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We Have to Understand the Science!

Let’s make it a high priority to educate ourselves and young 
mothers in the science of agriculture, so that they may be 
empowered to make good food decisions. Let’s try to know why 

things happen and to decide whether the people who are entrusted 
with our safety know what they are talking about and whether they 
are working in our best interest. 

Currently, the decision-making process usually goes like this: 
Many important decisions about food are based on hearsay and 
casual opinions, often influenced by critics who have decided bad 
things are happening in our food supply and are very enthusiastic 
in promoting their point of view. Then, if we favor that opinion, we 
reinforce it by concentrating only on information that supports that 
position. Finally, when a conclusion is reached that something might 
be dangerous, any scientific explanation to the contrary is usually 
rejected. It turns out you can’t fight fear with facts! 

Any professional toxicologist will tell you that all substances are 
toxic or safe, depending on the dose. However, when trying to decide 
whether something is safe to eat and you don’t understand the basic 
science, you are forced to use the crude tool of “presence, absence”. 
If there is anything there, I don’t want it. Consider worrying about 
1 part per billion, while you take two aspirin, knowing that only 10 
times that dose will kill you.

Let’s use the evolutionary battle between plants and insects as an 
example. Bugs eat the plants until all are consumed, but usually a 
very few have a chemical resistance to the bugs, and their seeds 
are the only ones to survive and become the dominant plant in the 
next generation. The bugs are left with nothing to eat, except for the 
very few that are resistant to the plant pesticide, and their offspring 

become the new insect population. This procedure usually takes a 
number of generations to play out. Annual crops have one generation 
of seeds, and insects may have several. Fruit trees, however, may live 
for decades without another generation evolving that is resistant 
to insects and diseases. That’s the role pesticides play: Evolving to 
meet the challenge that trees can’t meet.

In the first half of the 20th ccentury, chemical companies crafted 
pesticides to augment the thousands produced by plants. These 
man-made pesticides originally were very “crude tools” with many 
unintended effects on farmworkers and the environment. With the 
help of new understanding in the fields of science and genomics, they 
have evolved not only to meet more resistant insects and diseases, 
but to meet the new safety demands of society as well! The re-entry 
interval for old time chemicals was measured in days. Now, orchards 
are safe after a few hours. Most old traditional chemicals are gone 
and their replacements are low in mammalian toxicity, are very 
target-specific, and have minimum environmental impact. There is 
a green revolution going on in pesticides! But, the under-informed 
consumer still retains the original beliefs about the word “pesticide”.

DDT is a good example. When its insecticidal use was first 
understood by Dr. Paul Muller in 1939, it was employed to destroy 
the insect vectors of malaria and typhus. Conservatively, over 
1,000,000 lives were saved in the first few years. Dr. Muller received 
the Nobel Prize in Physiology and Medicine in 1948 for its discovery. 
Since it had relatively low toxicity to humans, it was soon so overused 
by society, spraying woods and swamps in addition to farming, that 
it became a threat to the environment. In addition, insects developed 
resistance to its effects and it was eventually banned from use in the 
US. It is still used in some African countries on mosquito netting 
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over beds and on walls. Today, it is only 
remembered as a dangerous pesticide, its 
role as a major lifesaver is almost completely 
forgotten.

Let’s try to learn the whole story in crafting 
our beliefs.

Peter Ten Eyck, Indian Ladder Farms, 
Altamont, NY
peter@indianladderfarms.com

APPLE RESEARCH & DEVELOPMENT PROGRAM ADVISORY BOARD

 Chairman	 Walt	Blackler,	Apple Acres
  4633 Cherry Valley Tpk. Lafayette, NY 13084
  PH: 315-677-5144 (W); 315-729-3728 (C)
  wblackler@gmail.com

  Alan	Burr,	New Royal Farms
  7577 Slayton Settlement Road, Gasport, NY  14067
  PH/FX:  716.772.2469 ; greenapple47@juno.com

	 	 Steve	Clarke,	Sunshine Orchards
  40 Clarkes Lane, Milton, NY  12547 
  PH: 845-795-2383; 845-901-7440(C);  FX: 845-795-2383  
  apelsteve@hvi.net

	 	 Robert	Deemer, Dr. Pepper/Snapple Group
  4363 Rte.104
  Williamson, NY  14589
  PH: 315.589.4911 ext. 713; FX: 315-589-8048
  bob.deemer@dpsg.com 

  Mason	Forrence,	Forrence Orchards  
  2740 Route 22, Peru, NY  12972
  PH: 518-643-9527; 518-726-6074 (C); FX: 518-643-9509
  gaylewager@yahoo.com

  Ted	Furber,	Cherry Lawn Farms
  8099 GLover Rd., Sodus, NY 14551
  PH: 315-483-9221; 315-573-4046 (C); FX: 315-483-6408
  atfurber@yahoo.com

  Jeffrey	Lothian,	Marketing Order Administrator
  NY State Dept. of Agriculture & Markets
  10B Airline Drive, Albany, NY 12235
  PH: 518-485-2014; FX: 518-457-2716 
  jefferylothian@agriculture.ny.gov

  Peter	Ten	Eyck,	Indian Ladder Farms
  342 Altamont-Voorheesville Road
  Altamont, NY  12009
  PH: 518-765-2956; 518-698-6258 (C); FX: 518-765-2700
  Peter@indianladderfarms.com



Well built and reliable, these boxes will 
protect your produce. In bulk, $7.00 each

Hamlin Sawmill
1873 Redman Rd. Hamlin, NY 14464

585-964-3561
art@rochester.rr.com

www.OneBushelCrate.com

One Bushel Crates

NEW YORK FRUIT QUARTERLY .  VOLUME 24  .  NUMBER 2  .  SUMMER 2016 3

Free		Consultation		and	Quote	
Call	Mike	Mager	at	585-343-2678

Refrigerated	and	Ventilated	
Cooling	Systems	for	Fruit	
and	Vegetable	Storages

•	COMMERCIAL	REFRIGERATION
•	DESIGN,	SALES	AND	SERVICE
•	SERVING	AGRICULTURE	FOR	OVER	65	YEARS

REFRIGERATION CO. OF BATAVIA
26 Cedar Street, Batavia, NY 14020
www.arcticrefrigeration.com

Adams County Nursery, Inc. • (800) 377-3106 • (717) 677-4124 fax  
www.acnursery.com • email: acn@acnursery.com

ACN_Specialized_NYFQ.qxp_Layout 1  3/5/15  10:49 AM  Page 1



4  NEW YORK STATE HORTICULTURAL SOCIETY

©2014 Plantra, Inc.
www.plantra.com | 800-951-3806

RUINED FRUIT 
FLAVOR AND 

LOST TONNAGE

LOST PROFITS

Harvest Math 101

Protect blueberries, grapes, cherries, raspberries, blackberries and 
other crops 24/7 with AviGard ® Bird Netting from Plantra!

Professional Grower Supplies for Vineyards,
Orchards, Nurseries and Wildlife Habitat

Grow Tubes • Bark Protectors • Weed Mats
Fertilizer Packets • Deer Repellent

Increase Fruit Quality up to 60%
Bin fi ller ensures that large bins are 
fi lled evenly, without bruising fruit

Sort the Fruit
Presort bin for 
culls

Compressor
Onboard air compressor for 
pneumatic tools 

Increase Efficiency
Four hydraulic adjustable 
platforms - pick at all levelsLeveling & Stability

Hydraulic leveling suspension

Removable 
Conveyers
Remove 
to use for 
pruning

Bin Trailer
Trailer holds up to 16 
bins.

Two Sizes of Pluk-O-Trak!
Senior (shown) and Junior models available.

Automatic 
Sensor 
Steering

Call OESCO, Inc.
for a demonstration

800-634-5557
www.oescoinc.com P.O. Box 540, 8 Ashfi eld Road / Rt. 116, Conway, MA 01341

Scan to see 
the Piuma in 
action!

Scan to see the
Pluk-O-Trak

in action!

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

• 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-levelling, auto-
steering

• Whisper-quiet fuel effi cient diesel 
engine

• Onboard compressor for air-driven 
tools

• Flow-thru bin design

The Munckhof Pluk-O-Trak



NEW YORK FRUIT QUARTERLY .  VOLUME 24  .  NUMBER 2  .  SUMMER 2016 5

“Our current research is attempting 
to identify measurable fruit 
characteristics at harvest that 
integrate the effect of crop load and 
climate that could be used to predict 
fruit quality after storage.”

Precision Harvest Management
Terence Robinson1, Poliana Francescatto1, Jaume Lordan1, Craig Kahlke2, Anna Wallis3, Dan Donahue3, Mario Miranda Sazo2, 
 and Elizabeth Tee2
1	Horticulture	Section,	School	of	Integrative	Plant	Science,	Cornell	University,	NYSAES,	Geneva,	NY
2Cornell	Cooperative	Extension,	Lake	Ontario	Fruit	Program
3Cornell	Cooperative	Extension,	Eastern	NY	Commercial	Horticulture	Program,	Plattsburgh,	NY

Each season, apple fruit growth and development is affected 
by the climate that year, the crop load on the tree, and 
the nutrient content of the fruit. In areas with variable 

summer climates 
such as New York 
State, this results 
in variable fruit 
quality from year 
to year. Various 
fruit quality char-
acteristics mea-
sured at or just 
before har vest 
may be useful for 

predicting the quality of apple fruits post-storage. 
 With favorable weather and the use of precision orchard 
management, we can produce a high quality apple. However, 
fruit must be picked at the optimum maturity for that quality to 
be realized and for growers to capture high returns for their fruit. 
For 50 years, we have used fruit maturity measurements to guide 
decisions on when to pick (color, background color, firmness, 
soluble solids, starch degradation pattern and internal ethylene). 
The regional fruit maturity programs run by extension educa-
tors have helped guide growers on when to pick. Fruit samples 
are collected from various orchards and analyzed for firmness, 
soluble solids, starch pattern and ethylene once per week. Buyers, 
consultants and fieldmen work with growers to decide when to 
pick each block and each variety. These harvest maturity evalu-
ations have been invaluable in helping fruit growers know when 
to pick each variety.

Assessing Quality of the Fruit at Harvest
 It is important to distinguish between fruit quality measure-
ments and fruit maturity measurements. Measurements such 
as sugar content, firmness, dry matter concentration, and fruit 
mineral concentration are all fruit quality measurements, while 
ethylene evolution, change in color and background color, and 
starch degradation pattern are fruit maturity measurements. 
Using fruit maturity measurements helps us pick the fruit at the 
correct maturity to ensure good postharvest performance, but 
the internal quality (what is in the package) is also important to 
assess at or just prior to harvest to guide decisions on what to do 
with the fruit. The internal quality of the fruit varies from year to 
year and from orchard to orchard, but we do not assess it and use 
the information to make better decisions about what should be 

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

done with the fruit (sell immediately, short term storage or long 
term storage). Some of the variability in fruit quality at harvest 
can be explained by light distribution within the tree canopy. 
One of the reasons for the move towards intensive production on 
dwarfing rootstocks was to improve fruit quality by removing the 
shaded region in the lower, central parts of large trees. However, 
even on a well-grown Tall Spindle tree, fruit internal quality can 
still vary considerably. More recent studies by John Palmer in 
New Zealand have shown that fruit dry matter concentration is 
a measure of fruit quality that integrates many of the events that 
occurred during the growing season into one measure of quality.

