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Editorial: Support the Ag. Organizations that Represent
You:

N

o one can do everything, but everyone can do something.
That rule can be applied to a lot of things in life. One
area it needs to be applied right now in standing up for
agriculture. Let me explain.
Agriculture is under a lot of pressure from people that know
little about our businesses, but think they know a lot about agricultural labor, crop protectants and other parts of your operation.
If they have their way, they will put laws and regulations in place
that will make it impossible for you to continue your farm. What
are you going to do about it? By yourself, there is not much you
can do to be effective to turn the tide. If we all work together, we
stand a chance.
How do we, as fiercely independent farmers, work together?
We all need to be helping somehow with the organizations that
represent us. Everyone needs to be a member of your State
Horticultural Society and their County Farm Bureau at the very
least. If you are a larger farm, you should step up with multiple
membership in the name of family members and key employees
that are involved in the farm. Yes, it will cost a few bucks. But
it is one of the best investments a farm can make for their future
success. These organizations are fighting for you every day and
they need you as members. There is safety in numbers and membership organizations need to show numbers to be effective.
Every farm family or farm operation needs to get one person
to step up and be on a farm organization board of some kind. It
does not need to be the oldest generation on the farm. Why not
have a younger person stepping up? Sometimes they just need a
little push from a more senior member of the operation. Besides
voicing your opinion on a board, a board member gains a lot of
insights into their industry, which helps their future success as a
farmer. Most board members find it a very rewarding experience
to be an active member of a board that represents their industry.
Every year, there are fewer farms than the year before. Therefore, the ones that are still in business need step up if you want
your farm to be around tomorrow. Get out the check book and
pay the membership dues for the organizations that represent
you with the public and legislators while you are busy with your
day- to- day farming operation. Get someone on your farm to
volunteer to serve on the board of one of those organizations for
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a few terms. It will be a great experience for them and a value to
the agriculture industry.
Every now and then you may be asked to send a letter by
email or print and sign it. Take the five minutes to do that. When
legislators receive information from many of their constituents,
it can lead them to ask questions which will influence their vote.
Have you been invited to a legislative event? Show up and talk to
your representative or one of their staff members. Take a business
card and write your area of concern on the back. Then hand it
to them. Look on a website for their email or snail mail address
and send them a note about your concern. It is most effective
if you send it to the office in the district. All of these things can
take about 15 minutes of your time. But the benefits to your farm
will last much longer.
You cannot be active in every organization that represents
agriculture, but we can all do something. Pick one and go for it.
We will all be better off.
Jim Bittner | Interim Executive Director of the NY Horticultural Society
6620 Lake Rd
Appleton, NY 14008
(716) 778- 7330
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Conklin, Michigan
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P: 315-374-3577
emmifarms@aol.com
Amy MacHamer, Hurd Orchards
17260 Ridge Rd., Holley, NY 14470
P: 585-638-8838
amy.machamer@gmail.com
Andy Underhill, Underhill Farm
4868 Batavia Alba Townline Rd.
Batavia, NY 14020
P: 585--813-4488
underhillandrewd@gmail.com
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5 Sunset Ave., Kinderhook, NY 12106
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 Terence Robinson
Dept. of Horticulture
New York State Agricultural Experiment Station
Geneva, New York 14456-0462
P: 315-787-2227
tlr1@cornell.edu
 Karen Wilson
  NYSHS
  635 W. North St., Geneva, NY 14456
P: 315-521-0852
wilsonk36@hotmail.com
  Chris Cooley
Cooley Creative LLC
Rochester, NY
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The NYSHS
now has a
Facebook page.

Get updates, plus links
to other agricultural
organizations!

Delivering Quality

High-quality plants.

Exceptional customer service.

It's our mission.

Literally.

Follow Us On Facebook:
www.facebook.com/NYSHorticulturalSociety

NourseFarms.com | 413-665-2658 | info@noursefarms.com

FINISH MOWERS / FLAIL MOWERS

GL4 Series

Double swing arm with sensing system and
various widths. Herbicide sprayer available
mounted on mower.

SL Finish Mower

With hydraulic sensing system, offering models
from 5 ½ ft. to 10 ½ ft.

Call for information or a catalog

800-634-5557

Or see our digital catalog at

oescoinc.com
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SPF Flail Mower

Ideal for orchards, berries, nurseries and
row crop residue. Many models and sizes
available. Dependable.
OESCO, Inc.
P.O. Box 540, 8 Ashﬁeld Road
Route 116
Conway, MA 01341
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‘Honeycrisp’ requires a lower K level for fruit growth and
leaf photosynthesis than ‘Gala’
This research was supported by the New York
Lailiang Cheng1 and Mario Miranda Sazo2
1Horticulture Section, School of Integrative Plant Science, Cornell University, Ithaca, NY | 2Cornell Cooperative

Extension, Lake Ontario Fruit Program, Newark, NY
Keywords: Honeycrisp, Gala, calcium, potassium, nutrient requirement

P

otassium (K) is an important nutrient for apple tree growth
and fruiting as it pays a key role in several processes. First,
K is essential for protein synthesis therefore it is required
for cell division. Second, K accumulation attracts water into the
cell to generate turgor pressure for its expansion. Third, K facilitates the transport of carbohydrates from leaves to fruit for fruit
growth, sugar accumulation and color development. Finally, K
supports leaf carbohydrate production through photosynthesis
by regulating some of the key enzymes and stomatal opening.
As a result, apple trees grown in high density systems require
substantial amount of K to achieve and sustain the high yield
while maintaining good fruit quality. Indeed, of all the macro- and
micro-nutrients present in the fruit, K has the highest concentration (Cheng and Raba, 2009; Cheng et al., 2014). For most apple
varieties, the optimal range of leaf K levels has been determined to
be 1.3 to 1.8%, the upper range of which is required for improving
the fruit size of small-fruited varieties such as ‘Gala’ and ‘Empire’
(Stiles and Reid, 1991; Stiles 1999).
In contrast to ‘Gala’, ‘Honeycrisp’ is a large-fruited variety,
and is highly susceptible to bitter pit, a physiological disorder
related to localized calcium deficiency in fruit. The high susceptibility to bitter pit is closely associated with both lower Ca
and higher K in the fruit peel (Cheng and Miranda Sazo, 2018).
High K supply to fruit has two negative effects on fruit Ca level
and its function. It decreases Ca uptake into the fruit, lowering
its concentration. In addition, high K level in the cell wall space
reduces the effectiveness of the binding of Ca to the phosphate
and carboxylate groups of phospholipids and proteins of the cell
membrane, compromising cell membrane integrity and function
(Schonherr and Bukovac, 1973; Yermiyahu et al., 1994). A complementary nutrient management approach has been suggested for
mitigating bitter pit: in addition to improving fruit Ca level, K
supply to fruit needs to be lowered to bring Ca and K into balance (Cheng and Sazo, 2018). However, because K is important
for fruit growth and sugar accumulation, lowering fruit K level
too much would negatively affect fruit size and quality. So what
is the threshold level of tree K status that still allows adequate
fruit growth and leaf photosynthesis? The objective of this work
was to determine the lowest tree K level required for fruit growth
and leaf photosynthesis in ‘Honeycrisp’ vs. ‘Gala’.

Experimental Procedures
Fourth leaf FirestormTM ‘Honeycrisp’ and Buckeye® ‘Gala’
trees on M.9 rootstocks were grown in 55-L plastic containers in
sand at a spacing of 3ft x 12ft (equivalent to 1,210 trees per acre) at
Cornell Orchards. They were provided with 5 levels of K supply at
19.6, 97.8, 195.5, 293.3, or 391.0 ppm in a complete Hoagland’s nutrient solution via fertigation during the growing season of 2018
4

Apple Research and Development Program
By growing both ‘Honeycrisp’/M.9 and ‘Gala’/M.9
trees in sand culture over a range of K supply,
we found the lowest leaf K level for adequate
fruit growth and leaf photosynthesis is 0.8% for
‘Honeycrisp’ and 1.1% for ‘Gala’. This indicates
that ‘Honeycrisp’ requires a lower leaf K level
than ‘Gala’. By building in a 0.2% buffer zone,
we project the lower end of the optimal leaf K
range to be 1.0% for ‘Honeycrisp’ and 1.3% for
‘Gala’. The projected 1.3% K for ‘Gala’ corresponds
to the lower end of the optimal range currently
recommended for most apple varieties in leaf
analysis.

and 2019. As
the results
are similar in
the two years,
only the data
from 2019 are
presented.
Each K treatment was replicated 5 times
with a single
tree per replicate in a randomized complete block design. Each
tree received 3 liters of the nutrient solution twice per week from
bloom to fruit harvest. These five K supply levels provided a total
of 2.2, 10.9, 21.7, 32.5 and 43.4g K per tree for the entire season,
which is equivalent to 5.9, 29.0, 57.8, 86.6, and 115.7 lbs of K per
acre, respectively. Nitrogen was provided at 210 ppm for two
months following bloom, and then was lowered to 140 ppm for
3 weeks, and then was further lowered to 70 ppm for another 3
weeks. All the trees were irrigated via a spray stick in each pot,
and adequate soil moisture was maintained throughout the growing season. These trees received standard pest and disease sprays
for commercial orchards. Leaf samples were taken in mid-August
and fruit samples (both fruit flesh and peel) were taken at harvest
for complete nutrient analysis. Fruit quality (size, soluble solids,
titratable acidity etc.) and bitter pit incidence were evaluated at
harvest on September 17. Bitter pit was also evaluated at 3 months
after cold storage at 38F.
Leaf samples were oven-dried but all the fruit samples were
freeze-dried for complete nutrient analysis. Nitrogen was analyzed via combustion analysis with a Leco C/N analyzer (LECO,
St. Joseph, MI, USA) and all the other nutrients were wet digested
and analyzed using a Spectro Arcos inductively coupled plasma
atomic emission spectrometer (Spectro Analytical Instruments
Inc., Kleve, Germany).

