A
NA
Calendar
8/13 Copper octanoate
0.07
0.44
been considerable rainfall and flooding. However, fruit
rotsSuper
Inspire
20
fl.
oz./A
Difenoconazole
+
Cyprodinil
3+9
Calendar
8/20
0.52
0.29
may show up after a few days in storage on what was apparently
24 fl. oz./A Penthiopyrad
Fontelis
7
Calendar
8/27
0
0
healthy fruit and disappoint consumers and impact return busiCalendar
9/3
0.7
0.56
ness. Hence, it is important to be mindful of the potential level of
fruit rot diseases even in covered production, especially if rains
Calendar
9/10
0.22
0.05
have led to flooding conditions. Biopesticides have a potential
Calendar
9/17
0.85
0.28
fit in managing aggressive fruit rot diseases and can provide a
Calendar
9/24
0.82
0.89
reasonable level of control, especially during years experiencing
Calendar
9/30
0.02
0.28
reduced rainfall. The combination of plant covers with effective
Calendar
10/8
0.74
0.22
biopesticide applications may be a suitable disease management
NEWA
8/13
0.07
0.44
option for organic systems. The potential for successful biopestiNEWA
8/20
0.52
0.29
cides use may be further enhanced by fruit rot disease forecasting
models to better time applications and reduce the total number of
NEWA
9/3
0.7
0.56
applications needed to protect against high-risk weather events.
NEWA
9/17
0.85
0.28
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rchard profitability is the main goal when planting a
new orchard. However, profitability relies on multiple
factors such as cultivar, planting density, training system,
rootstock, and fruit quality (Demarree et al., 2003; Robinson et
al., 2007; White and Demarree, 1992). How a cultivar adapts to
each location will determine how the interaction of the aforementioned factors will succeed in providing a profitable outcome.
Therefore, cultivar selection is key for each particular location.
Within New York State, the northern region named the Champlain Valley could be considered as the ‘McIntosh’ apple capital
of the world. With an average yearly temperature of 7.5°C and a
mean annual rainfall of 800 mm, the humid and cold climate of
the Champlain Valley requires specific cultivars adapted to such
harsh conditions. ‘McIntosh’, due to its cold-hardiness, is one of
the main cultivars grown in the north-eastern United States (US)
and eastern Canada (Ferree and Warrington, 2003). In recent
years, ‘Honeycrisp’ was suggested as one of the few cultivars which
could challenge ‘McIntosh’ as the most widely grown cultivar in
New England (Greene and Weis, 2001). ‘Honeycrisp’ also has a
much higher fruit price in the market than ‘McIntosh’, which has
a large impact on orchard profitability.
Advances in new training systems and rootstock breeding
programs have changed the way apples are grown in modern
orchards (Robinson, 2008a; Robinson et al., 2011c). Dwarfing
apple rootstocks, especially M.9 and M.26 have made possible
the transition of entire industries to higher tree densities (>1000
trees/ha) and training systems over the last 50 years. The Cornell
University apple rootstock breeding project has developed rootstock genotypes which are better adapted than M.9 and M.26 to
the biotic stresses common in eastern North America (Cummins
and Aldwinckle, 1983; Fazio et al., 2015). Among them, G.30 has
been especially useful in northern climates with short growing
seasons, whereas G.16 (Robinson et al., 2003) which has a similar
growth and vigor to M.9 clones has had only limited evaluation
in northern climates. In addition, low vigor cultivars like ‘Honeycrisp’ require a re-evaluation of promising rootstocks when the
scion cultivar is not vigorous (Robinson et al., 2011b).
The aim of this long-term study was to evaluate the economic profitability of ‘Honeycrisp’ and ‘McIntosh’ at a wide range
of planting densities, training systems, and rootstocks for cold
production regions like northern NY state.

Materials and Methods
Trial site and design In 2002 an on-farm field trial was
planted in Peru, Clinton County, New York State with two apple
cultivars (‘Honeycrisp’ and ‘McIntosh’). We compared the follow28

This research was supported by the New York
Apple Research and Development Program
From 2002 through 2016 we compared
several low density and high-density
apple planting systems in Northern NY.
With ‘McIntosh’, the Tall Spindle system
(1320 trees/acre) on ‘M.9’ appeared to be
the best option. On the other hand, for a
weak-growing cultivar like ‘Honeycrisp’,
Tall Spindle on ‘B.9’ and Slender Pyramid
(443 trees/acre) on ‘G.30’) were the two
combinations with the highest cumulative
yield.

ing (12) production
systems: Central
Leader (C L) on
MM.111 rootstock;
Slender Pyramid
(SP) on M.26 and
G.30; Vertical Axis
(VA) on M.9Nic®
29, B.9 and G.16;
SolAxe (SA) on
M.9, B.9 and G.16;
and Tall Spindle
(TS) on M.9, B.9
and G.16 (Table 1).
CL was planted at
539 trees/ha, SP at
1097 trees/ha, VA and SA at 1794 trees/ha, and TS at 3230 trees/
ha (Robinson, 2003).
The research plot was a replicated experiment 3 replicates
and each experimental unit consisting of a production system
(variety x rootstock x system) in of a 40 m long row section
replicated 3 times. There were 72 row section with the number
of trees in each row section depending on systems spacing and
varied from 13 trees/row for SP, 18 for SP, 25 for VA and SA and
38 for TS.
Tree management All of the trees had 3-5 feathers (lateral
branches) at planting. CL system was supported by a steel conduit
Table 1. Spacing, tree planting density, training system, and rootstock
evaluated at Peru, Clinton County, NY, 2002-2016.
Spacing (m)

