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Grower Decision Support Tool for Conversion to 
a High-Efficiency Tart Cherry Orchard System 

 

Jacob McManus, Lookout Ridge Consulting, Jacob.McManus@LookoutRidgeConsulting.com * 

 
Fruit producing industries, including apple and sweet cherry, have designed new orchard systems 

that combine high-density orchard plantings with continuous harvesting technology. A motivation for this 

adoption of higher density orchards is related to the evidence that yields in perennial fruit orchards are 

strongly linked to tree planting densities. Typically, apple and sweet cherry growers have found higher 

density planting systems come into production sooner and have higher full production yields than found 

in “traditional” tart cherry planting systems. With the successful implementation of many of these high-

density orchard systems in other perennial fruit orchard systems, tart cherry growers in Michigan are 

considering a similar orchard transition.  

 

As part of a larger Michigan State University research initiative, this project evaluates the 

profitability of the standard tart cherry orchard in Michigan relative to the expected profitability of a high-

density orchard system. This research is funded by Project GREEEN and relies upon some of the research 

results obtained by the Horticulture and Biosystems and Agricultural Engineer Departments at Michigan 

State University. The output of this research includes a Michigan State University Extension Fact Sheet 

that documents the supporting parameters used in the economic analysis as well as an excel based 

spreadsheet that facilitates the analysis of a higher density orchard planting by tart cherry growers, 

handlers, lenders and other supply chain vendors. 

 

The high-density orchard system evaluated for the tart cherry industry is one where the number of 

trees per acre increases significantly from the existing central leader system. Traditional tree densities can 

range anywhere from 120 to 170 trees per acre. A high-density orchard will reduce tree spacing 

considerably and the number of trees per acre will increase to between 300 and 600 trees per acre. The 

increased number of trees per acre is expected to have a significant impact on the average annual net 

returns a tart cherry grower receives. 

 

The benefits to transitioning to a high-density system include an increased yield per acre, similar 

to the results experienced by other fruit producing industries as well as the ability to obtain marketable 

yields at a younger tree age. In the standard Michigan tart cherry orchard, marketable production is picked 

around year six when the diameter of the trunk reaches a size where it can withstand the force of 

mechanical harvest. With a high-density orchard system it is possible to enter the orchard for harvest as 

early as year three using harvesting technology such as an over-the-row or continuous harvesting system 

that omits shaking the trunk of the tree.  

 

Therefore, the decision to transition from a standard tart cherry orchard to a high-density orchard 

is dependent upon the ability to obtain a certain level of production that maintains the existing net return, 

while also compensating the grower for the additional risk associated with the lack of experience of 

utilizing the high-density system. If the overall return with the high-density orchard system is equivalent 

to the return of the standard system and the grower receives an additional dollar amount as compensation 

for the risk, will the fixed resource, an orchard site, be bid away from the standard orchard system and 

planted to a high-density system? Research results indicate that a high-density orchard will yield a higher 

annual return related to the early and increased production.  

 

 



The economic valuation approach used in this analysis has been used to compare high-density 

apples systems to the standard density system to determine the annual return to fixed resources (e.g., 

land). The first step is to sum the future annual cash flows (gross revenues less cash outflow 

requirements) over the block’s economic life in terms of their present values. The future net cash flow 

values are discounted (converted) to their current values using an estimated target rate of return as a 

discount factor. The second step is to transform the sum of the discounted (converted) cash flows over the 

economic life into an average annual net return. This is equivalent to calculating the payments on an equal 

annual payment loan except here it is an equal annual net return. 

 

The high-density orchard, over its economic life, must generate an annual cash flow that covers 

the annual net return of the standard orchard plus an annual dollar premium, if needed, to cover 

uncertainty of certain parameters of the high density system. To determine whether or not the high-

density orchard generates the equivalent annual net return of the standard orchard plus the dollar premium 

for the increased risk, parameter assumptions are established to evaluate the comparative break-even 

threshold. 