Fruit Dry Matter Concentration
 Palmer et al. (2010) has recently shown that apple fruit dry 
matter concentration (DMC) can not only predict soluble solids 
concentration after storage, but also, and more importantly, 
consumer acceptance. In their research, fruit DMC was a more 
reliable predictor of total soluble solids (TSS) after 12 weeks of 
air storage at 0.5°C than TSS at harvest for both Royal Gala and 
Scifresh. Fruit DMC was also positively correlated with flesh 
firmness, although this relationship was not as strong as that seen 
with soluble solids, and was more dependent on cultivar. Con-
sumer studies showed that consumer preference was positively 
correlated with fruit DMC of Royal Gala apples.
 Fruit DMC at harvest can therefore be used to predict the 
sensory potential for the fruit after many months of storage. In 
contrast, measurements such as firmness and titratable acidity are 
more dynamic and can change during maturation. The dynamic 
nature of these latter indices makes it difficult to predict storage 
responses from their measurement at harvest. However, this does 
not mean that the traditional harvest indices are useless, as they 
are indicators of harvest maturity; instead, DMC can be viewed 
as a complementary quality index. Fruit DMC can be used to 
compare and contrast the future eating quality for different or-
chard blocks at harvest, while firmness and other quality indices 
can be used to monitor the progression of the fruit during the 
harvest window to pick at the optimum time so that the sensory 
potential is realized after storage. For example, a high DMC fruit 
will only achieve its high sensory potential if it is harvested at the 
correct stage of maturity and then stored in a manner in which 
firmness and acidity are optimally conserved. It is very unlikely 
that a high DMC will compensate for poor firmness from late 
picking.
 Over the harvest period, fruit dry matter concentration 
changes little, while other fruit characteristics such as soluble 



6  NEW YORK STATE HORTICULTURAL SOCIETY

solids concentration, flesh firmness, starch 
content, skin red color, and background 
color can change quite rapidly. This allows 
DMC to be determined (one week) before 
harvest to be used to make decisions on the 
destiny of the fruit. Also, this measure of 
fruit quality is easy to determine. It is done 
by cutting 2 longitudinal slices from oppo-
site sides of the fruit on each of a 10-fruit 
sample, and then determining the fresh 
weight of the wedges before drying and the 
dry weight of the wedges after drying in a 
forced air oven for several hours at 65°C 
(Figure 1).
 Dry matter concentration can be influ-
enced by cultivar, rootstock, season, crop 
load, water stress, and position within the tree, and can vary from 
8 to 19%. One of the most important factors affecting fruit DMC is 
crop load, which is negatively correlated to fruit DMC (high crop 
load=low fruit dry matter content). With very high crop loads, the 
carbohydrates from the tree must be divided among many more 
fruits, thus each fruit receives less dry matter. This is especially 
important with Honeycrisp, which, when overcropped, does not 
develop good color or flavor due to low DMC.
 A second important factor that influences DMC is light level 
and temperature during the season. Shading studies with Cox’s 
Orange Pippin showed that a shade of 66% post-bloom reduced 
fruit DMC at harvest from 19.4% to 17.1%. Cloudy summers have 
a negative effect on fruit DMC and will result in lower fruit soluble 
solids and quality after storage. This may also help explain differ-
ences in fruit quality from year to year and from sunny production 
regions to humid and cloudy production regions. A third important 
factor that influences DMC is water supply. Reduced water supply 
due to drought can increase DMC because it is a ratio of dry matter 
to water content. 
 We envision the use of fruit DMC as a way to segregate fruit 
below a certain quality standard. The measurement of fruit DMC 
will be most useful in comparing fruit from different blocks of 
the same cultivar. With such comparisons, blocks with high dry 
matter fruit of any cultivar will prove to be more acceptable to the 
customer than fruit from blocks with low dry matter. 

Fruit Mineral Concentration
 Another measure of the internal quality of an apple at harvest 
is fruit mineral concentration. Work done in the 1980s showed 
that some fruit disorders such as bitter pit could be predicted from 
concentration of fruit minerals such as calcium. Later studies have 
shown the ratios of various elements in the fruit can be useful in-
dicators of storability, post-storage fruit quality, or susceptibility 
to disorders.
 In our studies with Honeycrisp (Robinson and Lopez 2009), 
crop load had a dominant effect on fruit quality, but fruit mineral 
nutrition also had a significant effect. High nitrogen soil fertiliza-
tion increased fruit size but reduced fruit color, storage quality, 
and crop value, while vegetative shoot growth was increased. In 
contrast, potassium fertilization improved yield, fruit size, storage 
quality, and crop value, while reducing the incidence of storage 
disorders and storage rots. Thus, we recommend a moderate level 
of nitrogen fertilization (20–50 lbs N/acre) and a relatively high 
level of potassium fertilization (80–100 lbs K2O/acre). Although 

Figure	1.		Slicing	apples	for	fruit	dry	matter	concentration.

nitrogen helps push growth, it results in poorer color, more rots, 
and storage disorders. High potassium results in increased yield, 
fruit color, fewer storage disorders and rots, and greater crop value.
 Total water supply (irrigation amount plus rainfall amount) 
was related to the incidence of bitter pit and fruit rot incidence. 
The early season (mid-May to mid-June) was related to increased 
incidence of bitter pit and fruit rot incidence. This was likely due 
to poor Ca uptake in the early season of years with dry May and 
June weather. Thus, in dry years, irrigation should be applied during 
the early season to ensure adequate Ca is absorbed by the plant 
and provided to the young fruitlets.
 In our studies, there was no relationship between fruit Ca 
concentration and fruit firmness, incidence of disorders or storage 
rots. This is in contrast with other work on Honeycrisp and other 
cultivars. We also could not show a benefit of Ca sprays on fruit 
Ca levels or bitter pit incidence. Other foliar nutrient sprays (N, 
Mg, Zn, B) had little effect on yield, fruit quality, crop value, stor-
age disorders, or storage rots. However, we did find a consistent 
relationship between fruit P concentration and incidence of disor-
ders (primarily bitter pit). We also found a consistent relationship 
between fruit P:S ratio and fruit red color. 
 Perhaps fruit mineral analysis will prove beneficial in deter-
mining fruit storability. We suggest examining fruit P, S, Ca and P:S 
ratio, which is correlated with bitter pit and storage rot incidence. 
A system of sampling fruit from each block and each variety one 
week before harvest and getting fast laboratory service to measure 
both fruit DMC and fruit mineral concentrations would allow 
both fruit DMC and fruit mineral levels and ratios of minerals to 
be used to segregate fruit at harvest, so that poor quality fruit is 
not put in the fresh market or stored for long periods with poor 
results and storage disorders. 

Determining When to Pick the Fruit 
 Block-Specific Maturity Tests. The regional fruit maturity 
programs conducted by extension educators give variety-specific 
maturity data for a region, but they do not provide block-specific 
information growers can use to determine when to harvest each 
variety in each block. Some farms already do extensive block-by-
block maturity testing and use the information to determine when 
to pick each block. Others rely on the regional information from 
extension programs. An increase in block-specific maturity testing 
by growers (or their consultants) could significantly improve fruit 
quality after storage. This information can then guide how long 
the fruit should be stored.
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 The DA Meter. An alternative method of evaluating fruit 
maturity is to use differential absorbance (DA)  of near-infrared 
radiation applied to the surface of the fruit to measure chloro-
phyll levels in the fruit, developed by Dr. Costa of the University 
of Bologna. He developed a hand-held device called the DA 
meter, which is an instrument that allows the measurement of 
chlorophyll content in the fruit skin as a precise index of a fruit’s 
ripening state (Figure 2). The DA meter allows a quick measure-
ment of ripeness by growers or their consultants during the 
harvest period, to identify the best time for the picking, and for 
selecting representative fruits to show the pickers to guide them 
in the fruit selection process when doing multiple picks.

 The DA meter gives values from 0–1, called a DA index. The 
values obtained from the DA meter are not dependent on the 
season like other parameters such soluble solids concentration. 
Sugar content is dependent on climatic conditions during he year. 
Poor light levels during the summer prevent fruit from reaching 
a high sugar level, even at complete ripeness. As a consequence, 
the soluble solids index can indicate if the fruit tastes good, while 
the DA index indicates when the fruit, either good or bad tast-
ing, has actually reached the optimal ripeness level. In favorable 
years, the exclusive use of soluble solids to decide when to pick 
the fruit would anticipate the harvesting too much, resulting in 
picking sweet fruits but not as sweet as they could be if picked 
at the optimal point of ripeness. In a bad season, the opposite 
would occur; i.e., delaying harvest until sugar content improved, 
but with over-maturity and negative consequences for storability, 
and in many cases without ever reaching a satisfactory sugar level. 
The DA index allows fruit to be picked at the optimal ripeness 
level – that is, when the fruit has reached the best sugar level 
possible given the climate that year, but before losing storability. 
The DA index varies through the whole season, which allows DA 
index measurements to begin weeks before harvest, and then 
charting changes in the index to provide a reliable indicator of 
fruit ripeness long before the moment of picking. 
 The measurement of chlorophyll content with the DA meter 
is not affected by fruit red color (different wavelengths). Thus, 
with highly colored cultivars or strains that get red before they 
are ripe, the DA meter provides a reliable indicator of the ripeness 
stage of the fruit itself. The measurement is non-destructive and 
allows measurements of fruit directly on the tree. To fully imple-
ment this machine in the northeast, more testing by researchers 
and growers will be required. However, it offers the potential to 

Figure	2.		The	DA	meter	for	measuring	fruit	maturity.

increase the precision of block-specific harvest maturity deci-
sions.

Getting the Fruit Picked on Time
 Even if growers can more precisely pinpoint when to pick 
each variety in each block, having the labor to do the picking 
on time is a significant challenge for many growers. Managing 
labor during the picking season to always harvest each plot and 
each variety on time should be a very high priority for growers. 
Sometimes weather delays harvest or labor shortages affect the 
timeliness of harvest. However, precision orchard management 
requires better labor management so the job always gets done 
on time. In the case of harvest maturity, this can make the differ-
ence between successfully capturing a high fruit price after a full 
season of precision orchard management, or in losing the high 
fruit price at the last moment after investing significant effort to 
produce a high quality product.

Efforts and Summary
 Precision harvest management includes assessing the quality 
of the fruit by measuring fruit dry matter content and fruit min-
eral concentration, then identifying the optimum fruit maturity 
for each variety and each block by using traditional fruit maturity 
indices or the new DA meter, and then having the labor resources 
to harvest the fruit at the optimum moment. This is not an easy 
task, but will help growers capture the high crop values they 
have generated from a season-long effort of precision orchard 
management, to not leave “money on the table”.
 Our previous research indicates that crop load is an im-
portant variable in determining Honeycrisp apple fruit quality, 
both at harvest and after storage. When crop load is too high, 
the tree cannot supply sufficient carbon and other nutrients to 
give optimum fruit quality (taste, appearance, and storability). 
Similarly, if weather conditions are cloudy, tree carbon supply for 
fruit growth is limited, resulting in less than adequate resources 
for optimum fruit growth and quality. 
 Our current research is attempting to identify measurable 
fruit characteristics at harvest that integrate the effect of crop 
load and climate that could be used to predict fruit quality after 
storage. Based on the work of Dr. John Palmer in New Zealand in 
2013, we have begun a study to determine if Honeycrisp orchards 
can be evaluated at harvest for storage potential using fruit dry 
matter content, fruit mineral content and the DA meter. 
 We have sampled 90–120 Honeycrisp orchards from the 
main apple-growing region in New York State. Fruits were 
sampled weekly until the end of harvest. Fruits sampled right 
before harvest were evaluated for dry matter content and fruit 
mineral content of macro- and micronutrients. Apples from each 
orchard were harvested, and fruit red color, flesh firmness, starch 
index, sugar content, and DA meter readings were evaluated. Half 
of the fruits from each sample were treated with MCP, or left 
untreated and then stored until early February at 0°C in air and 
evaluated for fruit quality — flesh firmness and sugar content, 
external and internal apple disorders, and appearance and taste by 
an untrained panel (Figures 3 and 4). An assessment of potential 
fruit storability for each block has been made based on fruit dry 
matter content and fruit N, Ca and N/Ca ratio. The results after 
storage will be correlated to preharvest measures to determine if 
we could predict fruit quality and storability at harvest to assist 
farmers in segregating fruit for long- and short-term storage. 
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From this study, we want 
to develop guidelines for 
precision harvest man-
agement of Honeycrisp 
apples.

Expectations
1. One week before har-

vest, take a fruit sam-
ple from each block 
and assess fruit qual-
ity by measuring fruit 
dry matter concentra-
tion and fruit mineral 
concentration.

2. Use the results of fruit 
quality assessment 
to segregate fruit for 
long-term or short-
term storage, imme-
diate sales, or juice.

3. Identify the optimum 
fruit maturity for har-
vest of each block 
with the DA meter 
and f irmness and 
starch ratings,

4. Manage labor re-
sources to pick the 
fruit at the optimum 
maturity,

 

Figure	4.	 Sensory	panel	members	evaluate	Honeycrisp	apples	sampled	weekly	from	several	orchards	throughout	the	NY	
State.	

Figure	3.	 	Some	of	the	physiological	storage	disorders	evaluated	 in	this	project	 (from	left	 to	right	–	soft	scald,	soggy	
breakdown	and	bitter	pit.		
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“This project was designed to use 
exclusion netting over an existing 
bird netting support structure and 
to monitor the potential of growing 
a commercially acceptable blueberry 
crop without the use of insecticides to 
control SWD.”

