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Editorial
The Era of Big Agricultural Science is Here

I am amazed at how much has changed in the way agricultural 
research is done in the last several decades. One scientist and 
one technician supporting one research program was the 

predominant model when I started my own scientific career about 
35 years ago. Agricultural research laboratories were built with that 
model in mind. Projects were largely confined to one’s own area of 
expertise, whether it was soil science, horticulture, plant physiology, 
or plant pathology, etc. That era of agricultural science is waning 
down as it is being replaced with the era of big agriculture science.  

 Not only has the use of molecular biology, genomics, 
computational biology and other basic sciences made modern 
agricultural research so much more complex, but so has its linking 
with human health, food safety, natural resource and environmental 
sciences. In the past, data sets consisted of hundreds or thousands 
of data points. Now they are increasingly measured in millions or 
even billions and in the not too distant future, scientists will be 
collecting and processing billions of data in just one day! For example, 
this will be required to precisely link DNA sequencing information 
(genotypes) with economically important traits such as fruit size, 
fruit sugar levels, winter hardiness, drought tolerance, and others. 
Information so generated is already revolutionizing modern breeding 
of plants including fruit trees. 

 To collect, handle, process and interpret such large data sets 
and successfully transfer new technologies into practice will require 
a well-coordinated effort of interdisciplinary teams of scientists, 
not only possessing scientific knowledge but also strong leadership, 
managerial, personal and business acumen skills. The ability to 
work cooperatively with a large number of individuals with various 

backgrounds, temperaments, and representing different institutional 
cultures will be essential. Institutions of agricultural research will be 
well-served by preparing their workforce for these new tasks. 

 The growing complexity of agriculture research is also reflected 
by granting institutions encouraging interdisciplinary and multi-
institutional collaborations. For example, the Agriculture and Food 
Research Initiative (AFRI), a flagship competitive grant program of 
the USDA National Institute of Food and Agriculture (NIFA), has 
already announced its intention to provide funding of up to $25 
million per project for 5 years. These grants are much larger than 
$300K typically offered in the past to individual scientists for 2-3 
year durations. As agricultural research is increasingly supported 
by competitive grants, this development further underscores the 
need for creating strong and well managed interdisciplinary research 
teams capable of solving complex food and agriculture challenges. 
 
 We have tremendous scientific talent and infrastructure devoted 
to fruit research in the Northeastern and Mid Atlantic United States. 
Also, we have unique and very precious germplasm resources in our 
Geneva location. The last several years attest that we are increasingly 
tapping these resources by cooperating and working together in an 
interdisciplinary manner involving many institutions. We must keep 
this momentum going to maximize the impact of our research for the 
benefit of the fruit industry, consumers, and the public in general. 

Dariusz Swietlik
Area Director
USDA-ARS North Atlantic Area
Wyndmoor, Pennsylvania
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“For many apple growers in 2010, scab 
control problems will be compounded 
by high levels of carry-over inoculum 
and the presence of fungicide-resistant 
scab populations. control strategies will 
need to be adjusted based on inoculum 
levels, fungicide resistance issues, and 
cultivar susceptibility. ”

Apple Scab Management Options for 
High-Inoculum Orchards
David A. Rosenberger1 and Kerik D. Cox2

Dept.	of	Plant	Pathology	and	Plant	Microbe-Biology
NY	State	Agric.	Exp.	Station,	Cornell	University	
1Highland,	NY	
2Geneva,	NY

Apple scab emerged as an expensive problem in apple 
orchards throughout the Northeastern United States in 
2009. Experienced growers who had managed scab ef-

fectively for many 
years found them-
selves  spray ing 
throughout sum-
mer to control scab 
that kept appearing 
on new leaves. The 
effort required to 
protect fruit from 
scab during sum-
mer increased pro-
duction costs and 
represents a “loss” 

to apple scab even where no scab was present on fruit at harvest. 
 Given the prevalence of scabby leaves in orchards at the end 
of 2009, the average New York apple orchard may be carrying 
more over-wintering scab inoculum in spring of 2010 than at 
any other time in the past 40 years. If spring weather favors scab 
development, these high inoculum levels could contribute to mas-
sive scab control failures and significant crop loss in the coming 
year. As always, there are big discrepancies among orchards even 
within rather small geographic areas. Where no scab was pres-
ent on leaves last season, spray programs used in previous years 
can probably be used again in 2010. However, where scab was a 
problem in 2009, control strategies may need to be adjusted for 
the 2010 season.

What Contributed to Scab Control Failures in 2009? 
A unique aspect of control failures in 2009 was that scab prob-
lems often did not become evident until mid-June or even later. 
In many areas of the state, weather conditions from green tip to 
bloom were not particularly challenging in terms of scab control. 
Infection periods were spaced so that fungicides could be ap-
plied between rains, and most regions in New York did not have 
lengthy wetting periods with heavy rains that sometimes remove 
fungicide coverage and leave trees unprotected in the middle of 
extended wetting periods. 
 So what went awry in June? First, it is important to note that 
scab lesions that appear on terminal leaves in June are almost 
always secondary infections initiated by conidia from primary 
infections that occurred sometime between green tip and first 
cover. Those primary infections may be very few in number and 
therefore escape detection. Just 10 primary scab lesions per acre 
can produce as many spores per acre as all of the over-wintering 
leaf litter in a clean orchard that had 10 scab lesions per 100 

terminal shoots at the end of the previous year. Thus, a few un-
controlled primary infections can set up an orchard for a major 
scab problem during summer if other factors fall into place as 
they did in 2009.
 A variety of factors may have enabled scab to become estab-
lished early and then explode during June last year. First, in some 
regions the prebloom weather in 2009 was rather dry and many 
growers used extended spray intervals because there seemed to 
be no point in spraying when no rains were predicted. However, 
those extended spray intervals may have left trees with less cumu-
lative fungicide residues available to protect leaves during critical 
infections periods as compared to years when weekly fungicide 
applications are required to protect against more regular wetting 
events with moderate rainfall. 
 The rainfall patterns near petal fall may have also inhibited 
effectiveness of some of the protectant fungicide programs in 
2009. During some critical wetting periods, rainfall in some re-
gions may have been insufficient to redistribute fungicide residues 
to new leaves that emerged during week-long wetting periods. 
In those cases, spray intervals of less than seven days or use of 
a fungicide with greater post-infection activity at the end of the 
rain period might have eliminated the scab problem.
 A major factor contributing to summer scab problems in 
2009 was the near total lack of hot dry periods during summer. 
Daytime temperatures above 85° F for several consecutive days 
cause a decrease in the number of conidia produced in scab 
lesions. At the same time, heat may slow tree growth, thereby 
leaving trees with less susceptible tissue since each new leaf is 
susceptible to scab for only a few days. The absence of heat to 
shut down scab during summer in 2009 would have been less 
important if we still had fungicides with the kind of “eradicant” 
scab activity that the DMI fungicides had before that fungicide 
class was compromised by resistance issues.

Fungicide Resistance 
Fungicide resistance undoubtedly contributed to some of the scab 
problems noted in 2009. From 1965 through 2005, apple growers 
could rely on a sequence of various fungicides (first dodine, then 
Benlate or Topsin M, and finally the DMI fungicides) for pre-
symptom and antisporulant activity. Those fungicides provided a 
safety net for minor failures in early-season scab programs. As a 
result, growers could opt to omit one or two sprays after green-tip, 
use alternate row sprays, or apply post-infection sprays at the end 
of rain periods because the “safety net” fungicides would arrest 
scab development if initial control sprays were not completely 
effective. Many orchards now contain scab populations that are 
resistant to all of these “safety net” fungicides, so that small lapses 
in pre-bloom scab control now can trigger a major scab outbreak 
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that ultimately requires high rates of captan throughout summer 
to keep scab off of fruit.
 Fungicide resistance monitoring conducted in the Cox lab 
at Geneva from 2007 through 2009 included samples from 93 
orchards in 12 different states including NY, VT, WV, NH, MA, 
ME, RI, MI, OH, IN, PA, and CT. Fungicide resistance assess-
ments are completed by testing 50 scab isolates from each or-
chard against a single discriminatory dose of the test fungicide. 
For each isolate, growth rates are determined on unamended 
agar and on agar containing the discriminatory dose. Fungicide 
sensitivity for each isolate is then expressed as “relative growth” 
(RG) which is the percentage of growth on amended compared to 
unamended agar. The higher the level of resistance in any given 
isolate, the higher the RG-value for that isolate will be. Some 
highly resistant isolates may even grow faster on amended agar 
than on unamended agar, so RG-values can actually exceed 100. 
 The mean RG-values for all 50 isolates are then compared 
to the mean RG-value from baseline populations of apple scab 
collected from isolated trees never exposed to the test fungicide. 
On the graphs in Figure 1, the green line toward the left side of the 
graph shows the mean RG for baseline populations. The red line 
indicates RG-values from “resistant” orchards where using the test 
fungicide resulted in a control failure. The vertical axis shows the 
percentage of tested orchards that have mean RG-values falling 
between numbers listed on the horizontal axis. Bars to the right 
of the graphs indicate higher levels of resistance. 
 Results show that DMI-resistant populations of apple scab 
now predominate in a majority of the sampled orchards. Seventy-
eight percent of the 93 orchards tested for DMI resistance over 
the past three years contained scab populations that would no 
longer be controlled by myclobutanil, the active ingredient in 
Rally (formerly sold as Nova). This suggests that the majority 
of orchards with control problems (i.e., orchards from which 
samples were collected) have scab populations that no longer 
respond to myclobutanil. 
 It is important, however, to note that data in Figure 1 do NOT 
represent an assessment from randomly selected orchards. Grow-
ers experiencing scab control problems are more likely to submit 
samples for analysis than are those who can still control scab with 
DMI fungicides. Thus, results shown in Figure 1 almost certainly 
overstate the prevalence of DMI resistance within northeastern 
United States.
 Scab populations that are resistant to Rally are also cross-
resistant to Rubigan and Procure. However, the new fungicide 
Inspire Super contains difenoconazole, a DMI fungicide with 
greater intrinsic activity against the apple scab pathogen. Based 
on comparisons of baseline sensitivity, the labeled rate for Inspire 
Super would require Rally to be used at more than 16 oz/A to 
achieve a similar level of toxicity to the scab pathogen, but higher 
rates of Rally were never feasible because they caused phytotox-
icity. Sensitivity to difenoconazole was measured only for scab 
isolates collected in 2009, so only 33 orchards have been tested 
for sensitivity to this product (Figiure 1B). We don’t yet know 
what level of resistance will result in a field control failure with 
this fungicide, so there is no red line on the difenoconazole graph 
in Figure 1. However, testing to date shows that the sensitivity 
distribution is still more compact (i.e., with less resistance) that 
that for myclobutanil.
 Unfortunately, a significant number of orchards now have 
scab populations that are also resistant to trifloxystrobin, the 

Figure 1. Frequency distributions for orchards with varying levels of 
resistance to (A) myclobutanil, the active ingredient in Rally, 
(B) difenoconazole, one component of Inspire Super, (C) 
trifloxystrobin, the a.i. for Flint, and (D) dodine, the a.i. for 
Syllit. Green lines in the graphs indicate the mean relative 
growth (RG) for scab isolates from baseline orchards where 
the test fungicide was never used and red lines indicate the 
mean RG for orchards where the test fungicide no longer 
controls scab.
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active ingredient in Flint (Figure 1C). Populations resistant to 
Flint will also be resistant to other strobilurin fungicides such 
as Sovran and Pristine. With strobilurin fungicides, the gradual 
shift toward resistance that is occurring in many orchards is often 
followed by a genetic mutation (known as the G143A mutation) 
that makes the population totally immune to this fungicide class. 
Populations with the G143A mutation were recently found in a 
dozen orchards in Michigan and in several orchards in New York. 
Thus, the strobilurin fungicides may have limited utility in the 
future.
 Surprisingly, the majority of the 93 orchards evaluated over 
the past three years have scab populations that should still re-
spond to dodine (Figure 1D). Although the majority of orchards 
have populations that are above baseline, it appears that dodine 
might still prove useful in a carefully managed program in many 
of these orchards.