Planting density
(trees/ha)

Training system

Rootstock

3.05 x 6.08

539

Central Leader (CL)

‘MM.111’

2.13 x 4.28

1097

Slender Pyramid (SP)

‘G.30’

1.52 x 3.67

1794

SolAxe (SA)

‘M.26’
‘B.9’
‘G.16”
‘M.9 (Nic® 29)’
Vertical Axis (VA)

‘B.9’
‘G.16”
‘M.9 (Nic® 29)’

1.01 x 3.06

3230

Tall Spindle (TS)

‘B.9’
‘G.16”
‘M.9 (Nic® 29)’
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pipe (3 m with 0.6 m in the ground) at each tree. SP, VA, and SA
trees were supported by a single wire trellis (2.3 m) connected to
a steel conduit pipe (3 m with 15 cm in the ground) at each tree
(Robinson and Hoying, 1999). TS systems were supported by a
3-wire trellis (2.5 m).
CL trees were developed by initially heading each tree at 70
cm and thereafter annually heading the leader and lower tier scaffolds by one-third each year to produce a strong sturdy trunk and
branch framework with permanent branches. Two permanent
tiers of scaffold branches were developed, spaced 1 m apart, with
four to five branches per tier. Limb spreading was done in years
3 and 5 using wooden limb spreaders Scaffold branches between
the first and second tiers were removed between the years 5 and
6. Tree height was limited to 5 m.
SP and VA trees were developed by heading the leader at
120 cm above the graft union at planting and shortening each
feather by one-third their length. In years 2 through 6, leaders
were not headed. In year 3, four-five lower scaffold branches were
tied down to horizontal. Beginning in year 4, large diameter
limbs (>5 cm) were removed back to the trunk with an angled
cut to develop replacement limbs. Each year two to three large
branches were removed. Tree height was limited to 4 m. With
the VA lateral branches were kept simple by removing sub-lateral
branches to create a single axis for each branch. With the SP
sub-lateral branches were allowed to remain but were removed
if they became as large as the main axis of the lateral branch.
SA trees were developed by heading the leader at 120 cm
above the graft union at planting, removing one to three of the
largest feathers, and leaving the remaining feathers unpruned. In
years 2 through 4, the leaders were not headed. Beginning year 4
and continuing in years 6 and 8 scaffold branches longer than 1 m
and originating above 120 cm height on the trunk were tied down
below horizontal (~120° from vertical), and one to two scaffold
branches originating below 120 cm on the trunk were removed
each year until no branches were left below 120 cm. Tree height
was limited to 4 m by bending the top of the tree horizontal at 4
m height in year 8. Sub-lateral branches on the lateral branches
were allowed to develop producing a highly branched scaffold
with “fingers”.
TS trees were developed by heading the leader at 150 cm
above the graft union at planting, removing one to two of the
largest feathers and leaving the remaining feathers unpruned. In
years 2 through 4, the leaders were left un-headed. Beginning in
year 3, large diameter limbs (>2 cm) were removed back to the
trunk with an angled cut to develop replacement limbs. Each
year one to two branches larger than 2 cm were removed. Tree
height was limited to 3.5 m. Only small lateral branches (<2.0
cm) were allowed to remain in the tree and they were each kept
simple by removing sub-lateral branches to create a single axis
for each branch.
Data recorded: For each tree, we recorded yield (kg) and
fruit number annually. From 2007 onwards, we collected a 18
kg fruit sample from each row section and assessed flesh, sugar
content, fruit color and size by an electronic color and weight sizer
machine. From these data we calculated a simulated packout for
our trials. Packout returns were taken from statewide averages
of typical New York State apple industry and were used for both
economic and sensitivity analysis. We also recorded annual labor
time for tree training and pruning (2006-2009, 2011, and 2014).
The fruit growers labor crew was used to perform all pruning
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and training tasks where we recorded labor time to give realistic
labor costs. Yield, fruit packout (fruit size and color), and labor
input data were based on the trial. Pruning and training costs
were calculated as skilled labor at $15/hour.
Fixed costs were calculated at $1500/ha and included the
cost of management by the owner/manager and an overhead
charge for farm wide costs (Real estate taxes, insurance, utilities,
equipment replacement/investment cost and charge for miscellaneous farm wide expenses). The fixed costs were based on the
average fruit farm in New York State of 100 ha in a manner similar
to White and Demarree (1992). Total fixed costs per farm were
divided by 100 to calculate the fixed costs per ha. Other costs were
taken from statewide averages of New York State apple growers.
Economic calculations We performed economic calculations of long-term orchard system profitability using net present
value of accumulated and discounted annual cash flows for each
cultivar, system, and planting density over 20 years (Casler et al.,
1993; White and Demarree, 1992). We used average data from
2014-2016 to estimate values for years 16-20. The analysis model
we used compared the twelve different combinations of training system and rootstock using Net Present Value (NPV). This
analysis considered the time value of money using discounted
annual cash flows (a dollar received today is worth more than a
dollar received in ten years). NPV is the sum of discounted annual
cash flows over 20 years using a fixed discount rate. The discount
rate was determined by subtracting the rate of inflation from the
current interest rate to arrive at a real rate of interest. We used
a 5% rate discount rate for our basic comparisons
Statistical analysis We analyzed the effect of treatment
variables (cultivar, system, and rootstock) on response variables
(yield, fruit quality and NPV) by analysis of variance using linear
mixed effect models. There was a strong interaction of cultivar
and treatment, thus a second analysis was done for each cultivar and results are presented separately for each cultivar. Crop
load was included as a covariate to adjust for fruit size. Separate
analyses were performed to compare the systems (SA, VA, and
TS) that had the same common rootstocks (‘B.9’, ‘G.16’, and ‘M.9’)
and to compare those 3 rootstocks across the 3 systems. All mean
separations were done using Tukey’s HSD (P = 0.05). Residual
analysis was performed to insure that model assumptions were
met. Data were analyzed using the JMP statistical software package (Version 12; SAS Institute Inc., Cary, North Carolina).