Using Insect Netting on Existing Bird Netting Support 
Systems to Exclude Spotted Wing Drosophila (SWD) 
from a Small Scale Commercial Highbush Blueberry 
Planting 
Dale	Ila	Riggs1,	Greg	Loeb2,	Steve	Hesler2,	and	Laura	McDermott3
1The	Berry	Patch,	Stephentown,	NY
2Department	of	Entomology,	New	York	State	Agricultural	Experiment	Station,	Geneva,	NY
3Cornell	Cooperative	Extension,	Eastern	New	York	Commercial	Horticulture	Program,	Hudson	Falls,	NY

The spotted wing drosophila (Drosophila suzukii) is an in-
vasive fruit fly from Southeast Asia. It was first discovered 
in the United States in California in 2008, and by 2013 it 

was reported in 
all US states, with 
the exception of 
Arizona, Neva-
da, New Mexi-
co  and  S outh 
Dakota. Spotted 
wing drosophila 
(SWD) has many 
hosts, including 
non-crop plant 
species, but is a 

major problem for raspberries, blueberries, day-neutral straw- 
berries, cherries, peaches, plums, and other late-season, soft-
skinned fruits.
 During the 2012 growing season, SWD infestations were 
estimated to have cost NYS berry growers more than 5 million 
dollars in lost crop revenue (Carroll et al. 2012). Without 
protection, up to 80% of raspberry crops may be lost, while 
blueberries are vulnerable to losses of 30% or higher depending 
on cultivar. The participating farmer in this study lost 40% of her 
blueberry crop in 2012. 
 For highly susceptible crops such as fall raspberry and 
later maturing blueberry cultivars, producing a clean crop in 
the era of SWD is challenging, requiring frequent insecticide 
applications during harvest. This can be problematic, since many 
berry customers in the Northeast choose to buy local berries in 
part because they are assured of having low-spray or no-spray 
protocols and thus no risk of spray residue or exposure. Prior 
to the advent of SWD, growers were able to accomplish this 
feat through the use of appropriate cultural practices. Of all the 
fruit crops grown in the Northeast, blueberries are perhaps the 
most amenable to organic production. Generally speaking, pest 
problems are fewer than with most other fruits, and blueberry 
growers preferentially use ammonium nitrogen, which is a 
direct breakdown product of organic nitrogen sources such 
as manure (Carroll et al. 2015). This had allowed Northeast 
blueberry growers prior to 2011 to grow high quality crops with 
low chemical input. SWD has changed this situation. Hence, 
there is strong motivation for finding non-chemical alternatives 
to the SWD problem for blueberries and other berry crops.

 Based on published research from Japan (Kawase et al. 
2008), growers and researchers became interested in using 
netting to exclude SWD from susceptible berry crops. Promising 
preliminary results were obtained in 2013 using fine-mesh knitted 
netting over blueberries (McDermott and Nickerson 2014) and 
raspberries (unpublished data). These studies, however, had 
only looked at small-scale plots and were not conducive to 
commercial operations that require daily access for harvest and 
maintenance operations, while also allowing for worker comfort 
during harvest. This project, which was supported by a NE 
SARE Farmer grant, was designed to use exclusion netting over 
an existing bird netting support structure and to monitor the 
potential of growing a commercially acceptable blueberry crop 
without the use of insecticides to control SWD over two harvest 
seasons. Additionally, two weights of netting were compared for 
efficacy.

Exclusion System Construction
 In 2014, custom-sewn 80-gram (80 g/m2, 1.0 mm x 0.6 
mm mesh size) and 60-gram (60 g/m2, 1.95 mm x 0.95 mm 
mesh size) insect exclusion netting was purchased (Tek-Knit 
Industries, Montreal, QC, Canada). The 60-gram netting was 
26 feet wide. A galvanized pipe and PVC frame was constructed 
to support the net over one row of blueberries covered with 
60-gram netting. Pipes were used as weights to hold netting in 
place at ground level by wrapping the netting around the pipes 
and fastening with greenhouse clamps. 
 The 80-gram netting was custom-sewn into 26-foot wide 
pieces. This netting was laid over the existing bird net supports 
made of galvanized greenhouse hoops and used to cover six rows 
of blueberries. In 2014, there were three treatments established: 
six rows were covered with the 80-gram netting, one row covered 
by the 60-gram netting, and one row was only covered with bird 
netting as a control row. The netting was applied on July 12. The 
large sheet of 80-gram netting was applied using a purlin and 
then raised over the hoops for the length of the planting so that 
it rested in the valley between the first and second set of hoop 
supports. The netting was unfolded to lift the second piece of 
netting up over the second set of hoop supports and onto the 
third set of hoops. The netting was temporarily fastened to the 
hoops with clamps.
 To weigh down the netting on the edges for the length of 
the planting, the netting was wrapped around purlins on the 
ground, fastening it with greenhouse clamps. On the windward 
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side of the planting the netting was reinforced with rock bags 
(Figure 1). Rock bags were also used to anchor the netting on the 
perpendicular ends. The netting sheets were joined at the ends 
of the rows with a greenhouse wiggle wire channel system on 
the back of 4 x 4 posts. A vestibule built of 4 x 4 treated lumber 
formed the single entrance for workers. This was covered by 80-
gram netting and used standard greenhouse wire lock channel 
and wiggle wire to hold the netting in place. In 2014, clips were 
used to hold the door flaps closed (Figure 2), but in 2015, a 
custom-sewn zipper improved the ease of access. The vestibules 
provided double protection, as workers would enter through 
the first doorway, get it secured, and then go through the second 
doorway into the planting itself, securing it after entering the 
planting.

Figure	1.		 Edge	attached	to	purlin	on	the	ground	and	anchored	with	rock	
bags.

Figure	2.	 Covered	vestibule.

Figure	3.		 Netting	stored	for	winter

 Berries were sampled on a weekly basis from July 15 to 
September 15. Twenty-five berries, from each of 9 locations, 
were randomly selected from the plants each week within 
the 80-gram netting treatment. Twenty-five berries were 
randomly selected weekly from 3 locations for both the 60-gram 
treatment and the control treatment. The berry samples were 
sent via overnight mail to the Loeb lab at the NYS Agricultural 
Experiment Station in Geneva, NY. Upon arriving in Geneva, 
they were placed in rearing cups and checked every three 
days to track SWD emergence. Following a brief breach in the 
netting due to a severe thunderstorm, collected berries were 
also evaluated for oviposition scars and egg breathing tubes. 
 The control row was treated with 4 applications of 
pesticides, spinetoram (Delegate) and acetamiprid (Assail). 
Application dates were July 29, and August 5, 10, and 24. The 
first SWD adults were detected in traps on July 21. There was 
a light passing shower on July 31 and heavy rain on August 7. 
Research elsewhere in the country indicates that rain greatly 
decreases the efficacy of many of the pesticides cleared for use 
against SWD. The first two applications were 6 oz/A of Delegate 
plus 2 lb sugar/100 gal of water. The second two applications 
were 5.3 oz/A of Assail plus 2 lb sugar/100 gal of water. The 
netting was removed in October and stored it in UV-resistant 
tarps for the winter (Figure 3).
 In 2015, the experiment was repeated without the 60-gram 
treatment. Seven rows were covered with 80-gram netting and 
the same control row was covered with bird netting. In 2015, 
wiggle wire was used to connect the separate pieces of netting 
to each other throughout the planting. Greenhouse wire lock 
channel was attached to all purlins on the ground and on 
the support structure. Purlins were connected to the hoops 
themselves with greenhouse connectors, instead of lying in the 
valley created by overlapping hoops. This allowed the entire 
width of the netting to be used more efficiently. The purlins 
were placed on hoops, then the netting was connected, two 
pieces at a time, with one set of wiggle wire, and then opened 
up like butterfly wings to reach across the planting to the next 
purlin.
 In 2015, netting was applied on July 6. A wiggle wire system 
was used to attach the netting to the purlins on the ground. All 
fastening was done at ground level by July 9. Gravel was used 



to weight the netting at two ends of the planting. 
The doorway entry to the vestibule was redesigned 
to incorporate door panels manufactured out of rip-
stop nylon featuring heavy duty zippers sewn into the 
panels for easy entrance. The panels were attached to 
the vestibule frame with wiggle wire.
 In 2015, samples were collected weekly from 
July 15 to August 15. Commercial harvest ended 
on August 18 in 2015, which was half the length of 
the 2014 season. Samples were again sent to Geneva 
for rearing. The control treatment was sprayed with 
insecticides five times in 2015. Applications were 
made on July 23 (5.3 oz/A Assail), July 27 (5.3 oz/A 
Assail plus 2 lb sugar/100 gal of water), August 4 (6 
oz/A Delegate plus sugar), August 9 (6 oz/A Delegate 
plus sugar) and August 17 (5.3 oz/A Assail plus sugar). 
Rainfall on July 24 and July 26 equaled 0.20 inches. 
Rainfall on August 1 and the morning of August 4 
equaled 0.55 inches. It rained all day on August 11 
for a total of 1.2 inches, and rainfall on August 15 
was 0.15 inches. Netting was once again removed in 
October and stored out of the elements. In both 2014 
and 2015, temperature monitors were deployed in 
the control row and in the 80-gram netting rows. In 
2015, relative humidity  was also monitored.

Exclusion Netting Lowers SWD Infestation 
 In 2014, the 80-gram netting treatment, which 
was unsprayed, experienced a very low SWD 
infestation rate of 0.53% over a 10-week harvest 
season. The 60-gram netting, also unsprayed, allowed 
a heavy SWD infestation rate of over 60% infestation. 
This may be due to the weave of the netting not 
being tight enough to exclude SWD, or the fact that 
the support structure in this treatment allowed the 
60-gram netting to make contact with the plants, 
stretching the netting enough to allow fly entry. The 
control treatment had approximately 15% infestation 
until spraying was stopped in late August. On Labor 
Day weekend, temperatures reached almost 100°F 
and SWD populations rose rapidly. At that time, the control 
treatment experienced infestation levels of nearly 70% (Figure 
4).
 In the 80-gram exclusion netting treatment, the first berries 
with SWD were found on August 25, when 2 adults emerged 
from collected berries. The highest level of infestation in this 
treatment was on September 8, when 5 SWD adults emerged. 
Our last sampling date of September 15 had 3 adults emerge 
from berries. Over a 10-week period, 12 SWD adults emerged 
from 2250 berries sampled – a 0.53% infestation level over 10 
weeks. Two-thirds of infested samples came from replication 
sites closest to the entry. Initially, there were significantly more 
SWD in the 60-gram treatment than in the control (up to 60% 
infestation in one sampling) because the control was treated 
four times with insecticide. The 60-gram treatment was never 
sprayed, illustrating how devastating SWD infestations can be.
 In 2015, the 80-gram exclusion netting was compared with 
a pesticide-treated control. The 2015 season was much shorter, 
but over a 5-week harvest, the 80-gram netting resulted in a 
0.37% infestation rate. On August 4, 2 SWD adults emerged, 

Figure	5	 2015	 SWD	 infestation	 results;	 Control	 (blue	 bars	 received	 5	 pesticide	
applications).

Figure	4.	 2014	 SWD	 infestation	 results;	 Control	 (blue	 bars	 received	 4	 pesticide	
applications).

and on August 11, 3 SWD adults emerged from berry samples. 
Sampling ended on August 18. The tighter spray schedule on 
the control bushes also kept SWD in check better than the 
previous season, but on August 18, our last sampling date, 15 
SWD emerged from 75 berries, approximately a 20% infestation 
(Figure 5).
 Both years of temperature data indicate that the 80-gram 
netting resulted in a slightly higher daytime temperature inside 
the netting than the 60-gram treatment or the control (Figures 
6 and 7). The night temperatures were virtually the same. In 
2015, the relative humidity was slightly higher under the 80-
gram netting than in the control. During the day, it could be 
very slightly higher, but not consistently so. At night, it was 
consistently higher by about 4–6%. However, both treatments 
were consistently over 90% relative humidity, but under 100% 
(Figure 8).
 Two of the greatest improvements made in the design 
over the course of the project were zippered doorways and the 
improved system of using wiggle wire attachment. It’s important 
to prevent rubbing and abrasion of the net, which results in 
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holes (Figure 9). These holes can be points of 
entry for SWD. Other possible points of entry are 
at the base of the net due to uneven ground and a 
poor “seal”; inattention at the entryway; and poor 
connection of the netting “panels”.

