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THE TECHNOLOGY ROADMAP FOR TREE FRUIT PRODUCTION 2010

RESEARCH PRIORITIES TO ENHANCE U.S. TREE FRUIT PRODUCTION THROUGH TECHNOLOGICAL INNOVATION

About this Roadmap

This document describes how the tree fruit industry of the Pacific Northwest can use technological innovation to address a future created and continually changed by the globalization of world markets.  Both industry people and researchers are contributing to the development of this document, which sets forth research priorities for fulfilling a bold vision for the Pacific Northwest Tree Fruit Industry: reduce the cost of production of its highest quality fruit 30 % by the year 2010.  This effort to sustain the industry’s global competitive advantage started in 2001 under the leadership of the Washington Tree Fruit Research Commission and the Washington State University Center for Precision Agricultural Systems through a Technology Roadmap Working Group (Appendix 1).  Over time, we expect to involve many other individuals and organizations in this collaborative effort. 
We hope this document stimulates critical thinking about technology and how it appliers to our industry.  We hope our roadmap is clear, positive, and doable.  We hope it gathers widespread support from the region’s fruit growers, handlers, and shippers and convinces our allied industries, legislators, bankers, government agencies, and the general public that the Northwest tree fruit industry will continue to be the world’s preferred source of premium tree fruit.  Finally, we hope this roadmap becomes a dynamic planning tool for the tree fruit industry and its partners in the research community – specific research goals will come and go, but the key barriers and priorities identified should remain relevant and serve as a framework for subsequent research and development planning.  

CURRENT STATUS  (Replaces version 9.2)

This document is a work in progress.   Collecting and refining ideas to reduce production costs and improve fruit quality is a dynamic process.  This is the first major update of the Roadmap since 9 Oct 01.  Based on version 9.2, we have generated significant support within the Pacific Northwest tree fruit industry and research community.  We are now targeting a broader audience associated with apple, pear, and cherry production and handling throughout the U.S.  To view this document via the internet, connect to http://www.treefruitresearch.com/technology_roadmap.htm
 Nothing in this document is fixed – all points are subject to revision or deletion, and all ideas for research and development priorities are welcome. 
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Washington Tree Fruit Research Commission

ph: 509-665-8271

email: mcferson@treefruitresearch.com
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Imagine the Tree Fruit Industry of the future, competing in a world of globalized trade and technology.  Markets will be increasingly consumer-driven and quality-oriented, production increasingly distributed worldwide.  To be economically viable, the U.S. tree fruit industry must embrace this challenge.  Those best prepared to compete in the future will be those who help define it.  We must have a proactive strategy to deal with globalization of production, trade, and markets.  We need a roadmap to the future. 

The U.S. tree fruit industry has based its success on production efficiency, product quality, and worldwide marketing. One third of its apple, pear, and sweet cherry crops is exported.  To sustain its success in domestic and international markets, this industry must rapidly adjust to the dynamics of globalized trade and technology.  In large part, globalization is a direct result of a worldwide proliferation of technology that has enabled many to effectively compete in areas from which they were once excluded.  Ironically, it is also technology that will empower American agriculture to remain competitive in a global economy. 

The U.S. tree fruit industry will remain economically viable only if it systematically reduces production costs and delivers premium quality fruit to the consumer.  Research must be conducted and technologies developed to improve the sustainability, efficiency, and quality of fruit production.  Producers and their work force, the backbone of many rural agricultural communities, must have access to these technologies and the means to improve their economic situations.  Rapid, easily accessible rural communications systems must be developed.  Decisions about how and where technology can be implemented are critical.  The entire industry and its research community must be involved in this initiative.

We have prepared a roadmap to fulfill our vision.  This roadmap (full text available on line at http://www.treefruitresearch.com) is the collaborative product of industry and research community participants.  We first define our industry’s overriding problem – increased global competition in tree fruit markets.  Then we identify key barriers – escalating production costs and increased demands for fruit quality.  Finally, we describe essential research and development areas and set specific near-, medium-, and long-term R&D priorities to overcome these barriers. While the immediate beneficiaries of this effort are the producers, work force, and communities of the U.S. tree fruit industry, its ultimate success will be the continued supply of the highest quality fruit to consumers worldwide.  

Our industry and our communities are enduring unprecedented and devastating e
economic conditions.  This Roadmap is unique because it matches the magnitude o
of the solution to the magnitude of the problem.
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BACKGROUND 

Since its inception, the Pacific Northwest tree fruit industry has been a progressive, productive, and profitable sector of American agriculture.  While subject to numerous economic ups and downs, the industry has grown to assume a dominant role in world markets of fresh market apples, pears, and cherries.  Its production as a region regularly exceeds nearly all other countries (see Table 1).  Washington’s annual combined production value of apples, pears, and cherries of around $1,000,000,000 far exceeds the value of the state’s other agricultural commodities.  The tree fruit industry has offered a ladder of success for successive waves of immigrants, from early American and European pioneers to farming families displaced in the Dust Bowl era to the current predominantly Hispanic work force that increasingly own and operate family orchards throughout the region. Currently, the tree fruit industry is the economic backbone of many rural communities throughout the arid eastern agricultural production areas of Washington, Oregon, and Idaho, with major positive impacts on other agribusinesses, the banking and transportation sectors, and education. 