Results
Tree size ‘McIntosh’ trees were larger than ‘Honeycrisp’
trees regardless of training system or rootstock (Table 2). For
both cultivars, the biggest trees of the trial were with CL systems
on MM.111, which were 200-300% larger than the rest of the
treatments averaged. With ‘Honeycrisp’, SP with G.30 trees were
largest (70 cm2), whereas the smallest (29 cm2) ones were with
SA with B.9, and TS with B.9 and M.9. With ‘McIntosh’, SP with
G.30 trees were also the second largest trees (105 cm2), whereas
all the systems that had B.9 and M.9 rootstocks were the smallest
(40-56 cm2).
When comparing within systems that had common rootstocks, the smallest trees were with TS while there was no difference between SA and VA. Among rootstocks common across
the three systems, G.16 was bigger than B.9 and M.9 for both
cultivars (Table 2).
Yield and fruit size Yield was higher for ‘McIntosh’ com29

Table 2. Final trunk cross sectional area (TCA, cm2), cumulative yield (t/ha), average fruit size (g), cumulative yield efficiency
2
cm2.2 Final
TCA),
loadcm2),
(fruit
number/
cm
TCA),
and
bearingyield
index
for each
combination
of training s
Table
trunkcumulative
cross sectionalcrop
area (TCA,
cumulative
yield
(t/ha),
average
fruitbiennial
size (g), cumulative
efficiency
(kg/ cm2
TCA), cumulative
(Central
CL,
SolAxe
– SA,bearing
Slender
– SP, TallofSpindle
– TS,(Central
and Vertical
Axis
– VA)
and rootstock (‘MM
crop
load (fruitLeader
number/–cm2
TCA),
and biennial
indexPyramid
for each combination
training system
Leader – CL,
SolAxe
– SA, Slender
Pyramid
Tall Spindle
– TS,‘G.30’,
and Vertical
– VA) andfor
rootstock
(‘MM.111’, and
‘B.9’, ‘G.16”,
‘M.9’, ‘G.30’
‘M.26’)
for ‘Honeycrisp’
‘McIntosh’
at Peru,
‘B.9’,– SP,
‘G.16”,
‘M.9’,
andAxis
‘M.26’)
‘Honeycrisp’
‘McIntosh’
at, and
Peru,
Clinton
County,and
NY
over 15
years (2002-2
Clinton County, NY over 15 years (2002-2016). Yield data from 2017 (spring frost) was not used to estimate the biennial bearing index. Means followed
Yield data from 2017 (spring frost) was not used to estimate the biennial bearing index. Means followed by different letters de
by different letters denotes significant differences (Tukey’s honestly significant difference, P ≤ 0.05). <0.0001-H or <0.0001-M, significant with higher
significant
differences
(Tukey's
honestly
difference,
P ≤ 0.05). <0.0001-H or <0.0001-M, significant with higher valu
values
for ‘Honeycrisp’
or ‘McIntosh’
, respectively.
Greysignificant
bars represent
variable value.
'Honeycrisp' or 'McIntosh', respectively. Grey bars represent variable value.
Cultivar
Honeycrisp

System and rootstock
CL MM111
SP G30
SP M26
SA B9
SA G16
SA M9
VA B9
VA G16
VA M9
TS B9
TS G16
TS M9
P
System SA
VA
TS
P
Rootstock B9
G16
M9
P
System x rootstock
P
McIntosh
CL MM111
SP G30
SP M26
SA B9
SA G16
SA M9
VA B9
VA G16
VA M9
TS B9
TS G16
TS M9
P
System SA
VA
TS
P
Rootstock B9
G16
M9
P
System x rootstock
P
Cultivar
P

Final TCA (cm2)
146 A
70 B
61 BC
34 C
46 BC
36 BC
35 BC
48 BC
46 BC
29 C
39 BC
29 C
<.0001
39 AB
43 A
32 B
0.0060
33 B
45 A
37 B
0.0039
NS
265 A
104 B
78 BCD
45 D
73 BCD
51 D
45 D
98 BC
56 CD
34 D
58 CD
40 D
<.0001
56 A
66 A
44 B
0.0002
41 B
76 A
49 B
<.0001
0.0050
<.0001-M

Cumulative yield
(t/ha)
177 C
354 A
207 BC
288 ABC
263 ABC
270 ABC
321 AB
252 ABC
345 AB
366 A
320 AB
338 AB
0.0009
274 B
306 AB
341 A
0.0405
325
278
318
NS
NS
284 F
387 DEF
341 EF
483 BCD
431 CDE
526 BC
442 CDE
430 CDE
552 ABC
608 AB
491 BCD
680 A
<.0001
480 B
475 B
593 A
0.0002
511 B
451 C
586 A
<.0001
NS
<.0001-M