Exclusion Netting Cost
 The retail cost of the netting to cover the 
half-acre of blueberries in this manner (including 
custom sewing) was $4600, or $0.135 per square 
foot. When amortized over 5 years, the cost 
of the netting is $657 per year for a half-acre. 
With proper care during the winter, Tek-Knit 
guarantees the netting against UV breakdown 
for five years. Bird netting ranges from $0.12 to 
$0.055 per square foot, but roll lengths of the 
cheaper materials were not appropriate for farm 
scale plantings. The warranties of bird netting 
products vary as much as the roll length. The 
grower estimates that the cost of the system can 
be re-couped in one year, as opposed to losing 
40% of crop, or no longer being able to sell 
pesticide-free blueberries.
 The 80-gram netting effectively excluded 
SWD from a half-acre blueberry planting, 
allowing the grower to avoid crop loss and 
pesticide sprays. The 80-gram netting also 
protects the crop from birds, deer, hail, wind, and 
heavy rain, and costs less per square foot than 
does some bird netting. 
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Figure	9.		 Hole	in	netting	caused	by	abrasion

Figure	6.		 2014	temperature	trends

Figure	7.		 2015	temperature	trends

Figure	8.		 2015	relative	humidity	trends



  [For the full final report on this NE SARE project, please visit: 
http://mysare.sare.org/sare_project/fne14-813/?page=final.
 For information about the Tek-Knit exclusion netting, 
please contact Berry Protection Solutions at berryprotection@
fairpoint.net.]
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Environmental Sources of Agrobacterium vitis, the 
Cause of Crown Gall on Grape
Tom Burr, Kameka Johnson, Cherie Reid, Didem CANIK Orel, Marcela Yepes, and Marc Fuchs
Section	of	Plant	Pathology	and	Plant-Microbe	Biology,	SIPS,	Cornell	University,	NYSAES,	Geneva,	NY

“We developed a highly sensitive method 
for detecting the pathogen in grapevines 
... which is manyfold more sensitive 
than previous detection methods ... and 
has greatly expanded our knowledge of 
where the bacterium persists in nature.”

Crown gall disease of grapes is caused by the bacterium, 
Agrobacterium vitis, and can significantly impact vine 
growth and vineyard production.  Although crown gall 

occurs on many 
plant species, A. 
vitis is specific to 
grape, whereas 
other species of 
Agrobacter ium 
c a u s e  c r o w n 
gall on different 
crops, particularly 
fruits, nuts and 
o r n a m e n t a l s 

(Otten et al. 2008).  On grape, crown gall is observed as galls that 
form primarily on the lower trunks of vines and in some cases on 
canes (Figure 1).  The disease weakens vines and causes significant 
economic losses in vineyards and nurseries.  A. vitis is able to 
survive systemically in grapes and therefore can be spread within 
symptomless propagation material and in apparently healthy young 
vines.  In addition to causing galls, A. vitis also causes a necrosis 
that is harmful to grape root development and may also inhibit 
graft take (Figure 2).  Infections are initiated at wounds, which in 
NY are typically caused to vines by freezing winter temperatures.  
Another common site where crown gall is initiated is at graft 
unions.  Infections occur in cambial cells that are involved in 
the wound-healing process; therefore, 
crown gall causes damage to vines by 
essentially compromising the normal 
wound-healing process.  In vineyards, 
new galls are usually observed around 
midsummer.  It has been shown that 
if the trunk surface circumference is 
covered with 50% or greater crown gall, 
the vine will show significantly reduced 
growth and production (Schroth et al. 
1988).
 Management of grape crown gall 
today largely relies on the implementa-
tion of cultural practices that help to 
mitigate the effects of wounding caused 
by freezing temperatures.  Grape va-
rieties and rootstocks differ in their 
susceptibility to cold temperatures and 
to the disease.  Whereas all V. vinifera 
cultivars are quite susceptible to crown 
gall, some of the hybrid and American 
varieties are more resistant; however, 
this varies widely depending on variety.  
For example, crown gall is rarely seen 

as a problem on Concord grapes, but is more prevalent in Niagara 
vineyards.  In addition, grape rootstocks differ in susceptibility, 
varying from highly susceptible to resistant.  For example, crown 
gall is rarely seen on rootstocks C3309 and R. Gloire, but is more 
prevalent on rootstock 110-R.  It should be noted that, because 
the bacterium is systemic in vines, even resistant scion varieties 
and rootstocks may carry the pathogen internally.  
 Because injuries are required for initiation of crown gall 
infections, any management strategies that minimize injury and 
particularly freeze injury will be of benefit.  These include selec-
tion of planting sites that have good air drainage and are on well-
drained soils.  The disease is often first noted in low-lying regions 
of vineyards.  These may have persistently wet soils, which affects 
vine vigor and winter acclimation, and they are also locations where 
cold air collects during freeze events.  
 Other management practices include hilling soil around 
the vine’s graft union and lower scion in the fall of the year, to 
protect that region from freeze injury and to provide the po-
tential for growing a replacement trunk if an established trunk 
is killed.   In addition, the implementation of training multiple 
trunks on vines is widely practiced to allow removal of diseased 
trunks and growing of new trunks while retaining a level of fruit 
production.  Maintaining proper nutrition and crop load will also 
facilitate proper hardening off of vines in the fall, making them 
less conducive to winter freeze injury.  There are some products 
on the market for crown gall control and a biological control that 

Figure	2.		Necrosis	caused	by	A. vitis	on	
grape	roots.Figure	1:		Crown	gall	on	Riesling	trunks.
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is very effective for controlling the disease on several plant spe-
cies, but not on grape.  To date, none of the products are able to 
significantly control grape crown gall.  Antibacterial materials will 
kill A. vitis on contact, but since the bacterium lives systemically 
within vines, they are protected from surface-applied products.
 Our laboratory studies the biology of A. vitis in vineyards 
with the aim of improving management decisions for crown gall.  
We previously determined that A. vitis is able to survive in grape 
root debris in soil and persist until the root organic matter has 
completely decayed.  Recently, we developed a highly sensitive 
method for detecting the pathogen in grapevines using technol-
ogy known as Magnetic Capture Hybridization (MCH) (Johnson 
et al. 2013).  The method is based on detection of a specific gene, 
virD2, which is required for A. vitis to cause crown gall.  MCH 
is manyfold more sensitive than previous detection methods 
that were used to study the pathogen in grapevines; it can be 
completed within a few days, as compared to weeks, and has 
greatly expanded our knowledge of where the bacterium persists 
in nature.
 We used the MCH method to determine the distribution of 
A. vitis in dormant grape canes that are used to propagate vines.  
By determining where in canes the pathogen is most prevalent, 
our aim was to improve the efficiency of indexing propagation 
material for its presence.  We have discovered that the pathogen 

Table	1.	Distribution	of	Agrobacterium vitis	in	nodes	and	internodes	of	dormant	canes	collected	from	grapevines	with	crown	gall.	

Vine	
numbera

Grapevine	cane	segmentb

1N 1I 2N 2I 3N 3I 4N 4I 5N 5I 6N 6I 7N 7I 8N 8I 9N 9I

1A - - - - - - - - - - - + + -

1B - - - - + + - - - - + -

2A - - + - + + - - - + - -

2B - - - - - + - - - - - -

3A + + + + - + - - - - - -

3B - - - - - + - - + - - -

4A - - + - - - - + - - - -

4B + + + - + + - + - + + + + +

5A + + - - + - - - + - - + + - + -

5B - - - - + - - - - - + - - - - - - -

6A - + + + - - - - - + - +

6B - + - + + - - + - -

7A - + + + - - - + + - + - + -

7B - - - - + - - - - +

8A - + + - - -

8B - - - - - - - - - - - - - -

9A + - - - - - - - + -

9B + - + + - + + + + -

10A - + - - - + + +

10B + - - - - + - -

Percent 
Positive 30 40 40 25 35 45 10.5 31.6 29.4 23.5 30.8 30.8 66.7 16.7 50 0 0 0

a Two canes, A and B were collected per vine. Magnetic Capture Hybridization Real-time PCR was used to detect the presence of A. vitis. + = presence of A. vitis.
b Each number indicates a segment that is comprised of 4 nodes (N) and the 4 corresponding internodes (I).

is randomly distributed in dormant canes and could be detected 
in nodes as well as internodes (Table 1) (Johnson et al. 2016).  This 
finding complicates efficient standardized sampling of cuttings 
taken from foundation material and quarantine sites, as a nega-
tive test result does not necessarily mean the pathogen is absent 
throughout the vine of interest.  Canes for the experiments we 
conducted were collected from grapevines showing crown gall 
on their trunks.
 In addition to canes, we have also determined that A. vitis 
survives in dormant grape buds and can also be detected on 
surfaces of grape leaves and shoots collected in vineyards with 
crown gall.  Dormant buds were collected from vineyards in 2015 
and 2016.  The percentages of buds that tested positive for the 
pathogen are shown in Table 2.  Therefore, within vineyards, the 
pathogen may survive in any region of a dormant grapevine.  Dur-
ing the growing season, it may also persist on the surface of leaves 
and shoots, thereby adding to the likelihood of its distribution via 
splashing rain or through movement by insects to surrounding 
vines and vineyards.
 An attractive strategy for managing grape crown gall that 
is being given considerable attention is through production of 
vines that are free of the pathogen.  This approach is particularly 
worthy of pursuit, considering that A. vitis is host-specific to 
grape and persists systemically in vines; i.e., the pathogen has not 
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Table	2.			Presence	of	A. vitis	in	dormant	grape	buds.

	 	 2015	 2016	 	

Variety	 Number	buds/	+	for	A. vitis*

Vignoles  20/8   
Chardonnay  20/1   
Riesling  20/3 18/17**  
Cabernet Franc  20/0   
Wild Grape  20/1   

Total  100/13  

*Individual buds from each variety were assayed for A. vitis using the MCH 
method described in text.
**Higher percentage of buds in 2016 may be carrying the bacterium because 
of an unusually mild winter and greater bud survival.

been found on other plant species.  Therefore, through research 
supported by USDA APHIS-National Clean Plant Network, we 
have been evaluating the use of meristem and shoot-tip culture 
for elimination of the pathogen from vines.  Currently, plants 
have been propagated through tissue culture; original shoot tip 
and meristem material was taken from dormant cuttings col-
lected from crown gall-infected vineyards (Figure 3).  Ongoing 
testing of these plants with MCH has shown them to be free of 
the pathogen; no samples were found to be positive for A. vitis 
out of 71 samples assayed.  The assays will continue over time to 
further verify the plants are clean; however, at this point it ap-
pears that clean plants can be produced in this manner.
 Assuming that clean plants can be generated, a major consid-
eration is to become knowledgeable of sources of A. vitis in nature 
that could be significant for introducing the pathogen into clean 
vineyards.  Because A. vitis can be detected within and on vines 
in vineyards with crown gall, the closeness of infected vineyards 
to new clean vineyards will be important.  In addition, whether 
the new vineyard site was previously planted to vines, how long 
since the vines were removed and whether crown gall was present 
in the site would also be important, as remaining grape debris 
in the soil is able to harbor the pathogen.  Like other bacteria, A. 
vitis can be disseminated in water from rain or irrigation.  If it is 
present in soil debris, it may also be spread on soil transported 
on farm equipment.  The question of whether the pathogen can 
be spread in grape seed has not been addressed, but is worthy of 
consideration.  Such a means of spread could explain how wild 
grapevines removed from commercial vineyards might become 
colonized.

Figure	3.		A.	vitis-free	grapes	propagated	in	tissue	culture

 We have used the MCH method to evaluate whether wild 
grapevines can harbor the crown gall pathogen, thereby con-
tributing to outbreaks of the disease in vineyards.  In NY, these 
included Vitis riparia vines that were collected from several 
locations near and removed from commercial vineyards.  For 
example, some of the samples were collected from parks and 
from other locations isolated from vineyards.  Our results clearly 
showed that, although crown gall disease expression was not ap-
parent on any of the V. riparia vines, a significant percentage of 
them were carrying A. vitis internally. In addition to vines from 
NY, wild vines were also sampled from California and particu-
larly in the Napa region.  The species of these vines were not 
authenticated; however, individual vines were either native wild 
species or were seedlings resulting from dissemination of seed 
from vineyards within the region.  Again, the results show that 
wild grapes constitute a significant source of A. vitis.
 Thus far, we have demonstrated the close association of A. 
vitis with cultivated and wild grapes and its ability to survive in 
symptomless grapevines, including those that could be used to 
propagate new vines.  Our results also indicate that vines free of 
the pathogen can be generated through tissue culture.  Consid-
ering the presence of the bacterium in wild grapes, and possibly 
other natural habitats, we are asking the question whether it is 
worth the time and effort to produce clean plants for commercial 
production.  From evidence thus far, we would conclude it is.  A 
yet-to-be completed study on the economic significance of crown 
gall indicates producing clean plants is a goal that should be 
strived for.  Certainly for nursery propagation, producing plants 
without crown gall is essential, as those expressing the disease 
are not saleable and can cost the nurseryman significantly.  If 
crown gall occurs in the early years of vineyard establishment, 
often the nurseryman is blamed for distributing the pathogen 
with vines, and this can also cause significant hardship to both 
the nurseryman as well as the vineyard grower.
 It seems clear from our experience with crown gall over 
several years that the greatest damage from the disease is sus-
tained in the early years of vineyard establishment.  When vines 
develop the disease in the first 1–3 years after planting, they are 
often stunted or killed, thereby causing loss to future growth 
and productivity, as well as loss in time and production if vines 
need to be retrained or removed and replaced.  From our current 
knowledge of the field biology of A. vitis, one would conclude that 
avoiding crown gall completely for the life of a vineyard may be 
impossible, considering environmental sources such as wild grape 
that harbor the pathogen.  However, the findings also suggest that 
a sound strategy is to produce and plant clean vines so that if and 
when crown gall develops, the vines will have a greater chance to 
be able to tolerate a certain level of the disease.  This is frequently 
seen in older vineyards, where crown gall may develop following 
unusually cold winters, leading to trunk injury.  In the majority 
of such cases, especially if similar winter events are not repeated 
annually, the vines are able to tolerate the disease.
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“Conditioning reduces risk of low 
temperature storage disorders but 
increases risk of bitter pit development.  
Conditioning may be avoidable, 
depending on the orchard block and 
marketing plan.”

