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The View from a Millennial Under 30

A

part of me is really worried about the future of farming.
According to the USDA 2014 Census, the average age of a
farmer is 58 years old. Globalization is making the world our
competition, and financially challenging us to produce better quality
products for less money. New rules and regulations add additional
burdens that complicate farming even more. But mostly I am hopeful.
I see more people my age, interested in an agricultural career. I see
brand new ideas and opportunities being created all the time.
What has shocked me the most is the brand new, first generation
farmers. New farmers are purchasing land and implementing new
techniques. They are studying from textbooks, and online resources
and making changes that others are unwilling or unable to try. There
are nation-wide farming groups on Facebook, thousands of people
strong, exchanging, discussing, and questioning farming techniques.
Mechanization technology is advancing rapidly. It’s this new generation of ideas that is going to keep farming in NY.
There are a lot of things this next generation is going to have to worry
about that the previous generations did not. Many in the general public think farmers are all trying to poison them with reckless misuse
of chemicals, “GMO” might as well stand for Giant Mutant Out to
kill you, and glyphosate is the next worse thing since DDT. There is
a large alliance of churches and unions seeking to reform the labor
and require farmers to pay more for overtime with an already hard
to come by workforce.
The climate is changing with blistering highs and sub-zero lows. Out
of the last three years, we have had abnormally dry periods, and then
this past season we got over three times the amount of rain during
the September-November harvest than we did all summer. More
extreme weather is forecasted to cause disruptions in growing patterns like we haven’t experienced before.
So many things are changing that it has shaken up the traditional
status quo and allowed for many new and some re-adapted ideas to
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Some of this would not be happening without legislative acts from
our New York government. Laws promoting on-farms breweries
helped to fuel additional interest in locally supplied hops and barley
for brewing. And now, NYS has taken the step to re-introduce hemp
as viable crop. I think this shows that NYS is willing to re-think the
possibilities to ensure a future in farming.
The best way to ensure that NY legislators are aware of your concerns
and challenges is to contact them. Visiting with them face to face, has
a big impact. I go every year with two groups, the NYS Horticulture
Society & the NYS Berry Growers Association. Our effort in visiting
with Senators and Assemblymen and women is to give us a voice, and
let them know what we need. We lobby for funds that are put towards
critical research and speak for or against legislation that could further challenge farming. There is one thing I have learned over a few
years of lobbying, if you aren’t there, you don’t exist. I always say, a
closed mouth doesn’t get fed, and it is so true when it comes to state
funds. These funds are paramount to the growth and development of
the agricultural industry. Only through research are we going to be
able to produce better quality fruit, at a competitive price. Without
money, it just doesn’t happen. That is why it is imperative that you
as a grower support these organizations that support your business,
without either, the future of farming would not continue. Numbers
matter, and organizing as a single voice, hundreds of farmers strong,
is how we are going to survive.
So, as a millennial, I do see a future for farming. There is a sense
of community, and people are exchanging ideas constantly, always
improving and exploring the unknown. Farming in 20 years may not
look like it does now, but it will still be there, providing similar opporContinued on page 2
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blossom. In the last few years we have seen a tremendous boom in
the craft beverage industry, antique cider apple varieties and hops.
These “new” crops provide many unknowns, and it’s the young, fresh
faces willing to give these unknowns a try.
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recision pruning is a strategy to reduce the flower bud
number per tree to a pre-defined flower bud number through
pruning (Robinson, et al., 2013). It is part of a complete
pre cision crop
load management
strategy that
Pruning is done not only to limit the
includes pruning,
size of the tree and improve light
chemical thinning
distribution within the canopy but
and hand thinning
it is also a way to reduce flower bud
(Robinson et al.,
numbers. The number of flower buds
2014a). Knowing
left after pruning can greatly influence
the target number
of f lower buds
later fruit chemical thinning, fruit
per tree allows
size and quality, tree vigor and return
growers to reduce
bloom. A four-year study with Gala
initial flower
showed a strong curvilinear relationship
bud numbers
crop value and flower bud load with an
by pruning off
optimum between 1.5-2.0 flower buds
excess fruit buds
and only keeping
(left after pruning) relative to final
those needed to
fruit number. Growers can use flower
set the optimum
bud counts before and after pruning to
crop.

“

precisely leave an optimum number of
flower buds each year.”

Calculations
of crop value at
various crop load
levels using fruit size and yield as the main variables has shown
in a number of experiments that the relationship of crop value to
crop load is curvilinear (Figure 1). At very high crop loads (unthinned Gala trees) fruit size is often very small but yield is very
high. Crop value in this situation is almost zero since the value
of the fruit is often exceeded by the packing and storage costs.
When crop load is reduced to more moderate levels through
pruning and thinning, then crop value rises dramatically even
though yield is lower due to larger fruit size, which has greater
value. At some point crop value peaks and then with further
reductions in crop load, crop value declines due to lower and
lower yield. Although fruit size continues to increase it does not
compensate for the loss in yield. Identifying and then achieving
this optimum crop value is often very difficult for apple growers.
It is difficult for fruit growers to know the economic impact of not
achieving the optimum crop load without having various levels
of thinning each year to construct the curves shown in Figure
1. The difference between the optimum crop load and higher or
FRUIT QUARTERLY . VOLUME 27 . NUMBER 1 . SPRING 2019

Figure 1. Counter balancing responses of Gala fruit size (solid black line)
and yield (dashed red line) and the curvilinear response of crop
value (solid green line) as affected by crop load showing an
optimum crop value at a crop load of ~8-9 fruits/cm2 TCA. (from
Robinson et al. 2013)

lower crop loads can sometimes be a difference of thousands of
dollars per acre. Thus growers often fail to capture the maximum
crop value possible and don’t know how much “money they left
on the table”. Managing crop load more precisely through pruning
can help growers achieve the optimum crop load through later
chemical and hand thinning and maximize crop value.
Pruning is used primarily to limit tree size and improve light
distribution in the canopy but it also is an excellent way to reduce
flower bud numbers and accomplish a significant portion of the
thinning required before the season begins. Also the number of
flower buds left after pruning can greatly influence later fruit
thinning, fruit size and quality, tree vigor and return bloom.
In addition, in the pruning process there is the option to select
individual buds through selective pruning retaining only those
that are of the highest quality (Robinson et al., 2014b). By pruning to a specified bud number, growers can reduce the number
of potential fruits before flowering and thus reduce competition
among flowers and fruitlets resulting in increased resources for
the remaining buds and the subsequent fruits and thereby improve fruit size and quality.
To prune to a specific flower bud number requires first to
5

determining the proper bud number and then count buds on
representative trees to determine how many buds to remove.
Making accurate fruiting bud counts requires an investment
in time, but this is a practice, which can provide an immediate
return on the investment of time. Determining the proper bud
number per tree depends both on the desired yield, desired fruit
size, climate and the bearing capacity of the trees (have the trees
filled the space allotted to them). However the optimum number
of buds also depends on the level of risk the grower is willing to
accept. Although some growers prune aggressively leaving only
the exact number of buds needed assuming 1 fruit per flower bud,
most growers prefer to keep extra “insurance” buds to account
for natural factors that cause buds not to set a fruit such as frost
or freeze, poor pollination, and poor flower viability. The exact
number of extra buds to leave has been unclear. The objective of
this project was to determine the proper bud load to optimize
fruit size and maximize crop value of ‘Gala’ apple.

Materials and Methods

The experiment was conducted at the New York State
Agricultural Experiment Station in Geneva, NY, USA, using
Brookfield Gala apple trees grafted on M.9T337 rootstock. Trees
were planted in 2009 at 1,157 trees/acre (3 ft X 12 ft) and trained
as tall spindle trees. The trees were pruned to six different bud
loads at tight cluster stage in the spring of 2014, 2015, 2016 and
2017. This was accomplished by first counting the number of
flower buds on each of the trees and then reducing the number
of buds on the tree through pruning to one of six bud loads. Bud
loads were defined as the ratio of flower buds : final desired fruit
number per tree. The initial desired fruit number for these trees
was determined at 130 fruit per tree and was calculated from the
desired yield (1500 bu/acre) and desired fruit size (100 count fruit
size) and the tree planting density (1157 trees/acre). The six bud
loads treatments were 1 bud : 1 final desired fruit number per
tree or 1.5 buds:1 final fruit, 2.0:1, 2.5:1, 3.0:1 or 3.5:1.
To achieve the desired bud loads, first, standard tall spindle
pruning was done by removing 1-3 whole large branches
(>3/4inch diameter), second, each of the remaining branches
was simplified by removing secondary lateral branches, third,
pendant branches which had small diameter distal ends were
shortened back to the point where the branch was about pencil
size and fourth, if more pruning was needed individual spurs were
removed. With each tree, a running count of buds removed was
maintained as the tree was pruned. Pruning was stopped when
the desired bud load was reached. After pruning, half the trees
of each treatment were hand thinned at full bloom to a single
flower per cluster while the other half were chemically thinned
with a series of three to four thinning sprays.
The thinning sprays were: at Bloom stage – 10ppm NAA;
at petal fall stage – 7.5ppm NAA plus 1pt Carbaryl 4L/100gal;
at 12mm fruit size stage – 100ppm Maxcel plus 1pt Carbaryl
4L/100gal; and when needed at 18 mm fruit size stage – 10ppm
Maxcel plus 1pt Carbaryl 4L/100gal plus 1pt oil/100gal. Treatments were applied with an airblast 12.5ft tall x 13 ft wide tunnel
sprayer (Lipco, Germany) which limited drift to adjacent rows,
applying 100 gal/acre of water.
At commercial harvest, the number of fruits and total yield
per tree (kg·tree-1), crop load (fruit·cm2 TCA) and fruit size (g)
were calculated. A 10 kg fruit sample per tree was graded using a
commercial sorting equipment to determine color (% red color).
6

Figure 2. Final fruit number per tree and fruit set of Brookfield Gala
after trees had been pruned to 6 different bud load and hand
or chemically thinned over 4 years at Geneva, NY, USA. Means
followed by different letters (uppercase letters for fruit number
and lowercase letters for fruit set) are significantly different
using Duncan’s at P≤0.05. ns: non-significant.

Then, ten representative fruits from each tree were assessed for
fruit quality– length/diameter (L/D) ratio, firmness (kg), soluble
solids (%) and number of seeds.
To determine the optimum economic bud load, the yields and
fruit size at each bud load were converted to a simulated packout
and typical prices were used to calculate total crop value ($/ha).
Return bloom the following year was determined by counting
the total number of blossom and vegetative clusters on terminal
buds either on spurs or one-year old shoots on selected branches
at the pink stage of flower development and expressed as percentage of flower clusters (%).

