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Apples use temperature cues during winter to
adjust their cold hardiness and avoid freeze
damage and as climate changes, these cues

pples, like all temperate woody fruit crops, survive the
Afreezing temperatures of winter by entering dormancy

and acquiring cold hardiness. Using decreasing tem-
perature and photoperiod changes as cues in the fall, apples
begin the process of dormancy by reducing metabolism and
undergoing controlled dehydration to reduce the volume of free
and freezable water in the plant tissues (Palonen and Buszard
1997). Once dormant, apples are typically considered quite hardy,
able to survive very cold midwinter temperatures (< -25°C). The
seasonal pattern of cold hardiness is described as a U-shaped
curve, with three separate phases. Acclimation, or the gaining of
cold hardiness, is the process in late fall and early winter where
trees gain greater and greater ability to resist freezing damage.
Midwinter (December-February) typically represents the deep-
est cold hardiness. The final phase is deacclimation, or the loss
of cold hardiness. During this phase, trees become much more
responsive to warming conditions and lose cold hardiness rapidly.
Changes in climate stability, namely increased fall freezes and
late winter false spring events have demonstrated weak points
in apple winter physiology which results in repeated evidence of
cold damage and tree collapse.

Cold hardiness in apple has been studied over the last
100 years, initially simply measured as survivability under field
conditions. This method is useful for contrasting cultivars but
requires consistently stressful winter conditions and is often only
representative of regional responses. In recent years much of
the effort to assess cold hardiness has moved to using detached
stem assays in the lab. With these methods, stems or twigs are
placed into programmable freezers and slowly frozen. Samples
are extracted from the freezer at specific temperature steps and
assessed for damage. The most common methods include oxida-
tive browning and electrolyte leakage (EL) assays. For oxidative
browning, stem segments are visually rated on a phenotypic scale
and this scale of damage is the plotted as a dose response curve
against temperature (Moran et al 2011, 2018, 2021). Similarly, EL
evaluates the relative level of cellular leakage that occurs during
freezing. By measuring the difference in conductivity of control
and freeze treatments, an estimate of freeze damage can be de-
termined (Kovaleski and Grossman, 2021). These two metrics
often correlate well with each other, and with tree survivability
under field conditions.

This report details the results of the first year of our ongoing
study to examine the season-long dynamics of cold hardiness
in apple rootstocks and scions. The objective of this research
is to determine the acclimation, midwinter, and deacclimation
profiles for important rootstock genotypes. This data will enable
growers to select more adapted rootstocks for future orchards
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become less reliable. Freeze damage weakens
thetreeand canresultintree collapse when other
stresses occur, such as from drought or pests. We
are using electrolyte leakage, a measurement of
cellular damage, to characterize the season long
cold hardiness profile for rootstock genotypes in
order to identify climate resilient germplasm for
New York growers.

with a specific
eye toward
rootstocks that
are less at risk
from the dif-
ferent types of
freeze condi-
tions that can
occur across
New York’s
apple production regions.

Materials and Methods
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Figure 1. Electrolyte leakage damage curves for four genotypes in this
study from November-March. Dashed line indicates the LT25 value and
demonstrates the shifting cold hardiness across winter, and between
genotypes.
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were placed in 1 ml of dH,0 and sorted into 3 replicate 15ml
falcon tubes for each freeze temperature. For oxidative leakage,
3 replicate stem segments were placed within a single 50ml
falcon tube with a moistened square of paper napkin, to help
maintain humidity without saturating the cuttings. Nine freeze
temperature treatments and a control 4°C treatment was evalu-
ated at each monthly time point. Using a large programmable
freezer (Tenney TC30) temperature treatment followed a 5°C step
difference from -10°C to -60°C, depending on each collection
month. Tubes were taken from room temperature to -5°C for 2
hours to allow extracellular water and moistened paper to freeze.
Then temperatures were reduced at -5°C/hour, pausing at each
treatment temperature for 1 hour. At the end of each treatment
hold, the freezer was briskly opened, tubes extracted, and then
closed again to allow subsequent freeze temperature treatments
to occur. After freeze exposure, tubes were allowed to thaw to
room temperature. Nine mls of dH,0 was added to electrolyte
leakage tubes, followed by overnight shaking to help release cel-
lular electrolytes. The following day, conductivity was measured
from all tubes using a handheld conductivity meter (Vernier,
CON-BTA). Samples were then refrozen in a -70°C freezer to
produce maximal freeze damage. After 8 hours of maximal freeze,
samples were thawed at room temperature, mixed overnight, and
remeasured for final conductivity. Tubes and samples to be used
for oxidative browning studies were left at room temperature for
1 week. One mid-stem cross section was imaged for each of the
three replicate segments for each temperature treatment.

Cold hardiness was assessed as relative tissue damage as
measured by changes in conductivity in the dH,0. Conductivity
measurements were compared

damage to try and assess the critical temperatures responsible
for cellular damage.

Results and Discussion

Cold hardiness was evaluated at all five monthly timepoints
for all genotypes except G.11, M.9, Honey Crisp, and Snapdragon,
which were evaluated for December-March. All genotypes exhib-
ited the expected U-shaped curve of cold hardiness throughout
winter, with gentle decrease in cold hardiness during early winter,
maximal hardiness in mid-winter, and rapid deacclimation in
late winter. (Figure 2). Relative cold hardiness across the season
changed for the different genotypes, with clear evidence of some
genotypes exhibiting better early season cold hardiness while
others had more resistant cold hardiness in late winter (Table 1).
While LT50 values are commonly used to compare cold hardi-
ness, for apple the freeze temperature values recorded are likely
an overestimate of biologically relevant cold hardiness. We prefer
to be more conservative in our evaluation and use the LT25 value
as a point of comparison instead.

In November, LT25 values ranged from the least cold hardy
rootstock CG.4004, at -10.2°C, to the most cold hardy G.257,
at -21.5°C. LT25 values ranged from -20°C to -40.2°C (B.9 vs.
G.87) in December, from -27.9°C to -42.7°C (G.935 vs. G.969)
in January, from -30.8°C to -42.6°C (Gala vs. G.213) in Febru-
ary, and from -19.7°C to -32°C (C@G.2034 vs. Empire) in March
(Table 1). Cold hardiness was dynamic throughout the winter. In
general, during early winter, G.257, G.87, G.213, and G.890 had
the greatest cold hardiness while B.9, CG.8189, CG.6589, and
CG@G.4004 were the least cold hardy (Table 1).
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Figure 2. Electrolyte leakage damage curves for all genotypes in this study. Red and blue lines denote field daily
max and min temperatures °C. Black line and points indicate the change LT25 value for each genotype. Gray
ribbons denote the values for the LT50 and LT75 levels of damage.



Acclimation: The greatest gains in cold hardiness occurred
during the acclimation phase between November-December,
and December-January. Interestingly, there were roughly two
groups of genotypes that had different cold acclimation profiles.
One group demonstrated moderate gains between each of the
early winter months, demonstrating a slow acclimation response.
Examples of this phenotype are G.969, CG.6589, and CG.3067,
and G.222 which gained roughly equal amounts of cold hardi-
ness in each monthly transition. In contrast, G.87, G.890, G.214,
and G.935 gained nearly all their maximum cold hardiness in the
first monthly transition from November to December. The result
demonstrates that this later group of genotypes are well adapted
to arapid gain of maximal cold hardiness in early winter and may
represent ideal germplasm for regions with a rapid decrease in
fall temperatures (Table 1).

Midwinter: The coldest portion of the winter in New York
typically occurs between the middle of January and the middle
of February. Results of this first year of study demonstrated im-
pressive cold hardiness in all tested genotypes but in general, the
rootstocks were more cold hardy than the few scions tested. In
particular, G.969, G.222, G.213, were the most cold hardy, with
G.890, G.41, and G.257 also being quite hardy. The least cold
hardy rootstocks included M.9, B.9, and G.935, as well as the
four scions (Table 1).

Deacclimation: Our dataset only allowed for a single monthly
timepoint to be examined for deacclimation. Comparing field cold
hardiness in March versus February gives us a comprehensive
view of how fast the genotypes lost cold hardiness as spring tem-
peratures rose. Here a very interesting
pattern was observed. Deacclimation
rate differences resulted in a swapping
of cold hardiness phenotypes between
rootstocks and scions. During the
deacclimation phase, previously very
cold hardy genotypes such as G.210,

Cold Hardiness LT25

rently being tested in the second year of the study to determine
if these patterns are resilient to annual variation.

Conclusions

Cold hardiness and the changes that occur during winter are
dynamic aspects of apple tree physiology. This preliminary report
identifies several key findings as it relates to apple rootstock
cold hardiness. Clear differences between rapid acclimating and
moderate acclimating rootstocks were observed, suggesting that
some genotypes are better equipped for climates where rapid fall
freezes at the end of the growing season are common (e.g., G.214,
@G.87, G. 890). Most rootstocks reached a comparable midwinter
cold hardiness except for B.9, G.935, and G.814 which were least
hardy overall, as well as the scion cultivars tested. These geno-
types still achieved deep enough cold hardiness that they likely
wouldn’t suffer from midwinter freezes. However, given their
relatively shallow cold hardiness curve, these genotypes may be
at higher risk of midwinter false springs and rapid freezes. Finally,
an interesting divergence in deacclimation response was noted,
with scion genotypes being much less responsive to warming
spring temperatures than rootstock genotypes. Several of the
rootstock genotypes with preferred rapid acclimation patterns,
also had rapid deacclimation response. These patterns require
further years of study to validate the patterns seen here, but the
data suggests that there is the need to include cold hardiness,
acclimation, and deacclimation responses in rootstock choice
metrics when planting future orchards.

Table 1. Cold hardiness differences across the winter between genotypes. LT25 (°C) values show
temperature at which 25% of total damage is expected to occur (Left Panel). Change in cold hardiness
(Right Panel) shows the gain (-) or loss (+) of cold hardiness throughout winter. Percent deac column
indicates the percent of maximal midwinter cold hardiness (February) lost due to spring deacclimation in
March and illustrates differences between fast deacclimating and slow deacclimating genotypes.
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We are working with several companies to
evaluate methods to streamline the use of

Apple Crop load MANagement) is an extremely effective

method for successfully managing crop load. Effective crop
load management has a direct effect on yield, quality, size, and return
bloom, and ultimately an orchard’s profitability. The process involves
three management practices: 1) pruning, 2) chemical thinning, and
3) hand thinning, which have been described in detail in previous
articles (Robinson et al., 2014a,b). We are continuing to refine rec-
ommendations for PACMAN, on a regional basis, as part of a 4-year
national project, funded by the USDA-NIFA SCRI. This article is a
follow-up to our previous article summarizing earlier work on this
project (Robinson et al., 2022).

A key element of precision crop load management is the fruit
growth rate model (Greene et al,, 2013). Despite the successes of many
research and pilot projects, commercial adoption of the model has
been slow. The model requires tedious hand counting and measuring
of fruitlets during the thinning window, which some growers view as
time prohibitive. Even after successfully using the approach and seeing
the payoff, many farmers report that they simply do not have the time
during this busy period of the season.

As part of the PACMAN SCRI project, we are working to allevi-
ate this challenge by developing robotic and digital technologies that
offer practical implementation of PACMAN. In addition, in the past
few years, a multitude of companies have emerged from the private
sector with tools to accomplish these tasks. In 2021 and 2022, our
team began identifying, advising, and evaluating these companies
and their technologies on commercial and research orchards. Efforts
to date have included field days, demonstrations, and data collection
to verify information provided by these technologies. This will be an
ongoing process, as the landscape of digital and robotic technologies
is changing rapidly.

In 2022, we conducted trials to evaluate the accuracy of several
technologies for predicting fruit set following a chemical thinning
spray. The objective was to evaluate and compare three methods of
predicting fruit set — Malusim app (Malusim), Ferri Fruit Growth
Model app (Ferri), and Farm Vision scans (Farm Vision) — all of which
are based on the fruitlet growth rate model. Farm Vision was a com-
pany founded by Patrick Plonski, University of Minnesota graduate,
offering a technology for counting and measuring fruitlets to make
fruit set and harvest estimations. In January 2023, Farm Vision was
purchased by Meter Group and renamed Pometa. Pometa is referred
to here as Farm Vision, reflecting the name at the time the work was
conducted.

D ecades of work have demonstrated that PACM AN (Precision

8

the fruit growth rate model to manage crop
load more precisely. In this article we report
on our evaluations of a smart phone camera
system of measuring fruit size distribution to
determine fruit set after a thinning spray that
was developed by Pometa company. We also
evaluated their method of yield estimation.

The trials pre-
sented here rep-
resent a ground
truthing effort of
one of the new Al
technologies, as
compared to the
previously validat-
ed hand measure-
ment methods of
fruit set predictions. The results and experiences from the 2022 season
will be used to guide further evaluations of more technologies in the
future.

For the latest updates, please visit the PACM AN website: pacman.
extension.org

Methods

Trials were carried out in 11 orchard blocks in Massachusetts,
Michigan, New York, and North Carolina (Table 1). In each location,
fruit set following a chemical thinning spray was evaluated accord-
ing to the protocol of predicting fruit set using the fruitlet growth

B g

Figure 1. Scanning of an orchard using Farm Vision equipment, including
cellphone, RTK GPS, and battery pack, affixed to stabilizing device (3 ft
pole). This equipment will no longer be used in 2023. Harvest scans were
conducted with two people using an ATV. One person drove the ATV and
a cell phone operator scanned full rows (both sides) as shown in the cell
phone screen. Photo: Mario Miranda Sazo.
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Table 1. Characteristics of commercial orchard blocks in Massachusetts,
Michigan, and North Carolina for evaluation of fruit growth rate model
prediction tools.