pared to ‘Honeycrisp’ (Table 2). For ‘Honeycrisp’, the highest yields
were with TS on B.9 and SP on G.30 while the CL on MM.111
had the lowest yields of the trial. For ‘McIntosh’, the highest yield
was with TS on M.9 (680 t/ha) and B.9 (608 t/ha) while the lowest
yields were for CL (284 t/ha) and SP (~364t/ha).
When comparing within systems with common rootstocks,
VA and TS had the greatest yields with ‘Honeycrisp’ (306-341 t/
ha), and there were no significant differences among the three
rootstocks in common across systems (Table 2). With McIntosh,
higher yields were observed for TS (593 t/ha) compared to VA and
SA (~475t/ha), whereas among rootstocks, M.9 had the greatest
yields (586 t/ha), followed by B.9 (511 t/ha), and finally G.16 had
the lowest cumulative yield (451 t/ha) among the three rootstocks.
The relationship between annual yield and tree planting
density was explored. In the early years (2-5) the relationship was
nearly linear (Figure 1). For ‘McIntosh’ the relationship in years
5-10 also had a strong linear tendency but with a slight quadratic
shape where the highest planting density had the highest annual
yield. However as the orchard aged the shapes of the annual yield
curves were sometimes flat and sometimes negative and sometimes quadratic positive. This was especially true for ‘Honeycrisp’
where biennial bearing would create situations where the high
density system would have an low crop year while the low density
system would have a high crop year. For ‘McIntosh’ in most years
after the first five years, the relationship had a strong quadratic
shape with a maximum yield in the mid densities.
30

Average fruit size
(g)
229 AB
235 A
212 C
229 ABC
225 ABC
217 BC
228 ABC
215 BC
218 BC
220 BC
217 ABC
214 BC
<.0001
223
219
218
NS
223 A
221 AB
215 B
0.0033
NS
159 A
143 B
147 AB
142 AB
138 B
143 AB
141 AB
142 B
140 AB
139 AB
139 B
139 AB
0.0023
140
141
139
NS
140
140
140
NS
NS
<.0001-H

Cumulative yield
efficiency (kg/cm2)
2.3 F
4.6 AB
3.2 CDEF
4.7 AB
3.2 CDEF
4.2 ABC
5.1 A
2.9 DEF
4.3 ABC
3.9 BCD
2.5 EF
3.7 BCDE
<.0001
4.0 A
4.1 A
3.4 B
0.0019
4.6 A
2.9 C
4.1 B
<.0001
NS
2.1 E
3.5 BCDE
4.3 ABCD
6.0 A
3.3 CDE
5.8 A
5.5 ABC
2.4 DE
5.6 AB
5.6 AB
2.7 DE
5.3 ABC
<.0001
5.0
4.5
4.5
NS
5.7 A
2.8 B
5.6 A
<.0001
NS
<.0001-M

Average crop load
(fruit #/TCA)
10 G
21 ABCD
15 CDEFG
22 AB
15 DEFG
20 ABCD
24 A
14 EFG
21 ABC
18 ABCDE
12 FG
17 BCDEF
<.0001
19 A
19 A
16 B
0.0041
21 A
14 C
19 B
<.0001
NS
13 E
25 CDE
31 ABCD
45 A
25 BCDE
43 A
41 AB
18 DE
42 AB
42 A
20 DE
40 ABC
<.0001
38
34
34
NS
43 A
21 B
42 A
<.0001
NS
<.0001-M

Biennial bearing
index
0.27 A
0.24 AB
0.20 ABCD
0.16 BCD
0.22 ABC
0.15 CD
0.15 CD
0.17 BCD
0.16 CD
0.13 D
0.17 BCD
0.12 D
<.0001
0.18 A
0.16 AB
0.14 B
0.0237
0.15 B
0.19 A
0.15 B
0.0049
NS
0.26 A
0.12 BC
0.16 B
0.12 BC
0.15 B
0.11 BC
0.12 BC
0.13 BC
0.10 BC
0.08 C
0.10 BC
0.09 BC
<.0001
0.13 A
0.12 AB
0.09 B
0.0072
0.11 AB
0.13 A
0.10 B
0.0464

NS

<.0001-H

Figure 1. Regressions for annual yield (t/ha) to tree density (trees/ha) for
each cultivar (‘Honeycrisp’ and ‘McIntosh’) at Peru, Clinton County, NY,
2002-2016.
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Figure 2. Regressions for annual cumulative yield (t/ha) to tree density
(trees/ha) for each cultivar (‘Honeycrisp’ and ‘McIntosh’) at Peru, Clinton
County, NY, 2002-2016.

A similar trend for each cultivar was observed when studying the relationship of cumulative yield to tree density for the
entire 15 years (Figure 2). Cumulative yield was highly correlated
to planting density, with. Cumulative yield of ‘McIntosh’ after
15 years was double when planting density was 3230 trees/ha
compared to 500 trees/ha. For ‘Honeycrisp’ cumulative yield
was increased 1.75 times when planted at the highest density
compared to the lowest (539 trees/ha). The doubling of annual
yield at the highest density compared to the lowest density was
less apparent in later years than at the early orchard stage.
Larger fruit sizes were observed for ‘Honeycrisp’ (222 g
on average), compared to ‘McIntosh’ (141 g) (Table 2). There
were few significant differences among treatments in fruit size,
especially for ‘McIntosh’. For ‘Honeycrisp’, fruit size was smaller
for SP on M.26. Among rootstocks, there were larger fruits of
‘Honeycrisp’ on M.9 compared to B.9 (215 vs 223 g, respectively)
(Table 2).
Yield efficiency, crop load, and biennial bearing ‘Honeycrisp’ yield efficiency was highest for VA and SA with B.9 and M.9,
and for SP with G.30 (Table 2). Lowest values were for CL with
MM.111 and TS with G.16. Similarly for ‘McIntosh’, the highest
yield efficiencies were for SA, VA, and TS with B.9 and M.9, and
the lowest values were with G.16 and MM.111.
For ‘Honeycrisp’ within systems with common rootstocks,
yield efficiency was higher for SA and VA compared to TS (~4
vs 3.4 kg/cm2, respectively), while among rootstocks across all
systems, B.9 had the highest value, followed by M.9, and then
G.16 (Table 2). For ‘McIntosh’, there were no differences among
systems, whereas M.9 and B.9 had similar yield efficiencies,
which were significantly higher than G.16 (~5.6 vs 2.8 kg/cm2,
FRUIT QUARTERLY . VOLUME 28 . NUMBER 3 . FALL 2020