The success of this industry has been built on a unique combination of human and physical resources, knit together with science and technology.  Now, however, this industry is challenged as never before.  A world marketplace that requires high quality fruit at globally competitive prices demands the Pacific Northwest tree fruit industry reinvigorate itself.  We feel this challenge can be met by refocusing on innovative science and technology, enabling a more profitable and sustainable harnessing of the region’s human and physical resources.  It is essential to recognize the simple agricultural productivity model contributing to the success of many U.S. agricultural products no longer serves in today’s global marketplace.  Production efficiency must be combined with product quality and customer satisfaction, including competitive prices.  

Ironically, the technologies that are creating globalization are also the basis for competing in it.  Globalization is technology-enabled, creating opportunity for many to effectively compete in areas from which they were once excluded and to do so at an increasingly rapid pace.  Thus, the pathway to success in a global marketplace is one paved with technological innovation. 

This document is an attempt by the Pacific Northwest Fruit Industry to recognize that technology is, at least in part, an answer to globalization.  We attempted to begin addressing the fundamental question: How can science and technology be used to advance efficiency and quality in tree fruit production, while maintaining the integrity of our region’s physical resources and enriching the opportunities of its people?   

We believe any such effort which relies solely on technology, no matter how dazzling, will fail utterly, unless it also improves people’s lives and enhances the agro-ecosystem within which it operates.  The outmoded agricultural productivity model of increasing horsepower, must instead rely on the appropriate application of technology and brainpower in improving the economic and social conditions of its participants and maintaining the highest possible standards of stewardship of physical resources.  This document evaluates research and development priorities for dealing with the challenges brought on by globalization and sets out a roadmap for using technology to reduce product costs and increase fruit quality for the Pacific Northwest tree fruit industry.

The vision set forth herein is simple in concept yet bold in intent, to reduce the cost of production of the highest quality fruit in the U.S  30 % by the year 2010.  

Our vision statement set the initial focus of the Technology Roadmap Industry Working Group (Appendix 1) in preparing this document.  We then utilized a document template developed by a Midwestern group of agricultural producers and processors in partnership with the USDA and DOE   (Plant/Crop-Based Renewable Resources 2020:  A Vision to Enhance U.S. Economic Security Through Renewable Plant/Crop-Based Resource Use (http://www.oit/.doe.gov/agriculture/ ).  Our Working Group identified a long list of barriers to achieving our vision, brainstormed the research and development actions required to overcome those barriers, and moved from the global problem identification level to identifying specific, key R&D targets.  Drafts were distributed for general comment and critique among a range of tree fruit industry groups and researchers (Appendix 2).  After months of small group, email, and teleconference sessions, the present document emerged with the input and support of various sectors of the Pacific Northwest tree fruit industry and its research partners.  It is our intent to maintain it as a dynamic and relevant roadmap to help shape our industry for years to come.

The main barriers to achieving this shared vision were categorized into four topic areas (p. 17):

1. Agricultural/basic sciences 

2. Production and harvest

3. Storage, packaging and shipping

4. Utilization  

Within each of these areas, key barriers were identified, areas of impact assessed, and broad research goals determined based on input from industry and research leaders.  Specific research and developments needs flowing from our broad analysis were proposed, prioritized, and incorporated into four matrices (pp.18-21). 

History and Current Status of the Tree Fruit Industry in the Pacific Northwest

Commercial tree fruit production began in the Pacific Northwest only a century ago.  It is now a multi-billion dollar industry forming the economic basis of many rural communities in the region and is one of the region’s leading economic sectors.  The success of this industry is built upon three main factors:  physical resources, human resources, and application of science and technology.  

Nearly all commercial fruit production areas are located east of the Cascade mountain range.  In these areas, rain shadow effects limit average annual precipitation to 5-6 inches, which mostly occurs as rain or snow in the winter.  Summers are hot and dry, and since most production lies between 46 to 49º north latitude, summer days are long.  Winters are cold, but temperatures low enough to damage tree fruit buds or tissues occur rarely.  The long summer days and high daytime temperatures characteristic of a desert environment produce evapotranspiration conditions far in excess of the limited available soil moisture.  Thus, irrigation is required.  

Soils in Pacific Northwest growing regions are typically calcareous, of igneous or sedimentary origin, and very often high in pH.  Nitrogen is the most common element appplied in orchard fertilization programs, but deficiencies of many micronutirents (iron, manganese, boron, zinc, and copper) often require corrective applications.  

Long days and high light intensity in summer can also cause severe sunburn damage to fruit.  Maintenance of sufficient vigor in the tree canopy is an effective measure to ameliorate sunburn damage, but requires very careful management of the tree canopy.  Other prophylactic measures are either capital intensive (protective structures), or require signifcant installation, application, and monitoring efforts and can cause fruit finish problems (overhead cooling, particle flims).

Despite posing certain management challenges, soil, water, and climatic conditions allow very high yields of premium quality fruit and limit disease and pest problems.  Between them, Washington and Oregon produce around 55%, 77%, and 69% of the U.S annual production of apple, pear, and cherry, respectively (Table 2).  Total acres in production have shown strong trends to increase (Table 3).  Yields per acre have shown a similar general increase, but also fluctuate widely from year to year, principally due to weather factors.  Total production value also fluctuates considerably, based on supply and price.