# Block Rootstock System Spacing Target Crop
1 UMOGala’ (MA) M.9 Tall Spindle 3x12' 60
2 UMOFuji’ (MA) M.9 Tall Spindle 3x12' 80
3 UMO "Honeycrisp’ (MA) G.11 Tall Spindle 3x12' 60
4 TFF‘Gala’ (MA) 6.4 Tall Spindle 3x12' 100
5 TFF‘Honeycrisp’ (MA) G.41 Tall Spindle 3x12' 75
6 Vinton‘Honeycrisp’ (MI) Nic.29 Super Spindle x1 150
7 Vinton‘Gala’ (MI) G.11 Super Spindle %11 200
8 Thome ‘Fuji’ (M) B.9337 Vertical Axe 5x12' 90
9 Thome ‘Gala’ (MI) Nic.29 Tall Spindle 412’ 250
10 |  Cornell’Honeycrisp’ (NY) M.9 Tall Spindle X117 140
1n NCSU ‘Gala’ (NC) M.9 Tall Spindle 3x13’ 130

rate model” available at https://ag.umass.edu/fruit/fact-sheets/hrt-
recipe-predicting-fruit-set-using-fruitlet-growth-rate-model. Five
representative trees were selected per block, the number of flower
clusters were counted on each tree (for potential fruit set), and then
fourteen (MA) or fifteen (MI, NC, NY) flower clusters were tagged on
each of the five trees for data collection. Fruitlets were measured using
calipers beginning at approximately 6-7 mm fruitlet size and then at
4-7-day intervals; for Michigan, New York, and North Carolina, this
corresponded with approximately 3 and 7 days after the first thinning
application was made. Final fruit set was counted after June drop and/
or at harvest.

In all four states (MA, M1, NY, NC), the Malusim app was evalu-
ated using hand caliper measurements which were then entered into
the Malusim app to generate predictions of fruit set. In MA, the Ferri
app was also evaluated using the same trees and the same caliper
measurements, entered into this app. In addition to the caliper mea-
surements of fruitlets as described in the online protocol, the Farm
Vision scanning technology was evaluated at all three states, using
the company’s directions and equipment: smart phone, stereo video
camera, and enhanced GPSlocation identifier. The scans with the Farm
Vision systems were carried out using the same trees where manual
fruitlet measurements were being made. A final Farm Vision scan
was also conducted in MA to determine the final fruit set in August.
Because the objective was to evaluate and compare predicted fruit set
using the fruitlet growth rate model, the chemical thinner applications
are noted, but not further discussed. The specific details of each loca-
tion are:

Massachusetts: The trials evaluating all three methods (Malusim,
Ferri, and Farm Vision) were conducted at two orchards — the UMass
Orchard in Belchertown and Tougas Family Farm in Northborough,
using three varieties — ‘Gala) ‘Fuji' (UMass Orchard only), and ‘Hon-
eycrisp. At the UMass Orchard (UMO), five adjacent ‘Gala’ and ‘Fuji’
trees in two orchard blocks with uniform bloom were selected. In the
‘Honeycrisp block, five individual, non-adjacent trees were selected in
another block. Measurements were taken when fruitlets were approx.
6-7 mm in size on 23-May and continuing subsequently on 26-May,
29-May, and lastly on 3-June, 2022. Although chemical thinners were
applied at the UMass Orchard, the details are not available.

At Tougas Family Farm (TFF) we evaluated ‘Gala’ and ‘Honey-
crisp. Fruitlet measurement dates were 21-May, 25-May, and 27-May,
2022. Chemical thinner applications were made to the ‘Gala’ at bloom
on 12-May of Promalin + AmidThin, and 20-May of 6-BA. Chemical
thinner applications made to the ‘Honeycrisp' included NAA (10 ppm)
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atbloom on 12-May, NAA (10 ppm) + carbaryl (1 pt) on 18-May, and
NAA (5 ppm) on 27-May.

Michigan: The Malusim app and Farm Vision technology were
evaluated in four mature, bearing, high-density, commercial orchard
blocks in Sparta, MI. These included a ‘Buckeye Gala'’/G.11 and ‘Hon-
eycrisp'/Nic.29 planting at Schwallier’s Country Basket (Vinton) and a
Aztec Fuji’/M.9337 and ‘Gale Gala/Nic.29 planting at Bernard Thome
Orchards (Thome). At the Vinton orchard, thinning applications were
made on May 23 to ‘Gala’ of 6-BA (150 ppm) + carbaryl (1 pt), and
to ‘Honeycrisp’ of NAA (10 ppm). At the Thome orchard, a thinning
application was made on May 28. Fruitlet caliper measurements and
scans were made on 23-May, 27-May, and 31-May at Vinton, and 28-
May, 30-May, and 3-June at Thome. A final fruitlet count was made
after June drop on 27-June.

New York: In New York, the Malusim app and Farm Vision
technology were evaluated in a mature ‘Honeycrisp’/M.9 block at
the Cornell AgriTech Campus in Geneva. A thinning application
was made on 21-May at approximately 9.5 mm fruitlet diameter, of
6-BA (150 ppm) + carbaryl (1 pt). Caliper measurements and scans
were conducted on 21-May, 23-May, 27-May, and 31-May. Final fruit
counts were conducted at harvest on 20-Sept.

North Carolina: In North Carolina, the Malusim app and Farm
Vision technology were evaluated in a mature tall spindle ‘Ultima
Gala’/M.9 planting at the Mountain Horticultural Crops Research
and Extension Center, Mills River NC. Flower cluster counts were
recorded at bloom. Thinning application of 6-BA (75 ppm) + carbaryl
(1 pt) was made on 2-May, and subsequent caliper measurements and
scans were made on 5-May, 9-May, 11-May, 15-May, and 18-May. Final
fruit count was recorded after June drop.

Results and Discussion

Results from individual trials are presented in Table 2 and Figure
2 (A-]), and a summary of percent accuracy for all of the trials are
presented in Table 3 and Figure 3. Scans and caliper measurements
were taken on four or five dates in all trials. In all cases, predicted fruit
set is based on the change in fruitlet size between two subsequent
measurements. Therefore, no prediction is made or presented on the
first measurement date. In addition, these model and algorithms are
optimized for predicting fruit set after taking measurements 3 and 7
days aftera thinning application. Therefore, the first predicted fruit set
estimate were made after the 7-day or second date for measurements
and or scanning following a thinning treatment

In general, both the Malusim and the Ferri apps, predicted
fruit set reasonably well in comparison to the actual fruit set, but not
exactly equal. Compared to final fruit set counted by hand after June
drop or near harvest, Malusim predictions (made approx. 7 days after
thinning application or 6-7 mm fruitlet size) ranged from 43-352% of
actual fruit set with median 137%, and Ferri predictions ranged from
107-258% with median 161%. Both apps were most frequently within
20-30% accuracy.

Some discrepancy is to be expected, as the exact implementa-
tion of the fruit growth model in each app may be slightly different.
In addition, both apps use some form of error correction, where mea-
surements are discarded if deemed to be out of “range”” For example,
in Malusim when the growth rate is more than 1.5 mm per day or is
an outlier (more than 2 standard deviations of all growth rates) it is
discarded. Also, some human error is expected. It is recommended to
have the same person measure fruitlets on each measurement date.
Some of the error in MA measurements may be attributed to different
people doing the measurements on different dates (for example when
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Table 2 (A-J). Actual and predicted fruit set (per tree) using Malusim, Ferri, or Farm Vision technologies for orchard blocks in MA, MI, NY, and NC in 2022.

A. UMO Gala (MA)

1 2 3 4
Actual Count 103
Malusim predicted® % 190 211 112
of actualY (184%) (205%) (109%)
Ferri predicted % 126 201 107
of actual 122% 195% 104%
Farm Vision predicted % 182 176 142
of actual 177% 171% 138%
“predicted fruit set per tree | Ypercent accuracy = predicted fruit set / actual fruit set
B. UMO Fuji (MA)
1 2 3 4
Actual Count 70
Malusim predicted 242 279 30
% of actual 346% 399% 43%
Ferri predicted 221 248 76
% of actual 316% 354% 109%
Farm Vision predicted 189 276 94
% of actual 270% 394% 134%
C. UMO Honeycrisp (MA)
1 2 3 4
Actual Count 29
Malusim predicted 355 254 102
% ofactual | 1224% 876% 352%
Ferri predicted 342 248 63
% of actual 1179% 855% 217%
Farm Vision predicted 341 168 96
% of actual 1176% 579% 331%
D. TFF Gala (MA)
1 2 3
Actual Count 51
Malusim predicted 190 88
% of actual 373% 173%
Ferri predicted 218 82
% of actual 427% 161%
Farm Vision predicted 305 128
% of actual 598% 251%
E. Vinton Honeycrisp (MI)
20-May 27-May 31-May 27-Jun
Actual Count 822 148
Malusim predicted 206 80
% of actual 139% 54%
Farm Vision predicted 276 128
% of actual 186% 86%
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Figure 2 (A-J). Actual and predicted fruit set (per tree) using Malusim, Ferri, or Farm Vision technologies for orchard blocks in MA, MI, NY, and NC in 2022.

F. Vinton Gala (MI)
20-May 27-May 31-May 27-Jun
Actual Count 1824 229
Malusim predicted 511 456
% of actual 223% 199%
Farm Vision predicted 479 372
% of actual 209% 162%
G. Thome Fuji (MI)
20-May 30-May 3-Jun 27-Jun
Actual Count 833 150
Malusim predicted 217 142
% of actual 145% 95%
Farm Vision predicted 175 159
% of actual 117% 106%
G. Thome Fuji (MI)
20-May 30-May 3-Jun 27-Jun
Actual Count 2722 337
Malusim predicted 708 463
% of actual 210% 137%
Farm Vision predicted 460 435
% of actual 136% 129%
1. Cornell AgriTech Honeycrisp (NY)
21-May 23-May 27-May 27-0ct
Actual Count 1235 135
Malusim predicted 712 186
% of actual 527% 138%
Farm Vision predicted 308 212
% of actual 228% 157%
J.NCSU Gala (NC)
9-May 11-May
Actual Count 998 213
Malusim predicted 287 226
% of actual 135% 106%
Farm Vision predicted 510 396
% of actual 239% 186%
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the predicted fruit set actually increased (UMO ‘Gala’ and ‘Fuji). In
conclusion, the two apps were comparable in their results, they gave
similar predictions of fruit set, and were fairly accurate in relation to
the actual fruit set.

With the Farm Vision technology there was also variability in
prediction of final fruit set compared to other models, and in accuracy
compared to actual fruit set. Compared to the final fruit set counted
after June drop or near harvest, the final prediction of fruit set by Farm
Vision ranged from 86-331% of final fruit set with median 152%. Like
the Malusim and Ferri apps, most frequently predictions were within
20-30% of actual fruit set.

A few blocks appear to have been outliers, with gross over or
under predictions compared to actual fruit set. In the UMO ‘Fuji’
block, Malusim greatly under predicted fruit set (43% of actual), but
Ferriand Farm Vision methods did not (109% and 134% respectively).
In the Vinton ‘Honeycrisp’ block, Malusim under predicted fruit set
(54%) but Farm Vision only slightly under predicted (86%). This was
most likely due to the placement of flagged clusters in these trees.
A large portion of the clusters were in the lower part of the canopy,
which experienced some over thinning compared to the tops of the
trees. This is an excellent illustration of the importance of flagging
clusters throughout the canopy in order to reflect thinning and
fruit set of the entire tree. In the UMO ‘Honeycrisp’ block, all three
methods significantly over predicted fruit set (Malusim 352%, Ferri
217%, Farm Vision 331%). This indicates that more thinning occurred
after the measurements and scans were complete and predictions
made. Additional thinners may have been applied to this block, or
other environmental conditions may have imposed additional stress
that resulted in further fruitlet abscission (i.e., carbohydrate deficits
induced by low sunlight and excessive heat).

When comparing the Farm Vision to the Malusim and Ferriapps,
all three showed similar trends in fruit set predictions, but Malusim
and Ferri were much more similar than Farm Vision. This is mostly as
expected. We might consider it a bit like comparing “apples to oranges”
The Malusim and Ferri apps use a similar method of data collection,
measuring by hand with calipers a known number of fruitlets, with
slightly different
models for making

fruit set predictions.  to actual fruit set. Reported as percent (%).

Table 3. Accuracy of fruit set predictions by Malusim,
Ferri, or Farm Vision scanning technology compared

On the other hand, Farm
‘o . Block Malusim Ferri
Farm Vision intro- Vision
duces a different  [ypo Galat 100% | 138% | 104%
.tec%}ml"gy for "see- Iy n ot B% 134% 109%
ing” and measuring
. UMO 'Honeycrisp' 352% 331% 217%
fruitlets (cameras
and Computer Vi- TFF 'Gala 173% 251% 161%
i i TFF 'Honeycrisp' 183% . 258%
sion) and algorithms ycrisp
for determining the | Vinton 'Honeycrisp' 54% 86%
actual number of | yinton Gala' 199% 162%
fruitlets Present [y ome Fuj 95% 106%
based on occlusion
. Thome 'Gala' 137% 129%
models calibrated to
. . i icn' () 0y
a given plantmg. In Cornell 'Honeycrisp 138% 157%
addition’ Malusim NCSU 'Gala' 106% 186%
and Ferri make pre-
dictions on fruit set | average 144% 168% 170%
on a per tree basis, [z 352% B% | 258%
whereas at the time -
. Min 43% 86% 104%
of this work, Farm
_ . i 0, 0, 0
Vision was estimat- Median 137% 148% 161%
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ing set on a linear basis (i.e., predicted fruit set per meter). In the
future Farm Vision will be changing its models to operate on a per
tree basis, and they will continue to ground truth results. In general,
less data used in the Malusim and Ferri apps than in the Farm Vision
method could have led to some of this variation.

