Hazelnut Combine
Development

Dave Bohnhoff, PhD, P.E.

Happy Roots Farm
Plymouth, WI
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Oregon Harvest: 3. Collect Windrow

Aman Brothers, LLC .
13717 Downs Rd NE, Mt. Angel, Oregon, 97362
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Oregon Harvest: 4. Transport Nuts to Wash/Dry Facility
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Oregon Harvest: 5. Clean Nuts
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Front End of Cleanlng Line
at K&D Receiving

38000 Shady Bend Road NE, Albany, OR 97322 [ gt #8R| ga I8 (gge



x Oregon Harvest: 5. Clean Nuts

Back End of Cleanlng Line at K&D Recelvm ‘¢
38000 Shady Bend Road NE, Albany, OR 97322

"f

v‘_ "2 ~¢ ",. - . 2:'\_ o e
B .l il f.&\ - ) i UL | A TN R




: Oregon Harvest: 6. Dry Nuts
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K&D Receiving, 38000 Shady Bend Road NE, Albany, OR 97322

A new hazelnut wash-dry receiving station. Four more stack dryers and outside concrete bunkers
added since this image was taken.
Owned and operated by the Barney and Andrew Kroft and Sean Denfeld
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W@ Oregon Harvest Methodlogy

A Continual growth in farm size has driven farmers toward faster and
more efficient harvest methods

A Need for more efficient nut handling Is driving the move:
A Toward bulk handling with trucks and large trailers

A Away from handling with totes
A Toward harvesters with dump carts

A Allowing nuts to fall to the orchard floor requires expensive washing
facilities

A The need to stay away from the rainy season, limits selection of
genotypes for cultivation in Oregon to early maturing varieties

A Harvesting off a bare orchard floor in dry weather is dusty

© David R. Bohnhoff 2025






W@ Perennial Farming Trend(t hat 6s hard t

A Move to High Density Plantings (HDP)1 referred to as the
Nsustailnable I ntensi ficatil on
A Smaller plants, closely spaced in hedgerows
A Maximizes production per unit area
A Optimizes natural resources (e.g., sunlight, water, land, air)

A Facilitates greater mechanization of operations

A Crops largely moved to HDP include: olive, apple, pear,
almond, mango, cherry, plum, peach/nectarine

© David R. Bohnhoff 2025



In the future, hazelnuts will be harvested like soybeans and
corn and taken directly to a local farm cooperative for drying
and storage until further processing

© David R. Bohnhoff 2025



~Ww@ Combine Harvester (a.k.a. Combine) Functions

Combine o Hazelnut Combine
. Definition .
Function Operation

Collecting/gathering of
crop

Reaping Shaking clusters off plants

Detachment (via beating)  Freeing nuts from involucres

UlrEsining of plant elements (a.k.a. husking)

Use of air and screens to Separation of nuts from
Cleaning separate elements into leaves, sticks, involucres &
iIndividual streams other debris

© David R. Bohnhoff 2025



e Key OTR Hazelnut Combine Features

A Seltpropelled
A Relatively light-weight

A Easily transportable (e.g. standard-width goose-
neck trailer)

A Seltleveling for sloping terrain

A Handle plants taller than any machine previously
used on hazels

A Handle both shrubs and single trunk trees

© David R. Bohnhoff 2025



Top View

Selected Shaking System

Isometric View

© David R. Bohnhoff 2025



g@ |deal Shaking

Vertical Branches Horizontal Branches
A Sway (e.g. Bow -Rod) Shaker A Rotary Shaker
A Rotary Shaker

© David R. Bohnhoff 2025



We Key OTR Hazelnut Combine Features

A Material transport with augers and air (not belts and

bucket elevators)

A Durable green-cluster husker
A Cleaning/winnowing system similar to current

Nhazel nut
A Onboard storage

© David R. Bohnhoff 2025
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®$e Hazelnut Combine Harvester Developm

A The Grand Plan

A Combine reaping elements of current over-
the-row (a.k.a. straddle) shaker-type
harvesters, husking elements of the Bashaw
X12, and cleaning elements of common
Turkish/Italian hazel harvesters

Hasatsan H2200 Harvester Facmads Ci mi n:

from Sakarya, Turkey from Vitorchiano, VT, Italy
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Bashaw X12
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SARE » Grants

Grants

SARE offers competitive grants to fund research and education projects that advance
sustainable agricultural practices in the United States.

GRANTS
Who Can Apply?
pp y Manage a Grant »
* Farmers and ranchers , )
Submit a Project Report »
* Researchers
_ About Project Reports »
e Extension agents and other educators
e Graduate students Funded Grants in Your State 4
) . o . Search Grant Projects »
Grants are available for projects within the United States and U.S. protectorates only.