Intensive, high density-plantings have become the norm for apple orchards, thanks to the availability of dwarfing rootstocks.  These systems increase both total and early yield, but require trellis or pole-based support systems and more intensive management.  Cherry plantings have increasing dramatically in the past five years, many of them on newly-available dwarfing rootstocks.  Fewer changes have taken place in pear growing due to the absence of suitable cultivars and dwarfing rootstocks. 

New scion varieties are increasingly common in apple and cherry, but hardly a factor in pear.  For example, the two varieties Red Delicious and Golden Delicious in 1960 accounted for over 80% of the apple crop. By 2001 their combined production share had dropped to 55%. While the Bing variety still dominates total cherry production, a multitude of improved scion varities are rapidly becoming commercially significant.  These trends are likey to continue, so the average lifespan of an apple or cherry cultivar will be measured in years, rather than decades.  Genotypes tailored for specific growing conditions, marketing niches, or end use will become common.  Develoment and marketing of these genotypes will likely move from the traditional public sector breeding programs to private enterprises, often with multinational interests.  Producers may have limited access to such gentotypes and be required to pay royalty or marketing fees based on acreage, numbers of trees, or quanity of fruit produced.

While total acres of tree fruits in production has increased slowly in the past twenty years, of more significance are the widespread changes in planting systems and tree densities -- changes which dramatically increase early fruiting and yield/acre.  Additionally, expansion of the industry has occurred primarily in the Columbia Basin area.  Typically, these plantings are extensive and controlled by larger, vertically-integrated grower-shipper organizations.  In contrast, much smaller farms (5-25 acres) typical of the traditional north Central Washington or Yakima growing areas are diminishing.  Only 10% of Washington apple orchard owners control approximately 60% of the planted acreage.  In addition, the demographics of the orchard grower are shifting.  The average age of Washington apple growers is 52 years and over 75% of all growers are over age 45.  All operators face daunting capital and cash flow challenges, but they are especially problematic for first-time or younger entrants into the industry.

Because of the absolute dependence on irrigation, concerns about uses and potential pollution of water resources, the restoration of wild salmon runs, access to water in the future, and sustainability and quality of subterranean water supplies are attracting attention presently.  Irrigation, water access, water rights, and water management issues always ignite great interest in the tree fruit industry. Uncertain cost and supply for power, whether generated via hydroelectric, hydrocarbon, or other sources, constitutes an associated issue of increasing importance.

The Pacific Northwest tree fruit industry has significantly increased its dependence on  international markets in the past 20 years.  As production has grown, international markets have absorbed most of this increase and returns have often far exceeded those for fruit marketed domestically.  Export markets now account for up to one third of the apple, pear, and cherry crops.

This history of tree fruit production in the Northwest is built on abundant physical resources:  climate, soils, and water.  Equally, it has relied on the energy and perservearance of the people that make up the industry in the production, handling, and distribution sectors.  A dynamic scientific base and aggressive implementation of technologies form the third essential component.  Each of these will be equally important in addressing the globalized marketplace and shaping the future of our industry.  This document focuses on information and technological aspects -- a roadmap to achieve our vision, highlighting our research goals and priorities.

Table 1.  World Fruit Production in 1999/2000 (National 

Agricultural Statistics Service. http://www.usda.gov/nass/pubs/agr01/acro01.htm).

	Country
	Apple production
	Pear production
	Cherry production

	
	(1000 tons)
	(1,000 metric tons)
	(1,000 tons)

	US
	4,799
	1,015
	218

	South America
	1,588
	712
	30*

	EU
	8,906
	2,273
	200*

	Other Europe
	3,939
	540
	250*

	Total Europe
	12,841
	2,813
	450*

	Africa
	709
	297
	0*

	China
	20,800
	8,050
	80*

	Other Asia
	935.7
	415
	20*

	Oceania
	923
	203
	30*


*estimated by various industry sources

Table 2.  Fruit Production in 2000 (Washington Agricultural Statistics Service,  http://www.nass.usda.gov/wa/wfstoc01.htm).

	Crop/State
	Total production (Million lbs)
	Crop/State
	Total production (Million lbs)

	Apple
	
	Pear
	Tons

	Washington
	5,900
	Washington
	424,000

	New York
	995
	California
	341,000

	Michigan
	850
	Oregon
	226,000

	California
	650
	US
	991,000

	Pennsylvania
	475
	Sweet cherry
	Tons

	Virginia
	350
	Washington
	95,000

	US
	10,650
	California
	40,000

	
	
	Oregon
	55,000

	
	
	Michigan
	20,000

	
	
	US
	218,000


Table 3.  Acreage, tree per acre, and trees by fruit, Washington, historical comparisons (Washington Fruit Survey 2001, Washington Agricultural Statistics Service http://www.nass.usda.gov/wa/wfstoc01.htm).