 

In the existing production system, an orchard is typically planted at a tree density per acre of 20 

feet between rows and 16 feet between trees within rows, or approximately 136 trees per acre. However, 

tree density can vary from 120 to 170 trees per acre. In the standard Michigan tart cherry orchard there is 

an establishment period of five years prior to the first year of harvest. After the establishment period, 

there are six years of mechanical harvest below a peak production level typically referred to as the ramp 

up stage. Production in years six through 11 is adjusted to account for the reduced yield per acre as the 

trees are established. Trees reach a peak production level in year 12 that lasts until around year 23 when 

productivity starts to decline.  Production is reduced for years 23 through 28, when yield per acre has 

declined. An orchard is typically removed after harvest in year 28 for a harvestable life-cycle of 23 years.  

 

Historically, the reported bearing yield per bearing acre in Michigan is slightly less than 7,000 

pounds per acre. However, growers in Michigan indicate that the reported historical yield per acre is 

lower than actual yields received during full production. Michigan growers typically receive an average 

of 10,000 pounds per acre during full bearing years. With a yield per acre during peak production of 

10,000 pounds, average yield per acre over the life of the orchard (before, during, and after peak 

production) is approximately 8,400 pounds.  

 

The estimated non-land cost to establish a standard orchard system is $5,141 per acre. This cost 

includes a site preparation year and five additional growing years prior to first harvest in year six. The 

estimated annual cost per acre during peak production for a standard orchard is $1,476, including 

machinery costs, labor costs, and material costs for each operational task. The costs per acre during years 

six through 11 and years 23 through 28 are adjusted to account for the reduced harvest and other input 

costs when yield is lower than full production.  

 

A high-density orchard is often defined as an orchard with less than 600 trees per acre, but greater 

than 300 trees per acre. The proposed high-density orchard system is planted at a density of 16 feet 

between rows and six feet within rows, or approximately 453 trees per acre. It is expected, given the 

limited choices of dwarfing tart cherry rootstocks, that some growers may plant a more vigorous rootstock 

in the early stages of adoption. Tree density here is conservatively suggested to account for those early 

adopters who plant a more vigorous rootstock. The high-density orchard system will utilize harvesting 

technology such as an over-the-row system that omits shaking the trunk of the trees. Without the need for 

large tree trunks, harvest may begin as soon as sufficient production is available.  

 

 



The proposed high-density tart cherry orchard system is assumed to begin harvestable production 

in year four, reach peak production in year nine and begin to have diminishing production returns in year 

21. It is assumed that the trees will be pulled after harvest in year 23 for a harvestable life-cycle of 20 

years. Consistent with the yield assumptions for the standard orchard, production in years four through 

eight is adjusted to account for the reduced yield per acre as the trees are established. It is also assumed 

that production is reduced for years 20 through 23, when yield per acre has declined. 

 

There are a range of yield assumptions for the proposed high-density tart cherry orchard. 

Production results differ across perennial fruit industries that have transitioned to higher density orchard 

from slightly higher to three times the yield per acre experienced by the traditional system. Since the only 

known commercially productive high-density tart cherry system in North America is really a dwarf bush 

system, comparative yield assumptions are difficult. With uncertainty surrounding the production 

potential of the high-density orchard system, this model assumes a range of yield parameters and solves 

for the comparative break-even yield necessary to bid away resources from the traditional orchard system. 

These yield parameters include a maximum value of 25,000 pounds per acre, a minimum value of 15,000 

pounds per acre, and a most likely value of 20,000 pounds per acre based on a high-density orchard 

system with 453 trees per acre. Production values generated within this range in the comparative break-

even are assumed to be obtainable based on the yield results generated by other perennial fruit industries. 

 

Total cost to establish the proposed high-density orchard system is $9,856 per acre including a 

site preparation year and three years of growing costs prior to first harvest. Costs that vary with tree 

numbers, such as pruning and management hours, are decreased and increased to reflect the increased 

hours required to manage a high-density orchard system.  

 

The estimated average annual cost per acre during the full production years for a high-density 

orchard is estimated to be $2,211. Annual cost per acre includes both cash and non-cash costs associated 

with tart cherry operating, harvesting, and production. For the proposed high-density orchard system, 

time, equipment costs, and material costs are adjusted for the increased number of rows and trees planted 

per acre. The machinery cost reflects the new equipment for harvesting the closely planted orchard. 

