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To Sylvan and Ember, and your generation—we plant trees for you. —MW
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Forward
Matt Wilson, lead author of this excellent book, has a knack for finding where the wild meets the practical. I first heard from him 
when he was plotting out persimmon, mulberry, and chestnut silvopasture paddocks, with fruit drop planned in sequence for 
livestock to harvest through several rotations each season.  This book is filled with these sorts of wildly practical ways to integrate 
perennial crops on your farm. 

Perennial crops hold the key to the next green revolution. Some dismiss this as radical. But soil life is the basis of abundance, and 
perennials can build soil fertility while producing marketable crops. Protecting and regenerating soil allows us to wean ourselves 
from fossil inputs. Tree crops and integrated livestock, as demonstrated in this book, hold this radical power. Wes Jackson, prophet 
of perennial agriculture, places himself a century from now, looking back at our current time in history, as we confront these core 
questions: 

“Sure, the world must be fed, but then what if we fail to stop greenhouse gas accumulation, soil  
erosion, and the depletion of fresh water?” These were the days of the Great Awakening, when few appre-

ciated that soil is more important than oil and just as much of a nonrenewable resource.  
Millennium Ecosystem Assessment scientists concluded that agriculture was the number one threat to 
Earth Island’s wild biodiversity. It was a time to confront the Problem of Agriculture instead of only ad-

dressing problems in agriculture; it was time to tap the wildness, the diversity and creative  
complexity of the entire ecosphere, beginning with the land that feeds us; it was time to awaken a new 

and equally creative, diverse, complex, and equally wild human place within that ecosphere.*

To translate this wisdom of the wild into a successful farm startup, I recommend putting this book to work along with other ed-
ucational resources. For the critical step of refining your goals into a big-picture farm plan, Whole Farm Planning from NOFA is 
invaluable. And if you need a place to plant tree crops, or if you own land and want to partner with a farmer, check out Inspira-
tions for Creating a Long-Term Agricultural Lease for Agroforestry: A Workbook, along with other land access resources that the 
Savanna Institute has curated on the web. The list goes on; the point is to learn from the mistakes and successes of others as we 
create new ways to farm.

This book will be helpful throughout the stages of farm startup: from the outset of envisioning into the thick of planting and man-
aging crops. In the beginning, it will provide sparks to the imagination. Then, the book offers scaffolding for plans to take shape.  
Throughout, it informs decisions of when to “do it yourself” and when to seek out help. 

The species profiles I particularly appreciate. Selecting profit centers that will make money is one of the most important choices 
a farmer makes. Even without access to the best varieties or markets, many perennial crops can be profitable if chosen wisely: 
grow what will grow, grow what you love, and grow what you can sell. 

In the end, a farmer needs more than books about farming. Many things help: rich soil, practical experience, good mentors and 
neighbors, multiple kinds of capital, a flexible off-farm job, hungry customers, gritty hard work, etc. Along with all that, building a 
resilient farming system will help you steady the ship amidst volatile markets and labor, droughts and floods, and other vagaries 
of the almanac. Research shows that resilient farms integrate perennial crops to optimize management efficiency with diversity. 
This means regenerating our farms—and the whole human place in the ecosphere—with wildness, to echo Wes Jackson. It will 
take more than books, but I expect this book will help many farmers plant tree crops in wildly practical ways.  

	 —Keefe Keeley, Co-Executive Director, Savanna Institute

*Jackson, Wes. “Earth Island: Prelude to a Eutopian History.” Wildness: Relations of People and Place. Edited by Gavin Van Horn and John Hausdoerffer,  
  University of Chicago Press, 2017, pp. 233-234.
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INTRODUCTION
"We all have the forest in our blood." - Robert A. de J. Hart

Trees: The Future of 
Agriculture? 
If you have picked up this guide, you have likely asked your-
self one or more of the following questions:

•	 “How do we grow food in a way that doesn’t harm 
the environment?”

•	  “Is there a way for family farms to remain viable?”

•	 “What is the future for sustainable, resilient agricul-
ture?”

Many good agricultural techniques and technologies have 
arisen to help come up with answers. This guide is about 
an answer that has been with us all along: trees. 

ENVIRONMENTAL EFFECTS
For almost every environmental challenge facing agricul-
ture, trees can help1. Their roots protect the soil by pre-
venting erosion, and falling leaves and natural root dieback 
build soil organic matter2. Trees capture excess fertilizers 
and agricultural chemicals that would have ended up in 
waterways3. They pull carbon out of the air, combatting cli-
mate change4,5. Trees provide habitat and food for wildlife, 
increasing the biological diversity (and therefore, stability) 
of our ecosystems6. 

SOCIAL BENEFITS
Trees are good for people too7. Research shows that treed 
landscapes contribute to mental wellbeing8. They provide 
oxygen and reduce air pollution. Their ability to keep wa-
ter clean means fewer chemicals coming out of our taps. 

In populated areas, trees reduce temperatures during 
the summer and help keep buildings warm in the win-
ter9. Many recreational activities depend upon trees, from 
hunting and birdwatching to hiking and picnicking8. 

ECONOMIC SENSE
Finally, incorporating trees into agricultural landscapes 
often makes financial sense. Windbreaks formed by trees 
lead to higher crop yields and improved livestock perfor-
mance in the winter10. In the summer, partially shaded 
pastures make for more comfortable animals and higher 
forage quality, resulting in better growth11,12. Adding fruit 
or nut trees to a farm can help diversify income, lowering 
financial risk. If a pest or disease wipes out one crop, the 
other unaffected crops can still provide revenue. Wood is a 
renewable source of heat, and timber can provide a long-
term investment for generations to come. 

What’s in a Name?
WHAT IS AGROFORESTRY?
Agroforestry is the intentional mixing of trees with other 
crops or livestock. Agroforestry allows us to obtain multi-
ple products from the same land, like timber and vegeta-
bles, or wheat and walnuts. Mixing more than one crop is 
referred to as a polyculture, as opposed to a monoculture, 
which is growing only one crop at a time.

The United States Department of Agriculture recognizes 
five agroforestry practices: alley cropping, silvopasture, 
riparian buffers, windbreaks and forest farming. Some 
practitioners and researchers dislike the idea of separat-
ing agroforestry into distinct parts because there is a lot of 
overlap among systems. We include them here so that you 

Figure 1.1. Trees, grapes, and cultivated annual beds in France. 
PHOTO BY KEVIN WOLZ. 

Figure 1.2. Agroforestry is a multifunctional tool with a range of 
benefits. CONCEPT COURTESY OF ROB MYERS.
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Alley cropping 
Growing field crops between rows of trees. The trees can be 
grown for timber, fruits, and/or nuts, while the alley crops 
may include grains, vegetables, or forages cut for hay. 

Figure 1.3. Walnut and soybean alley crop at the University of 
Guelph, Ontario. PHOTO BY KEVIN WOLZ.

Riparian buffers
Planted areas around waterways that are at risk from ero-
sion, nutrient leaching, or habitat loss. Producers may 
choose different types of vegetation depending upon the 
slope and distance from the waterway.

Forest farming 
Raising shade-tolerant crops such as mushrooms, medicinal 
herbs, and woody ornamental material in established for-
ests. 

Windbreaks
Rows of trees planted to prevent wind erosion, provide hab-
itat for wildlife, and increase water availability to nearby 
crops. On a farmstead, windbreaks can decrease the heating 
and cooling needs for living and working spaces by reducing 
indoor air exchange caused by wind.

Figure 1.4. Young hybrid poplar windbreak.  
PHOTO BY SYLVAIN COURNET. 

Figure 1.5. Shiitaki mushroom production at Ozark Forest 
Mushrooms. PHOTO BY SYLVAIN COURNET.

Figure 1.7. Trees and vegetation hold soil, prevent erosion, 
and cool water. PHOTO BY KEVIN  WOLZ.

Silvopasture 
Incorporating livestock into an intentional mix of trees and 
pasture. Silvopasture is different from “grazing the woods”, 
as the spacing of the trees is planned to allow enough sun-
light for the forages below and the livestock are kept from 
damaging the trees. The trees offer shade during the heat of 
the summer and wind reduction in the cold winter.

Figure 1.6. Sheep grazing alleys during tree establishment.  
PHOTO BY KEVIN WOLZ.
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will be familiar with the terms.

Here is an example of integrating multiple agroforestry 
practices on a farm: 

A farmer begins diversifying by planting rows of trees 
in a cornfield. For several years, the farmer continues 
growing field crops between the rows of young trees (al-
ley cropping). When shade from the trees starts to limit 
crop growth, the farmer plants a forage and introduces 
livestock (silvopasture). Once the trees mature to the 
point that grass is no longer productive, the livestock 
are removed and mushrooms and medicinal herbs are 
grown in the shade (forest farming). The north side of 
the farm borders an open field, so the farmer decided to 
plant a denser row of trees there to block wind and pre-
vent pesticide drift (windbreak). On the other side of the 
field is a small creek, so water-loving tree species were 
planted together with a grass strip to prevent erosion 
and reduce nutrient runoff (riparian buffer).

ISN’T THIS THE SAME AS…?
There are other terms used for related practices that may 
crop up. University researchers and publications often use 
the term agroforestry along with the five practices out-
lined above. Permaculture is a social movement based on 
a design philosophy that includes several aspects of agro-
forestry. A food forest denotes a planting that mimics a 
natural forest structure using edible species. Restoration 
Agriculture is a food-bearing, tree-based farming system 
that uses natural ecosystems such as oak savanna as inspi-
ration. Multifunctional Woody Polyculture is a term used 
by researchers at the University of Illinois for a diverse ed-
ible agroforestry system currently being evaluated in field 
trials15. No matter what you call it, adding trees to working 
landscapes is a good idea!

Why this guide? 
Agroforestry has been around for decades, though the 
approach of integrating multiple species of edible trees 
and shrubs with vegetables, row crops, or livestock into a 
farm-scale system in temperate areas is relatively recent15. 
Although homesteaders and permaculturalists have been 
exploring these techniques on a small scale, the systems in 
this handbook have the potential to be scaled up and even 
to be mechanized, making them practical for more farmers 
to implement. However, as you increase the diversity on 
your farm, more knowledge and planning will be required 
to make it work. We hope this guide will be a useful re-
source as you make decisions and plans.

LIMITATIONS OF THIS GUIDE
Some of the ideas discussed here are still on the cutting 
edge of sustainable agriculture. The research team has at-
tempted to provide the most accurate info based on sci-
entific research and the experience of farmers. However, 
there is much still to be learned, and we present these tech-
niques and practices as “best bets” rather than “hard facts.” 

Many of the topics touched on, like rotational grazing or 
plant propagation, are entire disciplines unto themselves. 
Therefore, every effort should be made to learn as much 
as you can before trying a new practice on your farm. Visit 
farmers who are already doing what you want to do. Gath-
er useful books, extension publications, and journal arti-
cles. Go to conferences. Listen to webinars and lectures. 
Understand the risks that come with undertaking a new 
enterprise. Make a plan to mitigate these risks that will 
give you the best chance of achieving your goals. Then, get 
out there and plant trees!

POLYCULTURES: BENEFITS  
AND CHALLENGES OF DIVERSITY

In a healthy ecosystem, plant species occupy different 
niches that take advantage of differences in size, light 
and nutrient needs, microclimate variations, and sus-
ceptibility to pests and herbivores. This leads to the 
system being more resilient and productive overall, 
and it supports a wider variety of wildlife13. Mimicking 
this diversity as much as practical is the goal in agro-
forestry, in hopes of accruing the same benefits14,15. 

Not only that, multiple crops spread out labor needs, 
diversify income, and create beneficial relationships 
that can lead to more productivity than if crops are 
grown separately16,17. 

On the downside, increasing species diversity makes 
management and planning more complex18. Agro-
foresters must take into account harvest equipment, 
seasonal timing, nutrient needs, tree spacing, pest 
control, and livestock compatibility for each species of 
tree they grow. Fitting these together into a workable 
design is part of the art of planning edible agroforest-
ry systems.

Figure 1.8. Designed polycultures offer a variety of benefits, 
but make management more complex. ILLUSTRATION BY 
PAUL LITTLETON.
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Planning
1. CONDUCT A SITE ASSESSMENT

a.	Gather site info:
i.	 Soil and aerial maps
ii.	Field history
iii. Climate information

b.	Do a site visit:
i.	 Take soil samples
ii.	Scout weeds
iii. Identify microclimates

2. LIST POSSIBLE TREES AND SHRUBS FOR SITE
a.	Use site assessment and species profiles

3. CONSIDER LIVESTOCK COMPATIBILITY
a.	Match trees with livestock needs
b.	Note pastures, fences, water, barns

4. ANTICIPATE HARVEST METHOD
a.	Hand vs. machine
b.	Hired vs. self

5. DEFINE YOUR GOALS
a.	Implement a method: Holistic Management, Whole 

Farm Planning, Keyline Design, etc.
b.	Will the selected trees and livestock be compatible 

with your goals?

6. DESIGN THE FIELD LAYOUT
a.	Consider:

i.	 Interactions:
1.	Competition, pollination, nitrogen 

fixation, etc.
ii.	Timing:

1.	Harvest date, livestock rotation,  
successional planning

iii. Tree Spacing:
1.	Set spacing within the row based on 

mature width of tree
2.	Set between-row spacing based on 

equipment, alley crop, tree width
b.	Make Field Maps that include:

i.	 Infrastructure: barns, fences, waterlines
ii.	Machinery turn-around space (headlands)
iii. Tree rows
iv. Tree varieties/individuals within rows (pollina-

tion, harvest date)

7. DEVELOP AN ECONOMIC ANALYSIS
a.	Make enterprise budgets for each crop based on the 

field design
b.	Research cost-share and grant opportunities (NRCS, 

FSA, SARE, etc.)

Establishment
1. OBTAIN PLANTS

a.	Generate a nursery list from field designs
b.	Propagate plants yourself (grafting, seed, cuttings, etc.)
c.	Order from a nursery

2. PREPARE THE FIELD
a.	Do earth moving first, if desired:

i.	 Ponds, water harvesting (swales, Keylines), 
removing stumps or rocks, smoothing

b.	Adjust fertility & pH based on soil test
c.	Plant cover crops
d.	Eradicate perennial weeds
e.	Build deer fence, if required

3. PLANT TREES
a.	Follow planting recommendations
b.	Install irrigation

4. PROTECT THE ORCHARD
a.	Install tree tubes, deer fence (if not already done), 

rodent guards
b.	Evaluate the need for guard dogs, repellents, noise-

makers, bird netting, etc.

5. BEGIN WEED CONTROL
a.	Decide on which method is best for your site and  

situation:
i.	 Mulch
ii.	Herbicide
iii. Mowing
iv. Tillage

6. CONTINUE ONGOING MAINTENANCE
a.	Scout for pests and disease
b.	Maintain soil fertility
c.	Prune
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SITE EVALUATION
“We have the world to live in on the condition that we will take good care of it. And to take good care of it, 

we have to know it. And to know it and be willing to take care of it, we have to love it.” —Wendell Berry

Farmer, Know Thy Site
IMPORTANCE OF SITE EVALUATION:  
GROW WHAT GROWS
Your site will dictate which trees and shrubs are likely to do 
well. A good site evaluation will allow you choose species 
that will thrive. It is possible to modify certain characteris-
tics like pH, drainage, and available moisture but this takes 
time and money and is likely to require ongoing mainte-
nance. Species that are inherently well suited to your site 
will require less upkeep and may be healthier and more 
productive. 

This section is broken up into two parts: 

Gathering info: 

This part contains information you can obtain from the 
internet, government offices, and farm management re-
cords. It includes items like soil maps, aerial photographs, 
climate information, and field histories. 

Field Visit: 

These are observations and samples that you collect on 
the actual site. If you have developed a familiarity with the 
property, you may already know some of this information. 
During the field visit, you will take soil samples, scout for 
weeds, measure slope and aspect of fields, and note de-
tails like erosion, wind direction, and signs of flooding. 