Inoculum Reduction Strategies for Problem Orchards
Risks of scab control failures in 2010 can be reduced if inoculum-
reduction treatments are applied to orchards that had scab in 
2009. The objective of inoculum reduction is to eliminate a large 
proportion of the ascospores that would otherwise be produced 
in overwintering leaves. Fungicides applied in spring will be 
more effective when applied in low-inoculum as compared to 
high-inoculum orchards. 
 Inoculum reduction strategies have no value in orchards that 
did not have apple scab last year. Thus, the need for inoculum 
reduction must be assessed on a block-by-block basis and in 
some cases may be needed only for scab-susceptible cultivars 
within a block. Ascospore reduction strategies will be beneficial 
for treated blocks even if the neighboring block is not treated 
because studies have shown that effects of ascospore dissemina-
tion from large inoculum sources are usually visible only on those 
trees located within 100 feet of the inoculum source (Gomez et 
al., 2007; MacHardy, 1996). 
 Four approaches for inoculum reduction have proven effec-
tive in controlled studies in commercial orchards:

a. Urea sprays (40 lb urea/A) applied to fallen leaves in 
autumn or spring (Sutton et al., 2000).

b. Shredding of leaf litter with a flail mower (Sutton et al., 
2000).

c. Application of dolomitic lime (2.5 ton/A) over fallen 
leaves in autumn (Spotts et al., 1997).

d. Removing leaf litter by raking, sweeping, or vacuuming 
leaves and removing them from the orchard (Gomez 
et al., 2007).

None of these approaches will eliminate 100% of the ascospores, 
but any one of them can reduce inoculum production by 80% 
or more.
 Urea works by stimulating microbial breakdown of over-
wintering leaves. When using urea for inoculum reduction, each 
acre of orchard should be sprayed with 40 lb of urea fertilizer 
dissolved in 100 gallons of water. It may be necessary to dissolve 
the urea prills in hot water before dumping them into a sprayer 
because the prills may dissolve slowly in ice water pumped from 
a pond in late fall or early spring. Applications as late as green tip 
can still reduce the numbers of ascospore available during peak 
discharge periods between tight cluster and bloom. 
 Urea fertilizer contains 46% actual nitrogen in a highly 
soluble form. The portion of the urea spray that falls within the 

herbicide strip beneath the tree canopy (or inside the drip-line) 
will ultimately contribute somewhat to nitrogen fertilization of 
the trees whereas the portion of the spray that is applied to the 
sodded row middles will be utilized primarily by the ground cover. 
Nitrogen fertilizer rates may need to be adjusted accordingly for 
orchards where urea is applied in spring. Where the addition 
of nitrogen is undesirable for horticultural reasons, leaf shred-
ding with a flail mower may be a better option for reducing scab 
inoculum. Using urea at less than 40 lb/A may have some effect 
on inoculum reduction, but benefits of lower rates of urea have 
not been adequately researched.
 Shredding leaf litter with a flail mower can reduce inoculum 
in several ways. First, it provides more “edges” in the leaf litter for 
invasion by the microflora that cause the leaves to decay. Second, 
if flail mowing is done in spring, the chopping action will result 
in re-orientation of most leaf pieces on the orchard floor and 
many ascospores will discharge into the soil rather than into the 
air. Effective leaf shredding can be accomplished only with a flail 
mower that is set so low that it nearly scalps the sod in the row 
middles. Effectiveness is also dependent on having a level orchard 
floor and on being able to shred most of the leaves beneath the 
tree canopy. 
 Dolomitic lime has not been widely tested as an inoculum 
reduction technique, but it was effective in Oregon when it was 
applied after leaf drop in autumn at 2.5 ton/A. Lime presumably 
works by raising the pH of fallen leaves so that they are suitable 
for invasion by bacteria and yeasts. Effectiveness of lime applied 
in springtime has not been evaluated, and effectiveness of autumn 
applications may also be reduced in areas where leaves remain 
frozen or covered with snow through most of the winter.
 Leaf removal by raking or vacuuming leaves is being prac-
ticed in commercial orchards in Europe. Specialized equipment 
is required. This approach is more feasible for high-density 
manicured orchards than for older orchards with wide tree 
canopies. Removing leaves from orchards may be the most ef-
fective option for organic orchards because, if done carefully, 
it can reduce ascospore availability to almost zero.

Fungicide Options for 2010 
Given the high scab inoculum levels that are prevalent throughout 
the state, apple growers should be especially careful to apply pro-
tectant fungicides at the first sign of bud break in 2010. Even though 
only a small proportion of ascospores will be ready to discharge 
at the green tip bud stage, that “small proportion” can translate 
into a large spore discharge in orchards with high inoculum levels. 
In orchards where DMIs, strobilurins (QoIs), and/or Syllit are no 
longer effective, failure to protect against green-tip infections 
almost guarantees a scab problem through summer. In general, 
fungicide recommendations remain the same as in previous years.
 A prebloom schedule involving a tank-mix of mancozeb at 
3 lb/A plus Captan-80 at 1.5 to 3 lb/A has frequently performed 
better than either product used alone, but Captan cannot be 
used in combinations with prebloom oil sprays. By using Flint or 
Sovran with mancozeb for two sprays sometime between tight 
cluster and petal fall, one gains even more activity against scab 
(so long as it is not stroby resistant) as well as protection against 
rust and mildew. Even where DMIs no longer control scab, they 
are still recommended in combinations with mancozeb or captan 
for sprays at petal fall and first cover because they still provide 
the best overall activity against mildew and rust diseases. In cases 
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where a protectant fungicide could not be applied ahead of rains 
during the prebloom period, Scala or Vangard can provide up to 
72 hr of reach-back activity. However, these fungicides do not 
redistribute well, so they should always be used in combinations 
with mancozeb or captan. Syllit combined with mancozeb might 
also prove useful for early-season sprays if resistance testing has 
shown that the scab population is not fully resistant to dodine.
 There is still considerable uncertainty about the usefulness of 
so-called “second generation” DMIs like Indar and Inspire Super 
in orchards where Rubigan and Rally are no longer effective.

 Field trials at Geneva in orchards that have DMI-resistant 
scab populations have shown that Indar and Inspire provide better 
scab control on cultivars like Empire and Jonagold than on culti-
vars like McIntosh that are highly susceptible to scab (Figure 2). It 
is important to note that data shown in Figure 2 were generated 
from trials where Rally, Indar, and the difenoconazole component 
of Inspire Super were applied alone whereas most growers would 
use them in combination with mancozeb. With Inspire Super, 
the tank mix would include both cyprodinil (Vangard), which is 
the second component of Inspire Super, and mancozeb, which 
is recommended as a tank-mix partner for Inspire Super. Thus, 
using Inspire Super plus mancozeb or Indar plus mancozeb in 
orchards where Rally or Rubigan have failed should produce 
better results than suggested in Figure 2 where these products 
were tested without mancozeb. Nevertheless, we suspect that 
even when used in combinations with mancozeb, Inspire Super 
and Indar may have less than stellar activity if they are applied 
to scab-susceptible cultivars like McIntosh in orchards where 
Rubigan and Rally are no longer effective. 

Fungicide Resistance Testing 
Apple growers who had scab problems last year are encouraged 
to submit leaf samples for fungicide resistance testing during 
2010 (see details in the side panel). Results from a fungicide 
resistance analysis are critical for taking corrective action 
if scab shows up in the orchard during the growing season. 
Where DMI fungicides or Syllit are still active, these products 

Figure 2. Control of scab on fruit achieved with four different fungicide 
treatments applied to four cultivars over two years in orchards 
at Geneva where scab populations were considered resistant 
to Rally. Results show that Inspire and Indar controlled 
DMI-resistant scab on cultivars that are only moderately 
susceptible to scab whereas a Captan-mancozeb combination 
was more effective for the scab-susceptible McIntosh cultivar.
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SMOR Resistance Testing
Site-specific management of resistance (SMOR) is a fungicide-resistance 
testing service offered by the Tree Fruit and Berry Pathology program at 
Geneva. SMOR testing uses conidia from fresh leaf samples to evaluate 
sensitivity to three classes of fungicides commonly used to control scab. 
Growers submitting samples must collect 50-100 young apple leaves 
with fresh scab lesions sometime during May or early June. Leaves with 
more than one lesion per leaf are acceptable, but leaves with sheet scab 
usually lack the discrete lesions required for the test protocol. Samples 
consisting of at least 75 leaves are preferred because some leaves in 
any given sample usually lack acceptable numbers of conidia. Samples 
collected within 10 days after a fungicide application or within several 
days after a heavy rain may also prove unsuitable due to lack of enough 
viable conidia. 
 To ensure availability of a good scab sample, growers should plan 
ahead by leaving six trees at the opposite corners of an orchard unsprayed 
until the first scab lesions appear and samples have been collected. An 
alternative is to place a few potted ‘McIntosh’ trees within the orchard 
rows during a rain period near bloom, remove them from the orchard 
before the next fungicide is applied, and then collect scabby leaves 
from these potted trees as soon as lesions appear. Potted trees placed 
in orchards during rains should be kept away from tree canopies where 
fungicide residues would redistribute downward onto the potted trees. 
 Instructions for sample submission can be found on-line at http://
www.nysaes.cornell.edu/pp/extension/tfabp/smor.htm. Results from 
samples submitted in May or June generally are not available until the 
following winter due to time required for completing the tests.

David Rosenberger is a research and extension professor of Plant Pathology 
and superintendent of New York State Agricultural Experiment Station’s 
Hudson Valley Lab. He leads Cornell’s program in postharvest diseases of tree 
fruit crops. Kerik Cox is research and extension professor of Plant Pathology 
at the Geneva Experiment Station who leads Cornell’s tree fruit and berry 
pathology program.

can arrest a scab epidemic whereas using them against resistant popula-
tions can waste time and money.

Summary
Given high-inoculum levels present in many orchards, 2010 could end up being a 
watershed year for scab control. Control strategies will need to be adjusted based 
on inoculum levels, fungicide resistance issues, and cultivar susceptibility. Some 
kind of inoculum reduction strategy should be employed in orchards that had se-
vere scab in 2009, and inoculum reduction is especially critical for high-inoculum 
orchards with DMI-resistant scab and scab-susceptible cultivars like McIntosh.
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Evaluation of Pruning Techniques 
and Bactericides to Manage 
Bacterial Canker of Sweet Cherry
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2Department	of	Horticultural	Sciences,
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Bacterial canker of stone fruit occurs worldwide and is 
caused by Pseudomonas syringae for which three distinct 
pathovars are known that are associated with host range 

(Kennel ly  et  a l 
2007, Hattingh and 
Roos 1995). We 
have focused on 
pathovar Syringae, 
which has been the 
most commonly 
isolated P. syrin-
gae pathovar from 
sweet cherry or-
chards (Renick et 
al. 2008, Foulkes 
and Lloyd 1980). 
The  b ac ter ium 
colonizes leaf sur-
faces of many plant 
species , includ-
ing weeds. They 
can invade cherry 
buds, twigs, and 
branches systemi-
cally without caus-

ing symptoms, can incite mild symptoms including dead buds, 
twig cankers, leaf spots, flower and fruit lesions, or can cause 
severe symptoms of collapse and death of the above-ground 
parts of the tree, including the suckers (Figure 1). Disease se-
verity and symptom expression is favored by factors including 
poor nutrition, plant parasitic nematodes, sandy soils, and by 
climatic factors such as late spring frosts and cool, wet grow-
ing conditions. The pathogen invades the tree through leaf 
stomates from which it moves into buds and twigs. It may also 
enter through pruning wounds and through frost-damaged 
tissues (Renick et al. 2008, Süle and Seemüller 1987). Leaf 
surface populations increase during cool, wet weather and are 
highest during fall, late winter and early spring (Latorre et al 
1985). Copper sprays are aimed at reducing these epiphytic 
populations and are timed to correspond with 20% (Figure 2) 
and 80% leaf drop and up to three late dormant applications 
(Wimalajeewa et al 1991, Olson and Jones 1983). Best man-
agement relies on maintaining optimal growing conditions 
for the trees.

“our studies have shown that copper or 
phosphite sprays applied on pruning 
wounds of sweet cherry provide minimal 
to no protection against bacterial canker 
infection. we have found that leaving 
an 8” pruning stub when removing a 
limb may protect against pseudomonas-
incited cankers by ‘distancing’ the main 
trunk from invasion. Field experiments 
on pruning date have provided evidence 
that the best time to prune sweet cherry 
in terms of limiting bacterial canker 
infection may be shortly after harvest 

 in late July. However, this timing results 
in fewer renewal shoots from the 
pruning stubs.”

Figure 1.   Bacterial canker of sweet cherry 
below a pruning cut and progression 
down the branch (Sunken area on 
branch). Replacement side shoot has 
also developed bacterial canker. 

 In 2006 we began a series of experiments on the control of 
bacterial canker in a sweet cherry planting systems trial, planted 
in 1999 at the NYS Agricultural Experiment Station in Geneva, 
NY. It previously had an aggressive history of bacterial canker 
management with copper sprays applied immediately before and 
immediately after pruning and avoiding flush cuts when removing 
a branch. Pruning was done in the spring at bud swell, a time of 
year that could potentially place wounds at greater risk of infec-
tion from Pseudomonas syringae pv. Syringae (PSS) as compared 
to pruning in summer when temperature is hot and weather 
tends to be dry. Pruning to remove large lateral branches was 

Figure 2.  Twenty percent leaf fall on sweet cherries when first of two fall 
copper sprays is recommended.
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done leaving a six to ten inch (15 to 25 cm) stub. We evaluated 
the relative importance of copper sprays, the pruning stub, and 
the efficacy of other materials against bacterial canker. In 2009, 
we also did experiments in a sweet cherry orchard in Highland, 
NY. 

