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I am glad I am not driving a 1970 Ford Pickup Truck

I

t was the summer of 1970. I was just home from Cornell for
the summer. My uncle had just driven into our driveway with
a new Ford pickup. He said it was very best he ever had. It
cost him just a little over $2000. He was in his 70s at the time.
He wanted to know where I would be plowing that afternoon. I
told him and really put it out of my mind. Later that afternoon
I saw him standing in the dead furrow at the end of my field. He
motioned me to stop. He climbed up on the fender. Motioned me
to make a round. Upon doing this he told me to stop. He jumped
down. I will never forget what he said next. He said when he was
my age, he also did a lot of the plowing. In his day he walked
behind a team of horses.
The amount of soil we turned over in that single round would
have taken him a full day with that team of horses. He asked me
when I am his age what will it be like?
I tell you this because we do not have a crystal ball on the
future. We live in an age where the only constant is that tomorrow will in some way be altered. Because of all the advances we
have enjoyed in the last hundred years, a higher percentage of our
population can work off the farm. This freedom allows creative
minds to dream and develop new ways to do the same tasks.
The Fruit Quarterly four times a year brings you samples of
this progress. Each issue is new and different. Each season creates new challenges. It is vitally important that those of us in the
field support research. It is work often done out of the attention
of most of us. Every project is not a success. Yet every project
allows us to reduce the wrong path we might have followed.
The New York State Horticulture Society has successfully obtained matching funds from NY State to help on these programs.
Each year we enter the request not knowing how the funds will
be best applied. Without applied research we have no growth.
We would still be walking behind a team of horses.
Supporting research is the most unselfish thing you can
do. Today we are farming because of the research funded by our
fathers and grandfathers. I know every day there are a myriad
of financial requests placed on your desk. Even though there is
no guarantee of success for every program we must continue to
support the search for the next “Honeycrisp”.
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Dynamic Controlled Atmosphere (DCA) Storage Delays
Development of Flesh Browning of ‘Gala’ Apples
Chris B. Watkins, Jacqueline F. Nock and Yosef Al Shoffe
School of Integrative Plant Science, Horticulture Section, College of Agriculture and Life Sciences, Ithaca, NY 14853
Keywords: Stem end flesh browning, Gala apple, dynamic controlled atmosphere

‘G

ala’ apples are susceptible to a flesh browning disorder that originates in the stem end of the fruit that is
often referred to as stem end flesh browning (SEFB).
The disorder becomes progressively worse with longer storage
periods with all the flesh eventually becoming brown in severe
cases. As a result, SEFB is becoming a limitation to long term
storage and marketing of the variety, and therefore is a critical
problem for the industry as increased plantings are resulting in
the need to store larger volumes of fruit.
Factors that affect development of the disorder include
strain, with higher colored ones being less susceptible, and
harvest date, with fruit harvested later typically having greater
risk of disorder development than those harvested earlier. The
effect of strain is likely due in part to the growers being able to
harvest fruit earlier while meeting color requirements for marketing. We reported in a previous NY Fruit Quarterly article that
the same conditioning treatment of seven days at 50oF used for
‘Honeycrisp’ as well as preharvest 1-MCP (HarvistaTM) delayed
development of SEFB in ‘Gala’ (Doerflinger et al., 2017). We
found that ReTain is also highly effective; these results will be
presented in a subsequent issue of the NY Fruit Quarterly.
We also have been investigating the effects of dynamic
controlled atmosphere storage (DCA) on quality of ‘Gala’ apples.
DCA is a relatively new technology in which oxygen levels in the
storage atmosphere are lowered until the lower oxygen limit is
reached, below which fruit metabolism changes from aerobic
to anaerobic. Once the stress has been detected, the oxygen
concentration is increased by about 0.2%. The lower oxygen limit
of the fruit can change during storage, and the storage operator
can adjust the safe oxygen concentrations accordingly, hence the
name ‘dynamic’.
Fruit quality is typically better at the lowest safe oxygen
concentration. A major impetus for the development of DCA
technology was as a non-chemical means of superficial scald
control, usually controlled by diphenylamine (DPA), which is
effectively banned outside of North America, or 1-methylcyclopropene (1-MCP).
The lower oxygen limit is assessed by at least three different
DCA methods:
1. The fluorescence of the chlorophyll in fruit skin in response to low oxygen stress (described in Watkins, 2008).
This system is known as DCA- chlorophyll fluorescence
(DCA-CF) and marketed as HarvestWatch.
2. The respiratory quotient (DCA-RQ), which is based on
the increase of carbon dioxide production when the lower
oxygen limit is reached. In New York, the DCA-RQ system
is marketed as the SafePod system.
3. Ethanol accumulation in the fruit that is associated
FRUIT QUARTERLY . VOLUME 29 . NUMBER 1 . SPRING 2021

This work was supported by the NY
Apple Research and Development
Program
Development of stem end flesh
browning during long term
storage can be a limitation to
marketing of ‘Gala’ apples. Use
of low oxygen concentrations
can delay development of the
disorder.

with increased
fermentation as
the lower oxygen
limit is reached.
DCA-CF and DCA-RQ
are being increasingly
used by New York growers. The results obtained
by either system are similar, although a significant difference in that DCA-RQ is based in
a single bulk sample to represent all fruit in the storage room,
while DCA-CF allows assessment of individual orchard blocks
within a room.
We have been investigating the use of DCA for New York-grown
apples for several years. One of the pronounced and exciting
responses of fruit to DCA has been its effects on some internal
browning disorders, including SEFB of ‘Gala’ apples.

Materials and Methods
Three experiments comparing CA and DCA are described
here:
1. Fruit of the Fulford strain of Gala with and without 1-MCP
treatment at 33oF for 3 and 6 months of storage.
2. Fruit of the Fulford strain with and without 1-MCP treatment with 1% or 2% carbon dioxide, and at 33oF or 38oF
for 5 and 8 months of storage.
3. Fruit of the Brookfield strain from four orchard blocks
stored at 33oF for 5 and 8 months.
Fruit were transported from the Fowler Farms (experiments
1 and 2) and from KM Davies (experiment 3) on the day of harvest
and cooled overnight. Fruit were either untreated or treated with
1-MCP and stored following our standard procedures. DCA-CF
units were set up in each experimental chamber. Although the
lower oxygen limit of fruit in all experiments was less than 0.5%,
we followed safe protocols and established the set point at 0.5%,
approximately 0.2% higher than the fluorescence stress signal.
Quality assessment on the fruit were carried out after seven
days at 68oF following removal from storage.

Results
Experiment 1. The internal ethylene concentration (IEC)
of the fruit was 1.49 ppm. The starch pattern index (SPI) was 4.0,
flesh firmness was 17.9 lb-f, and the soluble solids concentration
(SSC) was 12.2%.
Incidence of SEFB increased from 3 to 6 months of storage
in both CA and DCA, but overall was lowest in fruit from the
DCA treatment (Table 1). Trace incidence of SEFB was detected
at 3 months, and while these increased by month 6, they were 2532% lower than those in the CA regime. 1-MCP treatment either
5

reduced incidence or had no statistical effect on SEFB incidence.
Core browning was totally controlled by the DCA treatment (data
not shown).
Flesh firmness of fruit was similar in fruit from both CA and
DCA storage at the 3-month assessment (Table 2). In contrast,
fruit were about 2 lb-f firmer after storage in DCA than in CA at
the 6-month assessment. No effect of 1-MCP on firmness was
detected.
Experiment 2. The objective of this experiment was to investigate the effects of carbon dioxide concentration because not
only the oxygen concentrations were different in experiment 1,
so too were the carbon dioxide concentrations (1% in DCA and
2% in CA). We were also interested in investigating if low oxygen
atmospheres would allow storage of fruit at warmer temperatures,
such as 38oF, and result in energy savings.
At harvest, the IEC of the fruit was 1.86 ppm, and the SPI,
flesh firmness and SSC were 4.7, 17.3 lb-f and 11.3%, respectively.
SEFB incidence increased over time (Table 3). The data are
complex as different effects were found at different storage times,
and it is important to note that the effects of carbon dioxide are
different according to oxygen concentration. We highlight the
following:
In CA 1. SEFB incidence was at least 50% lower in CA-stored fruit
with 1% carbon dioxide than with 2% carbon dioxide at
38oF than at 33oF after 5 months of storage. These differences were smaller at 8 months of storage because of the
overall much higher disorder incidence.
2. SEFB incidence was increased by 1-MCP at 2% carbon
dioxide in fruit at both storage temperatures but to a
greater extent at 33oF than at 38oF.
In DCA –
1. Control of SEFB was total at 5 months regardless of storage temperature, carbon dioxide concentration or 1-MCP
treatment.
2. After storage for 8 months, SEFB incidence tended to
be lower in fruit stored with 2% carbon dioxide than 1%
carbon dioxide.

Table 1. Stem end flesh browning (%) of ’Gala’ apples with and without
1-MCP treatment after storage in CA (2% oxygen/2 % carbon dioxide)
and DCA (0.5% oxygen/1% carbon dioxide) at 33oF for 3 or 6 months.
Fruit quality was assessed after 7 days at 68oF. Different letters indicate
significant differences among means at P=0.05.
Pre-storage treatment

CA

DCA

Firmness of fruit in all treatments is shown in Table 4. The important findings are:
1. Overall, firmness was higher with 1-MCP (15.6 lb-f ) than
without 1-MCP (15.0 lb-f ).
2. No significant differences were found between CA and
DCA stored fruit at 5 months but by 8 months, fruit were
15.5 lb-f in DCA compared with 14.1 lb-f in CA.
3. No significant differences were found between CA and
DCA stored fruit at 33oF but at 38oF, fruit were 15.8 lb-f
Table 3. Stem end flesh browning (%) of ’Gala’ apples with and without
1-MCP treatment after storage in CA (2% oxygen/1% or 2 % carbon
dioxide) and DCA (0.5% oxygen/1% or 2% carbon dioxide) at 33oF or 38oF
for 5 or 8 months. Fruit quality was assessed after 7 days at 68oF. Different
letters indicate significant differences among means at P=0.05.
Pre-storage treatment

2% oxygen/1% carbon dioxide
5 months

2% oxygen/2% carbon dioxide

8 months

5 months

8 months

41de

73c

80b

96a

33oF
None

63c

86ab

1-MCP

53cd

87ab
38oF

None

30ef

79c

37e

82b

1-MCP

20fg

70c

53cd

87ab

0.5% oxygen/1% carbon dioxide
5 months

0.5% oxygen/2% carbon dioxide

8 months

5 months

8 months

33oF
None

0h

36e

0h

8gh

1-MCP

0h

20fg

0h

11g

38oF
None

0h

39e

0h

17gh

1-MCP

0h

28ef

0h

22fg

Table 4. Flesh firmness (lb-f)) of ’Gala’ apples with and without 1-MCP
treatment after storage in CA (2% oxygen/1% or 2 % carbon dioxide) and
DCA (0.5% oxygen/1% or 2% carbon dioxide) at 33oF or 38oF for 5 or 8
months. Fruit quality was assessed after 7 days at 68oF. Different letters
indicate significant differences among means at P=0.05.
Pre-storage treatment

2% oxygen/1% carbon dioxide
5 months

2% oxygen/2% carbon dioxide

8 months

5 months

8 months

33oF
None

15.7ab

13.5ab

15.4ab

14.4ab

1-MCP

15.9ab

15.0ab

16.5a

15.2ab

3 months

6 months

3 months

6 months

None

17cd

68a

2de

22c

None

14.9ab

13.4b

14.6ab

13.8ab

1-MCP

7de

40b

0e

10de

1-MCP

16.0ab

13.6ab

14.8ab

14.3ab

Table 2. Firmness (lb-f) of ’Gala’ apples with and without 1-MCP treatment
after storage in CA (2% oxygen/2 % carbon dioxide) and DCA (0.5%
oxygen/1% carbon dioxide) at 33oF for 3 or 6 months. Fruit quality
was assessed after 7 days at 68oF. Different letters indicate significant
differences among means at P=0.05.
Pre-storage treatment

CA

DCA

38oF

0.5% oxygen/1% carbon dioxide
5 months

0.5% oxygen/2% carbon dioxide

8 months

5 months

8 months

16.0ab

14.4ab

15.7ab

16.1ab

33oF
None

15.7ab

15.4ab

1-MCP

15.9ab

15.9ab
38oF

3 months

6 months

3 months

6 months

None

17.3a

15.1b

17.3a

17.1a

None

16.3ab

15.4ab

15.6ab

14.9ab

1-MCP

16.6a

14.9b

17.1a

16.8a

1-MCP

16.4ab

16.3ab

16.0ab

15.9ab

6

NEW YORK STATE HORTICULTURAL SOCIETY

in DCA compared with 14.4 lb-f in CA.
4. 1-MCP maintained firmness at 1% carbon dioxide but not
2% Carbon dioxide.
Experiment 3. The fruit maturity at harvest is shown in
Table 5. Although the harvest date of September 15, 2015 was
relatively early, the overall SPIs of fruit from all orchard blocks
were advanced. No differences among orchard blocks were detected for firmness, but all other indices were variable.
SEFB incidence was much higher after 8 months of storage
than at 5 months, with large variation in incidence across orchard
blocks (Figure 1). No effect of 1-MCP treatment was detected.
After 5 months of CA storage, incidences ranged from 0% to 67%,
and after 8 months from 37% to 78%. Development of SEFB was
inhibited by DCA storage; the average of all orchard blocks was

20% and 60% in CA-stored fruit at 5 and 8 months, respectively,
and <1% and 43% in DCA-stored fruit at 5 and 8 months, respectively.
Firmness of the fruit was also variable (Figure 2). There was
no effect of 1-MCP treatment, but overall DCA-stored fruit were
firmer at month 5, being 17.0 lb-f in that treatment compared with
16.4 lb-f in CA-stored fruit. However, firmness was not affected
by storage treatment at month 8.

Discussion

The results presented here indicate that DCA has great potential to delay development of SEFB of ‘Gala’ apples during long
term storage. SEFB incidence can be high as early as 3 months
under standard CA conditions, while negligible under DCA
conditions. While the disorder develops under longer term storTable 5. Internal ethylene concentration (IEC), starch pattern index (SPI),
age such as 6 to 8 months, disorder incidence is much lower. In
flesh firmness and soluble solids concentration (SSC) of ‘Gala’ apples from
four orchard blocks used in Experiment 3.
separate experiments, we have found that it is possible to obtain
disorder-free fruit from some orchard blocks. Also, Harvista and
Orchard #
IEC (ppm)
SPI (1-8)
Firmness (lb-f)
SSC (%)
ReTain can have further additional benefits not only on reducing
1
1.16b
6.0a
17.4
11.6c
SEFB incidence in CA, but also under DCA conditions.
2
0.52c
4.3b
18.3
12.9b
1-MCP, overall, slightly decreases or has no effect on SEFB
3
1.23b
4.9ab
17.7
13.3b
incidence, although it aggravated the disorder in 2% oxygen with
4
2.64a
5.8a
17.8
14.0a
2% carbon dioxide but not 1% carbon dioxide. Interestingly, we
Figure 1. Stem end flesh browning (SEFB) incidence (%) of ‘Gala’ apples from four orchard
Figure not
2. Flesh
(lb-f)
of ‘Gala’ apples
fromoffour
orchard on
blocks
thatfirmwere untreated or
P valuethat were untreated
<0.001 or treated with
0.0141-MCP and then
0.416
ablefirmness
to find
consistent
effects
1-MCP
flesh
blocks
stored in CA <0.001
(2% oxygen/1%were
carbon
treated with 1-MCP and then stored in CA (2% oxygen/1% carbon dioxide) or DCA (0.5%
o
dioxide) or DCA (0.5% oxygen/1% carbon dioxide) at 33 F for 5 or 8 months. Fruit
were
ness.
oxygen/1% carbon dioxide) at 33oF for 5 or 8 months. Fruit were assessed after 7 days at 68oF.
o
assessed after 7 days at 68 F.