The Honeycrisp apple has had a huge impact on the apple 
industry in New York and beyond.  From a consumer 
perspective, the variety offers a unique eating experience 

as a result of its 
excellent crisp 
texture and flavor.  
The willingness of 
consumers to pay 
premium prices 
for Honeycrisp 
has greatly helped 
maintain the prof-
itability for many 
growers, and yet if 

it weren’t such a great eating experience, it would probably rate 
as the world’s most disastrous apple ever bred!
 In addition to challenges with orchard management, Honey-
crisp represents a huge challenge to the industry because of fruit 
susceptibility to several physiological storage disorders (Figure 
1).  The most serious of these is bitter pit development, both on 
the tree before harvest and during storage.  The variety is also 
susceptible to the low temperature disorders, soft scald and soggy 
breakdown.  These disorders can occur together, or separately, 
and soggy breakdown is especially concerning as it often cannot 
be seen from the outside of the fruit.
 Soft scald and soggy breakdown are associated with low 
storage temperatures, typically 32–33°F.  In early studies at Cor-
nell, we discovered that a conditioning period of 7 days at 50°F 
dramatically reduced development of these disorders (Watkins 
and Rosenberger 1999), and subsequently we confirmed the 
benefit of this treatment with colleagues in other growing regions 
(Watkins et al. 2004).  For most apple varieties, delayed cooling of 
fruit would normally be avoided because of loss of quality, but the 
unique texture of Honeycrisp with its limited cell wall breakdown 
made this treatment acceptable.  However, while control of low 
temperature disorders was achieved by conditioning, we found 
that bitter pit development was increased by this treatment.  An 
example is shown in Table 1, in which fruit were stored at 33°F 
or 36°F with and without conditioning.  Clearly, the lower the 
storage temperature, the lower the bitter pit risk, but the higher 
soft scald incidence, and while conditioning greatly alleviated the 
risk of soft scald, it increased bitter pit incidence.
 In an ideal world, we would be able to predict the risk of 
bitter pit and soft scald development at or shortly after harvest, 
and make appropriate marketing decisions based on when fruit 

This work was partially supported by the New York Apple Research and Development Program, 
and the New York Farm Viability Institute.

Figure	1.	 Physiological	disorders	of	Honeycrisp	apples.	A.	Bitter	pit,	B.	Soft	
scald,	 C.	 Wrinkly	 skin,	 D.	 soggy	 breakdown,	 E.	 Carbon	 dioxide	
(CO2)	 injury,	 F.	 Lenticel	 blotch,	 G.	 Senescent	 breakdown,	 H.	
Vascular	browning

should be sold.  Our current work, funded by the New York 
Apple Research and Development Program, the New York Farm 
Viability Institute, and Federal Multi-State funding has the objec-
tive of developing such prediction methods.  For bitter pit, our 
focus is on mineral relationships, while for soft scald and soggy 
breakdown, the focus is on ethanol, an alcohol that may accumu-
late in the fruit before injury develops.  The work on prediction 
methods is in progress, but in this article, our aim is to describe 
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the patterns of disorder development and document the effects 
of conditioning on increasing the risk of bitter pit development.  
 Understanding the effects of temperature and conditioning 
in fruit from several orchards in several regions can provide 
insight for growers and storage operators to ensure that the best 
management decisions can be made.  In this article, we outline 
our findings on the patterns of soft scald and bitter pit develop-
ment during storage, and the critical balance between advantages 
and disadvantages of conditioning.

Patterns of disorder development
 Fruit were harvested in 2013 from 6 Hudson Valley and 12 
Western New York orchard blocks, transported to the Cornell 
postharvest laboratory at Ithaca and stored at 38°F without 
conditioning.  Bitter pit and soft scald incidences were assessed 
visually on stored fruit at monthly intervals for 4 months.  Results 
for 6 Hudson Valley and 6 Western New York orchard blocks are 
shown in Figure 2, and illustrate:

1. Bitter pit usually developed in the first month of storage.  
This means that it is not progressive in storage and that 
losses around this time will be the maximum achieved and 
therefore is a good time to assess losses from the disorder.

2. Soft scald developed after 1–2 months of storage (soggy 
breakdown incidence was negligible).  Note that develop-
ment was slower in the Hudson Valley, occurred in fruit 
from one orchard only, and that incidence was negligible.  
Also, in Western New York, the maximum incidence was 
12%, and incidence in fruit from most orchard blocks was 
considerably less.  The disorder can, however, be progressive 
in that it may continue to develop with increasing storage 
periods, although in general, maximum incidence occurs  
by months 3 or 4.

Effects of conditioning
 In 2014, fruit were harvested from 3 Hudson Valley, 2 West-
ern New York, 3 Champlain and 2 Pennsylvania orchard blocks.  
Fruit were either untreated or conditioned at 50°F before storage 
at 38°F for 20 weeks plus 7 days at 68°F.
 Bitter pit incidence in untreated fruit ranged from 4% to 
42%, and in conditioned fruit from 8% to 67% (Table 2).  Con-
ditioning increased bitter pit incidence in every orchard, with 
increases ranging from 33 to 78% and averaging 63%.  The degree 
of increase was related to bitter pit levels in untreated fruit since 
orchard blocks with less bitter pit overall had lower losses as a 
result of conditioning.  This is illustrated by plotting bitter pit 
in fruit with and without conditioning against orchard block 
(Figure 3).
 Soft scald incidence in fruit from all orchard blocks was 
generally low (<4%), although 9% occurred in one Hudson Valley 
block (Table 3).  Losses were minor compared with those caused 
by bitter pit development.
 Senescent breakdown (Figure 1) was detected in fruit from 
several orchard blocks, most notably in fruit from one Pennsyl-
vania and one Hudson Valley orchard block (Table 4).  However, 
surprisingly for a disorder we associate with riper fruit, there 
was no increased incidence as a result of conditioning.  Wrinkly 
skin (Figure 1) was found only in fruit from Pennsylvania – 38% 

Figure	2.		 Bitter	 pit	 and	 soft	 scald	 incidence	 (means	 ±	 standard	 error)	 six	 Hudson	Valley	 and	 six	Western	 New	York	 Honeycrisp	 orchard	 blocks	 during	
storage	in	air	at	38°F.

Table	1.		Soft	scald	and	soggy	breakdown	incidence	in	Honeycrisp	apples	
stored	at	33oF	or	36oF	with	or	without	a	conditiong	treatment	of	
50oF	for	7	days	(modified	from	Watkins	et	al.,	2004).

Temperature 
(oF) Conditioning

Soft scald 
and soggy break-
down (%)

Bitter pit 
%

33 No 28a 14c
33 Yes   2d 11c
36 No 19b 20bc
36 yes   0d 34a

Means with different letters indicate that disorder incidence is significantly dif-
ferent at P=0.05.
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fected by conditioning.  However, skin wrinkling was markedly 
reduced by storage at 38°F irrespective of conditioning.  Vascular 
browning (Figure 1) incidence was highest in Champlain-grown 
fruit, but also low at 38°F compared with storage at 33°F.  Senes-
cent breakdown incidence was highest in fruit grown in Western 
New York and was not affected by storage temperature or con-
ditioning (Table 5).

Discussion and conclusions
 The standard recommendation for storage of Honeycrisp 
apples based on work at Cornell University and elsewhere is 
air storage at 38°F after 7days of conditioning at 50°F.  With few 
exceptions, such as extremely late harvest, this treatment pre-
vents development of soft scald and soggy breakdown.  Storing 
fruit at temperatures lower than 38°F after conditioning can 
sometimes be safe, and can reduce bitter pit incidence, but the 
risk of soft scald and soggy breakdown increases.  Also, we find 
little difference in quality that indicates any advantages in term 
of quality (firmness, soluble solids concentrations, acidity) of 
using temperatures lower than 38°F.
 There are several main take-away messages from different 
research projects reported here, however:

1. The timing of disorder development is different, with most 
bitter pit development occurring within the first month of 
storage, and soft scald development occurring between one 
and two months. 

2. Bitter pit levels are reduced if fruit are not conditioned, 
and the risk of soft scald development is low if subsequent 
storage is at 38°F. In general, even when soft scald occurs, 
losses are less overall than those associated with bitter pit.  
With few exceptions, soft scald development was low in fruit 
from most regions.  (An important caveat is that multiple 
harvests of fruit within regions were not tested, and risk of 
injury may change over the harvest period.)

3. Risk of bitter pit development, both with and without con-
ditioning, must be managed in the orchard.  It is rare to find 
an orchard with absence of bitter pit, and the conditioning 
increased incidence by an average of 63% in one of our 
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	Figure	3.			Bitter	pit	incidence	in	Honeycrisp	apples	from	10	orchard	blocks,	
either	untreated	or	conditioned	at	50°F	before	storage	in	air	at	
38°F	for	20	weeks.

Table	2.		Bitter	pit	(%)	in	Honeycrisp	apples	stored	at	38oF	with	or	without	
a	conditioning	treatment	of	50	oF	for	7	days,	and	the	percentage	
increase	in	bitter	pit	associated	with	conditioning.

Growing region 
and orchard 
number 38oF

Cond.
 + 38oF

% Increase 
over ‘no 
conditioning’

PA1 21 37 76

PA2   9 16 78

HV1 42 67 60

HV2 29 49 69

HV3 13 20 54

WNY1   8 12 50

WNY2 18 27 50

CH1 41 63 54

CH2   4   8 50

CH3   9 12 33

Average 19 31 63

Table	3.	 Soft	 scald	 (%)	 in	 Hon-
eycrisp	 apples	 stored	
at	38oF	with	or	without	
a	 conditiong	 treatment	
of	50	oF	for	7	days.

Orchard 
block 38oF

Cond. 
+ 38oF

PA1 0.3 0

PA2 0 0

HV1 0 0

HV2 9 0

HV3 1 0

WNY1 3 0

WNY2 0 0

CH1 2 0

CH2 4 0

CH3 0.3 0

Average 2 0

and 2% in orchard 1 and 2, respectively, and incidence was not 
affected by conditioning.
 In 2015, we increased the number of treatments to include 
conditioning followed by storage at 33°F as well as 38°F for several 
orchards and regions.  Bitter pit incidence was affected more by 
storage temperature and conditioning than by growing region 
(Table 5).  The lowest bitter pit incidence occurred at 33°F, but 
conditioning followed by storage at 33°F increased incidence to 
levels close to that at 38°F.  Conditioning followed by storage at 
38°F resulted in an average of 90% more bitter pit compared with 
38°F alone.
 Soft scald was negligible at 38°F, irrespective of conditioning, 
but incidence in fruit stored at 33°F was very high in Western 
New York (Table 5).  Over all orchards, conditioning of fruit 
followed by storage at 33°F reduced soft scald to less than 4%.  
However, in two of three orchards, soft scald incidence was 18 
and 29%, compared with 64% in the third, and conditioning re-
duced incidence to 2, 0 and 9%, respectively.  Soggy breakdown 
incidence was low, overall.
 Incidence of the wrinkly skin disorder was highest in Penn-
sylvania and Champlain fruit at 33°F and incidence was not af-

Table	4.	 Senescent	 breakdown	
(%)	 in	 Honeycrisp	 ap-
ples	stored	at	38oF	with	
or	 without	 a	 condition-
ing	 treatment	 of	 50	 oF	
for	7	days.