There were a few concerns with the Farm Vision hardware during
our work. These were primarily related to the QR code signs needed
to geo-locate the trees, which were easily obscured. Also, RTK GPS
connectivity was a challenge in some locations. In 2023, Farm Vision
(Pometa) is eliminating and/or changing several aspects of their hard-
ware and data presentations. For example, QR code signs are being
reimagined and the app can now be used without an external RTK
GPS device, eliminating connectivity issues. These are examples of
how Farm Vision, and other technologies, are rapidly responding to
user experiences and improving their output going forward. In general,
we found Farm Vision support very easy to work with and responsive
to our concerns.

Farm Vision offers some advantages to the Malusim and Ferri
apps. The time for data collection is drastically reduced. Data collec-
tion for either Malusim or Ferri from a single block typically took us
the greater part of an hour, and it is difficult to accomplish alone. Farm
Vision took less than five minutes per block to complete the scans, once
the hardware was set up and GPS was connected, plus walking time
between trees. In addition, Farm Vision uses a much larger sample
size of fruitlets to make predictions (all visible fruitlets), whereas the
Malusim and Ferri apps are limited by a small sample size. In these
apps, only 70-75 clusters were measured (14 or 15 clusters on each of
5trees). If these clusters were an inaccurate representation of the total
tree or block, they would have provided poor fruit set predictions.
Based on our personal experiences, even one aberrant tree or flower
cluster(s) can seriously skew the results.

Overall, all methods tended to over-predict fruit set. This means
they are conservative by nature, and the risk of over-thinning is
minimal. All three followed similar trends in nearly all situations and
provide similar predictions of fruit set and corresponding recom-

400%
350% -

300%

250%

200%

150%

Percent of Final Fruit Set

100%

50%

0%

1 malusim [ Farm Vision [ Ferri

Figure 3. Accuracy of fruit set predictions by Malusim, Ferri, or
Farm Vision, compared to actual fruit set.
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Table 4. Actual yields and yield estimations with a cell phone camera at
two mature WNY orchard sites in the fall of 2022.

Number of Yield (bins)
Site rows and Predicted (cell phone camera)
;cg::e: Actual Yield With Occlusion Without Occlusion
9 Model model
‘Fuji’/B.9 12 rows 127 154 (Overpredicted 114.5 (Under-
(2x11ft) (2.87acres) by 21%) predicted by 10%)
“Evercrisp’/ 8 rows 8 80.1 (Slightly under- NA
B.9(3x12ft) (1.5acres) predicted by 3%)

mendations for thinning.
Yield Estimation Studies with Farm Vision in New York

As a follow up to our work in the spring to estimate fruit set, in
the fall 0f 2022, we conducted two yield estimation studies with Farm
Vision in the Lake Ontario Fruit region of New York. Orchard scans
were conducted at two locations. The first was a commercial five-year
old ‘Fuji’/B.9 planting at 2x11 ft (Fish Creek Orchards, Orleans County,
NY) on September 14, 2022. A second trial was conducted at a com-
mercial six-year-old ‘Evercrisp'/B.9 planting at 3x12 ft (Cherry Lawn
Farm, Wayne County, NY) on October 13, 2022.

Calibrations for occlusion were conducted prior to full scanning
of rows for yield estimation. At each of the two sites, five 3-tree plots
which were randomly distributed in the orchard were used for calibra-
tion of occlusion. Calibration plots had uniform crop load, tree height,
canopy width, and trunk diameter. Fruit counts/tree were conducted
for each of the calibration plots before the scanning of full rows. Set-
ting up of calibration plots and ground-truth work took one hour for
two people at each of the orchard sites.

Full row scans were conducted with two people. One person
drovean ATV atapproximately 10 miles/hour and a cell phone opera-
tor scanned full rows (both sides) that contained the five calibration
plots. Entire tree canopies and trunks were scanned by the cell phone
operator. Scanning with the cell phone camera took less than 10-12
mins with one ATV and two people at each of the orchard sites.

At Fish Creek Orchards we scanned 12 rows or 2.87 acres. The
Farm Vision technology estimated 2,926 bushels or 154 bins (19
bushels/bin) from the 12 rows (Table 4). The actual yield from the 12
rows was 2,413 bushels or 127 bins recorded on October 12, 2022.
At Cherry Lawn Farms we scanned 8 rows or 1.5 acres. The Farm Vi-
sion technology estimated 1,602 bushels or 80.1 bins (20 bushels/bin)
from the 8 rows (Table 4). The actual yield from the 8 rows was 1,658
bushels or 82.9 bins recorded on October 26, 2022. The Farm Vision
yield estimates overpredicted the yield of ‘Fuji' by 21% and slightly
underpredicted the yield of ‘Evercrisp’ by 3%. The large overestimation
of ‘Fuji’ fruit seemed to be associated with the occlusion model when
scanning both sides of the Fuji trees were scanned. The Super Spindle
Fuji orchard had a very narrow 2-dimensional canopy with almost
all fruit visible to the camera from one side. In this case, the Farm Vi-
sion technology had some double-counting of fruit, even though the
system attempts to compensate. When the scanning results for Fuji
were re-run by Farm Vision and the occlusion model was turned off
for the analysis, the new Fuiji yield estimate was 114.5 bins and only
10% lower than the actual Fuji yield at harvest. This result showed that
the Farm Vision technology can be used to scan very thin, 2-D fruitful
canopies, from a single side of a row, without the use of an occlusion
model. This took less time than other yield estimation models.

Conclusions
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Many tools utilizing computer vision, Al, and ML are rapidly
becoming available to assist with PACMAN, specifically to improve
and expedite the process of fruitlet measuring to predict fruit set
according to the fruit growth rate model, as well as to make harvest
predictions. The tools tested here, including the Malusim app, Ferri
app, and Farm Vision (Pometa) scanning, varied in accuracy in our
2022 trials. This and other tools are continuing to be updated and
improved, both in terms of accuracy of predictions and user friendli-
ness. We are optimistic about the accuracy and efficiency with which
computer vision tools will accomplish this task in the future. As with
all models or tools, they are not perfect, they are an excellent “deci-
sion aid” As always, grower experience should be a factor in making
chemical thinning decisions, don't rely on the models alone.
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Life After Lorsban
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Aswe move forward without chlorpyrifos,
this article proposes alternative
approaches to managing borers and
soft-bodied insect pests in orchards.

(EPA) revoked the label registration on bearing fruit trees for

chlorpyrifos, which many tree fruit growers purchased under
the trade name Lorsban (also known as Govern, Warhawk). This
was the result of a process under which the EPA is obligated by
law to reevaluate registered pesticides every 15 years to make
sure that the current use of these products matches our current
understanding of the science, including worker and food safety
and environmental impacts. Unfortunately for growers who were
used to depending on this material, it was determined that the
risks outweighed the benefits.

There were two main uses for this product in orchards: as a
trunk spray against borers, and when combined with a dormant
oil, to manage early season populations of soft-bodied insects
such as scale and aphids. These are all insects that mainly cause
damage to the trees themselves as opposed to direct fruit dam-
age — and putting an economic value on their management is
difficult. That said, these pests are known to impact tree health
and longevity, particularly under high population pressure.

As we move forward without chlorpyrifos, the purpose
of this article is to discuss alternative approaches to managing
borers and soft-bodied insect pests. Since the biggest challenge
in managing these pests relates to the fact that for most of their
lifecycle they are hidden or well protected, timing becomes the
crucial key to success. I will also review existing resources and
gaps in our knowledge with respect to managing these pests
sustainably.

In February 2022, the U.S. Environmental Protection Agency

Borers

Wood-boring insects that attack living trees are generally
either moths or beetles. Some borers are attracted to trees sending
out stress signals (e.g., ambrosia beetles like the black stem borer).
Other borers are attracted to pre-existing wounds, cankers, burr
knots at the base of trees, or rough bark (e.g,, Sesiid moths like
dogwood borer; American plum borer). The process of boring
into trunks or limbs can girdle them or allow pathogens to enter
wounds, which can interfere with sap flow. One trunk spray of
chlorpyrifos timed with when adults of a particular species were
likely to be active was used to keep these pests at bay.

Some researchers suspect the cause of recent (within the last
10 or so years) increased incidence of borer damage in orchards
may be due to an increase in tree stress. This tree stress is hypoth-
esized to be caused by a changing climate, including increased
incidence of winter injury and alternating periods of drought and
heavy rains. It may also be due in part to increases in acreage
devoted to high density orchards, systems in which significantly
more trees are planted per acre and pushed to produce fruit as
soon as possible after planting. Technologies are being developed
to improve and automate irrigation systems and nutrient manage-
ment, and frost fans are being used to break up inversion layers
when trees are at their most vulnerable to injury in the spring.
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However, these tech-
nologies are not able

to prevent damage due to temperature extremes in the fall when
trees enter dormancy, and can'’t control times of the year when
we receive an over-abundance of water. All of this is just to say
that our troubles with borers are not going away any time soon.

Most of the insecticide efficacy work on tree fruit borers
comparing alternatives to chlorpyrifos is from 20-30 years ago.
This is partly because chlorpyrifos worked so well and few new
materials have come to market, but also because borers are a
really challenging pest to study and keep in lab-reared colonies.
With the insecticides that remain labeled for use against borers
in orchards, we know that they are very likely to require two or
more applications because their residues are less persistent and
as such should be applied with a compatible spreader-sticker to
maximize longevity. Products that are less persistent also require
more precise timing to target susceptible life stages.

For many of the key tree fruit borers (e.g, dogwood borer,
peachtree borers, American plum borer), the pheromones emit-
ted by females to attract mates are known and manufactured in
commercial lures and can be used to monitor male flight. For
ambrosia beetles like the black stem borer, ethanol traps can be
used to monitor when females are searching for new trees to in-
fest. Knowing when these species are actively searching for mates
or new trees to infest is critical for targeted insecticide sprays.
If no traps are set for these pests, or if traps are set and no one
is trained to identify these pests, this is a missed opportunity to
improve timing and therefore efficacy.

For some moth species of borers, pheromone dispensers
are commercially available to distribute in orchards to prevent
males from finding females, thereby reducing egg laying, and in
theory, reducing the need to apply insecticides targeting these
pests. For growers with trees on rootstocks known to produce

Figure1
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burr knots or that are susceptible to cracking, this is an important
alternative to consider. For growers with orchard blocks where
these kinds of borers have been a problem, it may take 2-3 years
to knock populations back down with this technique. There are
nuances to using these dispensers that may be different from what
growers familiar with mating disruption against codling moth
or Oriental fruit moth are used to. Check the product label for
recommended dispenser density per acre and placement of the
dispensers in the canopy for maximum efficacy (e.g., depending
on the product, dispensers may need to be placed lower in the
canopy than codling moth dispensers).

Some growers have tried with some success applying ma-
terials that act as a feeding deterrent (e.g,, kaolin clay). There is
also active research into the use of entomopathogenic nematodes
(EPNSs) against Sesiid moth borers and on the use of systemic
fungicides against ambrosia beetles and their fungal colonies.
However, these approaches require further research or are still a
way off in terms of their practical use. For borers, there is a wide-
open area of research focus needed to optimize our management
of these pests in orchard systems.

Soft-bodied Insect Pests

San Jose scale become active with sap flow in early spring.
Combined with dormant oil, an application of chlorpyrifos was
traditionally made in early spring to coincide with the onset of
sap flow. This two-punch approach with the oil suffocating the
insects in combination with a nerve toxin was used rather suc-
cessfully to suppress populations of this pest, although the use
of chlorpyrifos in this case, likely suppressed natural enemies as
well.

San Jose scale is a tiny cryptic pest, perfectly camouflaged
and protected for most of the season under waxy scales that
look a lot like the normal features of bark. Except for the crawler
stage, females are sedentary under these waxy covers and call
to winged males with a pheromone signal. Juvenile males and
females develop and overwinter under waxy caps. Dormant oils
on their own can still do a lot to suppress sedentary stages of San
Jose scale, but caution is warranted if a frost is expected 2 days
before or after application, or when combined with materials in
tank mixes that are known to cause crop injury.

During their flight periods, males captured on baited traps
appear as really tiny yellow specks. Because their flight period
tends to coincide with the first flight of male codling moth in
apple orchards, some growers use the codling moth biofix to be-
gin a growing degree day (GDD) accumulation model for timing
management of the crawler stage of San Jose scale. A well-timed
application of an insect growth regulator (IGR) can be very ef-
fective in reducing San Jose scale populations and seems to have
a strong carry-over effect into at least the next season. It is also
exciting to note that it is easy to disrupt San Jose scale mating
with pheromone dispensers, but as of this writing we are waiting
on registration of commercially available products.