Some site characteristics can be both studied beforehand 

and observed in the field. For example, you can look up 
your plant hardiness zone for your county, but you can also  
observe microclimates unique to your site.

Part 1: Gathering Info
Some of the first items to gather as you begin your research 
are maps and photos. Mapping out your site will allow you 
to fill in information as you learn more about it and will be 
important when you start to plan where to put trees and 
infrastructure. You are going to want the following maps: 

AERIAL PHOTO
An aerial photo will form the base map which you will 
overlay with designs later. Make sure to include your whole 
farm. If you have a large farm, also get individual maps of 
each field.

SOIL MAP
A soil map is critical to choosing appropriate species of 
trees. One of the easiest ways to see which soils you have 
is a website called SoilWeb:

o	 https://casoilresource.lawr.ucdavis.edu/gmap/

By entering a street address, the website will display im-
portant information including:

o	 Soil type

o	 Farmland class 

Figure 2.1. A screenshot of SoilWeb showing useful soil characteristics.

https://casoilresource.lawr.ucdavis.edu/gmap/
https://casoilresource.lawr.ucdavis.edu/gmap/
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o	 Flooding frequency

o	 Drainage class

o	 Minimum Bedrock Depth

o	 Water Table Depth

The USDA also hosts a soil map website called Web Soil 
Survey. Although it uses the same data as SoilWeb, it al-
lows you to organize the information into a convenient 
packet for printing. You can also run custom reports about 
your soil’s suitability for a number of crops and practices 
and calculate acreage of fields. It has a bit of a learning 
curve, but may be worth the effort. 

o	 https://websoilsurvey.nrcs.usda.gov/

MAP FORMATS
DIGITAL
Online Maps are available from Google or Microsoft. In 
addition to printing, some features allow you to measure 
distances or area right in your browser window. 

Google Earth is a free, downloadable mapping program. 
For our purposes, you will want the standalone desktop 
version of Google Earth Pro (still free), not the web-based 
Chrome version launched in April 2017. The desktop ver-
sion supports simple design, letting you draw lines, points, 
and polygons that are to scale. These can be used to mark 
fences, waterers, and structures, or to measure the area of 
a field. GPS coordinates can be imported from a hand-held 

Figure 2.2. An example of a simple layout in Google Earth.

Figure 2.3. US Topo map from the U.S. Geological 
Survey.

Topographical maps depict elevation changes across a landscape 
which are important when considering general slope and aspect, 
but the topo maps currently available may lack sufficient detail 
for farm-level planning. If you plan to do any earthwork to convey 
water or want to plant trees along a contour or Keyline because of 
a steep slope (discussed below), you are going to have to conduct 
field measurements to be accurate.

The Regrarians eHandbook (Chapter 2) has excellent directions for 
mapping and surveying, and is available to purchase for down-
load. It is highly recommended, especially if you are interested in 
Keyline design: 

•	 www.regrarians.org/product/regrarians-ehandbook-2-ge-
ography/regrarians-ehandbook-2-geography/

TOPO MAPS

https://websoilsurvey.nrcs.usda.gov/
www.regrarians.org/product/regrarians-ehandbook-2-geography/regrarians
www.regrarians.org/product/regrarians-ehandbook-2-geography/regrarians
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GPS unit, allowing you to gather data in the field and trans-
fer it to a map. The maps can be saved and printed out, but 
make sure you have a truly overhead view before printing 
by going to ‘view’ and clicking ‘reset tilt and compass’ Oth-
erwise, your scale may be incorrect, leading to problems 
when laying out designs. You can also set the view so that 
it does not tilt while navigating by clicking the following: 
tools->options->navigation->Do not automatically tilt 
while zooming. 

o	 https://www.google.com/earth/desktop/

Sketchup is a 3D design software. The free version is now 
web browser based (as of late 2017). A desktop Pro version 
exists that is more powerful and supports direct downloads 
of aerial imagery and terrain. For the free version, Google 
Earth images can be imported to Sketchup and then scaled 
appropriately to create base maps that you can then over-
lay with models of trees, shrubs, or infrastructure. You can 
even import models that other users have made of trees, 
hoop houses, fences, etc. The basics are straightforward 
to learn, and there are good tutorials available. Sketchup 
can be useful when trying different plant spacings and row 
layouts, but it gets complicated to do complex planting de-
tails along curved contour lines or if you are dealing with 
varying topography. 

PRINT
Print maps are great for sketching out ideas and for taking 
to the field. You can print them using the digital resources 
above, or you may be able to get a copy from your county 
clerk’s office or the Natural Resources Conservation Ser-
vice (NRCS). An NRCS or county extension agent may also 
be able to generate a custom soil map for your farm.  

Make several copies of each map, and use them in the next 
planning stages. You can also use one “base map” with 
overlying layers of tracing paper for different plans or fea-
tures. If not already on the map, add the following: Existing 
fences, property lines, livestock waterers, infrastructure, or 
hazards (sinkholes, big rocks, etc.)

Field History	
PREVIOUS MANAGEMENT
Knowing how the land was managed in the past will help 
you correct any issues that might be present. Go over man-
agement records to see which pesticides and fertilizers 
were applied. Some herbicides have longer-term residual 
effects. If you have harvest records, they indicate areas 
that are particularly productive or that are problematic. 
Note these areas on your map and keep them in mind 
when deciding what to plant there. 

OLD ORCHARD SITES
Reclaiming an old orchard site represents an opportunity 
to revive the past, but it may also present unique chal-
lenges. A buildup of pathogens can cause replant disease, 
which can negatively impact newly planted trees for years 
to come20. Tiny, soil-dwelling worms called nematodes are 
one of the more important culprits. Usually, commercial 
growers deal with replant disease by fumigating the soil. 
Alternatives exist, such as cover cropping with rapeseed 
or sorghum-sudangrass or applying mustard seed meal, a 
by-product of pressing oil for biodiesel. Choosing resistant 
rootstocks may be the best option21. For more informa-
tion, check out the resources below: 

Figure 2.4. Sketchup can be useful for both simple and complex designs.

https://www.google.com/earth/desktop/
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Nematode control with mustard mixes20: 

o	 www.goodfruit.com/new-replant-disease-
treatment/

Controlling replant disease with cover cropping22: 

o	 http://extension.psu.edu/plants/tree-fruit/
commercial-tree-fruit-production/orchard-
establishment/orchard-bio-renovations

ORGANIC RECORDS
If you are considering organic certification, you will need to 
show that the fields you wish to enroll in the program have 
not had any prohibited substances applied within three 
years of your first organic harvest. If you have not owned 
or managed the farm for that long, you will need a written 
statement from the previous farmer. Check with your certi-
fier about which forms satisfy this requirement.

Climate	
RAINFALL
Most of the eastern United States has sufficient rainfall for 
the trees and shrubs in this guide to survive. However, if 
there is drought or a dry spell during a time of critical fruit 
development, you may have to provide supplemental irri-
gation to have a harvestable product. Even in years with 
adequate rainfall, trees may need irrigation in the first year 
after planting. Some growers decide not to install irrigation 
or do not have access to a water source nearby, instead 
relying on a portable water tank if conditions become too 
dry. Mulching will help reduce water stress. Most trees will 

GETTING HELP: COUNTY EXTENSION, NRCS AND FSA

On your journey into edible agroforestry, some of the most helpful folks can be those at your local government agricul-
ture and extension offices. Their job is to help farmers, and their knowledge and expertise (not to mention cost-share 
funds) can really make a difference. They may be able to help you with aerial and soil maps too. After coming up with 
a rough plan for your farm, give them a call, set up an appointment, and ask them what items you should bring along. 

•	 County Extension- The county extension office is the place to go with questions about soil testing, pests and dis-
eases, and to gather general information on farming in your area. Some offices do soil testing, so call before you 
send it to a private lab. Extension offices offer workshops on a wide variety of topics, from livestock to gardening 
to home food preparation. 

•	 Natural Resources Conservation Service (NRCS)- The NRCS is the branch of the U.S. government that helps farmers 
and landowners manage and install practices that protect our natural resources: soil, water, air, plants, and animals. 
They offer technical assistance and cost-share programs that may be able to help with your goals. 

•	 Farm Service Agency (FSA)- The Farm Service Agency offers farm loans, business planning, disaster assistance, and 
conservation programs. The county FSA and NRCS are often housed in the same building, making it convenient to 
visit both. The FSA has traditionally offered payments to farmers for taking cropland out of production to install 
grass, shrubs, and trees. The Conservation Reserve Program (CRP) is the one most farmers are familiar with. The 
CRP program provides yearly payments for a contracted amount of time, easing some of the burden of establishing 
conservation areas. 

Many practices in agroforestry fit well within the programs of the NRCS and FSA, though the local offices might be less 
familiar with tailoring them for agroforestry. There are different deadlines and ways to qualify for approval, and not all 
applications are accepted every year. The best thing to do is talk with the staff about what you want to do. 

Figure 2.5. Currants with irrigation installed.  
PHOTO BY KEVIN WOLZ.

http://www.goodfruit.com/new-replant-disease-treatment/
http://www.goodfruit.com/new-replant-disease-treatment/
http://extension.psu.edu/plants/tree-fruit/commercial-tree-fruit-production/orchard-establishment/orchard-bio-renovations
http://extension.psu.edu/plants/tree-fruit/commercial-tree-fruit-production/orchard-establishment/orchard-bio-renovations
http://extension.psu.edu/plants/tree-fruit/commercial-tree-fruit-production/orchard-establishment/orchard-bio-renovations
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require an inch of water per week (roughly 0.6 gallons per 
square foot of soil around the tree). Carefully consider the 
irrigation strategy you will employ, and how comfortable 
you are with risk— do you have the time and equipment to 
haul water? Is there access for a vehicle? Would the cost of 
the irrigation system be worth increased yields and lower 
risk? 

“Plant things that are worth irrigating, then irrigate 
them if they need it.” -Tom Wahl, Red Fern Farm

PLANT HARDINESS ZONE
Plant hardiness zones are based on the minimum tempera-
tures an area typically gets in the winter. It is common for 
nurseries to list the zones where a plant will survive. Keep 
in mind that if you plant trees or shrubs that are right on 
the edge of being adapted to your site, an especially frigid 
winter or extended summer drought may cause damage. 
Plants tend to move south easier than they move north, 
so getting cold-hardy varieties may not be a bad idea. You 
can look up your climate zone on this handy USDA website:

o	 http://planthardiness.ars.usda.gov/PHZMWeb/

FROST POCKETS
Depressions and low areas in the terrain can cause cold air 
to pool on nights without wind that are cold and clear. It is 
best to avoid frost pockets for fruiting trees if possible, but 
later-blooming trees (black walnuts, hazels, pecans, chest-
nuts, persimmons) should be a safer bet23.  

WIND	
Wind can dry out crops and young trees, cause erosion, 
and limit weight gain in livestock in the winter10. Avoid the 
tops of ridges for fruit and nut trees, as they tend to be 
windier. Consider putting in a windbreak if you have sus-
tained winds in your area or if pesticide drift is expected 
to be a problem. If not serving as a buffer for pesticides, 
windbreaks can be made up of species that produce edi-
bles and ornamentals, adding valuable production capac-
ity24,25. Additionally, a real opportunity exists to explore 
different genetics by planting trees that were grown from 
the seed of good varieties. Seed-grown trees will be much 

less expensive than grafted ones. Although they may not 
be as suitable for intensive production due to the variation 
in harvest timing, yield, and quality, you may just discover 
the next promising cultivar for your area. 

Figure 2.6. When selecting a site, avoid low-lying frost pockets and 
windy hilltops if possible. IMAGE BY MATT WILSON.

Figure 2.7. When taking soil samples, cut away all but an 8” long 
plug, or use a soil sampling probe.  PHOTO BY MATT WILSON.

DEFENSIVE FARMING:  
PESTICIDE DRIFT

Damage to non-target crops from drifing pesticides 
has been a risk since they were introduced, but re-
cently there have been worrying trends that anybody 
who is planning on planting perennials near cropland 
should be aware of. A new class of herbicide-resis-
tant GMO soybeans was released in 2016 which are 
tolerant to either 2,4-D or dicamba, both broadleaf 
herbicides that are more prone to volatilize and drift 
than other herbicides such as glyphosate (Roundup). 
Already, complaints and lawsuits are showing that 
these herbicides are reaching vineyards, orchards, 
and non-resistant crops. Some farmers are respond-
ing by planting the patented, resistant soybean seeds 
just to protect themselves from neighbors who are 
spraying, as the herbicides will damage regular soy-
beans too. 
If there is the possibility that this technology will be 
used within 1/8 of a mile of your farm, you might 
want to consider a strategy for mitigating drift. Since 
volatilization can move these chemicals beyond the 
typical range normally associated with drift caused 
by spray droplets, this might include a wide buffer 
of cropland or pasture that will not be damaged by 
broadleaf herbicide, as well as a stout windbreak 
made up of “sacrificial” trees like hybrid poplar and 
conifers. Taking legal action in the event of damage 
can be costly and time-consuming, ultimately making 
defensive action the wisest choice. Best of all is put-
ting your new agroforestry planting well away from 
conventional crop production.

http://planthardiness.ars.usda.gov/PHZMWeb
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Site Visit
SOIL TESTING
Soil testing is important for knowing your baseline fertility 
levels. A basic soil test will show the pH of your soil and 
levels of nutrients like potassium, phosphorus, calcium, 
and sodium. This information will give you an idea of which 
plants might naturally do well. For example, if you have 
very low pH (below 5), you might consider blueberries. A 
soil test will also serve as a starting point for adjusting the 
pH and nutrient levels. We recommend ordering a soil test 
that includes organic matter, as this is a major indicator of 
soil productivity. Other minor nutrients may be import-
ant for some tree crops, so find out if the trees you are 
interested in have specific requirements so that you can 
request for them to be included in the test. 

Contact your county extension office and ask if they do soil 
testing, as some offices offer discounts. Otherwise, a pri-
vate lab can analyze samples for you for $15-$30 for a basic 
test. Ask for instructions on how to collect and prepare the 
sample. In general, you are going to want to take separate 
samples for each of your fields, and perhaps for different 
sections of the same field if the soil type or slope varies. 

INTERPRETING TEST RESULTS
When you complete the paperwork for your soil test, re-
quest that the testing lab provide nutrient recommenda-
tions for the trees you would like to plant. If they are not 
able to provide this, you may be able to ask your county ex-
tension agent or horticulture specialist for help. Be aware 
that there are several schools of thought regarding nutri-
ent management and fertilization. It may be worth getting 
several opinions.  

PH
Most fruit and nut trees will thrive at a pH of 6.0-6.526. 
Some species can handle more acidic (lower pH) or more 
alkaline (higher pH) conditions. Consult the species profiles 
later in this guide for specific requirements, and plan on 
adjusting the pH to an acceptable range before you plant 
your trees.  

DRAINAGE
Good drainage is probably the most important soil char-
acteristic for nuts and fruits26. A soil map will give you a 
general idea of the soil drainage conditions. Digging some 
holes on-site and examining them to a depth of 4-6 feet 

Figure 2.8. Drainage class and flooding potential are important soil 
characteristics. PHOTO BY KEVIN WOLZ.

Figure 2.9. Orchards can make use of otherwise unpro-
ductive sloping sites. PHOTO OF ENGLAND’S ORCHARD BY 
MATT WILSON.