Figure 1. Stem end flesh browning (SEFB) incidence (%) of ‘Gala’ apples
from four orchard blocks that were untreated or treated with 1-MCP
and then stored in CA (2% oxygen/1% carbon dioxide) or DCA (0.5%
oxygen/1% carbon dioxide) at 33oF for 5 or 8 months. Fruit were assessed
after 7 days at 68oF.
FRUIT QUARTERLY . VOLUME 29 . NUMBER 1 . SPRING 2021

Figure 2. Flesh firmness (lb-f) of ‘Gala’ apples from four orchard blocks
that were untreated or treated with 1-MCP and then stored in CA (2%
oxygen/1% carbon dioxide) or DCA (0.5% oxygen/1% carbon dioxide) at
33oF for 5 or 8 months. Fruit were assessed after 7 days at 68oF.
7

The effects of storage temperature on responses of fruit
to CA and DCA storage show little differences indicating that
warmer storage temperatures may be possible. However, full
understanding of these temperatures on acidity and sensory
factors is necessary.
The effects of carbon dioxide concentration require more
research. As mentioned above, higher concentrations resulted in
more SEFB in CA. However, 2% carbon dioxide reduced SEFB
incidence in DCA compared with 1% carbon dioxide.
These results, while showing the beneficial effects of DCA,
indicate that the interactions with carbon dioxide and storage
temperature deserve more investigation, and in fact, also with
respect to standard CA. We have used 0.5% oxygen routinely for
studies of fruit without any negative effects. In addition, currently
we are comparing results for 0.5% oxygen with those in 1% and
2% oxygen.

Summary
We are able to obtain fruit that are free of any internal browning in some orchard blocks. A clear understanding of the role of
maturity and the role of the plant growth regulators Harvista
and ReTain in combination with DCA, is needed for operators
to routinely increase the storage period for ‘Gala’ apples with
confidence in maintaining high fruit quality.
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othing beats a quart of fresh-picked strawberries after
a long New York winter. Locally-grown berries boast
increased freshness and better flavor compared to
store-bought strawberries sourced from distant farms, so are
highly sought after during the short three or four week season.
Between 2012 and 2018 in New York, the average retail price
for strawberries has grown by 37%, while U-Pick strawberry
prices have grown, on average, by 30% (Davis et al, 2018). In
contrast, the price received by growers in California and Florida
has stayed relatively flat during this time period and per capita
consumption has fallen recently (Shahbandeh, 2019). Almost
95% of strawberries consumed in New York State are produced in
Florida, California and Mexico because they are available over a
longer season, but consumers consider these strawberries among
the most inconsistent fruits at the retail outlet (Azodanlou et
al. 2003). Improvements in flavor could reverse the decrease in
price and consumption.
One reason why local berries have increased in price relative
to berries from other places is their consistently better flavor. A
grower may want to enhance berry flavor even more by altering
production practices and improving market appeal. But is this
even possible? Obviously, the variety grown makes a difference.
‘Earliglow’ has long been the standard by which other varieties
are judged. But can the flavor of a variety be enhanced by the way
it is grown?
Would adopting organic or low-spray field management, a
choice that can also lead to increased appeal to consumers, be
accompanied by better flavor? Might too much fertilizer detract
from flavor? Does the amount of pesticide used on a field impact
flavor? How much of the variation in flavor depends on the soil
and microclimate of the farm where they are grown? How much
of the flavor is dependent on the weather during fruit development?
We wanted to compare the variation in strawberry flavor
attributes across farms and years, and determine how much variation we could recreate in our own experimental field by varying
growing conditions on the same farm. Our study examined nine
growing methods, including conventional methods, to determine
if we could detect differences in sweetness and aroma, while also
measuring yield.

Material and Methods: Farm Trial
In June and July of 2018 and 2019, we visited farms across
New York State to collect samples of ‘Jewel’ strawberries (22 farms
in 2018, and re-visited 10 of those farms in 2019). After obtaining
2 quarts of red, fully ripe ‘Jewel’ berries, we froze them and later
analyzed the berries for sugar content (Brix), acidity (TA), and
their volatile profile. Aromas were analyzed with a solid-phase
FRUIT QUARTERLY . VOLUME 29 . NUMBER 1 . SPRING 2021

micro-extraction followed by
gas chromatography-mass
spectrometry.
We created a miniature
volatile profile for ‘Jewel’ using these findings, identifying
six molecules that have easyto-detect scent and are found in relatively high concentrations
in ‘Jewel’ berries. We wanted to see whether sugar, acidity, and
aroma would vary in the same variety of strawberry collected
from different farms in the region, and from year to year on the
same farm.

Results: Farm Trial
We found variation from one year to the next was quite large,
as was variation from farm to farm. The coefficient of variation is
a measure of the difference surrounding an average measurement.
Variation from farm-to-farm in Brix was 18%. This means that,
as the average Brix measurement of all of the farm strawberries
was 6.3, most of the samples were either 9% sweeter or 9% less
sweet than 6.3 degrees Brix-- from 5.7 to 6.8 degrees Brix. Acidity had the same coefficient of variation (18%), but the aromatic
molecules we measured had coefficients of variations close to,
and even over, 100% - meaning that they varied immensely from
farm to farm (Table 1).
Even greater variation was found from year-to-year. We
found that strawberries sampled in 2019 were always higher in
sugar (Figure 1) and acid (Figure 2) than those sampled in 2018.
This suggests that weather plays a major role in flavor development since the change was always in the same direction for each
farm.
The coefficient of variation of the difference between sugar
content from one year to the next was 66%, compared to 18%
among farms in the same year. Another finding from this study
was that changes in acid and sugar were often in parallel (resultTable 1: Analysis of ‘Jewel’ strawberry samples collected from 22 farms
across New York State in 2018.
Variable

Coefficient of Variation

Mean Value

Brix

18%

6.3 °

TA

18%

0.7 g/L

Gamma-Undecalactone

119%

0.3 (normalized peak area)

Isoamyl acetate

122%

0.2 (normalized peak area)

Hexanoic acid

100%

1.5 (normalized peak area)

Ethyl hexanoate

83%

0.4 (normalized peak area)

Ethyl butanoate

93%

0.6 (normalized peak area)

Linalool

86%

2.0 (normalized peak area)
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Figure 1. ˚Brix in ‘Jewel’ strawberries collected from farms across New York State
Figure
in ‘Jewel’ strawberries collected from farms across New York State
between
2018 1.
and˚Brix
2019.

between 2018 and 2019.

Table 2: Treatment combinations and descriptions at the East Ithaca
Research Farm for ‘Jewel’ field trials. ORG = organically-sourced inputs;
COV = conventionally–sourced inputs; LOC – low carbon inputs; L = low
input intensity; H = typical input intensity; + = high input intensity.
Treatment

N form

Input type

Soil Carbon inputs

50

None

Incorporated cover crop
+ straw mulch

Compost + composted chicken manure

100

None

Incorporated cover crop
+ straw mulch

ORG +

Compost + composted chicken manure

100

Microbiological
soil supplements

Incorporated cover crop
+ straw mulch

COV L

Urea

50

Devrinol

Incorporated cover crop
+ straw mulch

Urea

100

Devrinol

Incorporated cover crop
+ straw mulch

Urea

100

Devrinol + Sinbar

Incorporated cover crop
+ straw mulch

LOC L

Urea

50

Devrinol

None - black plastic
mulch

LOC H

Urea

100

Devrinol

None - black plastic
mulch

LOC +

Urea

100

Devrinol + Sinbar

None - black plastic
mulch

ORG L

Compost + composted chicken manure

ORG H

Figure 1. ˚Brix in ‘Jewel’ strawberries collected from farms across New York
State between 2018 and 2019.
COV H
Figure 2: Titratable acidity in ‘Jewel’ strawberries collected from farms across New York State
Figure 2: Titratable acidity in ‘Jewel’ strawberries collected from farms across New York State
between 2018 and 2019.
between 2018 and 2019.
COV +

lb N acre/yr

Results: Field Trial
We found no significant differences between treatments
in terms of flavor attributes, and taste testers were not able to
distinguish between strawberry fruits from differently-managed
plots. Similar to the sampling results from different farms, variaMaterial
Methods:
FieldinExperiment
Figure 2:and
Titratable
acidity
‘Jewel’ strawberries collected from farms
Our
experiment
established
several
different
management
practices
on
the
same
farm
tionsointhat
flavor volatiles was much greater than variation in sugar or
across New
York State between
2018 and 2019.
Material
Field Experiment
the
variety,and
soilMethods:
type and weather
were consistent. We examined the effects of four factors on
acid
content.
Our experiment
established
several
different
managementNpractices
on the
samelbs/acrefarm so thatVariation in sugar and acid content in plots treated
strawberry
quality: source
of inputs
(organic
or conventional),
quantity (50
or 100
ing
in
a
relatively
consistent
sugar/acid
ratio),
and
we
found
no
the
same
the
variety,
soil
type
and
weather
were
consistent.
We
examined
the
effects
of
four
factorswas
on only 10%, meaning that if real differences existed
year), intensity of input use, and amount of soil carbon inputs (straw mulch, cover crops,
strawberry
quality:
source
of inputs
(organic
conventional),
N
quantity
(50 or
100 lbs/acreassociation
between
sugar
and
profile.(Table
Although
etc.).We
combined
these
factors
to create
athe
total volatile
ofornine
treatments
2).
between
treatments, they likely would have been detectable.
year),
intensity
of were
input more
use, and
amount
of soilmore
carbon
inputs
cover crops,
sweeter
berries
likely
to have
acid,
they(straw
weremulch,
However,
variation in flavor volatiles was large within the same
etc.).We combined these factors to create a total of nine treatments (Table 2).
not necessarily more fragrant.
treatment, making it difficult to detect differences if they existed.
We found no significant associations between management pracMaterial and Methods: Field Experiment
tice and any of the six aromatic volatiles, total volatile content, or
Our experiment established several different management total phenolic content. Size and shape of berries within a single
practices on the same farm so that the variety, soil type and harvest was also large (Photo 1).
weather were consistent. We examined the effects of four factors
The only strong significant differences between treatments
on strawberry quality: source of inputs (organic or conventional), was in yield (Fig. 3) and foliar N content (Fig. 4). Plots that reN quantity (50 or 100 lbs/acre-year), intensity of input use, and ceived 100 lbs/acre-year of N in the form of urea had a higher
amount of soil carbon inputs (straw mulch, cover crops, etc.).We
combined these factors to create a total of nine treatments (Table
2).
Organic forms of N are known to break down in soil much
slower than urea. While nearly all applied urea converts into
ammonium within the same growing season and is available to
the plant, about 55% of the total N in poultry manure is released
in the same time frame, and 12% of the total N is released in the
following year (Nutrient Management Spear Program, 2005). So
even though the same amount of total N may be applied, N from
organic sources is less available over a short time span than from
chemical sources.
Each treatment in our experiment was replicated 8 times in
randomly distributed 10’ x 8’ plots. Strawberries were planted in
Figure 3: Total yield and marketable yield of ‘Jewel’ harvested from 2
May 2017 and flowers were pinched off in summer 2018. Harmeter of row. Fruits collected between 19 June and 10 July 2019. Standard
error for total yield: 2.76 lbs. Standard error for marketable yield: 2.23
vest data were collected in June and July 2019 and aromas were
lbs. Management regimes: Conventional (COV), Organic (ORG), and Low
quantified as described previously. Taste testers were recruited to
Carbon Conventional (LOC). Treatments fertilized with 50 lbs/N/acre/year
determine if they could detect flavor differences between specific
(L), 100 lbs/N/acre/year (H), or 100 lbs/N/acre/year in addition to high
treatments.
inputs of agricultural chemicals or amendments (+).
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and Low Carbon Conventional (LOC). Treatments fertilized with 50 lbs/N/acre/year (L), 100
lbs/N/acre/year (H), or 100 lbs/N/acre/year in addition to high inputs of agricultural chemicals or
amendments (+).

Figure 4: Percent leaf N in ‘Jewel’ leaves, analyzed on 16 Sept 2020.
Standard
for leaf N content: 0.0626 percentage points. Management
Discussion: error
Field Trial
NitrogenConventional
form and concentration
a major
role and
in productivity.
Strawberries fertilized
regimes:
(COV),played
Organic
(ORG),
Low Carbon
with urea at the highest
(100 lbs/A-year)
also haswith
the highest
yields. Strawberries
Conventional
(LOC).rate
Treatments
fertilized
50 lbs/N/acre/year
(L),fertilized
100
with composted chicken manure at the same N rate did not produce higher yields. In fact, the
lbs/N/acre/year
(H), or 100 lbs/N/acre/year in addition to high inputs of
lower foliar N values in organic plots, regardless of rate applied, suggest that N availability was
agricultural
chemicals
or amendments
(+).
limited even at 100
lbs/A actual
N.
Others have found that organically-grown strawberries have higher firmness and greater

concentrations ofof
vitamin
C and
(Reganold
et al. while
2010). This
improved quality
percentage
leaf N
andsugar
higher
yields,
all organic
plotsmight
hadbe
explained by lower N availability from organic sources. A greenhouse trial comparing fruit
low
andrates
were
foundNto
bethe
deficient
in N based
NC
qualityyields
at different
of inorganic
found
highest sweetness,
firmness,on
and leaf
vitamin
content in strawberries
fertilized
at thethe
lowest
rate.ofSupra-optimal
N applications
have
been
composition,
even
though
rate
N
was
the
same
as
in
the
found to cause poor color, flavor, and reduced sweetness and firmness in strawberry (Perkinsconventional
treatments.
Firmness
lessstrawberries
at higher
Nlow
rates,
but
Veazie, 1995, and Taghavi
et al. 2004).
We did notwas
find that
from
N plots
had
better flavor attributes, although there was a tendency for them to have softer fruit.
this
relationship
was
weak.
Organic sources of N frequently contribute additional nutrients to the soil, such as
phosphorous and sulfur. Supplemental fertilization with soluble P, particularly phosphoric acid,

Discussion:
Field sugar
Trialcontent in strawberry fruits (Cao et al. 2015; Darrow, 1966;
has been found to increase

Zhang et al. 2017). Sulfur-containing compounds form a sizeable component of strawberry
concentration
majorin role
aroma Nitrogen
(Dirinick et al.form
1981), and
so it would
be reasonable toplayed
expect anaincrease
aroma in
with

productivity. Strawberries fertilized with urea at the highest rate
(100 lbs/A-year) also has the highest yields. Strawberries fertilized with composted chicken manure at the same N rate did not
produce higher yields. In fact, the lower foliar N values in organic
plots, regardless of rate applied, suggest that N availability was
limited even at 100 lbs/A actual N.
Others have found that organically-grown strawberries
have higher firmness and greater concentrations of vitamin C
and sugar (Reganold et al. 2010). This improved quality might
be explained by lower N availability from organic sources. A
greenhouse trial comparing fruit quality at different rates of inorganic N found the highest sweetness, firmness, and vitamin C
content in strawberries fertilized at the lowest rate. Supra-optimal
N applications have been found to cause poor color, flavor, and
reduced sweetness and firmness in strawberry (Perkins-Veazie,
1995, and Taghavi et al. 2004). We did not find that strawberries
from low N plots had better flavor attributes, although there was
a tendency for them to have softer fruit.
Organic sources of N frequently contribute additional nutrients to the soil, such as phosphorous and sulfur. Supplemental
fertilization with soluble P, particularly phosphoric acid, has been
found to increase sugar content in strawberry fruits (Cao et al.
2015; Darrow, 1966; Zhang et al. 2017). Sulfur-containing compounds form a sizeable component of strawberry aroma (Dirinick
et al. 1981), so it would be reasonable to expect an increase in
aroma with increasing S and P fertilization. We did not find this
relationship, perhaps because these nutrients were not limiting.
In addition to fertility decisions, growers must choose if, and
how, they will incorporate cover crops and mulch to their fields.
We wanted to see whether the carbon inputs inherent in applying straw mulch and incorporating a pre-plant cover crop would
affect the performance of the strawberry plant. Straw mulching
has been found to increase strawberry sugar content (Zamorska,
2014) and cover crops have been found to reduce disease inciFRUIT QUARTERLY . VOLUME 29 . NUMBER 1 . SPRING 2021

dence in strawberry, possibly by increasing the concentration of
beneficial soil bacteria (Seigies and Pritts, 2006). Healthier soil
has been proposed as the driving force behind better fruit quality
(Reganold et al., 2010).
Our study found that plants performed slightly better with
additional carbon inputs, but the difference was not significant.
Our intensively-managed organic plots did not out-perform the
organic plots fertilized at 100 lbs/N/acre, suggesting that the
additional microbial supplements we applied throughout the
growing season did not affect plant performance significantly.
The phenolic content of fruits throughout our fields was
nearly identical regardless of treatment. Phenolic content and
the sugar/acid ratio were quite stable, whereas flavor volatile
composition was exceptionally variable.