Aphids can seem to appear out of nowhere because of how
rapidly they reproduce under the right conditions. There are at
least five species of aphids that use apples for part or all of their
lifecycles. These include three species of green apple aphids (i.e.,
apple grain aphid, apple aphid, and spirea aphid), the rosy apple
aphid, and the woolly apple aphid. The earliest to appear in spring
is the apple grain aphid, but this is not an economically important
species and no treatment is recommended.
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About a week to ten days later, however, the rosy apple aphid
hatches over a period of about 2 weeks, seeking apple buds as
they open, causing leaves to curl and fruit to deform as they suck
sap. Curled leaves are the most telling sign of rosy apple aphid
presence in spring. The fact that they spend part of their lifecycle
on narrow-leaved plantain should motivate growers to try to
eliminate it from the orchard floor — especially near susceptible
cultivars like Golden Delicious and its relatives. A threshold
was developed for rosy apple aphid when fast-acting materials
like chlorpyrifos were widely used. The recommendation was
to examine 100 fruit clusters in the center of susceptible blocks
from tight cluster through petal-fall and then apply a spray if an
average of one colony or more per tree was found. Research is
needed to know whether this threshold is applicable with the use
of slower-acting insecticides like modern IGRs.

The other two green apple aphid species, the apple aphid
and the spirea aphid, start being active in early spring but are
more likely to be found starting in June and are most abundant
in June and July on vigorous new growth such as water sprouts.
The threshold for triggering management of these species was
based on examining 10 growing shoots on each of five trees in
a block; if an average of more than four leaves on these shoots
were infested with green aphids then an insecticide application
was recommended. Again, this threshold was developed at a time
when growers had access to fast-acting contact sprays and needs
to be reevaluated with slower acting materials. It is important to
note that with these species and with the rosy apple aphid, once
leaves become curled from heavy infestation, they are more dif-
ficult to manage and may require the use of a systemic insecticide.

Colonies of woolly apple aphids may be found either above
or below ground on roots. Serious damage to apples by this aphid
is mainly from their root feeding, but there are some rootstocks,
particularly those in the Malling series, that are not resistant to
them. Above ground colonies cause consternation during harvest
producing a red, sticky mess when they are inadvertently crushed
by workers harvesting apples. The recommendation is to look for
white cottony masses covering colonies of woolly apple aphids
starting at petal fall on twigs, water sprouts, and callus tissue, but
there is no threshold for triggering action other than “if numbers
warrant treatment”.

In orchards with a healthy community of natural enemies
(e.g., parasitoid wasps, lacewing larvae, and lady beetle adults and
larvae), aphids tend to stay below threshold levels of concern.
In these orchards it will be common to find mummified aphids,
which are aphids that have been attacked and killed by parasitoid
wasps. However, a cool, wet spring favors aphid development
because these conditions are unfavorable to aphid parasites and
predators. In addition, repeated use of pyrethroid insecticides,
which are very toxic to parasitoid wasps, will knock out this
natural source of pest suppression.

Numerous alternatives to chlorpyrifos are registered for use
against aphids, including other products that act on nerves or
muscles, products that interfere with respiration, and products
that interfere insect growth. Insecticides that act on nerve or
muscle targets or interfere with respiration are generally fast to
moderately fast acting. Insecticides that interfere with growth,
otherwise known as insect growth regulators or IGRs, are gen-
erally slow to moderately slow acting and need to be applied
when the target life stage is present. Whether the insecticide is
a contact spray or a systemic transported within the plant being

17



protected, will also impact how quickly or slowly a material will
work against a target pest. Good coverage through proper sprayer
calibration, not skipping rows when spraying, and avoiding ma-
terials known to be very toxic to natural enemies are the keys to
success for managing aphids. Thresholds may need to be adjusted
to accommodate for the use of slower-acting insecticides.

Conclusion

Although it can feel discouraging when a reliable tool is no
longer available, there are alternative materials and approaches to
managing borers and soft-bodied insect pests in spring without
chlorpyrifos. Here is a quick recap of those alternative materials
and approaches.

+ Use available monitoring tools (e.g., traps, lures/baits,
systematic scouting techniques) and growing degree day
based models for better precision. Thresholds may need to
be adjusted when switching to insecticides that are slower
acting like IGRs.

+ For moth borers, consider using pheromone mating dis-
ruption (MD), especially in blocks with trees on rootstocks
known to produce burr knots or that are susceptible to
cracking. In high pressure blocks, a combination of trunk
sprays and MD may be necessary for the first couple years.

+  When applying trunk sprays, be sure to use a compatible
spreader-sticker to maximize longevity; multiple applica-
tions may be required.

+ For foliar applications, calibrate sprayers to maximize
coverage and don’t skip rows; choose systemic insecticides
when target life stages are well-protected by waxy cover-
ings or curled leaves.

+ A dormant oil application is still an effective approach
for suppressing San Jose scale in early spring but requires
caution immediately after or right before cold weather.
A properly timed IGR can knock back San Jose scale in
problem blocks.
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+ Cool, wet spring weather favors aphid development be-
cause these conditions are unfavorable to aphid parasites
and predators. Also, beware of repeated use of pyrethroid
insecticides — these will knock out beneficial insects, al-
lowing aphid populations to explode.

» For orchards with a history of rosy apple aphid infesta-
tion, consider eliminating narrow-leaved plantain from
orchard floors especially near susceptible cultivars like
Golden Delicious.

Acknowledgements

Dr. Wilson would like to thank her tree fruit entomology
colleagues, both current and retired, for sharing their collective
experiences through the Great Lakes Fruit Workers Group and
through collaborative research efforts funded over the years by
USDA-NIFA. Special thanks to John Wise, Amy Irish-Brown, and
others on the Michigan State University Extension Fruit Team
and to the Michigan Apple Committee, the Michigan Cherry
Committee, and the Michigan Tree Fruit Committee. This article
is written in memory of Larry J. Gut.

Literature Cited

Deveau, J., M. Ledebuhr, T. Manktelow. 2021. Airblast 101: Your Guide to Effec-
tive and Efficient Spraying, 2" edition, Blurb, Inc.

Howitt, A.J. 1993. Common Tree Fruit Pests. Michigan State University Exten-
sion, NCR 63, 252 pages.

Sutton, T.B., H.S. Aldwinckle, A.M. Agnello, and J.F. Walgenbach. 2014. Part III.
Arthropod Pests, in Compendium of Apple and Pear Diseases and Pests,
2nd edition, APS Press, St. Paul, MN, pages 133-204.

Wise, J., et al. 2023. Michigan Fruit Management Guide 2023. Michigan State
University Extension Bulletin E-0154, 349 pages.

Julianna Wilson is an Assistant Professor and Extension Spe-
cialist who directs the Tree Fruit Entomology Lab at Michigan
State University.

Supporting today’s agricultural needs
and creating member opportunities for
tomorrow through advocacy and education.

S
get

Truck Rental

Join Today!
NYFB.org » 800-342-4143

NEW YORK STATE HORTICULTURAL SOCIETY



Grower Impressions of Low Tunnel Utility for June-
Bearing Strawberry Production

Elisabeth Hodgdon', Laura McDermott’, Rebecca Sideman? and Kaitlyn Orde?

1Cornell Cooperative Extension Eastern NY Commercial Horticulture Program | 2University of New Hampshire Cooperative

Extension

Keywords: Strawberries, botrytis fruit rot, fruit quality, low tunnel, frost, early harvest

Low tunnels offer an economical
way for strawberry growers to use
protected culture, resulting in higher
quality fruit, potential early ripening,
and reduced need for fungicides but

in the spring can be sold for premium prices, drawing in

customers to retail operations. With more and more high
tunnels being constructed on farms every year, growers are
interested in diversifying their crop production in tunnels and
including strawberries in addition to tomatoes and other crops.
We see a wide variety of strawberry production systems under
cover around the Northeast, ranging from sophisticated green-
houses with hydroponic production to high tunnels and smaller
caterpillar tunnels. These structures help extend the season for
June-bearing (JB) strawberries, hastening maturity in May. They
also protect plants from rain and extreme weather events, reduc-
ing disease pressure and direct damage to fruit from precipitation.
Although larger tunnel structures are a more common sight on
New York farms due to federal funding initiatives, we seldom see
plastic-covered low tunnels—waist-high structures—on farms.
Low tunnels offer some of the same benefits as larger tunnels,
but at a lower cost: approximately $20,000 as a high end estimate
for materials to construct one acre of low tunnels.

Plastic tunnel structures offer a variety of benefits for improv-
ing crop yield and quality. When grown in low tunnels, day-neutral
(DN) strawberries benefit from an extended harvest season and
greater yields. Researchers in Maryland reported greater overall
yields of strawberries grown in low tunnels compared to open
field production (Lewers et al 2017). In a New Hampshire study,
strawberry yields were markedly higher during the shoulder sea-
sons under low tunnels, which offers a benefit to producers in the
fall when local strawberries are typically less available (Orde and
Sideman 2019).

Additionally, tunnels can increase the share of marketable
yield and reduce disease occurrence (Conner and Demchak 2018;
Demchak 2009; Lewers et al 2017; Orde and Sideman 2019). The
plastic covering of tunnels creates a beneficial environment through
increased daytime temperatures when sides are rolled down and
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Strawberry growers know that the first berries to market

Figure 1. Three low tunnels draped in bird netting at Farm A in April 2021.
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they may not be appropriate for all
operations in the northeastern U.S.
Our on-farm studies showed that low
tunnels may also increase yield and
quality in June-bearing strawberries
during wet seasons.

protection from precipita-
tion and wind. Keeping
rain and hail off fruit de-
creases diseases pressure
from Botrytis and other
pathogens, resulting in a
higher percentage of mar-
ketable yield. Few studies
have been conducted on low tunnels in the Northeast, but Orde
and Sideman (2019) measured higher marketable berry yield of
DN strawberries grown in low tunnels during the shoulder seasons
compared to traditional open field production.

Low tunnels are simple structures that do not require special-
ized expertise to install and maintain but do require additional
materials and labor investment at the start and end of the season.
They consist primarily of short hoops, clear plastic film covering,
stakes, and bungee cords holding the covering in place. In com-
parison to larger, more sophisticated structures, they allow for more
flexibility for movement from field to field according to crop rota-
tion. Annual strawberry systems with low tunnels are a logistical
good fit in vegetable crop rotation schemes. While low tunnels are
simple to use, materials can be costly and labor is required to set up
and take down the tunnels at the beginning and end of the season
(Conner and Demchack 2018). Additionally, tunnels covering rows
of strawberries render in-season pesticide application and weed
control difficult for some equipment because rows are not easily
accessible by tractor-drawn equipment traveling close to the ground.
The cost-benefit analyses of low tunnels for individual farms are
therefore dependent upon the price received for strawberries and
labor availability in-season.

While research has been done on DN strawberries in low tun-
nels, little is known about whether low tunnels are worthwhile for
JB production. Here, we present results from a series of on-farm
demonstrations of low tunnels installed over JB strawberries. Re-
gults from our Qemonstra- 7 >
tions emphasize grower {&«%
perspectives on logistic —
and economic feasibility
of low tunnels. We also
report data comparing
marketable and unmar-
ketable strawberry yield
under low tunnels versus
open field from two of our
farm sites.

Figure 2. Inner tunnel environment at Farm
A, with plastic cover draped in bird netting
over plasticulture strawberries.

Materials and

Methods
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In 2021 and 2022, we installed low tunnels over JB strawber-
ries at two commercial farms in eastern New York (Farms A and
B) and one farm in central New Hampshire (Farm C) to gather
grower input on whether they impacted maturity, yield, and quality
of JB strawberries. One of the farms was certified organic, while
the other two were conventional. All farms participating in the low
tunnel demonstrations were diversified fruit and vegetable farms
that included retail sales of their products. At each site, the grower
compared quantity and quality of berries grown under three 30’ long
low tunnels versus those grown in the open field in adjacent rows.
Our low tunnel materials were sourced from Dubois Agrinovation
(St-Rémi, QC; Table 1) and were installed by extension staff.

At two of the farms (Farms B and C), marketable and unmar-
ketable strawberry yield was measured during two harvests in 2021.
Fruit damaged by pests, disease, or precipitation, and fruit that were
undersized were deemed unmarketable. Extension staff collected
harvest data at Farm B, while the grower host collected data at
Farm C. At Farm B, data from each of the three tunnel and open
field replicate beds were analyzed using t-tests performed in JMP
statistical software. At Farm C, berries were harvested from only
one open field replicate, and no statistical analyses were conducted.
No quantitative yield data was collected at Farm A or in 2022 at
any of the participating farms. At the end of the strawberry season
each year, we recorded our observations and those of the grower
hosts. Here, we discuss our findings from the past two qualitative
seasons and grower conclusions as to whether low tunnel systems
were feasible for JB strawberries on their farms.

Results

Farm A is a diversified certified organic small fruit and veg-
etable farm that sells strawberries through farmers markets and
community-supported agriculture (CSA) in eastern New York. The
growers manage their small-scale production intensively, utilizing
multiple high tunnels and row covers for season extension. Grower
A was intrigued by the use of low tunnels for earlier harvests of
berries to bring to spring markets.

We installed low tunnels over three sections of their rows of
‘Chandler’ plasticulture strawberries in late April in 2021 and 2022
at first bloom. No drip irrigation was installed in the field, and straw
was used between rows for weed management. Due to deer and bird
pressure, Farm A used wide-mesh bird netting as a deterrent (Figs. 1
& 2). We draped the bird netting over the tunnels to accommodate
the low tunnel system. Unfortunately, due to a freeze later in May
2021 (several hours of temperatures in the 20’s F), Farm
A lost most of the primary strawberry blossoms. Due to
the warming effect of the tunnels, the plants and flowers

be expected if harvests began earlier.
Lessons learned at Farm A:

+ Low tunnel structures do not provide protection from low
nighttime temperatures. Additional frost protection (e.g.,
row cover or micro-irrigation) is still needed to protect
flowers from late frosts and freezes. This observation aligns
with research conducted at the University of New Hamp-
shire in recent years (Orde and Sideman 2019).