0%-3%		 Suitable if well-drained

3-8%	 	 Ideal

8-15%	 	 Acceptable; over 10% may be

		  problematic for machine harvest

15-35%	 Contour or Keyline planting rec-	
		  ommended

35-60% 	 Very steep

Sources:23,26

SLOPE

Figure 2.10. Erosion can be minimized by installing grass and trees, 
but especially problematic areas may need more attention. PHOTO 
BY VOLKER PRASUHN, LICENSED UNDER CREATIVE COMMONS SA 3.0.
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WATER HARVESTING: SWALES AND KEYLINES

Various water-harvesting techniques are employed by per-
maculture practitioners, including the use of swales and Key-
line design. Although fairly simple in concept, the installation 
of ditches, ponds, and other earthworks often requires heavy 
equipment and constitutes a major disturbance of the soil (if 
not the wallet!). Farmers that have installed these practices 
have had mixed results, and there is very little scientific litera-
ture on the subject. It is difficult to predict the consequences of 
altering the natural drainage patterns of a site, and disturbing 
the soil with heavy machinery can lead to severe compaction 
and changes in weed pressure if not done correctly. If you hire 
a professional to design or carry out the work, ask if they have 
installed the practices before and request references from past 
customers. If you can, visit the sites and ask the landowners how 
the water harvesting installations have performed. It is best to 
learn as much as you can before deciding to fire up the heavy 
equipment. Once you have trees in the ground, it will be difficult 
(if not impossible) to adjust your earthworks without damaging 
your planting.

SWALES
In permaculture circles, a swale denotes an on-contour, 
dead-level ditch that is designed to catch and hold rainwater, 
allowing it to soak into the soil slowly28. Though often promot-
ed in popular permaculture manuals, rarely are guidelines given 
for considerations like annual rainfall, soil physical properties, 
slope, matching plant needs with available water, or how to cal-
culate swale depth or distance apart. 

KEYLINE
The Keyline system, developed before the advent of permacul-
ture, integrates ponds, irrigation ditches, and a special sub-soil-
ing plow. It was developed by Australian P.A. Yeomans through-
out the 1950’s and 1960’s for semi-arid, pastured landscapes29. 
Keyline planning is a comprehensive methodology that takes 
into consideration the permanence of structures, earthworks, 
trees, and other aspects of a farm and prioritizes them accord-
ingly. The main element is the Keyline, which is based on the 
principal contour identified by observing slopes, ridges, and val-
leys of a landscape. The Keyline is slightly off-contour, sloping 
slightly towards ridges to bring water to the drier parts of the 
field. From this Keyline, parallel rips are made with a modified 
sub-soil plow, with the intention of creating channels for water, 
air, and plant roots. 

In areas that receive adequate rainfall, complex systems of ponds 
and channels may not be required, but the Keyline principle of 
maintaining equal distance between rows of trees in sloping ter-
rain makes mowing and managing livestock easier. Subsoiling 
with a Keyline plow may help break up compaction and can be 
used to prune tree roots to reduce competition with alley crops.

To learn more about the Keyline system, consult Water for Every 
Farm29 or the Regrarians eHandbook (Chapter 2- Geography):30 

o	 http://www.regrarians.org/product/regrarians-
ehandbook-2-geography/

Figure 2.11. Swales follow contours, which make for differ-
ent alley widths.

Figure 2.12. The Keyline is the contour where the slope goes 
from concave to convex. Subsequent rows follow the keyline, 
so rows remain the same width.

Figure 2.13. A Yeomans Keyline plow. PHOTO BY MILKWOOD.
NET, LICENSED UNDER CC BY-NC-SA 2.0.

http://www.regrarians.org/product/regrarians-ehandbook-2-geography/
http://www.regrarians.org/product/regrarians-ehandbook-2-geography/
Milkwood.net
Milkwood.net
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is even better27. If the soil fills with water overnight (in 
March or April), it could have a high water table. Soils that 
are gray, or have gray, yellow, or reddish-brown streaks are 
likely to have poor drainage27.

FLOODING
Knowing where seasonal flooding occurs within a field is 
critical when installing infrastructure like fences and roads. 
This information can be provided by soil maps or possibly 
obtained from neighbors if you have not managed the 
property for long.

Topography
SLOPE
The slope of your site is important when considering ma-
chine vs. hand harvesting, row design, water management, 
and erosion control. It can also affect soil drainage and pat-
terns of air movement. A tool called a clinometer (or in-
clinometer) is used to measure slope. There are websites 
that guide you through printing out and making simple 
clinometers out of paper and string, or you can find and 
download an app on your phone to do the job.

For sloping sites, the usual advice is to orient rows along 
contours to help prevent erosion. However, this can make 
for alleys of uneven widths, which can cause problems 
when using machinery for tasks like mowing and harvest. 
Using Keyline planning can maximize the number of trees 
while still maintaining a relatively uniform spacing be-
tween the rows of trees for mowing and other field work.

EROSION
In many agricultural landscapes, soil loss from erosion 
occurs more rapidly than soil can be formed, steadily de-
creasing the organic matter, nutrient holding capacity, and 
productivity of farmland. Take note of any existing erosion 
and note it on your map. These areas will need some extra 
care to protect. 

ASPECT
Aspect is the direction a slope faces, which can affect tree 
dormancy, moisture levels, and disease23.

•	 South- Tend to be warm and dry, and heat up earlier in 
the spring, which can make trees come out of dorman-
cy sooner and may cause them to lose their blossoms 
if there is a late frost. Trees that bloom early are at 
more risk, such as stone fruits (cherries, plums, apri-
cots, etc.), apples, and pears. Late blooming trees like 
persimmon, mulberry, and chestnut are less of a risk. 

•	 North- warm up later in the spring, generally wetter. 
North-facing slopes recommended for frost sensitive 
trees and those that like cool, moist soils.

•	 East- morning sun can help prevent foliar disease by 
drying leaves (especially grapes)31. 

•	 West- hotter and drier

EXISTING VEGETATION: DO PRESENT SPECIES 
SUGGEST A GOOD MATCH? 
Looking at what is already growing can give you an idea of 
what might do well on your site without much input. For 
example, if you have elderberries growing on the edge of 
a bottomland field, you might consider planting improved 
varieties of elderberry nearby. Do you already have black 
walnuts growing on the field borders? It could be a good 
site for more. This approach is not foolproof— some pio-
neering species may have moved into a marginally suitable 
site and are just languishing along. But who knows? You 
might discover a previously unknown cultivar of a native 
fruit like pawpaw or an exemplary hickory with easy to 
crack nuts. 

WEED IDENTIFICATION 
It is a good idea to identify most of the weeds on your site 
because effective management will vary by species. A good 
weed identification guide can help with this, or ask some-
one who knows local weeds to walk your fields with you. 
Knowing which weeds are present will help later on when 

Figure 2.14. Aspect can affect early spring blooming and mois-
ture availability. IMAGE BY MATT WILSON.

Figure 2.15. Tough weeds like this Canada thistle can cause prob-
lems if not dealt with. PHOTO BY MATT WILSON.
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you start to prepare your site for planting. If the farm was 
previously in row crops like corn or soybeans, figure out if 
there were any problems with herbicide resistance in the 
weed population.

Keep an eye out for particularly troublesome weeds like 
Canada thistle, Johnsongrass, field bindweed, poison 
ivy, poison hemlock, brambles, ironweed, and multiflora 
rose26. These weeds may take special measures to control, 
especially under organic management. See the “Site Prepa-
ration” and “Weed Control” sections for more information. 

Figure 2.16. Plant Hardiness Zones can be useful when considering which species and varieties are suitable for your site. USDA.
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SITE EVALUATION SHEET
(Print one for each field)

Field name _______________________________________________________ Acres___________________________

Location _________________________________________________________ Date___________________________

Aerial map (source) _________________________________________________________________

Soil map (source)___________________________________________________________________

•	 Soil test completed (date/lab) ___________________________________________________________________

•	 Soil test recommendations ______________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

•	 Soil characteristics

•	 pH _____________________ Slope (%) ____________________ Aspect (N, S, E, W) ______________________

•	 Drainage ___________________________________________________________________________________

•	 Compaction ________________________________________________________________________________

•	 Flooding ___________________________________________________________________________________

•	 Erosion (describe) ___________________________________________________________________________

Field history

•	 Previous management (pesticides, tillage, etc.) ______________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

Existing vegetation

•	 Groundcover _________________________________________________________________________________

•	 Weeds ______________________________________________________________________________________

•	 Trees nearby _________________________________________________________________________________

Climate

•	 Plant hardiness zone __________________________Annual rainfall ______________________

•	 Microclimates (frost pocket, windy, water features, etc.) ______________________________________________

____________________________________________________________________________________________

Infrastructure

•	 Water source _________________________________________________________________________________

•	 Vehicle access ________________________________________________________________________________

•	 Fence _______________________________________________________________________________________

•	 Structures ___________________________________________________________________________________
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SITE EVALUATION SHEET
(continued)

Field name _______________________________________________________ 

All Suitable Tree and Shrub Species for this Field

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

Suitable Livestock

____________________________________________________________________________________________

____________________________________________________________________________________________

Final Species Selected					     In-row Spacing	 Alley Spacing	 Trees needed for 		

											           this field	

____________________________________________	 ____________	 ___________	 _________________

____________________________________________	 ____________	 ___________	 _________________

____________________________________________	 ____________	 ___________	 _________________

____________________________________________	 ____________	 ___________	 _________________

____________________________________________	 ____________	 ___________	 _________________

____________________________________________	 ____________	 ___________	 _________________

____________________________________________	 ____________	 ___________	 _________________

____________________________________________	 ____________	 ___________	 _________________

Notes

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________
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THE TOOLBOX:  
SPECIES PROFILES

“A tree becomes a great deal more than just a tree when properly used.” 
—Shibu Jose, University of Missouri Center for Agroforestry

Species Selection
With your site assessment completed, you are ready to 
select plants that will be a good fit. Using your field as-
sessment sheets, you can work your way through the fol-
lowing species pages and charts and write down suitable 
species for the different areas of your farm. Evaluate each 
field separately. For example, a poorly-drained bottomland 
might have a different set of compatible trees than a slop-
ing hillside. The goal in this section is simply to create a list 
of which species would be suitable for each field or even 
parts of fields if conditions are different. Final selection and 
generating a field layout will be covered in later sections. 

Here we highlight species that show promise in mixed, 
multifunctional plantings, but this is by no means an ex-
haustive list. We prioritize species that can be machine 
harvested or those that are suitable for feeding livestock. 
Hand-harvested species are included if they fit well as com-
panion plants. The majority are disease and pest resistant, 
low-maintenance, and hardy to at least zone 5b. 

TOP PICKS
These species are prime candidates for edible agroforestry.

TREES
o	 Apple (cider) 

o	 Black walnut 

o	 Chinese chestnut

o	 Hazelnut 

SHRUBS
o	 Aronia

o	 Black currant

o	 Saskatoon/Juneberry/Serviceberry

LIVESTOCK FEED
o	 American persimmon

o	 Honeylocust

o	 Mulberry

GOOD COMPANIONS
Good for adding diversity as companions or as secondary 
enterprises.

o	 Asian pear 

o	 Elderberry 

o	 Honeyberry/Haskap/Blue Honeysuckle

o	 Pawpaw 

o	 Pecan (northern) 

CHALLENGING
We have intentionally left out certain species if they are 
prone to pest or disease problems, require heavy inputs, 
or do not lend themselves to mixed agroforestry systems. 

o	 Cherries, apricots, plums (pests, early bloom)

o	 Grapes (disease, outcompete trees)

o	 Brambles (disease, pests)

o	 Blueberries (require very low pH)

o	 Apples- dessert (disease, pests, labor intensive)

Figure 3.1. Some species (like grapes) have proven to be more 
difficult to integrate into mixed systems. PHOTO BY KEVIN WOLZ.
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Apples (cider)
Malus spp.
INTRODUCTION
Despite being one of the more challenging perennial crops 
to grow, we have included apples in this guide because of 
the increasing interest in hard cider (hereafter referred to 
simply as “cider”) by both growers and consumers. There 
are numerous apple pests and diseases to contend with, 
making it difficult to meet consumer expectations of size 
and appearance for apples destined for fresh eating (“des-
sert apples”). An alternative is to produce apples for pro-
cessing into cider32. Because the fruit need not be visually 
perfect, they can be grown with fewer inputs. However, 
even cider apples will require careful and timely manage-
ment, especially if using organic methods33. 

REQUIREMENTS
Apple trees tolerate a range of soil types but prefer well-
drained, sandy loam to sandy clay loams. Some rootstocks 
are more tolerant of heavier, wetter soils. An ideal pH 
would be around 6.5, but a pH of 5.5 to 7.5 is acceptable32. 
Frost pockets should be avoided to reduce the risk of los-
ing blossoms to late spring frosts. Apples need full sun for 
quality fruit production. Early morning sun is particularly 
important since it dries the dew from the leaves, which 
reduces problems with disease. There are varieties of ap-
ples adapted to most of the climate regions of the United 
States. 

MANAGEMENT
Apples require cross-pollination with a compatible variety, 
and a common practice is to hire or keep hives of honey-
bees to increase fruit set32. Apples have widely variable 
characteristics depending upon the variety and rootstock33. 
Choosing appropriate stock for your area will be critical for 
disease management, harvest date, fruit quality, and size 
characteristics34. Cider makers usually use a mix of apple 
varieties that have different levels of tannins, acidity, and 
sweetness32. Consult applicable guides and extension rec-
ommendations for selecting appropriate varieties to suit 
your location and goals. 

Most commercial orchards are moving toward denser 
spacing with dwarfing rootstocks. Smaller trees bear fruit 

earlier and are easier to harvest and maintain without 
working on ladders or platforms. However, most dwarf 
and semi-dwarf trees need to be supported by staking or 
trellising, adding additional costs during establishment35. 
Dwarfing reduces the productive life of the orchard: Trees 
on dwarfing rootstocks may only produce for 15-20 years, 
semi-dwarfing trees can be expected to live 25 years, and 
full-sized seedling rootstocks will be productive for 50+ 
years. Larger trees are also better able to handle drought 
and certain pests35.

Apples require yearly pruning to stay productive, though 
some growers use techniques such as training branches to 
grow in a downward direction to decrease vigor and reduce 
the need to prune36. While apples destined for the cider 
press can be less-than-perfect cosmetically, certain pests 
and diseases such as apple maggot and apple scab still 
need to be controlled. Apple maggot flies can be caught 
with sticky traps, while controlling scab may require rak-
ing and composting inoculum-carrying leaves or applying 
sprays like neem oil, compost tea, or approved fungicides 
such as Bordeaux mixture35. 

SHEEP, APPLES, AND WHITE MUSCLE DISEASE
As a young farmer, the author’s family once acquired a flock of sheep from a farm that had a sizable apple orchard. Be-
ing relatively inexperienced with sheep, they were careful to follow the instructions of the previous owners of the flock 
for vaccinations, minerals, and feed. Nevertheless, the first crop of lambs did not thrive. The cause was white muscle 
disease, a disorder caused by a lack of selenium. It turned out that soils in the area were typically low in selenium and 
most producers learned to give a shot containing selenium to address this issue. Wondering why the previous owners 
never had a problem with it despite not supplementing with selenium, they concluded that the only difference was the 
apple orchard, where sheep were previously allowed to eat all the fallen fruit they liked in the summer and fall. A quick 
internet search revealed many shepherds extolling the benefits of apple cider vinegar for treating white muscle disease. 
Coincidence? Perhaps. But these sorts of anecdotal stories can inspire research into promising ways of making connec-
tions in multifunctional, diverse systems. 

Figure 3.2. PHOTO BY KEVIN WOLZ.
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LIVESTOCK
Apple orchards present an excellent opportunity for inte-
grating livestock. Throwing feed under trees will encourage 
poultry to scratch and gobble up insect larvae35. Organic 
apple growers are experimenting with putting hogs in the 
orchard after the main harvest to allow them to glean the 
fallen fruit. This approach not only provides food for the 
animals (apple finished pork!) but has shown to reduce 
pests such as plum curculio in the following year35,37. Ap-
ples typically drop a portion of their unripe fruits in early 
summer (known as “June drop”) which can be used for live-
stock feed, but you must make sure to observe appropriate 
waiting periods before harvest to prevent contamination 
by manure37. 

