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Nitrogen Utilization in Sweet Cherries 

Costanza Zavalloni and Jim Flore 
Department of Horticulture, Michigan State University 

Several aspect of nitrogen fertilization management in modern sweet cherry orchards will be reviewed, 
and as a primary objective the aspects to improve fertilizer use efficiency will be considered.  There are a 
number of factors that affect nitrogen fertilizer use efficiency, which include plant N demand (Weinbaum 
et al., 1992), form of N applied (Baker and Mills, 1980), application methods (Sanchez et al., 1995) and 
the timing of application (Taylor et al., 1975).   

In order to increase the N-fertilizer use efficiency, and avoid risks related to high level of nitrate in soil, it 
is important to synchronize the N application with tree N demand.  The seasonal pattern of uptake and N 
accumulation in trees reflects their N demand and can be used for timing N-fertilizer application 
(Weinbaum et al., 1992). Plant demand for nitrogen can vary during the season, and is strongly dependent 
stage of plant development, as well as crop load.   

This research was initiated to determine if dwarfing rootstocks have an influence on N-fertilizer use 
efficiency when compared to the standard rootstocks used in the industry.  Also we investigated if 
dwarfing rootstocks were better user of the absorbed nitrogen compared to the standard rootstocks.  
Results of two studies will be presented and discussed. 

STUDY 1:  N-fertilizer use efficiency and tree nitrogen use efficiency (NUE) were evaluated five times 
during the growing season, on one-year-old potted plants of sweet cherry (Prunus avium L.) cv. ‘Rainier’ 
grafted on dwarfing rootstocks ‘Gisela 5’ and ‘Gisela 6’, on the standard rootstock ‘Mazzard’.  Also 
‘Gisela 5’, ‘Gisela 6’ and ‘Mazzard’ without scion were included in the study to evaluate the effect of the 
rootstock itself on N-fertilizer use and NUE. 15N was applied to the soil at a rate of 0.5 g of 15N as 
K15NO3.  After a period of 10-12 days from the 15N application the plants were harvested.  Total N, 
percent of 15N and dry weight of the different plant organs (current season growth, trunk, and roots) were 
evaluated.
N fertilizer uptake was influenced by the accumulation of dry matter and was higher during rapid shoot 
growth until the beginning of leaf senescence.  Overall, there were no differences in N-uptake efficiency 
between dwarfing and standard rootstocks.  NUE was significantly higher in ‘Mazzard’ without scion 
compared to ‘Gisela 5’ and ‘Gisela 6’ without scion but had comparable values when grafted with 
‘Rainier’.  The results of this study can be useful to optimize the timing of water and N application. 

STUDY 2: in this study, beside N-fertilizer uptake efficiency, at different times during the growing 
season and tree’s nitrogen use efficiency, also retranslocation of N from senescent leaves was evaluated.  
The experiment was conducted in 2002, using five-year-old sweet cherry trees of cv. ‘Sam’ grafted on the 
standard rootstock ‘Mazzard’ and on the dwarfing rootstock ‘Gisela 5’. The orchard was located in 
Copemish, Michigan on a sandy-loam soil (we thank Calvin Lutz for providing the orchard and assistance 
during the experiment).  During the growing season, 21g on 15N as KNO3 were applied three times: at full 
bloom (11th of May), at rapid shoot growth (40 days after full bloom), and at the beginning of leaf 
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senescence (12th of September).  Shortly after bloom a severe frost eliminated all the flowers in the trees 
resulting in total crop loss.  Leaves were sampled at 1, 5, 10 days following the 15N applications, and 
subsequently every week, until leaf senescence occurred.  N content and % of 15N were measured in the 
leaves sampled during the season.  Before leaf senescence, trees were enclosed in netting bags to collect 
abscised leaves in order to evaluate total amount of N and N derived from fertilizer lost during leaf fall.   
N-fertilizer was taken up in greater amount when applied at bloom and at rapid shoot growth than at the 
beginning of leaf senescence.  When N-fertilizer was applied at bloom and rapid shoot growth, the 
percent of N-fertilizer was higher in leaves of dwarfing than standard rootstock.  Based on these results, it 
appears that dwarfing trees uptake more N-fertilizer than standard trees during the early stages of growth 
of the growing season.  Nitrogen use efficiency was lower at bloom, and increased progressively during 
the season but did not differed between the two rootstocks.  Also, N retranslocation from senescent leaves 
was not different between dwarfing and standard trees. 

