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OUTLINE
Background
Specialty crops

High value & capital-intensive
Diverse production regions
Labor challenges

Profitability = optimize cost/unit of consumer-desired products
Targeted mechanization and automation along supply chain

Postharvest handling & shipping
Horticultural management

Ongoing innovations
Task mechanization
Mechanical-assist/robotic harvest
Sensor-driven horticulture

Summary & the way forward



Horticulture & Plant Breeding
UW-Madison --- BS, PhD
Texas A&M  --- MS

Commercial Plant Breeder

USDA-ARS-Geneva: Geneticist

WTFRC --- Manager, Researcher
WSU --- Center Director



IT &
economic
analysis Improved 

consumer 
products and 
food services

Crop health, 
development 
& quality

Plant 
breeding, 
genetics, & 
genomics

Engineering:
precision ag
diagnostics
automation

National Tree Fruit Technology Roadmap (2002) 
To be profitable in a globally competitive marketplace,  
the U.S. tree fruit industry must deliver the highest 
quality fruit and reduce production costs 30% by 2010







Tree Fruit Production in Washington
All tree fruit

250,000 acres 

Apple 
180,000 acres

Cherry 
45,000 acres

Pear
20,000 acres

Wenatchee

2012 apple crop 110 million boxes

Yakima

Columbia Basin



$12B+

160,000 
jobs



What are 
these apple 

growers 
worried 
about?





Our biggest challenge



Netherlands



~20 billion times/year





1933 2019

Years of minor 
innovation



Is this 
THE ANSWER??



NO…
All tree fruit sectors confront labor shortages 

• Nursery (management, 
production, breeding, sales)

• Orchard (management, 
production, equipment 
operators and mechanics, 
fabricators)

• Harvest and post-harvest 
handling (management, QC, 
equipment operation, 
marketing, sales)

• Scientists - Genetics, Entomology, 
Pathology, Horticulture / Plant 
Physiology, Soils

• Engineers – Bio Systems, 
Computer, Mechanical

• Extension – science 
translation and 
application, outreach

• Field Horticulturists
• IT  & Logistics



Most effective ways to improve 
orchard profitability

Increase price

Improve yields

Cut production costs

Clark Seavert, Oregon State University 19



SCIENCE-
BASED 

INNOVATION



Most effective ways to improve 
orchard profitability

Increase price

Improve yields

Cut production costs

Clark Seavert, Oregon State University 21



Washington Apple Industry

162,000 acres

1,260 growers

Then

Now

200,000 acres 

4,500 growers





Genetics

Production 
management

Part of 
the 
answer



Increase plant populations and 
intensify management



Large-scale Packing Lines



Site specific genetics and production systems: 
Predictable & accessible

Measure, 
model, 

and 
manage
… .. the 
right

genetics 
in the 

right site



‘Fuji’ Apple Annual Variable 
On-Farm Expenses

18%

15%

3%

34%

6%

24%

Orchard Activities

Chemicals

Irrigation

Harvest Activities

Maintenance &
Repairs
Ins, OH, Int

On-Farm Labor 52%



Most effective ways to improve 
orchard profitability

Increase price

Improve yields

Cut production costs

Clark Seavert, Oregon State University 29



TARGET FRUIT

80+ bins/A

Size distribution

Eating quality

Good horticulture Bad horticulture





Honeycrisp: a breakthrough cultivar

• Honeycrisp: introduced 1991 
by Univ of Minn

• Dramatic attention and U.S. 
market share

• Ultra-crisp juicy texture and 
pleasing flavor

• 30 years from crossing to 
commercialization Focus on fruit quality





1986 Washington Apple Acreage

Gala (230)

Golden Delicious (22,665)

Granny Smith (8220)

Jonagold (185)

Other (8505)

Red Delicious (121,175)