Methods 
Field Experiments – 2006 & 2008: Two field experiments, in-
oculated and uninoculated, were done on the sweet cherry variety 
Hedelfingen. In both experiments, copper (Cuprofix Disperss in 
2006 and COCS in 2008) was applied before and after pruning in 
spring at bud swell and control branches were shielded from the 
copper sprays by wrapping with plastic before spraying. 
 The uninoculated experiment was conducted with trees 
trained to a Zahn vertical axis system, in three replicate blocks, 
15 trees/block, on three rootstocks MahalebXMazzard (MXM2), 
Gisela 5 (Gi5), and Gisela 6 (Gi6). On each tree, two 1.5-inch diam. 
(3.5 cm) branches were pruned to leave stubs, one copper-treated, 
the other not (Figure 3). 
 The inoculated experiment was conducted on 16 trees (also 
on MXM2, Gi5, and Gi6) trained to a Vogel central leader system. 
Two stub and flush cuts (Figure 4) were inoculated with copper-
sensitive (PSS), one of each either copper-treated or not. 
 Bacterial canker symptoms and lateral shoot development 
was assessed periodically during the growing season and, at the 
end of the growing season, half the stub and flush cuts were 

Figure 3. Pruning stubs on sweet cherry orchard showing how, in 2006 
and 2008, copper was excluded from one of the stubs by 
wrapping in plastic. Plastic was removed as soon as the spray 
had dried.

Figure 4.  Stub and flush cuts on sweet cherry that were inoculated with 
Pseudomonas syringae pv. Syringae in 2006 and 2008.

removed and dissected to determine the visual extent of discol-
oration. Stubs with signs of Leucostoma canker, a fungal disease, 
were not included in analysis of bacterial canker data. 
 Isolations to recover PSS from the inoculated pruning cuts in 
2006 and 2008 were made two and four weeks post-inoculation. 
 All isolates were screened for resistance to copper. 
	 Field Experiments – 2009: In 2009, rather than wrapping 
branches with plastic to exclude copper, the efficacy of bacteri-
cides against pruning wound infections was evaluated in entire 
replicate blocks. A subset of the trees used in the 2006 & 2008 
uninoculated experiment were used in this experiment, 12 trees 
per block plus an additional 9 trees trained to the Vogel system. 
The three replicate blocks were treated with either no bactericide, 
copper (COCS or Cuprofix Ultra at 4 lb/100 gal), or phosphite 
(Agri-Fos at 2.5 qt/100gal) on March 26, April 24, and April 25. 
Three branches per tree were pruned to a stub and all pruning 
cuts were inoculated with copper-sensitive PSS.
 A second study evaluated the impact of pruning date (March, 
April, May, and post-harvest) in the three replicate treatment 
blocks in Geneva, NY, and in two replicate blocks at the Hudson 
Valley Laboratory, Highland, NY. In Highland, no bactericides 
were applied. Three branches were pruned per tree in Geneva; 
four per tree in Highland. All cuts were made to leave a stub and 
cut surfaces were inoculated with copper-sensitive PSS imme-
diately after pruning. In Geneva, each block contained 84 trees, 
trained to either Spanish Bush, Perpendicular Vee, or Marchant 
systems, cv’s Sweetheart, Lapins, or Hedelfingen, and either 
MXM2, Gi5, or Gi6 rootstocks. Branches on one of the ‘train-
ing system - cultivar - rootstock’ combination trees was pruned 
on each of the four pruning dates, March 25, April 24, May 22, 
and July 28. In Highland, all trees were on Gi5 and each block 
consisted of four trees of the four cultivars Sweetheart, Regina, 
Benton, and Attica, trained to a Central Leader system. One tree 
of each cultivar in each block was pruned on each of the four 
dates, March 15, April 15, May 14, and July 31. In Highland,  
stubs were removed and dissected in December to assess extent 
of discoloration.
 Bacterial canker symptoms and lateral shoot development was 
assessed on stubs five times during the growing season, once in 
June prior to the July pruning date and subsequently at two-week 
intervals from August to October. Stubs with signs of Leucostoma 
were not included in analysis of bacterial canker data.
	 Laboratory Experiments on Chemical Efficacy – 2009: 
We evaluated the protectant (pre-infection) and eradicant (post-
infection) activities of several of products in the laboratory us-
ing detached green cherry fruit assays (Sobiczewski et al. 1980). 
Products were applied according to the label directions, except for 
BCYP, a a proprietary biological control yeast, which was mixed 
in proprietary buffer according to manufacturer’s protocol.
 Four replicate fruit were used for all chemicals assayed and 
controls. The experiments were repeated eight times, four times 
with all the chemicals and four times with a subset. 

Results  
Field Experiments on Bactericides and Stub Pruning: Copper 
provided little control of pruning cut infections made at bud swell 
(mid-April) in 2006 and 2008. Overall, copper provided 3% and 4% 
control on uninoculated cuts, and 22% and 18% control on inocu-
lated cuts, respectively for the two years. The extent of canker on 
inoculated stubs treated with copper was on average 3 cm less in 
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2006 and 2 cm less in 2008 (Figures 5 A and B). Stub cuts were as 
likely to become infected as flush cuts. Discoloration progressed 
somewhat less from flush cuts than from stub cuts, whether treated 
with copper or not (Table 1). However, discoloration from stub-cut-
infections most often failed to progress into scaffolds or trunks. In 
2009, where copper, phosphite, or no bactericide were applied to 
entire replicate blocks and all stubs were inoculated, no significant 
differences between treatments were found in the extent of canker 
progression on April-pruned stubs for any of the dates. Average 
canker extension on October 8 was 8.8 cm for copper, 9.0 cm for 
phosphite, and 8.1 cm for no bactericide.
 A third to half of the stubs pruned in April produced lateral 
branches in all three years of the study and only a small propor-
tion of laterals died, even in 2009 when stubs on these trees were 
inoculated with PSS (Table 2). Treatment of trees with copper (all 
years) or phosphite (2009 only) did not appear to impact lateral 
production nor reduce the number of laterals that died. Hedelfin-
gen on the more vigorous MXM2 rootstock had a tendency to 
produce more laterals than on the Gisela rootstocks, although this 
trend did not hold in 2009.
 Signs of Leucostoma (perennial or Cytospora) canker were 
found on a small proportion (2 to 7%) of the April-pruned stubs 
on Hedelfingen in all three years (Table 3). In 2006 and 2008, 
when stubs were not inoculated with PSS, slightly more stubs 
supported fungal infection than in 2009, when stubs were in-
oculated with bacteria. Also in 2006 and 2008, copper appeared 
to provide some benefit in preventing Leucostoma canker, but 
this trend did not hold for 2009.
 PSS was re-isolated from all inoculated stub and flush cuts 
in 2006 and 2008 except from one stub not treated with copper 
in 2006. Re-isolations were not done in 2009. Only one of the 
PSS isolates was resistant to copper, indicating this was not a 
contributing factor to lack of control. 
 Field Experiments on Pruning Date: By the end of the 
growing season, canker had progressed furthest in stubs pruned 
in March, April, and May, as compared to the July pruning date 
in both Geneva and Highland (Table 4). There was essentially 
no effect of the whole block bactericide treatments in Geneva 
on canker progression, measured in October, across the pruning 
dates (no bactericide 7.7 cm, copper 7.6 cm, and phosphite 7.5 
cm), or across training systems (Spanish Bush 7.7 cm, Marchant 
7.6 cm, and Perpendicular Vee 7.4 cm), or within pruning dates 
(Figure 6). Inoculated pruning stub infections did not progress 
into scaffold limbs or trunks in Geneva, though it did so in a few 
of the trees in Highland (data not shown).
 About one third of the inoculated stubs pruned in March and 
April in both Geneva and Highland produced lateral branches 
(Tables 5 and 6). However, a quarter of these stubs had laterals, 
which died during the growing season (Table 5). Treatment of 
trees with copper or phosphite (2009 only) did not reduce the 
number of laterals that died. Although fewer laterals were pro-
duced from stubs pruned in May and July, only one of these had 
laterals that died. Of the three training systems, Perpendicular 
Vee had a tendency to produce fewer lateral shoots from the 
stubs and had a higher proportion of them die as compared to 
Marchant and Spanish Bush systems (Table 5). In Highland, cv 
Benton had twice as many stubs producing laterals as did the 
other cultivars and Attica produced more on the later pruning 
dates than the earlier pruning dates (Table 6).
 Signs of Leucostoma (perennial) canker were found pre-

A

B

Figure 5.  A. 2006. B. 2008. Progression of canker on pruning stubs, cut in 
April and inoculated with Pseudomonas syringae pv. Syringae. 
Trees were sprayed before and after pruning (Copper) or 
shielded from spray (No Copper). 

Table 1.  Extent of canker extension in inner bark and cambium, on 
dissected April-pruned flush cuts and stub cuts either treated 
with copper or not

Treatment 2006 (cm) 2008 (cm) 

Flush cut 8.3 10.0 
Stub cut 14.0 11.1 
Copper 11.4 10.6 
No copper 10.8 10.5 
Flush, copper 8.2 11.0 
Flush, no copper 8.3 8.9 
Stub, copper 14.7 12.1 
Stub, no copper 13.2 10.2

Table 2.  Number of stubs pruned in April that produced laterals on cv. 
Hedelfingen, out of a total of 90 stubs evaluated in 2006 and 
2008, and 108 in 2009. The number of laterals that died from 
bacterial canker are given in parentheses (nd = not done).

   Bactericide   Rootstock  

Year Total None Copper Phosphite MxM2 Gi5 Gi6 

2006 34 (2) 15 (2) 19 (0) nd 17 (2)   6 (0) 11 (0) 
2008 34 (4) 17 (2) 17 (2) nd 18 (3)   8 (0)   8 (1) 
2009 59 (6) 25 (2) 18 (4) 16 (0) 20 (3) 17 (1) 22 (2)

dominantly on the stubs pruned on March 25 and not found 
on stubs pruned in July after harvest (Table 7). As on the He-
delfingen trees pruned in April in 2009, copper and phosphite 
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provided no apparent control of Leucostoma canker on any of 
the pruning dates. The perpendicular Vee training system had 
slightly more stubs infected with Leucostoma canker than the 
other two systems (Table 7).
 Laboratory Experiments on Chemical Efficacy – 2009: 
Results from eradicant tests (Tables 8 and 9) and protectant tests 
(Tables 10 and 11) suggest that Flameout (oxytetracycline) which 
provided 54 and 44% control, respectively, may have promise as a 
material to replace or augment the use of copper which provided 
32 and 30% control, respectively. Kasumin (kasugamycin) had 
eradicant activity (25% control), but not protectant activity  (7% 
control) against infection. Interestingly, the yeast BCYP appeared 
to have some activity against PSS in these assays and Pentra Bark 
may boost activity of the antibiotics Flameout and Kasumin. 

Conclusions 
We have found that copper or phosphite sprays applied to pruning 
wounds provide minimal to no protection against bacterial canker 
infection. The use of fungicides or bactericides to protect tree 
limbs and pruning cuts from cankers has rarely proved successful. 
However, because of the epiphytic biology of this pathogen and its 
wide host range, the use of copper applications may have utility 
in reducing epiphytic inoculum levels that build in late summer 

Table 3.  Number of stubs pruned in April with signs of Leucostoma 
canker on cv. Hedelfingen, out of a total of 90 stubs evaluated in 
2006 and 2008, and 108 in 2009 (nd = not done).

   Bactericide   Rootstock  
 
Year Total None Copper Phosphite MxM2 Gi5 Gi6 

2006 6 5 1 nd 1 2 3 
2008 4 4 0 nd 0 4 0 
2009 2 0 1 1 0 1 1

Table 4.  Extent of canker on stubs pruned on the dates shown. In Geneva, 
data is the average of measurements taken in the field in early 
October. In Highland, data is the average of measurements 
made in the lab on dissected stubs removed from trees in early 
December.

 Geneva, NY  Highland, NY 

Date pruned Canker extent (cm) Date Pruned Canker extent (cm)

25-Mar 11.2 15-Mar 14.5 
24-Apr   9.8 15-Apr 10.5 
22-May   7.2 14-May 14.8 
28-Jul   2.1 31-Jul   4.0

Table 5.  Number of stubs that produced laterals for each pruning date in Geneva, NY. A total 
of 756 stubs were evaluated in 2009, 189 for each pruning date and 252 in each 
treatment and training system. The number of laterals that died from bacterial canker 
are given in parentheses.