Considering the results of the two studies, our recommendations for N-fertilization are: 
- N-fertilizer should be applied prior to rapid shoot growth. 
- Trees should be monitored to avoid possible N deficiency, especially cultivars on dwarfing 

rootstocks when grown on sandy, low in organic matter soils. 
- N-fertilization at the beginning of leaf senescence contributed significantly to N reserve of the 

trees, but additional studies are needed to evaluate its effect on cold hardiness. 
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World Markets: Tart Cherries in Poland 

Dr. Suzanne Thornsbury
*

Department of Agricultural Economics, Michigan State University 

Based on USDA data Michigan produced approximately 80% of U.S. tart cherries in 2001 with a farm 
value of almost $40 million. Despite such a dominant domestic position, like all of agriculture, the 
Michigan industry is increasingly integrated into the world economy. In the last twenty years Poland and 
the United States increased their share of world tart cherry production, from a combined total of 21.1 
percent in 1980 to 34.4 percent in 2001. Poland’s share rose three-fold from 6.3 percent of world 
production in 1980 to 17.8 percent in 2001, while the United States output grew from 14.9 percent to 16.6 
percent over the same period. For Michigan producers and processors to position themselves strategically 
in this increasingly complex global market, there is a critical need to understand the development and 
relative position of the Polish tart cherry industry. 

Figure 1. Average share of world tart cherry production, 1995 – 2002. 

Production Regions 

Tart cherry production in Poland is concentrated in the  
central part of the country. The two primary regions of  
production are in the East, between Warsaw and Radom,  
and in the West, surrounding the city of Poznan and close  
to the border with Germany.  

Growers

Data on Polish cherry production indicates a steady upward 
trend in output between 1990 and 2001, largely driven by 
increases in acreage harvested; although there were 
substantial yield gains in the early 1990s (Figure 2) as the 
Polish economy moved towards a market system. Unlike 
other Central and Eastern European countries, many Polish 
farmers maintained private ownership of land under the 

* I gratefully acknowledge the research and writing assistance of Mollie Woods and Bethany Whalan from the 
Agricultural Economics Department at Michigan State University. Support for this project is provided by the 
Michigan Cherry Committee, USDA Foreign Agricultural Service, and MSU MAES. 
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communist regime, creating a system of small family farms, which produce multiple crops. Almost two-
thirds of Polish farms are 36 acres or less, with an average farm size of just over 21 acres compared to 50 
acres in the European Union. Fruit farms are even smaller in size, with a range from 2.4 to less than 20 
acres and are usually dominated by apple production.  

Before 1970 tart cherries were planted as barrier rows on the outside of apple orchards, these rows 
protected the apple crop from chemical sprays and other pests. As the processing capacity for tart cherries 
grew blocks of orchards were planted for the primary purpose of commercial cherry production. Tart 
cherries are still hand-harvested in Poland and production systems are planted for this purpose. Intensive 
production systems contain approximately 416 trees per acre and rootstocks are chosen for their 
characteristic low trunk and shorter than average height.  
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Figure 2. Poland tart cherry acres harvested and yield 

Shatte Morello or “English Morello” is the main variety of tart cherry grown in Poland. These cherries 
have burgundy colored skin and flesh. Over the last thirty years of production growers have planted small 
blocks of other cherry varieties for specific products, yet current planting trends indicate Poland is 
moving towards a more monoculture system. 

Brokers

Brokers are an integral part of the tart cherry supply chain (as well as other agricultural supply chains in 
Poland) – they move and consolidate cherries from many small farms to domestic and foreign processors. 
Brokers operate by taking direct ownership of the fruit or by marketing the fruit on behalf of growers for 
commission. It is clear that many growers fear formal cooperation arrangements, largely as a legacy from 
the former communist system. Growers had little if any contact with the sale or marketing of their 
products, under the previous system prices were determined by the state and specific quantities required. 
After the fall of communism in 1989 little has changed in the minds of Polish producers. Currently, two 
factors seem to limit cooperation; first producers lack trust in one another and an organized system and 
secondly, producers need to develop individual knowledge of marketing and promotion. 

In some cases, brokers organize harvesting labor for growers. In the Poznan region, where tart cherry 
farms tend to be larger, brokers organize harvesting labor for many of the tart cherry growers, sourcing 
workers largely from Russia. There is some evidence of contractual relationships between processors and 
brokers and that processors use brokers to obtain large amounts of fruit. Polish fruit growers are reluctant 
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to cooperate in marketing agreements and so some processors may view brokers as a more reliable option 
than vertical integration with multiple fruit growers.  The sheer number of tart cherry growers, especially 
in the Skiernowice region (south of Warsaw), may keep some processors from creating formal production 
agreements. In their current role, brokers have the potential to exert significant market power as they can 
often control what information passes to growers and to processors, including price and production 
information.  