Conclusion and Recommendations
Ultimately, our research suggests that environment and farm
location have major impacts on berry flavor. This is not surprising as it is well known that, with varieties that fruit over several
months (e.g. day neutral varieties in California), the flavor of a
single variety changes over the season. In the Northeast where
June-bearing varieties have a short season, the weather prior to
harvest has the most significant impact on flavor. A secondary
contributor is the farm itself, although it is not known which
aspects of the farm might contribute to sugar, acidity and flavor
differences. Possibilities include soil micronutrients, soil microbiology, irrigation water quality, irrigation management practices
and farm microclimate, so more research would be needed to determine the contribution of each of these. Management practices

Figure 5: ‘Jewel’ fruits from one harvest of a single plot in June 2019
showing considerable variation in size and shape.

Figure 6: One of two fields with nine management treatments imposed.
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seem to contribute little to flavor variation in short-day varieties
under our conditions, although they contribute significantly
to yield. Yield does not appear to be negatively correlated with
flavor attributes, so following the management practices most
commonly used by New York growers to optimize productivity
does not appear to detract from flavor.
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ther by storing the fruit at 38 °F. This result has been replicated and 3% O2 for 4, 12, 48, and 120 hours (i.e., ¼, ½, 2, and 5 days)
numerous times by several research groups and some form of during conditioning at 50 °F, but were unable to generate injury
conditioning treatment (usually 5 to 7
days at 50 °F) is now
an industry standard
for this cultivar.
Watkins et al.
(2004, 2005) found
that sensitivity of
Honeycrisp fruit to
low temperature increased as maturity
increased. However Figure 1. Disorders in Honeycrisp controlled by conditioning treatments. Left image: soggy breakdown; middle image: soft
Figure 1. Disorders in Honeycrisp controlled by conditioning treatments. Left image: soggy
this relationship is scald; right image: CO2 injury

breakdown; middle image: soft scald; right image: CO2 injury
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symptoms. Likely this study bears repetition, but it may be that
Honeycrisp is less sensitive to CO2 at elevated temperatures.
Serban et al. (2019) took advantage of the opportunity a conditioning room provides to evaluate the benefits of establishing
controlled atmosphere (CA) conditions during conditioning.
They found that CA applied at this time could suppress bitter
pit development.

Pre-storage conditioning to control CO2 injury
CA storage poses its own set of risks for Honeycrisp storage
(Contreras et al., 2014; Watkins and Nock, 2012). Honeycrisp
fruit respond to elevated CO2 by the formation of internal brown
lesions and/or the development of lens-shaped cavities within the
first six weeks of storage. The development of CO2 injury can
be nearly completely controlled by treatment of the fruit with
diphenylamine (DPA) early in storage or by pre-storage conditioning in much the same way we protect against chilling injury
in this sensitive variety (Beaudry, 2014; Contreras et al., 2014).
The investigators also found that the concentration of oxygen in
the storage environment affected the injury level such that high
O2 levels suppressed the injury. The involvement of O2 in the
development of this disorder led the researchers to refer to the
disorder as ‘CA injury’, but it is often referred to as CO2 injury.
Interestingly, in this study there was always some level of injury
found even when the CO2 in the environment was near zero. It
may well be that the low levels of CO2 that normally exist within
the fruit cause the injury. Consistent with this interpretation,
use of DPA completely eliminated this injury in air-stored fruit.
Contreras et al. (2014) found that fruit from early harvests having
low ethylene levels were more likely to develop CA injury.
Pre-storage conditioning treatments provide incomplete
control of CO2 injury unless the conditioning treatment is
relatively intense. Beaudry (2014) determined that 3 days at 77
°F or 5 days at 60 to 68 °F were required to reduce CO2 injury.
However, ripening was measurably advanced as determined by
an enhancement in aroma compounds associated with overripe
fruit.
To attempt to overcome this issue, in 2018, we treated fruit
with the ethylene inhibitor 1-methylcyclopropene (1-MCP, 1
ppm overnight on the first day of conditioning) to retard ripening
during the conditioning period. CA storage (3% O2 and 5% CO2)
caused severe injury, whereas air-stored fruit had no injury (Table
1). Conditioning (5 or 7 days at 20 to 25 °C) controlled CO2 injury
in CA-stored fruit, for both 1-MCP treated and untreated fruit.

However, the 1-MCP treatment exacerbated CO2 injury to such
an extent that injury was unacceptable even in well-conditioned
fruit (Fig. 2) in a manner consistent with the findings of Watkins
and Nock (2012).
A satisfactory level of CO2 injury control can be gained by
‘conditioning’ Honeycrisp fruit at low temperature prior to the
introduction of CO2 into the atmosphere. While this treatment
does not fit our traditional idea of delayed cooling, it does provide
for a period in which the physiological changes needed to reduce
CO2 sensitivity can be engaged. Holding Honeycrisp fruit in air
at 38 °F for 4 to 8 weeks prior to the application of CA controlled
CO2 injury without compromising other quality traits (DeEll et
al., 2016). Currently, it is common to simply recommend the use
of low oxygen environments (1 to 3%) with low levels of CO2
(~0.5 %) for the storage of Honeycrisp; if DPA is being used, an
atmosphere of 3% CO2 in CA is not harmful and benefits the
retention of quality by suppressing ethylene action and slowing
ripening.

Negative effects of pre-storage conditioning
As noted, holding Honeycrisp fruit at elevated temperatures
for an extended period is not without its risks in terms of quality
losses due to problems associated with ripening. For most apple
cultivars, the greatest risks of short-term elevated temperatures
include excessive softening, bitter pit development, the formation of greasiness on the skin, and the development of off-flavors.
Fortunately for Honeycrisp, fruit softening is minimal during
ripening. This trait is one of the primary reasons for its appeal
(Gallardo, et al, 2015; Luby and Bedford, 1992), but also makes
Honeycrisp particularly amenable to the use of pre-storage conditioning treatments. If Honeycrisp were as sensitive to softening
as, for instance, McIntosh or Jonagold, it is highly doubtful that
pre-storage conditioning would be used as widely as it is.
As Honeycrisp also has a high propensity for development
of bitter pit on and off the tree, pre-storage conditioning can also
negatively impact quality by exacerbating this disorder. Studies
on the effects of conditioning have yielded mixed results in this
regard; some have found that pre-storage conditioning can lead

Table 1. CA injury in Honeycrisp apple fruit that had 5 or 7 days
conditioning at 20 to 25 °C as a function of storage in air or CA (3% O2 and
5% CO2) with and without 1-MCP treatment. 1-MCP enhanced injury in
CA-stored fruit even for conditioned fruit.
MCP trt

Atmosphere

1-MCP

Air

0.0

CA

45.1

Air

0.28

CA

17.0

Untreated

Internal injury (%)

-------------------------------ANOVA

14

MCP trt

0.007

Atmosphere

0.001

MCP trt x Atmosphere

0.006

Figure 2. CO2 injury for fruit held in a combination of 3% O2 and 5%
CO2 following conditioning for 7 d at 0, 3, 10, 15, 20 and 25 °C (32, 38,
50, 59, 68, and 77°F, respectively) and treatment with 1-MCP (MCP) or
left untreated as controls (UTC). CO2 injury was enhanced by 1-MCP
application, but was reduced by conditioning treatment.
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to greater incidence of bitter pit (DeEll et al., 2016; Watkins et al.,
2004), while others have found no effect (Contreras, et al., 2014;
Delong, et al., 2004), and yet others have found sporadic negative
effects (Moran et al., 2010). Given the risk of quality loss through
bitter pit development, efforts to minimize bitter pit during
conditioning are warranted. Perhaps the safest recommendation
is to condition only those fruit thought to have a low likelihood
of developing bitter pit. Techniques such as those explored by
Serban et al., (2019) using low CO2 CA during conditioning may
be an option to keep this disorder in check.
1-MCP application during conditioning has the potential to
slow ripening and preserve some aspects of quality (e.g., titratable
acids, soluble solids) that benefit Honeycrisp fruit flavor (DeEll
and Ehsani-Moghaddam, 2010). While bitter pit development is
generally associated with advancing fruit ripeness, 1-MCP application has no reliable capacity to suppress bitter pit development
in Honeycrisp (Serban et al., 2019; Watkins and Nock, 2012).
Further, it can enhance the risk of CO2 injury and the development of leather blotch (typically linked to bitter pit presence), so
its use must be considered carefully.
Honeycrisp is highly susceptible to the development of a
‘greasy’ skin when ripening advances. Pre-storage conditioning treatment has been found to enhance greasiness in some
instances (Watkins and Nock, 2012; Serban et al., 2019), but a
few studies did not find this relationship to hold (Delong, et al.,
2004). This may reflect the maturity of the fruit at the time of
harvest or regional differences in susceptibility. Application of
1-MCP reduces the enhancement of greasiness associated with
conditioning (Watkins and Nock, 2012).

Summary
Given that low temperatures must be used to preserve quality
during extended storage of this cultivar, there appears to be no
good alternative to the use of pre-storage conditioning to prevent
the chilling-related disorders of soggy breakdown and soft scald.
The generally accepted conditioning treatment (5 to 7 days at 50
°F), coupled with storage at 37 °F gives reliable control of chilling
injury for this cultivar.
CA storage alone or in combination with 1-MCP markedly
extends the duration we can store a quality Honeycrisp relative
to low temperature alone. CA storage is therefore a needed tool
in the marketing of Honeycrisp apple fruit. While pre-storage
conditioning can prevent CO2 injury during CA storage, the
treatment needs to be more intense than the conditioning needed
to control chilling injury to be sufficiently effective. Unfortunately,
these higher conditioning temperatures and longer treatment
durations result in additional challenges to the maintenance of
fruit quality. While 1-MCP use can slow ripening during conditioning and in storage, it can also enhance some storage problems for Honeycrisp in CA storage (e.g., CO2 injury and leather
blotch development), so it is not as easy to fit it into CA storage
protocols. For successful CA storage, scrubbing CO2 from the
CA atmosphere using lime and/ or mechanical scrubbing technologies will help minimize CO2 injury while preserving quality.
Near complete control of CO2 injury occurs if DPA is applied, but
DPA is currently registered for superficial scald control and is not
registered for use for CO2 injury. Additionally, DPA use on apple
fruit is not permitted for some markets and its long-term availability is not certain. The current recommendation in essentially
all production regions is to keep CO2 levels at or below 0.5% for
FRUIT QUARTERLY . VOLUME 29 . NUMBER 1 . SPRING 2021

at least the first six weeks in storage. The target oxygen level in
CA varies from region to region, but the lower oxygen limit may
be quite low. This past year we stored Honeycrisp apples at 0.4%
O2 for several months with no apparent problems.
It is probably safe to say that the recommendations for the
storage of Honeycrisp apples will continue to evolve, but for the
time being, pre-storage conditioning is an integral part of the
playbook.
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U

sers of the Network for Environment and Weather Applications (NEWA) include growers of horticultural and
agronomic crops, consultants, ag industry personnel,
Extension educators, and faculty. NEWA is an open-access website and the second iteration of the website has a collection of 35
tools, “version 2.0”, which can be found at http://newa.cornell.edu
(Olmstead et al 2020). An updated NEWA with responsive web
design to make information easily and readily available on smart
phones and tablets has been needed for some time (Olmstead
and Carroll 2018). NEWA also needed updated technology to
provide better and more efficient weather data quality assurance. We are pleased to announce that an updated “Version 3.0”
of NEWA is nearing completion and we are in the phase of tool
rebuilds – insect models are complete; plant disease and crop
production models are underway.
Our major goals in updating NEWA included facilitating
access to tools and improving weather data quality. NEWA connects 717 weather stations in 28 states. The network combines
meteorological data with interactive IPM and crop management
tools to save sprays and improve crop quality. Growers benefit
from NEWA’s interactive IPM and crop production tools because
NEWA enhances and guides more precise use of IPM and crop
production practices on the farm. Everyone using NEWA would
recommend NEWA to other growers (Carroll 2018, Olmstead
and Carroll 2018, Olmstead et al 2008).
Our first objective was to create a responsive design for
mobile-optimized user experience with geo-specific attribution.
A responsive design makes the user-interface more intuitive
and NEWA tools easier to use and view, whether on desktop or
mobile devices. We prioritized the building blocks for NEWA,
defined the requirements for all components of the responsive
NEWA website, and conducted user tests. The mobile-ready
NEWA website addresses the end-user priorities of providing
local attribution, saving biofix and user input information, and
instantly delivering IPM decision support.
Our second objective was to improve data quality via automated screening and coordinated communication. We developed
a system to facilitate the correction of erroneous precipitation,
temperature, relative humidity, solar radiation, and wind speed
data to enhance the accuracy of the weather-driven crop and IPM
tools in NEWA. These variables are essential to the algorithms
used in the decision support tools available in NEWA. Improved
data handling is the foundation of being able to instantly deliver
results.