Results

Pruning severity had a large impact on final fruit number
and yield per tree of Gala (Figure 2). When trees were pruned
very lightly (bud load ratio of 3.5 buds : 1 final fruit number) the
final fruit number per tree was significantly higher than the target
fruit number of 130 fruits per tree despite the hand or chemical
thinning used. Yield was also significantly higher with less aggressive pruning. However, fruit size was reduced linearly with less
aggressive pruning. With the most aggressive pruning (1 bud: 1
final fruit number) the final fruit number was only slightly higher
than the target number and fruit size was large (88 count), while
with the least aggressive pruning, final fruit number was twice
the target number and fruit size was small (113 count). Pruning
severity also had large impact on fruit set. The higher the initial
flower number per tree (less aggressive pruning) the lower the
fruit set. When pruning was more severe final fruit set after
chemical thinning was essentially 1 fruit per flower cluster. When
pruning was less severe final fruit set after chemical thinning was
1 fruit per 1.5 flower clusters.
Pruning severity also had a significant impact on total crop
value. When data from all four years were combined irrespective
of thinning treatment, a curvilinear relationship was observed
between crop value and bud load. The combined data shows that
crop value was maximized when the optimum level of pruning
severity for Gala was about 2.5 buds : final fruit number. This
NEW YORK STATE HORTICULTURAL SOCIETY

Figure 3. Fruit size and crop value responses of Gala apples to initial flower
bud over 4 years showing a curvilinear response of crop value to
initial flower bud showing an optimum crop value at a crop load
of ~338 buds per tree (~2.5 buds per fruit ratio) (p=0.0055 and
p<0.0001 for crop value and fruit size, respectively).

Figure 4. Crop value response after trees had been pruned to 6 different
bud loads in each of the four years studied. Geneva, NY, USA.
Vertical bars represent standard error. Means followed by
different letters are significantly different using Duncan’s at
P≤0.05. ns: non-significant.

resulted in an optimum of 338 buds per tree (Figure 3) which is
double the target bud number we had assumed before the experiment. The optimum number of apples at that bud load would be
258, much higher than the target number of 130. Additionally,
these results indicate that maximum crop value was achieved
when average fruit size was about 150 g (113 count size) .
The statistical analysis showed that the response to pruning
varied by year. When years were studied separately (Figure 4),
2014, 2015 and 2017 showed a similar shaped response curve
with the optimum crop value between 2-3 buds per final fruit
number. However 2016 gave very different results than the other
3 years with a negative linear relationship between initial flower
bud number and crop value (p=0.01) with the lowest bud load
(1:1) having the highest crop value. This was likely due to the
severe drought conditions experienced in that year resulting in
very small fruit size (average of 111g).
Pruning severity did not have a significant effect on return
bloom with the annual cropping variety Gala (>60%). In our study,
return bloom was primarily affected by crop load. The heavy crop
harvested in 2015 and 2016 reduced flower formation slightly but
each year there was adequate return bloom.
In our study trees that were pruned more severely, with lower
bud load ratios and consequently carried less fruit, had firmer
fruit at harvest with better fruit color and higher soluble solids.

a fruit. This result suggests growers should reduce flower bud
numbers through pruning to improve fruit set and ultimately
fruit size.
A second important result of this study is that crop value was
optimized at 338 buds per tree which is double the target bud
number we had assumed before the experiment. The optimum
number of apples at that bud load would be 258. This resulted
in a relatively higher bud load optimum of 2.5 than that found
by Robinson et al., in 2014. Schupp et al. (2017), also found with
mature ‘Buckeye Gala’/‘M.9’ the best economic outcome, was
achieved when moderate to light pruning was performed. Our
results can also be interpreted by considering the initial calculation of optimum fruit number. It appears that our target fruit
number of 130 fruits/tree was too low for these excellent tall
spindle trees. Perhaps our target should have been 50% higher.
A third important result of this study is that crop value was
optimized with a medium apple size and a very high yield of
2000 bu/acre. This size is smaller than we predicted before this
experiment. This result is in contrast to the goals of many growers
who target larger fruit size. However, our results indicate that
targeting larger fruit size in the New York State climate does not
result in the maximum crop value due to the large penalty in yield
to achieve larger fruit size. The crop values reported here were
calculated with market prices from 2017 and higher or lower
prices would change the optimum fruit number and the optimum
bud load.
The fruit quality effects we observed in this study of increased
fruit firmness, fruit red color and fruit soluble solids associated
with more severe pruning and lower bud loads is consistent
with other studies with ‘Honeycrisp’ that reported better color,
sugar content and firmness with lower crop loads (Robinson and
Watkins, 2003). It is likely that by removing potential competitive sinks through early flower bud pruning, the availability of
carbon and water to the remaining buds was increased. The fruit
quality effects we observed on fruit quality were also related to
the weather conditions. The weather during the 2016 and 2017
seasons was quite different. Whereas, 2016 was marked with an

Discussion

An important result of this study is the reduction in fruit set
with greater flower bud numbers after pruning. Similar results
were found by Schupp et al. (2017), where fruit set of ‘Buckeye
Gala’ as a percentage of initial blossom clusters tended to increase in a quadratic pattern with increasing pruning severity.
With greater number of initial flower buds (light pruning), the
spring uptake of nutrients from the root system and the flux of
plant hormones from the root system are distributed into many
more buds providing a smaller amount of nitrogen and growth
promoting hormones to each flower. Thus resulting in lower fruit
set from weak flowers and smaller fruit size from those that set
FRUIT QUARTERLY . VOLUME 27 . NUMBER 1 . SPRING 2019
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Figure 5. Photo of Gala trees pruned to 1.5 floral buds : 1 final fruit number
at Geneva, NY in 2014

early spring freeze event, followed by a prolonged and severe
drought period from July to mid-September; 2017 brought a cold
and wet spring followed by an above-average rainfall summer. In
fact, regardless of crop load or treatment, apple fruits harvested
in 2017 were much firmer and with lower sugar content than
other years.
Lastly, the low fruit size of 2016 which was due to the drought
that year shows it is difficult to prune to proper bud load if subsequently a very dry year occurs. If weather could be predicted, in
dry years pruning should be more aggressive, as the lowest bud
load numbers gave us the highest crop value in 2016. However,
more intensive irrigation than we applied in this study may mitigate the negative effects of dry years on fruit size.

Conclusions

Our results indicate that maximum crop value for a ‘Gala’
Tall Spindle orchard in New York State was achieved when fruit
size was about 150 g and fruit number per tree was 258 fruits/
tree which is double the target fruit number we had assumed
before the experiment. It appears that when growers attempt
to get large size they are sacrificing some dollars as large Galas
are accompanied with significantly lower yield. However, fruit
marketers in NY State indicate that if all the Gala’s in the state
were medium sized then the prices we used for medium sized
Gala’s would be lower. Given that market reality, perhaps the
best strategy for NY Gala growers is to prune slightly more aggressively than this study indicated. Perhaps 1.5-1.8 flower buds
per final fruit number (Figs 5 and 6). This would allow better
chemical thinning and would improve fruit size while optimizing crop value for all growers in the State. We suggest that apple
growers count flower bud numbers on Gala trees before pruning
and then define a target bud number based on 1.5 buds for final
fruit number and prune to that number using precision pruning.

Figure 6. Photo of Gala trees pruned to 1.5 floral buds : 1 final fruit
number at harvest with 1500 bu/acre yield and a crop value of
$24,000/acre in 2014.
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A

pple scab caused by a plant pathogenic fungus Venturia
inaequalis is the top concern for New York apple
growers at the beginning of every growing season. It is
the economically
most significant
In years with rainy weather conditions
apple disease
like in 2017 and 2018, which allowed
that if preventive
fungicide sprays
severe apple scab infection pressure
are not applied
and many major infection periods,
can cause 100%
SDHI fungicides should be alternated
fruit losses. The
with DMI-s with/or AP-s, while adding
pathogen survives
surfactants should further improve
over the winter in
the efficacy of the SDHI-s and probably
apple leaf litter
on the orchard
DMI-s too. A new DMI fungicide Revysol
floor (Figure 1A).
provided largely similar apple scab
Rarely, f ungus
control in comparison to the SDHI
can overwinter as
fungicides and Inspire Super which
mycelium in twig
contains a DMI and a AP premix. Overall,
lesions or on bud
the non-ionic surfactants seem to allow
s c ale s (Sutton
et al., 2014). In
better systemic penetration of SDHI
the dead apple
fungicides into the leaves and fruit,
leaf litter, below
which probably allows longer SDHI
apple scab lesions
residual activity through the rain and a
from the previous
better eradication potential for apple
season, fungus
scab infections that are incubating.
forms the initials
of pear-like
fruiting bodies
called pseudothecia (Figure 1B). After winter rest, pseudothecia
mature late in winter and early spring ultimately developing
ascospores that will cause infections in spring (Figure 1B). Once
ascospores become mature, with each rain or dew wetting of
leaf litter they get discharged from pseudothecia into the air
(Figure 1C). Wind then disseminates ascospores to the green
tissues of developing apple buds and initiate germination only
if they land in droplets or film of water on them (Figure 1D).
Germination process continues only if the relative air humidity
is higher than 95%. Whether or not a scab infection will be
established by germinating hyphae penetrating into the green

“

”
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tissue depends on temperature and hours of wetness duration
and can be determined by using the Mills and Laplante apple scab
infection chart (1944, 1951; modified by Jones 1980, Gadoury
and McHardy 1989). By incorporating weather forecasts for the
next 5 – 10 days, an easy way to predict and track when scab
infections will or have occurred is by using online apple scab
prediction models like NEWA: http://newa.cornell.edu/index.
php?page=apple-diseases (Cornell University, Ithaca, NY, U.S.A.)
and RIMpro: https://www.rimpro.eu/ (RIMpro B.V., Zoelmond,
Netherlands). These models allow growers to precisely time their
fungicide applications just before the periods when infection
risks are high warranting a protection with fungicides. They
also provide an opportunity to reduce the number of early
season fungicide applications, depending on the year weather
conditions (Aćimović et al. 2018). In addition, these valuable
tools incorporate digital ascospore maturity models that signal
when the primary apple scab season will end due to depletion
of ascospore reserves in leaf litter and scab infection risks no
longer require frequent fungicide applications.
In spring and early summer, apple scab management
with fungicides is the pivotal driver of the timing for all the
other applications of pesticides and plant growth regulators.
Commercial apple producers depend on synthetic fungicides to
successfully control apple scab and produce blemish free fruit
that reach the top price in fresh fruit market. Besides the multisite fungicide groups, the key single-site fungicide groups listed
here with FRAC codes are anilinopyrimidines or AP fungicides
– FRAC 9 (cyprodinil, pyrimethanil), quinone outside inhibitors
or QoI fungicides – FRAC 11 (trifloxystrobin, pyraclostrobin),
demethylation inhibitors or DMI fungicides – FRAC 3
(difenoconazole, myclobutanil), guanidines – FRAC U12
(dodine), and benzimidazoles (carbendazim) and thiophanates
(thiophanate-methyl) – FRAC 1 (FRAC 2018, FRAC stands
for Fungicide Resistance Action Committee). The most recent
class introduced are the succinate-dehydrogenase inhibitors
or SDHI fungicides – FRAC 7, that affect respiration in fungi:
penthiopyrad, fluxapyroxad, fluopyram, benzovindiflupyr,
pydiflumetofen and pyraziflumid. Besides the need to increase
the number of fungicide classes for apple scab control that
allows more choices in alternating applications of fungicides
with different modes of action to avoid fungicide resistance
9