Cultivar
Honeycrisp

System and rootstock
CL MM111
SP G30
SP M26
SA B9
SA G16
SA M9
VA B9
VA G16
VA M9
TS B9
TS G16
TS M9
P
System SA
VA
TS
P
Rootstock B9
G16
M9
P
System x rootstock
P
McIntosh
CL MM111
SP G30
SP M26
SA B9
SA G16
SA M9
VA B9
VA G16
VA M9
TS B9
TS G16
TS M9
P
System SA
VA
TS
P
Rootstock B9
G16
M9
P
System x rootstock
P

Cumulative NPV 20 Years ($/ha)
287,143 A
546,383 A
259,771 A
360,384 A
351,462 A
343,497 A
431,800 A
342,111 A
474,509 A
489,761 A
442,304 A
451,109 A
0.0300
351,781
416,140
461,058
NS
427,315
378,626
423,038
NS
NS
53,783
62,537
50,342
63,675
44,724
78,804
52,235
61,479
82,553
72,956
54,228
102,555
NS
62,401
65,422
76,579
NS
62,955 AB
53,477 B
87,971 A
0.0087
NS

respectively).
Biennial bearing was more apparent on ‘Honeycrisp’ than on
‘McIntosh’ (Table 2). For ‘Honeycrisp’, biennial bearing decreased
with increasing planting density, TS (3230 trees/ha) had the lowest BBI, followed by VA and SA (1794 trees/ha), SP (1097 trees/
ha), and CL (539 trees/ha) the highest. Among rootstocks common to the same systems (TS, SA, and VA), G.16 induced higher
biennial bearing than B.9 or M.9 (0.19 vs 0.15, respectively). For
‘McIntosh’, differences in biennial bearing were less clear, though
the highest values were still for CL, and tended to decrease with
increasing planting density. Biennial bearing was lower for TS
(0.09) compared to SA (0.13), and lower on M.9 (0.1) than G.16
(0.13) (Table 2).
Fruit quality There were no significant differences in fruit
firmness or soluble solids for ‘Honeycrisp’. When comparing
rootstocks (M.9, B.9, and G.16) common to the same three systems (TS, SA, and VA), fruit from G.16 trees had slightly higher
firmness compared to B.9 fruit (6.2 vs 6 kg, respectively). Fruit
red color was highest (52%) from CL trees with MM.111 and
TS with G.16, and lowest (42%) from SA and VA trees with B.9.
When comparing systems with common rootstocks, TS had
31
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higher (47%) color than either SA (44%) or VA (45%). Color was
best from trees grafted on G.16 (49%), followed by M.9 (45%),
and poorest on B.9 (43%). For ‘McIntosh’, few differences in fruit
quality among treatments were observed. Lower overall values for
both fruit firmness and SS were observed for CL with MM.111,
whereas higher values were measured on G.16. Color was higher
(64% and 60%) for SA with G.16 and VA with G.16, and lowest
(45%) for CL with MM.111. When comparing systems with
common rootstocks, color was best for SA (61%), followed by
VA (55%), and TS (52%). Highest values were observed on G.16
(59%), followed by M.9 (56%), then B.9 (54%).
Economic analysis Over 20 years, there was a great difference of orchard NPV depending on the cultivar (Table 3) when
using actual trial data and NY industry standard prices. While
high NPV was achieved with ‘Honeycrisp’ (~$450,000/ha), for
‘McIntosh’ the highest values were $100,000/ha with TS on M.9,
whereas the rest of the treatments were between $40,000-80,000/
ha after 20 years.
With ‘Honeycrisp’ the highest cumulative NPV’s were attained with TS with M.9, B.9 and G.16, VA with M.9 and B.9, and
SP with G.30. The lowest NPV was for CL with MM.111 and SP
with M.26 (Table 3). There were no significant differences among
TS, VA, and SA or among rootstocks (B.9, G.16, and M.9) when
comparing within systems that had the same common rootstocks
or within rootstock that had the same common systems, respectively.
With ‘McIntosh’, the highest NPV after 20 years was for TS
with ‘M.9’, followed by VA and SA both with M.9, and TS with
B.9. On the other hand, SA with G.16 and SP with M.26 had the
lowest NPV (Table 3). There were no significant differences among
TS, VA, and SA. On the other hand, M.9 had significantly higher
NPV than G.16.
Higher establishment costs were associated with the highest
planting densities; therefore, the TS had the highest establishment
costs (~$45,000/ha) . VA and SA had similar establishment costs
($35,000/ha), followed by SP ($27,000/ha), and CL had the lowest
establishment costs at planting ($19,000/ha). However, the low
establishment cost of CL did not give a positive NPV ($7000)
until after 14 years with ‘McIntosh’.
The quickest time to a positive NPV was 5 years for ‘Honeycrisp’ with TS on B.9, whereas CL with MM.111 had the latest
break-even year to positive NPV (BYPNPV), 9 years (Figure 3).
With ‘McIntosh’, BYPNPV was reached at 9 years for TS with
M.9, 10 years with B.9, and 11 years on either TS with G.16 or
VA with M.9. More time was needed for SA with M.9 (12 years),
followed by VA on either B.9 or G.16, SA with B.9, and SP with
G.30, all with a BYPNPV at 13 years. SA with G.16, SP with M.26,
and CL with MM.111 needed 14 years.
There was a different behavior for each cultivar and training
system when studying the relationship of NPV to tree density
after 1, 5, 10, 15, and 20 years (Figure 3). Higher negative NPV
values were observed when increasing tree density after 1 year.
For ‘Honeycrisp’ at year 1, cumulative NPV was -$20,000/ha for
500 trees/ha, while it was -$50,000/ha when planting 3230 trees/
ha. At year 5, cumulative NPV of ‘Honeycrisp’ almost reached
a positive value for high-density plantings (> 2500 trees/ha),
and the advantage of high-density plantings in NPV compared
to low-density plantings became even greater after 10-20 years
($450,000/ha vs $330,000/ha).
Similarly, ‘McIntosh’, had higher negative NPV values for
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Figure 3. Regressions for yearly cumulative net present value (NPV) to tree
density (trees/ha) for each cultivar (‘Honeycrisp’ and ‘McIntosh’) at Peru,
Clinton County, NY.

