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The Michigan Cherry Industry must increasingly deal with the challenges of globalization.  Many parts of 

the world grow sweet and tart cherries with production advantages such as inexpensive labor, favorable 

growing conditions, or accessibility to suitable farmland.  For Michigan to remain competitive in the 

international tart cherry market, the industry needs to lead cutting edge technology and horticultural 

modernization.    

Horticultural innovations are rapidly impacting cherry industries and orchards across the globe.   New 

dwarfing rootstocks have facilitated high density sweet cherry orchards by promoting earlier initial and 

peak production much sooner than trees on standard rootstocks.  These more intensive orchards can also 

impact the efficiency of production, improve fruit quality, and be harvested more easily.  With the success 

of high density sweet cherry orchards, such concepts need to be investigated further for Michigan tart 

cherries.   

A team of Michigan State University researchers are investigating the potential for high density tart 

cherry production systems for fruit used in the processing market. To move to high density orchards, 

several production components will require changes.  This project will concomitantly evaluate rootstocks, 

tree spacing, irrigation, and fertilization strategies for this new system.  Tree training and pruning 

strategies also will be developed to optimize yields without sacrificing fruit quality.  This spring, we took 

the first step and planted a high density tart cherry research orchard at the Northwest Michigan 

Horticultural Research Station (NWMHRS), Traverse City, Michigan. 

This planting will evaluate the dwarfing, precocious Gisela
®
 rootstocks currently used by growers around 

the world for sweet cherry production.   There is little information about Montmorency or other tart 

cherries and this rootstock series in the context of high density orchards.  For this project, we planted 

Montmorency on its own roots, as well as grafted onto four commercial rootstocks:  Gisela
®
 3, Gisela

®
 5, 

Gisela
®
 6, and Mahaleb.   

All five rootstocks are being managed with two pruning systems:  multiple leader bush and central leader 

axe.  With the bush system, numerous branches are left intact to help reduce tree vigor, imparting a small 

tree structure, and encouraging fast and easy tree maintenance.  Since tree size is small, light should 

penetrate readily through a properly pruned tree, resulting in uniform fruit quality and high early yields.  

The central leader axe system is characterized by one main, upright trunk, with branching beginning on 

the leader 24 to 36 inches above the soil surface. In the first year, three to four branches uniformly spaced 

around the trunk were selected, with all others removed. Above the first scaffold whorl, we left 18 to 24 

inches without any branches to allow light into the center of the tree, followed with another whorl of 

scaffolds. Alternating scaffold whorls will be maintained up the leader to the desired maximum tree 

height of 12 feet. 



On two central leader trees in each replicate, we used the ‘bud selection/removal’ technique commonly 

used in sweet cherry systems.  Bud removal promotes lateral limb formation and distribution on the 

central leader over a greater distance and at generally wider crotch angles. All buds but the terminal were 

removed from the top 3-5" (a fist size area).  We then removed 50% to 67% of the remaining buds (either 

every other bud or every two out of three) to distribute potential branches in a whorled pattern down the 

leader.  

For irrigating this orchard, we installed a double line of RAM tubing in early May.  Emitters were placed 

24” apart and emit 0.42 gallons per hour.  The system is automated by two moisture sensors in the plot, 

and we irrigated based on rainfall and evapotranspiration recommendations by month.  Water totals per 

tree were as follows:  May--5 gal/day; Jun--7gal/day; July--8 gal/day; August--6 gal/day; September--5 

gal/day; and October--2 gal/day.  This irrigation strategy is based on sweet cherry information and will be 

used as a starting point; future water emitting methods may be modified depending on our preliminary 

results.  For the first season, irrigation was based on the estimates noted. 

Prior to the installation of the irrigation/fertigation system, we applied fertilizer and lime to the plot at 

planting in late April.  Fertilizer (19-10-26) was applied at 400lb/acre (76lb actual N) and lime at 1 

ton/acre.  Once the irrigation/fertigation system was installed, we injected 57 times with a 28-8-18 water 

soluble fertilizer from 26 May until 11 August.  Each day, we injected 1.4 lb of total fertilizer, which 

equates to 37.2 lb of actual N/acre.  Total N for the whole plot was 113.2 lb/acre. The idea was to “spoon-

feed” nutrients throughout the season instead of utilizing the standard split application common in cherry 

production. 