Results
The fruiting status of both ‘Honeycrisp’ and ‘Gala’ trees at
harvest in response to K supply is shown in Figure 1. As K supply
increased from 2.2g to 43.4g/tree, leaf K levels in both ‘Honeycrisp’ and ‘Gala’ increased significantly (Figure 2). At the two
highest K supply levels, ‘Honeycrisp’ leaves had lower K content
but higher Ca content than ‘Gala’. Leaf N content was higher in
‘Honeycrisp’ leaves than in ‘Gala’. Leaf Mg content decreased
with increasing K supply, but no difference was detected between
‘Honeycrisp’ and ‘Gala’. Leaf photosynthesis of both ‘Honeycrisp’ and ‘Gala’ showed a curvilinear response to K supply, with
‘Honeycrisp’ reaching a plateau earlier than ‘Gala’ (Figure 3A).
NEW YORK STATE HORTICULTURAL SOCIETY
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When plotted against leaf K content, leaf photosynthesis reached
a plateau at 0.8% K in ‘Honeycrisp’ and 1.1% K in ‘Gala’ (Figure
3B).
Fruit size measured as average fruit weight of both ‘Honeycrisp’ and ‘Gala’ showed a curvilinear response to K supply
(Figure 4A). ‘Honeycrisp’ fruit size increased rapidly when K supply increased from 2.2 to 21.7g/tree, and then reached a plateau
while ‘Gala’ fruit size increased linearly from 2.2 to 32.6g/tree
and then leveled off. When plotted against leaf K content, fruit
size reached a plateau at 0.8% leaf K in ‘Honeycrisp and at 1.1%
leaf K with ‘Gala’. (Figure 5A). ‘Honeycrisp’ fruit yield showed a
curvilinear response to K supply whereas ‘Gala’ showed a near
2.2
10.7
21.7
32.5
43.4g linear response to K supply (Figure 4B). Fruit red color of both
varieties increased as K supply increased from 2.2 to 21.7g/tree,
and then leveled off (Figure 1). Soluble solids content of ‘Honeycrisp’ fruit remained relatively stable across all the K treatments
whereas ‘Gala’ fruit soluble solids increased rapidly first and
then leveled off when K supply was increased beyond 21.7g/tree
(Figure 4C). Titratable acidity of ‘Honeycrisp’ fruit increased to
a lesser extent than ‘Gala’ in response to K supply (Figure 4D).
No bitter pit was detected at any K supply level in either variety
at harvest or after 3 months of cold storage.
In the fruit flesh, K content of both ‘Honeycrisp’ and ‘Gala’
increased in response to K supply (Fig. 6); Ca content did not
respond to K supply in ‘Honeycrisp’, but decreased in ‘Gala’ as
K supply increased from 2.2 to 32.6g/tree. At any given K supply level, ‘Honeycrisp’ fruit flesh had lower Ca than ‘Gala’. As K
supply increased, flesh Mg level increased in ‘Honeycrisp, but
2.2
10.7
21.7
32.5
43.4g it was not altered in ‘Gala’. The ratio of (K+Mg)/Ca increased in
response to K supply in both varieties, with the ratio being higher
in ‘Honeycrisp’ than in ‘Gala’ at any given K supply level.
Figure 1. Pictures showing fruiting status of one replicate each of 4th leaf
(top)
and increased in response to K supply
Pictures‘Gala’/M.9
showing
fruiting
status of (bottom)
one replicate
each
of 4th leaf ‘Gala’/M.9
(top)
and ‘Honeycrisp’/M.9
trees in five
K treatments
In the peel,
K content
fruit harvest.
The numbers
in
white
color are the
total
amount
of K each
sp’/M.9 at
(bottom)
trees
in
five
K
treatments
at
fruit
harvest.
The
numbers
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white
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more rapidly
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than in ‘Gala’, with a significantly
tree received for the entire growing season.
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significant difference between ‘Honeycrisp’ and ‘Gala’ using LSD at P = 0.05.
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level that corresponds to adequate leaf photosynthesis, and fruit
size and color is 0.8% for ‘Honeycrisp’ and 1.1% for ‘Gala’ (Figs
3-5). This indicates that ‘Honeycrisp’ requires a lower leaf K level
than ‘Gala’ for fruit growth and leaf photosynthesis. By building
in a 0.2% buffer zone, we project the lower end of the optimal
leaf K range to be 1.0% for ‘Honeycrisp’ and 1.3% for ‘Gala’. The
projected 1.3% leaf K for ‘Gala’ corresponds to the lower end of
the optimal range currently recommended for most apple varieties in leaf analysis (Stiles and Reid, 1991).
‘Gala’ responded to K supply in a way expected for many
other apple varieties. Leaf photosynthesis, fruit size and fruit
soluble solids all showed a curvilinear response to K supply: a
rapid increase first before reaching a plateau (Figures 3-5). ‘Honeycrisp’ responded to K supply in a similar way as ‘Gala’ for leaf
photosynthesis and fruit size, but they leveled off earlier than in
‘Gala’. The differential responses of leaf photosynthesis and fruit
size of ‘Honeycrisp’ and ‘Gala’ are best illustrated in their relationships with leaf K levels (Figures 3 & 5). Contrasting responses
of fruit soluble solids and fruit Ca levels were detected between
the two varieties. Fruit soluble solids showed a curvilinear response to leaf K level in ‘Gala’ whereas it remained unchanged in
‘Honeycrisp’ over the range of leaf K levels (Figure 5). This lack
of response to leaf K level indicates that ‘Honeycrisp’ requires a
lower K level than ‘Gala’ for sugar accumulation. The increase in
both fruit flesh and peel K levels in response to K supply led to a
decrease in their Ca levels in ‘Gala’, but the Ca levels in both flesh
and peel of ‘Honeycrisp’ remained largely unchanged (Figures 6
&7). However, both flesh and peel Ca levels were significantly
lower in ‘Honeycrisp’ than in ‘Gala’ at any given K supply. Even
though increasing K supply did not significantly alter the Ca
level in either flesh or peel tissues of ‘Honeycrisp’, it is expected
that higher tissue K levels under higher K supply makes Ca less
effective in maintaining cell membrane integrity and function in

‘Honeycrisp’ than in ‘Gala’.
The most surprising finding of this study is that, even at the
highest K supply, ‘Honeycrisp’ fruit didn’t not develop any bitter pit. However, the ratio of (K+Mg)/Ca in the fruit peel at the
highest K supply was still low (below 15) (Figure 7). This is most
likely related to the high Ca concentration in our irrigation water.
Based on our previous work in ‘Honeycrisp’, no or very low bitter
pit incidence was observed when the ratio of (K+Mg)/Ca is below
23 (Cheng and Sazo, 2018). This suggests that a K level in excess
of what was used may be needed to induce bitter pit under the
conditions of this study.
This study confirms that, for ‘Gala’, a small-fruited variety,
providing high K supply to the trees improves fruit size, soluble
solids and color, which is consistent with previous work on ‘Empire’, another small-fruited variety (Stiles and Reid, 1991; Stiles
1999. Fruit is a major sink for K, and typically uses 70~75% to
the whole tree K requirement (Cheng and Raba, 2009). At a fruit
yield of 1,500 bushels per acre for ‘Gala’, fruit alone contain about
80 to 85lbs of K, equivalent to about 100 lbs of K2O (Cheng et
al., 2014). As all the K in the fruit is permanently removed from
the orchard when the fruit are harvested, the same amount of K
needs to be put back into the orchard to sustain the productivity. This replacement strategy for K application is applicable to
‘Honeycrisp’ blocks as well, but one should adjust downward the
maintenance application rate by 20 to 30% relative to ‘Gala’ at the
same yield level since ‘Honeycrisp’ requires a lower K level for
fruit growth. Based on this study and others, the optimal target
level of flesh K levels at harvest appears to be in the range of 0.5
to 0.7% for ‘Honeycrisp’ and 0.7 to 0.9% for ‘Gala’ on a dry weight
basis.
In addition to the natural supply of K from soil and any
supplemental K from fertilizer applications, several factors need
to be considered for root K uptake and tissue K levels:
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1. Levels of Mg and Ca relative to K in the soil. Just like
increasing K supply decreases leaf Mg and Ca levels
(Figure 2), too much Mg and Ca will decrease K uptake
due to competition. The target relative abundance of Ca,
Mg and K in the soil after pre-plant preparation should
be 20:4:1 on an equivalent basis and 100:12:10 on a dry
weight basis (Stiles, 2004; Stiles and Reid, 1991) for ‘Gala’
and most other varieties. However, for ‘Honeycrisp’, the
abundance of both Mg and K should be reduced by 20 to
30% to facilitate the uptake of Ca.
2. Soil moisture affects root uptake of K to a large degree. In
dry years, root K uptake is limited by soil moisture even
though the soil may have enough K while in wet years,
much more K is taken up with water, especially in soils
with adequate K, leading to elevated fruit K levels. This
high K status could significantly decrease Ca uptake into
the fruit, especially at the late stage of fruit development
for ‘Honeycrisp’.
3. Apple rootstocks differ in K uptake. G.11 and G.41 appear to be more efficient in taking up K so the rate of K
application with these rootstocks should be adjusted
down accordingly.
4. Crop load has a significant effect on fruit K level, which
affects the uptake of Ca into the fruit, leading to K/Ca
imbalance. This is best illustrated in ‘Cox Orange Pippin’,
another bitter pit susceptible variety, that fruit in lightcropping trees have significantly higher K level and lower
fruit Ca level, leading to higher K/Ca ratio and higher bitter pit incidence (Ferguson and Watkins, 1992). This was
found to be the case for ‘Honeycrisp’ under a low crop load
situation as well (Telias et al., 2006). So strictly controlling
crop load to 4 fruits/cm2 trunk cross-sectional area (TCA)
for young trees (Years 2 to 4) and 5-7 fruits/cm2 TCA for
older trees (Robinson and Watkins, 2003; Robinson, 2008;
8
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Robinson et al., 2009) is important not only for minimizing biennial bearing but also for balancing Ca and K and
mitigating bitter pit incidence in ‘Honeycrisp’.
One caution against having a lower tissue K level for ‘Honeycrisp’ relative to ‘Gala’ is the possibility that the suggested level
K may affect tree cold hardiness in winter and susceptibility to
spring frost (Stiles, 1999). As we didn’t evaluate tree cold hardiness in this study due to overwintering these container-grown
trees in a shelter, the effect of the proposed lower K level on
‘Honeycrisp’ tree cold hardiness is not known and needs to be
tested in the future.
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A

Michigan Apple Committee
We studied how to reduce overwintering leaf
litter to reduce scab inoculum in the spring.
Fall applications of 5% urea to dropped leaves
accelerated natural leaf decay. In contracts
we found no measurable increase in leaf
decay from the biological products tested.
For conventional growers we suggest urea
applications made after leaf fall to increase
leaf decay and to decrease subsequent
primary scab inoculum. For organic growers
leaf shredding remains the best option for
managing leaf litter.

pple scab is the most serious disease of apples in the
of both consumers
North Central apple-growing region, with management
and public agencies
largely dependent on the application of fungicides. Mainthat growers will
taining economic control is especially challenging for organic
adopt novel, pest
and low input growers. The life cycle of Venturia. inaequalis (the
management stratcausal agent) consists of an overwintering period on leaves on
egies that limit the
the orchard floor, a primary sexual infection period in the spring
use of pesticides.
and a secondary asexual infection period in the summer (Fig. 1).
The second, and
Current management in commercial orchards has focused on
more pressing chalthe primary infection period (April-June) through application
lenge, is that the V.
of fungicides and/or the use of resistant apple varieties. Cominaequalis is develparatively less attention has been paid the overwintering stage
oping resistance to fungicide classes faster than new chemistries
of apple scab although this is the stage where scab spends most
are developed (Köller and Wilcox 2001, Turcheck and Köller 2004,
of the year (November through April).
Jobin and Carisse 2007). Furthermore, the pathogen has overcome
In conventionally farmed orchards, chemical control of
apple scab resistance provided by the Vf gene multiple times
apple scab is accomplished with a suite of synthetic fungicides
(Parisi et al. 1994, Roberts and Crute 1994, Masny 2016, Papp
with growers often making between 10 and 20 applications per
et al. 2020). Non-chemical, control tactics have the potential to
year (Michigan State University Extension, 2021). For organic
reduce grower reliance on fungicides as well as reduce the rate at
growers, fungicide options are limited to sulfur, lime sulfur and
which resistance to fungicides and host plant resistance develops.
copper products, although potassium bicarbonate and biologiThe overwintering stage of V. inaequalis presents an attraccal fungicides are sometimes used (Michigan State University
tive target for cultural control because most overwintering occurs
Extension, 2021). Organic growers regularly make more than 20
on fallen leaves on 2the orchard floor. The basic concept is that
fungicide applications per year to manage this disease because
primary infection can be moderated by removing or accelerating
the products available must be on the foliage prior to an infection
the breakdown of the previous year’s leaves. The most common
event (they do not provide meaningful curative action).
form of “winter management” of apple scab uses application
There1:are
two major
challenges
facing conventional
manage- andof
Figure
Venturia
inaequalis
lifecycle highlighting
the primary, secondary,
overwintering
stages
urea to leaf
litter in the late Fall and/or physical destruction
of the
fungus.scab. The first of these is the growing expectations
ment
of apple
of leaves through mowing or burning
Figure redrawn from: http://www5.agr.gc.ca/resources/prod/img/sci/pub/img/cycle_eng.jpg
(Holb et al. 2006; Rudiger et al. 2012).
Flail mowing of fallen leaves is another
common approach to managing leaf
litter and has a documented history of
use in Canadian and European orchards
(Sutton et al. 2000, Vincent et al. 2004).
Reduction of 70% of leaf litter have
been shown to result in 90% reductions
in spring inoculum. The assumed “mode
of action” of these methods is an upregulation of leaf decay resulting in reduced
ascospore production in the spring. Application of Urea is an attractive option
because it does not involve any specialized equipment (airblast or herbicide
sprayers can be used), whereas mowing leaves works best if leaves are first
“windrowed.” The use of microbial crop
residue digestion products is a third option for accelerating leaf breakdown but
Figure 1: Venturia inaequalis lifecycle highlighting the primary, secondary, and overwintering stages of
The
overwintering
stage
of
V.
inaequalis
presents
an
attractive
target
for
cultural
control
the fungus. Figure redrawn from: http://www5.agr.gc.ca/resources/prod/img/sci/pub/img/cycle_eng.jpg to date has not been formally evaluated.
because most overwintering occurs on fallen leaves on the orchard floor. The basic concept is