Methods
A project advisory panel was formed with 42 members, in16

In 2021 the NYS IPM program will
launch an updated version of NEWA
which will allow users to create a
Dashboard profile and save biofix
data, have improved weather data
and more intuitive output. NEWA’s
upgraded output will now delivers
geo-specific attribution for placebased results on devices as small as
phones. Each of the 35 IPM and crop
management models will have a
common look and feel.

cluding growers, faculty,
Extension specialists,
state partners, weather
station owners and other
stakeholders, who contributed to and advised
us on user experience,
website architecture,
tool design, tool functionality and beta testing. Our project
advisory panel participated in specific areas to advise NEWA
development. We sent out mini-surveys to growers via the Your
NEWA blog and to NEWA State Coordinators via email on topics
related to user experience research and geo-specific content. Our
grower advisory panel took part in user experience (UX) research
on an insect degree-day model and two plant disease forecast
models comparing the existing design with a draft responsive
design to determine needed visual elements to allow at-a-glance
pest status or crop risk, as well as perspectives on tables and
charts of model outputs.
Our Extension stakeholders gave 155 invited presentations
about NEWA at numerous Extension meetings, grower meetings, conferences, and other venues. At each, they informed the
audience about NEWA, the improvements underway, and the
positive impact on IPM practices of using the NEWA decision
support system, frequently asking the audience about their ideas
for improving NEWA. We published 85 articles, and produced
seven podcasts on NEWA for grower audiences, climatologists,
meteorologists, and agricultural scientists. The venues for these
have included journals, the Your NEWA blog, newsletters, trade
magazines, and technical and annual reports.
Input from stakeholders was obtained through our project
advisory panel via Extension-led meetings, grower conferences,
a Computing and Information Science (CIS) undergraduate internship, a CIS Master of Professional Studies project, a survey
of NEWA users (Olmstead and Carroll 2018), user experience
and web architecture analyses conducted by Cornell Information Technologies Computer Development (CIT CD), and web
strategy workshops. During the Stakeholder Innovation Workshop led by ITX Corp, Rochester, NY we identified the NEWA
mission, major areas of need, and set the stage for reviewing and
prioritizing web content. The NYS IPM Program, the Northeast
Regional Climate Center (NRCC) and CIT CD worked together
on various aspects of the project.
An innovative approach for developing the NEWA website
and associated user profile, weather station metadata, model
results, and weather data displays was finalized. One-on-one,
UX research on navigation, existing content labels, ease-of-use,
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and conceptual understanding of webpages by CIT CD informed
NEWA’s design. Our project advisory panel aided this effort.
Geo-specific partner logos and resources were obtained. We
worked with CIT CD for architecture, design and Americans
with Disabilities Act (ADA) compliance to heighten UX when
interacting with the responsive NEWA decision support system.
Databases required for NEWA’s back-end were created:
weather station metadata, Auth0 login, user input, common
model template, and regional content system. To protect our
users and our network, we put in place NEWA data use policy
agreements and disclaimers. The 35 distinct NEWA model
specifications were analyzed to aid modernization via a common model template fostering implementation into tools and
enhancing UX.
Weather data quality control tools that allow viewing, selecting, invalidating or editing weather data were developed to
support communication between growers and NEWA personnel
on erroneous data, fostering the ability to edit data of concern.
A portal for NEWA State Coordinators to access the tools and
query the main weather variables on secure websites was developed. We provided training to state coordinators and other key
personnel on how to use the data quality processes and its web
interface.

Results and Discussion
The NEWA user interface features partner institution logos
and resources of the user, based on geographic location, and
responds to whatever device is being used. The regional content
system database benefits the NEWA end user by creating an
experience that is in accordance with their local and regional
expectations for crop production and IPM.
NEWA Home now displays weather data from the weather
station closest to the user and acknowledges the weather station
owner that provides data to NEWA. The interactive weather
station map loads quickly supporting searching, zooming, and
panning. Two landing pages, Weather Tools and Crop & IPM
Tools, buoy simplified navigation. Using a strong call out, “The
Tools I Want, Where I Want” in Home’s center, the user is invited
to login and create a profile for their Dashboard (Fig. 1). Recent
Your NEWA blog posts are featured. The NEWA Blog, Get Help,
Profile and Login reside in the header and Partners, Become a
Partner, About Us, and Press Room in the footer.
The user interface for each NEWA tool, shown for Apple
Maggot in Figure 2, features controls on the left: station selection, date of interest, hide/show toggles for tool elements. Tool
elements are grouped in user input, management guide, results
table, results graph, and environmental variables table. Background information for each tool is found in more info, acknowledgements, and references. Users can download results data
as Excel-compatible comma-separated values (CSV) files, and
graphs as portable network graphics (PNG) files. All 35 NEWA
insect degree-day models, plant disease forecast models, crop
production models, and weather data queries will use the model
UX template so NEWA users have consistent feel and reliable
access to the weather-based, real time crop and IPM tools.
The user input database automatically stores a user’s Dashboard profile preferences and model-specific information, such
as the green tip biofix date for apple scab. This database directly
benefits the NEWA stakeholders, especially growers, because
they won’t have to repeatedly enter their IPM or crop data into
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the NEWA tool each time, saving them a significant amount of
time over the course of the season.
NEWA’s weather data uses a single common access routine
for all models, improving model-to-model fidelity, limiting data
passed from the server to the user’s device, and returning only
data needed by the specific model. The common access routine
and computation on the server improves model responsiveness, especially needed in rural locations with limited internet
bandwidth. Our database of the National Digital Forecast Data
predicts future conditions and is obtained in the same way as
the observed data, streamlining data access. The improved data
handling will boost UX and enhance NEWA’s capacity to build
future tools.
Our partner NEWA State Coordinators have access to their
state’s weather station data via an online data entry system. The
Weather Station Database will benefit all NEWA stakeholders
(growers, consultants, and extension educators) and will provide
reporting on outages and attribution for the weather station to
the owner of the station.
For temperature and precipitation, hourly observations
are compared to published state records for the highest and
lowest daily temperatures and most daily precipitation. The observations are further compared to independent gridded daily
temperature and precipitation data sets and flagged if over a
pre-set limit. Temperature observations also are compared to
two neighboring stations, from NEWA and the National Oceanic
and Atmospheric Administration, and flagged if over a pre-set
limit. The between-station check is also applied to humidity and
solar radiation. Humidity values are flagged if they exceed or fall
below the physical limits of 100% or 0%, respectively. For solar
radiation, physical limit checks are also applied, between zero
and a high limit not possible astronomically. Additional quality
screening algorithms for soil temperature, soil moisture and leaf
wetness are being adapted by the NRCC from work, funded by
the USDA Natural Resources Conservation Service, to screen
these variables in the Soil Climate Analysis Network (SCAN)
and Tribal SCAN station networks.
The quality control checks run automatically every week,
examining the prior 14 days and returning a count of flagged
observations, to identify stations that chronically report suspect
data. A human analyst can query counts of flagged data and the
total number of days and hours that failed a particular check for
the weather station is tabulated. Using this tool, the analyst can
determine if the site is problematic, contact the owner to suggest
maintenance, and edit invalid data.
The National Digital Forecast gridded data are being integrated as a backup data source for weather stations that fail to
report data, either intermittently or for a period of up to one
month. Inclusion of these data greatly improves the reliability
and loading speed of the NEWA tools.
We are building an accurate, responsive and geographically
relevant NEWA website. We are now completing rebuilds of
all tools — insect models are complete, plant disease and crop
production models are underway. The complexity of rebuilding
all models into interactive tools with responsive architecture
created challenges, as well as opportunities, for the NEWA team.
Beta testers unanimously praise design and navigation,
which makes sense because we listened to our stakeholders and
built the NEWA UX they envisioned. The NEWA community is
keenly interested in continuing to learn about project outcomes
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and how to use the responsive NEWA tools to benefit their crop
production practices. The NEWA version 3.0 website will launch
in 2021.

Conclusions
Increased use of digital IPM decision support systems like
NEWA results in more growers making better pest management
decisions with less pesticide input (Carroll 2008, Olmstead and
Carroll 2018). NEWA’s renewed architecture now delivers geospecific attribution for appropriate place-based extension outreach on devices as small as phones. Common building blocks
used to reconstruct the 35 IPM models into responsive NEWA
tools (Fig. 2) were delineated and pave the way for future growth
and easy upgrades.
A NEWA Dashboard (Fig. 1) will display what
the user wants from the locations they want: easy
to set up through NEWA’s user profile. The profile
backend will store essential biofix and crop information to drive fast and accurate IPM forecasts for
growers. We have developed the required back-end
databases and front-end design elements that will
heighten positive user experiences when interacting
with the responsive NEWA decision support system.
To support NEWA data quality, we utilize
forecast data and our weather station data editor
tool to provision an accurate and reliable decision
support system. Improved navigation comes via an
interactive NEWA map and streamlined landing
page designs that echo our UX research.
When growers have access to reliable, weatherbased, real time NEWA models, IPM practices increase on the farm, preventing plant disease, insect,
and crop loss, reducing unnecessary inputs, and
minimizing health, economic and environmental
risks.
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Figure 1. A screenshot of the NEWA Dashboard. The
Dashboard was set up by a user in New York State
who has chosen Appleton, NY as one of their favorite
weather stations. They have chosen to include apple
maggot, codling moth, oriental fruit moth, and
San Jose Scale NEWA tools on their Dashboard. The
Weather Station Summary can be edited to show the
weather variables of interest to the user. All NEWA
Weather Tools and a Regional Radar are links on
the Dashboard. Other Weather Tools, Other Crop
& IPM Tools, and Other Decision Support Systems
can be placed as links on the Dashboard. The apple
maggot summary is open and shows brief results
for the current day, which is January 12, 2021 in this
example.
Figure 2. A screenshot of the NEWA Apple Maggot Tool. The date of interest is June 16,
2020 and the chosen weather station is Buffalo, NY. First trap catch user entry has not
yet resulted. Grouped on the left are the tool controls, Date of Interest and the Show/
Hide toggles for tool elements (Station Selection drop down not shown). The major tool
elements are grouped under First Trap Catch (always on), Results Table (default on), Results
Graph (default off), and Management Guide (default on) (Station Selection Map, default
off, is not shown). When the user input box appears for first trap catch, the trap catch
for orchard block can be entered and the last date entered will be saved for the weather
station location.
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A

pple scab fungus Venturia inaequalis continues to be the
major concern of apple growers in the Eastern U.S. In
the last 30 years, there has been an increasing pressure
on apple producers to reduce pesticide use while maintaining a
high level of crop quality (Carisse et al. 2006). However, achieving sustainable management of fruit crop diseases is a growing
challenge due to pathogen-favorable humid tropical, subtropical,
and continental climate types in the Eastern US and an increasing frequency of extreme weather patterns favoring infections by
fungal pathogens (Melillo et al. 2014). Application of fungicides
for control of apple scab is dictated by the weather conditions,
apple bud tissue expansion, and disease pressure, and is often
decided upon by using apple scab prediction models like RIMpro
(https://rimpro.eu/) and NEWA (http://newa.cornell.edu/index.
php?page=apple-diseases). Judicious use of fungicides is secured
by accurately timing the spray applications just before severe
infections are predicted with apple scab models, which are based
on weather forecast and pathogen ecological requirements, and
by incorporating new fungicide classes i.e. groups developed in
the last 15 years along with the classic ones. Apple scab prediction models like RIMpro also help growers to select and apply
highly effective fungicides when high and extreme infections
risks warrant these.
The introduction of new fungicide classes like succinate dehydrogenase inhibitors (SDHIs, group 7) helps growers avoid
strong selection of fungicide resistant individuals in V. inaequalis populations by alternating the old and new site-specific and
soft fungicides from week to week. In addition, each single-site
fungicide application must always be made in tank mix with at
least one contact i.e. multisite fungicide so as to broaden the
efficacy by impacting multiple targets in the fungal pathogen
body or their germinating spores. The objective of this work
was to evaluate efficacy of several new fungicides in apple scab
control under heavy infection pressures of 2019 and 2020 growing seasons and compare them with the other fungicides in the
same group/s, so as to facilitate their implementation into the
commercial apple production in the U.S.

New Synthetic Fungicides
Cevya aka Revysol is a new demethylation inhibitor (DMI)
fungicide for apple scab containing the active ingredient mefentrifluconazole (group 3). This fungicide from BASF is registered
in New York, excluding Long Island. As a unique chemistry, it
inhibits sterol biosynthesis in membranes of plant pathogenic
fungi and features an isopropanol-azole chemistry that helps
ensure binding capacity and adaptability through its molecule
flexibility. Cevya offers control even on plant pathogen strains
that are insensitive to DMIs and is recommended for 7-to-10day application interval. Cevya is labelled for different fungal
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Aprovia aka Solatenol is the new SDHI fungicide for apple
scab control registered in New York, including Long Island,
containing the active ingredient benzovindiflupyr. This new
fungicide from Syngenta belongs to the group 7 of fungicides
which inhibit respiration in fungal plant pathogens. Aprovia is
recommended for 7-to-10-day application interval and is limited to 27.6 fl oz/A per year, which allows 5 to 4 applications with
either 5.5 or 7 fl oz/A. It has been primarily intended for controlling apple scab and powdery mildew early in the spring and
cannot be applied within 30 days of harvest. However, due to its
good efficacy in control of apple bitter rot caused by C. fioriniae,
saving one to two applications of this fungicide in mix with captan or ziram for mid-summer (July, August) would be preferrable (Aćimović et al. 2020). This can help prevent buildup of C.
fioriniae symptomless presence in leaves, forming of quiescent
infections on fruit, and slow or prevent buildup of potential C.
fioriniae individuals resistant to currently effective strobilurin
i.e. QoI fungicides (group 11).
Miravis aka Adepidyn is Syngenta’s latest SDHI fungicide
registered in New York, including Long Island, which contains
new active ingredient pydiflumetofen from group 7. It has been
tested and is recommended at a rate of 3.4 fl oz/A every 7-10
days. Besides control of apple and pear scab, Miravis is labeled
for control of cedar apple/quince rust, sooty blotch and flyspeck, apple powdery mildew and few other diseases. Only two
consecutive applications of Miravis or other group 7 fungicide
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are allowed, after which alternating to a non-group 7 registered
fungicide is necessary. A maximum application rate of 13.6 fl
oz/A per year is allowed which means only four applications per
year of 3.4 fl oz are allowed. Miravis is listed to only suppress
Colletotrichum spp. that cause apple bitter rot, but in our inoculated orchard trial in 2020 we detected no significant control of
bitter rot caused by C. fioriniae on ‘Honeycrisp’ with this fungicide (Aćimović et al. 2020).
Excalia aka Indiflin is the new SDHI fungicide from Valent
USA, which contains new active ingredient inpyrfluxam, from
group 7 fungicides, and has just been registered by EPA in September of 2020. However it is not yet registered in New York but
it is anticipated it will be sometime in 2022. Excalia is currently
being tested in multiple sites across the USA. The EPA label lists
it for use at 3 to 4 fl oz/A on apples, it can be used only for two
spray applications in total per year, 10 days apart, and cannot be
applied after petal fall. The total amount of Excalia that can be
applied per year is 8 fl oz/A.
Pyraziflumid 20SC is the new SDHI fungicide by Nichino
America, which contains active ingredient pyraziflumid from
group 7, but is not yet registered by EPA. Registration by New
York DEC is assumed to follow EPA registration. It is being tested for control of apple scab, Botrytis bunch rot/grey mold, and
many other fungal plant diseases. Our tests from 2017 showed
equal control of apple powdery mildew in low infection pressure conditions at three different rates: 0.93, 1.86 and 2.79 fl
oz/A (Aćimović and Meredith, 2017).