HARVEST
In Europe, cider apples are shaken off the trees, then swept 
up with machinery. In the United States, cider apples are 
mostly still hand-picked38. Harvest labor constitutes a ma-
jor cost for producers, as some cider apple varieties have 
small fruits that can take up to four times as long to har-
vest39.  High-density, trellised orchards are becoming the 
norm as they provide earlier yields and higher returns, but 
this type of system does not work well with the shake-and-
sweep method40. Estimates for hand-harvesting apples 
range from 23 to 32 hours per acre33,39. 

HUMAN-POWERED
A range of smaller harvesters are available in Europe, the 
simplest of which use a cylinder with spikes around the 
outside that is rolled along the ground which stabs the ap-
ples and lifts them into a container. One of the companies 
that makes this type of device (Huemer Obsterntetechnik) 
has several models ranging in price from 1,150-2,980 Eu-
ros, not including import costs. 

SWEEPERS
Machines that sweep fruit up off the orchard floor come in 
a variety of sizes and configurations. Some may be suitable 
for multiple types of crops. See the “Harvest and Process-
ing” section for more information on the possibilities of 
this type of sweeper in mixed systems. 

STRADDLE HARVESTERS
Research at Washington State University explored the use 
of a small fruit straddle harvester (Littau OR0012) for trel-
lised cider apples and found that the machine used four 
times less labor than hand picking. However, yield was only 
87% that of hand picking and some of the fruit were cut 
or damaged, which can potentially to lead to spoilage and 
off-flavors if there is a delay in pressing the juice39. A re-
furbished over-the-row harvester like the one used in the 
study run around $70,000, with new models costing up to 
$225,00039.

STORAGE AND USE OF FALLEN FRUIT
In commercial cider production, fruit is often stored in 
open barns for up to a month before pressing the juice, 
a practice known as “sweating.” Fruit that is damaged 
or punctured by machines may be more prone to rot, so 
prompt pressing of the juice or refrigeration is important39. 

If fruit touch the ground, there is always the risk of con-
tamination by harmful bacteria that can cause illness. Such 
apples are only suitable for pasteurized juice or fermented 
cider. Even with heat and fermentation, some pathogens 
like Listeria sometimes survive, so testing the final product 
before sale is a good practice41. Check your state regula-
tions before planning on using dropped apples.

MARKETING AND ECONOMICS
Hard cider was the alcoholic beverage of choice in the 
United States until the late 1800’s when prohibition and 
an influx of immigrants who preferred beer led to declines 
in the cider market39. Today, cider production is the fastest 
growing sector of the apple industry. Profitability will likely 
depend upon having local cideries who are willing to pay 
well for specialty cider apples35. Making cider (both sweet 
and alcoholic) on-farm is possible but requires careful con-
sideration of the buildings and equipment you will need, as 
well as ensuring that you are complying with all applicable 
laws and regulations. 

RESOURCES
•	 Apples: Organic Production Guide (ATTRA, 2011)

o	 https://attra.ncat.org/attra-pub/summaries/
summary.php?pub=4

•	 Growing Cider Apples (Michigan State University, 
2016)

o	 http://msue.anr.msu.edu/resources/growing_
cider_apples

•	 Organic Apples (University of Kentucky, 2012)

o	 https://www.uky.edu/Ag/CCD/introsheets/
organicapples.pdf

•	 Using Dropped Apples for Cider Production (Universi-
ty of Idaho, 2017)

o	 http://www.ciderassociation.org/resources/
Pictures/Cider%20apple%20drop%20food%20
safety%20(2)%20(1)%20(1).pdf

Figure 3.3. Rolling drum harvesters such as these made by Huemer 
Obsterntetechnik might be appropriate for smaller cider plantings. 
Basic models are hand-pushed, with options for adding an electric 
assist motor. A larger unit can be pushed by a lawn tractor or 
walk-behind tractor. SOURCE: HTTP://WWW.OBSTSAMMLER.COM/EN/

https://attra.ncat.org/attra-pub/summaries/summary.php?pub=4
https://attra.ncat.org/attra-pub/summaries/summary.php?pub=4
http://msue.anr.msu.edu/resources/growing_cider_apples
http://msue.anr.msu.edu/resources/growing_cider_apples
https://www.uky.edu/Ag/CCD/introsheets/organicapples.pdf
https://www.uky.edu/Ag/CCD/introsheets/organicapples.pdf
http://www.ciderassociation.org/resources/Pictures/Cider
http://www.ciderassociation.org/resources/Pictures/Cider
http://www.obstsammler.com/en/
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Black Walnut
Juglans nigra
INTRODUCTION
Black walnut is one of the most common trees used in tem-
perate agroforestry because it has valuable timber, pro-
duces edible nuts, and has traits that make it well suited to 
mixing with other crops. Black walnut trees have a sparse 
canopy that allows more sunlight to reach understory 
crops, and they are one of the last trees to leaf out in the 
spring and first to lose leaves in the fall. A deep root system 
allows black walnuts to reach water and nutrients without 
competing with shallower-rooted alley crops or forages. 

Black walnut growers tend to focus on either nut produc-
tion or timber, as the management requirements and tree 
genetics for each goal are very different42. Trees grown  
for timber are planted at a higher density to encourage 
competition that results in tall, straight trees with few 
branches and lower nut yields. Nut bearing trees need 
more space and a wide, branching canopy to capture the 
maximum amount of sunlight, which makes them poorly 
suited for timber42. Establishment costs are another differ-
ence: for timber, it is important to keep planting costs as 
low as possible because of the long return on investment, 
so inexpensive seedling trees are used. Grafted trees of im-
proved cultivars are used when establishing a nut orchard, 
which cost much more. 

REQUIREMENTS
Black walnuts need fertile, deep soils with good drainage 
and a pH of 6.0 to 7.5 if they are to perform well42. Walnuts 
are sensitive to spring frost injury, so low-lying frost pockets 
should be avoided if nuts are desired42. Although trees may 
grow on less than ideal sites, nut production will be low-
er and timber growth will be slow. Black walnut excretes 
a chemical from the roots and fallen leaves called juglone 
that can hinder the growth of some crops, but this can be 
managed by root pruning and leaf litter management (see 
section on root pruning in “Beyond Establishment”). 

MANAGEMENT
Black walnuts can self-pollinate, but it is recommended 
that at least four varieties with overlapping flowering dates 
be planted to increase nut set42. If nut production for hu-
man consumption is a goal, use grafted cultivars that have 
desirable nut characteristics such as thin shells for easy 
cracking. You can establish nut-bearing trees in several 
ways:  planting already grafted trees, planting purchased 
seedlings and grafting after 2 to 3 years, or direct seeding 
stratified nuts in the final location and field grafting after 3 
to 4 years42. You will need to protect nuts and young trees 
from rodents and deer.  

Spacing of 30’ x 30’ (48 trees per acre) is suitable for nut 
production, but wider spacing is fine for alley cropping or 
silvopasture sites. Diagonal thinning of every other tree 
will be required around age 20 (42’ x 42’ feet, 24 trees/
acre) and again at age 50 (60’ x 60’, 12 trees/acre)42. For 
intensive black walnut nut production, you may have to 
spray to control pests and diseases. 

COMMERICAL BLACK WALNUT ECONOMICS: TOUGH NUT TO CRACK

Making money by selling the nuts of unimproved black walnut cultivars may be difficult without savvy marketing and 
clever tinkering with home-built equipment. Consider just the cost of harvest— a good worker can pick up around 500 
pounds of dehulled walnuts in an 8-hour day, working out to about 10,000 pounds over a typical 20 day harvest period48. 
At this rate, one person could harvest about 10 acres per season at a yield of 1,000 pounds per acre. At the average price 
of $0.10 per pound for wholesale nuts (wild cultivars), this works out to about $6.25 per hour49. Note that this is just 
the cost of harvest labor, and does not include any costs for establishing or maintaining trees. Machinery can be used, 
including modified Savage pecan harvesters and English walnut harvesters by Weiss-McNair. These machines cost from 
$10,000 to $40,000, not including the tractor to run them. Breaking down the economics of machine harvest indicate 
that in the best of conditions, harvest costs can range from $0.05 to $0.06 per pound49. At a wholesale rate $0.10-$0.15 
paid per pound, it is difficult to justify machinery, unless it used to harvest other crops as part of an integrated system. 
However, improved varieties have a much higher kernel-to-nut ratio and have been bred to crack out easier. Processors 
will be willing to pay more per pound for these improved nuts.

Figure 3.4. Black walnuts in the hull. PHOTO BY MATT WILSON.
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LIVESTOCK
Black walnut is an excellent tree for silvopastures stocked 
with sheep or cattle, where trees can increase forage 
quality and animal comfort12,43. There are reports that full-
grown hogs can be trained to eat whole black walnuts, 
cracking and spitting out the shells44. The small fragments 
that do end up in the digestive system may act as a de-
wormer45. Enterprising homesteaders used to feed laying 
hens through the winter by smashing black walnuts with a 
mallet and letting the hens pick the nutmeats out44.

HARVEST
Like many nuts, black walnuts tend to bear heavy crops in 
some years and lean crops in others, called alternate bear-
ing. Some cultivars have less of a tendency for this than 
others. The harvest season starts in September and goes 
through October, depending on the location and variety42. 
Yields can be as high as 2,000 pounds per acre with im-
proved cultivars and intensive management42. 

For nuts that fall to the ground before being harvested 
(walnut, chestnut, pecan, European hazelnut, etc.), there 
are human-powered tools for picking them up. Rolling cage 
harvesters such as the Nut Wizard® (www.holtsnutwizard.
net) come in various sizes and pick up most types of nuts, 
acorns, or even apples. It consists of a globe-shaped cage 
on a pole that the user rolls along the ground. The tines of 
the globe allow nuts to pass into the cage, but not escape. 
To empty the cage, you press it down on a wire wedge 
mounted to a bucket, which separates the tines and allows 
the nuts to fall into the bucket. 

Commercial operations shake the nuts out of the tree 
when 50 percent of the nuts are ripe, though smaller pro-
ducers usually wait for the nuts to fall to the ground42. 
Prompt removal of the green hulls will prevent dark stains 
on the nuts from the pigment in the hulls. After hulling, the 
nuts are washed and air dried.  

MARKETING AND ECONOMICS
The most profitable uses of black walnuts are for silvopas-
tures and alley cropping, which can provide early cash-
flow while timber is maturing46. A typical alley cropping 
plan might be to grow corn for the first 7 to 10 years, then 
switch to more shade-tolerant wheat when the canopy 
starts to shade the corn, and finally pasture until the lum-
ber is mature. Cutting hay is also a viable option. Choosing 
an appropriate site is very important, as the growth rate 
of the trees is key to profitability. Because growing a tim-
ber-sized tree can take 40-60 years or more, installation 
costs must be kept very low to provide a reasonable return 
on your investment.

Economic analysis of orchards grown solely for nut produc-
tion show that it is a challenge to make money unless you 
process and direct market the nuts42,47. Most enterprise 
budgets show break-even points anywhere from 14 to 20+ 
years46,47. Nearly all of the black walnuts harvested for sale 
in the United States are collected from wild trees and sold 
wholesale to Hammons Products Company via local hull-
ing stations around the eastern U.S.46 Improved varieties 
of black walnuts that have larger nutmeats and crack out 
easier fetch a higher price per pound46. Processing the nuts 
on-farm and selling the nutmeats at retail prices can in-
crease the value, but hulling, cracking, and sorting black 
walnuts requires specialized equipment that may not be 
feasible for the average producer42. For some growers, 
black walnut relatives like the heartnut (Juglans ailantifolia 
var. cordiformis) have proven to be more marketable be-
cause they have shells that have an interesting shape and 
are easy to crack31.

RESOURCES
•	 Black Walnut (University of Kentucky, 2017)

o	 http://www.uky.edu/ccd/sites/www.uky.edu.
ccd/files/walnuts.pdf

Figure 3.5. Black walnuts are known for having a tough shell.  
PHOTO BY MATT WILSON.

Figure 3.6. Harvest tools like the Nut Wizard® can be used to save 
time and your back. PHOTO BY MATT WILSON.

http://www.holtsnutwizard.net
http://www.holtsnutwizard.net
http://www.uky.edu/ccd/sites/www.uky.edu.ccd/files/walnuts.pdf
http://www.uky.edu/ccd/sites/www.uky.edu.ccd/files/walnuts.pdf
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•	 Black Walnut Harvesting Costs—The 50 Percent 
Factor (Harper, n.d.)

o	 https://www.nrs.fs.fed.us/pubs/misc/walnut/
p137_142.pdf

•	 Growing Black Walnut for Nut Production (University 
of Missouri, 2009)

o	 http://extension.missouri.edu/p/AF1011

•	 Hogs and Black Walnuts (Oregon Sustainable Agricul-
ture Land Trust, 2012)

o	 http://www.osalt.org/assets/research/hogs%20
and%20black%20walnuts.pdf

•	 Honeylocust and Black Walnut Products within a 
Temperate Appalachian Silvopasture (Johnson, 
2011)

o	 http://theses.lib.vt.edu/theses/available/etd-
02182011-102323/

Chinese Chestnut
Castanea mollissima
INTRODUCTION
Chestnuts play a star role on the edible agroforestry stage. 
Low pest pressures, dependable high yields, strong mar-
kets, and ease of maintenance make them very attractive 
candidates for mixed perennial systems. The American 
chestnut (Castanea dentata) was once a major native  

timber species in the eastern U.S. and was a valuable 
source of food for both people and livestock. Unfortunate-
ly, the imported chestnut blight has all but wiped them 
out. The blight-resistant Chinese chestnut (Castanea mol-
lisima) is now the primary species grown east of the Rock-
ies, though some commercial hybrids utilize Japanese (C. 
crenata) and European (C. sativa) chestnut genetics. 

REQUIREMENTS
Chinese chestnuts require well-drained loamy to sandy 

CHESTNUT WEEVIL

“The bane of the chestnut industry in the past has been the weevil. Nearly everyone who has eaten a chestnut 
has met a chestnut worm under conditions of extreme and unpleasant intimacy. Neither party was pleased…”  

— J. Russell Smith

Chestnut growers should be aware that if they live in an 
area with chestnut weevils, they will have to process their 
chestnuts with a hot water bath before sale to kill any eggs 
or small larvae that may be present. If done promptly, these 
will remain unnoticeable and the nuts can be eaten. A couple 
of bad nuts here or there might be acceptable to consumers, 
but there is zero tolerance for live larvae in food63. 

Greg Miller of Empire Chestnuts shared his processing meth-
od in an excellent video series available on Youtube called 
“Bringing Back the Chestnut”58. After a hot water bath for 
20 minutes at exactly 120 degrees Fahrenheit63, the nuts 
are sorted into small, medium, and large sizes with a rotat-
ing drum. They are then graded on a conveyor by hand to 
remove nuts that are damaged or moldy. Damaged nuts are 
further processed into chestnut flour, and moldy nuts are 
sold to hunters as deer bait, so there is no loss. For more 
information and directions on how Greg Miller made his au-
tomatic hot water bath system, check out the University of 
Missouri document, “Chestnut Weevil”: 

•	 www.centerforagroforestry.org/weevil.pdf

Figure 3.7. Chestnut weevils. PHOTO COURTESY OF BRUCE 
BORDELON.

Figure 3.8. Chestnuts in the bur. PHOTO BY KEVIN WOLZ.

https://www.nrs.fs.fed.us/pubs/misc/walnut/p137_142.pdf
https://www.nrs.fs.fed.us/pubs/misc/walnut/p137_142.pdf
http://extension.missouri.edu/p/AF1011
http://www.osalt.org/assets/research/hogs
20walnuts.pdf
http://theses.lib.vt.edu/theses/available/etd
http://www.centerforagroforestry.org/weevil.pdf
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loam soils as they are susceptible to root rots on wet, 
heavy soils50. Slightly sloping sites above frost pockets that 
have a pH of 5.5 to 6.5 are recommended23. Once mature, 
they are quite drought hardy, but supplemental watering 
will increase yields50. Chinese chestnuts are cold tolerant 
to -20°F and are hardy in zones 6a to 8, possibly even 
zone 5b in favorable microclimates50,51. 