Figure 1. Life cycle of apple scab fungus Venturia inaequalis: (A) Overwintering in leaf litter on the orchard floor, (B) Formation of bullet-like sexual
spores or ascospores in pear-like fruiting bodies embedded in dead leaf tissue, (C) Spore discharge in air after wetting events in spring, (D)
Ascospore landing on green tissues, germination and initiation of primary scab infections by hyphae penetration below the cuticle on green
tissue, (E) Emergence of asexual spores aka conidia on infected tissues visible as pale olive apple scab lesions that later turn black or brown, (F)
Dissemination of conidia to leaves and fruit by rain and wind facilitating secondary scab infections during summer and fall (Source: reprint from
an apple scab marketing sheet by an unknown company).

development in V. inaequalis, in recent years significant
attention has focused on the potential of non-ionic surfactants
to increase the efficacy of new SDHI and DMI fungicides in
apple scab control.
The goal of our research was to determine the efficacy
of newer SDHI and DMI fungicides for apple scab control
,used alone or in mix with non-ionic surfactants such as LI
700 and Widespread Max, and compare the efficacy of new
DMI fungicide Revysol in apple scab control to the leading
SDHI and DMI fungicides. Our goal was to provide NY apple
growers with new efficacy data that can increase the number
of fungicide and surfactant choices in management of apple
scab.

Which Spray Programs of SDHI and DMI Fungicides
with Surfactants Were Evaluated?
Two apple scab management trials were conducted in the
experimental orchards at Cornell’s Hudson Valley Research
Laboratory in Highland, NY. In 2017 trial, we evaluated the
efficacy of several leading SDHI fungicides alone or in mixtures
with the surfactants LI 700 (80% phosphatidylcholine,
methylacetic acid and alkyl polyoxyethylene ether) and
Widespread Max (100% polyether-polymethylsiloxane10

copolymer, polyether). In 2018 trial, we evaluated the efficacy
of new DMI triazole fungicide Revysol (mefentrifluconazole,
proposed FRAC 3) and compared it to different leading SDHI
fungicides alone or in mixture with LI 700. We used 22-yrold (2017) and 23-yr-old apple trees (2018) on M.9 rootstock
with Jersey Mac, Redcort and Golden Delicious cultivars.
Each spray treatment program was replicated four times. One
replicate plot consisted of all three cultivars listed above. To
secure good coverage, all the treatments were spray-applied
dilute to drip (300 gal/A) using a tractor-carried handgun
sprayer (Rear’s Pak-Tank 100-gal sprayer, 250 PSI). In 2017,
we applied programs listed in Table 1 at 7-14-day intervals
and in 2018 treatments listed in Table 2 at 2-20-day intervals,
depending on weather conditions, apple bud development and
RIMpro apple scab model predictions. Fungicide cover sprays
in 2107 were applied in per acre basis on 23 May (Captan 2.5
lb + Pristine 18 oz); 8 June (Captan 2.5 lb + Pristine 18 oz);
21 June (Captan 2.5 lb + Flint 3 oz); 5 July (Merivon 5.5 fl oz
+ Captan 2.5 lb); 16 July (Topsin M 1.5 lb + Captan 3.5 lb); 6
August (Captan 3.5 lb); and 28 August (Captan 2.5 lb + Flint 3
oz).
Insecticide applications and spray applications after the
first cover in 2017 were applied with an air-blast sprayer
NEW YORK STATE HORTICULTURAL SOCIETY

Apple leaf scab percent (%)

(Turboteuton Mistblower, Uni–green Table 1. Apple scab efficacy trial in 2017 with SDHI and DMI fungicides in mix with surfactants.
Treatments were applied on 11 April – HIG, half-inch green; 17 April – TC , tight cluster; 27
Crop Protection, S.p.A., Reggio Emilia,
April – PK, pink bud; 29 April – BL, bloom; 6 May – PF, petal fall; 12 May – FC , first cover . All
Italy) to all plots including untreated
references to Manzate in this table are for Manzate Pro-Stick 75 DF.
control trees. In 2017, the untreated
# Treatment programs with amount per 100 gal
Spray Timing
trees randomized among the other scab
fungicide treatment plots throughout
1 Untreated control 1
/
the experiment block were labeled as
2 Untreated control 2
/
Untreated control 1 (treatment #1)
3 Manzate Pro-Stick 75 DF 1 lb
TC, PK, BL, PF, FC
(Figures 2 – 4). Trees in the untreated two
4
Merivon
4.17
SC
1.33
fl
oz
+
Manzate
1
lb
+
Widespread
Max
6
fl
oz
TC, PK, BL, PF, FC
rows on the east side of experiment plot,
5 Sercadis 300 SC 1.17 fl oz + Manzate 1 lb + Widespread Max 6 fl oz
TC, PK, BL, PF, FC
which never received fungicide sprays in
the past, were labeled as Untreated control
Luna Sensation 500SC 1.33 fl oz + Manzate 1 lb
TC, PK,
PF, FC
6
Manzate 1 lb
BL
2 (treatment #2) in 2017 trial (Figures 2 –
Luna Tranquility 500SC 3.73 fl oz + Manzate 1 lb
TC, PK,
PF, FC
4) and in 2018 trial as Untreated control
7
Manzate 1 lb
BL
(treatment #1) (Figure 6). In 2018, control
Manzate 1 lb + Captan 80 WD G 0.83 lb
HIG, TC,
FC
trees not treated with fungicides until the
8 Fontelis 1.67 SC 5.33 fl oz + Manzate 1 lb + LI 700 32 fl oz
PK,
PF
first cover and then treated with Captan
Inspire Super 2.82EW 12 fl oz + Manzate 1 lb
BL
from the first to sixth cover were labeled
Manzate 1 lb + Captan 80 WDG 0.83 lb
HIG, TC,
FC
as treatment #2. Captan covers (Figure 6).
9 Fontelis 5.33 fl oz + Manzate 1 lb + LI 700 32 fl oz
PK, BL
In 2017, the first apple leaf scab
Inspire Super 12 fl oz + Manzate 1 lb
PF
symptoms expressed on 10 May on
Manzate 1 lb + Captan 80 WDG 0.83 lb
HIG, TC,
FC
untreated Redcort trees. According to
10 Aprovia 10.27 EC 5.5 fl oz + Manzate 1 lb + LI 700 32 fl oz
PK,
PF
weather data collected with an onsite
Inspire Super 12 fl oz + Manzate 1 lb
BL
NEWA-RainWise station in Highland
Manzate 1 lb + Captan 80 WDG 0.83 lb
HIG, TC,
FC
NY, connected to RIMpro apple scab
11 Aprovia 5.5 fl oz + Manzate 1 lb + LI 700 32 fl oz
PK, BL
Inspire Super 12 fl oz + Manzate 1 lb
PF
model, major apple scab infection events
occurred on 19 and 25 April and on 5 and
Inspire Super 12 fl oz + Manzate 1 lb
TC, PK,
PF, FC
12
Manzate 1 lb
BL
13 May 2017. Additional weaker infection
events were reported on 23, 25 and 29
May. We rated apple scab incidence on
a
100
a
spur leaves and immature fruit on 23 June
a
Jersey Mac
Redcort
Golden Delicious
90
a a
b
and on mature fruit on 29 August 2017. In
80
70
2018, the first scab symptoms expressed
60
on 11 May on untreated Redcort leaves.
50
b
A total of 8 major scab infection events
40
a
30
were recorded with RIMpro in 2018: 25
c
20
and 27 April and 6, 11, 12, 15, 17, and 19
c
10
bc de cd cd ef d d ef d cd f d cd f cd b def cd d
ef cd d de cd cd d
May 2018. The first 2018 scab infection at
0
HIG (25 April) led us to apply mancozeb
at 1.5 lb/A which was not anticipated
by the treatment protocol (all programs
were to start at tight cluster). The last
weak scab infection event was on 22
May. Apple scab incidence on spur leaves
was rated on 12 July and on fruit on 10
August 2018. We calculated the percent
scab incidence on spur leaves from the Figure 2. Apple leaf scab incidence on 23 June 2017 on spurs. Means within each cultivar i.e. bar
color followed by different letters are significantly different (LSD test, P < 0.05). Each mean
number of leaves with scab lesions in
consists of four replicate trees.
relation to the leaves without any lesions
on 20 randomly selected leaf clusters per
from both trials were analyzed in SAS Studio (SAS Institute
each cultivar tree. We calculated the percent scab incidence
Inc., Cary, NC).
on fruit from the number of fruit with scab lesions in relation
to the fruit without any lesions on 25 randomly selected
fruit clusters per each cultivar tree, for a total of up to 100
Can Surfactants Mixed with SDHI Fungicides
fruits per tree replicate. In 2017 only, we rated and calculated
Increase Their Efficacy in Scab Control?
the percent incidence fruit russet from the number of fruit
On 23 June 2017, Redcort had slightly more scab
with russet, without counting fruit with stem bowl russet, in
developing on leaves in comparison to the other two cultivars
relation to the russet-free fruit on 25 randomly selected fruit
(Figure 2). Even though scab control was good across all the
clusters per tree, for a total of up to 50 fruits per each cultivar
treatments, Manzate used alone allowed more scab than the
tree replicate. Apple leaf, fruit scab and fruit russet incidences
other fungicide programs. On apple fruit, a similar trend was
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detected (Figure 3A), although Manzate
alone allowed less disease on fruit than
on the leaves of Redcort and Golden
Delicious. On these two cultivars, fruit
scab incidence in the Manzate alone
treatment was not statistically different
from the Untreated control 1 (treatment
#1) (Figure 3A). Until 29 Aug, the fruit
scab incidence in majority of the fungicide
treatments increased on Jersey Mac and
Redcort in comparison to the Golden
Delicious, indicating that established
primary infections on leaves allowed onset
of secondary infections on fruit (Figure 3B).
Under these conditions, the two treatments
of Aprovia and Fontelis each mixed with LI
700, performed the best, with Merivon and
Sercadis both in mixtures with Widespread
Max, just behind them (Figure 3B). Luna
Sensation and Luna Tranquility allowed
quite more scab to develop, except on
Golden Delicious (Figure 3B). The higher
efficacy of Aprovia and Fontelis programs
in scab control on Jersey Mac and Redcort
in comparison to the Luna treatments
could have been due to the additional
Inspire Super spray applied in bloom or at
petal fall, and the added surfactants that
further increased their activity. Added
surfactants most likely facilitated a better
systemic penetration of SDHI-s into the
leaves and fruit, which may have secured
longer residual activity through the rain
and, along with 48 h kick-back activity,
better eradication of any incubating scab
infections (Figure 3). This appears to be
the case with treatments of Merivon and
Sercadis in mixtures with Widespread Max
where Inspire Super sprays at bloom or at
petal fall were not included in the spray
program (Figure 3). On Jersey Mac there was
no difference among fungicide treatments
in causing/promoting fruit russet, while on
Redcort and Golden Delicious there were
very few significant differences (Figure
4). Cool weather, frequent rains and high
relative humidity in 2017, especially from 30
April to 15 May and 19 May to 7 Jun, were
probably the sole cause of russet formation
in this trial (Figure 5).