Table 1. SDHI fungicide spray programs evaluated in trial (I) in 2019.
Treatments were applied: 7 Apr – GT, green tip; 11 Apr – HIG, half-inch
green; 17 Apr – TC, tight cluster; 25 Apr – PK, pink; 29 Apr – EB, early bloom;
3 May – MBL, mid-bloom; 6 May – FB; 13 May – PF, petal fall; 23 May – ½ INF;
25 May – 1C, first cover; 4 Jun – 2C, second cover; 19 Jun – 3C, third cover; 14
Jul – 4C, fourth cover; 25 Jul – 5C, fifth cover.
Treatment program with amount per Acre

Spray Timing

1

Untreated control

/

2

Vangard 75 WG 5 oz
Mancozeb 75 WG 3 lb
Mancozeb 75 WG 3 lb + Captan 80 WDG 2.5 lb
Miravis A19649[B] 3.42 fl oz
Inspire Super 12 fl oz
Captan 80 WDG 3 lb

GT
TC
PK, EB
FB, PF
1C
2C – 5C

3

Vangard 75 WG 5 oz
Mancozeb 75 WG 3 lb
Mancozeb 75 WG 3 lb + Captan 80 WDG 2.5 lb
Miravis A19649[H] 3.42 fl oz
Inspire Super 12 fl oz
Captan 80 WDG 3 lb

GT
TC
PK, EB
FB, PF
1C
2C – 5C

4

Vangard 75 WG 5 oz
Mancozeb 75 WG 3 lb
Mancozeb 75 WG 3 lb + Captan 80 WDG 2.5 lb
Aprovia 5.5 fl oz
Inspire Super 12 fl oz
Captan 80 WDG 3 lb

GT
TC
PK, EB
FB, PF
1C
2C – 5C

5

Vangard 75 WG 5 oz
Mancozeb 75 WG 3 lb
Mancozeb 75 WG 3 lb + Captan 80 WDG 2.5 lb
Luna Sensation 4.17 SC 5 fl oz
Inspire Super 12 fl oz
Captan 3 80 WDG lb

GT
TC
PK, EB
FB, PF
1C
2C – 5C

6

Mancozeb 75 WG 3 lb
Cevya 3.34SC 4 fl oz + LI700 16 fl oz/100gal + Mancozeb 75 WG 3 lb
Captan 80 WDG 3 lb

HIG
TC, EB, MB, PF
1C – 5C

7

Mancozeb 75 WG 3 lb
Cevya 3.34SC 5.0 fl oz + LI700 16 fl oz/100 gal + Mancozeb 75 WG 3 lb
Captan 80 WDG 3 lb

HIG
TC, EB, MB, PF
1C – 5C

8

Mancozeb 75 WG 3 lb
Inspire Super 12 fl oz + LI700 16 fl oz/100gal + Mancozeb 75 WG 3 lb
Captan 80 WDG 3 lb

HIG
TC, EB, MB, PF
1C – 5C

9

Pyraziflumid 3.1 fl oz + Mancozeb 75 WG 3 lb + Silwet 16 fl oz/100 gal
Captan 80 WDG 3 lb

HIG, PK, FB, PF, ½ INF, 1C
2 – 5C

10

Pyraziflumid 3.1 fl oz + Mancozeb 75 WG 3 lb
Captan 80 WDG 2.5 lb

HIG, PK, FB, PF, ½ INF, 1C
2 – 5C

11

Pyraziflumid 4.65 fl oz + Mancozeb 75 WG 3 lb
Captan 80 WDG 2.5 lb

HIG, PK, FB, PF, ½ INF, 1C
2 – 5C

12

Indar 6 fl oz + Mancozeb 75 WG 3 lb
Rally 5 oz + Mancozeb 75 WG 3 lb
Luna Sensation 5 oz + Mancozeb 75 WG 3 lb
Captan 80 WDG 3 lb/A (1-5C)

HIG, TC
PK
MB, PF
1C–5C

13

Fontelis 16 fl oz + Indar 8 fl oz
Captan 80 WDG 3 lb/A (1-5C)

TC, PK, MB, PF
1C – 5C

New Soft Fungicides
Stargus is a new biological fungicide which contains living
cells of bacterium Bacillus amyloliquefaciens strain F727 and
spent fermentation media. It belongs to BM02 group of biologicals with multiple modes of action (formerly in group F6,
FRAC 44 of microbial disrupters of pathogen cell membranes).
Stargus is listed to only suppress apple scab. It is recommended
at 1 to 4 quarts in 50 to 100 gallons of water per acre at 7 to 10
day intervals, but during the periods of rapid apple bud tissue
development and frequent scab infections, it should be applied
at 3 to 7 day intervals. Stargus has zero days pre-harvest interval
and is approved for organic use i.e. it is OMRI listed (Organic
Materials Review Institute).
Vacciplant is a stimulant of plant defense reactions from
Arysta LifeScience North America which contains a natural
active ingredient laminarin. This is a polysaccharide (oligosaccharin) extracted from of a brown seaweed, Laminaria digitata.
It belongs to its own P4 subgroup of polysaccharide elicitors
within the host plant defense inducers and is labelled on pome
fruit for apple scab and powdery mildew at 14 to 60 fl oz/A at
10 to 14 day application intervals. When less than 100 gal/A of
water is used for spraying, use rate of 14 fl oz/A of Vacciplant.
Vacciplant has zero days pre-harvest interval and besides being recommended for control of apple scab and apple powdery
mildew it is listed to only suppress apple bitter rot caused by
Colletotrichum spp., among many other fungal pathogens. We
hope to evaluate this effect in future trials. Vacciplant is considered a biorational disease control material that has not yet been
evaluated or listed by OMRI for compliance, however, aquatic
plant extracts (other than hydrolyzed) are listed as synthetic
substances allowed for use in organic crop production as plant
or soil amendments (laminarin is not yet listed for pest control).
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Laminarin is not yet listed in the Organic Foods Production Act
of 1990 (OFPA) and it is not specifically listed in the National
Organic Program organic regulations. It seems that synthetic/
nonsynthetic classification of laminarin is still debated due to
the extraction process during manufacturing and its status depends on the synthetic residuals in this process (sodium and
sulfate ions) (USDA Technical Evaluation Report – Limited
Scope, Laminarin – Crops).

Materials and Methods
Trial 2019 (I). We conducted an apple scab trial in Highland,
NY (Table), to evaluate efficacy of multiple SDHI-s, including
NEW YORK STATE HORTICULTURAL SOCIETY

Table 2. spray programs of SDHI fungicide Excalia evaluated in trial (II) in
2019. Treatments were applied: 7 Apr – GT, green tip; 17 Apr – HIG, halfinch green; 25 Apr – LTC, late tight cluster; 29 Apr – PK, pink; 3 May – BL,
bloom; 8 May – PF, petal fall; 25 May – 1C, first cover; 19 Jun – 2C, second
cover; 14 Jul – 3C, third cover; 25 Jul – 4C, fourth cover.
Treatment program with amount per Acre

Spray Timing

1

Untreated control

/

2

Vangard 5 oz + Manzate Pro-Stick 75 WG 3 lb
Inspire Super 12 fl oz + Manzate Pro-Stick 75 WG 3 lb
Merivon 5.5 fl oz/A + Manzate Pro-Stick 75 WG @ 3 lb
Excalia 3 fl oz + Syl-Coat 0.062% v/v (8 fl oz/100 gal)
Inspire Super 12 fl oz
Excalia 3 fl oz + Syl-Coat 0.062% v/v (8 fl oz/100 gal)
Captan 80 WDG 3 lb

GT
HIG
LTC
PK
BL
PF
1C – 4C

new SDHI-s Miravis (pydiflumetofen), labeled in this report
as two formulations A19649[B] and A19649[H], and pyraziflumid, as well as a triazole fungicide Cevya 3.34 SC (34.93% W/W
mefentrifluconazole; FRAC 3). We used 24-yr-old apple trees
on M.9 rootstock planted in discrete three-cultivar replicated
plots at 25 ft between rows, 10 ft between trees within rows, and
20 feet between plots within rows. We replicated treatments
four times using a complete randomized design (CRD). Each
replicate plot consisted of three trees of three apple cultivars
(‘Jerseymac’, ‘Cortland’ and ‘Golden Delicious’). We spray applied treatments dilute to drip (300 gal/A) using a tractor-carried handgun sprayer (Rear’s Pak-Tank 100-gal sprayer, 250 PSI)
at various day intervals and depending on apple bud growth
development and weather conditions, as shown in Table 1. We
applied insecticides during the trial with an air-blast sprayer
to all plots including control trees, using Unigreen Turboteuton Mistblower air-blast sprayer (Uni–green Crop Protection,
S.p.A., Reggio Emilia, Italy) delivering 45 gal of spray solution
per acre. There were nine major infection events in 2019 as determined by RIMpro apple scab prediction model (RIMpro B.V.,
Zoelmond, Netherlands) connected to an on-site NEWA-RainWise weather station in Highland, NY. These infection periods
occurred on 26, 28 and 30 Apr and 3, 5, 7, 10, 12 and 28 May. To
correctly calibrate RIMpro apple scab model, thus increasing
the accuracy of predictions of apple scab infections and their
severity on test location, we used two biofixes: green tip date
and the date of first ascospore release from leaf litter. Using
vacuum spore trap tower, first apple scab ascospores released in
Highland, NY, were detected on 28 March, but due to the abundance of caught ascospores we adjusted this date to 26 March.
We rated apple scab incidence on spur leaves from 2 – 7 Jul and
on fruit from 12 – 19 Aug. The percent incidence on spur leaves
was calculated from the number of leaves with scab lesions
versus the leaves without lesions on 20 randomly selected leaf
clusters per tree. The percent incidence on fruit was calculated
from the number of fruit with at least one scab lesion versus the
fruit without lesions on 20 randomly selected fruit clusters per
tree, for a total of up to 50 fruits per tree replicate. Disease incidences were subjected to Wilcoxon nonparametric test, Tukey’s
or LSD test (α = 0.05), for a completely randomized design using JMP pro v.14 or PROC MIXED procedure in SAS Studio
software (SAS Institute Inc. 2017, Cary, NC). Where needed,
data were transformed prior to analysis.
Trial 2019 (II). We conducted a trial in Highland, NY, to
evaluate efficacy of a new SDHI Excalia (indiflin) in apple scab
control (Table 2). We used 4-yr-old apple trees on M.9 rootFRUIT QUARTERLY . VOLUME 29 . NUMBER 1 . SPRING 2021

stock, of three cultivars: ‘McIntosh’, ‘Gala’, and ‘Honeycrisp’,
planted in completely randomized design at 14 ft between rows,
and 6 feet between trees within rows. We replicated treatments
three times using a complete randomized design (CRD). Each
replicate consisted of three trees each of the apple cultivars.
Treatments were sprayed dilute to drip (300 gal/A) using a tractor-carried handgun sprayer (Rear’s Pak-Tank 100-gal sprayer,
250 PSI) at various day intervals depending on apple flower bud
growth development and weather conditions as shown in Table
2. Insecticides during the trial were applied with an air-blast
sprayer to all plots including control trees, using Unigreen Turboteuton Mistblower air-blast sprayer (Uni–green Crop Protection, S.p.A., Reggio Emilia, Italy) delivering 45 gal of spray
solution per acre. There were nine apple scab infection events as
determined by RIMpro prediction model (RIMpro B.V., Zoelmond, Netherlands) connected to an on-site NEWA-RainWise
weather station in Highland, NY. These infection periods occurred on 26, 28 and 30 Apr and 3, 5, 7, 10, 12 and 28 May. We
calibrated RIMpro apple scab model to increase the accuracy of
predictions and their severity by using two biofixes in the model: green tip date and the date of first ascospore release from
leaf litter. The first apple scab ascospores released in Highland
NY were detected using vacuum spore trap tower on 28 March.
Due to the abundance of detected ascospores we adjusted this
second biofix date to 26 March. Primary scab season ended on
4 Jun. Apple scab incidence on spur leaves was rated from 2 – 7
Jul and on fruit from 12 – 19 Aug. We calculated percent scab
incidence on spur leaves from the number of leaves with scab
lesions versus the leaves without lesions on 20 randomly selected leaf clusters per tree. The percent scab incidence on fruit was
calculated from the number of fruit with at least one scab lesion
versus the fruit without lesions for all fruit per tree replicate.
Disease incidences were subjected to Wilcoxon nonparametric
test or LSD test (α = 0.05), for a completely randomized design
using JMP pro v.14 or PROC MIXED procedure in SAS Studio
software (SAS Institute Inc. 2017, Cary, NC). Where needed,
data were transformed prior to analysis.
Trial 2020. In an apple scab trial in Highland, NY, we evaluated efficacy of a biological Stargus (Bacillus amyloliquefaciens
strain F727, 96.4%), plant resistance activator Vacciplant (laminarin, 3.51%; FRAC P4), a DMI Cevya (mefentrifluconazole;
FRAC 3) and SDHIs (FRAC 7) Excalia (indiflin) and Miravis
(pydiflumetofen) (Table 3). In addition, a spray program with
Luna Sensation (trifloxystrobin 21.4%; FRAC 11; fluopyram
21.4%; FRAC 7) at mid-bloom and petal fall was initiated with
Indar (fenbuconazole; FRAC 3) at tight cluster and continued
with Rally (myclobutanil; FRAC 3) at pink bud (Table 3). We
used 25-yr-old apple trees of ‘Jerseymac’, ‘Cortland’ and ‘Golden
Delicious’ on M.9 rootstock planted in discrete three-cultivar
replicated plots at 25 ft between rows, 10 ft between trees within rows, and 20 feet between plots within rows. We replicated
treatments three times using a complete randomized design
(CRD). Each replicate plot consisted of three trees of each apple
cultivar. We spray applied treatments dilute to drip (300 gal/A)
using a tractor-carried handgun sprayer (Rear’s Pak-Tank 100gal sprayer, 250 PSI) at various day intervals and depending on
apple flower bud growth development and weather conditions,
as shown in Table 3. During the trial, we applied streptomycin +
Regulaid on 25 May for fire blight control and insecticides with
an air-blast sprayer to all plots including control trees, using
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Unigreen Turboteuton Mistblower air-blast sprayer (Uni–green
Crop Protection, S.p.A., Reggio Emilia, Italy) delivering 49 gal
of spray solution per acre. There were only three major infections of V. inaequalis as determined by RIMpro apple scab prediction model (RIMpro B.V., Zoelmond, Netherlands: https://
rimpro.eu/) connected to a nearby RainWise weather station in
New Paltz, NY. These infection periods occurred on 29 Mar at
green tip, 30 Apr at pink bud stage and on 28 May. To correctly
calibrate RIMpro apple scab model, thus increasing the accuracy of predictions of apple scab infections and their severity
on test location, we used two biofixes in this model: green tip
date and the date of first ascospore release from leaf litter. Using
vacuum spore trap tower, first apple scab ascospores released
in Highland NY were detected on 20 Mar, but due to the abundance of caught ascospores we adjusted this date to 17 Mar. We
rated apple scab incidence on spur leaves from 10 – 14 Jul, on
fruit from 14 – 15 Jul, and on shoot leaves on 17 Jul – 4 Aug.
The percent scab incidence on spur leaves was calculated from
the number of leaves with scab lesions versus the leaves without lesions on 20 randomly selected leaf clusters per tree. The
percent scab incidence on fruit was calculated from the number of fruits with at least one scab lesion versus the fruit without lesions on 20 randomly selected fruit clusters per tree, for
a total of 50 or more fruit per tree replicate. The percent scab
incidence on shoot leaves was calculated from the number of
leaves with scab lesions versus the leaves without lesions on 10
randomly selected shoots per tree. Disease incidences were subjected to ANOVA and post-hoc analysis using LSD or Tukey’s
test (α = 0.05), for a completely randomized design using PROC
MIXED procedure in SAS Studio software (SAS Institute Inc.
2017, Cary, NC). Where needed data were transformed prior to
analysis.