	Fruit
	Total  acres (1,000)
	No. trees/A
	Total trees

(1,000 trees)

	
	1986
	1993
	2001
	1986
	1993
	2001
	1986
	1993
	2001

	Apple
	161
	172
	192
	190
	262
	391
	31,000
	45,000
	75,000

	Pear
	26
	28
	28
	159
	196
	207
	4,100
	5,410
	5,790

	Cherry
	14
	17
	29
	110
	129
	165
	1,530
	2,125
	4,785

	Other
	7.5
	7.6
	7
	174
	222
	248
	1,270
	1,690
	1800


DIRECTION, GOALS, AND TARGETS

Our vision is to provide for improved fruit quality produced at globally competitive prices that enable a healthy standard of living for the Tree Fruit Industry and an improved livelihood for its workers, all in a manner that sustains a quality environment in which to live. 

The directional target for success is simple in concept yet bold in intent: to reduce the cost of production of the highest quality fruit in the Pacific Northwest by 30 % by the year 2010.  Since the goal is tied to the cost of production of high quality fruit, the industry benefits because any increase in market prices translate directly into additional profits for the industry while any increase in the cost of production in real dollars is proportionately reduced by success in this effort. 

Consumption of apples and pears in the US on a per capita basis is stagnant, while production of these two fruits has increased faster than overall demand due to population growth.  Domestic consumption of sweet cherries has increased, but it appears production may soon surpass demand generated by higher per capita consumption and population growth.  Furthermore, competition for market share will intensify as agricultural economies develop worldwide (Table 1).  In this challenging scenario, the Pacific Northwest Tree Fruit Industry must lower its costs per unit of production and guarantee its consumers fruit distinguished by its consistently high quality.  Ultimately, achieving this goal creates an edge to supply existing markets and also drive overall consumer demand.

In the short-term view, 3 to 5 years, this industry must focus on strategies that implement technological innovations that 1) improve efficiency and efficacy of current tree fruit production, handling, and shipping, i.e., do what we already do better and cheaper; and, 2) solve problems that limit fruit quality and/or increase costs within existing production/processing systems.  Technological innovations envisioned here are evolutionary in that they reduce production costs and improve fruit quality within the context of current production systems. Therefore, within this timeframe, research priorities will focus primarily on the application and adaptation of existing technologies rather than creating new technologies. 

In the medium and long-term view, 5 to 20 years, research should focus on development of knowledge and technological innovations to enhance fruit quality and reduce costs: 1) through the acquisition, understanding and utilization of basic knowledge of tree fruit production, processing, storage, and utilization; and, 2) by doing new things at levels of detail never before possible.  In the long term, the technological innovations envisioned here are revolutionary in that -- they will dramatically alter the way tree fruit is produced, handled, and utilized.  Furthermore, they require either the creative application or transfer of existing technologies, or the creative development and application of scientific knowledge.

Through the short-, medium-, and long-term, a number of general targets emerge:

(  Establishing fruit production and handling systems that optimize input allocation, ensure resource stewardship, and guarantee the consumer a consistent, premium quality product

( Introducing sophisticated sensing technologies, compatible, robust instrumentation, and integrating software to permit real-time decision support systems and mechanical assistance from the orchard to the packing shed

(  Improving the understanding of plant genetics and physiology to optimize the design and management of tree fruit at the individual tree and whole orchard level; simultaneously improving the understanding of crop pest, tree host, and environmental interaction to accelerate the creation and maintenance of healthy orchard systems and the extra-orchard environment

(  Invigorating the profitability of the tree fruit industry to strengthen the region’s economic base

(  Building the collaborative partnerships necessary to provide upward mobility via educational and training opportunities for the tree fruit industry’s work force

Success in achieving the vision target of a 30 % reduction in the cost of production of high quality fruit by 2010 will require that most goals outlined in this roadmap are achieved.  Ultimately, it is the development of new technologies, not the implementation of existing technologies, that will allow success in achieving the 30% target reduction.  

TECHNICAL AND MARKET BARRIERS

Globalization through technological innovation has enabled others to compete in world markets from which they were once excluded.  The prominent position of the Pacific Northwest in tree fruit production is still available but only if product quality is high and prices are competitive.  Comparative analysis of the cost of fruit production and the potential for quality improvement indicate that significant barriers (Table 4) exist in several key areas.

Research and development actions designed to overcome these barriers must take into account the large degree of interaction among them.  For example, mechanization of harvest operations in an effort to reduce labor costs may require a redesign of orchard architecture, modification of fruit characteristics, sensors that detect fruit quality, new bioregulators to assist harvest, and on-the-go sorting capabilities.  Such massive technological innovations will require an equally dynamic (an ongoing) training and educational effort.  Thus, the consequences of changing one aspect of fruit production or handling on other components may be considerable, extending into the marketplace relative to consumer preference for a given product.  Recent advances in mechanical cherry harvest demonstrate this very well.  Certain sweet cherry orchard operators in Washington have recently used fruit-loosening bioregulators and prototype shake and catch based mechanical harvesters to produce a high quality, but stemless cherry fruit.  Since sweet cherries are traditionally marketed with stems on, market development and consumer preferences are now challenges as great as the mechanization step itself.

The complexities presented by the key barriers and the myriad of potential interactions present opportunities, not necessarily roadblocks, for the tree fruit industry.  Technological changes in the tree fruit industry cannot ignore impacts on the agroecosystem within which it operates.  A challenge to all involved in this effort will be to design systems that address ecosystem sustainability constraints and opportunities.  Furthermore, technological innovations will clearly impact the labor force both in terms of numbers required and the increased training required.  