high-density plantings after year 1, and were still significantly
more negative than low density plantings after year 5, but the
differences among planting densities were not great at that time
(Figure 3). After 10 years, differences among planting densities
became more apparent, where negative NPV values were still
observed for medium and low planting densities (less than 3000
trees/ha), whereas some NPV was already reached for the highest planting densities. All the planting densities were profitable
at year 15, and differences became greater at year 20, with the
highest NPV values for the highest planting densities ($80,000/
ha vs $50,000/ha).

Discussion
The biggest trees in this trial were ‘McIntosh’ on MM.111
and ‘G.30’. Both rootstocks have been reported to be more vigorous than M.9 and B.9 in previous studies (Robinson et al., 2003;
Robinson et al., 2011b; Russo et al., 2007). G.16 was significantly
more vigorous than M.9 and B.9 within the same training systems
for both ‘Honeycrisp’ and ‘McIntosh’. G.16 tree size has been
previously reported to be similar to M.9 size with ‘Jonagold’,
but slightly more vigorous with ‘Gala’ (Robinson et al., 2003),
confirming the importance of testing rootstock performance for
each particular cultivar. Training system and planting density also
affected tree vigor. The smallest trees were on TS (3230 trees/ha)
or SA and VA (1794 trees/ha). This agrees with previous studies
(Lordan et al., 2018; Robinson, 2008b), which found the highest
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density plantings had smaller trees. This was likely due to the
limb removal pruning to contain trees in a smaller planting space
of the TS system which has a dwarfing effect (Robinson, 2007).
The dwarfing associated with the high density TS system could
also have been partially due to greater root competition for water
and nutrients and greater partitioning of carbon into fruits.
Our study showed higher yields of ‘Honeycrisp’ on M.9
and B.9 rootstocks versus G.16 when trained on TS, VA, or SA
in high planting densities (1794-3230 trees/ha). However, B.9
performance with ‘McIntosh’ was inferior to ‘M.9’. In previous
studies, for different soil types and climatic conditions, B.9 has
been reported to produce lower yield than M.9 (Autio et al., 2013;
Lordan et al., 2016; Marini et al., 2006; Robinson et al., 2003). Its
high performance with ‘Honeycrisp’ in our study could be indicative of its relatively low biennial bearing index in our study and/
or its adaptation to the cold winters and cool growing climate of
Northern NY State. Although B.9 had similar tree growth as M.9
with ‘McIntosh’ its yield was inferior to that of M.9 indicating
a better adaptability of M.9 with ‘McIntosh’. The lowest planting density (CL/MM.111, 539 trees/ha) had the lowest yields,
Although M.26 has relatively good winter hardiness (Robinson
et al., 2003) its poor performance in our study could have been
due to replant disease susceptibility (Kviklys et al., 2016) and to
less than optimum planting density.
Cumulative yield was highly correlated to planting density in
our study. For both cultivars, the highest cumulative yields were
observed at 3230 trees/ha. Greater differences among planting
densities were observed for ‘McIntosh’ than ‘Honeycrisp’. An
interesting exception to the relationship of planting density and
cumulative yield was with ‘Honeycrisp’ on G.30 rootstock. This
combination had essentially the same yield as the best performing system of TS on B.9 but with much lower planting density.
This may indicate a good match between scion productivity and
tree architecture, which produced sufficient fruit-filled canopy.
In addition, G.30 was suggested to have an excellent adaptation
to cold winters and cool growing seasons (Robinson et al., 2003).
Training systems planted at mid-densities (1794 trees/ha) such as
VA and SA with either B.9 or M.9 had the highest yield efficiencies
and crop loads with a low vigor cultivar like ‘Honeycrisp’; even
SP (1097 trees/ha) on G.30 had one of the highest yield efficiencies with that cultivar. On the other hand, for the moderate vigor
cultivar ‘McIntosh’, TS had a similar yield efficiency as SA and
VA with either B.9 or M.9, and higher cumulative yield. This is
similar to previous observations (Lordan et al., 2018), that after 20
years, ‘McIntosh’ had higher yield in high density plantings (3500
trees/ha) than low density plantings. In the present study, average
annual yield for ‘McIntosh’ was 41 t/ha, whereas for ‘Honeycrisp’
it was 25 t/ha. These yields are lower than reported by other
studies (Autio et al., 2011; Lordan et al., 2016; Robinson et al.,
2011a). The shorter growing season in Northern NY, compared
to other major apple producing areas such as Washington State
or Western NY, plus harsh climatic conditions (very cold winters,
late fall and spring frosts), might explain lower yields observed in
the current study done in Peru, Clinton County, New York State.
For both ‘Honeycrisp’ and ‘McIntosh’, biennial bearing was
lower for TS with either M.9 or B.9. These observations coincide
with our previous study with ‘Honeycrisp’ (Lordan et al., 2017),
where we found no significant differences between B.9 and M.9.
Furthermore, the more vigorous the trees were in our study, the
higher the biennial bearing they exhibited. This suggests a better
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balance of vegetative growth and fruiting for trees on TS rather
than with CL systems. As many authors suggest, equilibrium
between fruiting and growth is key in reducing alternate bearing
(Forshey and Elfving, 1989).
When comparing fruit size, no important effect of either
training system or rootstock was observed for either cultivar.
Only ‘Honeycrisp’ on SP with M.26 had smaller fruit. Other studies have observed no significant differences in fruit size between
M.9 and M.26 for ‘Honeycrisp’ (Robinson et al., 2016; Russo et
al., 2007), ‘McIntosh’ (Autio et al., 2011), or ‘Gala’ (Autio et al.,
2013; Russo et al., 2007).
Internal quality was only slightly affected by training system
and rootstock, but red color was more affected depending on the