Table 3. SDHI fungicide spray programs evaluated in 2020 trial.
Treatments were applied: 22 Mar – GT, green tip; 6 Apr – HIG, half-inch
green; 14 Apr – TC, tight cluster; 23 Apr – TC, tight cluster; 29 Apr – PK,
pink bud; 4 May – MB, mid-bloom; 16 May – PF, petal fall; 26 May – 1C, first
cover; 13 Jun – 2C, second cover; 7 Jul – 3C, third cover.
Treatment program with amount per Acre

Spray Timing

1

Untreated control

/

2

Manzate Pro-stick 75 WG 3lb
Manzate Pro-stick 75 WG 3lb
Manzate Pro-stick 75 WG 3lb
Cevya 3.34SC 4 fl oz + Manzate Pro-stick 75 WG 3lb
Manzate Pro-stick 75 WG 3lb
Captan 80 WDG 3 lb

HIG
TC
TC
PK, MB, PF
1C
2C, 3C

3

Manzate Pro-stick 75 WG 3lb
Manzate Pro-stick 75 WG 3lb
Manzate Pro-stick 75 WG 3lb
Cevya 3.34SC 5 fl oz + Manzate Pro-stick 75 WG 3lb
Manzate Pro-stick 75 WG 3lb
Captan 80 WDG 3 lb

HIG
TC
TC
PK, MB, PF
1C
2C, 3C

4

Manzate Pro-stick 75 WG 3lb
Manzate Pro-stick 75 WG 3lb
Manzate Pro-stick 75 WG 3lb
Inspire Super 12 fl oz + Manzate Pro-stick 75 WG 3lb
Manzate Pro-stick 75 WG 3lb
Captan 80 WDG 3 lb

HIG
TC
TC
PK, MB, PF
1C
2C, 3C

5

Manzate Pro-stick 75 WG 3lb
Manzate Pro-stick 75 WG 3lb
Manzate Pro-stick 75 WG 3lb
Excalia 4 fl oz
Inspire Super 12 fl oz
Excalia 4 fl oz
Manzate Pro-stick 75 WG 3lb
Captan 80 WDG 3 lb

GT
HIG
TC
TC
PK
MB
PF
1C
2C, 3C

6

Manzate Pro-stick 75 WG 3lb
Manzate Pro-stick 75 WG 3lb
Manzate Pro-stick 75 WG 3lb
Miravis 3.42 fl oz
Inspire Super 12 fl oz
Miravis 3.42 fl oz
Manzate Pro-stick 75 WG 3lb
Captan 80 WDG 3 lb

GT
HIG
TC
TC
PK
MB
PF
1C
2C, 3C

7

Stargus 3 qts + Microthiol Disperss 20 lbs
Stargus 3 qts + Microthiol Disperss 20 lbs + NuFilm P 32 fl oz/100 gal

GT
HIG
TC, TC, PK, MB, PF, 1C

8

Stargus 2 qts + Manzate Pro-stick 75 WG 3lb
Stargus 2 qts + Manzate Pro-stick 75 WG 3lb

HIG, TC, TC
PK, MB
PF, 1C

9

Stargus 3 qts
Stargus 3 qts + NuFilm P 32 fl oz/100 gal

GT
HIG
TC, TC, PK, MB, PF, 1C

10

Microthiol Disperss 20 lbs
Microthiol Disperss 20 lbs + NuFilm P 32 fl oz/100 gal

GT
HIG
TC, TC, PK, MB, PF, 1C

11

Indar 8 fl oz + Manzate Pro-stick 75 WG 3lb
Rally 8 oz + Manzate Pro-stick 75 WG 3lb
Luna Sensation 4.17SC 5 fl oz + Manzate Pro-stick 75 WG 3lb PF)
Manzate Pro-stick 75 WG 3lb
Captan 80 WDG 2.5 lb

TC, TC
PK
MB, PF
1C
2C, 3C

12

Vacciplant 14 fl oz

TC, TC, PK, MB, PF, 1C

13

Untreated control High

/

Results
In 2019, Apple scab had 8 major infection periods based
on the RIMpro apple scab prediction model (from pink bud to
petal fall, Fig. 1 below). Before the first major infection on the 26
April at pink bud stage, three ascospore germination periods did
not lead to significant infections that would warrant fungicide
application/s in most commercial orchards that did not have
visible scab symptoms last year and because conditions after
rainfall were cold and unfavorable for the germinating spores to
establish infections (Fig. 1A, B). In Highland we found the first
apple leaf scab symptoms on 10 May in untreated control plot
with ‘Jersey Mac’ trees in Highland, NY. These infections were
probably initiated on the first major scab infection periods of
26 April (Fig. 1). In Highland NY, primary scab season was over
on 4 June according to RIMpro. In RIMpro’s ascospore maturity
model, the primary scab season is over when predicted infection events fail to reach RIM threshold values of 300 for scab
clean orchards or 100 for high-inoculum orchards and petal fall
has passed. This usually occurs after ascospores remaining to be
discharged are at less than 5% of the season total (Figs 1 and 2,
middle graph labeled “Maturation”).
In 2020, very cold weather that slowed initial apple growth
stages did not favor apple scab infections in 2020. Before the first
major infection on the 30 April at PK bud stage, one medium infection period was recorded on 29 March at green tip and was
worth protecting against only in the orchards that had visible
scab symptoms last year (leaves and/or fruit). This was followed
24
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by 9 ascospore germination periods up to petal fall that did not
lead to significant infections warranting fungicide application/s
in commercial orchards that did not have visible scab symptoms
last year, since conditions after rainfall were cold and unfavorable for germinating spores to establish infections. First apple
leaf scab lesions were visible on 11 May in the untreated control
plot on ‘Jersey Mac’ trees in Highland NY and correspond to the
first 100 RIM infection on 29 March. In Highland NY, primary
scab season was over on 31 May.
Trial 2019 (I). On ‘Jersey Mac’, when compared to untreated
control, management of leaf scab was excellent with Cevya (low
and high rate), Inspire Super, both in mix with LI 700, Apro-

via, Luna Sensation, Miravis A19649[B] and A19649[H], and
pyraziflumid in mix with Silwet (#2 – 9) (Fig 3A). Pyraziflumid,
Luna Sensation and Fontelis spray programs (#10 – 13) applied
without adjuvants or at slightly to very different growth stages
(A)

(A)

(B)

(B)
Figure 2. (A) Apple scab infection periods in 2020 for New Paltz NY in RIMpro model. Please refer
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Fig. 1Ascab
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graph visual
parts explanations.
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halfFigure
2. (A)ofApple
infection
periods
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Used by permission of RIMpro B.V., Netherlands: https://www.rimpro.eu/
cluster,
TC2- tight cluster, PK - pink bud, BL - bloom, PF - petal fall, 1C - first
cover. (B) Weather conditions during the trial in 2019 for New Paltz, NY,
recorded by a weather station. Please refer to the caption of Fig. 1B for
specific graph visual parts explanations. Used by permission of RIMpro
B.V., Netherlands: https://www.rimpro.eu/

FRUIT QUARTERLY . VOLUME 29 . NUMBER 1 . SPRING 2021

B

100

Jersey Mac, Wilcoxon, p<0.05

90
80
70
60

Cortland, LSD test, p<0.05
a

50

a

a

Golden Delicious, Wilcoxon, p<0.05

40
30
20
10

0
100
90

d d c d d c d cd c d d c d d c d d c d cd c d bc c
a

40
30

0

b b

Golden Delicious, Wilcoxon p<0.05
a
a
bc

20
10

b

Cortland, Tukey's p<0.05

70
50

bcd bc bc b
bc cdcd c

Jersey Mac, Wilcoxon p<0.05

80
60

bcd

RIMpro model. White camel hump-like areas labelled “Germinating
spores” show cumulative number of Venturia inaequalis ascospores that
germinate over time and are read on the right-side vertical Y-axis scale
that is labelled “Discharge”. The red curved lines are the RIM infection
values which, when divided by 100, are roughly the percentage of the
total season’s ascospores that are likely to cause infection in any given
infection period. Read each curve’s peak RIM infection value/s using the
vertical Y-axis scale on the left side of the graph labelled “RIM Infection
Value”. Orange areas called “Primary stroma” just after each red curved
RIM line represent scab lesions that were initiated by infection and are
incubating in the leaf. Orange depicts the time during which kick-back
fungicides can be applied. The light red areas in the middle “Maturation”
graph is the proportion of mature ascospores that are ready for discharge
with wetting events, whereas the dark red area is the proportion of
immature ascospores remaining in leaf litter. GT - green tip, HIG - half-inch
green, TC - tight cluster, PK - pink bud, BL - bloom, PF - petal fall, 1C - first
cover. (B) Weather conditions during the trial in 2019 for Highland, NY,
recorded by a weather station. Top graph: red line shows temperatures
(left y-axis in red), blue curved lines show rain lengths and amounts
in inches (right y-axis in blue), grey background represent relative air
humidity (RH) in % (far left y-axis in black). Bottom graph in (A) and (B)
with dates shows the length of rain (dark blue) and of wetting periods
after the rain stopped or from dew (light blue). Used by permission of
RIMpro B.V., Netherlands: https://www.rimpro.eu/
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Figure 1. (A) Apple scab infection periods in 2019 for Highland NY in RIMpro model. White camel
hump-like areas labelled “Germinating spores” show cumulative number of Venturia inaequalis
Figure
1. (A) Apple scab infection periods in 2019 for Highland NY in
ascospores that germinate over time and are read on the right-side vertical Y-axis scale that is
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Apple scab percent

i.e. times, provided very good to good
leaf scab control but allowed some disease to develop (up to 12.3% in #13).
This indicates on the absence of beneficial effect of adjuvant/s expressed as
higher uptake of SDHI fungicides into
green tissues, likely facilitating better
scab control, and on the importance of
a better time schedule for spray applications closer to the infection periods
(Fig. 1). This was especially important
in programs #10 and 11 that delivered a
total of six applications of pyraziflumid
without Silwet and at a stretched i.e. irregular intervals of 14 days (HIG – PK),
12 days (PK – FB), 7 days (FB – PF), 10
days (PF – ½ inch fruit size) and 2 days
(½ inch fruit size – 1C). Similar excellent to good control of scab was observed on ‘Jersey Mac’ fruit, but from
7 – 16% fruit scab incidence developed
in programs #9 – 13 (Fig. 3B). Factors
contributing to an excellent control of
leaf and fruit scab in programs #2 – 9
on ‘Jersey Mac’ are well timed applications of SDHI-s to infection periods (I),
followed by Inspire Super at first cover
in #2 – 5 programs (II), the very well
timed four applications of Cevya from
TC – PF in programs #6 – 8 (III), a total of six applications of pyraziflumid in
programs #9 – 11 (IV), and addition of
adjuvants LI700 and Silwet in programs
#6 – 9 (Fig. 3). However, program #9
with pyraziflumid allowed 12% of fruit
scab indicating that besides the unfavorable effect of different spray timings
in comparison to other SDHI programs,
Silwet benefited the effectiveness of
this SDHI on leaves but not on fruit
(Fig. 3B). In spray programs #10 – 13,
established primary scab infections on
‘Jersey Mac’ leaves led to development
of a slightly higher incidence of secondary scab infections on fruit (Fig. 3B). In
contrast, on ‘Cortland’ and ‘Golden Delicious’ fruit, scab control was excellent
in all spray programs (Fig. 3B), indicating that primary scab infections on
leaves were prevented to establish the
secondary infections of fruit and this
was facilitated by the applied fungicides
and by some level of genetic resistance
ofl these two cultivars to V. inaequalis.
Trial 2019 (II). Results in Fig. 4,
under high infection pressure, show
control of leaf apple scab on cultivars
with different susceptibility level to V.
inaequalis was excellent with the Excalia spray program (‘McIntosh’ – very
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Figure 5. Apple scab incidence on spur leaves (A), fruit (B) and shoot leafes (C) on 14 July, 15 July and 4
Aug 2020, respectively, after evaluation of different SDHI, DMI and two soft fungicides. Means within
each cultivar i.e. bar color followed by different letters are significantly different within each date
i.e. graph (A, B: Tukey’s test, p<0.05; C: LSD test, p<0.05). Each mean consists of four replicate trees.
Treatment names on x-axis apply for all three graphs.
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susceptible, ‘Gala’ – susceptible, ‘Honeycrisp’ – moderately
resistant). However, the results on controlling fruit scab were
confounded by the fact that one out of three replicate trees of
both ‘McIntosh’ and ‘Honeycrisp’, and two out of three replicate
trees on ‘Gala’, did not develop fruit so no scab rating could be
collected. This led to failed test for equality of residual variances
in ‘McIntosh’ and ‘Gala’ data and to the failed test for normality
of residuals in ‘Gala’ (Fig. 4). This data indicated on the need for
one more year of testing to confirm Excalia’s effectiveness.
Trial 2020. On all cultivars, when compared to untreated
controls (#1, 13) management of spur leaf scab and fruit scab
was excellent with Cevya (both rates), Inspire Super, Excalia,
Miravis, Stargus + Microthiol Disperss, Microthiol Disperss
and Luna Sensation (#2 – 7, 10, 11), with Stargus + Manzate
(#8) being very similar in efficacy to these programs and providing significant control (Fig. 5A, B). Stargus (# 9) performed
relatively well on ‘Cortland’ and ‘Golden Delicious’ spur leaves,
allowing only 22.1 and 17.5% incidence, respectively, as these
cultivars bear some genetic resistance to V. inaequalis, and this
effect was consistent with fruit scab control (8.1 and 12.3%) (Fig.
5A, B). This was not the case on highly susceptible ‘Jersey Mac’.
The comparison of #7, 9 and 10 in control of spur leaf and fruit
scab incidences clearly indicated that sulfur, at the highest labelled rate of Microthiol Disperss, and not Stargus, was responsible for good disease control (Fig. 5A, B). When compared to
the second untreated control (#13), Vacciplant (#12) performed
relatively well only on spur and shoot leaves of ‘Cortland’ and
‘Golden Delicious’ that are more resistant to scab, showing statistical reduction of the disease to 34.4 and 22.3% incidence on
spurs, and 7.3 and 14% incidence on shoots (Fig. 5A, C). On
fruit, this effect did not occur (Fig. 5B). On shoot leaves, control
of scab followed largely similar patterns except for Cevya, low
rate, Inspire Super, Miravis, Stargus + Microthiol Disperss (#2,
4, 6, 7), and Microthiol Disperss and Luna Sensation (#10, 11),
where slightly more scab developed than expected (Fig. 5C).
However, the untreated control (#1) indicated that drier weather conditions that lasted from May 3 to June 27 (Fig. 2) did not
favor onset of secondary scab infections on shoot leaves (Fig.
5C), indicating that scab infection pressure from conidia on the
established lesions on spurs and fruit for shoot infections was
very low, while the primary scab infections were largely thwarted by the unfavorable cold and dry weather conditions from 4 to
28 May (Fig. 2).

Conclusion
The addition of new synthetic SDHI, DMI and soft fungicides we found effective gives growers a significant opportunity
to effectively control apple scab fungus V. inaequalis in years to
come, with minimal risks for development of resistance mutations in its populations to single-site fungicides. However, to be
fully successful in long-term preservation of high efficacy of single-site fungicides for apple scab control, we recommend growers in conventional apple production to: (1) Incorporate both
the synthetic and soft fungicides in alternating spray schedule
during the primary scab season to broaden the spectrum of efficacy of spray mixtures by impacting multiple targets in the fungal pathogen, (II) Use the RIMpro apple scab prediction model
to accurately time the preventive application/s of soft and/or
contact fungicides, alone or in a tank mix, for periods when infection severity is predicted to be medium to low (before pink
FRUIT QUARTERLY . VOLUME 29 . NUMBER 1 . SPRING 2021

bud and after petal fall), (III) Use the RIMpro apple scab prediction model to accurately time the preventive application/s of
highly effective single-site synthetic fungicides, in a tank mix
with contact ones, for periods when infection severity is predicted to be high or extreme (from pink bud to petal fall), and
(IV) Whenever possible apply fungicides preventively, i.e. before
the wetting event that will trigger infection/s. Curative i.e. postinfection or kick-back activity of systemic fungicides against V.
inaequalis should only be reserved for emergency or unpredicted situations when no fungicide or insufficient amount of it
was applied before the infection due to alternate-row spraying,
lack of enough air-blast sprayers to cover the whole farm in 48
to 96 h, or their unpredicted malfunction. Even here RIMpro
can critically help to time the curative application by indicating the incubating infections as orange area/s called “Primary
stroma” which represent scab lesions that were initiated by infection from germinating spores and that are incubating in the
leaf but are not yet visible (Figs 1 and 2). Knowledge of real time
occurrence of incubating infections in RIMpro model is worth
gold because, if no or limited fungicide was in place before the
infection event, some or all of the incubating infections can still
be eliminated by timely applying fungicides with post-infection
activity (Aćimović et al. 2018). Only by applying the above outlined or similar strategies, growers, private consultants, and extension fruit specialists will be good stewards of preserving the
efficacy of classic and new fungicides and keeping their apple
scab management toolbox rich with tools for years to come.
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Hard Cider Apple Cultivars for New York
Gregory Peck, David Zakalik, and Michael Brown

This work was supported by the NY Apple
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Hard cider is made richer and more complex
with high tannin apple cultivars which are
not widely grown in the US. Many European
cider cultivars are extremely biennial
and are highly susceptible to fire blight
which makes cultivar selection extremely
important. The goal of this project was to
generate information on horticultural and
juice quality attributes of European cider
apple cultivars.