Processors 

There were 1,385 fruit and vegetable processors in Poland with over 480,000 people employed in the 
sector in 1999. The majority of these processors were very small; 63 percent had fewer than six 
employees. Prior to transformation, the majority of food processing facilities in Poland were state-owned 
companies, however, by 1999 over 77 percent of food processors were privately held. Food processing 
firms underwent some modernization during the transition period and into the late 1990s driven by the 
need to compete in the new marketplace and domestic and foreign investment in facilities. By 2001, food 
processing contributed three percent of Poland’s total GDP. 

In the tart cherry sector, former state-owned companies tend to be very large with excess capacity. Some 
of these companies are primary processors who then sell their product to repackagers, or final processors, 
like jam or dessert makers. Foreign processing companies participate by buying fresh product through 
brokers and shipping to their own processing facilities, or by buying processed products from primary 
processors in Poland which they further process into any number of products.  

Inflows of foreign direct investment (FDI) to the food processing sector were over 12 percent of total 
foreign investment in Poland in 2000. FDI in the Polish processing sector is possible through direct 
ownership or partnership with domestic companies. For example, Kraft and Land O’Lakes are two 
processing firms with current holdings (full and partnership) in the Polish dairy sector. German and Dutch 
processors are already active in the marketplace for tart cherries with well established relationship with 
suppliers and brokers from Poland. 

Foreign Direct Investment (FDI) levels in Poland in 2000 by sector 

Sector % of total FDI 

Food 12.2 

Transport 11.5 

Non-metal 5.8 

Electric 4.3 

Pulp 3.7 

Chemical 3.4 

Machinery 1.4 

Retailers

Over the past two years there has been an explosion in the number of foreign owned supermarkets 
operating in Poland.  In 2003, of the top twenty investors in Poland, Tesco Plc., Carrefour, and Casino 
ranked 14th, 15th, and 16th, respectively. Major foreign owned retailers have supermarkets in the large 
metropolitan areas such as Krakow, Poznan, and Warsaw. The share of supermarkets in overall food 
retailing in Poland is estimated at 70 percent. Small, domestically owned retailers still exist in urban and 
rural markets.  

Retail produce buyers in large chain supermarkets are very knowledgeable about consumer demands and 
preferences and the sources, availability, and pricing of domestic and global produce. They track 



 Thornsbury - 4 

purchases through membership clubs and use promotions, discounts, and taste tests to feature products. 
These markets carry a variety of domestic and foreign products which use tart cherries (Polish produced 
and other). Retail fresh produce buyers also buy tart cherries from local suppliers when they are in season. 

Consumers

Per capita consumption of fresh and processed fruits has increased in Poland to around 57 kg per year. 
Polish consumers are very familiar with tart cherries and their presence in many products. There is a wide 
variety of products made of or containing tart cherries commonly available including confections, 
chocolates, dairy products (milk, yogurt, kefir), baked goods (cookies, cakes), juice, juice syrups or 
sherberts, wine, and brandy. Morellos are eaten fresh, but most often are used in baking, jams, yogurts, 
and juices. The Polish Minister of Agriculture and Rural Development oversees a labeling program to 
promote all Polish processed products called “Polish Good Food”. 

There is some evidence of growing demand for “healthy” products and low-input production processes 
among Polish consumers. Factors contributing to this trend include a young population (about 60 percent 
between 18 and 64), rising incomes, and increased exposure to the global marketplace. An ecological 
farming movement exists in Poland, with two separate grower organizations and a registration program 
administered by the Minister of Agriculture and Rural development.  Since 1990, the number of farms 
inspected for registration has increased from 27 to 1,798 in 2001. Ecological farming may be one 
commonality which Polish growers will be willing to join together and promote a common product. 
Increasing demand for the reduction of chemical pest protection has initiated a small group of growers to 
join together and market a common product.  

Opportunities for the Michigan Industry 

There are a number of potential opportunities for the Michigan industry that are worthy of further 
exploration. First, there is clearly a high demand for tart cherry products among Polish consumers. The 
world city with the second highest population of Polish people is Chicago (first is Warsaw). Other U.S. 
cities also have large concentrations of Polish-Americans. There may be opportunities for the Michigan 
industry to target these potential domestic consumers. Second, the Montmorency variety is currently not 
part of the production system in Poland. If research on health benefits of tart cherries indicates a 
difference by variety, there may be opportunities to tap into the health awareness of Polish consumers. 
Third, there may be opportunities for suppliers to align and introduce the Montmorency as a new variety 
in Polish markets. Consumers worldwide have shown an affinity for more variety in their food and food 
products. There could be potential for a product that highlighted the bright red color of the Montmorency 
and carried a “made in U.S.A.” label. Finally, there appears to be some possibilities to introduce dried 
cherries into the Polish market. Other opportunities may certainly be identified as Michigan producers 
and processors learn more about the Polish tart cherry supply chain. 
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Tart Cherry Variety Alternatives 