Orchard 
block 38oF

Cond. + 
38o

PA1 28 16

PA2   2   1

HV1 10   7

HV2   3   3

HV3   0   0

WNY1   0   0

WNY2   2   1

CH1   5   2

CH2   1   0

CH3   0   0

Average 5.1 3.0



Table	5.		Bitter	 pit,	 soft	 scald,	 soggy	 breakdown,	 skin	 wrinkling,	 vascular	
browning	and	senescent	breakdown	in	Honeycrisp	apples	stored	
at	33oF	or	38oF	with	and	without	conditioning	at	50oF	for	7	days.		
Means	presented	are	the	averages	of	4	orchard	blocks	from	Penn-
sylvania	and	3	orchard	blocks	in	each	of	the	Hudson	Valley,	West-
ern	New	York	and	Champlain	regions.

Region 33oF Cond. + 33oF 38oF Cond. + 38oF

Bitter pit (%)
Pennsylvania 5 16 12 24
Hudson Valley 1 11 10 13
Western NY 2 17 13 28
Champlain 1   7   5 12
Average 2 13 10 19

Soft scald (%)

Pennsylvania 0.3    0.1 0 0
Hudson Valley    3 1 0 0
Western NY  37 4 0 0
Champlain    7 3 0 0
Average 12 2 0 0

Soggy breakdown (%)

Pennsylvania 0 0 0 0

Hudson Valley 0 0 0 0
Western NY 3    0.2 1     0.2
Champlain 1 1 0 0
Average 2    0.4    0.3       0.05

Wrinkly skin (%)

Pennsylvania 31 24 0 0

Hudson Valley   4   2    0.4 0
Western NY   5   5    0.5 0
Champlain 11 16 0 0
Average 13 12    0.2 0

Vascular browning (%)

Pennsylvania    2      0.4 1 0

Hudson Valley   0 0 0 0
Western NY   5 4    0.2 0
Champlain 16 5 0 0
Average   6 2    0.3 0

Senescent breakdown (%)

Pennsylvania    0.1    0.6    0.7  0.9

Hudson Valley    0.2     0   0.6    0
Western NY 6   12 10 10
Champlain 1     2   3  4
Average 2     4   4  4

studies.  The overall goal must be bitter pit reduction in the 
orchard to minimize losses after harvest.

 The implications of these studies are that fruit should be 
managed to reduce risk of the respective disorders, so for ex-
ample, fruit with high bitter pit risk should be stored without 
conditioning, but marketed earlier than conditioned fruit.  
Growers and storage operators should consider the following 
strategies, recognizing that Honeycrisp is an apple with variable 
behavior from season to season.  

1. If risk of bitter pit is high, based on either high levels of 
preharvest bitter pit, or mineral analyses (to be reported 
separately) then do not condition fruit.  Store at 38°F or 
even lower, if you know that fruit will be marketed less than 
6 weeks from harvest.  To avoid significant retail losses, fruit 
with high bitter pit risk should not be marketed before most 
bitter pit has been expressed.

2. Fruit with low bitter pit risk should be conditioned and 
stored at 38°F if storage periods are uncertain. This is the 
ideal, but we recognize that in many cases, conditioning 
may not be necessary at all. Note that if fruit are going into 
controlled atmosphere storage, however, a conditioning 
period is important not for soft scald control, but for control 
of carbon dioxide injury.

3. Temperatures lower than 38°F may be safe for short term 
periods, but beyond 1–2 months the risk of low temperature 
injuries in addition to soft scald and soggy breakdown can 
increase markedly.

 In conclusion, losses of Honeycrisp fruit after harvest can be 
very high, and sustainable only if returns in the marketplace also 
remain high.  Putting losses into dollar terms, an example exists 
from Western New York.  In 2015, we paid $700 for a bin of fruit 
from each orchard at Sun Orchard Fruit Company, or ignoring 
existing losses for bitter pit in orchard run fruit, close to $35 a 
bushel.  If fruit had been stored at 38°F without conditioning, 
the loss of fruit per bin as a result of bitter pit was $83 and $150 
per bin for orchards 1 and 2, respectively, and with conditioning, 
$228 and $330 per bin for orchards 1 and 2, respectively.  The 
financial cost of the conditioning treatment can therefore result 
in serious financial losses. On the other hand, if the fruit had 
been stored at 33°F without conditioning and marketed within 
a month of harvest, losses due to bitter pit would have been $19 
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and $20 per bin for orchards 1 and 2, respectively.  Management 
of Honeycrisp fruit therefore must take into account presumed 
risk of bitter pit on a block by block basis, and the trade-off with 
conditioning and storage time required for orderly marketing.
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Virus Transmission and Grafting Practices
Marc Fuchs
Section	of	Plant	Pathology	and	Plant-Microbe	Biology,	School	of	Integrative	Plant	Science,	Cornell	University,	New	York	State	Agricultural	Experiment	Station,	Geneva,	NY

“Viruses can have a devastating effect 
on apple growth and productivity.  All 
viruses of apple are transmitted through 
propagation, grafting, and top working.  
The critical importance of sourcing 
propagation material from trees that 
test negative for viruses cannot be 
overemphasized.”

Fire blight and scab are two major diseases of concern to 
apple production and orchard profitability in New York.  
Less familiar to the apple industry but worrisome in 

their own right 
are viruses.  Sev-
eral viruses have 
been identified in 
domestic apple 
(Malus x domesti-
ca Brokh.).  These 
viruses occur in 
a l l  the  apple-
growing regions 
o f  th e  w o r l d , 
where they can 
cause severe dis-

eases, not only in apple, but also in other fruit crops.  Some of 
these diseases were described as early as the 1910s in New York 
apple orchards, although it is only a few decades later that their 
viral nature was elucidated.  Of major concern to orchard profit-
ability in New York are Apple chlorotic leaf spot virus (ACLSV), 
Apple stem pitting virus (ASPV), and Apple stem grooving virus 
(ASGV).  These three viruses are common and generally latent; 
they do not cause acute symptoms on most commercial cultivars.  
However, when present in susceptible cultivars and/or suscep-
tible rootstocks, particularly in mixed infection, their effect is 
often economically devastating.  Other viruses, such as Apple 
mosaic virus (ApMV) and Tomato ringspot virus (ToRSV), can 
also affect apple production in New York, and Cherry rasp leaf 
virus (CLRV) and Tobacco ringspot virus (TRSV) are potential 
threats.

Viruses in apple: Impact and symptoms
 Viruses affect tree growth and reduce budding success, 
causing substantial losses to nursery and orchard operations.  
They also can reduce the productive lifespan of apple trees in 
orchards.  The impact of viruses is usually more severe when the 
trees are infected at an early development stage.  Most viruses are 
predominantly latent; they survive in their host without causing 
symptoms.  Because of their latency, this type of virus is reliably 
identified in apple tissue only by laboratory tests.  The lower tree 
vigor due to virus infection often increases susceptibility to pests 
or adverse environmental factors, resulting in higher economic 
damage.  As a consequence, the cost of orchard maintenance 
increases due to more frequent tree replacements or block re-
movals.
 ACLSV is one of the most widely distributed viruses of 
fruit trees, including in New York.  It is present in cultivated, 
ornamental and wild species of the Rosaceae; e.g., apple, pear, 
quince, apricot, peach, plum, cherry, etc.  This virus is believed 
to be the major contributing factor to apple top working disease.  
It can cause a decline of grafted trees, generally 1–2 years after 

top grafting is done with virus infected scion budwood (Figure 1).  
Although infected trees show no obvious disease symptoms, their 
performance can be reduced.  For example, a reduction in yield 
of 10–30% has been reported for ACLSV in combination with 
other latent viruses.  ACLSV causes no observable symptoms in 
most commercial apple cultivars, although in some susceptible 
cultivars, foliar symptoms can include chlorotic leaf spots and 
line patterns, premature leaf drop, stunting, terminal dieback, 
inner bark necrosis, and local bark necrosis surrounding the 
inoculum buds.  ACLSV is often found in mixed infection with 
other latent viruses such as ASPV and/or ASGV.
 ASPV is frequently found in apple in New York.  No symp-
tom is associated with infection on most scion/rootstock com-
binations, although infection can result in the development of 
pits in the wood cylinder (Figure 2).  In susceptible cultivars, 
extensive pitting can impair functions of the vascular tissue.  Pro-
duction can be reduced, particularly when ASPV is co-infecting 
with other latent viruses such as ACLSV.  
 ASGV is common in apple.  On Malus x domestica, Hewes 
Virginia, commonly known as Virginia crab, this virus causes 
depressions in the wood cylinder.  In other scion/rootstock 
combinations, the graft union can be swollen and exhibit a 
necrotic line.  With symptoms progressing over time, the necrosis 
of the graft union terminal makes the scion exhibit poor growth, 
and leaves can become pale and drop prematurely.  Wood 
symptoms can be more pronounced when ASGV is co-infecting 
with ACLSV and/or ASPV.

Figure	1.	 Decline	of	Red	Delicious/G.935	trees	infected	with	Apple chlorotic 
leaf spot virus	and	Apple stem pitting virus (left	side	of	the	post)	
compared	with	vigorous,	healthy	trees	(right	side	of	the	post)	in	
a	nursery	in	fall	2015.		Note	the	stunted	growth,	browning	of	the	
leaves,	 reduced	 terminal	 growth	 or	 terminal	 dieback	 on	 virus–
infected	trees.		Photo:	D.	I.	Breth	and	E.	M.	Tee.
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 ApMV is one of the oldest known apple viruses.  Infected 
trees develop pale to bright cream spots on spring leaves as they 
expand.  These foliar spots may become necrotic as the season 
progresses, coalescing into shot holes.  Severely affected leaves 
drop prematurely.  Most commercial cultivars are affected, but 
the severity of symptoms varies; Golden Delicious and Jonathan 
are severely affected, whereas Mclntosh is only mildly affected.  
Except in severe cases, infected trees can still produce a crop, with 
yield reductions varying from no reduction to 50% reduction.  
The occurrence of ApMV is very scarce in apple in New York.
 ToRSV causes apple union necrosis.  The disease can be 
prevalent in Delicious on MM.106 rootstock.  The first symptom 
is pitting at the graft union.  Removal of the bark at the union 
exhibits a brown line of necrotic tissue.  In more advanced 
stages of the disease, trees may break off at the union.  Infected 
trees generally have thinner canopies and the leaves become 
pale green.  Fruit productivity progressively declines and trees 
may die 4–5 years after the initial symptoms are observed.  The 
disease is especially severe in trees that become infected in the 
first two years after planting.  Trees that are well established in 
a planting site and become infected at a later development stage 
with ToRSV may remain productive for many years, although 
vigor is reduced.
 CLRV causes flat apple disease.  Infected trees exhibit a 
general reduction in productivity that can be associated with 
smaller upward-rolled leaves and smaller fruit.  Symptoms 
are more pronounced on the fruit of Delicious and related 
cultivars.  CLRV is present in western North America but not 
shown to occur yet in New York.  Therefore, extreme vigilance 
is recommended when trees, liners or scion buds are sourced 
from a non-reputable operation in western states, to avoid the 
introduction of CLRV to New York.
 TRSV is the causal agent of union incompatibility in apple 
trees in Canada.  This virus has yet to be reported in apple in the 
United States; however, it is present in other fruit crops such as 
blueberry and grapevine in New York.  Therefore, vigilance is 
recommended for the selection of planting sites where TRSV is 
known to occur.