Red Delicious  121,175 acres  75% of Apple Acres



1993 Washington Apple Acreage

Braeburn

Fuji

Gala

Golden Delicious

Granny Smith

Other

Red Delicious
Red Delicious  110,000 acres  64% of Apple Acres



2001 Washington Apple Acreage

Braeburn

Cripps Pink

Fuji

Gala

Golden Delicious

Granny Smith

Jonagold

Other

Red Delicious

Red Delicious  82,000 acres 
43% of Apple Acres

Gala  25,500 acres 
13% of Apple Acres



2006 Washington Apple Acreage

Ambrosia

Braeburn

Cameo

Cripps Pink

Fuji

Gala

Golden Delicious

Granny Smith

Honeycrisp

Jazz

Jonagold

Pacific Rose

Other

Red Delicious

Red Delicious  51,530 acres 
30% of Apple Acres

Gala  27,807 acres 
16% of Apple Acres



2011 Washington Apple Acreage

Ambrosia

Braeburn

Cameo

Cripps Pink

Fuji

Gala

Golden Delicious

Granny Smith

Honeycrisp

Jazz

Jonagold

Pacific Rose

Other

Red Delicious

Red Delicious  43,379 acres
26% of Apple Acreage

Gala  32,780 Acres
20% of Apple Acreage



2017 Washington Apple Acreage

Ambrosia

Autumn Glory

Braeburn

Cameo

Cripps Pink

Envy

Fuji

Gala

Golden Delicious

Granny Smith

Honeycrisp

Jazz

Jonagold

Kanzi

Opal

Pacific Rose

Other

Red Delicious

Red Delicious  39,207 acres
22% of Apple Acreage

Gala  41,036 acres
23% of Apple Acreage



Washington’s new cultivar



What’s next?
In the market or in the beta validation phase 

Mechanical thinning

Mechanical pruning

Platforms

Harvest assist

Robotic harvester

Fruit and canopy mapping



SNAP
Simple, Narrow, Accessible and 

Productive Canopies

Single, twin or multiple stem

Random or organized / 
narrow canopy = accessible

Uniform canopy/ Uniform crop

High early yields 

High mature yields 

Target fruit



Pear
V trellis
Anjou/OHF87

Cherry
UFO
Sweetheart/Gi6



Uniform and Balanced Canopies





Foundational 
Technology



1-1.5 mph  35 acres/day        1.5-3 km/h  14 ha / day






Autonomous scout: soil sensing (Carnegie-Mellon Univ)



Apple Mechanical Pruning



Mechanical Thinning



















Internet-based
Decision Assist Systems

Powered by 
AgWeatherNet



Mobile platforms



Efficiencies in Apple
• Pruning +25-40%

• Tree Training +40-60%
• Bloom Thinning +25-45%
• Green Fruit Thinning       +35-45%
• Pheromone Placement    +75%
• String Tying +65-120%
• Trellis Construction +15-20%



Still have to pick the fruit!!
20+ Billion times

1 apple/ 2 seconds



Harvest Assist 
Removes ladders
Bin to the worker
Pick in bags
Right fruit in/ right fruit out



Huron Fruit Systems



Littau Harvester

59



Bandit Xpress 
Automated Ag Systems



Cyclone
Automated Ag Systems



ORSI group



Zucal and Pluk-O-Trak



Night time is the right time  



Automating 
Orchard 

Agriculture 

Abundant 
Robotics








https://youtu.be/hzv27dsbkew

http
s:///

https://youtu.be/hzv27dsbkew
https://youtu.be/hzv27dsbkew







AND MORE
Localized data collection, data analysis and data 

driven management decisions

Tree growth and development
Bloom density – fruit set
Fruit color
Internals – Sugar/acid, aroma
Fruit size
Storability
Soil X 10



All tree fruit sectors confront labor shortages 

• Nursery (management, 
production, breeding, sales)

• Orchard (management, 
production, equipment 
operators and mechanics, 
fabricators)

• Harvest and post-harvest 
handling (management, QC, 
equipment operation, IT, 
marketing, sales)

• Scientists - Genetics, Entomology, 
Pathology, Horticulture / Plant 
Physiology, Soils

• Engineers – Bio Systems, 
Computer, Mechanical

• Extension – science 
translation and 
application, outreach

• Field Horticulturists
• IT  



Importance of agriculture service company or consultant 
expertise for guidance andimplementation by apple growers in
Washington, New York, and Michigan (Gallardo et al. 2019).

Importance %
Extremely important 35
Very important 34
Important 21
Neutral 8
Unimportant 2
Very unimportant 0
Extremely unimportant 0



Small businesses as a driver (SBIR)



USDA Transformational Investments



RosBREED 2
RosBREED: Combining Disease Resistance with 

Horticultural Quality in New Rosaceous Cultivars 
Four years $10M



4 yrs $12M

Specialty Crop Research Initiative

Sanjiv Singh, Carnegie Mellon Univ



Vince Jones AgWeatherNet

Ute Chambers



Fruit Logistica,
Berlin

Circular Ag



Dutch 
Ag 
Ministry



On behalf of 
Washington 

tree fruit 
stakeholders



Thanks



GMOs
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