Annual costs per acre during years four through eight and years 20 through 23 are adjusted to account for 

the reduced harvest and other input costs when yield is lower than full production. Cost reductions before 

and after peak production for the high-density orchard system, although different, are predicated on a 

similar cost reducing methodology used for the standard orchard.  

 

A target rate of return is used to discount the future cash flows of investment projects to their 

present values. The target rate of return is evaluated at 5%, 7.5%, and 10% consistently for both orchard 

systems. To account for the additional financial risk associated with parameter uncertainty of a $50 and 

$100 per acre premium is assessed against the high-density orchard system. This premium is the 

additional dollars a high-density orchard would have to generate above the annual net return of the 

standard orchard to bid away resources away from the standard orchard system. 

 

 Price per pound is assessed at a constant rate throughout the orchard’s life cycle in each 

comparative break-even calculation. The price per pound used for the standard orchard system is 

consistent with the price per pound used for the high-density orchard system. Price is evaluated at $0.24, 

$0.26, $0.28, and $0.30 per pound in this analysis.  

 

 Research results indicate that, given the previously discussed parameter assumptions, a high-

density orchard system would at most need to yield approximately 170% of full production of the 

standard orchard system Michigan to break-even (Figure 1). This means that if a tart cherry grower in 

Michigan has a yield of 10,000 pounds per acre, expects to receive $0.24 per pound, requires a target rate 

of return of 10%, and demands a $100 premium for the additional units of risk, the grower must produce 
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an additional 7,000 pounds with the high-density orchard system above their existing production to break-

even. This is the worst case scenario however; in several of the other scenarios analyzed yield per acre 

only increased 130% to 150% or 3,000 to 5,000 pounds per acre above existing production levels. The 

required increase in full production for the high-density tart cherry orchard is below or within the range of 

full production yield increases experienced by other perennial tree fruit industry that have moved to a 

higher density orchard planting. 

 

Figure 1: The comparative break-even at full production for the high-density orchard system to 

generate an equivalent annual net return, plus a premium, to that of the standard orchard system. 

 

  

 

 

   

  

 

 

 

 

 

 

 

 

Although these assumptions and results are consistent with the data available on a high-density 

orchard tart cherry orchard system, there is and should be some disagreement among stakeholders on 

parameters assumed and results obtained. For this reason and others, the excel based decision support tool 

is flexible in that an individual grower may modify the assumptions described and determine for their 

own operation what the results need to be in order to break-even.  

 

 

 

 

 

 

 

*   Jacob McManus is an Associate Business Consultant with Lookout Ridge Consulting. Jacob was 

raised on his family’s sweet and tart cherry operation just south of Traverse City, Michigan. Special 

acknowledgement goes to Dr. Roy Black of the Department of Agriculture, Food and Resource 

Economics at Michigan State University and Dr. Barb Dartt of Lookout Ridge Consulting for their 

assistance in completing this project.  



Understanding Risks and Benefits of  
Copper Products for Tree Fruits 

 

David A. Rosenberger 
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E-mail: dar22@cornell.edu 

 

Copper fungicide/bactericide sprays have proven useful for managing fire blight of apples and pears, 

peach leaf curl and bacterial spot on peaches and nectarines, bacterial canker on cherries and apricots, and 

cherry leaf spot on tart cherries. Many different copper products are registered for these uses, and it is 

difficult to know which product to select for any given application. In this article we will explain some of 

the differences among copper formulations and some things to consider when choosing a copper 

fungicide/bactericide for controlling tree fruit diseases.  

Copper sprays control plant pathogens because copper ions denature proteins, thereby destroying 

enzymes that are critical for cell functioning. However, copper ions are non-selective. If copper ions enter 

plant tissues they can kill plant cells as well as cells of fungal and bacterial pathogens. The outer 

protective layers on plants (i.e., bark woody tissues, cuticle and epidermal cells on leaves and fruit) 

prevent copper from penetrating and killing host tissue whereas bacterial cells and fungal spores landing 

on trees are more directly exposed to the copper ions on the surface of plants that have been treated with 

copper. Copper can kill pathogen cells on plant surfaces, but once a pathogen enters host tissue it will no 

longer be susceptible to copper treatments. Thus, copper sprays act as protectant fungicide-bactericide 

treatments, but copper sprays lack post-infection activity. 