Table 2. Apple scab efficacy trial in 2018 with SDHI fungicides and DMI Revysol. Treatments were applied on 24 April – HIG, half-inch green; 1 May – TC, tight cluster; 5 May – PK, pink; 7 May – EB,
early bloom; 9 May – BL, bloom; 14 May – PF, petal fall; 25 May – 1C, first cover; 6 June – 2C,
second cover; 26 June – 3C, third cover; 16 July – 4C, fourth cover; 23 July – 5C, fifth cover;
4 August – 6C, sixth cover. All references to Manzate in the table are for Manzate Pro-Stick
75 DF.

#

Treatment programs with amount per 100 gal

1

Untreated control

2

Captan 80 WDG 1 lb

3

Manzate Pro-Stick 75 DF 0.5 lb
Revysol 1.33 fl oz + LI 700 16 fl oz
Captan 80 WDG 1 lb

HIG
TC, EB, BL, PF
1C – 6C

4

Manzate 0.5 lb
Revysol 1.67 fl oz + LI 700 16 fl oz
Captan 80 WDG 1 lb

HIG
TC, EB, BL, PF
1C – 6C

5

Manzate 0.5 lb
Rhyme 2.17 fl oz + LI 700 16 fl oz
Captan 80 WDG 1 lb

HIG
TC, EB, BL, PF
1C – 6C

6

Manzate 0.5 lb
Rally 1.67 fl oz + LI 700 16 fl oz
Captan 80 WDG 1 lb

HIG
TC, EB, BL, PF
1C – 6C

7

Manzate 0.5 lb
Inspire Super 4 fl oz + LI 700 16 fl oz
Captan 80 WDG 1 lb

HIG
TC, EB, BL, PF
1C – 6C

8

Manzate 0.5 lb
Sercadis 1.5 fl oz + Manzate 1 lb + LI 700 16 fl oz
Captan 80 WDG 1 lb

HIG
TC, EB, BL, PF
1C – 6C

9

Manzate 0.5 lb
Revysol 1.67 fl oz + Manzate 1 lb + LI 700 16 fl oz
Captan 80 WDG 1 lb

HIG
TC, EB, BL, PF
1C – 6C

10

Manzate 0.5 lb
Inspire Super 4 fl oz + Manzate 1 lb + LI 700 16 fl oz
Captan 80 WDG 1 lb

HIG
TC, EB, BL, PF
1C – 6C

11

Manzate 0.5 lb
Aprovia 10.27 EC 1.83 fl oz + Manzate 1 lb + LI 700 16 fl oz
Captan 80 WDG 1 lb

HIG
TC, EB, BL, PF
1C – 6C
HIG
TC

12

Manzate 0.5 lb
Indar 2 fl oz + Manzate 1 lb
Rally 1.67 fl oz + Manzate 1 lb
Luna Sensation 1.67 oz/a + Manzate 1 lb
Captan 80 WDG 0.83 lb + Flint Xtra 0.67 fl oz
Captan 80 WDG 0.83 lb + Topsin M 0.33 lb
Captan 80 WDG 0.83 lb

HIG

13

Manzate 0.5 lb
Indar 2 fl oz + Manzate 1 lb
Rally 1.67 fl oz + Manzate 1 lb
Luna Tranquility 3.73 oz/a + Manzate 1 lb
Captan 80 WDG 0.83 lb + Flint Xtra 0.67 fl oz
Captan 80 WDG 0.83 lb + Topsin M 0.33 lb
Captan 80 WDG 0.83 lb

How Effective is Revysol in Comparison to the Leading
DMI and SDHI Scab Fungicides?

In 2018, control of apple leaf scab on Jersey Mac was
excellent in all the DMI and SDHI fungicide programs, except
for Rhyme and Rally (Figure 6A). Similar trend in efficacy of
scab control was observed on Jersey Mac fruit, with numerically
slightly more scab developing in Revysol applied at 4 and 5 oz
and both the Luna Sensation and Luna Tranquility programs
(Figure 6B). On 12 July 2018, more leaf scab developed on
12

Spray Timing
/
1C – 6C

PK

TC

PK

BL, PF

1C – 2C
3C – 4C
5C – 6C

BL, PF
1C – 2C
3C – 4C
5C – 6C

Redcort trees in comparison to the other two cultivars (Figure
6A). Even though apple leaf scab incidence was significantly lower
in all the programs when compared to the untreated control and
Captan covers i.e. treatment #2 only, the Revysol 4 oz and Rhyme
programs allowed more leaf scab to develop in comparison to
the other fungicide programs (Figure 6A). In contrast, fruit
scab control on Redcort was excellent in all spray programs on
10 August, except for Rhyme and Rally that allowed more scab
to develop (Figure 6B). More leaf scab developed on Redcort
probably because the application of mancozeb at 1.5 lb/A at HIG
was too low of a rate, not powerful enough to protect the leaf
NEW YORK STATE HORTICULTURAL SOCIETY
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Figure 3. Apple fruit scab incidence on (A) 23 June and (B) 29 August 2017. Means within each cultivar i.e. bar color
followed by different letters are significantly different within each date i.e. graph (Tukey’s test, P < 0.05). Each
mean consists of four replicate trees. Treatment names on x-axis apply for both graphs.
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Figure 4. Apple fruit russet incidence on 29 August 2017 after the evaluated fungicide treatment programs. Means within
each cultivar i.e. bar color followed by different letters are significantly different (Tukey’s test, P < 0.05). Each
mean consists of four replicate trees.
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Figure 5. Weather conditions from 28 March – 16 October 2017 recorded from an on-site NEWA weather station
in Highland NY, which favored apple fruit russetting during the apple scab efficacy trial in 2017. Red
curved lines show temperatures (left y-axis in red), blue curved line/s show rain amounts in inches (right
y-axis in blue), grey background represents relative air humidity (RH) in % (far left y-axis in black). Small
bottom graph sections with dates show the length of rain (dark blue) and of wetting periods after the rain
stopped (light blue). Source: RIMpro B.V., Zoelmond, Netherlands.
14
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Figure 6. Apple scab incidence (A) on spur leaves on 12 July and (B) on fruit on 10 August 2018. Leaf scab means within each
cultivar i.e. bar color followed by different letters are significantly different in graph A (LSD test, P < 0.05). Fruit scab
means within each cultivar i.e. bar color followed by different letters are significantly different in graph B (Tukey’s test, P
< 0.05). Each mean consists of four replicate trees. Treatment names on x-axis apply for both graphs.

Figure 7. Weather conditions from 24 April – 10 August 2018 recorded from an on-site NEWA weather station in
Highland NY. Red curved lines show temperatures (left y-axis in red), blue curved line/s show rain amounts
in inches (right y-axis in blue), grey background represents relative air humidity (RH) in % (far left y-axis in
black). Small bottom graph sections with dates show the length of rain (dark blue) and of wetting periods
after the rain stopped (light blue). Source: RIMpro B.V., Zoelmond, Netherlands.
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growth from the first two major infections on 25 and 27 April
at HIG (Figure 6A). In conjunction, Redcort also preceded both
Jersey Mac and Golden Delicious in flower bud development,
thus allowing larger green leaf area to dilute fungicide residue
and be targeted by released ascospores during these first two
infections in the season. Based on the flower bud stage counts
we conducted, on 18 April Redcort was at 67% GT stage while
Jersey Mac was at 36% GT and Golden Delicious at 28% GT. On
27 April the same cultivar was at 73% HIG and Jersey Mac at
53% HIG. Leaf scab control was excellent on Golden Delicious,
except in Rhyme and Rally treatments and with slightly more
scab developing in Revysol 4 and 5 oz treatments when used
alone (Figure 6A). Fruit scab control on Golden Delicious was
excellent with all the DMI and SDHI fungicides, even though
Rhyme allowed numerically more scab in comparison to the
other programs (Figure 6B). Inspire Super used alone or in mix
with Manzate performed very well across all the cultivars, except
on Redcort leaves where Inspire Super used alone allowed more
scab to establish (Figure 6A).