   Bactericide   Training System 
 

Date       Perpendicular Spanish
Pruned Total None Copper Phosphite Marchant Vee Bush

25-Mar 44 (11) 12 (2) 9 (2) 23 (7) 16 (1) 13 (7) 15 (3) 
24-Apr 44 (10) 13 (2) 14 (3) 17 (5) 21 (4) 10 (4) 13 (2) 
22-May 27 (1) 10 (0) 11 (1) 6 (0) 6 (0) 9 (1) 12 (0) 
28-Jul 13 (0) 9 (0) 1 (0) 3 (0) 3 (0) 2 (0) 8(0) 

Totals 128 (22) 44 (4) 35 (6) 49 (12) 46 (5) 34 (12) 48 (5)

and early autumn as leaves abscise and during late winter and 
early spring as trees break dormancy. 
 We are finding that leaving a stub when pruning out a branch 
may protect against PSS-incited cankers by ‘distancing’ the main 
trunk from invasion. Because cankers caused by PSS generally 
spread upward in branches, the stub may be slowing spread also 
by forcing the pathogen to spread downward in the pruning stub. 
We found that cankers in the stubs pruned in April expand from 
July through September, from about fruit ripening to the onset 
of dormancy. 
 Preliminary field experiments on pruning date and PSS inva-
sion of stubs has provided evidence that the best time to prune 
sweet cherry may be shortly after harvest in late July. Discolor-
ation from PSS invasion had spread furthest down stubs pruned 
in March and April in both Geneva and Highland, NY orchards. 

On a cautionary note, a commercial orchard 
in Highland, NY in which trees were pruned 
back after harvest in 2007 suffered significant 
bacterial canker development and loss of trees. 
There is much we still need to understand 
about what triggers disease expression. 
          Although sweet cherry is not as susceptible 
as peach to Leucostoma canker, a significantly 
larger proportion of pruning stubs were in-
vaded by this fungus when trees were pruned in 
March, at late dormant to swollen bud growth 
stages. The March treatment with copper or 
phosphite also provided no benefit in prevent-
ing infection of the pruning wounds. It would 

Figure 6. Progression of canker measured October 8 on pruning stubs 
cut on March 25, April 24, May 22, or July 28 and inoculated 
with Pseudomonas syringae pv. Syringae in Geneva, NY. Trees 
in three replicate blocks were not sprayed or sprayed with 
copper (COCS or Cuprofix Ultra at 4 lb/100 gal), or phosphite 
(Agri-Fos at 2.5 qt/100gal) on March 26, April 24 and April 25. 

 Table 6.  Number of stubs that produced laterals for each pruning date in 
Highland, NY. A total of 128 stubs were evaluated in 2009, 32 for 
each pruning date and each cultivar. 

                         Cultivar   

Date Pruned Total Attika Benton Regina Sweetheart 

25-Mar 8 0 5 2 1 
24-Apr 10 1 5 3 1 
22-May 1 0 1 0 0 
28-Jul 6 4 2 0 0 

Totals 25 5 13 5 2
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Table  7. Number of stubs with signs of Leucostoma canker for each pruning date in Geneva, NY. 
A total of 756 stubs were evaluated in 2009, 189 for each pruning date and 252 in each 
treatment and training system.

   Bactericide   Training System

Pruning       Perpendicular Spanish
Date Total None Copper Phosphite Marchant Vee Bush

25-Mar 45 12 13 20 13 18 14 
24-Apr 8 0 4 4 2 3 3 
22-May 4 2 1 1 1 2 1 
28-Jul 0 0 0 0 0 0 0

appear that cultural management of Leucostoma canker in sweet 
cherry can also be accomplished through choice of pruning time, 
with late July post harvest timing potentially being the best choice.
 In screening various promising chemicals for their activity 
against PSS we identified tetracycline, kasugamycin, and possi-
bly the yeast BCYP as having significant activity. However, both 
tertacycline and kasugamycin are antibiotics which may show 
decreased effectiveness after several years of use due to resis-
tance in PSS or may not persist on susceptible plant tissues long 
enough to afford adequate control. Their use against this disease 
will be favored by our ability to identify specific keys timings for 
disease prevention or eradication such that the number of needed 
applications is kept to a minimum. The surfactant Pentra Bark 

shows some promise as a mixing partner in 
chemical treatment.
 Certainly we need to identify bactericides 
for managing bacterial plant diseases. How-
ever, it is likely that chemical management of 
bacterial canker is never going to be a cure all. 
Several factors underline this – the pathogen 
is genetically variable and mutable, it has a 
large host range, it survives as an epiphyte, it 
colonizes trees systemically without causing 
symptoms, little is known about the dispersal 
of the pathogen in the orchard, the factors that 

promote severe disease expression are poorly understood or diffi-
cult to prevent (i.e. late freeze), and the biology of the pathosystem 
is not well defined.
 Key findings of our study include the potential for pruning 
stubs to contain bacterial canker infections in a dead end that is 
walled-off by the tree and the timing of late July, post harvest, as 
likely optimal for reducing colonization of tree limbs and trunks 
by Leucostoma and bacterial cankers. 

Literature Cited:
Foulkes, J.A., and Lloyd, A.B. 1980. Epiphytic populations of Pseu-

domonas syringae pv. syringae and P. syringae pv. morspruno-
rum on cherry leaves. Australasian Plant Pathology 9:114-115.

Tables 8 and 9. Eradicant tests in a green cherry fruit assay using treatment 
products applied after wound-inoculation with PSS. The 
diameter (mm) of the resulting lesion was measured after 48 
hours. Means followed by the same letter do not significantly 
differ (P=.05, Tukey’s HSD).

Eradicant  Amount per
Treatment 100 gal Diam 48 hr % control

Uninoculated  1.1 c -
Inoculated  3.1 a -
Flameout 0.75 lb 1.4 bc 54.5
Kasumin + Captan 64 fl oz + 2.5 lb 2.3 abc 26.3
Kasumin 64 fl oz 2.3 abc 25.3
Prophyt 32 fl oz 2.6 ab 15.2
Kocide 2000 12 lb 3.0 a 2.0
Pentra Bark 32 fl oz 3.1 a 0.0
Oxidate 128 fl oz 3.1 a 0.0
Regalia 1 % 3.2 a 0.0
Prophyt + Pentra Bark 32 fl oz + 32 fl oz 3.2 a 0.0
BCYP as directed 3.3 a 0.0
Serenade 3 lb 3.3 a 0.0

Eradicant  Amount per
Treatment 100 gal Diam 48 hr % control

Uninoculated  1.0 d -
Inoculated  3.9 a -
Flameout + Pentra Bark 0.75 lb + 32 fl oz 1.9 cd 51.3
Flameout 0.75 lb 2.2 bcd 44.4
Kocide 2000 12 lb 2.7 abc 31.7
Kasumin + Pentra Bark 64 fl oz + 32 fl oz 2.8 abc 29.4
Kasumin + Captan 64 fl oz + 2.5 lb 2.9 abc 27.0
BCYP as directed 3.2 abc 19.8
Serenade 3 lb 3.4 ab 13.5
Prophyt + Pentra Bark 32 fl oz + 32 fl oz 3.4 ab 13.5
Kasumin 64 fl oz 3.4 ab 13.5
Regalia 1 % 3.5 ab 10.3
Oxidate 128 fl oz 3.6 ab 7.9
Prophyt 32 fl oz 3.8 a 4.8
Pentra Bark 32 fl oz 3.8 a 3.2
Urea 28 lb 4.0 a 0.0

Tables 10 and 11. Protectant tests in a green cherry fruit assay using 
treatment products applied before wound-inoculation with PSS. 
The diameter (mm) of the resulting lesion was measured after 
48 hours. Means followed by the same letter do not significantly 
differ (P=.05, Tukey’s HSD).

Protectant  Amount per
Treatment 100 gal Diam 48 hr % control

Uninoculated  1.1 c -
Inoculated  3.1 ab -
Flameout 0.75 lb 2.6 b 17.2
BCYP as directed 2.7 b 14.1
Oxidate 128 fl oz 2.8 ab 10.1
Kasumin + Captan 64 fl oz + 2.5 lb 2.8 ab 9.1
Kocide 2000 12 lb 2.8 ab 9.1
Regalia 1 % 2.9 ab 7.1
Pentra Bark 32 fl oz 3.0 ab 4.0
Kasumin 64 fl oz 3.1 ab 1.0
Prophyt 32 fl oz 3.1 ab 0.0
Serenade 3 lb 3.3 ab 0.0
Prophyt + Pentra Bark 32 fl oz + 32 fl oz 3.7 a 0.0

Protectant  Amount per
Treatment 100 gal Diam 48 hr % control

Uninoculated 1.1 d -
Inoculated 3.9 abc -
Flameout + Pentra Bark 0.75 lb + 32 fl oz 2.3 cd 40.7
Flameout 0.75 lb 2.7 bcd 32.5
Kocide 2000 12 lb 2.8 bcd 30.2
Kasumin + Pentra Bark 64 fl oz + 32 fl oz 3.3 abc 17.5
BCYP as directed 3.6 abc 7.9
Kasumin 64 fl oz 3.7 abc 7.1
Prophyt + Pentra Bark 32 fl oz + 32 fl oz 3.9 abc 0.8
Prophyt 32 fl oz 4.0 abc 0.0
Kasumin + Captan 64 fl oz + 2.5 lb 4.0 ab 0.0
Serenade 3 lb 4.0 ab 0.0
Urea 28 lb 4.0 ab 0.0
Pentra Bark 32 fl oz 4.1 ab 0.0
Oxidate 128 fl oz 4.2 ab 0.0
Regalia 1 % 4.5 a 0.0
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Raspberry Production in 
High Tunnels
Courtney Weber
Department	of	Horticultural	Sciences,	
NYSAES,	Cornell	University,	Geneva,	NY

“red raspberries are ideally adapted to 
growing in the Northeastern uS but 
frequent rainfall during bloom and 
harvest reduces overall raspberry fruit 
quality and shelf life. the use of high 
tunnels greatly increases yield, fruit size 
and fruit quality. although the initial 
investment in infrastructure can be very 
high and management learning curve 
steep, clearly the future of raspberry 
production in temperate humid regions is 
under high tunnels.”

Fresh red raspberry consumption is growing at a high rate 
in the U.S. The mid-Atlantic region of the U.S. has a nearly 
ideal summer and autumn climate for raspberry produc-

tion (relatively cool 
days with mod-
erate sunlight) , 
which makes rasp-
berry production 
possible from early 
June to late Oc-
tober across the 
region. However, 
frequent rainfall 
during bloom and 
harvest reduces 
overall raspberry 
fruit quality and 
shelf life. Addition-
ally, early frosts can 
damage or destroy 

late ripening varieties in the late autumn, reducing yield and 
shortening the season. 
 Most fresh market raspberries for Eastern U.S. markets are 
produced in California and Mexico and require considerable 
shipping to reach these markets. As transportation costs increase, 
it makes more economic sense to grow produce closer to these 
markets. Additionally, the increased demand for locally grown 
produce increases the marketing possibilities for raspberries 
produced in NY. 
 High tunnels are freestanding, plastic-covered, hoop houses 
used for seasonal production of many horticultural crops. There 
are two main advantages to producing horticultural crops under 
high tunnels; season extension (both early and late) and increased 
crop quality. In eastern production areas, rain during summer 
and autumn significantly reduces the quality of horticultural 
crops, especially of soft fruits like raspberry that have a short 
shelf life under the best of conditions. By keeping the rain off the 
flowers and fruit, shelf life in raspberry can be greatly extended 
to more than 10 days in some cases (Heidenreich et al., 2007) 
This allows for the marketing of fruit to a much wider area and 
provides a much lower discard rate at retail outlets. Additionally, 
temperatures under the tunnels can be greatly enhanced in the 
early spring and late autumn, thus hastening early season fruit 
production by up to two to four weeks and extending the autumn 
production season by six to eight weeks. 
 High tunnels differ from greenhouses in that they are con-
sidered temporary structures that do not have electricity or 
plumbing facilities and are generally not covered in plastic all 
year round. Raising or lowering separate side and top panels 

provides natural ventilation to control temperatures. There are 
models available with manual roof vents but active ventilation 
such as fans or electric vents are not normally allowed without 
building permits and code inspections (Heidenreich et al., 2007). 
There are multiple companies that produce high tunnels for the 
production of horticultural crops and models range from small 
single units of 2,000 to 3,000 sq. ft. to infinitely expandable multi-
bay units coming in units no smaller than 1/2 acre (21,780 sq. ft.) 
(Heidenreich et al., 2007). The initial cost for building tunnels can 
be as high as several dollars per sq. ft. when construction labor 
is included, which has led to more small scale adoption. The cost 
of high tunnels can be quickly recouped in wet years like 2006 
and 2009 when there was extensive rain during bloom and fruit 
development. In years like this, prices are high because outside 
production is limited while a full crop can be harvested under 
tunnels turning a potentially lost harvest into superior profits.
 Recent work by Dr. Marvin Pritts and others (Heidenreich 
et al., 2007) has demonstrated the tremendous advantages to 
growing raspberries under high tunnels. Fruit quality is greatly 
improved with larger size and much lower incidence of rot, and 
the season can be extended to a large extent. With appropriate 
varieties, the Northeastern U.S. has the potential to grow red 
raspberries in the field under tunnels from mid-May to mid-
December. This greatly expands the season for growers so they 
may target a much broader market for this valuable crop. 
 However, little work has been done to determine which 
varieties are best suited for the production system or to develop 
new varieties specifically for this system. This project was initiated 
to evaluate commercially available primocane (autumn) bearing 
varieties and advanced selections from the Cornell raspberry 
breeding program for their potential in the high tunnel produc-
tion system. A separate trial for floricane varieties and selections 
was initiated at the same time and will be reported on at a future 
date. 