training system and rootstock combination. Smaller trees with
less vegetative growth, such as those on SA, VA, and TS, had
the greater overall red color. This coincides with other studies
reporting sunlight light distribution within the canopy as the
main factor affecting fruit color and fruit quality (Sinoquet et
al., 2008). Rootstock effect on fruit color appears to be related
to rootstock vigor, affecting vegetative growth, and thus light
distribution within the canopy. In order to counteract this, some
authors have suggested summer pruning to improve fruit color
(Palmer, 1999; Robinson et al., 1991).
Our economic analysis showed there was a very large difference (5X) in NPV between the two cultivars with ‘Honeycrisp’
much more profitable than ‘McIntosh’. Although ‘Honeycrisp’ had
lower yields in this trial in Northern NY, the high fruit prices for
this cultivar made it highly profitable, with more than $450,000/
ha over 20 years. In our study, NPV for ‘Honeycrisp’ was highly
positively correlated with planting density. Thus, the highest NPV
was estimated when training as TS (3230 trees/ha), followed by
VA (1794 trees/ha), whereas SP (1097 trees/ha) with M.26, and
CL (539 trees/ha) with MM.111 were the systems with lowest
NPV values. An exception to this relationship was SP with G.30.
This rootstock was released in 1994, and was described as a very
productive and cold hardy semi-dwarf rootstock (Robinson et al.,
2003). The current study shows it has excellent yield potential
in cold climates and even when planted at medium densities
can be very profitable. Previous studies performed in Europe
(Balkhoven-Baart et al., 2000; Weber, 2001) with other cultivars
and other rootstocks, have all suggested much higher densities
(3000-6000 trees/ha) as the most profitable option. However, it
appears NPV for a given training system and planting density
is also a function of rootstock and how well it is adapted to the
climate. For instance, while SP with M.26 had the lowest cumulative NPV, SP with G.30 had the highest NPV and numerically
higher than TS with M.9 although not statistically different. This
was largely due to the advantages in yield with G.30 compared to
M.26. Most of the efforts during the last decade have been focused
on dwarfing rootstocks for high-density plantings rather than
semi-dwarf for mid densities (Autio et al., 2011; Fazio, 2014; Fazio
et al., 2014; Marini et al., 2014). However, use of semi-dwarfing
rootstocks for mid-density plantings could still be an option
with certain conditions. One of the limiting factors with other
semi-dwarfing rootstocks is precocity. However, G.30 which is
semi-dwarfing has similar precocity (earliness to bear fruit in
the life of the orchard) to M.9. The effect of precocity on NPV is
large. After about 5 years, ‘Honeycrisp’ with TS (3230 trees/ha)
on B.9 had a positive NPV in our study, whereas 9 years were
needed when planting 539 trees/ha on MM.111.
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Comparing our study to previous studies made in Switzerland, Germany, The Netherlands, and France (Bravin et al.,
2009; Weber, 2001), two of the most important variables affecting
orchard NPV in our trial were fruit price and yield. Tree price
was important, especially for highest densities, mainly due to the
higher investment risk that is required in these cases. However,
the higher returns that growers are getting for ‘Honeycrisp’ make
this cultivar profitable despite tree price increases. In another
study that we performed with other cultivars such as ‘McIntosh’,
‘Fuji’, and ‘Empire’, mid- to high- densities (> 2200 trees/ha) were
highly affected when tree price increased, most likely because of
the low fruit price of those cultivars (Lordan et al., 2018). Greater
planting density increases establishment costs and makes a risky
investment, but this can be accepted if a cultivar such as ‘Honeycrisp’, with high fruit price, is planted. Even a reduction of 25% in
fruit price, or a yield decrease to 60% was still profitable for this
cultivar. Thus, if higher yields could be achieved by using new
rootstocks (Lordan et al., 2016; Lordan et al., 2017; Reig et al.,
2018; Robinson et al., 2011a; Robinson et al., 2016), a possible
future fruit price reduction could be offset.
Similar to ‘Honeycrisp’, the optimum planting density for
‘McIntosh’ was 3230 trees/ha, however, NPV was considerably
lower for this cultivar ($100,000/ha vs $500,000/ha, after 20
years). In a previous study we estimated a NPV of $40,000/ha
after 20 years, but optimum planting density was slightly lower
in that case (2500 trees/ha), mainly due to higher yields in WNY
conditions (Lordan et al., 2018). In the current study NPV was
higher (2X) than in WNY, considering the premium price in the
Champlain Valley of NY compared to Western NY ($1.23/kg vs
$0.84/kg due to higher fruit quality with Champlain ‘McIntosh’
compared to WNY ‘McIntosh’).
In our study, 11-13 years were needed for most of the training system and rootstock combinations to reach a positive NPV
value. Release of new cultivars such as SnapDragon®, RubyFrost®,
Cosmic Crisp® will likely imply a ‘McIntosh’ price reduction instead of increasing it. Therefore, planting ‘McIntosh’ in the future
does not look like the best option, unless significant higher yields
could be achieved while keeping high fruit quality. In addition,
labor cost increases will be more detrimental for cultivars like
‘McIntosh’ than ‘Honeycrisp’. The great effect on NPV that we
observed with ‘McIntosh’ when increasing either the land cost or
the Discount Rate, suggest that this cultivar would be only profitable in the future when high productivity can be attained. Thus we
suggest the TS plantings (3230 trees/ha) is the best option with
dwarfing rootstocks such as M.9 or newer Geneva® rootstocks
other than G.16. This differs from the optimum density observed
in WNY (2500 trees/ha) (Lordan et al., 2018), where mid density
plantings were more suitable to reduce the investment cost due
to the lower fruit quality that can be produced in those areas. In
addition, the great impact of labor cost could be reduced through
mechanization or robotic technology (Zhang and Karkee, 2016).