Because copper ions are broadly toxic to living cells, copper treatments applied to plants must be 

adjusted so that enough copper ions are present to kill the target pathogens while still keeping the 

concentration of copper ions low enough to avoid injury to the plants that are treated. One way of limiting 

the copper ion concentration on plant surfaces is through the use of copper products that are relatively 

insoluble in water. 

The oldest copper product used in agriculture is copper sulfate, which was used in the early 1800's as 

a seed treatment for wheat. Copper sulfate, also known as copper sulfate pentahydrate, has a solubility in 

water of 320 mg/L at 68 °F. Because of its high solubility in water, copper sulfate can cause phytotoxicity 

even at relatively low application rates because a large quantity of copper ions will be present on treated 

plant surfaces anytime water is present. The high solubility also means that copper sulfate residues can be 

rapidly removed by rainfall. 

Copper products registered for tree fruits are almost all "fixed coppers" that have low solubility in 

water. In fact, many of the fixed copper compounds are considered totally insoluble in water in their 

purest forms. However, tests of formulated copper products usually show water solubility in the range of 

2 to 6 mg of copper per liter. When these fixed copper products are mixed with water in a sprayer, the 

spray solution is actually a suspension of copper particles, and those particles persist on plant surfaces 

after the spray dries. Copper ions are gradually released from these copper deposits each time the plant 

surface becomes wet. The gradual release of copper ions from the copper deposits provides residual 
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protection against plant pathogens. At the same time, the slow release of copper ions from these relatively 

insoluble copper deposits reduces risks of phytotoxicity to plant tissues. 

Fixed coppers include basic copper sulfate (e.g., Cuprofix Ultra Disperss), copper oxide (e.g., 

Nordox), copper hydroxide (e.g., Kocide, Champ), copper oxychloride sulfate (e.g., COCS), and copper 

ions linked to fatty acids or other organic molecules (e.g., TennCop, Cueva). Note that basic copper 

sulfate behaves differently than copper sulfate because the addition of hydroxyl ions (i.e., OH ions) 

changes copper sulfate into a relatively non-soluble fixed copper. With traditional Bordeaux mix, which is 

a mixture of copper sulfate plus lime, the chemical change occurs in the spray tank as the hydroxyl ions 

from the lime complex with the copper sulfate to form a fixed copper. Note also that not all copper 

compounds are blue. Nordox, a copper oxide product, is a rusty red color, and MasterCop, a liquid 

formulation, is black. 

Efficacy of copper sprays is dependent on the amount of elemental copper (sometimes listed on the 

label as percent metallic copper) that is applied and on how finely the copper ingredient has been ground. 

Very little work has been done to compare effectiveness of different copper formulations applied to 

apples, pears, and stone fruits at the delayed dormant or green tip bud stages. Therefore, we are forced to 

derive our conclusions about copper efficacy from studies on other crops such as citrus, tomatoes, olives, 

and walnuts. For many years, the preponderance of evidence indicated that efficacy of copper applications 

was directly related to the amount of elemental copper actually applied. This simplified purchasing 

decisions because one could conclude that a copper product containing 50% elemental copper would be 

directly comparable to another product containing 25% elemental copper so long as the latter was applied 

at double the rate of the former. 

However, other research has shown that finely ground copper formulations are more active than 

coarsely ground formulations. Hardy et al. (2007) listed some of the copper products available in 

Australia and reported that their median particle sizes ranged from 0.7 microns to 3.1 microns. Many of 

the products listed are not available (at least under those trade names) in the United States, but the copper 

products that we use probably have a similar range of particle sizes.  Note that the median particle size 

cannot be determined just by looking at the formulated products because the granule size of the final 

formulation is not directly related to how finely the copper was ground prior to being formulated. 

The difference between 0.7 and 3.1 microns may sound rather insignificant, but the potential impact 

of particle size becomes more obvious if one calculates how particle diameter relates to particle volume. 