Amy Iezzoni 
Department of Horticulture 
Michigan State University 

East Lansing, MI 

The top priority of the MSU tart cherry breeding program is to increase the profitability of the tart 
cherry industry by providing new variety-based opportunities.  Because over 95% of the tart 
cherry crop is processed, the success of any new variety ultimately depends on its suitability for 
processing.  Therefore, processing cherries are the main focus of the project. 

One of the first objectives of the MSU tart cherry breeding program was the introduction of tart 
cherry cultivars from other countries and the evaluation of these cultivars in the U.S.  From this 
effort the following three cultivars were released: Balaton®, Danube™ and Jubileum™.  These 
three cultivars that were bred and selected in Hungary by scientists at the Enterprise for Research 
and Extension in Fruit Growing and Ornamentals were introduced to the U.S., tested and released 
for commercial production by MSU.  These three cultivars are described below (see Table 1): 

Balaton®:  The fruit of this selection matures about a week after Montmorency.  The fruit 
is firmer, larger and sweeter than Montmorency.  The fruit also has red pigment in the 
flesh and the ripe fruit color is a dark red.  The tree is more vigorous than Montmorency.  
The fruit is best harvested when the average pull force is 350 lb.  No ethrel is required to 
mechanically harvest the fruit. Fruit that is under-ripe may crack in the water tanks.  
Balaton® may be somewhat less winter hardy than Montmorency so it is recommended 
that it be planted on a sweet cherry site. Mahaleb seedling is the recommended rootstock. 
A complete description of Balaton® including pruning recommendations can be found at  
http://www.hrt.msu.edu/balaton.html 

Danube™:  The fruit of this selection matures approximately one week before 
Montmorency.  The fruit is firmer, larger and sweeter than Montmorency. The fruit also 
has red pigment in the flesh and the ripe fruit color is dark red.   Danube™ fruit have 
excellent flavor and firmness making this selection the standard for fresh market fruit 
quality. The fruit is best harvested when the average pull force is 350 lb. No ethrel is 
required to mechanically harvest the fruit. The tree is less vigorous than Montmorency.  
Danube™ blooms earlier than Montmorency in the spring and it is less winter hardy.   
Danube™ is also more susceptible to European Brown Rot than Montmorency and 
requires fungicide coverage during bloom.  The recommended rootstock is mahaleb 
seedling, either CT500 or CT 2753. These are the rootstocks used for Danube™ in 
Hungary and were imported specifically to be used as a rootstock for this cultivar in the 
U.S.

Jubileum™:  The fruit of this selection matures approximately ten to fourteen days before 
Montmorency. The fruit is extremely firm and sweet. The fruit and flesh are a dark 
purple, almost black color.  The tree is vigorous but it tends to exhibit poor fruit set and is 



 Iezzoni - 2

currently only recommended for home gardeners. However, recently Jubileum™ has 
been budded on dwarfing precocious rootstocks such as GI 5 and GI 6. If these rootstocks 
confer higher fruit set, Jubileum™ may be more competitive for commercial production.   

Table 1.  Bloom date, harvest date and fruit quality of Jubileum™, Danube™ and Balaton® 
relative to Montmorency.   

Cultivar Bloom 
dateZ

Harvest
dateZ

Fruit
weight (g) 

Fruit
width
(mm) 

Pit
length/width 

ratio

Soluble
solids (%) 

Jubileum™ -1 - 10 5.8 23 1.12 19 

Danube™ - 3 - 8 6.2 22 1.14 17 

Montmorency 0 0 4.8 20 1.12 14 

Balaton® +1 + 7 5.9 22 1.13 16 

Z Bloom date and harvest date are relative to Montmorency.  

MSU tart cherry seedlings from crosses made in the breeding program are also under test for their 
cultivar potential. Key characteristics that are being incorporated into these selections include: 
cherry leaf spot resistance, fruit firmness, high soluble solids and a range of skin and flesh colors 
and maturity dates.  A subset of these selections is described in Table 2. 

Table 2. Examples of MSU tart cherry selections.  