Conditions for virus infection
 All viruses of apple are transmitted through propagation, 

Figure	2.			Pitting	in	the	wood	cylinder	of	a	declining	Red	Delicious/G.935	
tree	infected	with	Apple chlorotic leaf spot virus and Apple stem 
pitting virus.		Photo:	D.	I.	Breth	and	E.	M.	Tee.

grafting and top working.  ACLSV, ASGV, ASPV and ApMV 
have no known insect vectors and are not seed transmitted.  
Therefore, their dissemination results from either a careless 
selection of scion buds from infected trees or of infected root-
stock liners that are used for grafting or top working.  In other 
words, these viruses are transmitted when a virus-infected scion 
bud is grafted onto, for example, a healthy rootstock (Figure 1) 
or an already virus-infected rootstock.  Consequently, viruses 
translocate from the infected scion bud to the healthy rootstock 
(Figure 1) or vice-versa from an infected rootstock onto a healthy 
scion, resulting in infected, declining trees.  As discussed above, 
virus-infected trees are often symptomless, but they can some-
times manifest symptoms.  Viral symptoms vary greatly from 
very discrete to severe, depending on the susceptibility of the 
cultivar and rootstock, cultivar/rootstock combination, virus 
strain, virus combination, and environmental conditions.  It is 
important to keep in mind that diagnostic symptoms can be 
deceiving because they can be confused with herbicide damage, 
chemical thinners, mineral deficiencies, or other diseases.  Only 
laboratory tests can reliably identify the presence of viruses in 
apple.
 As discussed above, the absence of obvious symptoms of the 
three latent viruses (ACLSV, ASGV and ASPV) on most trees 
increases the risk of their unintentional distribution through 
grafting and top working.  If trees are not tested and shown to 
be clean (e.g., test negative for viruses), grafting and top working 
will contribute to the dissemination of latent viruses and their 
transfer across long distances through the exchange of uncon-
trolled propagation and planting material.  The importance 
of a thorough testing of propagation material, i.e., rootstock 
liners and buds, cannot be overstressed.  This is critical for 
the production of healthy trees.  In addition, there is no cure 
for a virus-infected apple tree in the orchard or in the nursery, 
and there is no direct way to combat a virus besides removing 
infected trees, emphazising the need to carefully select clean 
buds and liners for the establishment of healthy orchards.
 ToRSV has a broad host range, including fruit, vegetable, 
and ornamental crops, as well as weeds such as dandelion and 
chickweed, in addition to apple.  This virus is transmitted by 
the dagger nematodes Xiphinema americanum and X. rivesi.  
Spread of ToRSV is relatively slow in apple orchards; however, 
the movement of soil can accelerate its dissemination, because 
nematodes that carry the virus can be transferred throughout 
the orchard or from orchard to orchard.  Trees established on 
sites previously planted to ToRSV-infected trees can become 
infected.  A careful selection of the planting site and its manage-
ment are critical to manage ToRSV in New York orchards.  TRSV 
can infect fruit, field, and ornamental crops, as well as weeds 
such as broadleaf plantain, in addition to apple.  This virus is 
transmitted by the dagger nematode Xiphinema americanum.  
TRSV occurs on blueberry and grapevine in New York.  A care-
ful selection of the planting site is critical to avoid dealing with 
TRSV in New York orchards. 
 CLRV infects sweet cherry, peach and several weeds such 
as dandelion and broadleaf plantain, in addition to apple.  CLRV 
is transmitted by the dagger nematode Xiphinema americanum.  
Spread of CLRV is slow and trees grown on sites previously 
planted to CLRV-infected trees can become infected.  This virus 
is of limited concern to apple growers in New York because it 
is only known to occur in western States.
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Diagnosis
 It is critical to identify clean trees for nursery operations and 
top working in order to avoid the dissemination of viruses.  The 
fact that latent viruses do not cause obvious symptoms on most 
trees highlights the need to perform diagnostics in apple tissue 
using laboratory techniques.  Lab tests include serological assays, 
such as double antibody sandwich enzyme-linked immunosor-
bent assay, and molecular assays, based on reverse transcription 
polymerase chain reaction.  These tests can be used to detect all 
the viruses in apple tissue. 

Management Recommendations
 The only way to manage apple viruses and secure a healthy 
and high quality crop is to ensure that the planting material 
originates from virus-tested, clean trees.  If a tree is healthy, with 
a clean rootstock and a clean scion, that tree will remain healthy 
in an orchard situation, although a slow spread of viruses can 
occur through natural root grafts or by dagger nematode feed-
ing if an infected tree is present in the orchard.  It is the use of 
propagation material of poor health status or the uncontrolled 
exchange of infected propagation material that is a source of virus 
dissemination.  If growers and propagators select buds and liners 
based exclusively on visual observation and perceived satisfactory 
tree performance, the risk of collecting buds and liners that are 
infected with one of the latent viruses is relatively high.  Taking 
such a risk means that apple growers will deal with production 
uncertainties due to virus-infected trees.
 Preventive measures based on the selection of clean, virus-
tested (negative) scions and rootstocks are essential for establish-
ing healthy orchards and for the management of apple viruses.  
Prior to the establishment of a new orchard or replanting, it is 
recommended to collect soil samples and test them for the pres-
ence of dagger nematodes.  If nematode-transmitting dagger 
nematodes are detected, it is important to limit the movement 
of soil, aggressively control weeds, and select tolerant/resistant 
cultivars and rootstocks.  Trees derived from clean, virus-tested 
stocks (liners and buds) should be selected to replant or establish 
new orchards and ensure a healthy and high quality crop. 
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A 5-year Educational Extension Effort to Build Highly 
Skilled and Committed Spanish-Speaking Fruit Teams 
in Western NY
Mario Miranda Sazo
Cornell	Cooperative	Extension,	Lake	Ontario	Fruit	Program,	Newark,	NY

“Basic technical knowledge among 
Hispanic orchard workers needs to 
continue and be improved, and the CCE 
LOF program has identified this as a key 
area for educational programming. The 
preliminary results build a case for an 
in-depth evaluation to develop more 
curriculum in horticulture, business, 
leadership, and pest management.”

Over the past five years, many New York fruit farm op-
erations have undergone significant growth.  Orchards 
that used to employ only a handful of people with low-

skill horticultural 
talent now look 
for  more help 
to meet this de-
mand.  Why does 
one fruit grow-
er always have 
highly efficient 
labor, while other 
similar farm op-
erations do not?  
Why are some 
Spanish-speaking 

crews so efficient, hard-working, motivated, and committed, 
while other similar crews at other places aren’t? 
 Today, many fruit growers have found that their horticultural 
or machinery skills don’t always translate to Spanish-speaking 
people skills.  Despite their search for horticultural talent to 
support their recent plantings and new investments, some fruit 
growers still lack a reliable, skillful, and committed horticultural 
team to fuel potential growth in the next 5 to 10 years.  The 
competitive challenge for growers is to find, attract, and retain 
the right people (whether Spanish-speaking employees or not) 
from within the farm operation, assuming that full-time Spanish-
speaking employees are legally employed, satisfied, engaged, and 
waiting for a new job opportunity inside the farm.  Finding the 
right people that can support the development of new business 
opportunities won’t be easy.  Assembling the wrong horticultural 
team and staffing prematurely could become costly and cata-
strophic.  Innovative fruit companies understand that it is much 
cheaper to develop a highly skilled and motivated Hispanic fruit 
team than it is to go out and bring in new people year after year.  
Empowered employees and orchard managers will perform at 
their best level, make independent decisions, and find ways to 
improve orchard operations – including planting, pruning, hand 
thinning, and harvest (Figure 1).

The Horticultural Team
 Creating a high-functioning horticultural team is challeng-
ing under any circumstances.  But when the team you are trying 
to build crosses different cultures, how do you meld individuals’ 
talents, cultural expectations, and communication barriers into a 
super-performing team?  For example, if you manage a Spanish-
speaking harvest team (where only one or two people can barely 
communicate in English), you face greater communication chal-

lenges than those who lead a Jamaican harvest team (where the 
majority can speak English).  Complicating your communication 
task is the probability that this growing season you will incor-
porate the use of some type of new technology or a motorized 
platform for higher labor efficiency and won’t be fully able to 
explain the benefits of the technology to your Spanish-speaking 
employees.  
 In this complicated and rapidly evolving labor situation for 
fruit growing, you have to take action to capitalize on new op-
portunities and execute them efficiently.  But it is also essential for 
you and your teams to learn quickly, to keep up with developing 
events, and stay ahead of the competition.  That will happen only 
if you foster strong working relationships with your most talented 
Spanish-speaking employees and assemble skilled horticultural 
teams inside your farm.  

Orchard Skills for the Fruit Grower, the Spanish-speaking 
Orchard Worker and the Orchard Manager 
 While there is no single secret to success when building 
the perfect horticultural team, there are some common traits 
I recognize in the most successful fruit growers who employ 
Spanish-speaking employees at their operations.  One of the single 
greatest changes you can make is to build basic Spanish-speaking 
relations in the orchard.  No matter how good or how poor your 
Spanish pronunciation is, you must learn to say “Buenos dias” 
(Good morning), “Como está hoy?” (How are you doing today?).  
You can also say a few words in Spanish and smile – and mean 
it!  When you or I smile sincerely, the warmth becomes self-
reinforcing.  
 When I am asked to serve as a translator for a meeting 
between a grower and the Spanish-speaking orchard workers, 
frequently the first question that the employees will ask their 
“patrón” (boss, in Spanish) is, “How am I doing in my job?”  
Though the grower may have just finished going through a list 
of things that have been done well and some that need improve-
ment, Spanish-speaking employees crave one-on-one contact, 
horticultural coaching, and constructive feedback – positive or 

Figure	1:		 Some	of	the	skilled	Hispanic	employees	currently	working	on	NY	
apple	farms.
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negative – from their boss or orchard manager.  Some growers 
do a good job of addressing this question, if not on a daily basis, 
then at least when they have a translator like me available.  
 You, the grower, must show real interest in the well-being 
of your orchard workers and regularly ask some of the questions 
mentioned above.  This sort of attention to Spanish-speaking 
communication creates a “relationship” between you and your 
orchard worker, with the result that the labor task receives maxi-
mum attention.  Your workers’ commitment to the fruit farm is 
also increased.  If you work hard at this aspect of communication 
with your Spanish-speaking employees, you will create better, 
trusted, longer-lasting relationships and avoid having to look for 
and train new people every year.  
 Most successful Spanish-speaking orchard managers are 
smart, have good people skills, can build confidence and gener-
ate enthusiasm, enjoy interacting with other growers, know the 
horticultural details of pruning, hand thinning, and harvest, and 
reliably make their budgets and deliver results.  But in addition 
to all this, the best Spanish-speaking orchard managers have 
something more – they are curious, walk the orchard regularly, 
and can look at a problem through multiple lenses.  They excel at 
mobilizing and exciting Spanish-speaking workers and are clear 
about the tasks to be accomplished (i.e., number of fruit buds 
to leave per tree when conducting precision pruning) but know 
when to change direction.  They can see when a new pruning 
practice will be profitable and convert it to a new horticultural 
management tool.  They can spot an unmet need (e.g., picking 
apples efficiently without the use of ladders) and change course 
to go after a bigger profit and more comfortable working condi-
tions for Spanish-speaking orchard workers.  
 As their teams pursue new labor goals (more bins of high 
quality fruit per person per day when harvesting and clipping 
apples with motorized platforms) and strive to achieve this or 
other milestones, they have a clear view of what is in or out of 
alignment in terms of skills and capabilities, compensation, com-
munication, how workers are collaborating and behaving.

CCE LOF Spanish-speaking Fruit Program
 In 2011, I began to realize that further training was necessary 
for Hispanic employees in Western NY.  From 2009 to 2011, I 
was speaking to individuals during work time (planting, pruning, 
hand thinning, and harvest) and began to understand their work 
challenges, personal aspirations, relations with management and 
co-workers, job injuries, and overall technical understanding of 
the apple growing business.  I also found that Hispanic employees 
tended to be younger on average than their non-Hispanic coun-
terparts, and some of them were more eager for new technical 
knowledge and new opportunities.  Hispanics were staying much 
longer in orchard work and were happy to return to work via the 
H-2A program year after year at the most progressive farms in 
Western NY.  Growers who were “mentoring and taking care of” 
their employees were experiencing an improved stability in the 
workforce.  It seemed to me that these Hispanic employees went 
out of their comfort zone to increase orchard efficiency above 
and beyond labor expectations.  I envisioned that a basic training 
in horticulture and pest management would be beneficial for all 
Hispanic men and women working in fruit farms in Western NY.

Educational Efforts (2012 through 2014)
 The first lecture series were offered to Spanish-speaking em-

ployees on February 6 and 7, 2012.  The idea behind why this type 
of training was needed was initially discussed at a Lake Ontario 
Fruit Program advisory committee meeting conducted in Roch-
ester in December 2011.  We initially arranged for a concurrent 
short morning session (9:00–11:30 am) for Spanish-speaking 
employees to learn more about various aspects of fruit production 
practices; 40 employees from Niagara and Orleans County farms 
and 16 employees from Wayne County farms came just for the 
morning sessions (Table 1).  Lunch was provided and included 
in their registration fee.  They were able to join the regular CCE 
LOF Winter Fruit School after lunch if they desired to do so.  The 
first training sessions focused on “Understanding the Life Cycle 
of an Apple Tree” (Mario Miranda Sazo, CCE LOF), “Pruning of 
Vertical Axe and Tall Spindle” (Terence Robinson, Cornell Univ.), 
“Quality Grades of Apples” (Craig Kahlke, CCE LOF, content 
translated by Mary Jo Dudley, Cornell Farmworker Program), and 
“Future Opportunities and Job Satisfaction” (Mary Jo Dudley).  
All sessions were taught in approximately 40–60 minutes, where 
questions and discussion were encouraged and handouts were 
provided.  DEC credits were not provided.
 We decided to extend the length of the educational program 
for one more hour after lunch on 2013.  Again, the training was 
offered as a concurrent morning session from 9:00 am until 1:30 
pm on February 4 and 5, 2013.  Training sessions focused this time 
on “Tool Care, Preventing Common Injuries” (Anna Meyerhoff, 
NYCAHM), “Tree and Crop Load Management” (Terence Rob-
inson), “Reporting Injuries and Taking Care of Yourself” (Alison 
DeMarree, CCE LOF, content translated by Mary Jo Dudley), and 
the talks “Changes in Immigration Policy: What Could it Mean 
for You” and “Improving Workplace Relations and Communica-
tions” (Mary Jo Dudley); 45 employees from Niagara and Orleans 
County farms and 12 employees from Wayne County farms at-
tended the sessions (Table 1).  Again, all sessions were taught in 
approximately 40–60 minutes, where questions and discussion 
were encouraged and handouts were provided.  DEC credits were 
not provided.
 In 2014, the Lake Ontario Fruit Program advisory commit-
tee continued emphasizing the need for a special educational 
program for Spanish employees.  Due to low participation in this 
Spanish-speaking session at the Wayne County winter schools in 

Table	1.	 Attendance	of	Hispanic	employees	at	educational	events	organized	
by	CCE	LOF	program	since	2012.