A sphere with a diameter of 2.8 microns will contain 64 times more volume than sphere with a diameter 

of 0.7 microns. Therefore, copper products with a median 0.7-micron particle size would theoretically 

have 64 times more copper particles distributed across and adhering to treated plant surfaces than would 

occur following application of a copper product with a 2.8-micron particle size if rates of both products 

were adjusted so as to generate the same rate of metallic copper per acre. (I realize that copper particles in 

aqueous solutions may not be true spheres, but the general principle still applies.) Thus, one should be 

able to achieve more complete coverage with a finely ground copper compared to a coarsely ground 

copper. Furthermore, research as shown that the larger copper particles are more subject to removal by 

wind or rainfall acting on the leaf surfaces after sprays have dried. Therefore, finely ground copper 

products have better residual activity. 

Not surprisingly, finely ground copper formulations are usually more expensive and are labeled for 

use at lower rates. Unfortunately, I am not aware of any good studies that explain how to adjust rates of 

elemental copper to compensate for the increased efficacy of finely-ground compared to more coarsely 

ground copper products. Without that data it is difficult to know whether it is better to pay less for a 

coarsely ground copper that will end up supplying a higher rate of elemental copper/A (i.e., the traditional 

way of thinking) or whether to pay more per pound of elemental copper for a finely ground formulation 

that may have better residual activity even when it is applied at lower rates of elemental copper per acre. 



The finely ground coppers may be preferable for delayed dormant and dormant applications on apples 

and for fall and spring applications on cherries where the objective is to control bacterial canker. We have 

already noted that, at any given rate of elemental copper, finely ground products will provide more copper 

particles per acre and the finely ground copper formulations will be less subject to removal by wind and 

rain. The objective of the above-mentioned applications on tree fruits is to generate a copper residue in 

the tree that will persist and provide disease control that extends through leaf development stages where 

further applications of copper would cause excessive phytotoxicity. Thus, having a copper formulation 

that provides extended residual activity should be an advantage so long as the rate is properly adjusted so 

as to avoid the phytotoxicity that can result if excessive copper residues persist when trees come into 

bloom. Using lower rates of finely ground copper will also help to avoid toxic accumulations of copper in 

soils. Copper in soils can suppress earthworm populations and may also adversely affect other soil 

microorganisms. 

Because we lack experimental evidence concerning rate adjustments for finely ground coppers, we 

suggest that growers proceed with caution when switching from older coarsely ground copper 

formulations to newer finely ground formulations. Rates should be adjusted to stay within the rates 

indicated on product labels, but most copper labels list a broad range of rates. In general, the upper end of 

labeled rates are suggested for applications that are made in spring or fall on cherries or for applications 

made at silver tip or green tip on apples, especially when those bud stages occur early and one can 

therefore expect a long, drawn-out timeframe for bud development. The lower ends of labeled rates may 

be more appropriate in for spring applications if spring weather has been delayed and one might therefore 

expect trees to advance rapidly from bud break to bloom. Using excessive rates of copper, especially 

finely ground coppers that have good residual properties, could result in fruit russetting on some apple 

cultivars if copper ions are splash-dispersed to developing fruit tissue after flowers reach pink or bloom. 

Copper products such as Cueva and MasterCop contain very low concentrations of elemental copper. 

The low amounts of elemental copper provided by the labeled rates for these products are unlikely to 

provide sufficient residual activity for controlling the pathogens targeted by these early spring copper 

applications. These products are better suited for applications during summer (e.g., for bacterial leaf spot 

on peaches, cherry leaf spot on tart cherries, or vegetable diseases) when repeated applications with low 

rates of copper are desired so as to minimize phytotoxicity.  

Following are a few additional concepts relevant to using copper products on tree fruits: 

1. Solubility of fixed coppers increases under acidic conditions. As a result, copper sprays will 

become more phytotoxic if they are applied in an acidic solution. Acidifiers such as LI-700 and non-

buffered phosphite fungicides should not be tank-mixed with copper fungicides. 

2. Copper sprays generally cause more phytotoxicity to the sprayed foliage when applied under slow-

drying conditions as compared to rapid-drying conditions. This concern is not relevant for delayed 

dormant or green-tip applications. However, if copper is used to control bacterial spot during summer or 

if it is applied to non-bearing apple trees to control fire blight after leaves have emerged, then 

phytotoxicity can be minimized by applying the copper with relatively low volumes of water and under 

conditions where droplets dry quickly. 