MANAGEMENT
There is debate in the chestnut growing community over 
whether to use seedling trees from improved parents 
or grafted trees of known cultivars. Those that favor us-
ing grafted trees note the benefits of predictable harvest 
timing and known nut quality50. Other growers, especially 

those in colder areas, say that grafted chestnuts are more 
prone to be infected by blight and suffer from lower vigor 
and delayed graft union failure that can sometimes happen 
even 15 years after planting51,52. 

Chinese chestnuts can be established in several ways de-
pending upon your goals, skills, timeline, and budget. 
Planting grafted trees will be more expensive, but yields 
will happen sooner. Another option is to plant seedlings 
and graft later. Finally, stratified seed can be planted in the 
final location and grafted (if desired) at the appropriate 
size. See more in the “Obtaining Plants” section about the 
benefits and drawbacks of these various methods. 

Final spacing for Chinese chestnuts is usually around 40’ by 
40’, or 27 trees per acre. Since it takes many years to reach 
this size, some growers plant at a higher density (20’ x 20’, 
or 108 trees per acre) and thin when the trees become 
crowded51. In this way, yields are higher early on in the life 
of the orchard, and selective thinning can remove under-
performing trees51. Chinese chestnuts require at least one 
other cultivar for cross-pollination50.

Although Chinese chestnuts suffer from relatively few pests 
and diseases, some growers occasionally spray to control 
leafhoppers, European red/two-spotted spider mites, or 
yellow necked caterpillars50,51.

LIVESTOCK
Chestnuts and hazelnuts are extolled as the “corn and soy-
beans” of the tree world, because they serve as starch and 
oil sources, respectively. As such, it would seem to make 
sense to try to incorporate them into tree plantings intend-
ed primarily for livestock. However, the demand for chest-
nuts for human consumption currently far exceeds supply. 
Even at wholesale prices for chestnuts (at the low end, 
around $1.50/lb), the comparison between organic corn 
(around $8.00 per bushel at the time of this writing) and 
chestnuts is more than an order of magnitude different: 

Organic Corn: 	 $0.14 per pound53

Chestnuts: 	 $1.50 per pound54

Figure 3.9. Modified pasture vacuum (Maxi Vac, Greystone Vacu-
ums) with raised collection tank and open-weave metal shelf (top) 
and Nut Wizard (Holt’s Nut Wizard, Douglas, GA (below). PHOTO: 
WARMUND, ET AL 2013. USED WITH PERMISSION. 

Figure 3.10. Chestnuts are valuable enough to hand harvest if 
machines are not available. PHOTO BY MATT WILSON.

1.50/lb
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The estimated cost of hand-harvesting chestnuts is about 
$0.25-$0.50 per pound55, so even though no labor is ex-
pended if hogs are allowed to self-harvest the nuts, the 
numbers still favor selling the nuts for human consump-
tion. Of course, hogs can be run through the orchard af-
ter the main harvest to pick up any leftovers, and chestnut 
trees can be grown on hillsides that corn cannot. Integrat-
ing poultry into the chestnut rotation may also help gobble 
up chestnut weevils56.

HARVEST
Chestnut harvest occurs from September through October, 
with individual trees dropping nuts over a two to four week 
period50. Yields of 2,000 pounds per acre by age 12 to 15 
can be expected in irrigated orchards50. Chestnuts are high 
in carbohydrates and moisture, unlike most other nuts. 
They therefore require refrigeration after harvest  and 
must be stored under cold, moist conditions57. Harvesting 
for human consumption can be done manually or mechan-
ically.  Scale, markets, and the availability of labor, capital, 
and machinery will all be part of determining how to har-
vest your chestnuts.

HAND HARVEST
Most chestnut orchards, even relatively large ones, rely on 
human labor to collect nuts58,59. This can be done by open-
ing up the orchard for you-pick, hiring seasonal workers, 
or by working with groups to put on fund-raisers58. Tools 
such as Nut Wizards® can be made available to customers. 
Some growers have found that customers with a cultural 
familiarity with chestnuts (primarily from Eastern Europe 
and Asia) are very willing to travel to an orchard to collect 
nuts in a you-pick situation59. With customers at the farm, 
offering other products and activities can increase income, 
a strategy employed by many Christmas tree farms and 
apple orchards. In areas with chestnut weevil (see below), 
you will have to do a hot-water bath of the chestnuts, per-
haps complicating you-pick. Chestnuts must be harvested 
at least every two days to keep the chestnuts from drying 
out and to ensure that chestnut weevil larvae do not re-in-
fest the orchard52. 

MACHINE HARVEST
Researchers in Michigan determined that under 2 acres of 
chestnuts can easily be harvested by hand, whereas more 
than 8 acres favors an imported commercial harvester60. 
They developed a prototype vacuum harvester for the in-
termediate sized farms between 2 and 8 acres, but it is not 
available commercially.

Another team of researchers in Missouri modified a horse 
paddock vacuum to harvest chestnuts, and showed that at 
the average yield, the paddock vacuum was more econom-
ical than hand harvest with a Nut Wizard® for greater than 
6.9 acres when wages were $8/hour, but it only took 2.7 
acres to make it profitable when wages were $15/hour55. 
Similar vacuums are used in sloping orchards to harvest 
European hazelnuts, so the same unit may be able to be 
modified for both crops. Backpack vacuums have been de-
veloped for smaller or very steep orchards61. 

Some chestnut growers use a modified pecan harvester 
to harvest chestnuts, with mixed results51,62. Ken Hunt at 
the University of Missouri outlined their experiences with 
a Savage Model 8042 harvester, saying that it was only 
about 60% effective at picking up chestnuts due to rough 
ground and the fact that the machine cannot get too close 
to the tree trunks. Systems with drip lines for irrigation re-
quire either moving the lines or using some sort of blower 
to move the nuts into the alleys where the harvester can 
get at them. Secondary cleaning is needed to separate the 
nuts from burrs and trash, and they had good success with 
a Savage 4124 pecan cleaner. All in all, Hunt concluded that 
with machine harvest, you end up with scratched, scuffed, 
and dirty nuts that require extra cleaning compared to 
hand harvest62. 

According to Savage, the model 8042 harvester runs around 
$10,000 new and has the capacity to harvest 2,200lbs/day 
of pecans. It can be pulled by an ATV or lawn tractor, and is 
self-powered by a small gasoline engine. The Model 4124 
pecan cleaner is no longer manufactured, but the current 
model 4224 would be comparable, according to Savage.

MARKETING AND ECONOMICS
The market for chestnuts appears to be strong, with do-
mestic production currently making up only a tiny fraction 
of the chestnuts consumed in the U.S54. Prices paid range 
from $1.50 per pound wholesale up to $5.00 or more per 
pound retail54. Chestnuts are primarily sold fresh in-shell 
but can also be frozen or dried and ground into flour. Co-
operatives exist for marketing chestnuts:

•	 Prairie Grove Chestnut Grower’s Cooperative  
(Columbus Junction, Iowa)

o	 http://prairiegrovechestnutgrowers.com/

•	 Route 9 Cooperative (Carrollton, Ohio)

o	 http://www.route9cooperative.com/index.html

•	 Chestnut Growers, Inc. (across Michigan)

o	 http://www.chestnutgrowersinc.com/index.
shtml

Figure 3.11. The Savage model 8042 pecan harvester is self-pow-
ered and can be towed behind an ATV or lawn tractor. PHOTO 
COURTESY OF SAVAGE EQUIPMENT.

http://prairiegrovechestnutgrowers.com
http://www.route9cooperative.com/index.html
http://www.chestnutgrowersinc.com/index.shtml
http://www.chestnutgrowersinc.com/index.shtml
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RESOURCES
•	 The Iowa Chestnut Grower’s Primer (Tom Wahl, 

2017)

o	 http://www.redfernfarm.com/wp-content/
uploads/2017/01/Iowa-Chestnut-Primer.pdf

•	 Growing Chinese Chestnuts in Missouri (University of 
Missouri, 2012)

o	 http://www.centerforagroforestry.org/pubs/
chestnut.pdf

•	 Chestnut Farming for Profit (Grimo Nut Nursery, 
2017)

o	 https://www.grimonut.com/shared/media/
editor/file/Chestnut%20Farming%20for%20
Profit%202017.pdf

o	

Hazelnut
Corylus avellana (European), Corylus americana 
(American) 
INTRODUCTION
Hazelnuts show promise as a low-input perennial source 
of food, oil, and livestock feed64. Researchers and farmers 
have been evaluating hazelnuts as a crop in the Eastern 
United States for several years65. The main challenges are 
cold hardiness and Eastern Filbert Blight (EFB), a disease 
which affects the European hazelnut (Corylus avellana) but 
not the American Hazelnut (Corylus americana). For this 
reason, American hazelnut selections are used to impart 
disease resistance and cold tolerance to European selec-
tions via hybridization. However, improved hybrid hazel-
nut varieties are not yet available commercially, so genetic 
variation in seed-planted stock leads to noteworthy differ-
ences in yields, harvest timing, and nut quality66. Europe-
an hazels with documented resistance to EFB (such as the 
variety ‘Yamhill’) are currently undergoing field trials in the 
Midwest, representing perhaps the most promising short-
term option for commercial production65,67, while Ameri-
can x European hybrids continue to be developed.  

REQUIREMENTS
Hazelnuts can withstand wetter areas than chestnuts or 
walnuts, but still prefer well-drained soil with a pH of 5.5 to 
7.523,47. Tile drainage or mounding can be used to improve 
conditions in poorly drained areas68. 

MANAGEMENT
Pollination requirements for hazelnuts are complex and 
variety specific, so careful planning based on the desired 
varieties must be done to ensure compatibility68. Hybrid 
hazelnuts are usually trained to a bush form in hedgerows, 
while commercial production with European genetics fa-
vors training trees into a single trunk68. Hazelnuts are the 
smallest nut tree for northern temperate regions, reach-
ing a height of 16’ for hybrids and up to 40’ for European 
trees on good soil27,68. Final spacing of 16’ to 18’ apart is 
suitable for improved European genetics in the Midwest,  

USING WINDBREAKS  
AND RIPARIAN BUFFERS TO  
IDENTIFY NEW VARIETIES

Windbreaks and riparian buffers need high densities 
of trees and shrubs to be effective at blocking wind 
and preventing erosion. We would also like them 
to produce a marketable crop, but using expensive 
grafted planting stock would be cost-prohibitive. Not 
only are seedling trees more economical, they also 
offer an opportunity for participatory plant breed-
ing. If seed from improved parents is used, there is 
a chance of growing a new individual with superior 
qualities that is uniquely adapted to your locale. As 
the windbreak or buffer is managed over the years, 
you can identify these promising candidates for fur-
ther propagation and research.  

Figure 3.12. Hybrid hazelnuts in the husk.  
PHOTO BY KEVIN WOLZ.

Figure 3.13. Hybrid hazelnuts often fall while still enclosed in their 
husk. PHOTO BY KEVIN WOLZ.

http://www.redfernfarm.com/wp-content/uploads/2017/01/Iowa-Chestnut-Primer.pdf
http://www.redfernfarm.com/wp-content/uploads/2017/01/Iowa-Chestnut-Primer.pdf
http://www.centerforagroforestry.org/pubs/chestnut.pdf
http://www.centerforagroforestry.org/pubs/chestnut.pdf
https://www.grimonut.com/shared/media/editor/file/Chestnut%20Farming%20for%20Profit%202017.pdf
https://www.grimonut.com/shared/media/editor/file/Chestnut%20Farming%20for%20Profit%202017.pdf
https://www.grimonut.com/shared/media/editor/file/Chestnut%20Farming%20for%20Profit%202017.pdf
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and planting double-density (18’ x 9’) and thinning later is 
an option for earlier yields68. Hybrid hazelnuts in hedgerow 
plantings are spaced 3’ to 5’ apart in rows 10’ to 15’ apart. 
Like most perennial crops, irrigation during establishment 
can increase success and will increase yields and nut qual-
ity in dryer years after maturity, especially for European 
hazelnuts, which prefer moisture to be spread out evenly 
throughout the year. 

Other than EFB, big bud mite is another potential concern, 
but certain varieties show resistance.  This pest is not con-
sidered a major problem, though spraying is recommended 
if more than 5% to 10% of buds are affected47,68. You may 
have to take measures to protect your nuts from squirrels, 
mice, chipmunks, and even birds like jays and crows68. See 
the “Tree Protection” section for more about rodent and 
bird control.

LIVESTOCK
Livestock systems that integrate hazelnuts are uncommon. 
Until improved hybrid hazelnut varieties are available com-
mercially, it might be best to integrate them as a compo-
nent in systems that do not rely upon heavy yields to impart 
value, such as riparian buffers and windbreaks. Hogs (and 
perhaps turkeys) will eat the dropped nuts in these systems. 

HARVEST- HYBRID HAZELNUTS
A study of hazelnut yields in the Upper Midwest showed 
that the average yield for hybrid hazelnuts was 294 pounds 
of kernel per acre at a normalized spacing of 5’ x 15’ and 
a density of 580 plants per acre64. Individual plant yields 
varied a lot, with ranges of 0.03-2.58 pounds per plant. 

Because of this variation, growers often plant hybrid hazel-
nuts at a high density initially, and then thin out under-per-
forming individuals.

Most hybrid hazelnuts (Corylus americana x C. avellana) 
ripen within their involucre (the husk) on the trees, or 
sometimes the entire cluster will fall to the ground. For this 
reason, commercial hazelnut harvesters that sweep the 
nuts off the ground are not suitable. Most hybrid hazelnuts 
are harvested by hand, but several farms use a modified 
an over-the-row blueberry harvester64. Time trials of hy-
brid-hazelnut hand harvest by the Upper Midwest Hazel-
nut Development Initiative indicate a typical hard-working 
picker can harvest about 13 pounds in-shell per hour.

HARVEST- EUROPEAN HAZELNUTS
European hazelnuts (Corylus avellana) fall from their husks 
when ripe. Worthwhile yields begin around age four. Ma-
ture orchards in the Pacific Northwest produce from 2,000 
to 4,000 pounds of dry nuts per acre27. These orchards typ-
ically maintain smoothed, bare soil under their trees to fa-
cilitate easier machine harvest. Bare soil is not practical in 
the Eastern U.S., as heavy rains would lead to soil erosion 
and muddy harvest conditions, but groundcovers can be 
cut short prior to machine harvest to make it easier68.

Many hazelnuts in other parts of the world are harvested 
with vacuum equipment. Research in Turkey found that 
shaking the nuts from the trees by hand and raking them 
into the rows with a garden rake, then using a backpack 
vacuum harvester to pick them up required 45 hours per 
acre, at a rate of 43.6 to 78 pounds per hour69. 

The Savage model 8042 pecan harvester mentioned in the 
chestnut section is also used to harvest hazelnuts.   Infor-
mation from Grimo Nut Nursery states that it would be 
suitable for hazelnut plantings 1-10 acres in size68. Another 
option may be a multifunctional sweeper like those made 
by Feucht-Obsttechnik, though careful orchard floor man-
agement would be required, as the nuts are small. 

After harvest, nuts will need to be husked, washed, sani-
tized, and dried if they are to be sold directly to consumers. 
Various small-scale, DIY solutions have been devised for 
shelling and sorting if the nuts are not to be sold in-shell. 
See Grimo Nut Nursery’s excellent guide “Hazelnut Farm-
ing for Profit” for more information64. 