10that primary infection can be moderated by removing or accelerating the breakdown of the

previous year’s leaves. The most common form of “winter management” of apple scab uses
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A variety of microbial products have been developed for
use by no-till farmers to assist in the breakdown of annual crop
residue. These products typically consist of a suite of microbes
plus a mix of nutrients, are applied via herbicide sprayers at
rates between 0.05-0.25 lb/acre, with a per acre cost of between
$5 and $10. In recent years several organic apple growers have
begun using Residuce (AgriEnergy Resources, Princeton ,Il)–a
biodegestion product with the longest history of use in no-till
farming– and have reported accelerated leaf breakdown. The two
advantages of a biologically based input (compared to Urea) is
that they do not require a bulk application of N to the trees just
prior to dormancy and many are accepted for use on certified
organic orchards. However, none of these products have been
rigorously tested for use in apple orchards.
In this article, we report our experience managing leaf litter
using windrowing and flail mowing, burning or the application
of experimental biological inputs. The first study evaluated windrowing using a small-scale hay rake to gather leaves from under
the trees with leaf burning using a grower fabricated floor torch
and an untreated control. The second study was a larger scale
replicated experiment comparing the application of biological
products with an untreated control or a positive control using
5% urea.

Materials and Methods
Experiment 1: Comparison of windrowed and flail mowing
or burned leaves to an untreated control. We evaluated a leaf litter
management trial initiated in the Fall of 2012 with data collected
in Spring and Summer of 2013 on a collaborating organic apple
orchard. Our treatments consisted of orchard rows with either
leaf litter pulled to the center of the drive row using the Haybob®
or left in place, windrowed leaves were then flail mowed in the
spring or burned using a grower fabricated propane weed burner.
The experiment was replicated 4 times in 0.25 acre plots (55’ x
198’) arranged in randomized complete block design with the
overall experiment taking place in a 10 acre orchard. At least 55’
was maintained between each plot Experimental blocks consisted
of five rows of similar trees with the
three treatments
randomly applied
in each block (this
ensured that the
apple varieties were
similar across each
block). The orchard
consisted of a mix
of tree varieties and
ages trained to a
tall slender spindle
on a four-wire trellis system with 11’
rows and tree spacings ranging from
3-4’ and 5th to 7th
leaf.
The orchard
was raked using the
Figure 2: Windrowed and control extents of
Haybob® in Octo- orchard floor with the Haybob® implement
ber. Figure 2 shows shown in it’s relative position.
FRUIT QUARTERLY . VOLUME 29 . NUMBER 4 . WINTER 2021

an example of a raked and unraked section of row with a superimposed implement demonstrating positioning. Flail mowed
and burned plots were completed in April 2013 prior to green
tip. We evaluated remaining leaf coverage both in the drive row
and under trees in May during primary scab infection. Data
were collected along 3, 300’ transects with frames placed at 3’
intervals within each drive row and underneath the trees of each
plot. All leaf material within each frame was collected, bagged
and returned to the lab. A subsample of leaves was evaluated for
pseudothecia and the presence of scab psuedoapothecia noted.
Leaf litter was then dried for 96 hours at 149° F and dry weight
recorded for each plot. Percentage of fruit with scab was calculated in August 2013 based on a sample of 200 fruit per plot (10
fruit from 20 trees) with a third of fruit collected from the top,
middle, and lower third of the canopy, respectively. Data were
analyzed using separate ANOVA models for the mass of leaf litter
by treatment for leaves collected under the drive row vs. leaves
collected under the trees with data log (+0.01) transformed to
meet model assumptions. A separate ANOVA model was run
for the incidence of scab on fruit by treatment with data arcsine
transformed to meet model assumptions.
Experiment 2: Comparison of leaf breakdown using biological blends, 5% urea or an untreated cotnrol. We performed
an experiment with three treatments, a 5% urea application, an
application of an experimental biological blend, and an untreated
control at the MSU Clarksville Research Center. Our experiment
consisted of Fall application of a 5% Urea application (positive
control); compared with a tank mix of 3 oz residuce, 2 gallons
Sp-1 and 2 gallons caliber/acre (Douglas Plant Health) (biological
treatment) to ½ acre high density blocks containing Honeycrisp,
Gala and Fuji apple varieties (11’ row spacing and 3’ tree spacing, trees at 5th leaf ). Residuce ® is a proprietary blend of fungal
microorganisms, SP-1 ® a proprietary blend of bacterial organisms
and Caliber a proprietary blend of macro and micronutrients.
Applications were made to the orchard floor using a radial air
blast sprayer at a volume of 50 gallons per acre immediately
following leaf fall (November 17, 2020). Urea was applied at the
rate of 8 lbs per acre.
We made Fall and Spring measurements of leaf ground
cover and evaluated leaf decay rate using “leaf litter bags”. Leaf
litter bags were created on November 18-19, 2020, one day after
experimental applications were made. Leaf litter bags consisted
of 15” x 25” mesh produce bags which were loaded with 5.29

Figure 3: Litter bag on the orchard floor
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Figure 5: Mean dry leaf biomass in tree row and drive row for control,
burned and flailed treatments. Bars with different letters of the same case
are significantly different (Tukey HSD, P < 0.05.

oz (approximately 3 quarts) of leaves collected from the Gala
and Fuji rows (Figure 3). Leaves were gathered post-application
from the Gala and Fuji rows within the experimental plots and
homogenized in a plastic tub before loading the bags. We created 20 litter bags per plot, 4 of which were randomly selected
and used to establish baseline data, and the remaining 16 were
placed in the orchard under the drip line with 4 bags each placed
in 4 rows and fastened to the ground using a metal garden staple.
Litter bags were collected on 1/8/2021, 3/10/2021, 4/14/2021 and
5/1/2021 by randomly selecting one bag from each of the 4 rows
within each experimental plot, yielding 4 subsamples per plot.
Litter bags were processed in the laboratory and dry
weights collected for each subsample. Mesh bags were thawed
at room temperature (if needed) and then material was carefully
removed from their plastic carrier bags and gently agitated in
a 3.5 l container and non-leaf components (mud, rocks, sticks,
etc.) removed. For samples collected in March, April and May,
leaves were floated and strained from 7 l of clean water to further
remove mud and debris accumulated over the experimental period. After collecting a wet weight, leaves were then placed into
individual 1.5 l paper bags and dried for 96 hours at 149° F in a
drying oven. After drying, samples were removed from paper
bags and weighed to the nearest tenth of a gram. Weights were
transformed into proportion leaves decayed by subtracting the
individual subsample dry weight from a plot specific baseline
average weight calculated from four subsamples collected on
11/19/2021 and then dividing this number by the baseline data.
The average proportion across the four subsamples were analyzed
using randomized complete block 1 way ANOVA at each timepoint with treatment (3 levels: control, biological treatment, and
urea treatment). Data were subjected to an Arcsine transformation to meet ANOVA assumptions.
We collected percentage ground cover bearing leaves on
11/23/2020 and 5/10/2021. Measurements were collected using
80 randomly placed Daubenmire quadrats (20cm x 50cm) per
Gala and Fuji rows per experimental plot with 20 frames collected
from 2 rows in the Gala section and 2 rows in the Fuji section of
each plot (Figure. 4). Forty-eight frames per plot were collected
from the drive row and 32 frames per plot were collected from
under the drip line of trees. For each frame the percentage of the
frame over leaves was estimated to the nearest 5%. Data were
analyzed by comparing the percentage loss of leaf cover in each

plot by subtracting the Spring 2021 estimate from the Fall 2020
estimate and dividing this by the Fall 2020 estimate. This was
done for the grand proportion of leaf cover calculated for the
drive row and tree row for each plot. Data were analyzed using
a randomized complete block 2-way ANOVA with treatment (3
levels: untreated control, biological treatment, and urea treatment) and frame location (2 levels: drive row vs. drip line). Data
were subjected to an Arcsine transformation to meet ANOVA
assumptions.
We made a preliminary evaluation of apple foliage from 10
terminals from 20 trees in each plot (10 Fuji and 10 Gala) on June
15, 2021, and found less than 2% scab incidence across all plots,
regardless of treatment. Given the low incidence of scab and the
fact that the orchard plots were under a commercial scab management program, we chose not to evaluate able scab at harvest.
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Results
Experiment 1: The Haybob® removed a large quantity of
leaves from under the trees (Fig. 2). Spring leaf dry biomass
from the drive row or under the tree is presented in Figure 5.
Flail mowing the windrowed leaves significantly reduced the dry
mass of leaves in the spring compared to the control (97% average
reduction), but burning did not (56% average reduction) (F2,6 =
12.45, P = 0.047). Furthermore, although flailing had 93% lower
dry leaf biomass compared to the burned treatment, they were not
significantly different because of the high variability in the burn
treatment. In contrast, the dry leaf biomass under the trees was
similar for all three treatments (Fig. 5) (F2,6 = 0.241, P = 0.793).
Flaming also resulted in damage to some trees (data not shown).
Between 60-100% of leaf fragments had one or more identifiable pseudothecia, thus leaf reduction should have translated to
reduced spring inoculum. Average scab infection was consistent
across all plots and no differences were observed for percentage
lesion bearing fruit across treatments with average percentage
damaged ranging from 10-14% across treatments (F2,6 = 0., P =
0.912).
Experiment 2: Comparison reductions in leaf degradation
on the orchard floor resulting from applications of Urea or Residuce, Sp-1 and Caliber. Leaf litter bag rate of decay is presented
in Figure 6. The biological and control treatments performed
similarly with final mean decay percentages (± SEM) of 36% ±
6.7% and 44.2% ± 2.8%, respectively while the urea treatment
NEW YORK STATE HORTICULTURAL SOCIETY

Percentage change in leaf ground cover
proportion is presented in Figure 7. No
differences among the treatments were
detected for either the drive row or under
the tree drip line ((F = 0.7922,15 P = 0.471)).
However a significant difference was
detected between the mean percentage
reduction in leaf cover between leaves in
the drip line and drive row (F = 10.31,15 P =
0.006), with an overall mean (± SEM)

Figure 7: Mean percentage reduction in leaf
cover for the three treatments either under the
dripline (gray) or in the drive row (white).

Figure 6: Mean percentage reduction in leaf mass for the control (square),
biological (triangle) and urea (circle) for the four sampling points.
Differing letters indicate a significant difference at a given time point.