Conclusion

In years with rainy weather conditions like in 2017, which
allowed severe apple scab infection pressure and many major
infection periods, SDHI fungicides should be alternated with
DMI-s with/or AP-s, while adding surfactants should further
improve the efficacy of the SDHI-s and probably DMI-s too. Year
2018 had even more favorable weather conditions for apple scab
infections depicted in the fact that 90% of NY state had more
than 10 inches of yearly precipitation above average, with some
Hudson Valley regions having more than 20 inches of yearly
precipitation above average (NRCC 2019) and several south
NY counties having 8.5 – 60.3% above average precipitation in
inches per year (NWS). According to RIMpro model, frequent
rains triggered a record 8 major infection periods starting with
infections at HIG in Highland NY. Under these severe 2018 scab
conditions, a new DMI fungicide Revysol provided largely similar
apple scab control in comparison to the SDHI fungicides and
Inspire Super which contains a DMI and an AP. Overall, the nonionic surfactants seem to allow better systemic penetration of
SDHI fungicides into the leaves and fruit, which probably allows
longer SDHI residual activity through the rain and in conjunction
with their 48-h kick-back activity, a better eradication potential
for apple scab infections that are incubating.
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F

ire blight, caused by the bacterium Erwinia amylovora, is a
challenging disease to manage due to its relatively unique
pathology. In the spring, diseased trees ooze a sugary
s u b s t a n ce th at
contains bacteria,
Our work supports the hypothesis that
which serves as the
flies play a key role in the disease cycle
primary inoculum
for new infections
of fire blight. This project helped us
(Figure 1). Bacteria
identify a series of unknowns that
move from ooze
we plan to investigate so we can fully
by wind, rain,
describe the process of transmission
and presumably
from a fly’s initial interaction with an
insects, and
ooze droplet to successful transmission
colonize blossoms
and injured
to healthy hosts. Better understanding
tissues when the
of this process may present avenues
opportunity arises.
for disrupting the movement of E.
Ooze continues to
amylovora by flies.
be a problem as the
season progresses,
as droplets can be
visible on most green, succulent shoots and even on immature fruits
if left unchecked (Figure 2, 3). Currently, the safest way to manage
fire blight is to be proactive; pruning and discarding diseased tissue
in the winter and using disease forecasting models to appropriately
apply bactericides controls during bloom.
Fire blight ooze plays a central role in the movement of this
disease between and within trees, but little is known about how far
bacteria within an ooze droplet can be dispersed, chiefly because
we do not fully understand the role of insects in acquisition and
transmission of the bacteria from ooze. Honey bees have long been
implicated as important facilitators of bacterial transmission from
blossom to blossom, but this movement requires that bacteria have
already colonized the blossom’s stigma, as honey bees do not appear to visit ooze. Flies are potentially much more important in the
initial dissemination of ooze in the spring and the early summer
when shoot blight is rampant, as we have consistently encountered
many species of flies visiting and feeding on ooze (Figure 4).
In fact, a role for flies in transmission of E. amylovora has been
consistently proposed. As far back as the 1910s, researchers investigated the capacity of different fly species to acquire and transmit the
bacterium. House flies (Musca domestica), cluster flies (Pollenia rudis), green bottle flies (Lucilia sericata), and vinegar flies (Drosophila
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melanogaster) have all
been implicated with
var ying degrees of
transmission capability. In 1916, researchers theorized that flies
would feed on ooze,
acquiring bacteria externally and internally,
and then transmit E.
amylovora within and
between trees through
defecation, regurgitation, and grooming
(Figure 5). The bacterium would then persist
on the surface of the
plant until it could colonize an injury or other
opening. At the time,
however, researchers
discounted this mechanism because it was
believed that environmental factors would
kill the bacteria before
they could colonize the
plant.
In recent years,
there has been
renewed interest
in understanding
this mechanism of
transmission. Indeed,
we hypothesize that
insect vectors are a
primary means of E.
amylovora movement
during the growing
season. We believe this
to be true especially
in the late spring and
early summer, when

Figure 1. Erwinia amylovora ooze exuding
from an overwintering canker
during bloom. Ooze is primarily
constituted of bacterial cells and
a sugar produced by the bacteria.

Figure 2. New shoot growth in late spring
oozing at several points along its
length. Ooze has many different
colors ranging from opaque to
brick red.
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Figure 3. Immature fruit can produce large
quantities of ooze if left unchecked.

Figure 4. A fly feeding on an oozing immature fruit.

populations of both flies and tissue damaging insects (that create
potential routes of entry) increase in orchards. The overall goal of
our ongoing research is to expand our understanding of the role
of flies in transmitting E. amylovora from ooze, with the hope that
this increased knowledge will present new avenues for sustainably
managing this disease.

Materials and Methods

The goal of the current project was to evaluate a fly’s capability
to acquire E. amylovora from ooze. Despite many years of research
suggesting that flies are key players in the disease cycle, there is no
research quantifying the amount of bacteria a fly acquires from ooze,
or the biological factors unique to the fly that affect its motivations to
feed on ooze. For flies, ooze is the only available source of bacteria,
so it is important to understand how they interact with it, so we can
make an appropriate measure of their importance in this system.
For this project, we chose to work with the vinegar fly
Drosophila melanogaster because it has previously been implicated
as a facilitator of fire blight movement and because it represents a
good model to work with in laboratory assays. Available research
suggests that there is no specific fly species that is more important
than others in moving bacteria from ooze, so we feel that data we
collect from our laboratory studies will inform our understanding
of other orchard dwelling flies.
We tested individual Drosophila melanogaster by providing
them access to fire blight ooze. In the testing arena, flies were
provided ooze as a food source and exposed for 3, 6, 12, or 24 hours
to evaluate the effect of exposure time on both the percentage of
total positive flies and the total viable cell count. After exposure,
flies were removed from the arena and crushed into a homogenous
liquid. An aliquot of this liquid was plated on selective media and
incubated for 48 hours to allow E. amylovora colonies to grow. The
percentage of positive flies was analyzed using generalized linear
mixed effect models and cell count data were analyzed using linear
mixed effect models.
Within this experiment, we also tested how mating status
(mated or unmated), nutritional state (starved or satiated), and fly
sex (male or female) affect the total count of viable bacteria per
individual fly. All 16 possible combinations of factors were tested,
20

Figure 5. A fly regurgitating. After feeding
on ooze it is possible that that
regurgitant contains E. amylovora.

amounting to tests of nearly 500 individual flies. Our goal here
was to ascertain how the biological state of flies affects the count
of viable bacteria acquired by the fly. We believe these data would
help us make a judgement about how variation in biological state
across individuals could impact acquisition and, by extension,
possible management tactics that could be developed in the future.
Cell count data were analyzed using linear mixed effect models. In
all cases, a likelihood ratio test with a chi-square distribution was
used to evaluate model significance.

Results

We found that the average viable cell count varied significantly
by fly nutritional state and marginally by mating status. Flies that had
been food deprived acquired nearly two times more bacteria than
satiated flies. Unmated flies acquired roughly two times the amount
of bacteria than mated flies (~18,000 viable E. amylovora cells
compared to ~10,000 respectively in both cases). The percentage
of positive flies did not differ between food deprived/satiated flies
or mated/unmated flies. Additionally, we found that the number
of positive individuals increased as exposure time increased, but
viable cell count began to fall at the highest exposure time. Overall,
viable cell counts ranged by multiple orders of magnitude between
individuals at all exposure times (Table 1). Fly sex had no apparent
effect on viable cell count. The average viable cell count was roughly
14,000 CFU (colony forming units) across all replicates tested in
this experiment (Figure 6).

Discussion

Our study establishes that the vinegar fly Drosophila
melanogaster can acquire transmissible amounts of E. amylovora
from ooze droplets. This is important, as we are the first to report
on how much bacteria an individual fly can acquire from this
source. Further, the viable cell counts we report in this study are
likely conservative due to the nature of our laboratory assay. This
means that in the field, flies are likely to carry even greater numbers
of bacteria with them after visiting an ooze droplet.
Nonetheless, the numbers we report here suggest that a
single fly has the potential to initiate several new infections.
Past researchers note that it could take as few as 35-100 viable
NEW YORK STATE HORTICULTURAL SOCIETY

Table 1.

Changes in percentage of positive flies and viable cell counts
based on increasing exposure times. Viable cell counts are reported as colony forming units (CFU). Minimum CFU reports the
lowest cell count found in an individual fly and maximum CFU
reports the highest cell count found in an individual fly. Average
CFU is the mean CFU of all replicates that tested positive at the
given exposure time.

Figure 7. A fly roosting on healthy plant tissue. After feeding on ooze, a fly
can transmit E. amylovora via numerous potential mechanisms,
after which bacteria can colonize injuries or openings.

E. amylovora cells to initiate a new
infection. Even if environmental
conditions dictate that a new infection
require 1,000 viable cells, individual
flies would have the potential to
generate an average of 14 new
infections according to our data. An
important caveat to this is that we do
not know a fly’s average transmission
efficiency. It is possible that a fly that
has the potential to initiate tens or
hundreds of new infections in fact
only initiates a small percentage of this
under field conditions. Transmission
efficiency is likely to depend on
Figure 6. Mean viable cell
environmental conditions, the fly
count (measured in
species that acquired the bacteria, and
colony forming units
the behavior of the individual fly that
(CFU) per insect) ±
95% confidence
acquired the bacteria, amongst other
intervals for all
factors. To our knowledge, there is no
flies tested in this
data evaluating any of these aspects of
experiment (in
the fly-E. amylovora interaction, and
red). Each black dot
represents a viable
we will be conducting experiments
cell count from an
that look at some of these factors in
individual fly tested.
2019.
The black dots show
We believe that the sugary constithat cell counts
can range as wide
tution of ooze provides a carbohydrate
as three orders of
reward to flies, encouraging feeding
magnitude.
and long bouts of interaction with the
droplet. Our findings support our belief that flies likely play a significant role in the movement of bacteria
from ooze droplets to newly susceptible tissues. After acquisition, we
theorize that flies that land on healthy, susceptible tissues will leave
bacteria behind through any number of mechanisms. If E. amylovora
survives in the insect gut, it could be defecated or regurgitated on
the plant surface. Human pathogens such as Escherichia coli, which
is closely related to E. amylovora, are transmitted to leaf lettuce from
flies in this manner. There is even research suggesting that bacteria
can live longer and even proliferate in fly regurgitant or frass, as
the liquid that is expelled from the fly protects the bacteria from
FRUIT QUARTERLY . VOLUME 27 . NUMBER 1 . SPRING 2019

the elements. We do not know if a similar process occurs with flies
that transmit E. amylovora, but we are interested in investigating
this possibility.
Another possible mode of transmission from fly to plant surface
is grooming. When a fly walks on a fresh ooze droplet, it acquires the
bacteria externally. Erwinia amylovora can persist on the external
surfaces of the insect as it flies to new locations. While roosting, a
fly may groom, sloughing bacterial cells onto the plant surface in the
process (Figure 7). It is not known how much bacteria are transmitted to plant surfaces via any of the above described mechanisms. We
believe that that amount is likely to vary widely. We are currently
in the process of designing experiments to better approximate this
aspect of transmission.
Our data show that a fly’s biological state factors into how
much bacteria an individual insect acquires. Currently, we do not
understand the implications this has for successful transmission
of E. amylovora to healthy hosts. Food deprived flies acquire more
E. amylovora than satiated ones, which we believe occurs because
food deprived flies feed longer on the droplet, thus increasing
contact time. Flies that have been allowed to mate tend to acquire
less bacteria, which we believe is because mated flies may be less
motile or spend more time searching for an oviposition sight rather
than food sources. The differences in viable cell counts observed
between treatments in this study may carry biological significance,
as they may determine which flies that acquire bacteria can successfully transmit it. However, there are no data for E. amylovora
that explore such possibilities, so this is conjecture until we know
more.
At this time, we are wary of making any recommendations
regarding management based on our current knowledge. As we
continue to study this system, our hope is that ideas for management will present themselves, especially as it pertains to reducing
the impact of shoot blight, when current management techniques
tend to be less effective. It is clear from our work that the role of
flies in the fire blight disease cycle has been understated. This fact
and our current knowledge highlight the challenges of developing
methods that can be incorporated into a management regime. First,
we posit that many fly species will acquire and transmit bacteria.
Published reports have implicated at least five fly species, and our
observations have identified at least one more. We do not know
what guides the interactions between flies and ooze droplets, though
we believe that the chemical and visual signatures emitting from
diseased tissue play a role. We are currently investigating the arrest21