MARKETING AND ECONOMICS
Currently, most hazelnuts grown in the Midwest are direct 
marketed, though small grower-owned businesses such as 
the American Hazelnut Company (http://www.american-
hazelnutcompany.com/) have been established to aggre-
gate processing and marketing. Most nuts are processed 
into value-added products like chocolate candies, cooking 
oils, and baking ingredients47. In the future, companies like 
Ferrero Rocher (the maker of Nutella™) may be willing to 
buy Midwestern hazelnuts if the quantity and quality are 
adequate68. 

RESOURCES
•	 Agroforestry of the Farm: Hybrid Hazelnuts at Hazel 

Acres, Fenton, Iowa (Trees Forever, 2014)

Figure 3.14. A backpack vacuum harvester by the European 
company Cifarelli. According to the manufacturer, the vacuum is 
suitable for hazelnuts, chestnuts, acorns, olives, and almonds. 
PHOTO COURTESY OF CIFARELLI. 

http://www.americanhazelnutcompany.com
http://www.americanhazelnutcompany.com
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o	 http://www.treesforever.org/
AgroforestryResources 

•	 A Landowners Guide to Perennial Crop Options 
(Trees Forever, 2014)

o	 http://www.treesforever.org/crops

•	 Growing Hybrid Hazelnuts (Chelsea Green Publish-
ing, 2015)

o	 http://www.chelseagreen.com/growing-hybrid-
hazelnuts

•	 Hazelnut Farming for Profit (Grimo Nut Nursery, 
2017)

o	 http://www.grimonut.com/shared/media/
editor/file/Hazelnut%20Farming%20for%20
Profit%202017%281%29.pdf 
 

Aronia 
Aronia melanocarpa
INTRODUCTION
This native, up-and-coming “super fruit” is extremely pro-
ductive and relatively easy to grow. Clever marketers pre-
ferred to advertise the fruit as Aroniaberry, rather than 
the common moniker of “chokeberry,” so-called due to 
an unpleasant astringency when eaten fresh70. Juiced, it 
adds color and healthy antioxidants to beverages and juice 
blends. It can be harvested by the same machine as Saska-
toons, currants, and haskap, making it a great candidate 
for mixed plantings. 

REQUIREMENTS
Aronia tolerates a range of soil conditions but prefers well-
drained soils with slightly acid to neutral pH23.  The quality 
of fruit can decline during droughts without irrigation70. 
Aronia grows to a height of 5 to 10 feet and produces suck-
ers70. Full sun is required for optimal fruit production71. 

MANAGEMENT
Aronia can be propagated by seed, cuttings (softwood 
or semi-softwood), micropropagation, or division of root 
suckers71. Aronia is self-fruitful and therefore does not 
require planting more than one variety72. Currently, most 
growers plant the vegetatively-propagated variety ‘Viking.’ 
Growers have noted the critical nature of early weed con-
trol and moisture management for Aronia73. Mulching is 
recommended, as mowing or using a string trimmer close 
to shrubs may cause damage that can lead to disease72. 
Spacing will depend upon the harvest method and ma-
chinery. Spacing of 12 to 14 feet between rows and 3 to 4 
feet between plants within the row (around 900 plants per 
acre) is recommended to create a hedge that is suitable for 
machine harvest70. Pruning recommendations vary. Annual 
pruning may be required if machinery requires a smaller 
height, but plant productivity can be maintained by prun-
ing every 4 or 5 years70,71. Aronia is relatively pest-free, but 
may need protection from deer or birds70. 

LIVESTOCK
Aronia is not commonly planted for livestock, though poul-
try may help control weeds or insects if pastured in the 
rows. 

HARVEST
Aronia berries have a harvest window of four to six weeks, 
ripening from late August through mid-September72. Yields 
may vary from 4,000 to 18,000 pounds per acre or more72. 
An average harvest of 8,000 to 10,000 pounds per acre 
(yielding 600 to 750 gallons of juice) can be expected with 
a spacing of 4 feet by 12 feet at 900 plants per acre72. Har-
vestable quantities of fruit normally begin in the third year 
after planting, with full production by years five or six71.

Hand harvest of aronia is only viable for very small plant-
ings and direct sales at retail prices. Aronia can be harvest-
ed by hand at a rate of around 16 pounds per hour. Several 
companies offer mechanical harvesters that are suitable 
for aronia, including Oxbo® and Weremczuck®. Machine 
harvest is estimated at 0.3 to 0.25 acres per hour with a 
common pull-behind model, though total harvest labor 
has been estimated at 65 hours per acre70,74. Collective 
ownership of machinery or hiring a custom harvester could 
reduce machinery costs. See the “Multi-crop Harvesters” 
section for more details. 

MARKETING AND ECONOMICS
Aronia has the greatest potential in larger markets that can 
handle the volume generated by machine harvest. Since 
fresh market sales are limited, aronia is usually frozen or 
processed into juice, wine, preserves, or nutraceuticals. 
Refrigeration will be required to store the berries until 
processing. Wholesale prices range from $0.50-$1.25 per 
pound73.

Figure 3.15. Aronia fruits. PHOTO BY MIRACULIXHB. 

http://www.treesforever.org/AgroforestryResources
http://www.treesforever.org/AgroforestryResources
http://www.treesforever.org/crops
http://www.chelseagreen.com/growing
http://www.grimonut.com/shared/media/editor/file/Hazelnut
http://www.grimonut.com/shared/media/editor/file/Hazelnut
29.pdf
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RESOURCES
•	 Aronia Berries (Agricultural Marketing Resource 

Center, 2013)

o	 http://www.agmrc.org/commodities-products/
fruits/aronia-berries/

•	 Aronia Berry at Winding Creek, Belmond, Iowa 
(Trees Forever, 2014)

o	 http://greenlandsbluewaters.net/Aronia%20
Case%20Study%20FINAL%20(1).pdf

•	 Culture of Aronia for Fruit Production (University of 
Maine, n.d.)

o	 https://extension.umaine.edu/agriculture/home/
aronia/culture/

•	 Jujube and Aronia (University of Kentucky, 2013):

o	 https://www.uky.edu/Ag/CCD/introsheets/
jujube.pdf

Black Currant
Ribes spp.  
INTRODUCTION
Black currants are very attractive candidates for mixed 
agroforestry systems because they are one of the few 
fruits that produce well in partial shade, making use of 
the shady areas under larger trees like chestnuts75. Cur-
rants were once more widely grown in the United States, 
but at the outbreak of a disease called White Pine Blister 
Rust (WPBR) in the early 1920’s, regulations were passed 
to protect the white pine timber industry by prohibiting 
cultivation of plants that harbor this disease, including cur-
rants 76. Since then, cultivars have been developed that are 
resistant to the disease77. Black currants remain popular in 
Europe, suggesting market development potential in North 
America. 

REQUIREMENTS
Black currants are not picky about soils, but you should 
avoid planting them in very heavy clay soils or standing wa-
ter. The blossoms are somewhat susceptible to late frosts, 
so low-lying sites should be avoided78. Locations with good 
air circulation will help prevent mildew. The ideal pH for 
currants is 5.5 to 6.575. Cold tolerance depends upon the 
cultivar, but most currants are considered cold hardy at 
least to zone 4, with some adaptable to zone 2 or cold-
er77,79. Black currants are self-fruitful, but larger and better 
crops will occur with cross-pollination75. 

MANAGEMENT
Black currants (Ribes nigrum and R. ussurienses and hy-
brids) show the most promise for larger plantings as they 
can be machine harvested and are suitable for processing. 
Red currants (Ribes rubrum) have high-quality fruit that 
is suitable for fresh eating, but they are not as sturdy for 
machine harvest and are less hardy. Pure Ribes nigrum are 
susceptible to WPBR, so crosses were made with Ribes us-
surienses to impart resistance, but early varieties had poor 

fruit quality. Newer varieties show resistance to WPBR 
while retaining good quality and high yields77. Although the 
federal ban on currants has been lifted, some states still 
have laws on the books that may or may not be enforced, 
so knowing your local regulations and selecting only resis-
tant varieties is a good idea75. Powdery mildew is a prob-
lem for currants, so choosing resistant cultivars is import-
ant77. With disease-resistant varieties, black currants are a 
good candidate for organic management79. 

Black currants can be easily propagated by layering or cut-
tings as long as they are not a protected by a patent or 
trademark75. Pruning is required, usually done by removing 
about a third of the oldest stems each year, leaving 10 to 
12 stems per bush79. In some commercial orchards, bushes 
are cut to the ground every third year on a rotation. Al-
though this reduces yields, it also reduces pruning costs76. 

Planting is best done in the fall or late winter, as later 
spring planting can lead to the plants breaking dormancy 
and blooming early76. Spacing will depend upon the re-
quirements of the harvester, with a common layout of 2 to 
3 feet apart in rows that are spaced 12 to 14 apart79.  

HARVEST
Black currants begin to bear in the third year, with full pro-
duction by year 4 or 5. Fruit begins to ripen in late June 
and July further south and in August in the north79. Ripe 
fruit keeps well on the bushes, allowing some flexibility in 
harvest75. Black currants are well suited to machine harvest 
with a straddle (over row) or side-row harvester. See the 
“Harvest and Processing” section for more information. 

MARKETING AND ECONOMICS
Black currants are among the most nutrient-dense fruits, 
with three times the vitamin C of oranges and twice the 
antioxidants of blueberries, along with high levels of cal-
cium, iron, magnesium, and potassium80. Although some 
varieties of black currant are suitable for fresh eating, most 
North American consumers are unfamiliar with the fruit. 
Therefore, the primary market is in processed products 
such as wine, syrups, jellies, pie fillings, dessert toppings, 
ice cream, candies, and juice76,77. Some consumer educa-
tion may be required, as customers may be familiar with 
a small dried raisin that is also called ‘currant’ but which is 
actually a type of grape76. 

Figure 3.16. Black currants. PHOTO BY PAOLO NEO.

http://www.agmrc.org/commodities-products/fruits/aronia
http://www.agmrc.org/commodities-products/fruits/aronia
http://greenlandsbluewaters.net/Aronia
https://extension.umaine.edu/agriculture/home/aronia/culture
https://extension.umaine.edu/agriculture/home/aronia/culture
https://www.uky.edu/Ag/CCD/introsheets/jujube.pdf
https://www.uky.edu/Ag/CCD/introsheets/jujube.pdf
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RESOURCES
•	 Organic Black Currant Production Manual (Anne’s 

PEI Farm and the PEI Horticulture Association)

o	 http://acornorganic.org/media/resources/
blackcurrantmanual.pdf

•	 Potential for Ribes Cultivation in North America 
(HortTechnology, 2000)

o	 http://horttech.ashspublications.org/
content/10/3/548.abstract

•	 Specialty Crop Profile: Ribes (Currants and Goose-
berries) (Virginia Cooperative Extension, 2009)

o	 https://pubs.ext.vt.edu/438/438-107/438-107.
html

•	 Gooseberries and Currants (University of Kentucky, 
2012)

o	 https://www.uky.edu/Ag/CCD/introsheets/
currants.pdf

Saskatoon, Juneberry, 
Serviceberry
Amelanchier spp.

INTRODUCTION
The Amelanchier family includes dozens of species that are 
native to North America. The most commonly grown for 
fruit is Amelanchier alnifolia, usually referred to as Saska-
toon berry or Juneberry. Identification to the species level 
can be difficult even for experts, as this genus hybridizes 
freely81. The nutritious fruits are about the size of a blue-
berry but with more variation in color and a different, but 
agreeable, taste. Saskatoons are another highly nutritious, 
machine-harvestable berry that can fit well into diversified 
systems.  

REQUIREMENTS
Saskatoons are suitable for USDA zones 2 through 5 and 
are adaptable to a variety of soil types, though they do best 
on gently sloping hills with good air and soil drainage and 
a pH between 6.0 to 8.082,83. True Saskatoons (Amelanchier 
alnifolia) may have problems with leaf spot and adapting 
to early spring warming periods outside of the northern 
U.S. and Canada, where other species such as Allegheny 

serviceberry (Amelanchier laevis) and hybrids grow better, 
although they tend to be larger in form, which may make 
harvest difficult84. 

MANAGEMENT
Saskatoons are considered self-pollinating82. Although they 
can be grown from seed, vegetative propagation makes 
for more uniform bushes and fruit maturity for commer-
cial harvest. Cuttings are obtained through a process that 
utilizes darkness to form etiolated shoots that root better 
than normal softwood cuttings82. Micropropagation is also 
successful and ensures disease-free planting stock82. Rec-
ommended in-row spacing is 3 to 5 feet apart, with a be-
tween-row spacing of 12 to 16 feet for hand harvest and 
17 to 20 feet for mechanical harvest82. Irrigation may be 
required during establishment, though mature orchards 
can be productive without supplemental watering if there 
is enough rainfall82. Bushes will require pruning to main-
tain productivity and make harvesting easier. There are 
a number of potential pests and diseases that can affect 
Saskatoons, so a careful monitoring and control strategy is 
recommended82.

HARVEST
Saskatoons can be harvested by hand or machine. Bushes 
begin to yield in their third year, with individual plants pro-
ducing an average of 4 to 5 pounds, though some varieties 
have yielded up to 10 pounds per bush83. Yields per acre 
range from 2,000 to 6,000 pounds82. Harvest occurs over 
about a two-and-a-half-week period. Due to uneven rip-
ening, machine harvest is usually done twice, four to six 
days apart82. Fresh fruit does not keep long and must be 
refrigerated immediately after harvest. Fruit must be sort-
ed before sale, either on-farm or at the processing facility. 
Freezing is the most common processing method for com-
mercial Saskatoon production82. 

MARKETING AND ECONOMICS
Saskatoons have been cultivated in the Canadian prairies 
for more than a hundred years, but few U.S. consumers 
are familiar with them. Integration with more well-known 
fruits in a you-pick operation is one way to increase con-
sumer awareness83. The timing of fruiting is an opportu-
nity for filling the seasonal gap between strawberries and 
blueberries. 

Figure 3.17. Saskatoon berries. PHOTO BY MEGGAR, LICENSED UNDER 
CREATIVE COMMONS SA 3.0. WIKIMEDIA COMMONS.

Figure 3.18. Saskatoons can be harvested with the same equip-
ment as black currants and aronia. PHOTO BY KEVIN WOLZ.

http://acornorganic.org/media/resources/blackcurrantmanual.pdf
http://acornorganic.org/media/resources/blackcurrantmanual.pdf
http://horttech.ashspublications.org/content/10/3/548.abstract
http://horttech.ashspublications.org/content/10/3/548.abstract
https://pubs.ext.vt.edu/438/438-107/438-107.html
https://pubs.ext.vt.edu/438/438-107/438-107.html
https://www.uky.edu/Ag/CCD/introsheets/currants.pdf
https://www.uky.edu/Ag/CCD/introsheets/currants.pdf
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Saskatoons also have broad commercial potential and are 
enjoyed in pies, jellies, tarts, rolls, breads, syrups and juic-
es83. The berries freeze and dehydrate well84. Like the other 
bush fruits highlighted in this guide, the berries have high 
nutritive and antioxidant values83.

RESOURCES
•	 Saskatoon Berry Production Manual (Alberta Agricul-

ture and Rural Development, 2013)

o	 http://www1.agric.gov.ab.ca/$Department/
deptdocs.nsf/all/agdex14362

•	 Guide to Juneberries (Growing Produce for Profit, 
2012)

o	 https://www.growingmagazine.com/fruits/
juneberries/

•	 Juneberry (University of Kentucky, 2012)

o	 https://www.uky.edu/Ag/CCD/introsheets/
juneberry.pdf

American Persimmon
Diospyros virginiana
INTRODUCTION
This North American native fruit is enjoyed by people, 
livestock, and wildlife. Although this species has not yet 
reached commercial popularity like its cousin the Asian Per-
simmon (Diospyros kaki), it nevertheless has potential for 
wholesale and retail markets including as an ingredient for 
brewing, winemaking, and processed foods like ice creams 
and puddings. American persimmons may also have a role 
as livestock feed, especially for hogs and poultry. 