Figure 7: Mean percentage reduction in leaf cover for the three treatments
either under the dripline (gray) or in the drive row (white).

demonstrated a final mean decay percentage of 53% ± 4.5%. No
significant differences were detected among the three treatments
on 1/8/2021, 3/10/2021 or 5/1/2021. However a significant difference was detected among treatments on 4/14/2021 with urea
demonstrating a higher average percentage decay 37% ± 3.3%
compared to 24% ± 2.8% and 23.5% ± 4.5% for the biological and
control treatments, respectively (F = 14.842,6 P = 0.005).
Percentage change in leaf ground cover proportion is presented in Figure 7. No differences among the treatments were
detected for either the drive row or under the tree drip line ((F
= 0.7922,15 P = 0.471)). However a significant difference was
detected between the mean percentage reduction in leaf cover
between leaves in the drip line and drive row (F = 10.31,15 P
= 0.006), with an overall mean (± SEM) percentage leaf cover
reduction of 0.76 ± 0.02 and 0.65 ± 0.03, for the drip line and
drive row, respectively. A preliminary foliar sample of primary
scab in across the Gala and Fuji rows resulted in <2% foliar scab
incidence for all treatments/plots. Thus, final scab ratings were
not collected.

often work best when used as part of an IPM program (Grieshop,
2019). It would be very interesting to see if incorporation of cultural scab management could help growers reduce the number
of fungicide applications needed to affect control. Furthermore,
reductions in overwintering scab could help slow the development of fungicide resistance.
There are a few caveats to consider with our 2020 study
including the influence of weather and sprayer technology. Both
the Fall of 2020 and Spring of 2021 were highly unusual. Leaf fall
in 2020 was a month later than normal, likely due to mild Fall
conditions –we did not experience a hard frost until the 2nd week
of November. Spring progressed very quickly, about a month
faster than in typical years. These factors may have affected the
rate of leaf decay although the near identical level of leaf decay
between the untreated control and biological treatment at the
first observation period suggests that the biological treatment
had little impact (Figure 5). Choice of application equipment may
have also affected our results. We elected to use a radial airblast
sprayer (with nozzles above 90° turned off ) because orchard
herbicide sprayers typically do not spray the drive rows, a major
reservoir of overwintering leaves. A boom type sprayer would
have likely increased deposition rate to the orchard floor and
may have increased decay rates. However, once again, the near
identical performance of the biological treatment with the control
suggests that these products have limited utility. A potential next
step to answer these questions would be to evaluate decay rates
of leaves treated with a dose response of the biological material
in a controlled, laboratory environment.

Discussion
Our results from the 2013 experiment suggest that leaf
raking using a Haybob ® hay rake can help remove leaves from
under the dripline of trees and that these leaves can be virtually
eliminated with a single pass of a flail mower. Our 2020 experiment further supports that the application of post leaf drop urea
can significantly increase the rate of leaf decay in apple orchards
(Figure 5). In contrast, the biological treatment we evaluated did
not appear to impact leaf decay rate. Neither of the treatments
evaluated had an impact on orchard leaf coverage relative an
untreated control and no differences were detected in primary
scab infection (almost no primary scab was detected).
Based on these results we would suggest that conventional
growers consider a late season application of urea to accelerate
leaf breakdown to reduce primary inoculum, although in the
present study leaf breakdown was short of the 70%+ suggested
by previous authors to achieve this aim (Sutton et al. 2000, Holb
2006, Rüdiger et al. 2012). The fact that in both experiments
there were no differences in scab disease levels is not surprising
given that the test orchards were under active scab management
programs. This is not an unusual situation for cultural pest management tactics which often serve to reduce pest densities and
FRUIT QUARTERLY . VOLUME 29 . NUMBER 4 . WINTER 2021

Conclusions
Our data demonstrated that windrowing and flail mowing
leaves can greatly reduce overwintering leaf density and provides
further confirmation that Fall applications of 5% urea to dropped
leaves accelerates natural leaf decay. In contracts we found no
measurable increase in leaf decay from the biological products
tested. Thus, for conventional growers we suggest urea applications made after leaf fall to increase leaf decay and to decrease
subsequent primary scab inoculum. For organic growers leaf
shredding remains the best option for managing leaf litter.

Acknowledgements
We would like to thank the Michigan Apple Committee
and MSU Project GREEEN for funding this work and Douglas
13

Plant Health for providing materials to evaluate. We thank Jim
Koan and AlMar orchards for providing orchards to work with
and running farm equipment in the 2013 experiment. We thank
Dan Platte and the MSU Clarksville Research Center staff for
making experimental applications and maintaining the orchard
plots in the 2020 experiment. We thank Krista Buehrer and Emily
Pochubay for assistance in collecting data in the cultural control
experiment.

Literature Cited
Grieshop, M. J. 2019. Cultural control of arthropod pests in temperate tree fruit,
p. 748. In Integrated Management of Diseases and Insect Pests of Tree Fruit.
Burleigh Dodds Science Publishing, London, U.K.
Holb, I. J. 2006. Effect of six sanitation treatments on leaf litter density, ascospore
production of Venturia inaequalis and scab incidence in integrated and
organic apple orchards. European Journal of Plant Pathology. 115: 293–307.
Jobin, T., and O. Carisse. 2007. Incidence of Myclobutanil- and KresoximMethyl-Insensitive Isolates of Venturia inaequalis in Quebec Orchards.
Plant Disease. 91: 1351–1358.
Köller, W., and W. F. Wilcox. 2001. Evidence for the Predisposition of FungicideResistant Isolates of Venturia inaequalis to a Preferential Selection for
Resistance to Other Fungicides. PhytopathologyTM. 91: 776–781.
Masny, S. 2016. Occurrence of Venturia inaequalis races in Poland able to
overcome specific apple scab resistance genes. European Journal of Plant
Pathology. 2: 313–323.
Michigan State University Extension. 2021. 2021 Fruit Management Guide.
Michigan State University, East Lansing, Michigan.
Papp, D., J. Singh, D. Gadoury, and A. Khan. 2020. New North American Isolates
of Venturia inaequalis Can Overcome Apple Scab Resistance of Malus
floribunda 821. Plant Disease. 104: 649–655.

Parisi, L., J. Guillaumès, Y. Lespinasse, and J. Krüger. 1994. A new race of Venturia
inaequalis virulent to apples with resistance due to the Vf gene, pp. 79–79.
In Schmidt, H., Kellerhals, M. (eds.), Progress in Temperate Fruit Breeding: Proceedings of the Eucarpia Fruit Breeding Section Meeting Held at
Wädenswil/Einsiedeln, Switzerland from August 30 to September 3, 1993,
Developments in Plant Breeding. Springer Netherlands, Dordrecht.
Roberts, A. L., and I. R. Crute. 1994. Apple scab resistance from Malus floribunda
821 (Vf ) is rendered ineffective by isolates of Venturia inaequalis from
Malus floribunda. In Norwegian Journal of Agricultural Sciences (Norway).
Presented at the 3. Workshop on Integrated Control of Pome Fruit Diseases,
Lofthus (Norway), Jun 1993, Norges Landbrukshoegskole - Fagtjenesten.
Rüdiger, F., N. Nietsch, A. Kollar, and B. Pfeiffer. 2012. Efficacy of alternative
substances to control apple scab by leaf litter treatment. Ecofruit. 15th
International Conference on Organic Fruit-Growing. Proceedings for the
conference, Hohenheim, Germany, 20-22 February 2012. 239–244.
Sutton, D. K., W. E. MacHardy, and W. G. Lord. 2000. Effects of Shredding or
Treating Apple Leaf Litter with Urea on Ascospore Dose of Venturia inaequalis and Disease Buildup. Plant Disease. 84: 1319–1326.
Turechek, W. W., and W. Köller. 2004. Managing Resistance of Venturia inaequalis
to the Strobilurin Fungicides. Plant Health Progress. 5: 3.
Vincent, C., B. Rancourt, and O. Carisse. 2004. Apple leaf shredding as a nonchemical tool to manage apple scab and spotted tentiform leafminer.
Agriculture, Ecosystems & Environment. 104: 595–604.

Matthew Grieshop is an Associate Professor in the Department of Entomology at Michigan State University (MSU) who
focusses on control of apple diseases. Keith Koonter is a
graduate student with the MSU Department of Entomology.

3 Row Orchard Sprayer
Since 1884

14

LaGasse Machine and Fabrication, Inc.
AN

Savings on labor, fuel
and tractor hours

EA

RN STATES
STE

ROVINCES
DP

Do your spraying job in
1/3rd of the time

www.lagasseworks.com

5 Old Route 31
Lyons, NY 14489

(315) 946-9202
(315) 946-6622

works@lagasseworks.com

NEW YORK STATE HORTICULTURAL SOCIETY

Effect of different reflective ground covers on the
coloring of apples at harvest.
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Figure 1. Canopy light interception at different hours during the day with and without Extenday on a sunny and cloudy day with mature Tall Spindle
‘Evercrisp’ in North-South oriented rows in 2020 at Alton NY (Experiment 1). Cloudy day was evaluated only at 12pm.
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12pm.
with 80% and 90% of reflection and Mylar in 2 different
configurations (in the herbicide
strip, or between the tree rows).
All systems of reflection were
installed between 3 and 4 weeks
before harvest.
Each experiment was designed with 4 blocks for each
strategy. Each block had different length for the evaluation
of light interception. However,
the evaluation of the fruit red
coloration was arranged in a
randomized block design with
four replicates of four uniform
trees per elementary plot. In
each plot, the central trees were
used for sampling.
Light intensity was mea- Figure 2. Light interception at different hours of the day with and without Extenday and
sured using nine light measuring Mylar in 5 different training systems in mature ‘Honeycrisp’ apple trees in 2021
bars (SS1-UM-1.05 Sun Scan (Experiment 2). Cloudy day was evaluated at 2pm and the sunny day every 2 hour between
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In
the
second
experiment,
both
reflective
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and
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increased
total
canopy
light
interception
with ExtenAll data from the trials were analyzed using ANOVA. Means
day
having
a
slightly
greater
improvement
in
light
interception
were separated with the general linear model using Duncan’s
multiple range tests at P<0.05 using SAS statistical software than Mylar for all 5 orchard training systems (Figure 2). Light
interception was similar among all training systems except for
package (Cary, North Carolina).
the V-trellis which had higher light interception values. This was
Results
because the tree canopy was angled. This increased the surface
Light interception and light reflection: Total light intercep- exposed at the sun especially near mid-day, and as a consequence,
tion in ‘Evercrisp’ was increased by the reflective film “Extenday” the V-trellis had more capacity for light capturing (Figure 2).
When comparing Extenday and Mylar in different trainings
in both sunny and cloudy days (Figure 1). In this study Extenday
increased the average of light interception by 23-24% in compari- systems, the smallest improvements in light interception from the
son with control (without Extenday) in a sunny and cloudy day. reflective films were with the Cordon and the V-trellis systems
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Light reflection
(%) in (%)
'Snapdragon'
‘Rubyfrost’
Light reflection
in ‘NY1’ and ‘NY2’