A driving force for these changes in orchard layout is the potential for changes in mechanical harvest 

technologies; currently, we are investigating prospective continuously moving harvesters.  Thus far, we 

have conducted preliminary tests with several different models designed to harvest a variety of crops, 

such as citrus, olives, grapes, and blueberries.  We will continue to evaluate these and other mechanical 

harvesters and have designed our test orchard for this purpose:  eleven rows of trees with 13’ between 

rows and 4.9’ between trees.  We have left 22.8’ of empty space between the five-tree replicates to 

accommodate these further evaluations.   

Although we are only at the preliminary stages of this project, we are optimistic about its prospects.  In 

addition to this new planting at the NWMHRS, we are also investigating different cultivar selections that 

may fit into this future orchard system.  This trial will be installed in spring 2011 and will consist of elite 

selections from the MSU tart cherry breeding program as well as selections and cultivars from Europe, 

and the University of Saskatchewan.   

A third trial at the NWMHRS will be comprised of nine new candidate cherry rootstocks selected by Dr. 

Amy Iezzoni from MSU’s cherry germplasm collection. These are being evaluated for their potential as 

alternative precocious dwarfing rootstocks for tart cherry. With these three research plots in place by next 

season, the MSU team will be able to integrate optimal cultivars, rootstocks, training systems, spacings, 

and irrigation/fertigation strategies to develop globally competitive tart cherry orchard systems of the 21
st
 

century for the Michigan cherry industry.  
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Proper orchard irrigation is critical both to maximizing crop value, and to maintaining the long-term 

health of the orchard.  Over irrigation slows root growth and leaches nitrogen, sulfur and boron out of the 

root zone leading to nutrient deficiencies. In the arid alkaline soils of the Intermountain West, over 

irrigation in the spring increases iron chlorosis. Over irrigation can also induce excessive vegetative vigor 

and provides an environment ideal for crown and collar rots. Applying too little irrigation water results in 

drought stress. One of the growth stages most affected by drought stress is during Stage III fruit 

development from the end of pit hardening to harvest.  This growth period typically coincides with the 

highest temperatures of the season. During this period, rapid fruit growth takes place through cell 

expansion that is dependent upon available water.  At the same time, the tree is initiating flower buds for 

the following season’s crop.  This presentation will focus on methods and technologies available for 

managing irrigation scheduling, and on the possibility of using Regulated Deficit Irrigation as a crop 

management strategy. 

 

Methods for Irrigation Scheduling 
Optimum orchard irrigation management ideally requires an understanding of (1) the current water 

requirements or “evapotranspirational demand” of the orchard, (2) the water storage capacity and current 

water content of the soil, and (3) the water status of the orchard trees.  There are tools and techniques 

available to measure each of these important parameters. 

 

Water requirement - Water is lost from the orchard through surface runoff, deep percolation (moving 

below the root zone), evaporation from the soil surface, and transpiration through the leaves of the plant. 

Deep percolation from excess irrigation can represent a large water loss.  Otherwise, the biggest losses are 

typically due to evaporation and transpiration, collectively known as “evapotranspiration” or ET.  

Estimates of ET are based on weather data, including air temperature, relative humidity and wind speed.  

Orchard weather stations can be programmed to calculate and report the ET estimates for a reference crop 

(ETref or ETr) such as alfalfa or grass. The ET of the crop of interest can be determined by multiplying the 

ETref by a correction factor or crop coefficient (Kcrop) that is specific to your crop and its stage of 

development.   

ETcrop  = ETr × Kcrop 

Figure 1 shows the crop coefficients for sweet cherries.  At bud break (Growth Stage = 0), a cherry 

orchard with grass between rows is using about 40% of the amount of water used by the alfalfa reference 

crop. Water use increases until full bloom and fruit set (growth stage = 100) when water use is 105% of a 

reference alfalfa crop. By leaf senescence in the fall (growth stage = 200), water use has decreased to 40% 

of the reference crop. 



For fruit growing areas in Michigan, you can 

obtain estimates of daily ETref by accessing the 

Enviro-weather network 

(http://www.agweather.geo.msu.edu/mawn/). These 

values are shown under the heading “Estimated 

PET” for Potential EvapoTranspiration, and are 

reported in units of inches per day. 