Figure 8. Delia platura feeding on Erwinia amylovora ooze in a laboratory
assay.

ing qualities of ooze in laboratory behavior experiments using bean
seed flies (Delia platura) (Figure 8). The bean seed fly, or seedcorn
maggot, is commonly found feeding on ooze in a diseased orchard.
We believe that diseased tissue changes fly behavior, enhancing
recruitment to ooze. In understanding this aspect of the fly-ooze
interaction, there is the potential to identify new management
avenues.
Second, we do not yet know how what we learned concerning
acquisition translates to successful transmission of E. amylovora
to new hosts. We do not know how the frequency of infected flies
affects transmission efficiency, or if there is a critical cell count
required by the fly to successfully transmit. We also do not know
how other insects that are present in orchard systems influence
successful transmission. The flies that we and others have observed
feeding on ooze do not generally cause damage to susceptible plant
tissues. This means that E. amylovora transmitted by flies would
have to colonize a natural opening or an injury caused by hail or
insect damage. We believe that while flies may be the key insects
moving bacteria to healthy tissue, they may need “help” from insects or weather to create openings that bacteria can colonize.
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Conclusions

While it is too early in our understanding of interactions between flies and bacterial ooze to develop practical management
solutions for fire blight, our work supports the notion that flies
play a key role in the disease cycle. This project helped us identify
a series of unknowns that we plan to investigate so we can fully
describe the process of transmission from a fly’s initial interaction
with an ooze droplet to successful transmission to healthy hosts.
We believe that advancing our understanding of this process may
present several avenues for sustainable management in the future,
wherein we could disrupt the movement of E. amylovora by flies
whether that is through control of the flies themselves, or through
another facet that we have yet to describe.

Acknowledgements

We are grateful to the New York State Department of Agriculture and Markets Apple Research and Development Program for
providing funds to conduct this research, as well as our additional
funders; NSF-GRFP, Federal Capacity Funds, Northeast SARE,
the Grace Griswold Endowment, and the Arthur Boller Research
Fund. Special thanks to Rowan Collins, Steve Hesler, and Molly
Cappiello for support in completing this project.

Literature Cited

Ark, P. A., and H. E. Thomas. 1936. Persistence of Erwinia
22

Strawberry
Brambles
Asparagus
Blueberry
Currant
Gooseberry
Elderberry
Rhubarb
The Leading
Small Fruit Nursery Today!

•
•
•
•

Excellent Customer Service
Wide Variety Selection
Technical Support
Complete Lab Facility for
Tissue Culture & Virus Indexing
41 River Road South Deerﬁeld MA 01373
413.665.2658

noursefarms.com

info@noursefarms.com

NEW YORK STATE HORTICULTURAL SOCIETY

Novel Nonthermal Concentration of Apple Cider:
Forward Osmosis
Junyi Chen, Kyle Kriner, Carmen I. Moraru and Olga I. Padilla-Zakour
Department of Food Science, Cornell University
Keywords: apple cider, forward osmosis, nonthermal concentration

This research was partially supported by the New York Apple Research and Development Program

C

onsumers are very interested in food products that are
minimally processed using preservation technologies
that retain the original quality of the fresh foods. The
food industry is meeting consumers’ demand for clean label foods
by reformulating
food products,
To preserve apple cider, a producer
and by investing
has the option to freeze the product
in novel processbut that entails a high cost due to
ing and packagthe energy required in processing.
ing options that
We have demonstrated the feasibility
are proven to deliver high quality
of concentrating apple cider using a
foods.
benchtop lab scale forward osmosis
Apple ciunit from approximately 11°Brix to
der is a favorite
50°Brix, with insignificant changes in
juice because it is
quality. Most of the physicochemical
made from pressand sensory attributes of the fresh
ing apples and
typically given a
cider are retained through the FO
mild pasteurizaconcentration,
tion to ensure the
safety and extend
its refrigerated shelf-life. The most common ways to pasteurize
the cider is by heating to 160-165°F for 6-15 seconds or to apply UV irradiation, which does not involve any heat (Quintero
Ramos and others, 2004). The treated cider has a refrigerated
shelf-life of several weeks without the addition of preservatives,
and because of the minimal process applied, retains the apple
flavor and most nutrients, with the exception of the insoluble
fiber.
To preserve apple cider, a producer has the option to freeze
the product but that entails a high cost due to the energy required in processing and storage. For clear apple juice, additional
processing is applied to remove insoluble solids and pectin,
the soluble fiber naturally present in apples. The juice can be
concentrated 5 to 6-fold using heat under vacuum conditions,
removing water and decreasing the overall volume to add microbial stability, and to facilitate storage and distribution of the
concentrate. The quality of the final juice, once diluted back to
original strength, is variable depending on the processing conditions and the amount of heat applied. Overall, apple juice from
concentrate has a different flavor profile and less nutrients than
a fresh pressed juice due to the losses of heat sensitive nutrients
such as vitamins and specific phytochemicals.
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Nonthermal concentration processes have been used for
applications where retention of the fresh attributes is important.
Two of the most common methods are freeze concentration and
membrane separation processes such as reverse osmosis, both
having limited concentration capacity, significant energy requirements and high cost. Reverse osmosis (RO) uses a semipermeable membrane to remove water from juice by the application of
high pressure to the juice side to overcome the osmotic pressure
differential, with a maximum concentration of about 25-30°Brix
under ideal conditions. RO performance is decreased when the
juice is viscous and has high solids content and therefore is used
mostly as the first stage of concentration of very diluted solutions.
A novel approach is to use forward osmosis (FO), also known
as direct osmosis or engineered osmosis. The development of
specialized semipermeable, hydrophilic membranes and suitable
osmotic agent solutions have made it possible for this technology
to being recognized as a viable alternative for juice concentration.
In FO, the juice is one side of the membrane while a concentrated
osmotic agent is on the other side. The water from the juice is
transported through the membrane into the concentrated draw
solution, typically made from salts or sugars. FO is therefore a
nonthermal concentration process that is able to achieve high
levels of soluble solids up to 50-60°Brix while retaining the sensorial and nutritional properties of the original juice (Rastogi, 2018).
Therefore, our objective was to investigate the feasibility of using
FO concentration to retain the quality attributes of apple cider.

Methods

Apple cider was obtained from Cornell Orchards, Ithaca,
NY. A bench-scale FO unit (Evapeos - Ederna, Toulouse, France)
equipped with a spiral-wound cellulose triacetate membrane was
used. The membrane had outside diameter of 63 mm, a length of
530 mm, and a filtration area of 0.5 m2. Figure 1 shows the schematic diagram of the unit. The apple cider was pumped through a
centrifugal pump from a 14 L feed tank into the membrane module. The temperature of the cider was controlled by a countercurrent plate heat exchanger (PROO13, AGC Engineering, U.S.) at
20°C (68°F). On the other side, a 60°Brix solution of the osmotic
agent (OA), made of potassium lactate and water, was pumped
from a vessel into the membrane module in co-current mode. The
concentrated cider was recycled back into the feed tank, while the
diluted OA was collected in a vessel. The concentrated and diluted
OA vessels were placed on scales, whose reading were recorded
by Realterm (VA Software, U.S.). The pressure of the concentrate,
23

the feed, and the concentrated OA were measured
by pressure gauges (EN
837-1, Baumer, Switzerland) connected at each
side. A concentrate valve
and drain valve were
equipped to adjust pressure and drain the product.
Experimental design: apple cider was prefiltered to remove large
insoluble solids before
each experiment trial.
One set of unconcentrated samples served
as control (C); one set
of samples was concentrated using FO; and one
set of samples was treated
with pectinase (0.001%,
DSM Food Specialties,
BV, Netherland) for 1
hour at room tempera- Figure 1. Schematic diagram of the lab scale forward osmosis (FO) unit. (Adapted from Ederna SAS, evapEOs® - FO mode
micro pilot unit user manual)
ture before FO concentration to assess the effect
of pectin on FO performance. The initial soluble
solids content (SSC) of
the 8-10 L sample was recorded as the start point.
During the FO process,
the SSC of circulated
cider was checked by refractometer every 15 min
until it reached 50 °Brix.
To ensure the safety and
quality of apple cider concentrate, it was kept in the
freezer below 0°F. After
storage, the concentrate
was thawed in the refrigerator for 1 hour and
diluted with deionized
water to 11°Brix for sen- Figure 2. Experimental design for the concentration of apple cider via forward osmosis with and without pectinase adsory and physicochemical
dition. Reconstituted ciders were UV pasteurized for quality evaluation.
examination. Samples for
sensory evaluation were
pasteurized by UV at room temperature using a commercial Cifrom the Cornell Sensory Center database. The panelists inderSure unit (CiderSure 3500, FPE Inc., NY). The UV unit was set
cluded both male and female, ages 18+. The tests were carried
at 254 nm using a turbulent flow regime to apply a constant dose
out following the guidelines and policies of the Cornell Instituof 14 mJ/cm2 in all parts of the product to ensure a minimal 5-log
tional Review Board for Human Participants. The taste panel
pathogenic reduction (Usaga, Padilla-Zakour, and Worobo, 2016).
was conducted by the Cornell Sensory Center (Ithaca, NY).
Figure 2 presents a summary of the experiments conducted.
All the samples were served at room temperature in 5 oz clear
Physicochemical analysis: the cider samples were analyzed
plastic cups, which were coded with 3-digit random numbers
in triplicate for pH, water activity, soluble solids (°Brix), titratand covered with clear plastic lid. The panelists were asked to
able acidity, turbidity and color components (L, a, b) using a
evaluate the appearance, aroma, flavor, purchase intent, and
HunterLab colorimeter (UltraScan VIS, HunterLab, VA).
preference ranking of the samples on either 9-point scales or
Sensory evaluation: One hundred panelists were recruited
Just About Right (JAR) scales.

Forward Osmosis Unit Diagram

Project
Design
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Result: Charts- Soluble Solids (°Brix) vs Time
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Figure 3. Forward osmosis concentration (from 11 to 50°Brix) of apple cider at 20°C with and without pectinase enzyme added.