(from 1-10%), followed by the Tall
Light reflection
(%) in (%)
'Snapdragon'
‘Rubyfrost’
Light reflection
in ‘NY1’ and ‘NY2’
Spindle (from 7-25%) and, finally,
the Fruiting Wall and the Bibaum
(from 6-36%). Light reflection with
Extenday always was higher than
with Mylar (Figure 3).
In the third set of experiments
with ‘NY1’ and ‘NY2’ all reflective
ground cover strategies increased
the light refection in comparison
with the untreated control. During
a cloudy day, the two deployment
configurations with Mylar (in the
herbicide strip, or between the tree
‘NY2’
‘NY1’
rows) did not show a differences in
‘NY1’
‘NY2’
the amount of reflected light. In addi‘NY2’
‘NY1’
reflection at different‘NY2’
hours in a sunny day with and without Extenday and
tion, both types of Extenday showed Figure 4. Light ‘NY1’
inLight
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in with
the and
rowwithout
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in
similar percentages of light reflec- Mylar
Figure 4.
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Figure
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hour between
7am and
the Extenday 90%, had the highest
Cloudy day was evaluated at 1pm and the sunny day every 2 hour between 7am and 7pm.
light reflection percentage followed
Red blush area (%)
by Extenday 80%. With ‘NY1’ the two
deployment configurations with MyRed blush area (%)
lar didn’t show different light reflection values while with ‘NY2’, Mylar
in the herbicide strip showed similar
light reflection values as Extenday
80% and higher values than Mylar
between the tree rows. The hours
around midday showed higher values
of light reflection percentage than
early or late in the day. Light reflection percentage during the midday
hours showed greater differences
between all the reflective film treatments and the untreated control.
Over all hours of the day and under
all-weather conditions with Extenday
‘NY1’
‘NY2’
showed higher light reflection values
‘NY1’
‘NY2’
than Mylar.
Figure
5.
Effect
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,
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‘NY1’ and
Fruit quality: In all experi- Figure 5. Effect of reflective ground cover on fruit color (red blush %) in ‘Evercrisp’,
‘NY2’ trees. Different letters denote significant differences (Duncan’s range test at P<0.05). In ‘Honeycrisp’
ments all ground covers induced ‘Honeycrisp, ‘NY1’ and ‘NY2’ trees. Different letters denote significant differences
red letters
the legend
and below ground
the namescover
of different
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systems
differences
5. inEffect
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color
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blush significant
%) in ‘Evercrisp’,
a significant improvement in red Figure
(Duncan’s range
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at P<0.05)
(Duncan's
range
at P<0.05). In ‘Honeycrisp’ red letters in the legend and below the
‘NY1’ and ‘NY2’ trees. Different letters denote significant differences
color compared with the untreated ‘Honeycrisp,
names of different training systems denote significant differences (Duncan's range test at
(Duncan's
range
test at P<0.05).
‘Honeycrisp’
thecolor
legend
the
both In
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of Extendayred
hadletters
greaterinred
thanand
the below
untreated
control treatment, except all Mylar P<0.05)
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differences
(Duncan's
range
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at
control
(Figure
5).
In
general,
red
blush
area
was
related
with
the
strategies with ‘NY2’ (Figure 5). In experiment 1 with ‘Evercrisp’
P<0.05)
Extenday increased red blush area by 13% in comparison with percentage of light interception for the tree and the percentage
the control. In the second experiment in ‘Honeycrisp’ there were of light reflection of the different reflective ground covers.
also significant differences between reflective film treatments, and
Discussion
the untreated control with Extenday having the greatest area red
The study of light interception and light reflected from the
blush area followed by Mylar and the untreated control which
had the least red color. The area of red blush was. highest with orchard floor back onto the trees showed that, under sunny and
the Tall Spindle, followed by the Fruiting Wall and the Bibaum cloudy days conditions, Extenday and Mylar increased light
and, finally, the Cordon and the V-trellis which had the lowest interception by the canopy and light reflected into the tree in all
red color (Figure 5). With experiment 3 all reflective film treat- trials compared to the control trees, which compares well with
ments increased red coloration of ‘NY1’ in comparison with the other reports (Grout et al., 2004). In all experiments, Extenday
untreated control. In this trial, Mylar in the herbicide strip had had higher values of light reflection than Mylar, concurring with
the highest value of red blush area. However, this treatment was earlier observations of Meinhold et al. (2011) and Hanrahan et
not different than Extenday 90% and Extenday 80%. With ‘NY2’ al. (2008). These lower values of light reflection may be due to
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Mylar degradation. Mylar shows
great degradation after rain, wind
or tractor wheels (Figure 6). This
degradation reduces the light reflection. This can happen within
days of placement thus reducing the
efficiency of light reflection rather
quickly. However, the material of
Extenday was more resistant to
degradation. Another reason for the
lower reflection values of Mylar can
be the smaller surface area covered
in the row with Mylar. The width
of Mylar is 1.75 m smaller in comparison with Extenday 80% (3.5m
wide) and Extenday 90% (3m wide).
For this reason, the treatment with
Mylar in the herbicide strip had
higher light reflection than Mylar
in the center of the row since Mylar in the herbicide strip uses two
lines of material in the row. Thus
the herbicide strip treatment with
6.Mylar
Mylar
degradation
after
rain,
wind wheels
and tractor wheels
Figure 6.
degradation
after rain,
wind
and tractor
2 strips per row had a total of 3.5mFigure
wide of Mylar and as a consequence
the covered surface was higher and light reflection was higher.
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Conclusions
Our study showed there are important differences between
reflective ground covers, with the highest percentage of the reflection from Extenday 90%, followed by Mylar in the herbicide
strip and extenday 80% and, finally, Mylar between the tree rows.
Additionally, our works suggest that the light reflection and interception was different between training systems. Moreover, all
reflective ground covers increased red blush area and increased
the profitability of the orchard.
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H

abitat deliberately planted with wildflowers as part of a
fruit farm provides nectar and pollen to boost pollinator
health and supports other beneficial insects important
for pest suppression. These include bees, both managed and wild,
and hover flies (a.k.a. syrphids or flower flies) that provide crop
pollination as adults, parasitoid wasps that require nectar to support their energetic needs as they search for hosts, and predators
of aphids and mites such as syrphid larvae, green lacewings, and
lady beetles. To successfully establish a wildflower habitat on your
farm requires planning and patience. Following these five steps
will ensure a successful installation, providing food and shelter
for beneficial insects important to fruit production.

1. Site selection
When selecting a site, it is important to note that you do not
have to take out productive ground to plant wildflower habitat.
Almost every farm will have areas where it is undesirable to grow
fruit – usually tied to topography. Consider those low-lying areas
where you tend to find cold pockets (Figure 1). That said, if you
are going to take advantage of one of the cost-share programs
available through either private or public entities, be sure to check
out their minimum requirements, including total planting area,
and whether there are any restrictions on breaking up the total
area into smaller plots to fit around existing orchards or other
fixed assets on the farm.

2. Site preparation
Site preparation is arguably the most important step to
ensure success. The goal in site preparation is to clear the area
of vegetation that is likely to compete with your seed mix. What
you use to accomplish this goal depends on your operation, but
the best strategy is to alternate herbicide applications with tilling,
ideally starting a year in advance of when you plan to sow the
seed mix. For more site preparation specifics, you can explore
the topic in detail in the further reading section of this article.

3. Customized seed mixes
Seed mixes should be designed to work with your soils and local
climate conditions and to provide a variety of blooming plants
throughout the growing season. In the Great Lakes region, that
means May or June up until hard frost and requires a seed mix
with a minimum of 20-30 different flowering forb species supported by a set of native grasses. Native grasses are an important
component of a wildflower habitat but should comprise no more
than 10-20% of the seed mix. Sometimes species selection is
dependent on local availability of seeds, although this improves
every year with greater demand for wildflower plantings. In other
words, there is no one best seed mix – it really should be customized for your farm to ensure success. There are wildflower seed
FRUIT QUARTERLY . VOLUME 29 . NUMBER 4 . WINTER 2021

providers who can customize
seed mixes to work best for
your site conditions.

4. Sowing the seed

part by the Michigan Apple
Committee
Wildflower habitat provides food
and shelter for beneficial insects
important to fruit production.
There are many great resources
available to fruit growers
including cost-share programs,
how-to videos, and local seed
providers and consultants.

When to sow largely
depends on how long it takes
you to achieve your site preparation goal. There are advantages
and disadvantages to sowing in the spring versus the fall, so it
really comes down to sowing when the site is ready in advance of
expected rainfall, or in the case of frost seeding before snowfall.
Most of the native forb seeds are quite small and require bulking up with sand or some other bulking agent before broadcast
seeding them into the plot. Seed mixes can be broadcast by hand
or distributed with a hand-cranked seed/fertilizer spreader. For
larger plantings, you can hire someone with a native seed drill.
In the first year after sowing, it is typical for the area not to look
very impressive. Patience is key at this stage. There are some
flowering species that will grow almost anywhere and will bloom
in the first year, which is useful for assessing the early success of a
wildflower planting. One example is Rudbeckia hirta (black-eyed
susan). If the black-eyed susan included in your mix is blooming
in year one where the mix was sown, you are probably off to a
great a start.

5. Suppressing weed competition
Mowing will be a critical management tool for a wildflower
habitat. The idea is to mow high with a brush hog or flail mower
when the planting grows to a height higher than your knee – the
cut height should be around 8-12 inches, or mid-shin, to chop
off the seed heads of annual plants and allow the perennials in
the seed mix to grow and fill in the spaces. Frequency of mowing
will be determined by how much rainfall you happen to get and
with the kinds of weeds that are endemic to your particular site.
For undesirable perennial weeds, a spot treatment of a broadspectrum herbicide may be needed. In a well-established wildflower planting, cutting the meadow as if it were hay, or burning
the vegetation with a controlled fire are two management tools
that can be used to help renovate and knock back undesirable
plants.

Discussion
Wildflower habitat provides food and shelter for beneficial
insects important to fruit production. There are many great
resources available to fruit growers and other landowners interested in the practice of installing wildflower habitat, including
cost-share programs, how-to videos, and local seed providers
and consultants. Incentives for installing wildflower habitat on
farms are available through programs supported by county, state,
19

Julianna Wilson is a tree fruit IPM specialist in the Department of Entomology, Michigan State
University.

Figure 1. An example of a half-acre wildflower habitat installed in a low-lying area adjacent to
Figure 2. Black-eyed susan (Rudbeckia hirta) reliably blooms in the first
Figure 1. An example of a half-acre wildflower habitat installed in a
orchards and a woodland in Michigan. It also happens to serve as the site where the farm keeps
year after sowing wildflower seed mixes that include this species.
low-lying
its burn
pile. area adjacent to orchards and a woodland in Michigan. It also

happens to serve as the site where the farm keeps its burn pile.