For each of the four main barrier topic areas, current technical and market barriers to fruit quality and production costs were determined by contributors to this document.  The major barrier topics are outlined on p. 17 and the major barriers are discussed below.

Basic Science – Research capabilities

Success in achieving the bold goal of a 30% target reduction is expected to come in the medium term timeframe and primarily from the development of new technologies rather than from the application and adaptation of existing technologies.  Progress will be maximized through the deployment of multi-disciplinary research teams and availability of funding for long-term sustained basic research. This has been difficult in tree fruits either in the public or private sector.  Furthermore, the needed expertise may be available in institutions or business sectors outside of agriculture or external to the Pacific Northwest. A major effort is needed to examine new systems approaches to tree fruit production, to develop scientific and entrepreneurial support mechanisms, and to enhance the rapid release of new technologies to this industry.

Basic Science

Genetics
Breeding remains a problem for long-lived perennial crops like tree fruit.  It may be desirable to develop genetic modifications that achieve orchard architecture requirements for mechanical harvest, specific fruit quality characteristics dictated by consumer preference, or rapid establishment of new or replant orchards.  The rate at which breeding can accomplish changes in tree or fruit characteristics is currently too slow.   New methods and techniques are needed to accelerate the generation and testing of genetic materials and their propagation in the orchard.

Robotics, Sensors, Controllers

A key barrier to achieving labor savings and fruit quality enhancement in fruit production and processing is the availability of technologies that foster automation, that sense tree health and fruit quality, and are both robust and economical. Technological solutions to mechanical assistance in orchard management and harvest operations have limitations to overcome.  For example, harvesting fruit for fresh market requires an assessment of fruit quality and measures to assure that once picked, fruit is not damaged during the harvest operation.  Canopy and crop load management are essential components of an orchard management system yet there are no sensors that measure tree canopy, light penetration and distribution, or fruit quality.  Fundamental research is required to achieve the technological advances envisioned here.

Production

The cost of tree fruit production clearly reveals some important directions for cost saving efforts (Table 4). Labor is the largest cost in orchard management and represents an obvious and large target for technological innovation. Reducing labor costs through technology will require basic research in some areas like biosystems and mechanical engineering and applied research supporting the adaptation of existing technologies for automation operations like mowing and spraying.  The tree fruit industry is well supported with an array of industries that provide products and product support once a demand exists, but no concerted effort in orchard automation currently exists to innovate in labor saving devices in orchards. Furthermore, efforts must be initiated in training the workforce required for a technologically advanced orchard management system.

Table 4.  Planting and production costs. 

	Item
	$/A
	% variable costs
	% of fixed costs
	%  of total costs

	Fertilizers
	18
	0.5
	
	0.3

	Chemicals
	326
	9.4
	
	4.9

	Bee hives
	70
	2.0
	
	1.1

	Production labor
	1,136
	32.7
	
	17.1

	Harvest labor
	1,013
	29.1
	
	15.3

	Custom hauling
	135
	3.9
	
	2.0

	Irrigation/Power
	169
	4.9
	
	2.5

	Machinery
	370
	10.6
	
	5.6

	Overhead
	166
	4.8
	
	2.5

	Interest
	74
	2.1
	
	1.1

	Total variable costs
	3,477
	
	
	52.4

	Machinery
	871
	
	27.6
	13.1

	Land taxes
	98
	
	3.1
	1.5

	Interest on land
	350
	
	11.1
	5.3

	Management
	250
	
	7.9
	3.8

	Amortized costs
	1,585
	
	50.3
	23.9

	Total fixed costs
	3,154
	
	
	47.6

	Total costs
	6,631
	
	
	


Capital costs, whether variable or fixed, also represent a significant opportunity to reduce production costs.  “Making capital sweat” is the ultimate goal by introducing technologies that increase performance, offer 24/7 operation, and improve efficiency and efficacy of variable inputs.  Clearly, capital and labor barriers interact; for example, mechanization reduces labor but may increase capital costs.  On the flip side, mechanization may increase the use of existing capital, thereby reducing capital costs in other sectors of orchard operation. The potential barrier is that the cost of technological innovation exceeds returns on investment. The clear choice is for technologies that are designed to reduce overall capital costs while at the same time reduce other costs of production.

The overall impact of reducing production costs will vary greatly depending on the particular input.  For example, water management offers considerable  potential to reduce water and power costs.  Continued water shortages and increased energy costs demand new ways to increase water use efficiency in tree fruit production and processing. Yet these efficiencies cannot sacrifice quality of the fruit.  

Similarly, any changes in fertilization practices can have significant effects on fruit quality.  Since fertilization costs are a relatively small portion of overall production costs, savings in this area might not appear to contribute to achieving the cost portion of our vision.  On the other hand, improved management of nutrients (nitrogen, phosphorous, potassium, and micronutrients) has a fundamental and critically important impact in responsible stewardship, and given sufficient scholarly investigation, may be amenable to much more precise delivery and consequent improvements in fruit and tree quality. Opportunities for quality enhancement may come by shifting operations current done in packing and storage to the orchard.  For example, sorting for quality or sizing fruit in the field will reduce costs incurred in packing and storage and may offer other uses or marketing opportunities for lesser quality fruit to the grower.  