CCE	LOF	Educa-
tional	Event Year

Niagara/Orleans	
Fruit	School 2012 2013 2014 2015 2016

Female 3 3 2 8 6

Male 37 42 40 38 45

Total 40 45 42 46 51

Wayne	Fruit	School

Female 3 3 4 3

Male 13 9 13 16

Total 16 12 17 19

Summer	Fruit	Tour	
in	Orleans

Female 15

Male 90

Total 105
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2012 and 2013, the CCE LOF program offered the Spanish ses-
sion only at the Niagara school on February 3, 2014.  For a third 
consecutive year, we arranged a concurrent morning session for 
Spanish-speaking employees to learn more about various aspects 
of fruit production practices; 42 employees from Orleans and 
Niagara County farms came just for the morning sessions (Table 
1).  Lunch was provided and included in their registration fee.  
As always, they were able to join the regular CCE LOF Winter 
Fruit School after lunch if they desired to do so.  Training ses-
sions focused on “Use of Rootstocks in the Modern Orchards” 
(Mario Miranda Sazo), “Cutting Out Fire Blight and Recognizing 
other Pests” (Deborah Breth CCE LOF, content translated by 
Anna Meyerhoff), “Quality Grades of Apples” (Craig Kahlke), 
and “Respirator Fit Test Demonstration” (Anna Meyerhoff), and 
“Creating Positive Workplaces” (Mary Jo Dudley).  All sessions 
were taught in approximately 40–60 minutes, where questions 
and discussion were encouraged and handouts were provided.  
The length of the program was extended for approximately two 
more hours after lunch in 2014.  DEC credits were not provided.

Educational Efforts (2015 and 2016)
 For the first time, we offered 1.5 DEC credits for a full day 
(9:00 am through 3:30 pm) of educational sessions for Spanish-
speaking employees on February 2 and 3, 2015.  This was the first 
successful year for the Spanish-speaking fruit school in Wayne 
County.  A total of 17 participants attended the Spanish-speaking 
Wayne County Fruit School on February 3, 2015; 46 participants 
attended from Niagara and Orleans County farms (Table 1).  Hor-
ticultural and pest management sessions continued emphasizing 
the science behind insect monitoring, disease control, pruning, 
and basic tree plant physiology.  For the first time, young and 
mature apple trees were used for more hands-on pruning ac-
tivities.  The program also facilitated a round table discussion to 
talk about the advantages and disadvantages of working smarter, 
not harder, and entrepreneurship.  Training sessions focused 
on “Managing Orchard Workers for Higher Labor Efficiency” 
(Jose Iniguez, Lamont Fruit Farm), “Round Table Discussion 
with Spanish-speaking Employees to talk about the “Advantages 
and Disadvantages of Working Smarter, not Harder, and Entre-
preneurship” (discussion moderated by Mario Miranda Sazo), 
“How to Recognize the Damage produced by Black Stem Borers 
in Apple Trees” (Deborah Breth, content translated by Mary Jo 
Dudley), “Physiological Effects of Pruning and Types of Pruning 
Cuts” (Leonel Dominguez, Cornell Univ.), “Precision Pruning and 
Hand Thinning can Improve Fruit Quality” (Terence Robinson), 
“Basic Scouting in Apple Orchards for Scab, Fire Blight, How to 
Recognize the Difference between Fire Blight and Nectria Can-
ker, Use of Traps to Monitor Several Insect Pests” (presented by 
Mario Miranda Sazo, talk content prepared by Deborah Breth), 
and “ What You Need to Know about the New Immigration Re-
form–DAPA and What It Might Mean for Farmworkers” (Mary 
Jo Dudley).
 This year, the CCE LOF team decided to hold the Spanish-
speaking fruit schools on different days from the English fruit 
schools.  The “traditional/regular” 2016 CCE LOF Winter Fruit 
Schools were conducted on February 1 and 2, while the 2016 CCE 
LOF Spanish-speaking Fruit Schools were conducted later, on 
February 23 and 24.  The primary reason was that it was difficult 
to plan, coordinate, and simultaneously hold two winter fruit 
schools on the same day, as in the previous 4 years.  I felt much of 

my educational effort was on the Spanish-speaking school, even 
though I always gave talks at the regular schools.  However, I did 
not get much time to interact with growers during the regular 
fruit schools.  This year, we also changed the Spanish-speaking 
school content to include the use of dissecting microscopes to 
learn to dissect and differentiate vegetative and floral buds of 
Honeycrisp and Gala and improved the “hands-on” pruning time 
at an orchard.  The schools were conducted at a farm instead of 
a CCE County office.  Growers who agreed to host the schools 
at their respective farms were Mike Zingler in Orleans County 
and Chip Bailey in Wayne County.  
 Training sessions focused on “Why Irrigation is so Important 
for Apple Production, How and When to Irrigate” (Jaume Lordan 
Sanahuja, Cornell Univ.), “Main Apple Diseases that Reduce Ap-
ple Crop Value” (Gemma Reig Cordoba, Cornell Univ.), “Tips for 
Creating Positive Workplace Relations” (Mary Jo Dudley, group 
activity assisted by Katie Oakes, CCE Orleans and Mario Miranda 
Sazo), “Introduction to Floral Induction, Floral Anatomy”, and a 
Lab Activity to Learn to Differentiate Vegetative and Floral Buds 
of Honeycrisp with a Dissecting Microscope” (Mario Miranda 
Sazo, Liz Tee, CCE LOF and Jaume Lordan Sanahuja), “Precision 
Crop Load Management via Pruning” (Orchard pruning group 
exercises led by Mario Miranda Sazo and Jaume Lordan Sana-
huja).  The educational program was evaluated by the participants 
at the end of the schools.

First Northeastern Spanish-speaking Fruit Summer Tour 
in Western NY
 Last summer, the CCE LOF organized the first fruit sum-
mer tour for Spanish-speaking employees – the first one of this 
type in the Northeast (Figure 2).  It was held in Orleans County 
on Saturday August 1, 2015.  The 5-stop tour was well attended, 
with approximately 105 participants.  The majority of farm em-
ployees came from Orleans and Niagara County farms, and a few 
from Wayne County.  There were also two employees who came 
from Michigan, as a result of media advertising in the American 
Western Fruit Grower Magazine.  Participants were hosted by 
a Spanish-speaking employee who was the owner and/or had 
acquired significant field experience by managing an orchard 
and/or a nursery operation.  Viliulfo “Vilo” Rosario, an orchard 
manager and a co-owner of an apple orchard with Kast Farms 
in Orleans County, talked about his experience dealing with fire 
blight pressure while pursuing his dream to become a successful 
apple grower.  Jose Perez of Perez Farms shared his experience 
with drainage issues, clearing of his new property, deer fence 
installation, and overall management of his new high density 
orchards planted since 2013.  Jose Iniguez of Lamont Fruit Farm 
hosted 3 of the 5 stops and explained tree nursery production, 
training, trellis support, mechanical summer pruning, and use 
of a reflective groundcover fabric to improve light within tree 
fruit.  Jose Iniguez, an orchard manager who I consider to be 
one of the most talented Spanish-speaking horticulturalists in 
NY today, encouraged participants to work smarter, not harder, 
to be curious, honest, and walk the orchard regularly to look for 
problems and solve them quickly.  At the end of the tour, a very 
special and generous group of Orleans fruit growers prepared 
and served a nice barbeque chicken dinner to all attendees at 
Lamont Fruit Farm.  
 This summer, the CCE LOF program will be organizing the 
second Spanish-speaking Fruit Summer tour, to be conducted 
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Figure	2:		 A	view	of	Hispanic	participants	at	a	nursery	stop	and	at	an	orchard	stop	during	the	first	Hispanic	Summer	Fruit	
Tour	conducted	in	Western	NY	in	August	2015.

in Wayne County on 
Saturday August 13, 
from 1 to 5pm.

Preliminary 
Results and 
Future of the CCE 
LOF Spanish-
speaking Fruit 
School Program:
 In 2012, we be-
gan a horticultural 
and pest manage-
ment program, which 
has been more suc-
cessful on the west side of Rochester than in Wayne County.  
Classroom-based instruction has been successful, but it needs to 
be complemented with non-formal science education in the or-
chard.  This year, 80 Spanish-speaking fruit workers participated 
in a full day educational session, Feb. 23–24 (Table 1).  Attendees 
were introduced to basic and applied pomological and pest man-
agement concepts and modern apple pruning practices in the 
Spanish language.  The educational program included the use of 
dissecting microscopes to learn how to dissect and differentiate 
vegetative and floral buds of Honeycrisp and Gala (Figure 3).  The 
horticultural “hands-on” pruning sessions were well received and 
continued emphasizing the science behind pruning and basic tree 
plant physiology (Figure 4).
 More than 280 employees have been trained on both the east 
and west side of Rochester since the program was started in 2012 
(Table 1).  Participants who have attended two or three of the five 
Spanish-speaking fruit schools offered so far have increased their 
overall understanding of rootstocks, crop load management, and 
pruning of high density plantings.  
 The first summer tour for Spanish-speaking farmers and 
workers established some common ground and began a network-
ing system for Hispanics in the Western NY fruit industry.  The 
tour was well attended , with approximately 105 participants 
(Table 1).  Touring of orchards with Hispanic participants and 
Hispanic hosts proved to be a very successful idea for additional 
participation in 2015.
 In 2016, participants were asked questions on the topical 
value and quality of presentations on a scale of 1 (poor) to 4 
(excellent) for the five topics presented in Orleans and Wayne 
schools.  The means of their responses on the value of presenta-
tions ranged from 3.7 to 3.8 in Orleans Co. and from 3.1 to 3.9 

Figure	3:	 Participants	learn	how	to	dissect	and	differentiate	vegetative	and	floral	buds	of	Honeycrisp	and	Gala	in	2016.

in Wayne Co.  The means (data not shown) of their responses 
on quality of presentations ranged from 3.6 to 3.8 in Orleans 
Co. and from 3.5 to 3.9 in Wayne Co.  When participants were 
asked to cite the most valuable things learned in the 2016 school, 
participant responses included “I learned to recognize a veg-
etative bud from a floral bud”, “the importance of irrigation in 
high density plantings”, “why pest management is so critical for 
fruit quality”, “the concept of biennial bearing”, “how precision 
pruning can improve fruit size”, etc.  Several participants in this 
group have attended at least three of the five schools offered in 
the region, and several of them are now more familiar with the 
new concepts.
 The success and future of the CCE LOF Spanish-speaking 
Fruit School Program is promising. In 2010 Hispanics were the 
largest minority group (17.6%) in the State (Figure 5). While 
Upstate NY is less ethnically and racially diverse than downstate, 
the upstate Hispanic population is almost 2.5 times larger in 
2010 than in 1990 (Figure 6). These numbers demonstrate that 
basic technical knowledge among Hispanic orchard workers in 
Western NY needs to continue and be improved, and the CCE 
LOF program has identified this as a key area for educational 
programming the following years.  The preliminary results (in-
creased attendance at schools, interest in tours, perceived level 
of knowledge gained, and the request for more and more applied 
technical training) build a case for an in-depth evaluation to 
develop more curriculum or modules in horticulture, business, 
leadership, and pest management in the near future.  
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Figure	6:		 Upstate	population	racial/ethnic	distribution	(1990,	2000,	and	2010).

Figure	5:		 Ethnic	and	racial	composition	has	changed	in	NY	State	and	Hispanics	are	the	largest	
minority	group	in	the	State	today.