Conclusions
In the cold climate of this study, both ‘McIntosh’ and ‘Honeycrisp’ performed well in high-density plantings. TS (3230 trees/
ha) with M.9 was the combination that gave the highest cumulative yields with higher crop loads and yield efficiency indexes,
reduced biennial bearing and with no significant differences in
fruit size and quality. However with the weak-growing cultivar
‘Honeycrisp’, the largest fruits, and highest yield efficiency and
34

crop load were with B.9 instead of M.9 although cumulative yield
was not different from M.9. In addition, a mid density system
such as SP (1097 trees/ha) with G.30 provided similar results
as the high-density option. This may be due to the greater cold
hardiness of G.30 compared to M.9 or B.9. Furthermore, while
some growers may use M.26 (slightly more vigorous than M.9) for
weak-growing cultivars such as ‘Honeycrisp’, others may use B.9
due to its higher tolerance to fire blight. However, as pointed out
in this study, both M.26 and B.9 might be compromised in replant
sites, especially where fumigation is not possible like NY State.
As this study has shown, G.30 which has some genetic tolerance
of ARD could be a good option in these scenarios. The poorer
performance of G.16 was unexpected. It has good winter hardiness but despite its good tree growth and survival it was not as
productive as M.9 and B.9. These results are specific to the cold
climate in Northern New York state. In climates that are warmer,
the relatively easy management of very high density systems like
the TS becomes more difficult due to greater vegetative vigor. In
those climates weaker growing rootstocks would be preferred.
Yield and fruit price were the main variables that affected
NPV, followed by labor cost. Therefore, the best approach for
growers is to increase orchard yield at the same time reducing labor input and increasing fruit quality in order to get obtain higher
fruit prices. It is difficult to quantify the level of risk associated
with the different planting options (Sojkova and Adamickova,
2011). Yet, when two options have the same NPV, the one with the
lower initial investment is the preferred (White and Demarree,
1992). However, with cultivars like ‘Honeycrisp’ that have high
grower returns, more risky investments can be adopted due to
their quicker BYPNPV. In these cases, high-density plantings in
TS on dwarfing rootstocks seemed to be the best option. Differences between low- and high-density plantings could get even
greater if orchard life is increased, for instance from 15 to 20 years.
Low number of years to recoup the investment gives growers
flexibility to respond to changes in varietal demand. Taking into
account NPV and BYPNPV from our trial, the best option would
be to plant ‘Honeycrisp’ trained as a tall spindle (3230 trees/ha)
with either B.9 or M.9. We estimate that planting ‘McIntosh’ is a
higher risk decision since time spans of 12 years are required to
recover the investment. However, planting low densities (<1000
trees/ha) that require less initial input may even be riskier since
lower yields are achieved and this cultivar has much lower market price. Nonetheless, the premium fruit quality of ‘McIntosh’
grown in cold areas like Champlain Valley leaves this cultivar as a
possible alternative. Therefore, since high-density plantings have
quicker pay-offs, despite being more affected by tree and labor
price increases and fruit price decreases; they seem to be the
best option for cultivars such as ‘McIntosh’ in Champlain Valley.
According to our study, the most profitable option for ‘McIntosh’
was TS with M.9, at 3230 trees/ha. To sum up, while TS on M.9
would be the best option for new orchards, TS on B.9 rather than
M.9 might be the way to go when fire blight pressure is high. On
the other hand, G.30 with SP (1097 trees/ha) might be the least
risky option for weak-growing cultivars that are planted in cold
climates and short growing seasons, and when fumigation for
ARD is not possible. Other newer Geneva rootstocks that are
similar in dwarfing as M.9 but also winter hardy and resistant
to ARD and fire blight could be even a better option. However,
these were unavailable when this trial was started
NEW YORK STATE HORTICULTURAL SOCIETY
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