» Bird netting plus the tunnel structures created an overly
complex harvesting environment for employees at this
farm. Netting had to be removed, and the sides of the tun-
nels needed to be raised at each harvest.

+ Despite yield losses due to the freeze in 2021, Farm A
observed improved fruit quality under the low tunnels.

+ The seasonality of the fruit is impacted by the low tunnel
environment, causing earlier ripening and possibly an
earlier end to the season.

Conclusions: Low tunnels were not worth the management
effort for Farm A, particularly while using bird netting. Grower
A is still interested in protected culture of strawberries given the
improved fruit quality but believes that caterpillar or high tunnels
would be easier for them to manage.

Farm B is a conventional diversified fruit and vegetable op-
eration in eastern New York offering strawberries at their retail
store and for pick-your-own. Grower B was interested in using
low tunnels to determine whether the structures would hasten
berry harvest; earlier berries in May would draw customers to
their farm store.

Figure 3. Low tunnels installed over matted row strawberries at Farm B in
May 2021.

Table 1. Materials used for low tunnel demonstrations at commercial farms in New
York and New Hampshire during 2021-2022 strawberry seasons

within the structures were slightly more mature than those | paterial

Size Notes

in the open field, and therefore tunnel plants may have lost
a higher number of primary blossoms than the uncovered

Galvanized steel “TunnelFlex” hoops

Hoops include loops on each side for grounding

46" wide x 39.5" tall
stakes

plants.
The quality of fruit in low tunnels was good and we

Rubber-coated end hoop!

Thicker steel end hoop set at 45° angle to taper

~46" Wi " tall .
JUHEEE plastic to anchor stake

observed a reduction in loss from disease compared with

open field berries. Remaining low tunnel fruit in 2021 after

the early freeze also ripened earlier by a few days which
was encouraging for the growers. In 2022 the fruit under

Galvanized steel extension posts 2'tall To anchor ends of tunnel
Galvanized steel anchor stakes 18"tall Grounding stakes for hoops
(learperforated plasticilm 305" wide 1.5 mil thickness with 12" strip of small holes for

ventilation on each edge

the low tunnels were slightly larger and again ripened
earlier than the open field strawberries. The growers did

Bungee cord

1x ~8'long piece per hoop | Tied in a loop, to hold film tightly on hoops

report that they found that the low tunnel plants finished

Ratchet, paracord, and zip-ties

Variable To tie plastic to anchor posts at ends of tunnel

quicker than did the field grown berries, resulting in an
earlier finish to the season by about 4 days, but this would

"While shorter end hoops were used in our demonstrations, they are optional. The larger steel TunnelFlex
hoops may be used in their place.
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On Farm B, we installed the low tunnels over matted row ‘Dickens’
strawberries (Figs. 3 & 4) in 2021 and 2022. We were limited in
where we could install the tunnels, because only one field had drip
irrigation set up. The grower typically uses overhead irrigation for
strawberries and preferred using tunnels only where drip irriga-
tion was available. Shortly after setup in 2021, the farm’s boom
sprayer accidentally ripped the plastic because the boom could
not clear the tunnels, and it was replaced. The plastic covering on
the tunnels was rolled up during sunny days and closed during
storms to prevent rain from contacting berries underneath. In
addition to the farm workers” harvests, we harvested some of the
berries for comparison between the tunnels and adjacent bare
rows in 2021 (Table 2). In 2022, Farm B opened the low tunnels
for pick-your-own customers and we did not harvest berries for
data collection.

Lessons learned at Farm B:

+ To reduce risk of crop loss, low tunnels are best used with
drip irrigation. Not all growers, however, use drip irrigation.

« Strawberryyield early in the season was numerically higher
under the tunnels, but this difference was not statistically
significant during our early season harvest (P > 0.05)

» The strawberry season was very dry in Farm B’s region in
2021, thus there was little disease pressure from Botrytis
and anthracnose overall. Workers reported firmer, higher
quality berries under the tunnels, nevertheless. We mea-
sured no significant differences in marketable and unmar-
ketable fruit yield across treatments from our harvests.

» Harvesting under the tunnels was less efficient. While
workers typically straddle rows to harvest, one can only
harvest one side at a time under a tunnel.

» DPick-your-own customers did not provide negative feed-
back on their experiences picking strawberries under the
low tunnels.

» Spraying with a boom sprayer can be challenging with low
tunnels. Tunnel plastic could be rolled up to its highest
point on the hoops during spraying, but it can be difficult
to navigate the structures in the field, particularly when
tunnels are placed over rows with narrow spacing.

Conclusions: Low tunnels would be useful for a small pro-
portion of the farm’s early strawberry varieties to achieve earlier
harvests. They would be too challenging to implement on a larger
scale. Grower B is interested in constructing more low tunnels
for early varieties that could boost spring sales in addition to
using their high tunnel for strawberry production in the future.
No significant differences between strawberry yield under low
tunnels versus open field were measured, however, 2021 and
2022 strawberry seasons were abnormally dry with low disease
pressure.

Farm C is a conventional diversified fruit and veg-
etable farm located in central New Hampshire. Their

this particular farm, and low tunnels were not wide enough to
cover the outer edges of the rows of plants (Fig. 5). The straw-
berries were irrigated using drip tape, which was also used to
apply fungicides and fertilizer. Farm C had a very robust spray
program for the berries to manage pests and disease. The 2021
berry season was particularly wet, with rain events of up to 7” in
June. Workers harvested berries from the tunnels, and grower
C provided quantitative data from two strawberry harvests and
observations and data on berry quality and disease incidence
during the season.

Lessons learned at Farm C:

» Although the low tunnels did not eliminate disease, market-
able berry yield was higher under the low tunnels versus
open field during the rainy 2021 season (Table 2).

+ Averyminor amount of leaf spot, leaf scorch, and powdery
mildew was observed on plants in the low tunnels, but not
on other plants in the open field. Heat may have contrib-
uted to these symptoms. Overall, the numbers of Botrytis-
infected berries in the low tunnels were not reduced, but
overall incidence at Farm C was very high.

+  Workers preferred harvesting berries under the tunnels
because it was easier to find marketable fruit. Two workers
harvested each row of low tunnel berries, one on each side
of the bed. This is already standard practice on the farm
because of their unusually wide beds.

» Applying pesticides using a boom sprayer was not a prob-
lem; Farm C’s boom sprayer could be raised high enough
to clear the tunnels.

Conclusions: Data collected at Farm C found the structures
demonstrated increased marketable yield compared to the open
field plants. Harvesters also preferred picking under the tunnels
because of the higher proportion of marketable fruit (it was a wet

Figure 4. Sides rolled up to allow for air flow and temperature control at
Farm B.

Table 2. Marketable and unmarketable strawberry yield at Farms B and Cin 2021
under low tunnels and in open field plots

strawberries are sold through their CSA program, farm o
. ean yie S Tr 0

store, and through pick-your-own. Grower C was par- | pamonstration Harvest A 2 L
ticularly intrigued by the ability of the tunnels to reduce | site date gaikele LI L0
disease and improve marketable berry yield and was Low tunnel |  Open field Low tunnel Open field
willing to keep the tunnel sides lowered while spraying Farm B 11-Jun 2.00 169 078 020
for a true comparison of disease incidence between the | B 17.08 21.88 322 3.00
tunnels and adjacent open ground plants. ol 1w 6.001 15 "

At Farm C, low tunnels were set up in 2021 over | FarmC
‘ , . . i 7-Jul 5.00 3.00 9.5 15
AC Valley Sunset’ berries grown in a traditional mat- — . )
ted row system. The rows of berries were quite wide on Yield in open field treatment at Farm C measured in one 30 ft section only.
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Figure 5. Low tunnels were unable to fully cover wide rows of plants at
Farm C. A wider low tunnel system would be needed for this bed setup.

season with high Botrytis rates, however). The farm was willing
to try them again and felt wider tunnel hoops would be beneficial
given their unique ultra-wide matted row beds.

Discussion

Low tunnels offer an economical way for growers to use
protected culture, resulting in higher quality fruit, potential early
ripening, and reduced need for fungicides. Low tunnels are used
in Europe and elsewhere across the globe with great success, but
they may not be appropriate for all operations in the northeast-
ern U.S. The major challenges observed in our demonstrations
on individual farms centered around labor requirements. Low
tunnels are a new object in the field and will impact all activities.
They require a degree of active management, especially in the
shoulder seasons and during precipitation events when plastic
sides are lowered and raised. Workers may need to change their
harvesting practices to be compatible with the structures, and
farms using tractor-drawn boom sprayers need to ensure they
have adequate clearance and awareness as they navigate them
in the field with equipment. Other considerations include row
width, frost protection (as they do not provide low temperature
protection), and bird control.

Differing precipitation patterns across the regions allowed
us to observe effects of low tunnels in both unusually wet and dry
seasons. Most notably, dry conditions at Farm B resulted in little
difference between treatments, while abnormally wet weather at
Farm C resulted in a measurable increase in fruit yield and qual-
ity when comparing harvests from low tunnels to open field. In
a changing climate, the Northeast will continue to experience
increased incidence of extreme weather events. Low tunnels
may be an important tool in mitigating effects of heavy rain, hail,
and wind brought by spring and early summer storms, as long
as tunnel structures are wide enough to cover rows of plants.
While low tunnels have previously been shown to have benefits
for DN varieties, these on-farm studies showed that low tunnels
may also increase yield and quality in June-bearing strawberries
during wet seasons.
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Ourresearch examined the economic
implications of managingfireblightin
apple production by using susceptible
rootstocks or resistant rootstocks
with and without protective sprays.
Ourresultsindicate that use Geneva®
rootstocks across all incidence levels

severe in apple orchards in New York in recent years (Milkov-

ich, 2022; Robbins 2019). The pathogen has created signifi-
cant economic distress for apple producers in 2012 in the Hudson
Valley, in 2016 in the Champlain Lake Valley and Western New York
(Ac¢imovic et al., 2019; AC¢imovic et al., 2021), and then again in
2020 in Western New York. Damage estimates to producers from the
2016 epidemic exceed $16 million in Champlain Lake Valley. These
sudden fire blight outbreaks can cause over 50% apple tree losses
in young, recently planted orchards (Breth 2008). The most severe
symptom behind tree death is the girdling effect of a fire blight
canker on susceptible rootstock (Fig. 1). Scientists and growers are
considering a range of strategies to manage the pathogen, and the
purpose of this research was to outline the economic implications
of adopting a few alternative strategies.

We evaluated five scenarios to manage fire blight where each
scenario is based on the adoption of a different strategy. Scenarios
model the outcomes of using individual tools (e.g., Geneva® root-
stocks (G) alone) and combinations of tools (e.g., Geneva® root-
stocks plus post-infection spray programs). The first scenario is a
baseline scenario that does not employ a management strategy for
fire blight (specifically, the baseline case assumes the use of Malling
rootstocks (M) without the use of tree insurance or the use of pre- or
post-infection spray applications). The Malling rootstocks M.26 and
M.9 and its subclones (Nic29, T337, Pajam 2) are very susceptible
to fire blight, M.7, and the Budagovskij series B.9 and B.118 are
tolerant or moderately resistant to fire blight. The Geneva® root-
stocks G.11, G.41,G.202,G.214, G. 890, G.935, G.969 and others
are fire blight resistant (Wertheim, 1998; Aldwinckle et al., 2001,
2004; WSU, 2022).

The other four scenarios that we modeled included the adoption
of 1) Geneva® rootstocks, 2) pre- and post-infection spray programs
coupled with Malling rootstocks, 3) pre- and post-infection spray
programs coupled with Geneva® rootstocks, and 4) the use of
tree insurance products offered by the USDA - Risk Management
Agency (RMA) coupled with the Malling rootstocks. We do not
consider scenarios that adopt Geneva rootstocks with tree insur-
ance as this combination is unlikely to be adopted by a commercial
orchard owner. Our analysis also considers the adoption of these
scenarios across a range of fire blight incidence levels (ranging from
0% incidence to 40% incidence). Incidence refers to the intensity
rate of infection on the tree crown; the incidence rate describes the
estimated share of infected flowers/shoots in the tree canopy on
average. The exact nature of the link between the incidence rate
and the percent of overall rootstock infection is unknown.

Fire blight outbreaks have become more common and more
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of fire blight considered gave superior
economic outcomes compared
to susceptible rootstocks or tree
insurance for fire blight.

A Description of Fire
Blight Management
Tools

The baseline sce-
nario was based on the use
of Malling rootstocks and absent any pre- or post-infection spray
programs and tree insurance. The Malling rootstocks are susceptible
to fire blight and exposure to fire blight necessitates tree removal
and replacement. There are no surcharges associated with planting
the Malling rootstock (tree plus rootstock costs=$8/each) and trees
must be replaced (also at $8 per tree and rootstock, and with the
assumption that replanted trees will restart the standard produc-
tion progression that reaches full production in the sixth year after
planting). This replant also requires soil preparation, a cost that is
scaled to the level of damage. A scenario with greater than 30%
incidence of fire blight (i.c., average intensity rate of infection in
the tree canopy) is assumed to require a full replant and will also
require the costs associated with orchard soil preparation.