Common Questions

Can SARE grants be used to fund projects outside the United States?

No. SARE grants may only be used to fund projects within the United States and its island protectorates.
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ONE09-106 - Hazelnuts: A New Sustainable Crop for the Northeastern United States

Current Issue The need to enhance diversity and sustainability of small farms: Diversification is vital to the success and
longevity of many small farms in the northeastern U.S. Sustainable and environmentally-friendl...

FNC23-1362 - Hazelnut Combine Development

Over 99% of the hazelnuts produced in the United States are grown as a monoculture crop in the Willamette Valley of

Oregon. Nuts in Oregon are allowed to fully ripen and fall to the orchard floor, where they are windrowed and swept up using
special e...

LNC15-367 - Commercialization of Hazelnuts for Growers in the Upper Midwest

A 2010 SARE-funded project (LNC10-328) enabled our research team to establish five germplasm performancetrials with

hybrid hazelnut plants identified through the Hazelnut Improvement Program. Currently, the trialsinclude clones of 179 top-
performing ...
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Hazelnhut Combine Development

Project Overview

View the project report
FNC23-1362
Commodities Project Type: Farmer/Rancher
Funds awarded in 2023: $30,000.00
¢ Nuts: hazelnuts Projected End Date: 12/31/2025
Grant Recipient: Happy Roots Farm
Practices Region: North Central
State: Wisconsin
¢ Crop Production: mechanical harvesting Project Coordinator:
David Bohnhoff
Proposal summary: -
Happy Roots Farm
Over 99% of the hazelnuts produced in the United States are grown as a monoculture crop in

the Willamette Valley of Oregon. Nuts in Oregon are allowed to fully ripen and fall to the

orchard floor, where they are windrowed and swept up using special equipment. To facilitate this practice, the orchard floor is
frequently tilled and press-rolled to maintain a flat, bare surface that's void of rodent holes. These flat surfaces are subject to
both wind and water erosion and are completely void of bio-diversity. Harvesting hazels in the Oregon manner is not possible
in the Upper Midwest given the sloping topography in much of the area - sloping land that requires maintaining a vegetated
orchard floor. To: (1) facilitate harvest on sloping terrains, (2) minimize nut predation by animals, (3) eliminate nut



W@ Report: Materials and Methods Section

A Basic Unit Operations and
Material Flow

A Self Propelled vs PuliType
Combine

A Wheel Numbers

A Wheel Orientation

A Machine Raising/Lowering
A Tire Selection

A Powertrain

© David R. Bohnhoff 2025

A Shakers

A Tire Location and Steering
A Gathering Heads

Bin

Hydraulic System

Operator Compartment
Frame

A Detailed Working Drawings

A
A
A
A



W@ Hazelnut Combine Harvester Development

A Guiding Design Principles (Design Selection Criteria)
Functionality and Compatibility

Safety

Transportability

Cost

KISS (Keep it Simple, Stupid)

nterchangeability/Flexibility

Repair Ability by Owner

Ease of Maintenance

O NOoO Ok DR

© David R. Bohnhoff 2025
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Top View

Front/Back View
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®$e To Fully Optimize OTR Harvesting

A Need mechanized pruning equipment and techniques that:
A Limit plant size to the capacity of the harvester
A Reduce manual labor and other costs
A Maximize production levels ALl ool

;;;;;
7 LAY

%4 Manual pruning of hazels in Oregon

.
~dn

Mechanized pruning of hazels in Spain

© David R. Bohnhoff 2025
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- Mechanical Topping and Hedging

Source: Dr Ignasi Iglesias

4.0 ft (1.2 m) plant spacing

-

tall
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Pruning Trials at Oregon Research Station

ST B AR AR AT AN SREAT T R L LY e \
; A X \ /\ g A 3z 2




Hedger

Third Knight Farms
Albany, Oregon
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W@ To Fully Optimize OTR Harvesting

A Need plant genetics that provide:

A Plant sizes and structure more aligned with high density orchards
and mechanized harvest

A Uniform nut maturity on a given plant (for 1 pass harvesting)
A Clusters that are easily removed by shaking
A Early and late maturing cultivars (to spread out harvest season)

© David R. Bohnhoff 2025



“We To Fully Optimize OTR Harvesting

A Use single trunk trees ?
A Less loss of nuts to the ground during harvest
A Easler control of unwanted woody perennials
A Easier management of irrigation (sub-surface?)
A More compatible with alley cropping and grazing?

© David R. Bohnhoff 2025



% Hazels just prior to OTR Harvest

John Runde Farm 2020
Sheep removed about two
weeks prior to hazelnut harvest

Sheep browse lower vegetation

© David R. Bohnhoff 2025