School of Integrative Plant Science, Horticulture Section, College of Agriculture and Life Sciences, Ithaca, NY 14853
Keywords: Hard apple cider, tannins, titratable acidity, bitter sharp, juice quality
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Materials and
Methods

In 2015, a
replicated cultivar trial was established at the
Cornell Orchards
in Ithaca, NY. Cultivars in this trial
included: ‘Binet
Rouge’, ‘Brow n
Snout’, ‘Brown’s
Apple’, ‘Dabinett’, ‘Ellis Bitter’, ‘Harry Masters Jersey’, ‘Porter’s
Perfection’, ‘“Geneva” Tremlett’s Bitter’ (note this cultivar is not
the true-to-type ‘Tremlett’s Bitter’ and has thus been dubbed
‘“Geneva” Tremlett’s Bitter’ by the cider industry in reference
to the misidentification originating in the USDA’s Malus germplasm collection in Geneva, NY), and ‘Vilberie’. Each cultivar is
replicated four times in two-tree sets in a completely randomized
block design. The trees are planted 3’ apart and 12’ between rows,
grafted onto G.935 rootstock, and trained as a tall spindle. ‘Chisel
Jersey’ was intended to be included in this trial, but there were
insufficient trees at planting to include in the replicated design,
so it was only included as a buffer between blocks.
Tree growth, fruit yields, and fruit and juice quality were
measured annually. In mid-summer, fruit was thinned to 5 fruit/
TCSA to prevent branch breakage. At harvest, fruit was selected
from upper, lower, exterior, and interior sectors of each tree to
reduce within tree variation. Fruit was stored in standard atmosphere cold storage (1-3°C; >90% relative humidity) for no more
than seven days prior to analyses. To evaluate maturity, fruit were
sliced equatorially and the starch-iodine index was determined
Polyphenol Content vs Titratable Acidity, 2017-2020
Folin-Ciocalteu Total Polyphenols (g/L GAE)

T

he cider industry has created opportunities for new business ventures and diversification of existing farm enterprises. Most of the more than 1,000 U.S. cider producers
have been in business for only a few years and many do not grow
their own fruit (Peck and Miles, 2015). In 2017, the U.S. cider
industry required about 18.2 million bushels of apples, which is
equivalent to 7% of the U.S. apple crop (Alcohol and Tobacco Tax
and Trade Bureau, 2017). However, larger producers are importing apple juice concentrate, so a much smaller volume of cider is
actually made from U.S.-grown apples. Additionally, many U.S.
ciders are made from fresh-market cultivars that have lost their
value, apples that didn’t make size or color grade, and processing
apples. This offers opportunities for New York’s apple growers
to sell apples from existing plantings, as well as to diversify into
growing high-tannin cider apple cultivars.
Specialized bitter cider cultivars have up to ten times greater
polyphenolic (specifically tannins, such as procyanidins) concentration than culinary apples (Thompson-Witrick et al., 2014).
Tannins contribute desirable flavors to cider, such as bitterness
and astringency which leads to a more robust sensory experience. While the U.S. is the second largest apple producer in the
world, only a small percentage of the total acreage is planted
with high-tannin cider apple cultivars. In fact, national surveys
have reported that less than one-third of cider producers have
cider apple plantings (Peck and Miles, 2015). A recent Harvest
NY survey indicated that high-tannin cider apples are increasingly sought by producers of all scales, but supply is well below
demand (Pashow, 2018). For example, New York is home to Angry
Orchard’s Research and Development facility which is actively
seeking New York-grown cider apples.
The Harvest NY survey also reported that cider producers
placed an emphasis on the need to acquire these bitter cider apples
and are willing to pay up to double the price of fresh-market cultivars for these fruit (Pashow, 2018). At an average of $0.35/lb,
high-tannin cider apples are 2-4 times more valuable than most
processing fruit (Miles et al., 2020; Peck and Knickerbocker, 2018).
This price premium for bitter cider apples is primarily driven by a
lack of supply for this specialized fruit. Additionally, cider apples
can be mechanically harvested and may require lower pesticide
inputs than culinary apples because cosmetic defects and even
some superficial damage are acceptable for apples that will be
processed soon after harvest (Merwin, 2015). However, many
European cider cultivars are minimally responsive to chemical
fruit thinning, have an extremely biennial bearing habit, tend to
be overly vegetative, and/or are highly susceptible to economically important apple diseases, which makes cultivar selection
extremely important in developing an economically viable cider
apple supply chain.
The goal of this project was to generate research-based
information on the horticultural and juice quality attributes of
European cider apple cultivars.
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Figure
1. Cider
cultivars
according
the(2017-2020)
Long Ashton
trial in Ithaca, NY. Cultivars below 0.45 g malic acid equivalents (MAE)/L titratable acidity are
Research
Station
(Barker,
1911)
scheme
using
averaged
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Cultivars below 0.45 g malic acid equivalents (MAE)/L titratable acidity are
considered sweet; those above that threshold are sharp. Cultivars above
1.25 g gallic acid equivalents (GAE)/L are considered bitter.
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by dipping the exposed tissue into a potassium iodide solution
(1 g potassium iodide plus 0.25 g iodine in 100 mL water), for
comparison to staining patterns on published charts (Blanpied
and Silsby, 1992). The harvest date was selected when the fruit
had less than 20% of the flesh stained with the potassium iodide
solution. Flesh firmness was measured, after removing part of
the peel at two locations along the equator of each apple, with a
penetrometer (Fruit Texture Analyzer, Güss Manufacturing Ltd.,
Strand, South Africa) fitted with a cylindrical 11.1 mm diameter
tip.
Apples were milled and juiced using a Norwalk 280 Juicer
(Bentonville, AR). The extraction efficiency was calculated using
the pulp weight and extracted juice weight. Juice samples were
stored at -80 °C and then thawed to 4 °C immediately prior to
analysis. Soluble solids concentration was measured using a
PAL-1 digital refractometer (Atago U.S.A., Inc., Bellevue, WA)
and reported as percent Brix. Titratable acidity was measured
by titrating a 5 mL juice aliquot against a 0.1 N NaOH solution
to an end-point of pH 8.1 with an 809 Titrando autotitrator with
an integrated autosampler (Herisau, CH) and reported as malic
acid equivalents. Total polyphenol content was measured using

the Folin–Ciocalteu assay (Thompson-Witrick et al., 2014) and
reported as gallic acid equivalents.
All data was subjected to statistical analysis using analysis of
variance and post-hoc mean separations determined by Tukey’s
Honestly Significant Difference using RStudio version 1.1.442
(RStudio, Boston, MA).

Results and Discussion
Trunk measurements taken in Fall 2020 were compared
with measurements taken at the time of planting in Spring 2015
(Table 1). ‘Porter’s Perfection’, ‘Brown’s Apple’, and ‘Brown Snout’
grew the most during over this period. The least amount of tree
growth over the six years was found for ‘Dabinett’ and ‘“Geneva”
Tremlett’s Bitter’, with the other cultivars being intermediate in
growth and not statistically different from each other. ‘“Geneva”
Tremlett’s Bitter’ appears to be a low-vigor cultivar, while the
slow growth of ‘Dabinett’ may be attributable to cold damage.
In fact, half of the ‘Dabinett’ trees died by the fifth year of this
experiment. Overall yields in 2020 were lower than expected,
perhaps due to the biennial bearing habit for many of these cider
cultivars.

Table 1. Fall 2020 measurements of trunk cross-sectional area (TCSA), total yield, crop load, yield efficiency, crop density, harvested fruit weight, and preharvest fruit drops of ten hard cider cultivars planted in 2015 in Ithaca, NY.
Fall 2020
TCSA (cm2)

2020 Average Total
Yield (harvest +
drop wt, kg)

2020 Average Crop
Load (no. drops +
no. harvested)

Yield Efficiency (total wt.
·TCSA-1)

Average Crop
Density (Crop Load
·TCSA-1)

Average
Fruit
Weight (g)

Pre-harvest drops
(%)

Cumulative Yield
(kg/tree) 20162020

% Change TCSA
Spring 2015Fall 2020

Binet Rouge

18.5 cdx

4.6 bc

67.9 ab

0.26 b

3.8

69.3 c

37.2 bc

23.6 b

796 cd

Brown’s Apple

22.4 bc

6.5 bc

58.0 ab

0.31 ab

2.7

116.0 a

43.6 bc

19.6 bc

1407 ab

Brown Snout

15.0 d

3.3 c

50.3 b

0.24 b

3.6

68.1 c

65.6 ab

20.1 bc

1345 abc

Cultivar

Dabinett

6.2 e

2.0 c

24.5 b

0.30 ab

3.7

79.9 bc

67.6 ab

3.7 d

252 d

Ellis Bitter

24.7 b

7.9 ab

73.8 ab

0.33 ab

3.1

109.8 a

37.3 bc

30.0 ab

867 bcd

19.7 bcd

11.6 a

101.7 a

0.59 a

5.2

114.4 a

86.2 a

38.5 a

880 bcd

32.3 a

4.1 bc

61.6 ab

0.14 b

2.1

66.1 c

34.9 bc

20.1 bc

1510 a

Harry Masters Jersey
Porter's Perfection
Tremlett's Bittery

8.2 e

2.4 c

35.1 b

0.32 ab

4.4

97.6 ab

25.6 c

11.4 cd

375 d

Vilberie

13.9 d

4.8 bc

43.3 b

0.32 ab

3.0

115.6 a

89.9 a

20.8 bc

809 bcd

Chisel Jerseyz

13.6

9.6

41.3

0.74

3.3

234.6

83.1

27.7

657

x Different letters within each column indicate means separation at p ≤ 0.05 level of significance using Tukey’s honest significantly difference test. | y Tremlett’s Bitter is not true-to-type. This cultivar is often called,

‘“Geneva” Tremlett’s Bitter’. | z ‘Chisel Jersey’ trees were inter-block buffers; not part of replicated experimental design.

Table 2. Starch pattern index (SPI), soluble solid content (SSC), pH, titratable acid (TA), Folin-Ciocalteu total polyphenols (FC), juice extraction efficiency,
flesh firmness, peel color, change in absorbance (ΔA), and post-harvest average fruit weight of ten hard cider cultivars planted in 2015 and harvested in
2020 in Ithaca, NY. Subsets of ten randomly selected apples (or fewer if insufficient fruit) were assessed for maturity and subsequently pressed for juice
analysis.
Cultivar

SPI (1-8)

SSC
(°Brix)

pH

TA (g·L-1)

FC

Juice extraction (%)

Firmness
(N)

Red peel
color (%)

ΔA

Post-harvest
fruit wt. (g)

Fruit diameter (mm)

Binet Rouge

4.4 dx

18.4 b

4.54 ab

2.3 d

1.8 de

51.2 bc

86.2 a

80.3 c

0.14 d

71.3 de

57.6 de

Brown’s Apple

6.4 bc

15.4 bc

3.19 e

12.9 a

1.3 e

71.9 a

53.0 de

96.0 a

0.23 cd

129.7 a

70.7 a

Brown Snout

5.9 c

21.6 a

4.06 c

4.6 c

1.9 de

—

67.2 c

—

0.11 d

68.1 de

56.4 e

Dabinett

7.3 ab

16.8 bcd

4.82 a

1.8 d

2.3 cde

61.5 ab

77.8 abc

87.5 abc

0.60 a

89.1 cd

61.8 cd

Ellis Bitter

7.9 a

14.8 de

4.52 ab

2.3 d

2.5 cd

69.7 a

46.2 e

90.4 ab

0.12 d

113.6 b

68.2 ab

Harry Masters Jersey

6.6 bc

17.6 bc

4.42 b

2.4 d

3.0 bc

42.2 c

91.4 a

90.9 ab

0.11 d

114.3 b

65.3 cd

Porter's Perfection

7.8 a

16.7 bcd

3.63 d

9.7 b

3.4 b

72.3 a

83.5 ab

87.5 bc

0.37 b

64.7 e

56.8 e

Tremlett's Bittery

7.6 a

12.6 e

3.22 e

13.4 a

1.9 de

72.1 a

73.2 bc

87.2 bc

0.69 a

106.4 bc

66.8 b

Vilberie

7.8 a

18.1 b

4.34 b

2.6 d

5.9 a

69.7 a

63.0 cd

70.5 d

0.33 bc

104.7 bc

67.3 ab

Chisel Jerseyz

6.9

20.0

4.62

2.5

5.0

—

70.8

—

0.44

104.0

64.9

x Different letters within each column indicate means separation at p ≤ 0.05 level of significance using Tukey’s honest significantly difference test. | y Tremlett’s Bitter is not true-to-type. This cultivar is often called,

‘“Geneva” Tremlett’s Bitter’. | z ‘Chisel Jersey’ trees were inter-block buffers; not part of replicated experimental design.
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Over the six years, cumulative yields were greatest for ‘Harry
Masters Jersey’ and ‘Ellis Bitter’ which both had greater than 30
kg/tree (Table 1). ‘Binet Rouge’, ‘Brown Snout’, ‘Porter’s Perfection’,
and ‘Vilberie’ had cumulative yields between 20-24 kg/tree, and
‘Brown’s Apple’, ‘Dabinett’, and ‘“Geneva” Tremlett’s Bitter’ had
less than 20 kg/tree. Pre-harvest drops were least for ‘Binet Rouge’,
‘Brown’s Apple’, ‘Ellis Bitter’, ‘Porter’s Perfection’, and ‘“Geneva”
Tremlett’s Bitter’, and most for ‘Dabinett’, ‘Harry Masters Jersey’,
and ‘Vilberie’.
Cider cultivars were allowed to tree-ripen to a starch pattern index of 6, which is greater than fresh market apples, so as
to have the greatest sugar content for fermentation (Table 2). In
this trial, ‘Brown Snout’ had the greatest soluble solid concentration, while ‘Ellis Bitter’, ‘“Geneva” Tremlett’s Bitter’, and ‘Vilberie’
had the lowest. ‘Brown’s Apple’ and ‘“Geneva” Tremlett’s Bitter’
had exceptionally high titratable acidity and along with ‘Brown
Snout’ and ‘Porter’s Perfection’ would be considered “sharp”
apples (> 4.5 g/L TA) (Figure 1). All of the cultivars in this trial
would be considered “bitter” with a polyphenol concentration of
greater than 1.25 g/L as measured by the Folin-Ciocalteu assay,
though ‘Brown’s Apple’ is usually categorized as “sharp” rather
than “bittersharp” due to its low (<1.25 g/L) phenolic content
and lack of perceived bitterness (Copas, 2013). ‘Vilberie’ had an
exceptionally high polyphenol concentration of 5.9 g/L. ‘Dabinett’,
‘Ellis Bitter’, ‘Harry Masters Jersey’, and ‘Porter’s Perfection’ had
polyphenol concentrations between 2-4 g/L. ‘Brown’s Apple’, ‘Ellis
Bitter’, ‘Porter’s Perfection’, ‘Tremlett’s Bitter’, and ‘Vilberie’ all had
greater than 70% juice extraction efficiency suggesting that they
would provide very high juice yields when milled and pressed. By
contrast, the extreme viscosity of ‘Harry Masters Jersey’ (~40%
extraction efficiency) makes it suitable for blending with freshmarket and processing cultivars to add “body”.
Overall, ‘Porter’s Perfection’ was one of the best performing
cultivars in this trial in terms of tree growth and productivity,
with minimal pre-harvest drop (Table 3). ‘Porter’s Perfection’
also had many of the juice quality attributes to make a single
variety cider. The other cultivars could contribute sugar, acidity,
and/or phenolics, but not necessarily all three attributes. ‘Vilberie’, in particular, should be considered as a cultivar to add in
low volume to a blend of fresh-market or processing apples to
provide polyphenols. Other cultivars that performed adequately
included, ‘Binet Rouge’, ‘Brown’s Apple’, ‘Ellis Bitter’, and ‘Harry

True ‘Yarlington Mill’ from Black Diamond Orchard in Trumansburg, NY

‘Binet Rouge’ from Cornell Orchard, mistakenly labeled as ‘Yarlington Mill’

Masters Jersey’. ‘Dabinett’ did not perform well, most likely due
to freeze damage that occurred in the nursery to the trunks. In
other experiments, ‘Dabinett’ has shown itself to be a productive
and regular bearer.