The Geneva® rootstocks, developed by a partnership between
Cornell University and the United States Department of Agriculture-
Agricultural Research Service, were created to increase resistance
to disease (particularly fire blight) for fruit trees (Fazio, et al.,
2013). Geneva® apple rootstocks were developed to overcome
the limitations present in commercial dwarfing and precocious
rootstocks which are sensitive to fire blight (M.9 clones, M.26,
0.3, etc.) resulting in the death of the whole tree once infected.
Genetic resistance to E. amylovora was observed in wild apple
species, and this natural resistance was utilized by conventional
breeding to develop apple rootstocks genetically resistant to fire
blight (G.65, G.11, G.16,G.30,G.202,G.41,G.935,G.213,G.214,
G.969, G.890, G.222 and G.210). The use of fire blight resistant
rootstocks has been shown to decrease the severity of the disease in
susceptible scions (Jensen et al., 2012; Jensen et al., 2011) possibly
by changing the expression of genes during the infection (Baldo
et al., 2010; Norelli et al., 2009; Norelli et al., 2008). We assume
that G rootstocks cost 25% more than comparable M rootstocks (a
supplemental $2), which is included as a one-time cost that is paid
when the trees are planted (in Year 1). The most notable assump-
tion built into this model is that these rootstocks protect trees from
requiring a full replant when exposed to fire blight; trees planted
on G rootstocks can simply be pruned back (resulting in a 1-year
slowdown in productivity).

Fire blight spray programs have been developed to protect
apple trees against climatic conditions associated with the blossom
blight infections. The programs typically include a combination of
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streptomycin and prohexadione calcium spray applications (among
others) after specific weather triggers (A¢imovi¢, Higgins, and
Meredith, 2019). In this model there are no annual costs associated
with this treatment—the only costs are in years where fire blight
prediction models recommend application [Maryblyt7.1.1 (Steiner
1990; Turechek and Biggs 2015), CougarBlight (Smith and Pusey
2011), and RIMpro-Erwinia (Philion and Trapman 2011)]. There
is a one-time cost for materials and labor in years when the spray
program is required. We used prices of protective spray materials
available to authors in 2020 and 2021; results could be impacted
with changes in material costs related to preferential customer pric-
ing by distributors and market inflation. In our model we considered
the impact for an inexperienced grower using the spray program; in
this worst-case scenario that employs a non-optimal and untimely
spray application results in a 50% reduction in blight severity (e.g.,
for a 40% blight incidence we would observe only a 20% actual
fire blight impact). A more skilled grower with greater familiarity
with the fire blight prediction models could achieve reductions in
blight by up to 90%. This spray program can be used with either
M or G rootstocks, and the rootstocks were assumed to maintain
their original properties (so G rootstocks would require pruning but
not require a replant, but M rootstocks would require a replant).
Our scenarios that consider the adoption of tree insurance are
based on a new risk management product provided through the
USDA-RMA and was developed in partnership with AgriLogic
Consulting (USDA, Federal Crop Insurance Corporation. 2021).
Tree insurance is designed to protect apple farmers from making
big up-front investments in their orchards and is modeled, in part,
after a similar product that is available to U.S. pecan producers.
(USDA-RMA 2020). Tree insurance is different from traditional
crop insurance in that it aims to place value on the trees themselves
(particularly as plantings become denser and more vulnerable to
communicable infections). Within this model there are annual
costs associated with tree insurance and premiums are tied to tree
age (Stages I, 11, & III) and are paid every year. The current rates
for tree insurance for the Honeycrisp cultivar are $1,513 (Stage 1),
$1,299 (Stage IT), and $1,699 (Stage IIT). Our model assumed that
the Occurrence Loss Option (OLO) and the Fire Blight Endorse-
ment (FBE) had both been purchased by the orchard owner, the
latter of which is mandatory in the Northeast Region of the U.S.
With these endorsements an indemnity would be paid any time the
damage exceeds 10%. Indemnity payments were calculated based
on a model provided by New York State crop insurance agents.

Materials and Methods

Our analysis identified the costs and benefits for an orchard
owner producing one acre of Honeycrisp over a 15-year period.
The costs and benefits were incorporated into a net present value
(NPV) model to calculate the net economic benefits associated with
the adoption of the various fire blight management strategies over
the life of the orchard. This is a widely used tool by agricultural
economists to compare the economic outcomes for the adoption of
technologies across a range of time horizons. The economic analysis
was based on a set of representative costs, yields, and prices that
are reflective of those in the industry in New York State. The values
we used in our analysis may not always align with those for all
growers in all regions. However, the purpose of our analysis was
to shed new light on the relative merit of the different strategies
to manage fire blight, and our results using representative data are
able to provide useful information for orchard owners to address
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business decisions concerning strategies to manage fire blight.
The NPV framework requires estimates for establishment costs
(in the first year), on-going costs that occur each year of production,
per acre yields, and prices. Table 1 outlines the main categories of
costs that are required to establish an orchard in New York State.
Many of these cost items included expenses for materials plus
expenses for labor to conduct the work. The top establishment ex-
penses are for land, trees (plus rootstocks), trellising materials, and
irrigation equipment. The establishment costs shown in Table 1 are
similar in magnitude to those in a recent report outlining establish-
ment costs for Honeycrisp production in Washington State (Gallardo
and Galinato 2020). We made several assumptions in our economic

Table 1. Establishment costs for 1 acre of Honeycrisp (on Geneva®
rootstocks)

Item Material/Unit | Quantity | Labor Hours | LaborRate | Total Cost
Land $6,000.00 1 $6,000.00
Property Taxes $150.00 1 $150.00
H2A Housing $1,000.00 1 $1,000.00
E‘l‘;ﬂ'g:{:g ) $250.00 1 $250.00
Soil preparation $1,242.00 1 15 19.99 $1,271.99
Trees $8.00 1320 1320 0.30 $10,956.00
Eu':col? ;:;Z(k $2.00 1320 $2,640.00
Trellising $5,000.00 1 $5,000.00
Irrigation Install $3,200.00 1 53 18.74 $4,193.22
Itzgigation Opera- $180.00 1 10 19.99 $379.90
?:;':I:ga"d 50.00 29 $18.74 $543.46
Hand Thinning 15 18.74 $281.10
Fuel $3.30 45 $148.50
H2A Transportation $200.00 1 $200.00
Management $700.00 1 $700.00
Herbicide $73.00 1 0.75 19.99 $87.99
Insecticide $0.00 0 0 19.99 $0.00
Other Fungicide $300.00 1 25 19.99 $349.98
Rodenticide $29.60 1 0.5 19.99 $39.60
Total $34,191.73

RN
Figure 1. Figure 1. (A) Fire blight canker on apple rootstock with an
exposed canker margin. (B) Dead apple tree from rootstock girdling

by a fire blight canker (Photo by Wallis A. E. 2016, Cornell Cooperative
Extension; re-printed by permission from A¢imovic et al. 2023).
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analysis, and we outline some of the important assumptions below.

The adverse labor rate in New York State was $14.99 in 2022;
given 25% benefits we assumed the hourly wage rate is $18.74. For
some technical activities (e.g., spraying and irrigation labor) we
included a $1/hour supplement and set the hourly wage at $19.99
per hour for these activities. We assumed that land used for apple
orchards is valued at $6,000 per acre and that property taxes are
assessed at 2.5% per acre per year. In all our scenarios we assumed
that the trees were planted in a tall spindle orchard system, and that
the trellising cost were $5,000 per acre including labor.

On the revenue side, we assumed that a bin of apples weighs
800 pounds, and we used an average price per bin of $543.71 based
on 2018-2020 prices for Honeycrisp apples sold in New York
State. We assumed that apples are sold through a wholesaler and
that growers are not responsible for additional marketing costs. In
the scenarios that modeled a fire blight incident, we assumed this
happened in the fourth year of production. For the scenarios that
included Geneva® rootstocks, we assumed that fire blight can be

Table 2. Costs and Revenues in Year 4 (with Geneva® rootstocks and 10%
fire blight incidence)

Item Material/Unit | Quantity | Labor Hours | LaborRate | Total Cost
Property Taxes $150.00 1 $150.00
E‘l‘;’r"ez:;zn $250.00 1 $250.00
Trellising $0.00 0 $19.99 $0.00
't:ggation Opera- $180.00 1 10 $18.74 $367.40
Pruning and

Tty $0.00 0 25 $18.74 $468.50
Hand thinning $0.00 0 35 $19.99 $699.65
Chemical thinning $250.00 1 5 $18.74 $343.70
Growth regulator $330.00 1 1 $0.00 $330.00
Fuel $3.30 45 0 $0.00 $148.50
H2A Transportation $200.00 1 0 $0.00 $200.00
Management $700.00 1 0 $0.00 $700.00
Beehive $50.00 1.2 0 $19.99 $60.00
Herbicide $200.00 1 25 $19.99 $249.98
Insecticide 680 1 75 $19.99 $829.93
Fungicide $300.00 1 10 $19.99 $499.90
Rodenticide $30.00 1 1 $30.00
Ethylene inhibitor $500.00 1 $500.00
Crop Insurance $2,000.00 1 $18.74 $2,000.00
Harvesting 105.84 $18.74 $1,983.44
Packing 162 $18.74 $3,035.88
Potential costs to manage fire blight®

Blight Pruning 132 $0.60 $79.20
Fire blight spray 278.25 0 0 $19.99 $0.00
Tree Removal 132 $0.60 $0.00
Tree Insurance $0.00 1 $0.00
Total Costs $12,926.07
Apple Sales $543.71 37.8 $20,552.28
:::lﬁ:""al $7,626.21
2The potential costs depend on the scenario being considered. In this example, the Geneva
rootstocks were used and therefore the added costs to manage the fire blight incident
related only to the tree pruning activities.
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managed via pruning and that yields are delayed by one year. Labor
costs for tree pruning (and tree removal in scenarios that include
tree removal) were assumed to be twice the original amount that it
costs to plant tree. The spray programs were assumed to save 50%
of the affected trees. In the scenarios that employed tree insurance,
we assumed it is purchased at a 75% coverage level with both the
Fire Blight Endorsement and the Occurrence Loss Option (and no
Comprehensive Tree Value Insurance).

Table 2 outlines the annual costs and revenues in Year 4 which
is the year when we assumed fire blight occurred and by modeling
that year, we could illustrate the impact of the management strate-
gies we considered. Full production is modeled to begin in the sixth
year of production at which point many of the cost items increase
(relative to those shown in Table 4), crop insurance costs become
$3,500 per acre, total costs are approximately $19,300, and yields
reach their maximum of 70 bins per acre. The bottom section of
Table 2, labeled “Potential costs to manage fire blight” lists four
cost items that could be activated depending on the scenario. Table
2 represents the scenario with a 10% incidence of fire blight and
the use of G rootstocks. In this scenario the strategy is to prune the
infected trees for a cost of $79.20 per acre and yields are delayed
by one year for the infected trees.

Table 3 is included to showcase the effect of the fire blight
management strategies (and the associated scenarios) on yields, and
hence revenues. The first column in Table 3 shows the yields that
are modeled in the absence of fire blight; in this case a maximum
yield of 70 bins per acre is reached in Year 6. The other columns
highlight the effects of either a 10% or 40% fire blight incidence,
and the associated management strategy, on yields. The use of the
M rootstock with replanting (column 2) or with the spray program
(column 5) in Year 4 delay reaching maximum yields by 4 years

$120,000.00
$90,000.00
$60,000.00

$30,000.00

Cumulative NPV

$-

$(30,000.00)

$(60,000.00)
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# M Rootstock

- G Rootstock - M Rootstock w/Tree Insurance

Figure 2. NPV results assuming no fire blight incidence
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G Rootstock w/Spray Program
Figure 3. NPV results assuming 10% fire blight incidence in Year 4
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(until Year 10). Other strategies with the G rootstocks (with or with-
out the spray program) allow the maximum yield to be delayed by
only one year. The final four columns in Table 3 show that as the
incidence of fire blight increases, the yields are slower to rebound
back to their maximum, and this is most notable for the scenarios
with M rootstocks.

Results

The NPV results are presented in a series of figures as a way
to parsimoniously show their cumulative values over time. The
figures also allow for an illustrative comparison of the net economic
returns across the five scenarios. Each figure shows the cumulative
NPVs for the relevant scenarios, and the progression of the figures
highlights how the NPVs are affected with greater rates of incidence
of fire blight in Year 4.

Figure 2 shows the NPVs with three management scenarios
for the case with no fire blight incidence in Year 4. Here we do
not model scenarios involving the spray programs as these are
only triggered with the fire blight prediction models recommend-
ing application. In this case we see that the NPV is greatest for
the scenario that uses the M rootstock; this makes economic
sense as the G rootstocks cost more than the M rootstocks and
without fire blight incident(s) the yields are unaffected in Year 4
and thereafter. The result in this case with the M rootstocks also
represents the maximum NPV of $105,204.73. The strategy with
the lowest NPV (in Figure 2) was the scenario with M rootstocks
and the tree insurance (given that there are non-trivial costs to
purchase the tree insurance each year).