Materials and Methods
The trial was planted at Cornell University’s New York State 
Agricultural Experiment Station in Geneva, NY in the spring of 
2008. Dormant bare root crowns of seven commercially available 
varieties, ‘Joan J’, ‘Jaclyn’, ‘Autumn Britten’, ‘Polka’, ‘Himbo Top’, 
‘Caroline’ and ‘Heritage’, were planted in a randomized complete 
block design with 3 replications/blocks. Each block was 21 ft. 
long with seven plants planted at 3 ft. intervals in the center of 
6 in. high x 18 in. wide raised beds. The rows were spaced 8 ft. 
between row centers, offset to leave 4 ft. to the outside toward 
the tunnel legs. The three blocks corresponded to three bays in a 

Figure 1. Three bay Haygrove high tunnelss used in our red raspberry 
variety comparison
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multi-bay tunnel (Haygrove Tunnels, Elizabethtown, PA) that are 
24 ft. wide and 120 ft. long (Figure 1). The variety trial was planted 
at the north end of the tunnel with open plots in the center and 
south end available for evaluating selections from the breeding 
program. Two border plants of the purple raspberry variety ‘Roy-
alty’ were planted at the beginning of the plots on the open end 
of the tunnel to reduce the end effects and act as a buffer for the 
trial plots. The plants were allowed to grow throughout the 2008 
season without the tunnel cover to allow the plots to fill in for the 
first production season in 2009.
 Drip irrigation was provided using heavy wall 17 mm drip tub-
ing with a capacity of 4 gph and 24 in. emitter spacing (Belle Terre 
Irrigation, Sodus, NY). Drip irrigation was provided one to three 
times per week depending on the temperature and estimated water 
demand with a target of 1 acre-inch per week during the growth 
phase and increasing to 1.5 to 2 in. per week as fruit development 
and harvest proceeded. A V-trellis using 8 ft. steel fence T-posts 
(Tractor Supply Co., Geneva, NY) and 3 levels of 2.5 mm (12 
gauge, 496 lb. test) monofilament, plastic trellis wire (Amberg’s 
Inc., Stanley, NY) set at 2.5, 4 and 5.5 ft. above the ground. The 
trellis wires are anchored through cross members at the ends to 
4 in. pressure treated posts sunk 4 ft. deep at approximately a 20° 
angle. The trellis is 18 in. wide at the top of the bed and 3 ft. wide 
at 6 ft.
 Pest management was minimal during the season with one 
release of 4500 Hippodamia convergens lady bugs for a small aphid 
outbreak and a prophylactic release of 4000 Phytoseiulus persimilis 
predator mites to control any spider mites, Tetranychus urticae, in 
the planting (Arbico Organics, Tucson, AZ). No other pest control 
measures were taken during the season. Weed control was done 
manually with hoes and string trimmers. Glyphosate was used 
in aisles and along the legs to supplement the manual controls. 
After harvest, the plastic skin was removed, bundled and tied in 
the union of the tunnels for the winter to reduce insect and mite 
pressure in 2010 by killing exposed eggs and adults. 
 In April 2009, the plots were pruned to the ground to remove 
the 2008 growth and make room for the new primocanes for the 
2009 production season. The tunnels were skinned on July 6, 2009 
when the first flower buds on the new primocanes were just start-
ing to be visible. Harvest began on August 10 and continued until 
October 16, 2009 (Figure 1). Fruit was harvested as often as every 
day depending on the temperatures and speed of ripening. Yield 
and the weight of a 10 fruit sample were recorded at each harvest 
date for each plot.

Results
Harvest began on August 10, 2009 with peak harvest for all va-
rieties except Autumn Britten occurring in September (Figure 2) 
and continued production until mid October. Total yield across 
all varieties averaged 9,630 lbs. per acre with an average fruit size 
of 2.8 g per berry for the whole season (Tables 1 and 2). ‘Autumn 
Britten’ was the earliest variety by seven days and had the lowest 
yield at approximately 6,800 lb. per acre, equivalent to 20,360 
standard 5.3 oz. (150 g) 1/2 pint units. ‘Heritage’ was the latest 
to begin harvest, starting on August 28. ‘Joan J’ had the highest 
yield with over 13,000 lbs. per acre, equivalent to almost 40,000 
1/2 pint units (Table 1). 
 Fruit size started the season very large at nearly 4 g per berry, 
maintaining greater than 3 g per fruit throughout August and into 
September. As the season progressed, fruit size declined, averag-
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Figure 2.  Weekly primocane yield of seven raspberry varieties in 2009. 

Table 1. Total yield and harvest dates for 7 primocane fruiting red 
raspberry varieties under high tunnels in 2009. 

  # standard 
 Total  1/2 pint First Peak Last 
Variety Yield1  equivalents2 Harvest Harvest3 Harvest 

   

Joan J 13,270 39,810 Aug. 17 Sept. 8 Oct. 16 
Polka 10,364 31,092 Aug. 18 Sept. 14 Oct. 8 
Jaclyn 10,398 31,194 Aug. 17 Sept. 13 Oct. 12 
Caroline 10,358 31,075 Aug. 25 Sept. 15 Oct. 16 
Himbo Top 8,726 26,179 Aug. 18 Sept 7. Oct. 16 
Heritage 7,511 22,534 Aug. 28 Sept. 19 Oct. 16 
Autumn Britten 6,786 20,360 Aug.10 Aug. 31 Sept. 28 
 Overall Means 9,630 28,890
   

1 Yield is calculated to pounds per acre using data from 6.5 ft. of row picked in 
3 replicate blocks.

2 Standard weight for 1/2 pint containers is 5.3 oz. (150 g) per container equal 
to 3 per pound of fruit. 

3 Peak harvest date is the single date with the highest daily yield. 

ing 2.6 g on the last harvest date and 2.8 g per berry for the entire 
season across all varieties (Table 2). ‘Autumn Britten’ and ‘Jaclyn’ 
had the largest average fruit weight over the season at 3.1 g and 
‘Heritage’ the smallest at 2.1 g over the entire season. The maxi-
mum average fruit weight for any 10 fruit sample was for ‘Joan J’ 
on August 18 at 6.5 g per berry (Table 2). The smallest fruit was 
picked in a ‘Heritage’ block on September 23 averaging just 1.2 g 
per berry (Table 2). Overall, yields were considerably higher than 
yields typically observed for primocane bearing varieties grown 
without tunnels in Geneva, NY (Weber et al., 2004).

Discussion
The performance of all seven varieties was outstanding in the first 
season on production under high tunnels. The average overall yield 
of 9630 lb/acre was significantly higher than typically observed in 
outside production. This translates to nearly 29,000 1/2 pint units, 
which at $1.75 per wholesale unit is equal to a bit over $50,000 
gross per acre. In a comparable trial previously performed outside, 
the overall yield averaged only 5,082 lb./ac. in the first year of 
production (calculated based on 8 ft. row centers) (Weber et al., 
2004), 47% lower than the tunnels. 
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Figure 3.  Fruit quality of red raspberry grown under high tunnel hoop 
houses at Geneva in 2009 with no fungicides. 

Table 2:  Mean fruit weight, maximum fruit sample weight and minimum 
fruit sample weights for 7 primocane red raspberry varieties 
under high tunnels in 2009.

Variety Mean Fruit Maximum Minimum
 Weight1 Fruit Weight2 Fruit Weight3 

Jaclyn 3.1 4.1 2.2 
Autumn Britten 3.1 4.4 2.1 
Himbo Top 3.0 4.7 2.1 
Joan J 2.9 6.5 1.9 
Caroline 2.6 3.5 1.8 
Polka 2.6 3.7 1.8 
Heritage 2.1 3.1 1.2 
Overall Mean 2.8  

1 Mean fruit weight over the entire season
2 Maximum mean weight of any one 10-fruit sample
3 Minimum fruit weight of any on 10-fruit sample

 Additionally, fruit size was significantly larger, with the over-
all average of 2.8g per berry in this trial compared to 1.7g in the 
first year of the outside trial (Weber et al., 2004). While some of 
this can be attributed to varietal differences, two of the varieties, 
‘Heritage’ and ‘Caroline’, were common to both trials and showed 
similar differences. 
 Pest control requirements were also significantly reduced in 
the tunnels. No fungicides were used at any time and only spot 
treatments for weed control were needed. No insecticides were 
used at any time during the season. Even without fungicide treat-
ments, no appreciable fruit rots were observed (Figure 3). Cull rates 
on fruit were so low that the data was not collected and culled fruit 
were not included in total yield calculations. With rates of 25% fruit 
rot commonly observed in outside plantings, significant improve-
ment in the percentage of marketable fruit is easily achieved. 
 The only significant pest pressure on the commercial variet-
ies in 2009 was from potato leafhoppers, Empoasca fabae. These 
insects moved into the tunnel after the first outside mowing 
around the outside of the tunnels and specifically targeted the 
varieties ‘Polka’ and ‘Jaclyn’. Significant damage was seen including 
stunted canes, twisted leaves and yellowing of the leaves similar to 
a nutritional deficiency or viral infection (Figure 4). Considerable 
damage was done to developing fruit at the time of infestation. 
The symptoms persisted throughout the season even after the 
insects were gone and resulted in considerable yield loss due to 
poorly formed fruit. The extent that the tunnel system exacerbated 
the leafhopper infestation or symptoms is not known but little 
leafhopper damage is normally observed in open production. 
 Another problem observed in the tunnel environment due 
to the growing system and not varietal differences was powdery 
mildew, Podosphaera aphanis (formerly Sphaerotheca macularis). 
This fungal disease was observed on some of the Cornell selec-
tions, but not on any of the commercial varieties. However, not all 
commercially available varieties have been tested in this system, 
and it is possible that some of them are susceptible to powdery 
mildew. Susceptible types show significantly more powdery mil-
dew in tunnel conditions than outdoors to the extent that fruit is 
unmarketable in some cases. As new varieties are developed and 
released, susceptibility to this disease will need to be monitored. 
 Additionally, while all the varieties tested performed very 
well compared to outdoor conditions, many of the varieties have 
significant weaknesses making them less desirable for commercial 
production. Dark fruit color, especially after storage was observed 
in many varieties, especially ‘Joan J’, ‘Polka’ and ‘Jaclyn’, making 

Figure 4. Leaf symptoms from potato leafhopper infestation on red 
raspberry. 

them less than ideal for wholesale markets and some retail outlets. 
Fruit from ‘Autumn Britten’ and ‘Caroline’ could also be dark when 
overripe or after a few days of storage but were not as problematic 
as the former varieties. Darker fruit is often perceived by consum-
ers as being overripe and having poor shelf life. This is especially 
problematic for red raspberries because of the relatively high cost 
and short shelf life compared to other fresh fruits. 
 The fruit firmness of ‘Joan J’ was also a mixed blessing. While 
the fruit can hold in cold storage for an extended period, the tex-
ture is received unfavorably by some consumers and described 
as “meaty” or “rubbery”. With ‘Jaclyn’ the dark fruit is especially 
problematic because it is very difficult to pick until it is completely 
ripe (when the fruit is darkest) because the receptacle is very long 
and thin and adheres tightly in the fruit cavity. This can cause dam-
age when extra force is needed for picking. So, while the flavor of 
‘Jaclyn’ is superior, careful consideration should be given to the 
color and harvest difficulty before planting this variety.
 ‘Himbo Top’ had some of the best fruit quality with bright, 
shiny red, firm fruit with good flavor. However, the plant form 
is much more spindly than typical primocane bearing varieties 
with very long fruiting laterals. This variety requires considerably 
more trellising that most primocane fruiting varieties in order to 
keep the canes from weeping to the ground where the fruit can 
be damaged or become dirty. 
 ‘Caroline’ performed very well but, as has been reported before 
(Weber, 2006), it is very vigorous with heavy foliage often obscur-
ing the fruit and making it difficult to find to pick. This leads to 
unpicked ripe fruit, which then becomes overripe fruit in the next 
harvest. Careful and thorough picking is required to best manage 
this variety. 
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 ‘Autumn Britten’ was the lowest yielding variety mainly due 
to low sucker development but has very good fruit quality in firm-
ness and flavor, though it too can be dark. This variety should be 
planted at a higher density of no more than 2 ft. between plants 
to increase the fruiting cane density to increase overall yield. 
 ‘Heritage’ performed as expected with very good cane devel-
opment and fruit numbers. The round shaped fruit was typically 
smaller than other varieties, which reduces harvest efficiency 
and reduces consumer appeal. While the varieties tested did 
not always have optimal characteristics, the reality is that none 
were rejected at the wholesale level and the short supply of lo-
cally grown raspberries will probably perpetuate this situation 
for near future.