For discussion purposes, I downloaded the 

records for July 2010 from the MSU Clarksville 

research farm.  July 1
st
 was relatively cool with a 

high temperature of 75.4°F.  Estimated ETref was 

0.195 inches per day.  By comparison, July 4
th
 was 

both warmer (high of 89.3°F) and windier and had 

an estimated ETref of 0.23 inches per day.  July 8
th
 

was cooler (high of 81.1) rainy (1.63 inches total 

precip) and overcast (total solar radiation values 1/3 

as high as previous days in the week).  Not surprisingly, the estimated ET was only 0.074 inches per day.  

Remember that estimated crop ET is determined based on ETref and crop coefficient (Kcrop).  For early 

July, the crop coefficient would be 1.05, or 105% of reference.  Therefore, the daily estimate of ETcrop 

would be 0.230 × 1.05 = 0.241 inches/day. 
By studying the ET estimates over the season, one can begin to understand not only how much water 

the orchard has been using, but make guesstimates of how much water will be needed based on the 

weather forecast.  From this, one can better determine when to start the next irrigation application. 

 

Available water – In addition to knowing how fast the orchard is drawing water from the soil, it is also 

useful to know the amount of water in the soil that is available to the trees.  Soil water holding capacity is 

a function of soil texture (Table 1).  In Utah, we typically assume that the effective rooting depth of a 

cherry orchard on a well drained soil is about 3 feet.  Under such conditions, a sandy loam soil contains 

1.8 to 2.25 inches of readily available water in that 3-foot rooting depth. 

 
Table 1.  Available water holding capacity for different soil textures, in inches of water per foot of 
soil.  Available water is the amount of water in the soil between field capacity and permanent wilting 
point.  Readily available water is approximately 50% of available. 

Soil Texture Available Readily available (inches) 

 (inch/foot) 2 ft root depth 3 ft root depth  

Sands and fine sands 0.5 - 0.75 0.5 - 0.75 0.75 - 1.13  

Loamy sand 0.8 - 1.0 0.8 - 1.0 1.2 - 1.5  

Sandy loam 1.2 - 1.5 1.2 - 1.5 1.8 - 2.25  

Loam 1.9 - 2.0 1.9 - 2.0 2.85 - 3.0  

Silt loam, silt 2.0 2.0 3.0  

Silty clay loam 1.9 - 2.0 1.9 - 2.0 2.85 - 3.0  

Sandy clay loam, clay loam 1.7 - 2.0 1.7 - 2.0 2.6 - 3.0  

 

The next question is determining the current water status of the soil relative to the available 

water.  There are a number of techniques available for measuring soil water, and these report one of two 

parameters: soil water potential, or soil volumetric water content.  Soil water potential can be thought of 

as how hard does the tree have to pull to extract the water from the soil.  At field capacity, the soil water 

potential is near zero.  Relatively low-cost methods for measuring soil water potential are the use of fluid-

filled tensiometers, and resistance blocks such as the Watermark™ sensor.  Volumetric water content is 

the total volume of water per volume of soil.  A number of modern sensors use electromagnetic properties 

of the soil to determine volumetric water content.  Commercially available examples include the Diviner 

Figure 1.  Crop coefficients for sweet cherries. From 
AgriMet values available online at 
www.usbr.gov/pn/agrimet/cropcurves/ crop_curves.html.  
Percent growth stages are: 0=budbreak, 100=fruit set, 
200=leaf fall. 



2000 (Sentek technologies), the ECH2O probe (Decagon Devices), and the TDR100 (Campbell Scientific, 

Inc.).  In order to assess soil water content, one needs to monitor soil moisture at several depths from just 

below the sod layer or cultivation depth (4 to 6 inches), to about 70 percent of effective rooting depth (2 

feet). By using any one of these technologies over multiple wet-dry cycles, the orchard manager can 

calibrate the system to indicate the soil water content relative to readily available water for their situation. 