REQUIREMENTS
The American persimmon grows up to 70 feet tall and is 
adaptable to a wide variety of soils, from wet bottomland 
to thin ridgetops85. It flowers late for a reliable fruit set, 
making it suitable for colder microclimates where other 

fruit might lose blossoms to early frost. Young trees can 
handle partial shade, but full sun is recommended for fruit 
production. The American persimmon is hardy in USDA 
zones 5-9, while the Asian persimmon is only adapted in 
zones 7-10, limiting its use in the north85. 

MANAGEMENT
Persimmon trees are dioecious, meaning they are either 
male or female. Interestingly, there are two ‘races’ of 
American persimmon: a 60-chromosome type that is na-
tive to the south and a 90-chromosome type from the 
north. Most named varieties are of the 90-chromosome 
variety, as the flesh and flavor are of higher quality86. When 
90-chromosome females are pollinated by 60-chromo-
some males, the fruit may have few to no seeds87. 

Cross-pollination is required by some varieties, but other 
varieties have shown the ability to produce fruit without 
a compatible male nearby. However, a 5:1 ratio of female 
to male trees is recommended for good fruit set86. Propa-
gation is possible from seeds, though sex cannot be deter-
mined until the tree flowers, which can take several years. 
Vegetative propagation through cuttings, grafting, and 
suckers eliminates this guesswork and ensures desirable 

THE LEGACY OF J. RUSSELL SMITH

“I have altogether something like a hundred varieties of  
walnuts, hickories, pecans, persimmons, pawpaws, and honey locust  
on test on my rocky hillside, and I find that I am having an amount of  
fun out of it that is as perfectly unreasonable and genuine as is the joy  

that remains for a month or two after making a good drive at golf, catching  
a big fish, or shooting a deer- not that I do all of these things.” 

J. Russell Smith, a professor of geography at Columbia University, was a pioneer 
in agroforestry67. His book, Tree Crops: A Permanent Agriculture written in 1929 
(with an update in 1950), is considered a foundational text for using trees in ag-
ricultural systems67. His goal was to protect fragile sloping hillsides from erosion 
by planting trees in a way that was profitable for farmers. He documented and 
promoted letting livestock gather their food from under intentionally planted 
trees, including chestnut, mulberry, honeylocust, American persimmon, and oak, 
among others44. Smith’s witty writing, useful anecdotes, and visionary foresight 
make it well worth getting your hands on a copy of Tree Crops.

Figure 3.19. American persimmons are astringent if picked unripe 
from the tree. PHOTO BY MATT WILSON.

http://www1.agric.gov.ab.ca
deptdocs.nsf/all/agdex
https://www.growingmagazine.com/fruits/juneberries
https://www.growingmagazine.com/fruits/juneberries
https://www.uky.edu/Ag/CCD/introsheets/juneberry.pdf
https://www.uky.edu/Ag/CCD/introsheets/juneberry.pdf
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fruit characteristics. Since persimmons have a deep tap-
root that makes them sensitive when transplanting, seeds 
can be planted directly in the final orchard location and 
grafted onto later. For each tree desired, plant about five 
seeds closely together in a mound, and pick the strongest 
individual to graft after one or two years when the tree is 
pencil-sized and around 12” tall86. Recommended spacing 
is 30’ x 35’, or around 42 trees per acre. Persimmons are 
usually trained to a modified central leader, but do not re-
quire routine pruning after they reach mature size87. Pests 
and diseases are of minor concern, though wildlife like 
deer, squirrels, and raccoons may eat the fruit. Some vari-
eties contain black specks in the flesh, which is undesirable 
in the pulp87. Care should be taken not to hit the bark of the 
tree with mowers or string trimmers, as persimmon trees 
do not heal well at the base, which can leave them open 
to decay and insects. Keep an eye out for persimmon borer 
on young trees86. 

LIVESTOCK
Many animals relish the sweet fruits, and the persimmon’s 
habit of dropping fruit throughout an extended period in 
the fall and early winter make it a candidate for plantings 
that are intended to provide supplemental livestock feed, 
especially for hogs or chickens44,88. It is one of the most re-
liable trees to bear, rarely failing to set fruit. It is probably 
best kept out of equine paddocks, as persimmons have 
been known to cause foundering in horses and mules in 
rare cases. 

HARVEST
Top-producing grafted trees have been known to produce 
70 lb. of fruit (45 lb. of pulp) by age 5, but the average is 35 
to 75 lb. per mature tree86,87. 

There is limited opportunity for machine harvest, as shak-
ing the trees will drop fruit before it is fully mature. The 
fruits often remain on the tree until they are very soft and 
liable to be damaged when they fall to the ground85. Jer-
ry Lehman of Terre Haute, Indiana solves this problem by 
spreading clean straw under the trees before harvest, then 
picking the fruits up by hand. He estimates that one person 
can harvest around 20 lb. per hour this way86. Fruit should 
be harvested every other day and promptly processed. 
Fruit can be sanitized by dunking in a basin with bleach 
water (1 tsp. bleach per gallon of water), then rinsing in 
pure water. Fruit is then pulped, separated from the seeds, 
and frozen. 

MARKETING AND ECONOMICS
When marketing fresh persimmons, it is important to en-
sure fruit is fully ripe, as unripe fruit can be very astrin-
gent87. In fact, the experience of eating an under-ripe 
persimmon can make customers unwilling to try the fruit 
again, so it is imperative that consumers know how to 
identify a ripe fruit and to be educated about proper tech-
niques for ripening. Leaving fruit on the counter for a few 
days in a plastic bag with an apple slice will do the trick85. 
Commercial potential lies in marketing the frozen pulp for 
use in ice cream, sorbet, puddings, cookies, cakes, and 
preserves89. There is also an increasing demand for persim-
mon as an ingredient for alcoholic beverages86. Frozen pulp 

retails for around $5.00/lb. Dehydrated persimmons taste 
similar to dates and may be another avenue for preserva-
tion and added value. 

RESOURCES
•	 Persimmons, Asian and American (ATTRA, 2010)

o	 https://attra.ncat.org/attra-pub/summaries/
summary.php?pub=10

•	 Passion for Persimmons: Grower Strives to Commer-
cialize the Seasonal Fruit (Hayhurst, 2012)

o	 http://www.my-indiana-home.com/food/
passion-for-persimmons-grower-strives-to-
commercialize-the-seasonal-fruit/

•	  American Persimmon (University of Kentucky, 2011)

o	 https://www.uky.edu/Ag/CCD/introsheets/
persimmon.pdf

Honeylocust
Gleditsia triacanthos

INTRODUCTION
The adaptable, native honeylocust has excellent poten-
tial for silvopastures. Grass grows well under its dappled 
shade, and livestock relish the sugary seedpods. Honey-
locust is a non-nodulating legume, thriving as a pioneer 
species that colonizes abandoned fields and forest edges. 
Most wild individuals have impressive, 6”-12” thorns along 
the trunk and lower branches that are capable of punctur-
ing vehicle tires. Thornless trees are produced by variety 
selection or grafting. 

REQUIREMENTS
Honeylocust thrives in a wide range of soils and climate 
zones, with temperatures down to -34°C and as little annu-
al rainfall as 20 inches per year90. Honeylocusts grow rela-

Figure 3.20. Honeylocust pods. PHOTO BY MATT WILSON.

5.00/lb
https://attra.ncat.org/attra-pub/summaries/summary.php?pub=10
https://attra.ncat.org/attra-pub/summaries/summary.php?pub=10
http://www.my-indiana-home.com/food/passion
http://www.my-indiana-home.com/food/passion
https://www.uky.edu/Ag/CCD/introsheets/persimmon.pdf
https://www.uky.edu/Ag/CCD/introsheets/persimmon.pdf
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tively quickly, reaching heights of 40 to 50 feet. Thornless 
varieties are popular urban trees due to their wide adapt-
ability and tolerance to drought, compaction, and pollu-
tion. Honeylocust seedlings are intolerant of shade.

MANAGEMENT
Young honeylocust trees should be protected by tree shel-
ters or fence until they are out of browse height, as the 
leaves and small twigs are palatable to livestock and deer. 
Usual tree densities range from 54 to 80 trees per acre (be-
tween 23 to 28 feet apart). 

Vareities with high yields of sugary pods were identified 
by J. Russell Smith and others. These thorny but produc-
tive varieties can be propagated to make thornless trees 
by grafting the thornless branches from higher in the can-
opy onto seedling rootstocks. The resulting tree will grow 
without thorns. Breeders of ornamental varieties selected 
against pod production, as they can be a nuisance to clean 
up in a city setting. An opportunity exists to breed a tru-
ly thornless variety with high pod production. There are 
few reported pests for honeylocust in silvopasture settings, 
though overplanting in some urban areas has led to build-
ups of damaging insect populations.

LIVESTOCK
The main use for honeylocust is for silvopastures. Leafing 
out late in the spring and dropping leaves early in the fall 
complement cool-season forage growth, and the small leaf 
size breaks down quickly without smothering groundcov-
ers. Livestock grazing under honeylocust show equal or 
better gains as those in open pasture. Improved cultivars 
of honeylocust have pods that are nutritionally equivalent 
to oats91. Sheep are better able to utilize whole pods than 
other livestock because they can digest not only the sugary 
pulp of the pods but also about 80% of the seeds, which 
contain much of the protein92. Grinding and mixing the 
pods into a complete ration allows other livestock to bene-
fit from their full nutritional value. 

HARVEST
Honeylocust typically displays alternate bearing patterns, 
producing heavily one year and sparingly the next, which 
could complicate planning for livestock enterprises. Hon-
eylocust pods fall over an extended period in the late fall. 
Stockpiling forage under honeylocust trees in late summer 
and grazing it in the fall or early winter would allow live-
stock to harvest the pods themselves and might reduce 
hay needs. Pods can be picked up and stored for later use. 
Modifying hay equipment or mechanical sweepers for use 
in harvesting honeylocust pods is a possibility that merits 
further exploration. 

MARKETING AND ECONOMICS
The best use of honeylocust is for on-farm feed produc-
tion. Currently, there are no marketing channels for honey-
locust products, though there have been experiments with 
generating ethanol by fermenting the pods. 

CAUTIONS
The thorny offspring of honeylocust have the potential to 
invade neighboring areas, as thornless grafted trees may 
spread seeds that grow with the characteristic thorns of 
the parent. Improved varieties may be hard to find, and 
growth rate, time to bearing, and frost tolerance can be 
highly variable depending upon the site and cultivar. More 
research is needed in developing widely adapted genetics 
suitable for integrated farming systems. 

RESOURCES
•	 Honeylocust Agroforestry (website by Andy Wilson)

o	 http://faculty.virginia.edu/honeylocust-
agroforestry/agroforestry/

•	 Honeylocust and Black Walnut Tree Products within 
a Temperate Appalachian Silvopasture (Johnson, 
2011)

o	 http://theses.lib.vt.edu/theses/available/etd-
02182011-102323/

•	 Honeylocust (Gleditsia Triacanthos), A Multi-purpose 
Tree for the Temperate Zones (Gold and Hanover, 
1993):

o	 International Tree Crops Journal, Vol. 7, Iss. 4, 
1993

•	 Potential Value of Honeylocust as a Fodder Tree for 
Silvopastures (Johnson et al., 2013)

o	 http://www.afgc.org/proceedings/2013/38.pdf

Mulberry
Morus rubra (Red Mulberry), Morus alba (White 
Mulberry)
INTRODUCTION
In the past, farmers often planted mulberries as a source 
of feed for hogs and poultry44. As producers return to pas-
ture-based systems for these non-ruminants, the mulber-
ry has the potential to provide high-quality feed at very  
little cost.

Figure 3.21. Thorns on a wild honeylocust. PHOTO BY MATT WILSON.

http://faculty.virginia.edu/honeylocust-agroforestry/agroforestry
http://faculty.virginia.edu/honeylocust-agroforestry/agroforestry
http://theses.lib.vt.edu/theses/available/etd
http://www.afgc.org/proceedings/2013/38.pdf
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There are three main species of mulberry grown in the 
United States: white (Morus alba), black (Morus negra), 
and the native red (Morus rubra)93. The white mulberry is 
considered an invasive species in most of North America 
and the black mulberry cannot handle temperatures below 
zero, making the native red mulberry the species of choice. 
However, mulberries hybridize freely, making it difficult to 
confirm whether a variety is truly a native cultivar. Birds 
enjoy the fruits and the seeds remain viable in their drop-
pings, potentially allowing this aggressive tree to spread 
into sensitive areas, so spending the time to find non-inva-
sive varieties is probably worthwhile. 

REQUIREMENTS
Mulberries are adaptable to a range of soils as long as they 
are moderately well-drained. Cold tolerance depends upon 
the variety. The white is the most cold hardy (up to Zone 4), 
but the red can also handle sub-zero temperatures. Trees 
can either be male or female (dioecious) or have both flow-
ers on the same tree (monoecious). The large leaves of the 
mulberry cast a deep shade, so take this into consideration 
when incorporating it with forages or alley crops.  

MANAGEMENT
White mulberries can grow as tall as 80 feet, while red mul-
berries are a little smaller94. Mulberries flower later in the 
spring than most fruits, making them suitable for planting 
in frost pockets95,96. The trees suffer from few pests or dis-
eases and are easily vegetatively propagated. 

LIVESTOCK
Urban dwellers with mulberry trees may curse the falling 
berries that stain sidewalks and cars, but this is an oppor-
tunity for livestock producers. Poultry and pigs will happi-
ly clean up the fallen fruit. J. Russell Smith chronicles the 
use of mulberry as livestock feed in the Southern U.S., 
noting that nearly every hog lot in North Carolina, South 
Carolina, and Georgia contained mulberry trees and that 
a single tree could support a hog or two with very little 
supplemental feed during the fruiting season44. The leaves 
make a nutritious and palatable browse for ruminant live-
stock, and mulberry is commonly used in “cut and carry” 
systems in the tropics93. A system of coppice or pollarding 
could be a way to increase forage availability to ruminants 
during hot summer months when cool-season forages are 
less productive.

HARVEST
Mulberry fruits are shaped somewhat like a blackberry, but 
are sweeter and usually lack tartness. Despite the name, 
the fruit of white mulberries can be a range of colors from 
white to red to purple, depending on the cultivar. Mulber-
ries produce fruit from May to July. The fruit can be shak-
en from the tree when ripe, though some cultivars cling to 
the branches. It may be possible to use a machine to shake 
and catch the fruits, though pruning might be necessary 
to maintain a suitable size. Birds are very fond of the fruit, 
so bird control measures should be considered. You may 
be able to take advantage of this by planting mulberries 
to lure birds away from other fruits like cherries that are 
ripening at the same time97. 

MARKETING AND ECONOMICS
The best way to utilize mulberries may be as a livestock 
feed tree in frost-prone low areas with marginal soils. Mul-
berry fruits damage easily and have a short shelf life, which 
is the reason for limited commercial production. However, 
the fruits may be processed into wine, jams, jellies, pies, 
sauces, and juice. They have excellent potential to mix with 
other fruits during processing, especially those that would 
add some tartness. Mulberries dry well. 

RESOURCES
•	 Mulberries (Agriculture Marketing Resource Center, 

2016):

o	 http://www.agmrc.org/commodities-products/
fruits/mullberries/

•	 Mulberry (California Rare Fruit Growers, 1997): 

o	 https://www.crfg.org/pubs/ff/mulberry.html

•	 Mulberry (Uncommon Fruit, 2012):

o	 http://uncommonfruit.cias.wisc.edu/mulberry/

•	 Protect Your Harvest with Mulberry Trees (Stark 
Bro’s, 2017):

o	 https://www.starkbros.com/growing-guide/
article

•	 Tree Crops— A Permanent Agriculture (Smith, 1950)

o	 Island Press, Washington DC. 55

Figure 3.22. White mulberry (Morus alba) fruits. PHOTO BY B. NAVEZ, 
LICENSED UNDER CREATIVE COMMONS SA 3.0.

http://www.agmrc.org/commodities-products/fruits/mullberries
http://www.agmrc.org/commodities-products/fruits/mullberries
https://www.crfg.org/pubs/ff/mulberry.html
http://uncommonfruit.cias.wisc.edu/mulberry
https://www.starkbros.com/growing-guide/article
https://www.starkbros.com/growing-guide/article
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Good Companions
The following species did not make it into our main crop profiles because they either cannot be machine harvested, do not 
fit well with livestock, or have other concerns that limit their use as a primary enterprise. However, they can make useful 
additions to diverse plantings. 