Figures 3, 4, and 5 consider all five management strategies
under various levels of fire blight incidence in Year 4. Figure 3
shows the results for 10% fire blight incidence in Year 4, and in this
case, we see that the highest NPV was achieved in the scenarios
that implement the pre- and post-infection spray program; the
NPV for the case with G rootstocks and the spray program slightly

employing G rootstocks and the spray program; this is in line
with the maximum NPV achieved with various strategies when
the fire blight incidence was 0%, 10%, and 25%. However, with
the 40% incidence level, the other strategies (G rootstocks alone
and M rootstocks with the spray program) begin to generate less
NPV compared to the strategy employing the G rootstocks and
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Figure 4. NPV results assuming 25% fire blight incidence in Year 4
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Figure 5. NPV results assuming 40% fire blight incidence in Year 4

outperforms that with M rootstocks Table 3. Assumptions on the effect of fire blight on yields (10% and 40% fire blight incidence scenarios

and the spray program, however, the shown)

differences were not significant. The
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Figure 3, yet in this case with 25% fire B
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and the spray program are noticeably 4 4 37.8 37.8 39.9 37.8 252 25.2 38.22 336
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the spray programs. Finally, the NPV drops considerably for the
strategies that use only M rootstocks and M rootstocks with tree
insurance when there is a 40% incidence of fire blight. Interest-
ingly, in this case we see that the strategy using tree insurance
no longer generated the lowest NPV.

Discussion

Fire blight is a significant issue facing apple growers in the
Northeast. Our research examines the economic implications
associated with different strategies to manage and/or control
the pathogen. The analysis also considers the efficacy of the
strategies across different levels of incidence of fire blight (i.e.,
average intensity rate of infection in the tree canopy). Results
show that even with low levels of fire blight incidence, there are
clear economic benefits from adopting G rootstocks relative to M
rootstocks. For the case with 10% fire blight incidence, the adop-
tion of G rootstocks leads to a NPV of $99.830.85 compared to
$97,530.85 with M rootstocks; this is equivalent to an additional
$2300 per acre over the 15-year period. Furthermore, coupling
the spray program with the G rootstocks increases the NPV to
$100,738.48 (an increase of $3207.63 per acre compared to the
M rootstocks) with 10% fire blight incidence. Additional results
that model the effects with 25% and 40% incidence of fire blight
showcase even stronger evidence on the economic case to adopt
G rootstocks (coupled with the spray applications based on the
fire blight prediction models).

M rootstocks are still widely planted in the United States and
elsewhere and we expect this trend is likely to continue until we
experience a greater number of fire blight epidemics in the future.
In the last 20 years there has been a strong dependence of apple
industry on M.9 rootstock in high density apple orchards (Russo
et al. 2007). M..9 rootstock is widely available because in nursery
stool beds, M.9 rootstock “mother plants” are more productive in
growing rootstock liners when compared to G rootstock mother
plants. However, M.9 is extremely susceptible to fire blight and
in years with devastating fire blight epidemics, more than 50%
to 60% apple tree mortality is often recorded in orchards on M.9
rootstock (Breth 2008; Ferree et al. 2002; Norelli et al. 2003a; Rob-
inson et al. 2007). Therefore, the fire blight resistant G rootstocks
are a key integral part of growers’ long-term economic insurance
against violent fire blight epidemics protecting trees and trellis
systems.

Tree insurance products made available by the USDA-RMA
show some promise in certain situations (high incidence of fire
blight and relative to M rootstocks). However, our results indicate
that tree insurance is economically inferior to the adoption of G
rootstocks across all incidence levels of fire blight considered.
This finding is driven largely by the non-trivial annual cost of
premiums required to adopt tree insurance in apple production.

The economic results presented here are for a representative
acre producing Honeycrisp apples in New York State. Extensions
to our work should consider the effects of fire blight management
strategies for other cultivars, in other regions, and across a range
of tree density/orchard designs. Lastly, although the focus of this
research is to examine the economic implications of managing
fire blight in apple production, our modeling framework could
be augmented to consider the economic consequences of patho-
gens that impact production of other perennial fruit crops, and
strategies that could be employed to manage such pathogens.
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In this article we announce
the release of three semi-

program has had the objective of breeding rootstocks with

disease resistance (Aldwinckle et al. 1974, Aldwinckle et
al. 1976; Cummins and Aldwinckle 1974). This emphasis has
resulted in the release of several apple rootstock varieties (G.11,
G.16,G.41,G.935, G.214, G.213, G.210, G.969, G.890) which are
resistant to several rootstock diseases such as fire blight, apple
replant disease complex, crown and root rot caused by P. cacto-
rum (Fazio et al. 2022), and insects such as woolly apple aphid.
While disease and insect resistance has been the main goal of the
breeding program, whole orchard productivity, a trait influenced
by dwarfing, early bearing and the propensity of the rootstock
to impact partitioning of photosynthate away from excessive
vegetative growth and into fruit production have been essential
parameter used to select all new apple rootstocks.

More recently, the program has been focusing on additional
traits that modulate fruit quality, including the ability of apple
rootstocks to increase the average fruit size of grafted cultivars, or
modify its nutrient profile including the ratio like potassium/calcium
which can lead to more or less bitter pit in apples depending on what
nutrients rootstocks promote in a particular environment (Fazio et
al. 2018a; Fazio et al. 2018b). Among the rootstocks we have re-
leased we have discovered two contrasting apple rootstocks in G.41
and G.214 in terms of absorption of potassium and nitrogen (high
in G.41 and low in G.214) which leads to very different outcomes
with regards to fruit quality of ‘Honeycrisp’. This has resulted in
very different fertilization management for each rootstock in order
to produce the best outcome. In the same realm of tree nutrition,
(G.935 is exceptional at mining boron from the soil and sending it
to scion — a trait which might contribute to yield efficiencies that
are 110-135% of M.9 which is known to be very poor at up tak-
ing boron. This positive outcome is great for apple growers that
remember this fact and apply less boron on G.935 trees to avoid
phytotoxicity. Similarly, more apple growers are converting their
operations from conventional management to organic management
which requires apple rootstocks that are better able to mine nutrients
from the soil like nitrogen, potassium, and phosphorous in a very
different soil environment than conventionally managed orchards.

Another trait that might be important to apple growers in the
Southern tier of U.S. apple orchards where chilling hours are often
less than ideal is the ability of G.213 and other similar rootstocks to
decrease the chilling requirement of grafted scions. This can result
in more uniform bud break in the spring than currently seen with
traditional rootstocks.

Another trait (or problem) that we have seen in the Geneva
breeding program is one of brittle graft unions with some scion/
rootstock combinations where Cripps Pink/G.41 is very brittle
and Cripps Pink/G.214 is very strong. In addition, several novel

Since its inception the Geneva apple rootstock breeding
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dwarfing, disease resistant
and highly productive apple
rootstocks. G.257, G.484 and
G.66

scion varieties like NY-1 (Snap-
Dragon) have weak growing
habits and need stronger root-
stocks to support productivity
and canopy development. Some
apple orchards are also leverag-
ing increased the increase vigor of semi-dwarfing Geneva rootstocks
which induce early bearing to establish multi-leader training systems
with planar canopies.

As we learn more about each of the Geneva® rootstocks, it is
clear that each has many positive traits but also has negative traits.
In addition, each orchard is unique in its soil and climate character-
istics. This combined with different scion cultivar characteristics
and vigor means that no one rootstock is the best choice in all situa-
tions. This leads us to continue to look for new rootstocks which are
better in certain niche situations than all other rootstocks. All these
considerations, in addition to new nursery and field performance
results have led the Geneva® apple rootstock breeding program
jointly conducted by U.S. Department of Agriculture — Agricultural
Research Service, and Cornell University to release three new
rootstocks this year: Geneva® 257 (G.257), Geneva® (G.484), and
Geneva® (G.66).

Apple Rootstock Geneva® 257 (G.257)

This new semi-dwarfing apple rootstock named Geneva®257
(G.257) has been in testing in the breeding program since the late
1970’s and has appeared in national tests as CG.5257 (Figure 1).
Apple rootstock G.257 was selected as a young seedling by sur-
viving challenges with organisms that cause phytophthora crown

%

SnapDragon on G.257

Figure 1. NY1 (SnapDragon) on G.257 in a field trial in the Hudson Valley,
NY State.
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rot in apple rootstocks and inoculation with fire blight (Erwinia
amylovora) demonstrating tolerance or resistance to the pathogens
that were used for these tests (Fazio et al. 2015b). This selection
was followed by a decades long process that included multiple trial
plantings in New York state as a finished tree grafted with different
scions including Empire, Gala, Fuji, Golden Delicious, Honeycrisp,
NY-1 and Mutsu.

The performance of G.257 in these trials showed it is a semi-
dwarf (40-50% of seedling rootstock) whose productivity, yield
efficiency and disease resistance are in the superior category among
the rootstocks tested (Reig et al. 2018). This rootstock was par-
ticularly successful in displaying high productivity and fruit size
of NY-1 scions (Table 1).

In the rootstock layer bed nursery, G.257 displays mostly
straight shanks with low-medium spine production. The layer bed
of G.257 is at least as productive as an M.26 layer bed. G.257 was
also evaluated for liner production in a rootstock nursery for more
than 10 years in Geneva, NY and displayed acceptable rooting prop-
erties which can be improved by the application of prohexadione
calcium after the first mounding. G.257 was subjected to bench
grafting and budding tests with different scion varieties to evaluate
success rate and healing of buds in several finished tree nurseries
showing good healing and production of finished trees.

G.257 rootstock was also tested independently on apple grower
farms located in multiple testing environments and in several U.S.
states which revealed the ability of this rootstock to produce larger
fruit and achieve high productivity (Auvil et al. 2011; Fazio and
Robinson 2021; Robinson et al. 2011a).

Testing of G.257 with extreme cold treatments in fall and spring
seasons in Maine indicated normal acclimation and good tolerance
to cold in the fall but a potential sensitivity of cambial tissues in
the springtime (Moran et al. 2018; Moran et al. 2021).

Testing of nutrient and micronutrient content of leaves and fruit
at multiple sites and with multiple grafted scions revealed superior
absorption and translocation of boron, potassium and nitrogen
(depending on soil type and scion) and medium levels of calcium
(Fazio et al. 2015a; Reig et al. 2018).

In preparation for release, clonal material of G.257 was tested
for common latent apple viruses (ASPV, ASGV, ACLSV, ToRSV,
etc.) and other viral or viroid particles using multiple rounds of
High Throughput Sequenc-

ing (HTS) which showed atGeneva, NY from 2013-2022.

are available upon re-
quest.

A recently com-
pleted 10-year trial
with G.257 using NY'1
as the scion variety
showed that G.257
produces a tall spindle
tree that fills the space
by the end of the 3™
years while trees on
M.9 did not fill the
space ever (Table 1).
Production on G.257
was higher, fruit size
was larger and biennial
bearing was lower than
with M.9. Estimates
of the planting density
required to equal the
production of G.257
planted at 1157 trees/
acre (3°X12’) indi-
cated that M.9 would
need to be planted at
almost double the den-
sity (2178 trees per acre 2°X11”). In the Geneva trial, G.257 was
the best rootstock for NY1 and its release and commercialization
will be a great benefit to growers of this variety.

Apple Rootstock Geneva® 484 (G.484)

Geneva®484 (G.484) apple rootstock is a semi-dwarfing
rootstock that is being released because it induces early bearing
on grafted scions, is highly productive, yield efficient and resistant
to fire blight (Erwinia amylovora). When fully developed, this
rootstock produces trees that are 35-45% the size of a standard
apple seedling tree (Figure 2). G.484 has been tested in the breed-
ing program in NY since the late 1980’s and has entered national
and international tests as selection CG.4004. The initial stages of
selection for G.484 began with inoculation with fire blight (Erwinia

Honeycrispon G.484

Figure 2. Honeycrisp on G.484 in a farm trial
in upstate NY.

Table 1. Performance of G.257 rootstock compared to other named rootstocks with ‘NY1’ (Snapdragon) as the scion

negative results (Bettoni et al. Projected
Trunk Cum. Cum. - Average - / .