Figure 2. Black-eyed susan (Rudbeckia hirta
wildflower seed mixes that includes this specie

and federal agencies, including the USDA Natural Resource
Conservation Service (NRCS), the U.S. Fisheries and Wildlife
Service, and county level Conservation Districts. There are also
non-profit conservation organizations who offer cost-share
programs or consulting services. If you have been considering
installing a solar array on your farm, or if you have powerline
rights-of-ways that cross your property these are areas with the
potential for combining land uses and adding wildflower habitat
adjacent to fruit farms. Talking with someone at your local Farm
Service Agency or NRCS office is a good place to start. You can
also contact your local fruit Extension Educator for help with
connecting with local resources.
The Michigan Pollinator Initiative at Michigan State University maintains a database of many of these sources for seeds,
habitat
management services,
and general
consulting
for wildINVENTORY
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flower plantings
on
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Figure 3. M

OBJECTIVES
Education - providing education programs for members that
include:
• obtaining and disseminating information to the fruit industry
• sponsor and/or cooperate with other groups to provide and
support tours
• sponsor trade shows
• cooperate with and encourage others to provide educational
opportunities
Promoting the Fruit Industry by:
• promoting ideas which will benefit the economic health of the
fruit industry
• educate the general public about the New York fruit industry

Figure 2. RR test site, Wa

23

HarvistaTM and ReTain® accelerate the dissipation of
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Watercore incidence is associated with
development of storage disorders such
as flesh browning in storage and can
also result in downgrading of fruit in the
marketplace. Here we describe research
that suggests that the preharvest plant
growth regulators HarvistaTM and
ReTain® can increase loss of watercore
from the fruit after harvest.

atercore is a classic physiological disorder of apple
its association with
fruit characterized by water-soaked tissues around
sweet flavor.
the core and vascular bundles that leads the tissue
Watercore, as
to become translucent and glassy looking (see ‘Fuji’ in left hand
its name suggests,
colume of Figure 1). The symptoms of the disorder only develop
develops in the core
on the tree, but the incidence of the disorder is affected by enof the fruit. Howvironmental and physiological factors such as growing region
ever, a stress-assoand advanced fruit maturity (Watkins and Mattheis, 2019), high
ciated variant that
source-to-sink ratios, high and fluctuating temperatures, and
is characterized by
high levels of nitrogen (Marlow and Loescher, 1984). Sorbitol
glassy spots near the skin and in the cortical tissues and expandproduced in the leaves is transported via the phloem to fruit, and
ing towards the fruit core and from the calyx to the stem end as
is then unloaded from the vascular cells
severity increases (see ‘’NY2’ in right
(sieve element and companion cells) to
hand column of Figure 1), is being
the intercellular space before it is taken
commonly observed. The industry
up into the parenchyma cells. Under
is increasingly seeing the stress type
normal conditions, the unloaded sorof watercore in varieties such as
bitol is taken up into the parenchyma
‘Jonagold’ and ‘NY2’ (RubyFrost®),
cells and then is converted to fructose
which do not typically develop classic
by the enzyme sorbitol dehydrogenase.
watercore.
However, under conditions that slow
Miranda Sazo and Cheng
down sorbitol uptake such as low night
(2017) provided an overview of
temperature and compromised memstress watercore in a previous Fruit
brane integrity with advanced maturity,
Quarterly issue. They suggested that
coupled with high supply of sorbitol
the mechanism of development is
from leaves, the unloaded sorbitol aclikely to be similar to that of classic
cumulates in the intercellular spaces
watercore. Although development
of parenchyma cells in the cortex surof this watercore variant is a serious
rounding the vascular tissue and the
problem and assumed to be linked
water-soaked appearance develops.
to incidences of storage disorders,
In New York, watercore devellittle published information about
opment has been a serious concern,
the physiology and biochemistry asprimarily for ‘Red Delicious’, for storage
sociated with its development in fruit
operators because the presence of waon the tree and loss after harvest is
tercore is associated with development
available.
of physiological disorders. Tissues with
Preharvest treatments of
watercore can become anaerobic, that
apple trees with the plant growth
is, deprived of sufficient oxygen for celregulators (PGRs) ReTain ® (amilular function, especially when stored
noethoxyvinylglycine; AVG) and
under controlled atmosphere (CA)
HarvistaTM (1-methylcyclopropene;
conditions, resulting in the develop1-MCP) are used extensively by some
ment of flesh browning disorders. The
apple industries as management tools
market is therefore very sensitive to the
to delay fruit ripening and preharvest
Figure 1. Watercore appearance in fruit from the stem to calyx ends. The left hand column
presence of watercore in fruit, and as
drop to manage harvest. However,
Figure 1. Watercore appearance in fruit from the stem to
shows classic watercore symptoms in ‘Fuji’ apples with the transluscent tissues first
calyx
ends.
The
left
hand
column
shows
classic
watercore
a consequence shipments of fruit can
the effects
of PGRs on watercore indeveloping in the core area, while the right hand column shows stress-associated
watercore
symptoms
in translucent
‘Fuji’ apples
withfirst
the develop
transluscent
tissues
firsttissues.
symptoms
in which
tissues
in the outer
cortex
be downgraded. This is true even for
cidence have focused on their effects
developing in the core area, while the right hand column
varieties such as ‘Fuji’, in which water- shows stress-associated watercore symptoms in which
on watercore incidence at harvest.
core is considered desirable because of translucent tissues first develop in the outer cortex tissues.
Research results across many variet24
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Table 1. Watercore indicidence in ‘Fuji’ apples untreated or treated with
HarvistaTM 4 or 10 days before harvest and stored at 33oF for 6, 12 and 18
weeks, or stored at 68oF for 1, 2, 3 weeks. (Modified from Lee et al., 2019)
Harvista treatment
(Time before harvest)

Watercore incidence (%)
33oF
At harvest

6 weeks

12 weeks

18 weeks

85a

33c

5e

0d

None
4d

80a

23cd

3ed

0d

10 d

55b

13de

0d

0d

At harvest

1 week

2 weeks

3weeks

None

85a

58b

8

0d

4d

80a

28c

10d

0d

10 d

55b

3d

5d

0d

68oF

Figure 2. Stress-associated watercore incidence (%) of untreated or
Harvista-treated ‘Jonagold’ fruit during 30 days of storage at 68˚F.
(Modified from Algul et al., 2021)

Different letters indicate differences between means at P = 0.05.

ies have been variable, but often the delayed fruit maturity that
results from PGR applications is associated with lower watercore
incidences at harvest. Information about the effects of PGRs on
watercore incidence of fruit during storage has been lacking.
In fact, in our own research on the effects of Harvista on ‘Fuji’
apples (Lee et al., 2019), we did not take sufficient note that
treated fruit (especially 10 days before harvest) had more rapid
dissipation of watercore at both 33oF and 68oF at 6 weeks and 1
week, respectively, than in untreated fruit (Table 1).
The objective of our current studies was to understand
the effects of HarvistaTM and ReTain® on the rate of watercore
loss from fruit after harvest, including at different storage temperatures. Our focus has been on stress watercore, but has been
extended to the more traditional watercore type in ‘Fuji’ in the
2021 harvest season.

Materials and Methods
Fruit from mature trees of ‘Jonagold’ and ‘NY2’, grown at
the Cornell University Orchard, Ithaca were used in this study.
Experiment 1. ‘Jonagold’. Four replicates, each of five trees,
per treatment were either untreated or treated with HarvistaTM
(product rate of 6.8 g L-1) one week before the harvest date of
October 16, 2019. Ten fruit per replicate were assessed for disorders at harvest and the remaining fruit were kept at 68ºF for
30 days with assessments at various times during storage. Four
replicates of 5 fruit per treatment were sampled on days 2, 5, 9,
15, 20, and 30.
Experiment 2. ‘NY2’. Four replicates, each of fifteen trees,

Results and Discussion
Experiment 1. ‘Jonagold’ Stress-associated watercore incidence increased in untreated fruit during the first few days and
then decreased over time (Figure 2). Dissipation of the disorder
was more rapid in fruit from the preharvest 1-MCP (HarvistaTM)
than the control treatment, overall being 40 % lower. Senescent
breakdown and skin shriveling development was delayed and
inhibited by the HarvistaTM treatment (data not shown).
Experiment 2. ‘NY2’. There was no effect of ReTain® on
watercore incidence, while in this season, HarvistaTM reduced
watercore incidence (Figure 3). In our experience the effect of
either PGR can be variable according to application time before
harvest and season. More research is needed to refine preharvest
variables that affect responses of fruit to PGRs.
Figure 3 shows the effects of storage temperature on dissipation of watercore from the fruit tissues. As expected, faster
loss of watercore was associated with higher temperatures. For
untreated fruit, for example, the watercore incidence after 5

68˚F

50˚F
100

100

80

80

80

60
40
20
0

0

5

10

15

20

25

30

Watercore (%)

100
Watercore (%)

Watercore (%)

38˚F

per treatment were either untreated or treated with Harvista
(product rate of 6.8 g L-1) or ReTain® (product rate of 0.25 g L-1)
17 days before harvest date of October 20, 2020. Ten fruit per
replicate were used for assessment at harvest and the remaining
fruit were divided into three different sets and kept at 38°F, 50°F,
or 68°F for 30 days with assessments at various times during
storage. Four replicates of 5 fruit per treatment were sampled
on days 5, 10, 15, 20, and 30.
Fruit quality assessments While extensive information about
fruit quality factors were collected, only the treatment effects on
physiological disorders are provided in this article.

60
40
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0

0

5

Time a/er harvest (d)
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0

0

5
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Figure 3. Watercore incidence of ‘NY2’ apples harvested from trees that were untreated or treated with ReTain or Harvista17 days before harvest. Fruit
were kept at 38oF, 50oF or 68oF for 30 days after harvest to follow the effects of the PGRs on loss of watercore from the apple tissues.
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days was 66%, 50% and 35% in fruit kept at 38oF, 50oF and 68oF,
respectively.
At 38oF, little effect of ReTain® was found on day 5 but it
sharply decreased watercore incidence by day 10. The effect
was more rapid at 50oF, with a reduction of approximately 30%
compared with the untreated fruit on day10. At 68oF, the loss
of watercore in the untreated and ReTain®-treated was similar.
Overall, the results are consistent with more rapid metabolism
of watercore in fruit at higher storage temperatures.
For HarvistaTM, the results are less pronounced because
the watercore incidence at harvest was much lower than in the
untreated and ReTain®-treated fruit. It is somewhat puzzling that
when initial incidence is low, the rate of loss and the persistence
of the disorder is prolonged. However, 30-day timeframe of these
experiments is short relative to long-term storage protocols used
commercailly.
As part of a Master’s program, Xueying Jiang has been
conducting further research in 2021 on both ‘NY2’ and ‘Fuji’.
Unfortunately, from a research perspective, 2021 was an off year
for stress watercore in ‘NY2’, but watercore development in ‘Fuji’
was significant. While ReTain® delayed watercore development,
no postharvest results are yet available.

Conclusions
In summary, we have obtained strong preliminary findings
indicating that depending on the variety, the incidence of watercore decreases more rapidly in treated fruit with Retain® or
HarvistaTM compared with untreated fruit. Commercially, the
importance of this finding could be high because delays before
safe application of controlled atmosphere storage of fruit with
watercore is often necessary to avoid development of physiological disorders during storage. Treatment with preharvest PGRs
would help maintain fruit condition after storage, while reducing
the time intervals after harvest needed to dissipate watercore to
non-injurious levels.
The exact physiological mechanism by which preharvest
application of Retain® or HarvistaTM facilities the dissipation of
watercore during storage is unclear. However, two possible effects
of Retain® and HarvistaTM can be envisioned. First, they slow
down the maturation process by lowering internal ethylene, which
allows the cell membranes to maintain at a higher functional level
than the untreated fruit. This may help the transporter proteins
that reside in the membrane of the parenchyma cells for taking
up sorbitol (sorbitol transporters) to operate at a higher level,
getting the sorbitol from the intercellular space into the parenchyma cells faster. Second, the reduced internal ethylene level
could have a more direct effect on the expression of the sorbitol
transporters that determines the abundance and therefore the
function of these transporters in the cell membrane. However,
this explanation needs to be reconciled with the lack of effect of
postharvest 1-MCP application on water core dissipation, not
studied by us but found by others (Argenta et al., 2010; Neuwald et al., 2012). The enhanced dissipation of water core under
higher storage temperature can be partially explained by the fact
that the uptake of sorbitol by the transporters is a temperature
dependent process, with their transport activity being higher at
warmer temperature.