Product Differentiation

Understanding consumer preference for fruit products and its implications for orchard management will be key to success of this vision.  Fruit quality is in the eye of the consumer and there are clear links between specific fruit product and orchard management.  The market advantage is to those who successfully adjust fruit production to meet consumer preferences.   A key barrier will be how well and how quickly the industry can understand market preferences and adjust production practices that meet the associated quality standards.  This may involve continuous adjustments in  existing orchard management systems or the ability to plant and bring to production new orchards that meet specific variety, product, or quality preferences.

Packing/Shipping

Key barriers in this topic include labor, sorting, storage, and infrastructure. Like production, the costs for packing, storage, and shipping clearly reveal some important directions for cost saving efforts (Table xx) Automation of sorting, sizing, and packaging operations will reduce packing costs.  Sensors that detect fruit quality will help ensure high quality packouts, identify incoming fruit and fruit in storage that needs to be packed in a timely manner to optimize value, and so on.  Manipulation of short- to long-term storage protocols will benefit from improved control-feedback systems and precise application of exogenous chemicals or physical conditions that retain or enhance fruit quality.  Food safety, while not a current concern, may emerge as an issue as alternative packaging and processing routes are developed.  

Phytosanitary and quarantine regulations for export markets will always constitute a threshold for doing business.  [We need to add other post-harvest opportunities for quality improvement]  None of these increments to packing and shipping will show maximum returns unless accurate, real-time information drives decisions.  Spatial and temporal tracking of individual fruit through production to the consumer addresses this issue as well as offering unambiguous traceability.  Massive amounts of information must be handled to achieve this end, pointing to the need for application of appropriate hardware and software.

Table 5.  Variable and fixed costs in the packinghouse.

	Variable costs
	% of Variable costs 
	% of Total costs 

	    Production line labor costs
	40.5
	25.7

	    Packing/shipping material
	42.4
	26.9

	    Warehouse chemicals & supplies
	3.2
	2.0

	    Hauling & bin rental expense
	2.3
	1.4

	    Non-production labor costs
	11.6
	7.3

	Total variable costs 
	
	63.3

	
	
	

	Fixed costs
	% of Fixed costs
	

	    Management salary
	15.0
	5.5

	    Repairs & maintenance
	9.4
	3.5

	    Equipment rent
	1.1
	0.4

	    Fuel & oil
	1.7
	0.6

	    Utilities
	8.9
	3.3

	    Refrigerated storage rental
	7.8
	2.9

	    Rent
	2.8
	1.0

	    Business Insurance
	3.3
	1.2

	    Property taxes
	4.4
	1.6

	    Office expense
	4.4
	1.6

	    Sales & marketing 
	2.8
	1.0

	    Depreciation & amortization
	26.7
	9.8

	    Interest expense
	11.7
	4.3

	Total fixed expenses
	
	36.7


Post harvest quality

Technology offers opportunities to track fruit quality from the orchard to the consumer in ways never before possible.  Sensing changes in important quality parameters in fruit while in storage, including internal defects, will greatly improve the industry’s ability to package and market fruit at is optimal condition and remove fruit from the market that does not meet standards.  Sensors and monitoring systems are needed to make this happen.  However, even if quality is known precisely, it will be of little value if all the important players from storage and packing to retail outlets do not provide the infrastructure to utilize the post harvest quality information in ways to ensure the highest product quality in the market place.  

Utilization

Key barriers in this topic include price/value, consumer perception and market development.  ***STEERING GROUP*** – We especially need suggestions in this area.

TECHNICAL BARRIERS TO LOWERING PRODUCTION  COSTS AND INCREASING FRUIT QUALITY



RESEARCH AND DEVELOPMENT NEEDS

Agricultural/basic sciences
	Priority
	Near-term 

(0-3 yrs)
	Medium-term

(3-10 yrs)
	Long-term 

(10-20 yrs)

	
	Evaluate existing rootstocks and scions
	Evaluate newly-developed rootstocks and scions
	Reduce need for multi-part trees through genetic manipulation of single genotype

	
	Evaluate bioregulators
	Understand endogenous and exogenous control of bloom and fruit physiology
	Design chemicals to alter  plant physiology

	
	Develop robust IPM practices
	Understand biology of pests and diseases in orchard and landscape
	Create orchard systems that integrate biological and chemical control of pests and diseases

	
	Initiate genomic research
	Understand genetic control of tree and fruit quality traits
	Use molecular and cellular knowledge to design genotypes to maximize yield and tree and fruit quality traits

	
	Evaluate available machines, instruments, and control/sensor systems for orchard application
	Develop sensor technologies and enabling hardware: imaging, canopy structure, chemical composition, water status, etc and applicable computerized models DSS
	Automated, intelligent robotic systems control most orchard manipulations

	
	Develop or adapt available controller and deposition technologies to increase sprayer efficacy
	Develop customized prescriptive delivery of agricultural chemicals
	Develop plant-driven systems to supply ag chemicals on demand