2022). G.257 when grafted . am. |.. Fruit Size Biennial | Optimum Projected Cum.

ith vi ' Root- | G105 [ Fruit g [Yield fAverage | o icted [P [ ™ | Bearing | Plantin Yield at Opti-
W_lth virus la.d.er} wood mlght stock Sectional | Num- (ka/ Efficiency | Fruit forl o Load Suckers Index 9 Densi 9 mum DenI:it
display sensitivity and stunt- Area berper | .2 | (kg/em2 | Size(g) P | (no/em2 | (no.) v y
. . . tree) Load (g) (0-1) basedonTCA | (bu/acre)
ing depending on viral load (am2) Tree TCA) TCA) i
and type, tfgjer;{?]r(i It IIS hlghtl_y mor7 | 196 | e | e 49 3 77 59 0 | o 2,178 10421
recommended that only certi-
fied graft wood and bu?il wood M2 207 614 89 44 176 179 54 5 0.44 2,062 10,140
be used in the nursery and G.11 25 788 ] 55 185 189 58 1 0.45 1,897 12,725
orchard establishment stages. G.214 26.4 763 112 43 174 173 49 34 0.37 1,617 10,006

Certified clonal material | 6814 332 907 132 42 184 183 5.0 16 0.45 1,286 9,406

of G.257 was placed ina ster- | o35 | 333 997 | 138 42 177 178 54 5 047 1,282 9,767
ile micro-propagation regime "o, 30 | e | 107 | 30 178 m 35 n | o4 1,186 7,036
which showed good proper-
ties of propagation, cycling 6.257 36.9 968 159 44 189 188 47 16 0.35 1,157 10,188
and acclimation percentages. P<Lf)DOS 57 128 20 0.7 7 6 08 16 0.06
Media recipes and protocols —
for micropropagation of G257 *Rootstocks ranked by increasing trunk cross-sectional area.
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amylovora) and a challenge with organisms that cause phytophthora
crown rot in apple rootstocks where it displayed its inherited re-
sistance to the pathogens used in the inoculation procedures. This
initial selection was followed by decades long research which in-
cluded multiple plantings in New York as a finished tree grafted with
different scions including Gala, Fuji, Golden Delicious, and Mutsu
where productivity, yield efficiency and disease resistance were
examined and deemed to fall in
the superior category among the

sium which propelled the trees into a high level of productivity.
In preparation for release clonal material of G.484 was tested
for common latent apple viruses (ASPV, ASGV, ACLSV, ToRSV,
etc.) and other viral or viroid particles using multiple rounds of
High Throughput Sequencing (HTS) which showed negative results.
G.484 when grafted with virus laden wood might display sensitivity
and stunting depending on viral load and type, therefore it is highly

Table 2. Performance of G.484 rootstock in comparison with other named rootstocks with ‘Honeycrisp’ as the scion
at 8 locations in North America (BC, MA, MI, MN, NS, NY, OH, WI) from 2010-2017. (Extracted from Autio et al.,

rootstocks tested (Robinson et

2020b).
al. 2011b; Russo et al. 2007). . —
) um. rojecte
G'48_4 was also_ eve_llu Trunk Cross- Survival Cum. Root Cum. Biennial Yield A\::‘aitge Optimum Projected Cum.
ated for liner prOdUCtlon Ina Rootstock sectional 201017 Suckers | Yield/tree Bearin Efficiency Size Planting Den- | Yield at Optimum
rootstock nursery for more than Area 2017 2010-17 2011-17 9 2011-17 sity basedon | Planting Density
i (%) Index (0-1) 201217
10 years in Geneva, NY and (cm2) (no/tree) (kg) (kg/cm2 @ TCA (trees/ | 2011-17 (bu/acre)
. . TCA) acre)
displayed acceptable rooting
properties, minor production B9 10.2 99 9.8 4 0.55 437 204 3,224 7,838
of spines and straight upright 611 136 89 5.1 69.9 0.56 5.08 208 2,418 9,339
liners. Layer beds of G.484 are M.9T337 15.1 95 114 62.6 0.56 43 209 2,178 7,533
at least as productive as M.9 B.10 156 95 24 69 0.54 457 208 2,108 8,037
layerbeds. G.484 was subjected  [7\rop 0 167 9 213 62.1 056 3.81 204 1,969 6,757
to bench grafting and budding ' '
L ; - 641 17.1 88 18 75.5 0.55 451 216 1,923 8,022
with different scion varieties to
evaluate success rate and healing 6.202 175 89 139 66.3 0.57 3.88 199 1,879 6,884
of buds in several finished tree G.214 17.7 93 32 82 0.53 485 202 1,858 8,418
nurseries showing no major is- 6.935 18.7 84 16.7 825 0.58 4.47 204 1,759 8,016
sues with healing and production [y 6w 188 87 77 615 0.59 337 m 1,749 5,944
of finished trees. G814 195 76 17.4 793 053 412 185 1,687 7,389
Additional testing in the
) . . 6222 29 83 2.4 76.6 0.55 36 207 1,436 6,078
nation-wide rootstock testing
network NC-140 confirmed the 6484 289 98 116 105.7 0.57 381 215 1,138 6,646
desirable horticultural perfor- Esthn;;ted 46 17 85 128 01 067 18 205 1712
mance of G.484 as one of the

most yield efficient rootstocks
in its size category (Autio et al.
2020a; Autio et al. 2020b) and
revealed that in certain sites it

*Rootstocks ranked by increasing trunk cross-sectional area.

Table 3. Performance of G.484 rootstocks in comparison with other named rootstocks with ‘Aztec Fuji’ as the scion
at 6 locations in North America (ID, KY, NC, NY and UT) from 2010-2017. (Extracted from Autio et al., 2020a).

may produce a limited number Uib | || RS )

f root suckers. This rootstock Trunk Cross- Survival Cum. Root Cum. Biennial Yield Fruit Optimum Projected Cum.
ol root sucke S,‘ § rootsto Rootstock sectional 201017 Suckers Yield/tree Bearin Efficiency Size Planting Yield at Optimum
was also tested independently on area2017 | 0T 201047 | 20m17 | R (0?1) 201147 | =o€ | Density | Planting Density
apple grower farms that featured (cm2) (no/tree) (kg) (kg/em2 @ based on TCA | 2011-17 (MT/ha)
organic and conventional man- Tch) (trees/ha)
agement practices, revealing B9 17.9 97 14 59 0.58 33 167 2,905 9,022
similar superior performance in 6214 325 100 141 93 06 316 193 1,600 7,833
both. . . . 6.202 36.9 100 17.8 98 0.63 282 180 1,409 7,270

Te_stmg of nutrient and mi- B.10 376 91 28 94 0.62 266 199 1,383 6,843
cronutrient content of leaves and =
fruit at multiple sites and with 91337 394 79 15.2 100 0.65 2.88 195 1,320 6,947
superior absorption and translo- | M.9Pajam2 464 81 296 108 0.62 248 196 1,121 6,371
cation of potassium and medium 6.935 47.1 94 1122 143 0.59 335 198 1,104 8,311
16‘_1615 of calcium Whl‘j‘h makes 6.814 478 95 20.1 ik 0.61 261 187 1,088 6,356
22:2;0\?;?;23;”:'?; aSrL:)Itr?(t))tles;gr 641 483 100 34 123 0.62 2.49 M 1,077 6,971
sitive to bitter pit caused by an G.484 59.9 100 134 149 0.65 263 214 868 6,309
unbalanced K/Ca ratio (Fazio et 622 60.6 100 19.5 124 0.64 214 201 858 5,601
al. 2020), however, in orchards | M26EMLA 726 84 19 113 0.66 1.68 210 716 4,260
under organic management this | Estimated
rootstock seemed to have higher KD 13 20 15.7 3 0.12 0.65 17 2,905 9,022

uptake of nitrogen and potas-

*Rootstocks ranked by increasing trunk cross-sectional area.
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recommended that only certified graft wood and bud wood be used
in the nursery and orchard establishment stages.

Certified clonal material of G.484 was placed in a sterile micro-
propagation regime which showed good properties of propagation
cycling and acclimation percentages. Media recipes and protocols
for micro-propagation of G.484 are available upon request.

G.484 was included in two nationwide trials of rootstocks
conducted from 2010-2017. One trial used Honeycrisp as the scion
at 8 locations and the other trial used Fuji as the scion at 5 loca-
tions. With Honeycrisp, G.484 had good survival and produced a
tree larger than M.26 and had the highest yield per tree among the
stocks evaluated (Table 2). The optimum planting density for G.484
was estimated to be 1157 trees/acre (3°X12”) while more dwarfing
stocks such as M.9 would require 2178 trees/acre (2°X10’) and B.9
would require 3224 trees/acre (1.3°X10°). With Fuji as the scion,
(G.484 was smaller than M.26 but produced the highest yield per
tree among all the rootstocks evaluated in the trial (Table 3). The
optimum planting density for G.484 with Fuji was estimated to be
868 trees/acre (3.9°X13”) while M.9 would require 1320 trees/acre
(3°X11’) to produce the same yield.

G.484 appears to be a good choice on weak soils or under
organic management due to its good uptake of N and K. Although
the good uptake of K with this stock would make a poor choice
with Honeycrisp, its good growth on weak soils or under organic
management would make it an excellent choice with other weak
cultivars since it will fill the allotted space rapidly and will produce
high yields.

Apple Rootstock Geneva® 66 (G.66)

Geneva® 66 (G.66) is a semi-dwarfing (35-40% of seedling),
red leafed, precocious and productive rootstock which is resistant
to fire blight (Figure 3). G.66 has been in testing in the breeding
program since the late 1970°s and appeared in national and inter-
national trials as CG.6006. G.66 underwent greenhouse and field

resistance testing for fire blight (Erwinia amylovora) and crown and
root rot caused by Phytophthora species. The process of selection
of G.66 included more than 30 years of field testing that featured
multiple locations/environments and scion varieties which included
Empire, Gala, Fuji, Golden Delicious, and Honeycrisp (Robinson

o -

Figure 3. Torres Fuji on G.66 rootstock in a trial in Washington State.

Table 4. Performance of G.66 rootstock in comparison with other named rootstocks with ‘Fuji’ at Milton NY from 2005-2015. (Extracted from Reig et al.,

2018).
Trunk Cross- | Tree . . Cum. yield Average L Cum. Biennial Projected Optimum P.r Ojected c'.lm'
Rootstock sectional Survival LB (TR efficiency (kg/ | fruitsize (ro|? e No.Root | BearingIn- | Planting Density s 'at Optlm'u "
Area(cm2) | (%) Hoane Ltz m2 TCSA) (9) Liiter Suckers dex (0-1) (trees/acre) LA D)
TCSA) (bu/acre)

M.9 36 80 1346 262 74 200 38 0.0 0.3 1,320 18,223
G.202 39 100 792 165 4.2 192 20 0.5 04 1,218 10,588
M.26 47 90 1239 241 55 201 28 0.0 0.4 1,005 12,727
G.214 56 100 1281 256 5.0 202 25 0.1 0.2 850 11,458
G.66 64 80 2369 446 7.1 195 38 1.0 03 743 17,441
G.935 66 100 1667 343 53 209 26 0.1 0.3 720 13,005
G.814 68 70 1158 219 33 187 18 1.0 0.4 701 8,090
G.484 72 100 1929 386 55 203 2 0.6 03 659 13,386
G.257 73 90 1447 296 4.2 209 21 0.1 0.3 654 10,166
G.222 74 100 1663 331 47 205 24 0.0 0.3 647 11,260
G.969 75 100 2379 431 6.0 186 33 0.6 03 632 14,328
G.210 89 100 1845 360 4.1 204 21 0.6 0.3 535 10,139
G.890 89 75 1971 400 4.6 214 23 20 0.4 533 11,221

MM.106 9% 90 2317 460 5.0 204 26 04 03 506 12,239

M.7 100 100 1619 344 3.7 220 17 19.2 0.4 475 8,595

LSD P < 0.05 22 22 308 62 0.9 15 5 1.9 0.1
*Rootstocks ranked by increasing trunk cross-sectional area.

32

NEW YORK STATE HORTICULTURAL SOCIETY



et al. 2011b; Russo et al. 2007). G.66 was consistently rated high
in horticultural performance and productivity where in a trial with
Fuji scion in the Hudson valley it displayed the highest cumulative
production in its size category (Reig et al. 2017).

Graft unions with G.66 are generally strong. G.66 has displayed
a good potassium to calcium balance in several experiment with
scion varieties like Fuji and Honeycrisp, making it less prone to
bitter pit induction than other rootstocks (Fazio et al. 2015a; Reig
et al. 2018).

In the rootstock layer bed nursery, G.66 displays mostly straight
shanks with low-medium spine production. The layer bed of G.66 is
at least as productive as a M.26 layer bed. G.66 was also evaluated
for liner production in a rootstock nursery for more than 10 years in
Geneva, NY and displayed acceptable rooting properties which can
be improved by the application of prohexadione calcium after the
first mounding. G.66 was subjected to bench grafting and budding
with different scion varieties to evaluate success rate and healing
of buds in several finished tree nurseries showing good healing and
production of finished trees.

Certified clonal material of G.66 was placed in a sterile micro-
propagation regime which showed good properties of propagation,
cycling and acclimation percentages. Media recipes and protocols
for micro-propagation of G.66 are available upon request.

In preparation for release, clonal material of G.66 was tested
for common latent apple viruses (ASPV, ASGV, ACLSV, ToRSV,
etc.) and other viral or viroid particles using multiple rounds of High
Throughput Sequencing (HTS) which showed negative results (Bet-
toni et al. 2022). G.66 when grafted with virus laden wood might
display sensitivity and stunting depending on viral load and type,
therefore it is highly recommended that only certified graft wood
and bud wood be used in the nursery and orchard establishment
stages.

G.66 was included in rootstock conducted in the Hudson Val-
ley of NY from 2005-2015 with Fuji as the scion variety. G.66 had
excellent survival and produced a tree larger than M.26 but smaller
than M.7 and MM.106. It had the highest yield per tree among the
stocks evaluated (Table 4). The optimum planting density for G.66
with Fuji was estimated to be 743 trees/acre (4.2°X12’) while M.9
would require 1320 trees/acre (3°X11”) to produce the same yield.

G.66 appears to be a good choice for weak cultivars like Hon-
eycrisp because it has a good K/Ca ratio. It also would be a good
stock for multi-leader trees since its vigor level will allow the trees
to rapidly grow several leaders on each tree and thus fill the allotted
space rapidly resulting in high yields.

Conclusions

The three newly released rootstocks from the Geneva root-
stock program have performed well in local and national trials.
Virus free budwood has been sent to licensed nurseries and com-
mercial quantities of these rootstocks should be available in 1-2
years. They expand the list of released Geneva® rootstocks to 18
varieties and give apple growers new options for conventional and
organic production. Each of the three new rootstocks has unique
advantages in specific situations of climate, soil type, cultivar
and management system. As they are planted more widely and
in commercial quantities, their niche in the apple industry will
become more clear.
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The Intelligent Spray Application® (1.S.A.) from Hol Spraying Systems increases the efficiency of the
H.S.S. CF series orchard sprayers. With the three innovative detection sensors on each side placed
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power of the planting can be harnessed, and untreated trees become a thing of the past.

Benefits:
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- Filling less often; a larger surface can be treated with one tank mix
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