Observations on Growth Habit
Binet Rouge is moderate to low vigor, with a strong central
leader and many small diameter branches that have a wide branch
angle with moderate growth. ‘Brown’s Apple’ is vigorous and
only produces a few branches that are large caliper and fairly
upright (with a red hue to the leaves). ‘Brown Snout’ is vigorous,
somewhat acrotonic, and not well feathered. ‘Chisel Jersey’ has
moderate vigor and a slightly upright branch angle. In our trial,
the ‘Dabinett’ trees were negatively affected by freeze damage;
however, in other plantings, we found this cultivar to be of moderate vigor and fairly well feathered, with long, slightly upright
branches, and somewhat tip-bearing. ‘Ellis Bitter’ is highly vigorous and acrotonic, with long, large caliper, upright branches,
and a very dominant central leader (though it has a tendency
to send up three or four co-dominant leaders that need to be
thinned to one in high-density systems), long internodes and a
tendency for producing blind wood. Aggressive stub pruning of
‘Ellis Bitter’ branches in the first few years after planting seems
to help moderate the vigor and bring this cultivar into bearing.
‘Harry Masters Jersey’ is moderately vigorous, well-feathered,
with wide branch angles. ‘Porter’s Perfection’ is highly vigorous,
with thick, somewhat upright branches that have fairly long
internodes. ‘Porter’s Perfection’ has a strong propensity to send
up multiple leaders, which should be thinned to a single leader
in high-density plantings, but it also produces many branches

Table 3. Descriptive assessment of ten hard cider cultivars planted in 2015 in Ithaca, NY.
Productivity

Harvest window

Pre-harvest fruit drop (average; range over
five years)

Biennial

Fairly productive

Last week of September/Early October

39; 22-65%

Annual

Less productive, precocious

2nd/3rd week of September

36; 21-62%

Mild bittersharp, soft
tannins

Biennial

Fairly productive

2nd/3rd week of October

45; 22-66%

Dabinett

Bittersweet

Fairly annual

Productive

Last week of October

58; 42-72%

Ellis Bitter

Bittersweet, soft tannins

Fairly annual

Highly productive, precocious

First week of September

36; 23-46%

Bittersweet, viscous

Fairly annual

Highly productive, precocious

Mid-September until 1st week of October

59; 24-86%

Bittersharp, juicy

Annual

Fairly productive

Last week of October

43; 26-57%

Cultivar

Juice quality

Bearing habit

Binet Rouge

Bittersweet, soft tannins

Brown’s Apple

Sharp, slightly red in hue

Brown Snout

Harry Masters Jersey
Porter's Perfection
Tremlett's Bitter y
Vilberie
Chisel Jerseyz

Bittersharp

Biennial

Precocious

2nd/3rd week of September

33; 18-71%

Bitter, strong tannins

Fairly annual

Precocious

Last week of September/1st of October

70; 33-90%

Bittersweet

Fairly annual

Highly productive

2nd/3rd week of October

58; 40-83%

y Tremlett’s Bitter is not true-to-type. This cultivar is often called, ‘“Geneva” Tremlett’s Bitter’. | z ‘Chisel Jersey’ trees were inter-block buffers; not part of replicated experimental design.
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6.5 cm

8 cm

5 cm

5.5 cm

‘Dabinett’

‘Brown’s Apple’
8.5 cm

5.5 cm

6.5 cm

5 cm
‘Ellis Bitter’

‘Brown Snout’
7.5 cm

6 cm

6 cm

5 cm

‘Harry Masters Jersey’

‘Chisel Jersey’

which can be renewed on a regular basis. Due to its late harvest
date, ‘Porter’s Perfection’ also has a tendency to drop leaves prior
to harvest. ‘“Geneva” Tremlett’s Bitter’ is a low-vigor cultivar
with short branches, a propensity for blind wood, and tends to
develop multiple leaders which sometimes grow so strongly that
they outcompete the existing leader within a season. ‘“Geneva”
Tremlett’s Bitter’ also has very brittle wood, which can lead to
many broken branches in their “on-year”.

Spanish cultivars
In 2018, we established a replicated trial of elite Asturian
Spanish cider cultivars which will allow NY producers to explore
Spanish cider styles. Spanish cider (or sidra) tends to be more
acidic and acetic than English and French ciders. Cultivars in this
study include, ‘Blanquina’, ‘Collaos’, ‘Coloradona’, Marialena’ (syn:
‘Maria Elena’), ‘Piel de Sapo’, ‘Raxao’, ‘Sangre de Toro’, Solarina’,
and ‘Cristalina’. Juice quality data were taken from the small
number of fruit available in 2020 and should be only considered
preliminary at this time. However, it is evident that ‘Piel do Sapo’
has exceptionally high titratable acidity (19 g/L). The other cultivars ranged from 2 (‘Sangre de Toro’) to 11 g/L (‘Blanquina’).
Not all Spanish cider cultivars can be considered “sharp”, with
‘Coloradona’ and ‘Sangre de Toro’ having a TA below the 4.5 g/L
threshold. Among the cultivars in this trial, only ‘Coloradona’ and
FRUIT QUARTERLY . VOLUME 29 . NUMBER 1 . SPRING 2021

‘Piel de Sapo’ would be considered “bitter” with a total polyphenol
content over 1.25 g/L.

Misnamed Cultivars
As a point of clarification, ‘“Geneva” Tremlett’s Bitter’ is the
name we use for an unidentified cultivar that has been mistakenly
propagated as ‘Tremlett’s Bitter’. We have been unable to match
it with any known apple cultivars in our genetic fingerprinting
datasets, and its provenance is currently unknown. Fruit from
both cultivars are conical with a red peel, and superficially resemble each other. However, the true ‘Tremlett’s Bitter’ is a lowacid bittersweet, while ‘“Geneva” Tremlett’s Bitter’ is a high-acid
bittersharp.
In the U.S., ‘Binet Rouge’ has sometimes been mistakenly
propagated under the name ‘Yarlington Mill’, as has ‘Michelin’, a
widely-grown bittersweet cultivar in the United Kingdom. The
true-to-type ‘Binet Rouge’, which was included in this trial, has
fruit that is oblate and somewhat small, with a green/yellow background and red blush, ripe in late September or early October in
Ithaca. The true-to-type ‘Yarlington Mill’ (not included in this
trial) apple is rather large, long and conical, with a pinkish-red
color and orange-yellow background, ripe in mid-September in
the Finger Lakes region, and often exhibits black necrotic spots
due to heat stress damage. There is at least one other incorrectly
33

identified cultivar that has been traded and sold as ‘Yarlington
Mill’ in the U.S. that may have been misidentified in USDA’s Malus germplasm collection.
Although not part of our Ithaca trials, ‘Foxwhelp’ is another
very well-known cider cultivar that has been widely traded and
sold in the U.S. as not true-to-type. Recently, John Bunker from
Maine’s Fedco Seeds published a very thorough article about the
many ‘Foxwhelps’ in Malus, an independent zine published out of
California (Bunker, 2020). In order to rectify these misidentified
cultivars, we have imported and genotyped true-to-type cider
apple cultivars from the United Kingdom. In fact, this work is
part of a larger project that genotyped over 100 cider cultivars
with the goal to not only correctly identify cultivars, but also to
better understand the relationships and genetic diversity of cider
apple germplasm.

5.5 cm

4 cm

‘Geneva Tremlett’s Bitter’

Additional Research
In addition to horticultural performance and juice quality,
my lab is measuring polyphenol composition, yeast assimilable
nitrogen, flavor volatile profiles, and fermentation characteristics of the cider apple cultivars in these trials. To gain a greater
understanding of the diversity of cider apples available in the
United States, we are also phenotyping, chemotyping, and genotyping more than 350 accessions in the USDA’s Malus germplasm
collection (Peck et al., 2019). Through this work and the abovedescribed cultivar trials, we hope to identify cider apple genotypes
that have desirable and, perhaps, unique juice quality, but that
are also productive in modern orchard systems. We also have
on-going trials to develop best practices for managing crop load
(Peck et al., 2016; Zakalik et al., 2020), minimizing pre-harvest
fruit drop (Peck et al., 2020), increasing yeast assimilable nitrogen
content (Karl et al., 2020a, 2020b), and mechanically harvesting
cider apples in high-density orchards. Clearly, there is a lot of
work to be done. We hope these efforts support the continued
planting of cider apple orchards throughout the region.

Acknowledgments
We thank Heather Boocks, the Cornell Orchards Summer
Interns, and the Cornell Orchards staff for their assistance and
many hours of hard work during this project. Funding was provided by the New York Apple Research Development Program,
the New York Farm Viability Institute, and the New York State
Department of Agriculture and Markets. Additional funding was
provided by the National Institute of Food and Agriculture, U.S.
Department of Agriculture, Hatch under accession 1014042, the
Angry Orchard Cider Company, LLC., and Cornell University’s
College of Agriculture and Life Sciences and School of Integrative
Plant Science—Horticulture Section.

Literature Cited
Alcohol and Tobacco Tax and Trade Bureau, 2017. Cider Statistics CY2007-2016.
Washington, D.C.
Barker, B.T.P., 1911. The principles and practice of cider making. Journal of the
Institute of Brewing 17, 425–451.
Bunker, J., 2020. Will the real Foxwhelp please stand up. Malus 10, 25–40.
Copas, L., 2013. Cider Apples: The New Pomona. Short Run Press Ltd., Exeter, UK.
Karl, A.D., Brown, M.G., Ma, S., Sandbrook, A., Stewart, A.C., Cheng, L., Mansfield, A.K., Peck, G.M., 2020a. Soil nitrogen fertilization increases yeast
assimilable nitrogen concentrations in ‘Golden Russet’ and ‘Medaille d’Or’
apples used for cider production. HortScience 55, 1345–1355. https://doi.
org/10.21273/HORTSCI15028-20
Karl, A.D., Brown, M.G., Ma, S., Sandbrook, A., Stewart, A.C., Cheng, L.,
Mansfield, A.K., Peck, G.M., 2020b. Foliar urea applications increase yeast
assimilable nitrogen concentration and alcoholic fermentation rate in ‘Red
34

5 cm

5.5 cm
‘Vilberie’
Spy’ apples used for cider production. HortScience 55, 1356–1364. https://
doi.org/10.21273/HORTSCI15029-20
Merwin, I.A., 2015. Growing apples for craft ciders. New York Fruit Quarterly
23, 5–9.
Miles, C.A., Alexander, T.R., Peck, G., Galinato, S.P., Gottschalk, C., Nocker, S.
van, 2020. Growing apples for hard cider production in the United States—
trends and research opportunities. HortTechnology 30, 148–155. https://
doi.org/10.21273/HORTTECH04488-19
Pashow, L., 2018. Hard Cider Supply Chain Analysis. CCE Harvest New York.
Peck, G., Knickerbocker, W., 2018. Economic case studies of cider apple orchards
in New York State. Fruit Quarterly 26, 5–10.
Peck, G., McGuire, M., Boudreau, T., Stewart, A., 2016. Crop load density affects “York” apple juice and hard cider quality. HortScience 51, 1098–1102.
https://doi.org/10.21273/HORTSCI10962-16
Peck, G., Miles, C., 2015. Assessing the production scale and research and extension needs of U.S. hard cider producers. Journal of Extension 53, Article
5FEA10.
Peck, G., Zakalik, D., Brown, M., 2019. Cider apple germplasm diversity in the
United States. HortScience 54, S174 (abstr.).
Peck, G.M., Brown, M., Zakalik, D., 2020. Controlling cider apple harvest maturity
and pre-harvest drop with aminoethoxyvinylglycine, 1-naphthaleneacetic
acid, and ethephon. HortScience 55, S150 (abstr.).
Thompson-Witrick, K.A., Goodrich, K.M., Neilson, A.P., Hurley, E.K., Peck,
G.M., Stewart, A.C., 2014. Characterization of the polyphenol composition
of 20 cultivars of Cider, processing, and dessert apples (Malus ×domestica
Borkh.) grown in Virginia. Journal of Agricultural and Food Chemistry 62,
10181–10191. https://doi.org/10.1021/jf503379t
Zakalik, D., Brown, M.G., Kahlke, C., Peck, G.M., 2020. Reducing crop load
increases cumulative yields and decreases yield bienniality in high-tannin

Dr. Gregory Peck is research and teaching professor of
Horticulture located at Cornell’s Ithaca campus who leads
Cornell’s program on cider apples. David Zakalik is a graduate student who works with Dr. Peck, and Michael Brown
is a research support specialist who works with Dr. Peck.
NEW YORK STATE HORTICULTURAL SOCIETY

cider apple cultivars. HortScience 55, S149 (abstr.).

THE PICKIN’ IS EASY WITH THESE MACHINES
The REVO Piuma 4WD Harvester

The Munckhof Pluk-O-Trak

Increase Fruit
Quality up to 60%
Bin ﬁller ﬁlls
large bins evenly,
without bruising
fruit

Ultrasonic “Sense-O-Matic”
Steering System

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

Compressor
Onboard air
compressor

Leveling & Stability
Hydraulic leveling
suspension.
Auto-leveling on
Modular Model.

Increase Pickers’ Efficiency
Four (4) hydraulic picking
platforms -- pick at various levels
Modular
Unit Push
Button
Controls

Bin Trailer
Trailer holds
up to 16 bins

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

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

Call OESCO, Inc.
for a demonstration

800-634-5557
www.oescoinc.com

P.O. Box 540, 8 Ashﬁeld Road / Rt. 116, Conway, MA 01341

Chain Top Bin Trailer

Building specialized orchard
equipment to meet your
unique requirements!
LaGasse Machine and Fabrication, Inc.

www.lagasseworks.com

5 Old Route 31
Lyons, NY 14489

(315) 946-9202
Orchard Hedgers
FRUIT QUARTERLY . VOLUME 29 . NUMBER 1 . SPRING 2021

(315) 946-6622

works@lagasseworks.com
35

NYSHS MEMBERSHIP INVOICE
Yes! I will support the NYSHS and its mission to
Educate, Promote and Protect the New York Fruit Industry.

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

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

FRUIT INDUSTRY PROMOTION

Mailing address_________________________________________

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

City_____________________________State_____ Zip__________

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

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

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

Contact Us:

NYSHS
630 W. North Street
Hedrick Hall
Geneva, NY 14456
www.NYSHS.org
Ph 315-787-2404
Fx 315-787-2216
nyshs@hotmail.com
36

www.NYSHS.org
NEW YORK STATE HORTICULTURAL SOCIETY