	
	Develop tools to allow real-time quantitative assay of fruit growth and development
	Integrate sensor systems into all production, handling and shipping operations
	Guarantee product consistency

	
	Evaluate  cost-effective irrigation strategies
	Improve understanding of water use
	Develop genotypes to more effectively utilize water


Production

	Priority
	Near-term

(0-3 yrs)
	Medium-term 

(3-10 yrs)
	Long-term 

(10-20 yrs)

	
	Implement rapid propagation and orchard establishment and replant techniques
	Incorporate into existing operations
	Enable continuous tree replacement technologies

	
	Site-specific information systems and webs to provide real-time feedback on plant disease, pest, and environmental factors
	Implement decision support systems
	Automate detection and control systems, including bio-based sensor webs

	
	Initiate mechanical and computer-assisted orchard operations (pruning, training, thinning, spraying, mowing, etc.)
	Semi-autonomous orchard operations
	Nearly complete robotic orchard operations

	
	Design orchard architecture, environment, and training systems to maximize profitable returns and enable mechanized operations
	Merge economic and biological knowledge to produce site-specific orchard designs (“transition orchards”)
	Integrate genetic and orchard architectural information to optimize orchard profitability

	
	Evaluate and adapt existing equipment for ag chemical spraying and chemigation
	Prescription delivery of chemical inputs
	Tree and/or fruit initiated on demand delivery of inputs

	
	Utilize current remote sensing and GPS technologies for yield mapping on an orchard block basis
	Apply remote and automated sensing technologies to estimate crop quantity on orchard basis
	Apply remote and automated sensing technologies to estimate crop quantity and quality on a tree to tree basis

	
	Test and adapt available technology to assist harvest
	Field-based product differentiation
	Completely mechanize fruit harvest and handling


Storage, packing, and shipping
	Priority
	Near-term 

(0-3 yrs)
	Medium-term 

(3-10 yrs)
	Long-term 

(10-20 yrs)

	
	Automatic segregation, loading, and packaging modules for existing lines
	24/7 capability with semi-autonomous robotics
	Alternative packaging on the fly via demand sensitive controllers

	
	Advance capabilities for size and color discrimination in existing instrumentation
	Develop industry-wide non-destructive quality sorting capability
	Track individual fruit for all appropriate quality parameters

	
	Optimize use of existing postharvest ripening regulating chemicals (O2, MCP, etc)
	Design target-specific endogenously applied chemicals to modulate fruit ripening
	Incorporate inducible genetic control of storage quality

	
	Inventory management 
	Individual fruit tracking from harvest to consumer
	Forecast individual fruit destinations

	
	Refine CA protocols to retain or enhance fruit quality
	Develop continuous in-out capability in CA rooms
	Utilize biosensors to modulate CA control

	
	Standardize best packaging practices
	Develop unique adaptable packaging formats, including MAP
	Develop capability to store individual fruit in appropriate, fruit-specific atmospheres

	
	Reduce dependence on fungicide, scald-control chemicals,  and postharvest pest treatments
	Combine biological and mechanical methods to control disease and postharvest disorders
	Continuously segregate fruit postharvest for disease and stress


Utilization

	Priority
	Near-term

(0-3 yrs)
	Medium-term 

(3-10 yrs)
	Long-term 

(10-20 yrs)

	
	Develop dynamic database on healthful benefits
	Provide accurate, serving-specific nutritional information
	Point-of-sale menu recommendation

	
	Develop optimum production and handling systems for pre-sliced fruit
	Beyond pre-sliced fruit
	Way beyond pre-sliced fruit

	
	Develop biodegradable, flavor enhancing fruit coatings
	Develop surface indicators of fruit quality
	Fit coatings that interact with packaging dynamically

	
	Assay market opportunities in food service sector
	Create fruit quality and delivery systems to meet food service needs
	Value-added combinations of fruit with other foods in high quality  pre-packaged formats

	
	Investigate individual consumer preferences for fresh fruit
	Predict evolving consumer preferences
	Incorporate fruit products rapid-response consumer demand assay to drive production and handling

	
	Food safety BMP
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INDUSTRY WORKING GROUP CONTACT INFORMATION

Dave Allan

Allan Bros

Naches  WA

dallan@allanbrosfruit.com
cell:  509-949-0741

Tom Auvil 

Washington Tree Fruit Research Commission

Wenatchee  WA

auvil@treefruitresearch.com
ph:  509-665-8271

Tom Butler

Washington Fruit and Produce

Yakima  WA

tomb@washfruit.com
cell:  509-949-6905

Barclay Crane

Crane and Crane

Brewster  WA

bacra@hotmail.com
ph:  509-698-3448

Jim Colbert

Trout-Blue Chelan

Chelan  WA

jimc@troutbc.com
cell: 509-470-0711

Charlie de La Chappelle

Zillah  WA

charlied@bentonrea.com
cell: 509-969-0166

Jim Doornink 

Yakima  WA

dfrjim@wolfenet.com
cell:  509-953-9033

Dana Faubion

WSU Yakima County Extension

Yakima  WA 

faubiond@wsu.edu
ph:  509-574-1600

Jerry Haak

Zillah  WA

jrhaak@wolfenet.com
ph:  