Conclusions
Red raspberry production under high tunnels clearly has great 
potential to increase yield, fruit size and fruit quality. Additionally, 
harvest efficiency is greatly improved through more concentrated 
fruit density, larger fruit size and low cull rates. These charac-
teristics can be combined to produce superior returns to the 
grower. The varieties available for production have some major 
weaknesses but are acceptable for most markets. As new varieties 
are released from Cornell and other programs, the production 
potential will be enhanced. Tipping canes of later varieties can 
also push the harvest season even later into the autumn as long 
as temperatures can be managed, as late as early December in 
some cases. 
 The initial investment in infrastructure can be very high and 
learning to deal with the challenges of wind, temperature and 
water management and pest control in this system all warrant a 
measured approach in utilizing the system, but clearly the future 
of raspberry production in temperate regions is under high tun-
nels. For more information on growing raspberries under high 

tunnels, see the High Tunnel Raspberries and Blackberries pro-
duction guide at the Cornell Fruit information website at www.
fruit.cornell.edu.
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The Role of Native Bees in Apple Pollination
Mia G. Park, Michael C. Orr, & Bryan N. Danforth
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Comstock	Hall
Cornell	University,	Ithaca,	NY	

“our bee survey revealed that there is 
an impressive diversity of native bee 
species in the NY orchards we surveyed. 
our surveys suggest that native bees are 
very abundant in apple orchards and a 
number of native bees we found, such as 
Andrena, Osmia and Bombus are reported 
to be effective vectors of apple pollen.”

Pollination is an essential step in production of fruits and 
many vegetables. The most widely used insect for fruit 
pollination is the European honey bee, Apis mellifera. 

Honey bees are 
ideal pollinators 
in many crop sys-
tems; each colony 
produces thou-
sands of foraging 
workers and colo-
nies can be moved 
into orchards and 
fields during the 
flowering period. 
They are especially 
important pollina-
tors in large-scale, 

highly disturbed agroecosystems (the Central Valley of California, 
for example). However, honey bee populations in North America 
(NA) and Europe are in decline (Aizen & Harder 2009), primarily 
due to heavy pathogen and parasite loads (Ratnieks & Carreck 
2010). Problems of honey bee health became particularly acute in 
2007/2008 when many colonies across N. America experienced 
colony collapse disorder (CCD). There is most likely no single 
pathogen involved in CCD (Oldroyd 2007, Ratnieks & Carreck 
2010). It appears more and more likely that a combination of 
pathogens and stresses (e.g., pesticide exposure, long-distance 
transportation associated with migratory beekeeping) are in-
volved. It is also important to keep in mind that honey bees are 
not native to NA; they were introduced in the 1600s by early 
European colonists.
 While honey bees are important, they are certainly not the 
only crop pollinators (National Research Council of the National 
Academies 2006). Native bees (species of bees that are native to 
NA) play an important, but underappreciated, role in crop pol-
lination. Bees are an enormously diverse group. There are over 
20,000 species of bees in the world (Michener 2007), approxi-
mately 4000 species in NA, and approximately 450 species in New 
York State (NY) alone. One potential solution to the decline in 
honey bee populations in NA is to examine the role that native 
bees are playing in crop pollination and to develop management 
practices that promote and maintain healthy native bee popula-
tions in and around agricultural areas. A number of recent studies 
in agricultural systems have suggested that native bees play an 
important role in crop pollination (Kremen et al. 2002; Winfree 
et al. 2007). However, we are just beginning to understand the 
conditions under which native bees may play an important role.
 Apples are an important crop in NY. New York State is the 
second largest producer of apples in the United States with an 
average of 25 million bushels of apples produced annually by a 

total of approximately 694 commercial growers and annual sales 
reaching $261 million (USDA NASS, 2008; http://www.nass.
usda.gov/). There are an estimated 17,000 people who work in 
the handling, distribution, marketing, processing and shipping of 
apples in NY. Bountiful apple harvests would not exist if it were 
not for bee pollinators. In 2008, we began a project to investigate 
the abundance and diversity of native bees in apple orchards in 
NY. Our goal was to determine if native bees provide a viable 
alternative to honey bees in apple pollination and to provide 
growers with advice on how to maintain native bee diversity 
and abundance. Specifically, our project has two main goals: (1) 
assess grower awareness and perceptions regarding pollination 
services provided by native bees and (2) survey bee diversity and 
abundance in apple orchards of various size and management 
regime.

Methods
Grower Survey. In May 2009 we conducted a survey of the ap-
proximately 690 commercial apple growers in NY with the help of 
the National Agricultural Statistics Service, New York Field Office. 
Our survey included 24 questions related to grower practices and 
perceptions about native bees as pollinators. An initial survey 
was conducted by mail with additional respondents contacted 
by phone. A total of 262 growers in 43 counties responded to all 
or part of the survey. The survey included statistics on the size 
of the orchard, the management practices used (conventional, 
IPM, or organic), and the number of apple varieties grown. This 
initial survey of NY apple growers provides baseline informa-
tion on current management practices, perceptions about the 
importance of native bees in apple pollination, and willingness 
to adopt practices that would enhance wild bee pollination in 
apple orchards.
 Bee Survey. At the same time (May 2009), we conducted 
biodiversity surveys of native bees in 11 orchards in the vicinity 
of Ithaca, NY. On warm (>60oF), sunny days between 10am and 
2pm we netted bees visiting apple blossoms using the following 
two methods: (1) “General collecting” consisted of walking along 
rows of apple trees and netting any native bees we observed 
landing on or flying around apple blossoms. We did not collect 
honey bees during this type of survey. Our goal was to charac-
terize the diversity of native bee species present in each orchard. 
(2) “Time-trial collecting” consisted of collecting all bees (honey 
bees and native bees) during 15-minute intervals. For 15 minutes 
we walked down a row of apple trees and collected any bees ob-
served. The 15-minute timed collections gave us information on 
bee abundance (numbers of individuals of different species) per 
unit time. These collections allowed us to compare both overall 
bee abundance as well as the relative abundance of native vs. 
honey bees.
 In both “general collecting” and “time-trial collecting”, bees 
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were killed in cyanide killing jars, stored in labeled collecting vials, 
and later mounted on insect pins. Specimens were labeled with a 
unique barcoded label and subsequently entered into a relational 
database (Biota 2.04; Colwell 2006). Specimens were then deter-
mined to species using available taxonomic literature as well as 
comparison to authoritatively identified specimens in the Cornell 
University Insect Collection (http://www2.entomology.cornell.edu/
public/IthacaCampus/CUIC.html).

Results
Grower Survey. Two hundred sixty-two growers responded to the 
survey from over 43 counties. Growers surveyed provided a spatially 
representative sample of NY as shown by comparing percent apple 
growers by county from 2009 census data and percent respondents 
by county (Table 1). Growers employed a variety of pest manage-
ment regimes, with the majority using Integrated Pest Management 
(IPM) (Figure 1). In terms of acres in production, respondents also 
represented state averages.
 For pollination, grower reliance on honey bee rentals depended 
on farm size. Among growers with more than 100 acres in apple pro-
duction, 96% always rented honey bees for pollination. Conversely, 
in apple orchards with under 10 acres, 73% of growers never rented 
honey bees (Figure 2). But this did not consider people who keep 
their own bees. Considering larger farms rent more bees, it is not 
surprising that the proportion of growers who deemed honey bee 
rentals to be a major expense increased also with farm size (Figure 
3). Sixty percent of growers with less than 50 acres of apple produc-
tion had at one time considered relying exclusively on wild bees, 
but the same proportion of growers, 63%, with over 100 acres had 
not (Figure 4). 
 Concern over reliable pollination and support for the impor-
tance of wild apple pollinators were both high. Recent declines in 
honey bee populations due to CCD were considered a threat to 
successful apple production by 59% of NY apple growers. Native 
bees were viewed by 85% of surveyed growers as valuable pollina-
tors. In spite of widespread appreciation for native pollinators, 
however, knowledge of the biology and diversity of wild bees was 
low. About 75% of NY apple growers said there were 10 or fewer 
wild bee species that visit apple. In our first year of field surveys, 
we identified over 80 species of bees in the 11 orchards studied 
(see below). Whether all 80 are important pollinators remains to 
be determined, but many species look identical to the untrained 
eye. Little to no extension information is available to growers about 
native pollinators in apple. This is not surprising since the research 
community has only recently begun to examine the diversity and 
abundance of non-honey bees in agricultural settings.
 Willingness on the part of growers to enhance native pollina-
tors was also high. Sixty-eight percent of NY apple growers said 
they would consider adopting low-cost land management practices 
to increase the diversity and abundance of bees in their orchards. 
The top criteria for doing so included cost, effectiveness, effort, 
and insurance that practices did not harm honey bees. Already, 
93% growers consider impacts on pollinators when using chemical 
treatments. Thirty percent of NY apple growers were familiar with 
alternative managed apple pollinators (such as the mason bee), 
but only 2% have ever used them. This reflects a gap on the east 
coast for alternatives to managed honey bees. Even though Osmia 
lignaria (Blue orchard bee) is widely used in orchards on the West 
Coast, Osmia bees are not naturally common in NY orchards, nor 
are they commercially available and do not perform as well on the 

Table 1.  Relationship between percentage of responses by county and 
the proportion of apple growers by county for the top 9 counties.

County % responses % censused 

Wayne 20.2 16.4 
Ulster 10.3 5.7 
Orleans 8.8 6.1 
Niagara 6.5 6 
Columbia 5 4.1 
Monroe 3.8 3.1 
Dutchess 2.7 2.4 
Onondaga 2.7 2.2 
Orange 2.3 1.3

Figure 1. Pie chart showing the relative proportion of growers surveyed 
utilizing conventional, IPM, and organic management 
practices.

Figure 2.  Percent growers that rent honey bees for pollination and total 
apple acreage owned.

East Coast (Ray Williams, pers. comm.). 
 Throughout NY, there seems to be overwhelming support for 
the importance of wild pollinators and a willingness to make low-
cost changes that will enhancing their populations. This comes from 
growers who practice both conventional, organic and IPM. IPM has 
been adopted by most NY apple growers. As it aims to control pests 
with multiple tactics to minimize harm to humans, animals, plants 
and the environment, IPM could provide a framework within which 
pollinator conservation may be incorporated. IPM also provides an 
existing infrastructure in which to develop extension support for 
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pollinator enhancement. For both grower use of honey bee rentals 
and consideration to rely on wild pollinators alone, we observed a 
farm size threshold somewhere between 50-100 acres. This would 
be interesting to test experimentally. On one hand, growers with 
100 acres or more may rely exclusively on apple production for 
their income and would never risk going without honey bees. 
On the other hand, native bees might be less effective in larger 
orchards; we simply don’t know how orchard size impacts native 
bee communities. Managed alternative pollinators and informa-
tion about wild pollinators are currently not readily available or 
well developed for apple growers on the east coast.
 Bee survey. Our bee survey revealed that there is an impres-
sive diversity of bee species in the 11 orchards surveyed. Over 
three-weeks, we collected over 3000 specimens, which have now 
been individually labeled, identified to species, and entered into 
our Biota database (Figure 5). Our survey revealed a total of 81 
species of bees visiting apple blossom during the bloom period 
(Table 2). This is twice the number of bee species collected in an 
earlier study in the same area of NY (Gardner & Ascher 2006) 
and roughly 8 times the number of species estimated by the grow-
ers we surveyed (see above). Many of these species appear to be 
important apple pollinators, especially members of the genera 

Figure 3.  Percent growers that considered honey bee rentals a major 
expense and total apple acreage owned.

Figure 4. Percent growers who have considered relying on native bees 
and acres in apple production.

Figure 5.  Mounted, individually labeled, and identified specimens 
sorted to species; individual specimen showing unique 
barcode label [inset].