Results and Discussion

The performance of the FO concentration process was influenced by the presence of pectin in the apple cider. The flow
of water from the cider to the OA solution was improved by the
pretreatment of the cider with the pectinase enzyme, resulting in
shorter processing time to achieve the same level of concentration. Figure 3 shows the increase of the soluble solids over time
during the FO process to reach a 50°Brix concentration level. In
our trials, the concentration process took about 3.7 h for the cider
treated with pectinase and about 4.4 h for the untreated cider.
The average water flux for depectinized cider at 50°Brix was 4.8
L/m2h while for the untreated cider was 4.1 L/m2h. The decrease
in the water flowrate due to the presence of pectin in juices has
been documented by previous researchers. Garcia-Castello and
McCutcheon (2011) found that pectin is the primary reason for
membrane fouling during orange peel press liquor concentration
using the FO process.
The physicochemical properties of the FO concentrated
samples were comparable to that of the original apple cider (Table
1). There were no significant differences in soluble solids content,
pH, titratable acidity, and water activity between the treatments.
The turbidity of pectinase treated cider was significantly lower
as the removal of pectin intensified the clarity of the apple juice,
thus the final sample looked more like a cloudy juice than apple
cider. It is important to highlight that the turbidity of the untreated FO cider was not different from the original apple cider,
a characteristic that reflects the ability of FO to retain the hazy
appearance of the apple cider. The FO samples were significantly
lighter than the original control as they had a higher L-value and
a lower a-value, which can be explained by the removal of pectin
as well as the loss of colored compounds that were suspended by
the pectin. Our results agree with previous studies (Wrolstad and
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Table 1. Physico-chemical attributes of the original apple cider (control)
and the forward osmosis concentrated samples (with and without
pectinase added), diluted back to 11 °Brix.
Treatment

Control

F.O. Processed

F.O. & Pectinase
Processed

Soluble solids (°Brix)

11.1

11.0

11.0

pH

3.60

3.67

3.73

Acidity (g/L)

3.5

3.2

3.0

Water activity

0.99

0.99

0.99

Turbidity (NTU)

610

505

350

Lightness (L-value)

44.2

48.6

50.4

Color a (green-red)

8.0

6.6

6.3

Color b (blue-yellow)

52.5

52.1

53.2

Table 2. Sensory preference ranking of original apple cider (control) and
the forward osmosis concentrated samples (with and without
pectinase added), diluted back to 11 °Brix.
Treatment

Control

F.O. Processed

F.O. & Pectinase
Processed

Number of panelists

100

100

100

Rank 1

29%

45%

26%

Rank 2

41%

36%

23%

Rank 3

30%

19%

51%

Rank Sum
Post Hoc Comparison

201
AB

174
A

225
B

others,1993; Nayak and others, 2010), where the physicochemical attributes of reconstituted raspberry juice and anthocyanin
extracts were very close to the original samples.
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In order to assess
any perceived differences
and preferences among
the treated ciders, we
9
conducted taste panels with 100 individu8
als. Figure 4 shows the
7
results of the evaluation
using the 9-point he6
donic scale, with no sig5
nificant differences in all
the attributes tested: ap4
pearance, clarity, aroma,
flavor and overall liking.
3
These results confirm our
2
physicochemical analyses demonstrating that
1
the FO process does not
Appearance
Clarity
Aroma
Flavor
Overall Liking
change the quality of
Original Apple Cider
F.O. Processed
F.O. and Pectinase Processed
the reconstituted cider.
In Table 2 we can see
Figure 4. Sensory evaluation results (100 panelists) of UV pasteurized apple cider that was forward osmosis concentrated
the ranking of the cider
with and without pectinase enzyme added, compared against the original control.
samples in order of preference. Although the
100 panelists showed no
preference between the control and the processed samples, there Acknowledgements
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coli in apple juice treated with
more efficient without affecting the overall acceptability of the
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commercial
UV
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unit. Journal of food proreconstituted product, although the appearance will be closer
tection,
79(2):
294-298.
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Effects of Training System and Rootstock on Bosc Pears
T.L. Robinson, J. Lordan, P. Francescatto and L. Rufatto
Horticulture Section, School of Integrative Plant Sciences, Cornell AgriTech, Cornell University, Geneva, NY, USA
Keywords: Bosc Pear, vigor; yield; yield efficiency, fruit size

T

he adoption of high-density pear orchards by a few growers
in the last decade has resulted in a significant improvement in
yield during the development years. Our earlier trial (Figure
1) showed an
optimum planting
Our research has shown in two different
density for Bartlett
long-term field experiments that
at ~5500 trees/
ha while with
pears can be planted and successfully
B osc , which is
managed at high tree densities using
more vigorous ,
Pyrus rootstocks. Early yields and
the optimum
profitability during the first 10 years
density was lower
were improved significantly by densities
at 1,900 tre es/
up to 1200 trees/acre. Although we don’t
ha (Robinson
and Dominguez,
have the perfect dwarfing rootstocks
2015). Since
for pears, by using the concepts of limb
that trial was
bending and limb renewal pruning
planted, several
developed in apples, we can successfully
new tree shapes
manage very high planting densities
and pruning
using semi-dwarfing pear rootstocks and
system have been
proposed. In
thereby achieve much higher yields than
addition, there
common in North America.
continues to be
great disparity of
opinion on the
optimum density and on the optimum tree shape. To help growers
compare different tree shapes and to further study how to manage
high density pear trees on Pyrus rootstocks we planted a new field
comparison of systems and rootstocks in 2013.
One of the main challenges of pear orchards in New York State
is that full production is not achieved for several years. In addition,
pear orchards in North America are mostly planted on Pyrus seedling
rootstocks, as Quince rootstocks routinely suffer from winter damage,
fire blight infections, and pear decline (Lind, et al., 2003; Mitcham and
Elkins, 2007; Robinson, 2011; Westwood and Lombard, 1983). The
adoption of high-density systems could improve yield and precocity
in pear orchards (Sansavini, et al., 2007); however research efforts
need to focus on the development of well-adapted rootstocks that
induce precocity, dwarfing, and large fruit size in combination with
new training systems to find the right tree spacing (Einhorn, et al.,
2013; Einhorn, et al., 2011).
The aim of this study was to evaluate and compare the performance of three training systems (Tall Spindle, V-trellis and Bi-Axis)
using three spacings (3 ft × 12 ft, 4.5 ft × 12 ft, 6 ft × 12 ft) and three
rootstocks (OHxF69, OHxF87 and Pyro2-33) with ‘Bosc’ as the scion
cultivar.

“

”

Materials and Methods

In 2013, a pear field trial was planted at the New York State
Agricultural Experiment Station in Geneva, New York, USA The
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Figure 1. Effect of planting density (trees/ha) on cumulative net extra income
($/ha) compared to the traditional low-density orchard with 600
trees/ha of ‘Bartlett’ and ‘Bosc’ pear trees after 11 years at Geneva,
NY, USA. (from Robinson and Dominguez, 2015)

experiment compared 3 training systems (Tall Spindle, V-trellis, and
Bi-Axis). We compared each system at 3 tree spacing (3 × 12 ft=1,210
trees/acre, 4.5 × 12 ft=807 trees/acre, 6 × 12 ft=605 trees/acre)
Within each system and spacing we evaluated 3 rootstocks (OHxF69,
OHxF87, and Pyro2-33) Each combination of system, spacing and
rootstock had 5 test trees and was bounded by guard trees on each
end.
The tall spindle system was developed by not heading the leader
at planting or in succeeding years. Lateral banches were tied down
below horizontal (135°) at planting and in the second year. The final
tree form had a central trunk with 15-20 small lateral branches (Figure
2). No permanent scaffold branches were developed and any lateral
branch larger than 2 cm diameter was a candidate for renewal pruning
with a bevel cut (1-2 large branches were removed each year). The
trees were supported with a 4-wire trellis support system. Maximum
tree height was 12 ft tall.
The V-trellis trees were developed by alternately leaning trees
along the row to each side of the V-trellis. The trellis was an upright
V-trellis with a 15°lean from vertical (Figure 2). The leader was not
headed at planting or in succeeding years. Branches were tied to the
trellis wires in flat fan arrangement. Branches that were large and
competed with the leader were cut back to the trunk with a bevel
cut. Maximum tree height was 10 ft.
The Bi-axis trees were developed by double budding in the
nursery and planting a 2 stem tree oriented along the row. The leaders were not headed at planting or in succeeding years. As with the
tall spindle, lateral branches were tied down below horizontal (135°)
at the end of the second year. The final tree form was similar to the
single stem tall spindle except each tree had 2 trunks and 15-20 small
lateral branches (Figure 2). No permanent scaffold branches were
developed and any lateral branch larger than 2 cm diameter was a
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Figure 2. Tree structure of (A) Tall Spindle Bosc trees, (B) V-trellis Bosc trees and (C) Bi-axis Bosc trees at Geneva, NY

candidate for renewal pruning with a bevel cut (1-2 large branches
were removed each year). The trees were supported with a 4-wire
trellis support system. Maximum tree height was 12 ft tall.
Data were collected on each test tree from 2013-2018, variables
recorded annually included: tree survival (%), trunk circumference
measured 30 cm above graft union (cm), fruit number and yield (kg),
and number of root suckers (suckers were counted each year and then
removed). Trunk-cross-sectional area (TCA, cm2), crop efficiency
(no. fruit/cm2), yield efficiency (kg/cm2), and fruit size were then
calculated. The plot was irrigated although natural rainfall averaged
990 mm per year. The TCA of the Bi-axis trees was calculated as the
sum of the TCA of the two trunks.

cumulative yields were for Tall Spindle on OHxF87 at 3 ft spacing
(70 t/ha), followed by V-trellis on OHxF87 at 3 ft spacing (67 t/ha),
and Bi-axis on Pyro2-33 at 3 ft spacing (62 t/ha) (Figure 3 & Table 1).
A second group comprised TS on OHxF69 at 3 ft spacing (59 t/ha),
V-trellis on Pyro2-33 at 3 ft spacing (55 t/ha), V-trellis on OHxF87 at
4.5 ft spacing (54 t/ha), Bi-axis on OHxF69 at 3 ft spacing (53 t/ha),
TS on Pyro2-33 at 3 ft spacing (52 t/ha), and V-trellis on OHxF69 at
3 ft spacing (51 t/ha). The lowest cumulative yields were for TS on
OHxF69 at 6 ft spacing (29 t/ha), Bi-axis on OHxF87 at 4.5 ft spacing
(28 t/ha), and V-trellis on Pyro2-33 at 6 ft spacing (27 t/ha).
TS on OHxF69 (4.5 ft t/ha) and OHxF87 (0.7 t/ha) at 3 ft spacing,
and TS on OHxF69 at 14.5 ft spacing (0.8 t/ha) were the combinations