Bob Harris

Yakima  WA

cell:  509-961-1061

Denny Hayden

Pasco  WA

mailto:dchayden@3-cities.com
cell:  509-521-3536

Jim McFerson

Washington Tree Fruit Research Commission

Wenatchee  WA

mcferson@treefruitresearch.com 

ph:  509-665-8271

Chris Peters

Yakima  WA

mailto:ptrsorch@bentonrea.com
cell:  509-952-7506

Bret Pitsinger

VanDoren Sales

Wenatchee  WA

bret@nandorensales.com
ph:  509-886-1837

Fran Pierce

WSU Center for Precision Agricultural Systems

Prosser   WA

fjpierce@wsu.edu
ph:  509-786-9212
Mike Robinson

Quincy  WA

fujimsr@aol.com 

cell:  509-760-0711

Mike Willett

Northwest Horticultural Council

Yakima  WA

willett@nwhort.org 

ph:  509-453-8193
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RESEARCHER WORKING GROUP CONTACT INFORMATION
Jay Brunner

WSU-Wenatchee

jfb@wsu.edu
ph:  509-663-8181 ext 238

Ralph Cavalieri

WSU Agriculture Research Center

Pullman, WA 

cavalieri@wsu.edu
ph:  509-335-4563

Don Elfving

WSU-Wenatchee

delfving@wsu.edu
ph:  509-663-8181 ext 252

John Fellman

WSU-Pullman

fellman@mail.wsu.edu
ph:  509

Les Fuchigami

OSU-Corvallis

fuchigal@bcc.orst.edu
ph:   541-737-5445

David Granatstein

WSU-Wenatchee

granats@wsu.edu
ph:  509-663-8181 ext 222  

Gary Grove

WSU-Prosser

grove@wsu.edu
ph:  509-786-9283

Vince Jones

WSU-Wenatchee 

vpjones@wsu.edu
ph:  509-663-8181

Pete Landolt

ARS-Yakima

landolt@yarl.gov
ph:  509-454-6551

Leo Lombardini

WSU-Wenatchee

lombardini@tfrec.wsu.edu
ph:  506-663-8181 ext. 272

Jim Mattheis

ARS-Wenatchee

MATTHEIS@tfrl.ars.usda.gov
ph:  509-664-2280

Mark Mazzola

ARS-Wenatchee

MAZZOLA@tfrl.ars.usda.gov
ph:  509-664-2280

Peter Sanderson

WTFRC

pgsander@treefruitresearch.com
ph:  509-665-8271 ext 2

Larry Schrader

WSU-Wenatchee

schrader@wsu.edu
ph:  509-663-8181 ext 265

Clark Seavert

OSU Hood River

clark.seavert@orst.edu
ph:  541-386-2030

Tim Smith

WSU Coop Ext – Wenatchee

smithtj@wsu.edu
ph:  509-664-5540

Matthew Whiting

WSU-Prosser

mdwhitin@wsunix.wsu.edu
ph:  509-786-9389

Changlin Xiao

WSU-Wenatchee

clxiao@wsu.edu
ph:  509-663-8181 ext 229

APPENDIX 3

BRAINSTORMING RESULTS: RESEARCH NEEDS AND PRIORITIES

	Agricultural sciences
	Production
	Storage and handling
	Utilization

	Sensors and imaging
	Orchard establishment
	24/7 automated operation
	Consumer preferences

	Bioregulators
	Rapid pest and disease models
	Automatic segregation and loading
	Healthful benefits

	Tree architecture and orchard systems
	Controlled environment
	Nondestructive quality sorting
	Alternative uses

	IPM
	Crop load management
	Inventory management
	Food service sector

	Genetic improvement
	Canopy management
	Product differentiation
	Price/value

	Robotics
	Mechanical harvesting
	Fruit traceability
	

	Information technology
	Crop forecasting and estimation
	Demand sensitive packaging
	

	Remote sensing
	Precision spraying and ag chemical delivery
	Improved storage protocols and materials
	

	Digital imaging for canopy and crop load management
	Water management
	Postharvest diseases and disorders
	

	
	
	
	


APPENDIX 4. KEY ACTIVITIES IN TREE FRUIT PRODUCTION AND HANDLING
	Orchard establishment

	Site preparation


	Tree planting

	Irrigation

	Training

	Pruning

	Mowing

	Fertilization

	Spraying

	Fruit production

	Scouting

	Frost protection

	Thinning

	Picking

	Bin handling

	Fruit handling

	Receiving

	Sorting

	Storage

	Packing

	Shipping

















For the U.S. tree fruit industry to compete globally,


we must reduce the cost of production of its highest quality fruit  30 % by the year 2010
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RESEARCH PRIORITIES FOR TECHNOLOGICAL INNOVATION
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● Automate orchard and  fruit handling operations





● Optimize fruit quality, nutritional value, and safety





● Deliver digital rural information technologies
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Source: Hinman, Herb, Kathleen Williams, and Dana Faubion.  Planting and production costs of high density Fuji.   WSU-Coopr Ext Serv.
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� Based on Elfving, Don.  1997.  Trends in the Washington state tree-fruit industry.  Proc. 6 Int. Sym. on Integrating Canopy, Rootstocks, and Environmental Physiology in Orchard Systems. pp 31-43.