Andrena, Osmia, and Bombus. Across the orchards sampled, na-
tive bees consistently outnumbered honey bees on an individual 
(i.e., per-bee) basis.
 There was substantial variation among orchards in both the 
number of bee species and the abundance of individual bees. 
While some orchards had as few as 15 bee species, others had 
as many as 42 species. The number of bee species was positively 
correlated with orchard size, while the abundance of native bees 
(based on the 15-minute samples) declined with orchard size. 
We plan to examine the interaction between orchard size and 
both native bee diversity and abundance in coming years. In 
terms of numerical abundance of individual bees, native bees 
were more abundant than honey bees in 9 of the 11 sampled 
orchards (Figure 6), suggesting that native bees are playing an 
important role in apple pollination. We plan to explore these 
trends in future years by surveying over a larger range of orchard 
sizes. Interestingly, there was a slight (but non-significant) nega-
tive correlation between native bee abundance and honey bee 
abundance, suggesting that competition between native and honey 
bees may be an important determinant of the orchard bee fauna. 
At one commercially producing orchard (West Haven Farm) honey 
bees were apparently absent, indicating that sufficient pollination 
services were provided by native bees alone (Figure 6).
 Overall, our first year of surveying bees has yielded exciting 
insights into the potential importance of native bees in agricultural 
pollination of apples. Numerically, our surveys suggest that native 
bees are very abundant in apple orchards and a number of previous 
studies have suggested that native bees, such as Andrena (Kendall 
1973, Kendall & Solomon 1973), Osmia (Bosch & Kemp 2001) and 
Bombus (Thomson & Goodell 2001) are effective vectors of apple 
pollen.
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Figure 6.  Relative abundance of native and honey bees in 11 apple 
orchards (red bar: honey bees; blue bar; native bees). Orchards 
indicated by the green arrow are organic.

Genus (subgenus) species Author Family

Andrena (Andrena) mandibularis      Robertson, 1892 Andrenidae
Andrena (Andrena) milwaukeensis     LaBerge 1980 Andrenidae
Andrena (Andrena) rufosignata Cockerell, 1902 Andrenidae
Andrena (Andrena) thaspii      Graenicher, 1903 Andrenidae
Andrena (Euandrena) algida Smith, 1853 Andrenidae
Andrena (Gonandrena) integra Smith, 1853 Andrenidae
Andrena (Holandrena) cressonii      LaBerge 1986 Andrenidae
Andrena (Larandrena) miserabilis    Ribble 1967 Andrenidae
Andrena (Leucandrena) barbilabris LaBerge, 1987 Andrenidae
Andrena (Leucandrena) erythronii Robertson, 1891 Andrenidae
Andrena (Melandrena) carlini   Cockerell, 1901 Andrenidae
Andrena (Melandrena) commoda   Smith, 1879 Andrenidae
Andrena (Melandrena) dunningi       Cockerell, 1898 Andrenidae
Andrena (Melandrena) nivalis   Smith, 1853 Andrenidae
Andrena (Melandrena) pruni          Robertson, 1891 Andrenidae
Andrena (Melandrena) regularis      Malloch, 1917 Andrenidae
Andrena (Melandrena) vicina    Smith, 1853 Andrenidae
Andrena (Plastandrena) crataegi     Robertson, 1893 Andrenidae
Andrena (Ptilandrena) erigeniae Robertson, 1891 Andrenidae
Andrena (Scrapteropsis) imitatrix    LaBerge 1971 Andrenidae
Andrena (Scrapteropsis) morrisonella     Viereck, 1917 Andrenidae
Andrena (Simandrena) nasonii   LaBerge 1989 Andrenidae
Andrena (Thysandrena) bisalicis     LaBerge 1977 Andrenidae
Andrena (Trachandrena) forbesii     LaBerge 1973 Andrenidae
Andrena (Trachandrena) hippotes     LaBerge 1973 Andrenidae
Andrena (Trachandrena) nuda    LaBerge 1973 Andrenidae
Andrena (Trachandrena) rugosa       LaBerge 1973 Andrenidae
Andrena (Tylandrena) perplexa Smith, 1853 Andrenidae
Apis mellifera       Linnaeus, 1758 Apidae
Bombus bimaculatus   Cresson, 1863 Apidae
Bombus griseocollis       (DeGeer, 1773) Apidae
Bombus impatiens     Cresson, 1863 Apidae
Bombus perplexus     Cresson, 1863 Apidae
Bombus ternarius     Say, 1837 Apidae
Bombus vagans   Smith, 1854 Apidae
Ceratina calcarata   Robertson, 1900 Apidae
Ceratina dupla Say, 1837 Apidae
Nomada ceanothi Cockerell, 1907 Apidae
Nomada dreisbachi    Mitchell, 1962 Apidae
Nomada gracilis      Cresson, 1863 Apidae

Table 2.  List of 80 bee species (organized by family) collected in our surveys.

Genus (subgenus) species Author Family

Nomada pygmaea       Cresson, 1863 Apidae
Xylocopa virginica   (Linnaeus, 1771) Apidae
Colletes inaequalis       Say, 1837 Colletidae
Agapostemon sericeus      (Forster, 1771) Halictidae
Augochlora pura      (Say, 1837) Halictidae
Augochlorella aurata      (Smith, 1853) Halictidae
Augochloropsis metallica       (Fabricius, 1793) Halictidae
Halictus (Halictus) ligatus Say, 1837 Halictidae
Halictus (Halictus) rubicundus      (Christ, 1791) Halictidae
Halictus (Seladonia) confusus       Smith, 1853 Halictidae
Lasioglossum (Dialictus) atlanticum      (Mitchell, 1960) Halictidae
Lasioglossum (Dialictus) coeruleum       (Robertson, 1893) Halictidae
Lasioglossum (Dialictus) cressonii       (Robertson, 1890) Halictidae
Lasioglossum (Dialictus) foxii      (Robertson, 1895) Halictidae
Lasioglossum (Dialictus) imitatum   (Smith, 1853) Halictidae
Lasioglossum (Dialictus) laevissimum     (Smith, 1853) Halictidae
Lasioglossum (Dialictus) lineatulum      (Crawford, 1906) Halictidae
Lasioglossum (Dialictus) obscurum   (Robertson, 1892) Halictidae
Lasioglossum (Dialictus) paradmirandum   (Knerer & Atwood, 1966) Halictidae
Lasioglossum (Dialictus) perpunctatum    (Ellis, 1913) Halictidae
Lasioglossum (Dialictus) pilosum    (Smith, 1853) Halictidae
Lasioglossum (Dialictus) subviridatum    (Cockerell, 1938) Halictidae
Lasioglossum (Dialictus) versans    (Lovell, 1905) Halictidae
Lasioglossum (Dialictus) versatum   (Robertson, 1902) Halictidae
Lasioglossum (Dialictus) viridatum       (Lovell, 1905) Halictidae
Lasioglossum (Dialictus) zephyrum   (Smith, 1853) Halictidae
Lasioglossum (Evylaeus) cinctipes   (Provancher, 1888) Halictidae
Lasioglossum (Evylaeus) quebecense       (Crawford, 1907) Halictidae
Lasioglossum (Evylaeus) truncatum   (Robertson, 1901) Halictidae
Lasioglossum (Lasio.) leucozonium       (Schrank, 1781) Halictidae
Sphecodes cressonii (Robertson, 1903) Halictidae
Sphecodes dichrous Smith, 1853 Halictidae
Osmia albiventris Cresson, 1864 Megachilidae
Osmia bucephala Cresson, 1864 Megachilidae
Osmia collinsiae     Robertson, 1905 Megachilidae
Osmia cornifrons     (Radoszkowski, 1887) Megachilidae
Osmia lignaria       Say, 1837 Megachilidae
Osmia pumila    Cresson, 1864 Megachilidae
Osmia subfasciata    Cresson, 1872 Megachilidae
Osmia taurus    Smith, 1873 Megachilidae
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Rising Sun Fuji
Semptember Wonder™
   Fuji
Sun Fuji ™
Top Export Fuji®
OTHER VARIETIES:
Ginger Gold® PP #7063
Golden Del. (Gibson)
Golden Del. (Mullins)
Golden Supreme®
Goldrush®
Granny Smith
Greening (R.I.)
Honeycrisp™
Idared
Jonafree
Jonagold
Jonagold Decoster®
Jonamac
Kumeu Crimson®

   Braeburn
Lady
Law Red Rome
Liberty
Linda Mac
Lodi
Macoun
Marshall Mac
Melrose
Midnight® Red Spur
   Delicious
Mollies Delicious
Delicious
Morren’s® Jonagored
Mutsu
Norhern Spy
Northwest Greening
Oregon Spur® II
Paulared™
Pink Lady® ( Cripps 
   Pink) PP# 7880
Pioneer™ Mac (Greiner)
   PP# 7002
Pristine®
Red Free
Red Gravenstein
Red Haralson
Red Jonaprince™
Red Max
Red York (Ramey)
Red Rome (Taylor)
Redchief®
Redcort®
Redfi eld™ Braeburn
Redmax®

Rome Taylor
Rogers Red McIntosh
Royal Court™ PP# 
   10049
Royal Empire™
Rubinstar® Jonagold
Ruby Jon®
RubyMac®
Sansa
Scarlet Spur 2
Schlect Spur Delicious
Shizuka
Smoothee®
Snapp™ Stayman PP#
   11071
SnappyMac®
Snow Sweet™
Spartan
Stayman Winesap (201)
Superchief® (Sandidge) 
   PP# 6190
Sweet Sixteen
Twenty Ounce
Turley Winesap
UltraRed Jonathan™
Ultragold™
Valstar (Elstar)
Wealthy
Williams Pride®
Wolf River
Yellow Transparent
Zestar!™

 Allstar®
Arctic Gem
Autumnglo 
Auntumnstar®
Goldnine (Arkansas #9)
Baby Gold #5
Beekman
Belle of Georgia
Biscoe
Blazingstar®
Blushingstar®
Bounty
Brightstar
Canadian Harmony
Candor
Catherina
Contender
Coralstar®
Cresthaven
Earlistar
Early Loring™
Early Elberta (Gleason)
Early Red Haven
Earnie’s Choice
Elberta
Elberta Queen

Encore®
Fay Elberta
Flamin’ Fury® (PF-1)
Flamin’ Fury® (PF-5B)
Flamin’ Fury® (PF-5D 
Big)
Flamin’ Fury® (PF-7)
Flamin’ Fury® 
   (PF-7A Freestone)
Flamin’ Fury (PF-8 Ball)
Flamin’ Fury® 
   (PF-9A-007)
Flamin’ Fury® (PF-11)
Flamin’ Fury (Lucky 12)
Flamin’ Fury® (PF-12B)
Flamin’ Fury® (PF-15A)
Flamin’ Fury® (PF-17)
Flamin’ Fury® 
   (PF-19-007)
Flamin’ Fury® 
   (PF-20-007)
Flamin’ Fury® 
   (PF-22-007)
Flamin’ Fury® (PF-23)
Flamin’ Fury® 
   (PF-24-007)

Flamin’ Fury®
   (PF 24C Cold Hardy)
Flamin’ Fury® (PF-25)
Flamin’ Fury® (PF-27A)
Flamin’ Fury® 
   (PF-28-007)
Flamin’ Fury® 
   (PF-35-007)
Flamin’ Fury® 
   (PF-Lucky 13)
Flamin’ Fury® 
   (PF-Lucky 24B)
Flamin’ Fury® Big 
   George
Gala
Garnet Beauty
Glenglo™ PP#10652
Glohaven
Glowingstar®
Harrow Beauty
Harrow Diamond
Jersey Dawn
Jersey Glo
John Boy®
John Boy® 11

Laurol
Loring
Madison
New Haven
Redhaven
Redskin
Redstar®
Reliance
Risingstar®
Salem
Saturn (Doughnut)
Sentry
Starfi re™
Summer Pearl™
Sunhigh
Sweet Breeze PP#15295
Sweet Cap™ (Doughnut)
Sweet N Up PP#15063
Venture™
Vinegold
Virgil
Vulcan
White Lady
Other White Fleshed, 
Sub-Acid, and Peento 
Varieities

 Attika® (Kordia)
Balaton®
Benton™  (Columbia)
Bing
Black Gold™
Black Pearl
Black York™
Blushing Gold
Burgendy Pearl
Cavalier®
Chelan™
Cristilina™ (Sumnue™)
Danube® 
Early Robin™

Ebony Pearl
Emperor Francis
Gold
Golden Heart
Hartland™
Hedelfi ngen
Hudson
Index
Jubileum®
Kristin
Lambert
Lapins
Selah™ (Liberty Bell)
Meteor

Montmorency
Napoleon
North Star
Radiance Pearl
Rainier
Regina™
Royal Ann
Royalton
Sam
Sandra Rose™
Santina™
Schmidt
Schneider
Selah™

Skeena™
Somerset
Sonnet
Staccato
Stella
Sumleta™ (Sonata)
Summit
Sunset Bing™
Surefi re™
Sweetheart™
Tieton™
Ulster
Van
White Gold™

� e Nursery Connection - When Quality and Selection Count
Trees Available for Spring 2010 Planting.