3. When buds are already showing green tissue, do not apply copper just prior to predicted frosts 

because the cells ruptured by frost crystals may resorb and be killed by the copper on the bud surfaces.  

4. The literature on the benefits of using adjuvants with copper suggests that adjuvants have highly 

variable and largely unpredictable effects on the efficacy of copper sprays. We know from years of 

experience that copper products can be combined with oil in delayed dormant or green-tip sprays on 

apples if oil is being applied to control mites. Otherwise, using one quart of spray oil per 100 gallons of 

finished spray solution may enhance coverage of the wood in these early-season sprays, but using higher 



rates of oil does not "lock in" the copper deposits to enhance residual activity. No other adjuvants are 

necessary or recommended when applying copper products on tree fruits. 

5. As noted earlier, Bordeaux mixture was made by mixing copper sulfate and spray lime. With the 

fixed copper products, there is no published evidence that adding spray lime will either reduce 

phytotoxicity or extend the residual activity of the copper. However, several sweet cherry growers in the 

Cumberland-Shenandoah region have told me that they achieved much better control of bacterial canker 

when they added spray lime to copper sprays even though they were using a fixed copper that 

theoretically did not need any additional lime. At this point, I have no hypothesis to explain their 

observations. 

6. Some copper fungicides may go into solution and stay in solution better than others. Both the 

traditional Bordeaux spray (which includes spray lime) and some newer formulations can rapidly settle to 

the bottoms of spray tanks in sprayers that do not have excellent agitation. Therefore, in addition to 

considering which products have the finest grind or the lowest cost per pound of elemental copper, it is 

also worth considering which products will stay in suspension and therefore provide trouble-free 

applications without clogged nozzles or filters.  Unfortunately, I am not aware of any published literature 

that provides information on which products are "easiest to use," but my own experience suggests that 

there are logical reasons that very few growers have continue to use the traditional Bordeaux mixture with 

spray lime. 

  
Literature cited: 

    Hardy, S., Fallow, K, and Barkley, P. 2007. Using copper sprays to control diseases in citrus. NSW 

DPI Primefacts #757, available at 

http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/138171/Using-copper-sprays-to-control-

diseases-in-citrus.pdf  
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Introduction 

Fruit production is a critical component of the global economy. For example, the top ten cherry-exporting 

nations produce a collective annual yield valued at more than one billion dollars (FAO 2007). Michigan’s 

tart cherry crop was worth over $27 million to the state in 2010 and sweet cherries were worth nearly $10 

million (NASS 2011). Increasing human fruit and vegetable consumption is a goal of the Food and 

Agriculture Organization of the United Nations (2003) and the World Health Organization (2010) 

because of the strong positive effects of fruits and vegetables on health (e.g. Lock et al. 2005). Thus, 

addressing threats posed by fruit crop pests and improving productivity and profitability is of great 

economic and social importance. 

 

Fruit loss to birds is a long-standing and costly problem (Virgo 1971, Dolbeer et al. 1994, Simon 2008) 

that has received little coordinated attention from researchers, leaving producers with few effective 

management options. U.S. producers lose tens of millions of dollars each year through direct losses and 

often ineffective efforts to deter birds (USDA 1998). In addition to outright consumption, birds damage 

fruit, leading to increased susceptibility to other pests and pathogens (Pritts 2001, Duffy & Schaffner 

2002, Holb & Scherm 2008) and reduced product quality.  

 

Michigan State University received a Specialty Crop Research Initiative grant from the U.S. Department 

of Agriculture in 2011 to investigate bird damage to fruit crops. With partners from Trinity Western 

University, Oregon State, Washington State, Cornell, and the U.S.D.A. National Wildlife Research 

Center, we are studying the economic costs of bird damage and consumer responses to potential 

management techniques. Our ultimate goal is to provide robust information to growers on cost-effective, 

efficacious bird management strategies that are also environmentally sustainable. 