Research and Development Program, and the National Institute
of Food and Agriculture, U.S. Department of Agriculture, Multistate under 1001075, NE-1836, Improving Quality and Reducing
Losses in Specialty Fruit Crops through Storage Technologies.
Any opinions, findings, conclusions, or recommendations expressed in this publication are those of the authors and do not
necessarily reflect the view of the National Institute of Food and
Agriculture (NIFA) or the United States Department of Agriculture (USDA). We thank AgroFresh and Valent Sciences for
providing the HarvistaTM and ReTain® used in this research.
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I

n recent years, the decline of young trees in high-density
orchards has become a source of concern for some in the
apple industry in New York State and beyond. Collapse of
apple trees is not a new phenomenon. It can result from a range
of biotic factors, such as fire blight and replant disease, and from
abiotic conditions, such as winter injury and drought stress.
These commonly-occurring problems likely account for most
occurrences of the sudden tree decline but not all. Here we summarize the steps we are taking to better understand its cause(s)
and suggest possible solutions.

How did we get involved in studying the apple decline
phenomenon?
The rapid decline of apple trees was brought to our attention by extension educators, apple growers, and apple nursery
growers in western New York in 2014. Some young trees were
rapidly declining or collapsing in high-density orchards and
nursery fields. By 2015, laboratory analyses revealed that many
declining apple trees in New York State hosted two viruses: apple
stem pitting virus (ASPV) and apple chlorotic leaf spot virus
(ACLSV). Needless to say, the association of these two viruses
with declining trees does not necessarily imply causality. This
observation, however, led to statewide surveys of apple orchards
and nurseries for viruses. Survey findings revealed a widespread
presence of ASPV, and, to a lesser extent, of ACLSV, apple stem
grooving virus (ASGV), apple mosaic virus, and tomato ringspot
virus (Fuchs et al. 2018). Single infections by ASPV or ACLSV
were prevalent in most orchards surveyed, and the overall prevalence of mixed virus infections, primarily of ASPV and ACLSV
together, was found to be moderate to low.

What do we know about the nature of the apple decline
phenomenon?
The sudden decline of apple trees is by no means a new
phenomenon; it was described in New York nearly a century
ago (Rosenberger 2019). In recent years, apple decline has been
reported in New York, North Carolina, Pennsylvania, Washington
State and West Virginia, but also in Canada, France, and Japan
(Fujikawa et al. 2019, Goutines et al. 2020, Harper 2020, Liu et al.
2018, Prengaman 2019, Stokstad 2019). Studies performed so far
in the United States have not clearly identified a single pathological factor responsible for the phenomenon (Liu et al. 2018, Singh
et al. 2019, Wright et al. 2020). For example, diseases caused by
fungi (black rot and others), oomycetes (crown rot, collar rot, and
root rot), bacteria (fire blight and others), and viruses could not
be consistently associated with the decline phenomenon with a
high degree of confidence. The only exception is a Japanese study
FRUIT QUARTERLY . VOLUME 29 . NUMBER 4 . WINTER 2021
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Infections by multiple viruses
may weaken the root systems of
apple trees on certain dwarfing
rootstocks, thereby limiting the
uptake of nutrients and water
and contributing to the collapse
of young trees in high-density
orchards.

that showed the bacterium
Dickeya dadantii causing
a quick decline of ‘Fuji’
(Fujikawa et al. 2019). This
bacterium, however, has
not been implicated in
other cases of tree decline.
Early observational
research in the United
States explored the role of
viruses (Liu et al. 2018, Singh et al. 2019, Wright et al. 2020) and
other biotic factors (Singh et al. 2019), in the apple decline phenomenon. The experimental approach of these studies consisted
of comparatively analyzing various factors, either individually or
in combination, in declining and non-declining trees in select
orchards in New York, Pennsylvania, Washington State, and West
Virginia. Such efforts did not yield any conclusive evidence on the
implication of the studied factors, including viruses, in the decline
phenomenon. For example, viruses were detected in declining
trees but also in non-declining trees (Liu et al. 2018, Singh et al.
2019, Wright et al. 2020). Similarly, several hitherto unknown
viruses were identified in declining trees (Liu et al. 2018, Wright
et al. 2020), but their presence in numerous non-declining trees
was not consistent with a causative role in the decline phenomenon. More work is therefore needed to elucidate the causes of
the decline phenomenon, particularly the extent to which abiotic
factors, such as vulnerability to winter injury, are implicated in
the phenomenon.

What have we observed in declining orchards?
Our experience with the apple decline phenomenon is that
most accounts of collapsing young trees in high-density orchards
involve trees on dwarfing rootstocks such as Budagovsky 9 (B.9),
Malling 9 (M.9), Malling 9-Nic 29 (M.9-Nic 29), and Geneva 935
(G.935). Some trees on these rootstocks may collapse over the
course of a single growing season, often with signs of decline ap-

Figure 1. Blossoms of a (1) non-declining, (2) moderately declining, and (3) severely declining
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Figure 2. Growth and vigor of a (1) non-declining and (2) slightly declining
‘Honeycrisp’ tree on M.9-Nic 29 in a four-year-old high-density orchard.
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parent prior to the collapse. Here, we describe our observations
of four-year-old ‘Honeycrisp’ trees on M.9-Nic 29 rootstocks.
At petal fall, blossoms of some, but not all, declining trees show
varying degrees of necrosis (Figure 1). Later, leaves of declining
trees become chlorotic, overall tree growth and vigor are reduced,
and differences in tree architecture are noticeable (Figure 2). It
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is important to note that
the leaf chlorosis described
here is distinct from the
zonal chlorosis observed
in ‘Honeycrisp’ and related
cultivars (Chen and Cheng
2004). The chlorosis we
have observed is widespread
throughout the canopies
of declining trees and does
not occur in a distinctive
zonal pattern between leaf
veins. In addition, purple lesions or blotches are sometimes apparent on leaves at
the tips of shoots in some
declining scion cultivars.
Together, these foliar symptoms suggest that declining
Figure
3.collapsed
A collapsed
‘Honeycrisp’
Figure
3. A
‘Honeycrisp’
tree on M.9-Nictree
29 (center)trees
surrounded
by aunder
slightly
are
stress, and
declining
(left) and29
a non-declining
tree in a four-year-old
on M.9-Nic
(center)(right)
surrounded
by high-density orchard.
may indicate a suboptimal
a slightly declining (left) and a nondeclining (right) tree in a four-year-old flow of nutrients and water
throughout the trees (Hanhigh-density orchard.
son 1996) and dysfunctional
xylem and phloem conducting systems. As the season progresses,
leaf chlorosis becomes more pronounced, some declining trees
collapse completely, and symptoms and signs of colonization by
opportunistic pests or pathogens may be evident. Injuries from
the ambrosia beetle (Xylosandrus germanus), an opportunistic
pest of young trees under stress, as well as cankers around the
graft union caused by opportunistic fungal pathogens, may be
observed on some, but not all, declining trees. Overall decline
symptoms, including tree death, are more pronounced in the
summer. The margins of many leaves of declining trees may become necrotic, more trees collapse completely, including those
with a full fruit load (Figure 3), and wood decay may be prominently visible below the graft union (Singh et al. 2019) and along
the trunk (Figure 4) after bark removal. Furthermore, the root
systems of some declining trees appear to be weakened (Figure
5), with very shallow roots and few feeder roots, and some roots
may be necrotic (Singh et al. 2019). These observations point to
dysfunctional xylem and phloem systems resulting in a starved
root system without adequate support of carbohydrates from the
aerial portion of the tree or insufficient nutrient and moisture
uptake from the soil and subsequent distribution to the scion.
More work is needed to address these hypotheses.
To our knowledge, no obvious spatial aggregation of declining trees has been observed. Declining trees often appear to be
randomly distributed in the orchard. The presence of distinct
clusters of declining trees which expand over time would implicate the involvement of a pest or pathogen spreading from tree
to tree, but to date, this has not been observed.

What are our working hypotheses?
Our current research efforts focus primarily on a comparative analysis of root architectural traits and root function in trees
infected by various combinations of viruses. Although no single
virus has been shown to be specifically associated with the apple
decline phenomenon (Liu et al. 2018, Singh et al. 2019, Wright
et al. 2020), we hypothesize that infections by multiple viruses
NEW YORK STATE HORTICULTURAL SOCIETY

1

2

3

4

Figure
5. Architectural
traits oftraits
partial of
rootpartial
systemsroot
of a (1)
non-declining,
(2)non-declining,
slightly declining,
Figure
5. Architectural
systems
of a (1)
(3)(2)
moderately
and(3)
(4) moderately
severely declining
‘Honeycrisp’
M.9-Nicdeclining
29 in a fourslightlydeclining,
declining,
declining,
andtree
(4) on
severely
year-old high-density orchard. Note the reduced density of feeder roots in declining trees.
‘Honeycrisp’
tree
on
M.9-Nic
29
in
a
four-year-old
high-density
orchard.
Pictures were taken in August of 2021.

Note the reduced density of feeder roots in declining trees. Pictures were
taken in August of 2021.

in certain rootstock-scion combinations can weaken the root
system, thereby affecting the uptake, root-to-shoot translocation,
and distribution of nutrients and water in trees. Consequently,
essential macro- or micro-elements may be deficient, or trees
may suffer from an imbalance of nutrients, impairing tree growth
and development.

What do we know about the most widespread viruses
that infect apple trees?
ASPV, ACLSV, and ASGV are predominantly latent in
modern commercially-grown apple cultivars, meaning that
they do not induce noticeable disease symptoms (Fuchs 2016,
Hadidi et al. 2011). However, these so-called latent viruses can
threaten orchard profitability by reducing overall tree growth and
productive life (Campbell 1965), and by causing rootstock-scion
incompatibility (Gilmer and Brase 1961, Campbell 1980). While
latent viruses cause no noticeable symptoms in most commercial
apple cultivars, mixed infections of two or more latent viruses
can result in a 10-30% reduction in yield (Hadidi et al. 2011). In
addition, superior budtake and growth are observed in nursery
trees on healthy as opposed to virus-infected rootstocks (Dimalla
1963). Together, these studies illustrate the detrimental impacts of
latent viruses on tree growth and production, despite the absence
of readily noticeable symptoms. In addition, decreased tree vigor
resulting from virus infection often increases susceptibility to
other pests, diseases, or adverse environmental conditions (Fuchs
2016).
In most cases, the presence of latent viruses in an apple
tree is explained by the use of either infected scion budwood,
an infected rootstock, or both an infected scion and an infected
rootstock. This is because latent apple viruses have no known
insect vector (Fuchs 2016, Fuchs et al. 2018, Hadidi et al. 2011).
If the scion budwood is infected and the rootstock is healthy, it
will take some time for the virus(es) to move from the scion into
the rootstock, and then to detrimentally affect the root system. If
the rootstock and scion are each infected by a single virus, it may
therefore take some time for multiple virus infections to occur in
the roots. If the rootstock is infected and the budwood is healthy,
viruses may impact the health of the root system without delay.
Alternatively, viruses can also be transmitted from tree to tree via
natural root grafting in the orchard. Given the close proximity of
trees in high-density orchards, it is plausible that virus transmission via root grafting occurs more frequently than in traditional
orchards in which trees are farther apart.
Assuming viruses play a role in the decline phenomenon by
weakening a tree’s root system, it can be reasonably predicted
that the timing of when visual decline symptoms become evident
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in the orchard would vary depending on the initial presence of
viruses in the scion, rootstock, or both. For example, declining
trees would be identifiable sooner if virus infections originate in
the rootstock as opposed to the scion budwood. Conversely, declining trees in the orchard would be recognizable only after some
lag time if virus infections originate in the scion. In addition, the
decline phenomenon may be exacerbated by abiotic stresses such
as drought events during the early or later periods of a growing
season or extreme temperature fluctuations (Rosenberger 2019).
Based on these hypotheses, the seemingly random spatial pattern
of tree decline might be explained in part by abiotic stressors
exacerbating underlying stress caused by viral infections, or by
variable initial health of root systems at the time of tree establishment.