Selection Bloom 
dateY

Harvest
dateY

Crop
loadZ

Fruit
weight

(g)

Fruit
width
(mm)

Flesh
color

Skin
color

Soluble
solids
(%)

Pit
length/width

Montmorency May 5 July 14 10 4.8 22 clear red 14.3 1.12 

258 +3 +2 7 5.1 21 clear red 15 1.16 

318 -6 -14 7 5.4 22 clear dark 
red

20 1.10 

2514 -2 +8 6 4.1 19 dark 
red

dark
red

22 1.25 

271 0 - 10 5 3.7 19 dark 
red

dark
purple

17.7 1.27 

279 0 +7 8 3.3 18 dark 
red

dark
purple

23 1.08 

Y Bloom and harvest dates are relative to Montmorency 
Z Crop load is on a scale of 0-10 with 10 the highest crop load.  

The releases from the tart cherry breeding program are targeted for four “market classes”: 1) 
Montmorency type pie cherry [improved firmness and disease resistance], 2) morello processing 
cherry, 3) high yielding/high pigment processing cherry, and 4) a fresh market cherry. 

To date, advanced selections are available that meet the last three market classes. A cherry leaf 
spot resistant Montmorency cherry has not yet been obtained; however, it is possible that such a 
selection will be identified in the next few years.  An excellent source of cherry leaf spot 
resistance has been identified in Russian germplasm (Wharton et al. 2003).  The resistance 
exhibited prevents fungal sporulation and is therefore a high level of resistance. In addition the 
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resistance holds up when challenged with leaf spot isolates from a range of Prunus species (sweet 
and sour cherry, plum, black cherry).  Our goal now is to combine this resistance with the 
productivity required for commercial production.   

Reference 
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THE NEW PRODUCT DEVELOPMENT CENTER 

Thomas R. Kalchik, Associate Director Client Services 
Michigan State University Product Center for 

Agriculture and Natural Resources 
4700 Hagadorn Road, Suite 210 

East Lansing, Mi 48823 
Phone: (517) 432-8752 

E-mail: kalchikt@msue.msu.edu

The MSU Product Center for Agriculture and Natural Resources (ANR) was established in the Spring, 
2003 with funds from the Michigan Agricultural Experiment Station and Michigan State University 
Extension.  Its purpose is to improve economic opportunities in the Michigan agriculture, food and 
natural resource sectors.  The Center has three interrelated programs that deliver a coordinated response to 
entrepreneurs and managers who are developing and commercializing high value, consumer-responsive 
products and businesses with a natural resource or agricultural base: the ANR Innovation Counselors 
Network, the Strategic Marketing Institute, and the Executive and Leadership Education Program. 

The ANR Innovation Counselors' Network, the outreach portion of the Center, is the local contact for 
entrepreneurial groups and existing businesses. The Counselors nurture new market and product 
development opportunities.  At the Center level, Project Specialists assist Counselors or firms directly by 
tapping into MSU's technical expertise.  Project Specialists also collaborate with external consultants, 
industry groups and governmental agencies. 

The Strategic Marketing Institute develops the information base needed to support the initial screening 
and evaluation of concepts, products and businesses.  The Institute produces long-range studies for 
Michigan's agricultural, food and natural resource sectors.  Each sector study includes assessment of 
SWOT (strengths, weaknesses, opportunities, and threats), core competencies, competitive advantages, 
strategic resource base, supply chain configuration, promising business/product areas, futuring scenarios, 
and key strategic issues for the particular sector.  The Institute works to uncover product and business 
opportunities as well as help commercialize new technologies arising from university research.  

The Executive and Leadership Education Program will meet the highest level needs of managers, board 
members and entrepreneurs of the agricultural, food and natural resource systems while building capacity 
for potential new industry leaders. 

The goals of the Center are to provide a coordinated, university-wide response for assisting agriculture, 
food, and natural resources entrepreneurs and managers in improving economic opportunity and to 
cooperate with existing agriculture, food, and natural resources organizations to develop new businesses, 
new products, and more successful existing business.  The Product Center will be successful when it 
empowers clients to be entrepreneurial; when its partnerships with clients result in more competitive and 
profitable businesses, and when innovative products, new jobs, and expanded incomes are realized in the 
agriculture, food and natural resource sectors. 

The Center is developing several capabilities to meet these goals.  These include: 

Response Capacity - To assist entrepreneurs and existing businesses with new product ideas. 

Proactive Capacity - To do proactive marketing research in order to better position Michigan.  

Education Capacity - To develop cutting edge and transforming educational experiences. 

Research Capacity - To develop an academically recognized, applied research program. 

The Center works closely with the Michigan Partnership for Product Agriculture (MPPA), a consortium 
of Michigan general agriculture, agri-business, commodity, research, and educational organizations.  The 
(MPPA) was established in 2001 to foster sustainable economic opportunities for product agriculture in 
Michigan.