 

Our goals for the first year were to determine damage levels in four fruit crops across three regions of the 

country and to assess the best methods of sampling birds to determine the species that cause the most 

damage and their relative abundance. The three geographic regions are Michigan, New York, and the 

Pacific Northwest. Here I report on data from tart and sweet cherries in Michigan. We are currently 

analyzing the data for other crops and in other regions. 

 

Methods  

We sampled 10 tart cherry blocks and 24 sweet cherry blocks in the Grand Traverse Bay region in 2012. 

We divided each block into four edge strata and one interior stratum because of previous work suggesting 

that edge strata show higher levels of damage (Tracey & Saunders 2010). Thus, measuring damage levels 

in different strata provides more precise and accurate estimates of damage over entire blocks. In addition, 

we will be able to determine whether edges next to particular land-cover types are more susceptible to 

damage because we recorded adjacent land-cover types. We randomly selected 12 trees within each 

stratum. We then randomly selected one of eight sectors, for example north northwest, and a vertical 

distance above the ground, for example 2 m, to determine the branch of each tree to sample. We then 
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counted the number of intact, damaged, and missing cherries along approximately one meter of the 

branch, moving back from the terminal tip of woody growth (Figure 1). Missing cherries were those 

where a pedicel from 2012 was present but a fruit was not. When the pedicel was obviously from a year 

before 2012, it was not counted. We assumed damaged and missing cherries were a result of bird damage 

unless there was some indication otherwise, for example, mammal scat on the ground below the tree. 

Most sampled blocks had no bird management this year because of the very low yields.  

 

We calculated an estimate of damage for each sampled branch by calculating the proportion of damaged 

and missing cherries of all cherries counted. We calculated the average percent damage over all plants 

within a stratum. We also calculated the proportion of each block covered by each stratum. We then 

weighted each stratum’s damage average by its proportion of the block to determine the damage estimate 

over the entire block. We then averaged these estimates to calculate percent damage over all the sampled 

blocks. We deployed motion-sensitive cameras in one sweet cherry orchard to assess the potential of 

cameras to detect fruit-consuming birds. These cameras take pictures which they detect motion. 

 

Results                                                           

For tart cherries, north edges showed more than 

20% damage while other edges showed 3-7% 

damage. Interiors had about 7% damage. Given 

that interior strata make up most of the area of 

most blocks, the overall weighted damage            

estimate over the 10 blocks was about 6.8% 

(Figure 2).  
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Figure 1. Cedar waxwings in sweet cherries at the        

Northwest Michigan Horticultural Research Station, 

2012. 

 



 

Figure 2. Percent bird damage in edges and interiors of 10 tart cherry blocks in the Grand Traverse 

Region, Michigan, 2012. 

 

Edges did not consistently show more damage than interiors in sweet cherries with a range of about 9-

14% damage in edges, about 12% damage in interiors, and an overall weighted damage estimate of about 

12.5% over the 24 blocks (Figure 3).       

  

 

Figure 3. Percent bird damage in edges and interiors of 24 sweet cherry blocks, Grand Traverse region, 

Michigan, 2012. 
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During 546 hours of cameras being deployed in a sweet cherry orchard, 58 birds were detected, including 

wild turkeys, Meleagris gallopavo (Figure 4).  

 

Discussion 

The results suggest significant damage to 

sweet cherries from birds and lower levels to 

tart cherries although damage on some tart 

cherry edges is high. The results must be 

taken within the context of the very low 

cherry yields this year. We will repeat some of 

the damage sampling next year to check 

whether damage levels this year are 

representative of more typical years. Growers 

told us that damage was high in 2012 because 

of the lack of both wild and cultivated fruit. 

However, in addition, many growers did not        Figure 4. Wild turkeys eating sweet cherries at the  

employ any bird management techniques             Northwest Michigan Horticultural Research Station, 

because of the low yields.                                     Michigan, 2012. 

 

The motion-sensitive cameras provided a complete record of bird visits for a given time period in a given 

site but are costly and pose logistical challenges. Future bird sampling in orchards will likely involve a 

combination of observers moving through to be able to more effectively find birds, and cameras, 

deployed in a targeted fashion to maximize bird detections. 

 

Future project-related work will involve testing of various bird management strategies. 
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