Our ongoing research efforts to address the apple decline
phenomenon.
In order to elucidate the role of latent viruses on tree vigor
and decline, as well as to study any variability associated with
rootstock-scion combinations, we have established an experimental orchard block intended specifically for the study of the decline
phenomenon. Establishing the orchard was a logical follow-up to
our earlier observations on the frequent co-occurrence of ASPV
and ACLSV in declining young trees in New York orchards. The
primary aim of our research is to test whether the viruses that
had been previously identified in declining trees are actually
causing the decline. The orchard was established in June of 2019
with trees produced at a nursery in 2017. Trees consist of ‘Gala’,
‘Honeycrisp’, and ‘Royal Red Honeycrisp’ scions grafted onto
either Malling 26 or G.935 rootstocks. Prior to establishment,
the two rootstocks selected for this research were divided into
four treatment groups and were chip bud inoculated with either
ASPV, ACLSV, or both ASPV and ACLSV together, or were not
chip bud inoculated, based on their assigned treatment. Factors
monitored annually in the experimental orchard include return
bloom, tree vigor, yield, fruit quality, and root architectural traits.
We will monitor these factors over the course of several growing
seasons to determine whether our hypotheses are supported or
refuted.
The establishment of a controlled experimental orchard
plot to address the decline phenomenon will allow factors such
as pest management, cropping, and weather to be controlled or
at least consistent, thereby allowing the specific effects of virus
infection(s) and rootstock-scion combinations to be thoroughly
examined. Other studies conducted to date have represented observational surveys of trees already in decline at a single point in
time during the life of an orchard. Our study represents a unique
opportunity to monitor the progress of decline in an orchard
over the long term, from orchard establishment to production
and beyond. Concurrently, we are also monitoring declining
trees in commercial orchards in New York State over time to
verify in various production settings the observations made in
the experimental orchard.

What are possible solutions if viruses are involved in the
decline of young apple trees?
The only approach to mitigate the impact of viruses on
apple production is to prevent their introduction in orchards.
If our hypothesis on the effect of multiple latent viruses on the
root systems of certain dwarfing rootstocks is validated through
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ongoing research efforts, it would stress how critical it is to carefully select trees for which the scion budwood and the rootstock
material (liners or seedlings) have been checked for the presence
of viruses of concern and shown to test negative.
A state-led certification program would facilitate the production of clean apple trees which test negative for viruses of
concern. Such a program is designed to attest the cleanliness of
trees with scion budwood and rootstock material derived from
virus-tested (negative) stocks. Given the demand for high quality
trees for high-density orchard establishment, and the possible
implication of viruses in the decline phenomenon, there is an
urgent need to establish a system of production of clean trees in
which budwood and liners are generated from virus-tested tree
stocks and virus-tested rootstocks, respectively.
An apple certification existed previously in New York. This
program was well perceived. Unfortunately, it ceased operations
in the 1980s due to a lack of demand for clean trees. More recently, the recurrent issues of viruses on certain rootstock-scion
combinations and the huge losses experienced with the decline
phenomenon have generated a renewed interest in the production and use of clean trees. Consequently, efforts to reinstate a
certification program were initiated in New York in 2017. Local
nurseries, the New York State Department of Agriculture and
Markets, and Cornell University are participating in the reinstatement of an apple certification program. It is anticipated that
this program will address the needs of the apple industry in New
York State by facilitating the production of clean trees, absent of
viruses of concern.

What are possible solutions if some dwarfing rootstocks
are more vulnerable to the decline phenomenon of young
apple trees than others?
As emphasized above, it is essential to not only carefully
select clean trees when establishing an orchard, but also to select
trees with healthy and vigorous root systems that are adapted
to the specific soil environments and climatic conditions of the
orchard site to ensure optimal nutrient uptake and tree growth.
These two choices are paramount for sustainable apple production. The selection of dwarfing rootstocks less prone to the decline
phenomenon may also need to be considered as a solution to
avoid production uncertainties and tree losses. This is made even
more pressing since it has also been suggested that high-density,
intensively-managed plantings on dwarfing rootstocks are less
resilient to stress factors overall, and that this in conjunction with
the increased frequency and intensity of droughts, spring freezes,
and other extreme weather events associated with climate change
is contributing to a production system that is more vulnerable
on the whole (Prengaman 2019).

Acknowledgements
We are grateful to the United States Department of Agriculture National Institute of Food and Agriculture (Critical Agricultural Research and Extension Grant No. 2021-68008-34117), the
New York Apple Research and Development Program, and the
New York State Department of Agriculture and Markets for their
support of our research on the apple decline phenomenon. We
also thank all the New York growers and nurseries with whom
we are privileged to cooperate.

30

Literature Cited
Campbell, A.I. 1965. The effect of some apple viruses on clonal rootstock production. Zastita Bilja 85-86:261-265.
Campbell, A.I. 1980. The effects of viruses on the growth, yield and quality of
three apple cultivars on healthy and infected clones of four rootstocks. Acta
Horticulturae 114:185-191.
Chen, L.-S. and Cheng, L. 2004. CO2 assimilation, carbohydrate metabolism,
xanthophyll cycle, and the antioxidant system of `Honeycrisp’ apple leaves
with zonal chlorosis. Journal of the American Society for Horticultural Science. 129:729–737, https://doi.org/10.21273/JASHS.129.5.0729
Dimalla, G.G. 1963. Latent viruses in apple varieties in Oregon nurseries. Master’s
thesis, Plant Pathology, Oregon State University.
Fuchs, M. 2016. Virus transmission and grafting practices. New York Fruit
Quarterly 24:3, pp. 25-27.
Fuchs, M., Kahlke C, Donahue, D., Wallis, A. and Basedow, M. 2018. Distribution of viruses in apple orchards. New York Fruit Quarterly 26:4, pp. 5-9.
Fujikawa, T., Ota, N., Sasaki, M., Nakamura, T and Iwanami, T. 2019. Emergence of apple bacterial quick decline cause by Dickeya dadantii in Japan.
Journal of General Plant Pathology 85:314-319, https://doi.org/10.1007/
s10327-019-00852-y
Gilmer, R.M. and Brase, K.D. 1961. The association of chlorotic leaf spot virus
of apple with decline of Spy 227 rootstocks. Phytopathology 51:457-461.
Goutines, C., Guerin A., Vergneaud, M-C., Le Maguet, J., Gilles, Y., Cardon
J-C., Corroyer, B., Corroyer, N., Biche, D., Belin, S. and Dupont, N. 2020.
Recrudescence des dépérissements en vergers cidricoles, le phytophthora
responsable? Le Cahier Technique de l’Institut Français des Productions
Cidricoles 51:17-20.
Hadidi, A., Barba, M., Candresse, T., and Jelkmann, W., eds. 2011. Virus and
Virus-Like Diseases of Pome and Stone Fruits. American Phytopathological Society Press.
Hanson, E. 1996. Apples and Pears. In: Nutrient and Deficiencies & Toxicities in
Crop Plants. Bennet, W. (ed), pp. 159-164, American Phytopathological
Society Press.
Harper, S.J. 2020. Apple decline, http://treefruit.wsu.edu/article/apple-decline/
Liu, H., Liping, W., Nikolaeva, E., Peter, K., Liu, Z., Mollov, D., Cao, M. and Li,
H. 2018. Characterization of a new apple luteovirus identified by highthroughput sequencing. Virology Journal 15: 85–93, https://doi.org/10.1186/
s12985-018-0998-3
Prengaman, K. 2019. Decline dilemma: No easy answer for rapid apple decline.
Good Fruit Grower. Available at: https://www.goodfruit.com/declinedilemma-no-easy-answer-for-rapid-apple-decline
Rosenberger, D. 2019. Factors contributing to the death and decline of young
apple trees. New York Fruit Quarterly 27:2, pp. 5-8.
Singh, J., Silva, K.J.P., Fuchs, M. and Khan, A. 2019. Potential role of weather, soil
and plant microbial communities in rapid decline of apple trees. PloS One
14:E0213293, https://doi.org/10.1371/journal.pone.0213293
Stokstad, E. 2019. Rapid apple decline has researchers stumped. Science 363:1259,
https://www.science.org/lookup/doi/10.1126/science.363.6433.1259
Wright, A.A., Cross, A.R. and Harper, S.J. 2020. A bushel of viruses: Identification
of seventeen novel putative viruses by RNA-seq in six apple trees. PLoS One
15:e0227669, https://doi.org/10.1371/journal.pone.0227669

Anna Wunsch is a second-year graduate student with the
Fuchs program in the Plant Pathology and Plant-Microbe
Biology Section at Cornell University. Janet van Zoeren
and Mario Miranda Sazo are extension specialists with the
Cornell Cooperative Extension Lake Ontario Fruit Program.
Michael Basedow is an extension specialist with the Cornell
Cooperative Extension Eastern New York Commercial Horticulture Program. Awais Khan is an Associate Professor in
the Plant Pathology and Plant-Microbe Biology Section of
Cornell University’s School of Integrative Plant Science. He
has research and extension responsibility for mechanisms
of disease resistance and pathogenesis in apple at Cornell
AgriTech. Marc Fuchs is a Professor in the Plant Pathology
and Plant-Microbe Biology Section of Cornell University’s
School of Integrative Plant Science. He has research and
extension responsibility for viruses of fruit and vegetable
crops at Cornell AgriTech.
NEW YORK STATE HORTICULTURAL SOCIETY





New York State Horticultural Society



For over 165 years, the NYSHS’s
purpose has always been to serve the
fruit industry of New York. We try hard
to abide by our mission statement to

“…educate, promote and protect
the NY fruit industry.”


 
 
  
    



   

   
    
 
   

 

- Empire State Council of Agricultural
Organizations
- Local, State and National governments and
legislatures
- NYS Berry Growers Association
- NYS Agricultural Affiliates
- National Council of Agricultural Employers
- NY Apple Association
- U.S. Apple Association
- NY Farm Bureau
- NYS Agriculture and Markets
- Seats on various boards

 



This has been the mission since fruit
farmers in NYS organized the NYSHS
in 1855. Education will never be
obsolete. Research and technology are
always advancing. NYSHS supports the
education and research as well as
ﬁnding funding for continued research
and education. This leads to promotion
of the fruit industry. NYSHS works
tirelessly along with NYAA to promote
programs and health beneﬁts of apples
and other fruits.
If you would like to support, or
continue to support the NYSHS and its
mission, you can do so with a yearly
membership for as little as $100 a year
or become a Supporter for as little as
$300 a year.

- Awarded $500,000 for Applied Apple Research
for multiple years

         













      

 

   







FRUIT QUARTERLY . VOLUME 29 . NUMBER 4 . WINTER 2021

  

  




OFFICE ADDRESS
NYSHS
635 W. North St.
Geneva, NY 14456
www.NYSHS.org
Cell: 315-521-0852
Email: nyshs@hotmail.com



31

Quality, Efficiency, Safety
Backed with over 100 years of experience, we work with our customers to create custom solutions for complete packing lines
and ensure you have the proper field equipment to get the job done right.

GREEFA

PERFECT

ORSI

FAMA

FRUIT TEC

Mechanical Blossom Thinners - Sprayers
Mowers & Choppers - Frost Protection
Pruning Systems - Labour Platforms

PULSE

BARTLETT

SINCLAIR

H.S.S.

SHUR FARM

FREILAUBER

SORMA

Washers - Waxers - Dryers
Conveyors - Bin Dumpers - Food Safety
Grading Equipment - Water Treatment

905.563.8261 | 1.800.263.1287 | info@provideag.ca | www.provideag.ca | Beamsville, ON, Canada

32

NEW YORK STATE HORTICULTURAL SOCIETY