 

Tree water status – Ultimately, the tree water status should be the direct factor in determining when to 

irrigate.  Measuring tree water status is somewhat more involved and time consuming than the 

measurements of soil moisture status described above.  Mid-day stem water potential is a relatively 

consistent indicator of tree water status.  The necessary equipment for measuring stem water potential are 

mylar bags and a pressure chamber.  Mylar bags are placed over the leaf to stop transpiration and bring 

the leaf into equilibrium with the xylem.  An equilibrated leaf is clipped from the tree at mid day, and 

placed inside a chamber with the cut end of the petiole protruding through the lid of the chamber.  The 

chamber is then pressurized until water comes from the cut end of the leaf petiole.  The pressure required 

to push the water back out of the leaf indicates the water potential of the plant, or how hard the plant is 

“pulling” to bring water from the soil.  Commercial pressure chambers or “pressure bombs” are available 

for orchard irrigation management, and provide the most direct measure of whether or not supplemental 

irrigation is needed. 

 

Regulated Deficit Irrigation (a.k.a intentional drought stress) as an irrigation strategy 

 Regulated deficit irrigation (RDI) is the strategy of reducing irrigation rates to induce 

some set level of drought stress during a specific period of growth and development.  The 

objective of this targeted intentional drought stress is to conserve water and manage plant 

growth, while maintaining or improving yield and fruit quality.  RDI is now used extensively in 

the management of wine grapes, where well timed drought stress reduces shoot growth, thereby 

reducing the amount of pruning needed.  An additional benefit of RDI in wine grapes is 

increased soluble solids in the harvested fruit. 

 From 2007 to 2009, we conducted a series of experiments to determine whether RDI 

could be a useful irrigation management strategy for tart cherries.  Irrigation levels from 30 to 

100% of ETcrop were supplied from pit hardening to harvest. Fruit from treated trees was 

commercially harvested, pitted and packed to determine the effects of RDI on yields and 

packout.  Trees were also monitored for return bloom and fruit set in the following season. 

 In the 2007 and 2008 seasons we saw no effect of the irrigation deficit on total yields.  

Although there was a measurable negative effect on fruit size, this did not significantly alter 

packout.  Both soluble solids and fruit color also improved with irrigation deficit, suggesting a 

possible benefit of RDI for fruit quality. Both the 2007 and 2008 seasons were moderate crop 

years. Perhaps more intriguing was an observed reduction in the severity of apparent trunk injury 

resulting from the trunk shaker (Figure 2).  

In 2009, yields were nearly twice as high as for 2007 and 2008.  While yields did not 

differ among treatments, there was a dramatic difference in undersized fruit.  Approximately 

24% of harvested fruit was undersized in the fully-watered control, compared to 38% for the 

deficit treatments.  This resulted in a dramatic decrease in packout (Figure 3).  More troubling 

than the effects of RDI on yield and packout was the effect on tree survival.  Due to the massive 

2009 crop, trees in well watered orchards collapsed and died near harvest.  However, the 

frequency of collapsed trees was significantly higher in all RDI treatment blocks and was 

proportional to the severity of the irrigation deficit (Figure 4). 

The seasonal differences in yield, fruit size, packout, and tree survival resulting from RDI 

might best be explained by the pre-harvest mid-day stem water potential (Figure 5).  In 2007 and 



2008 when crop load was moderate, preharvest stem water potentials ranged from -0.7 MPa in 

the well watered treatment, to -1.4 MPa in the most severe RDI treatments.  However, in 2009 

the stem water potential of all the treatments was significantly lower than the most severe deficit 

treatments for the previous two years. Clearly the safe threshold for irrigation deficits was 

exceeded in 2009. 

 

Conclusions: 
1. Determining ET through weather measurements, measuring soil water content and tree 

water status are all useful in effective irrigation scheduling. 

2. Stage III RDI showed promise for reducing irrigation water use, improving fruit quality 

and reducing trunk injury in two moderate crop years, but resulted in excessive 

undersized fruit, reduced packout and increased tree death in a heavy crop year. 

3. RDI would be more appropriate in moderate or light crop years. 

4. If RDI is to be safely implemented, it will likely require careful monitoring of tree water 

status to ensure that damage thresholds are not exceeded. 

 
Additional information on orchard irrigation is available in USU Extension bulletins accessible 

at https://extension.usu.edu/publications/  

 

      
Figure 2. Severity of trunk injury as a function of RDI level.         Figure 3. Effect of RDI on packout. 

  

       
Figure 4. The effect of RDI on tree mortality, 2009. Figure 5.  Effect of RDI on pre-harvest mid-day stem 

water potential. 
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