� ose that have a line through them may be ordered as pending, or for spring 2011

Also, NECTARINES, APRICOTS, PLUMS, PEARS, ASIAN PEARS,
SOUTHERN PEACHES, & FLOWERING CRABS...

Call us for our Complete Inventories!

Toll Free: (800) 353-6086  •  269-468-3899
P.O. Box 875, Coloma, MI 49038 • Fax: 269-468-8195 • E-mail: nurseryconnection@yahoo.com 

Shipping Coordination • Order Management Reporting • Source for Current Industry
Developments and Informatoin • Representing the best Nurseries in the United States

SERVICES
ARE FREE!

White Gold™White Gold™

Van Moore
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Estimating the Environmental 
Footprint of New York Apple Orchards
Alan N. Lakso
Department	of	Horticultural	Sciences
NYSAES,	Cornell	University,	Geneva,	NY

“the environmental footprint of an 
apple orchard is both positive and 
negative. Some co2 is released to 
the atmosphere in the production 
of the crop (making and using the 
fuel, fertilizers, and pesticides), but 
we estimate that an acre of orchard 
fixes about 20 tons of co2 from the 
air each season, releases 15 tons of 
oxygen, and provides over 5 billion 
Btu’s of cooling power. in addition, 
some carbon is sequestered in the 
new wood and roots of the trees.”

There is currently a great and growing awareness of the 
importance of the environmental consequences of each 
of our activities. Growers also wish to know the environ-

mental footprint 
of their operations 
since, as stewards 
of the land with 
plants that absorb 
carbon dioxide 
(CO2), they have a 
potentially greater 
impact than the 
average citizen. 
Consumers and 
retail outlets are 
beginning to re-
quest  informa-
tion on grower’s 
e n v i r o n m e n t a l 
impacts and pur-
chase products 
from those they 

feel are most environmentally sound. Growers in other states are 
beginning to conduct environmental footprint studies to both 
understand and improve their environmental effects, but also to 
inform and assure their customers about them. 
 Unfortunately, growers have been limited in their ability to 
estimate the full environmental footprint for their operation. 
Reasonable estimates are available for energy costs and envi-
ronmental impacts of the energy and greenhouse gas emissions 
related to making and using fuel, fertilizer and chemicals used 
in orchards, fruit storage, costs of fruit storage, machinery used 
in the orchard and storage, transportation, etc. An excellent web 
site for these farm-scale greenhouse gas emissions calculations 
is http://www2.cplan.org.uk/. The site provides a downloadable 
review of the topic as well as a calculator itself.  However, quan-
titative estimates of the positive effect of trees’ carbon dioxide 
(CO2) uptake and other environmental effects, cooling effects, 
oxygen generation, are rare and preliminary at best. 
 There are both positive and negative aspects to an environ-
mental footprint. Besides the negatives of energy use, and possible 
environmental degradation (erosion, pesticide drift), orchards 
have many positive effects. They fix CO2 from the air rather than 
give it off. Plants in the process also give off oxygen, and when 
they evaporate water, they cool the environment. These factors 
are real but are often not discussed.

this work was supported in part by the New York State apple research and Development program.

 Models of apple tree carbohydrate relationships and water 
use have been developed in our lab that can provide some initial 
estimates of these environmental impacts.  The carbohydrate 
model can estimate seasonal tree and orchard CO2 fixation, and 
the distribution of carbon to the crop and the rest of the tree 
for a range of orchard configurations and for apple-producing 
regions of NY by using weather data from each region. The model 
has been validated for dry matter production against studies in 
several climates with very good results.
 This project focused on estimation of these processes as 
affected by long-term climates of Western NY (represented by 
Geneva weather), the Hudson Valley (Poughkeepsie) and the 
Champlain Valley (Peru). 

Objectives of the Research
•  Refine and utilize the apple tree carbohydrate model to develop 

the best estimates of apple tree and orchard carbon fixation 
and oxygen evolution from apple orchards in different regions 
of NY.

•  Utilize NY-specific data and models of water use to estimate 
evaporative cooling effects of apple orchards in the NY climate.

•  Evaluate methods to integrate these estimates into broader 
models for the entire orchard (trees, soil and cover crops) and 
orchard operations. 

Procedures Used
Estimating Carbon Relationships: These estimates were gen-
erated by the “MaluSim” apple carbon model of Lakso, et al. 
(2001 and later modifications) that is a simplified, but adequately 
comprehensive model of apple tree sunlight capture, photosyn-
thesis, respiration and carbohydrate distribution to the parts of 
the trees. The model has been used successfully to estimate total 
dry matter production by apple orchards checked against mea-
surements taken in different orchards and in different climates. 
It is the same model being currently used by Terence Robinson 
to integrate weather and tree sensitivity to chemical thinners for 
refining thinning practices. 
 The model was run with average NY weather data (max 
and min temperatures and sunlight radiation) from the primary 
production areas of Western NY, the Hudson Valley and the 
Champlain Valley. Geneva weather was used for Western NY as 
we have a long history of this kind of needed data, especially sun-
light radiation. Although long-term temperature data is plentiful 
for the Hudson and Champlain Valleys, there is very little sunlight 
radiation data. So we worked with Art DeGaetano, the Director 
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of the NE Climate center at Cornell who used a proven method 
to estimate sunlight radiation averages for 10 years from airport 
sky observations in Poughkeepsie and Burlington, VT. The data 
were used with 30-year temperature averages from Poughkeep-
sie and Peru. Note that the model calculations assume a mature 
cropping orchard that is average for sunlight interception. 
 Oxygen Production: When a molecule of CO2 from the air 
enters a leaf and is fixed by photosynthesis, a molecule of oxygen 
(O2) is released. Since O2 is lighter than CO2, about 73% as much 
weight is released. So, if 1 ton/acre of CO2 is fixed, about ¾ ton/
acre of oxygen is released. 
 Water Use and Evaporative Cooling: In previous studies 
in our lab, we measured and modeled the water use by an apple 
orchard in NY weather conditions. In general it appears that over 
a season, 15-18 acre-inches of water (400,000 to 500,000 gallons/
acre at about 27,000 gallons per acre-inch) is used by the trees 
in a typical NY orchard. The evaporative cooling was calculated 
from standard physics of energy for this amount of water loss 
by the trees. The cover crops in the alleyways also evaporatively 
cool by using water. Our previous study of cover crop water use 
in vineyards provided estimates that the cover crops would use 
about 50-60% as much as the trees.

Results
The estimates of  CO2 fixation for Geneva are better than for Peru 
or Poughkeepsie due to the accurate sunlight data. Nevertheless 
in general the results for CO2 fixation were quite similar for all 
regions. On average, an acre of apple trees fixes about 11-12 tons 
of CO2 per acre per season, producing 7-8 tons/acre of dry matter 
(Table 1). For the Hudson Valley, the models suggest that although 
it is a sunnier and longer season than Geneva so there is more 
potential to capture CO2, it is also warmer so higher respiration 
for growth will burn up more CO2. These tend to counteract one 
another, giving similar but slightly higher final values compared 
to Geneva. For the Champlain Valley, it is similarly sunnier, but 
cooler, which is best for net photosynthesis per day. However, the 
season is shorter in the Fall. So, again similar values were found. 
 Estimates of oxygen released by an acre of trees are roughly 
8-9 tons of oxygen/season (Table 1). Again, regional differences 
were minor. 
 Role of Cover Crops in Alleyways  Although the cover crops 
in the alleyways vary in species composition and thus may vary 
somewhat in CO2 fixation and dry matter production, in general, 
it is estimated that they produce similar amounts of dry matter 
to the trees. This is estimated to be due to their somewhat higher 
photosynthesis rates than apples, but somewhat less sunlight 
interception (40-45%) versus the trees (50-55%). The combined 
CO2 fixation of the trees and the cover crops was estimated to 
be about 20 tons of CO2 per acre per season producing about 13 
tons/acre of dry matter with little difference between locations 
(Table 2).
 Cooling Effects The cooling effects of orchards were esti-
mated to be:
 Trees – 3.5-4 billion BTU’s per acre per season (equivalent 
to about 85-90 air conditioners of 10,000 BTU capacity running 
24/7 for 6 months). 
 Whole	Orchard	including	cover	crops – 5-5.5 billion BTU’s/
acre (equivalent to 120-125 air conditioners of 10,000 BTU ca-
pacity running 24/7 for 6 months). These are substantial cooling 
effects per acre. 

Table 1. Estimates of carbon dioxide fixation per acre per season - trees 
only

Location Net CO2 Fixed  Total Dry Matter Oxygen Released
 (tons per acre  (tons per acre  (tons/acre
 per season)  per season)  per season) 

Geneva 11.6 7.3 8.5 
Poughkeepsie 11.8 8.0 8.6 
Peru 11.0 7.0 8.0

Table 2. Estimates of carbon dioxide fixation per acre per season whole 
orchard (trees + cover crops).

Location Net CO2 Fixed  Total Dry Matter Oxygen Released
 (tons per acre  (tons per acre  (tons/acre
 per season)  per season)  per season) 

Geneva 20 13 15 
Poughkeepsie 21 14 16 
Peru 19 12 14

Can We Estimate Carbon Sequestration of Orchards?
Sequestration of carbon is a key issue in relation to reducing the 
increases in atmospheric CO2 and is the basis of possible carbon 
credits for growers. Sequestration means to trap and hold some-
thing (carbon in this case) for long periods (though how long is 
not always agreed upon). The crop sequesters carbon but only for 
a short time until the fruit is eaten. We can estimate how much 
carbon is sequestered in the structure of trees but all too often 
trees are burned when they are grubbed, thus releasing all the 
sequestered carbon. Evaluation of several soil and whole system 
models to estimate carbon sequestration is continuing but these 
models are very complex and being run with too little data.
 We unfortunately have scarce data on key issues of how 
dry matter such as apple prunings and roots add to sequestered 
carbon. A major limitation is understanding the fate of carbon 
that goes to and through roots. A key in this aspect is to improve 
soil organic matter (OM). However, soil OM values tend to level 
out at higher percentages. In arid climates where they have done 
clean cultivation, their soils are often low in OM and they can 
sequester C via increased OM additions. In general, in NY we 
have quite high soil organic matter, so our potential to sequester 
more is somewhat limited (we have already been doing a good 
job for decades!). 
 Dry matter produced per tree that could be sequestered 
depends on the weather and is relatively consistent from year to 
year. But the heavier the crop, the more dry matter goes into the 
crop and less into structure (Figures 1 and 2). So the heavier the 
crop, the lower the potential to sequester carbon. Overall, with 
our modern orchards that produce good yields on dwarf trees 
on heavier soils with generally high organic matter we probably 
have limited opportunity to sequester much more carbon that 
we do now, unless we produce lower crops (not recommended). 
Leaves fall to the ground and can add to the soil carbon, but mi-
crobial action will release CO2 during degradation. The wood of 
the tree is the best place to sequester carbon as it is held without 
microbial degradation. 
 These values of carbon sequestered for different orchards 
will differ primarily by how much sunlight they capture, since 
sun energy drives carbon fixation. Sparse orchards with low light 
interception will fix less carbon though the alleyways will fix more. 
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With the compensation of trees vs. cover crops the total CO2 
fixed will be similar; however, the potential to sequester carbon 
may differ if the mix of grass to trees changes. 

Summary
Apple orchards in NY have several positive environmental 
impacts. An acre of orchard each season fixes about 20 tons of 
CO2 from the air, releases 15 tons of oxygen, and provides over 
5 billion BTU’s of cooling power. Carbon is sequestered by trees, 
though estimates are hard to make at this time due to lack of key 
knowledge. 

Alan Lakso is a professor of fruit crop physiology in the Dept. 
of Horticultural Sciences at Cornell’s Geneva Experiment 
Station. He leads Cornell’s program on physiology of apples 
and grapes.
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Figure 1.  General relationship of total dry matter per acre distributed 
to parts of the tree with increasing crop on the tree. As crop 
goes up, less dry matter goes into structure and potential C 
sequestration. Relationships were averaged over the course 
of several studies by Hansen, Heim and Landsberg, Palmer 
and Lakso.
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Figure 2.  Estimates of total dry matter per acre distributed to parts of 
the tree (tons/acre).

LOCAL FARMS, 
LOCAL FOOD. 

Farm Bureau® is driving       
customers to farm stands. 

Why not yours? 

Another great reason to be a member of Farm Bureau.  

With publicity and advertising,  
Farm Bureau drives customers to your 
retail market or farm stand for fresh 

produce and a “members only”      
discount. You get a solid commission 
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