Results

Tree size was highly affected by training system, spacing and
rootstock (Table 1). Smaller trees were observed at 3 ft spacing, followed by 4.5 ft, and the largest trees at 6 ft. With regard to training
system, larger trees were observed for Bi-axis than either Tall Spindle
(TS) or V-trellis. Regarding rootstock, bigger trees were on OHxF69,
followed by OHxF87, and then Pyro2-33. No significant differences
regarding suckering were observed, with a trend to sucker more at
wider spacings than close (data not shown). There was a significant
interaction on tree size for training system and rootstock. The largest
trees were Bi-axis on OHxF69, whereas the smallest ones were TS
and V-trellis both on Pyro2-33.
Higher crop load and yield efficiency were observed on either
TS or V-trellis compared to Bi-axis. OHxF69 rootstock had lower
cumulative crop load than either OHxF87 or Pyro2-33. In terms of
cumulative yield efficiency, Pyro2-33 had the highest value, followed
by OHxF87, and then OHxF69. There was a significant interaction
between training system, spacing, and rootstock. V-trellis at 4.5 ft
spacing and TS at 3 ft spacing, both on OHxF87, had the highest
cumulative crop load and yield efficiency, whereas the lowest values
were for Bi-axis at 4.5 ft spacing on OHxF87.
Both TS and V-trellis had significant higher cumulative yield
than Bi-axis (Table 1). In terms of spacing, the closer the spacing,
the higher the yield. There was a significant interaction of training
system, spacing, and rootstock for cumulative yield. The highest
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Figure 3. Cumulative yield (2013-2018) for each combination of training
system (Bi-axis, Tall Spindle (TS), and V-Trellis), spacing (3 ft × 3.7
m, 4.5 ft × 3.7 m, 6 ft × 3.7 m), and rootstock (OHxF69, OHxF87 and
OSU Pyro2-33). Different letters denotes significant differences
among treatments for the cumulative value (2013-2018)(Tukey’s
honestly significant difference, P ≤ 0.05)
NEW YORK STATE HORTICULTURAL SOCIETY

Table 1. Final trunk cross sectional area (TCA), fruit weight, and cumulative
crop load and yield efficiency (2013-2018) for each combination
of training system (Bi-axis, Tall Spindle (TS), and V-Trellis), spacing
(3 ft × 3.7 m, 4.5 ft × 3.7 m, 6 ft × 3.7 m), and rootstock (OHxF69,
OHxF87 and Pyro2-33).

Table 2. Yearly yield (2014-2018) for each combination of training system
(Bi-axis, Tall Spindle (TS), and V-Trellis), spacing (3 ft × 3.7 m, 4.5
ft × 3.7 m, 6 ft × 3.7 m), and rootstock (OHxF69, OHxF87 and OSU
Pyro2-33).
2nd
Leaf
Yield/
ha (t)

3rd
Leaf
Yield/
ha (t)

4th
Leaf
Yield/
ha (t)

5th
Leaf
Yield/
ha (t)

6th
Leaf
Yield/
ha (t)

Bi-axis,3 ft,OHxF 69

0.3

6

1

27

19

Bi-axis,3 ft,OHxF 87

0.0

2

1

15

18

Bi-axis,3 ft,Pyro 233

0.0

4

3

33

22

Bi-axis,4.5 ft,OHxF 69

0.2

5

1

16

17

Bi-axis,4.5 ft,OHxF 87

0.1

2

1

11

14

Bi-axis,4.5 ft,Pyro 233

0.2

6

2

19

17

Bi-axis,6 ft,OHxF 69

0.6

4

1

15

13

Bi-axis,6 ft,OHxF 87

0.0

3

1

11

14

Treatment

Bi-axis,6 ft,Pyro 233

0.1

3

2

13

16

TS,3 ft,OHxF 69

4.5 ft

13

1

27

16

TS,3 ft,OHxF 87

0.7

9

3

29

28

TS,3 ft,Pyro 233

0.3

5

1

23

22

TS,4.5 ft,OHxF 69

0.8

7

1

19

14

TS,4.5 ft,OHxF 87

0.1

6

2

19

20

TS,4.5 ft,Pyro 233

0.1

3

1

19

13

TS,6 ft,OHxF 69

0.5

5

0

13

10

TS,6 ft,OHxF 87

0.1

5

1

12

18

TS,6 ft,Pyro 233

0.0

4

1

16

18

V-trellis,3 ft,OHxF 69

0.3

7

1

26

16

V-trellis,3 ft,OHxF 87

0.6

8

2

28

28

V-trellis,3 ft,Pyro 233

0.1

5

1

27

19

V-trellis,4.5 ft,OHxF 69

0.1

4

2

18

18

V-trellis,4.5 ft,OHxF 87

0.1

5

4

23

23

V-trellis,4.5 ft,Pyro 233

0.1

3

2

23

19

V-trellis,6 ft,OHxF 69

0.6

5

1

13

15

V-trellis,6 ft,OHxF 87

0.1

4

2

14

17

V-trellis,6 ft,Pyro 233

0.0

2

1

11

14

Green color represents the highest value within each year, whereas the red color
represents the lowest value.

Means followed by different letters denotes significant differences among treatments (Tukey’s honestly significant difference, P≤0.05).

with highest yields in the 2nd leaf (Figure 3 and Table 2). In the 3rd
leaf, the highest yields were for TS on OHxF69 (13 t/ha) and OHxF87
(9 t/ha) at 3 ft spacing, and V-trellis on OHxF87 at 3 ft spacing (8 t/
ha). Yields were pretty low at the 4th leaf due to spring frost during
flowering. The highest yields were for V-trellis on OHxF87 at 4.5
ft spacing (4 t/ha), followed by TS on OHxF87 (3 t/ha) and Bi-axis
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on Pyro2-33 (3 t/ha), both at 3 ft spacing. In the 5th leaf the highest
yields were for Bi-axis on Pyro2-33 at 3 ft spacing (33 t/ha), followed
by TS on OHxF87 at 3 ft spacing (29 t/ha), V-trellis on OHxF87 at
3 ft spacing (28 t/ha), Bi-axis and TS on OHxF69 at 3 ft spacing (27
t/ha), V-trellis on Pyro2-33 at 3 ft spacing (27 t/ha), and V-trellis on
OHxF69 at 3 ft spacing (26 t/ha). In the 6th leaf the highest yields
were for TS and V-trellis, both on OHxF87 and at 3 ft spacing (28 t/
ha), followed by V-trellis on OHxF87 at 4.5 ft spacing (23 t/ha), and
Bi-axis and TS both on Pyro2-33 at 3 ft spacing (22 t/ha).
Fruit size was affected by tree spacing and rootstock (Table 1).
When comparing tree spacing, the wider the spacing the larger the
fruit. On the other hand, the smallest fruits were on OHxF87, followed by OHxF69, and the largest on Pyro2-33.

Discussion

This orchard systems experiment shows that high tree planting
densities with Pyrus communis rootstocks are manageable and that
productivity increases with increasing planting density at least up to
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the highest density we evaluated in this experiment (1210 trees/acre).
This report confirms the results of tree planting density we published
earlier (Robinson and Dominguez, 2015) and the work of Elkins and
DeJong (2002) and Elkins et al., (2008). The strong positive relationship between tree density and cumulative yield/ha indicates that, for
New York conditions, there is great yield benefit to high-density pear
orchards. With ‘Bosc’, we previously showed the optimum planting
density was ~773 trees/acre while for Bartlett the optimum density
was significantly higher (2100 trees/acre) (Robinson and Dominguez,
2015). ‘Bosc’ is a vigorous cultivar and at very close in-row spacings
significant pruning is required to contain the trees in their allotted
space.
Tree size was also affected by training system especially for the
Bi-axis, which gave larger trees than either TS or V-trellis. One of
the objectives of Bi-axis trees is to divide the vigor over two branches
(Musacchi, 2008), which provides smaller trees. This objective was
achieved since the size of each of the two axis was smaller than the
trunks of either the TS or V-trellis. However, since both axes contribute to yield, the sum of trunk-cross sectional area of the two stems
together resulted in larger total trunk area compared to the TS and
V-trellis.
Fruit weight was affected by tree spacing with the largest fruits
were found on the widest planting density (6 ft × 3.7 m) while the
smallest fruits were observed on the closest spacing (3 ft × 3.7 m).
Competition for resources and tree partitioning patterns modified
by planting density have been suggested to affect not just fruit size
but also tree vigor in previous studies in apple orchards (Lordan, et
al., 2018).
Rootstocks had also a clear effect on tree performance in our
trial. The largest trees were on OHxF69, followed by OHxF87, and
Pyro2-33 as the most dwarfing stock of the trial. Similar results were
reported by Robinson and Dominguez (2015) and Wertheim (1998).
Although Pyro 2-33 was smaller than OHFx87, they both had had
similar crop loads and yield efficiencies, whereas OHxF69 had lower
values. Similar results were found by Robinson (2008) with ‘Bartlett’,
‘Bosc’ and ‘Taylor’s Gold Comice’, whereas Einhorn, et al., (2013)
found higher yield efficiency for OHxF87 vs Pyro2-33 with ‘d’Anjou’
and ‘Golden Russet Bosc’.
In terms of yield, the Tall Spindle on OHxF87 at 3 ft spacing (70
t/ha), the V-trellis on OHxF87 at 3 ft spacing (67 t/ha), and the Bi-axis
on Pyro2-33 at 3 ft spacing (62 t/ha) had the highest cumulative yields.
While both Tall Spindle and V-trellis reached that high cumulative
yield through bearing crop all the years, Bi-axis trees had less crop
in the 2nd and 3rd years, but then caught up as the tree matured.
Therefore, these observation may shift in the upcoming years, as the
trees mature and sustain high yields over the seasons.

Conclusions

The higher vigor observed for OHxF69 followed by OHxF87
compared to Pyro 2-33 seemed to give the advantage to the OHF
stocks in tree establishment and precocity. However, the lower vigor
for Pyro2-33, in high planting densities might be better in the long
run. There were no great differences among systems but it appears
the Tall Spindle and the V-trellis give better yields doing the development years that the Bi-axis. Although the 3 ft in-row spacing had the
highest yield during the development years, it may be more difficult
to manage as the trees get older with the vigorous variety ‘Bosc’.
The final economic result will require more years of data to see the
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mature tree performance of these 3 rootstocks, 3 planting systems
and 3 spacings.
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