Asian Pear
Pyrus pyrifolia

NUTSHELL:
Asian pears, also known as apple pears, have a high value in 
the marketplace, especially with consumers who are famil-
iar with their crisp, juicy texture and sweet flavor98. Though 
they have fewer issues with diseases and insects than ap-
ples or European pears, an integrated pest management 
(IPM) program will still be required31,98. Asian pears do not 
respond to dwarfing rootstocks like European pears and 
require thinning of the fruits to ensure adequate fruit size. 
They must be picked by hand, and the fruits bruise easily, 
so careful handling and storage are necessary98. 

PROS: 
Tolerant of heavier soils than apples, fewer pests, good 
consumer demand, can be dried

CONS: 
Blooms early, hand harvest only, requires pruning and  
thinning

•	 Asian and European Pears (University of Kentucky, 
2014)

o	 https://www.uky.edu/Ag/CCD/introsheets/pears.
pdf

Elderberry 
Sambucus canadensis

NUTSHELL:
Elderberries are tough native plants that are easy to prop-
agate and grow99. The flowers support pollinators, and the 
fruits are high in healthy antioxidants and flavonoids100. 
The main markets are for juice, preserves, syrup, wine, 
and medicinal products99. The small berries are borne on 
clusters that do not lend themselves to machine harvest, 
and fruit must be frozen before processing99. Unlike most 
other shrubs, elderberries can be coppiced to the ground 
annually, which reduces yields slightly but saves pruning 
labor and makes for more even ripening and larger fruit 
clusters101. Birds can consume the entire crop if not con-
trolled99,100. Spotted Wing Drosophila is a newer pest that 
may require spraying for a marketable crop101.  

PROS: 
Native, tolerant of poor sites, easy to propagate, good for 
pollinators, health benefits, easy pruning, well-suited to 
mixing with other fruits, frost tolerant

CONS: 
Hand harvest, birds, Spotted Wing Drosophila

•	 American Elderberry (Uncommon Fruit, 2013)

o	 http://uncommonfruit.cias.wisc.edu/american-
elderberry/

•	 Elderberry (University of Kentucky, 2012)

o	 https://www.uky.edu/Ag/CCD/introsheets/
elderberry.pdf

•	 Growing and Marketing Elderberries in Missouri 
(University of Missouri, 2014)

o	 http://www.centerforagroforestry.org/
pubs/2014GrowingElderberryGuide.pdf

Figure 3.23. PHOTO BY SEE-MING LEE, LICENSED UNDER CREATIVE 
COMMONS SA 2.0.

Figure 3.24. PHOTO BY H. ZELL, LICENSED UNDER CREATIVE COMMONS 
SA 3.0. 

https://www.uky.edu/Ag/CCD/introsheets/pears.pdf
https://www.uky.edu/Ag/CCD/introsheets/pears.pdf
http://uncommonfruit.cias.wisc.edu/american
https://www.uky.edu/Ag/CCD/introsheets/elderberry.pdf
https://www.uky.edu/Ag/CCD/introsheets/elderberry.pdf
http://www.centerforagroforestry.org/pubs/2014GrowingElderberryGuide.pdf
http://www.centerforagroforestry.org/pubs/2014GrowingElderberryGuide.pdf
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Honeyberry, Haskap, Blue 
Honeysuckle
Lonicera caerulea

NUTSHELL:
These members of the honeysuckle family are native to 
the cold northern regions of North America, Europe, and 
Asia102. The oval-shaped fruits vary in flavor and are suit-
able for fresh eating or for making into wine, ice cream, or 
other products. Commercial plantings exist in Russia and 
Japan, and farmers are experimenting with them in Cana-
da and the United States. Recent breeding work has made 
this usually cold-loving plant more adaptable to warmer 
regions103. It has the potential to be harvested mechanical-
ly and would fit well into processing streams for currants, 
aronia, and Saskatoon103. However, marketing efforts will 
be required to increase consumer awareness, and variety 
trials and breeding work must continue before widespread 
planting can be recommended for most regions of the 
U.S.104

PROS: 
Fresh eating or processing, high nutrient value, machine 
harvestable, few pests and diseases, fits well with other 
fruits

CONS: 
Few variety trials in U.S., lack of consumer familiarity, best 
suited to colder zones (though breeding has made more 
varieties available)

•	 Growing Haskap/Blue honeysuckle in Canada (Uni-
versity of Saskatchewan, 2008)

o	 http://www.fruit.usask.ca/articles/growing_
haskap_mar2008.pdf

•	 Honeyberry (Uncommon Fruit, 2013)

o	 http://uncommonfruit.cias.wisc.edu/
honeyberry/

Pawpaw 
Asimina triloba

NUTSHELL:
Pawpaws are a native understory tree with a flavor some-
what like a banana or mango105. In their native range (zones 
5-8), pawpaws suffer from few pests or diseases. Pawpaws 
can produce fruit in partial shade, which makes them 
suitable for planting under larger trees or at the shady 
edges of fields, though they will yield more in full sun105. 
Although pawpaws are one of the only trees not to be 
browsed by deer, bucks may rub on the trunks, and young 
trees must be protected from sun damage until they are 
established106. Poor pollination can be an issue, sometimes 
requiring hand pollinating106. Many consumers are unfamil-
iar with the fruit, so you may have to spend time educating 
and providing samples. The fruits are sold fresh locally, as 
they have a very short shelf life107. There is also a growing 
commercial demand for the processed pulp for use in ice 
creams, desserts, juices, wine, beer, and even bourbon107.  

PROS: 
Native, good companion tree, frozen pulp may be mar-
keted along same lines as persimmon pulp, few pests, no 
pruning, not palatable to deer

CONS: 

Hand harvest, fruits have a short shelf life, young trees re-
quire sun protection, short-lived tree

•	 Pawpaw (University of Kentucky, 2012)

o	 https://www.uky.edu/Ag/CCD/introsheets/
pawpaw.pdf

•	 Pawpaw Planting Guide (Kentucky State University, 
2009)

o	 http://www.pawpaw.kysu.edu/pawpaw/ppg.htm

•	 Forest Production of Pawpaw (Kentucky state Univer-
sity, 2009)

o	 http://kysu.edu/wp-content/uploads/2017/07/
ForestPawpawPBI-0031.pdf

Figure 3.25. PHOTO BY OPIOŁA JERZY, LICENSED UNDER CREATIVE 
COMMONS SA 3.0.

Figure 3.26. PHOTO BY SCOTT BAUER, USDA ARS.

http://www.fruit.usask.ca/articles/growing_haskap_mar2008.pdf
http://www.fruit.usask.ca/articles/growing_haskap_mar2008.pdf
http://uncommonfruit.cias.wisc.edu/honeyberry
http://uncommonfruit.cias.wisc.edu/honeyberry
https://www.uky.edu/Ag/CCD/introsheets/pawpaw.pdf
https://www.uky.edu/Ag/CCD/introsheets/pawpaw.pdf
http://www.pawpaw.kysu.edu/pawpaw/ppg.htm
http://kysu.edu/wp-content/uploads/2017/07/ForestPawpawPBI-0031.pdf
http://kysu.edu/wp-content/uploads/2017/07/ForestPawpawPBI-0031.pdf
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Pecan (northern)
Carya illinoinensis

NUTSHELL:
Pecans are native to the Mississippi river valley and are the 
most important economic nut crop in the eastern U.S108. 
For northern growers, cold-hardy varieties are required 
to fill nuts and avoid winter injury109. Pecans are alternate 
bearing, producing heavy crops in some years and light 
crops in others108. The nuts fall from the trees when ripe 
and can be picked up by machines. Wild stands of native 
pecans are managed for nut production, but may require 
80 or more acres to make it worthwhile to own harvest 
equipment108. Cattle are often grazed in pecan stands108. 
Pecans suffer from a variety of pests and diseases, depend-
ing upon the area where they are grown109. Most commer-
cial production requires monitoring and spraying, as well 
as fertilizer inputs for good nut production108,109. 

PROS: 
Native, high-quality nut, grows in wetter areas than most 
nuts, mechanical harvest and processing, minimal pruning, 
known to consumers

CONS: 
Alternate bearing, low yields for northern cultivars, pests 
and diseases require intervention

•	 Sustainable Pecan Production (ATTRA, 2000)

o	 https://attra.ncat.org/attra-pub/summaries/
summary.php?pub=65

•	 Growing Pecans in Missouri (University of Missouri, 
2000)

o	 https://extensiondata.missouri.edu/pub/pdf/
agguides/agroforestry/af1002.pdf

•	 Non-Timber Forest Products— Kentucky Pecans 
(Kentucky Woodlands Magazine, 2011)

o	 http://www2.ca.uky.edu/kywoodlandsmagazine/
Vol6_No1/Pecanspg14-17.pdf

Figure 3.27. Pecans are easy to crack and familiar to consumers. 
PHOTO BY MATT WILSON.

https://attra.ncat.org/attra-pub/summaries/summary.php?pub=65
https://attra.ncat.org/attra-pub/summaries/summary.php?pub=65
https://extensiondata.missouri.edu/pub/pdf/agguides/agroforestry/af1002.pdf
https://extensiondata.missouri.edu/pub/pdf/agguides/agroforestry/af1002.pdf
http://www2.ca.uky.edu/kywoodlandsmagazine/Vol6_No1/Pecanspg14-17.pdf
http://www2.ca.uky.edu/kywoodlandsmagazine/Vol6_No1/Pecanspg14-17.pdf
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LIVESTOCK 		
“When tree agriculture is established, chestnut and acorn orchards may produce great forage crops, and other  
orchards may be yielding persimmons or mulberries, crops which pigs, chickens, and turkeys will harvest by picking 
up their own food from the ground.” — J. Russell Smith, Tree Crops: A Permanent Agriculture

Introduction	
The ecosystems that we aim to mimic with edible agrofor-
estry include not just plants, but animals. Wild herbivores 
keep growth in check and cycle nutrients back into the 
soil. With domestic livestock, we can do the same thing, 
only produce marketable (and tasty!) products at the same 
time. Cows and sheep turn forages into food in the form 
of meat and milk. Poultry and pigs glean rotten fruit and 
dropped nuts, and can be useful for other tasks such as 
stump removal and insect control37. Incorporating trees 
into pastures (silvopasture) can diversify income, provide 
fertility through animal manures, improve animal com-
fort, and increase the overall biodiversity of your farm12. 
Well-managed rotational grazing can improve soil health 
and help control invasive species110. Livestock sales can 
supplement income in the early years when trees are still 
too young to produce111.

Adding livestock also brings challenges like making man-
agement more complex, increasing labor needs, and re-
quiring additional infrastructure in the form of fences, wa-
terers, and handling facilities112. If you maintain breeding 
stock, you may have to check on animals every day, year-
round. Soil compaction and tree root damage can happen 
if animals are left in one place for too long. There is also 
the danger of damage to young trees if livestock outsmart 
a farmer’s efforts to protect them. 

The purpose of the following information on livestock is 
not meant to be comprehensive, but to identify some op-
portunities and challenges when incorporating animals 
into agroforestry systems. If you have never managed live-
stock, you should you gain as much experience as you can 
beforehand. Visit farms in your area with the type of ani-
mals you are interested in, go to training workshops and 
conferences, and consider working on someone else’s farm 
to learn the basics. There is no substitute for hands-on ex-
perience when it comes to working with livestock! 

Livestock Species	
POULTRY
Pastured poultry are inexpensive to purchase, have a short 
payback time, and can be handled with minimal risk of inju-
ry to the farmer. A pasture-based system of pens or electric 
netting are used to move birds around so that they have 
access to fresh forage and do not damage the grass from 
staying in one place too long. Being monogastric (having 
‘one stomach’), they cannot gain much in the way of calo-
ries from the grass, so they will still need feed to maintain 
growth (mature geese are an exception). However, they 
do benefit from the minerals and protein in green forages 
and gobble up any insects they can. Pasturing poultry has 
a measurable effect on the quality of the eggs and meat, 
with higher levels of healthy fats and vitamins compared 
to chickens raised in confinement systems without access 
to pasture113. 

Making money with poultry will depend upon feed prices, 
loss of birds to predators, and labor efficiency. In one study, 
only 50% of farmers with pasture-raised chickens said that 
they were directly profitable, but 78% noted that they con-
tributed to indirect profits because of the increase in soil 
fertility and enhanced customer loyalty113. 

In agroforestry systems, poultry can be utilized to graze 
pasture between or within rows of trees. They do not dam-
age young trees like larger livestock might. Exceptions to 
this might be if they are left too long in a paddock, poten-
tially causing soil compaction or eating the leaves of tree 
branches within reach. Pastured poultry are one of the 
best ways to integrate livestock into agroforestry systems 
while trees are getting established.

Chickens have been proposed for use in orchards to re-
duce pest pressure on the trees. Studies have shown that 
although the number of insect pests is lower in areas with 
chickens, this has not affected the fruit yield or quali-
ty114–116. Anecdotal evidence suggests that chickens may 

Figure 4.1. Grazing livestock in young agroforestry sites can be a way to utilize alleys while the trees grow. PHOTO BY KEVIN WOLZ.
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reduce populations of chestnut weevils56. Turkeys have the 
potential to follow hogs in cleaning up chestnut orchards, 
and some have suggested planting native chinkapins, a 
small chestnut relative, solely for turkey production44.

“The ordinary game chicken is found to be the 
greatest enemy of the chestnut weevil. A brood 
of one hundred game chickens in a grove of 
twenty-five acres will in the course of a few years 
reduce the multitude of chestnut weevils to a min-
imum. Sheep turned to pasture in a chestnut grove 
with the chickens assist in keeping the grass and 
undergrowth cropped close, thus aiding the fowls 
in their scavenger work.”  
—1902 article in Pennsylvania Forestry Associa-
tion’s journal “Forest Leaves”56

In addition to chickens and turkeys, ducks and geese are 
good candidates for pastured operations and are consid-
ered hardier and more resistant to cold117. Mature geese 
can thrive on grass and indeed have been successfully used 
to weed orchards114,118. Marketing goose might be a chal-
lenge, so figure out where you might sell them before you 
decide to buy a gaggle of goslings. 

Ducks have a reputation for eating slugs and snails, and 
some breeds rival chickens for the number of eggs they 
can lay in a year. They must have access to clean water to 
bathe in112.

All poultry require adequate shelter and protection from 
predators. Popular systems include movable pens called 
“chicken tractors” and portable electric netting. It cannot 
be stressed enough that losses to predators can make the 
difference between profit and loss113, and it is the farmer’s 
obligation to provide for the needs of the animals in his or 
her care.

HOGS
Traditionally, hogs were used to gather up the acorns, 
fruits, and other mast in forests for part of the year.  

Persimmons, mulberries, apples, acorns, hickories, chest-
nuts, hazelnuts, and more will be happily munched by por-
cine jowls. The cork oak dehesas of southern Europe are 
one notable example, where hogs graze acorns under oak 
trees that provide natural cork material119.

Hogs show promise in reducing pests in orchards by con-
suming the fallen fruit after the main harvest. In one study, 
hogs in apple, cherry, and pear orchards ate 100% of the 
fallen fruit, which broke the cycle of plum curculio and cod-
ling moth, leading to lower pest populations the following 
year37. 

Another practical way to use hogs is to employ them to dig 
up stumps in transitioning forests to silvopasture, an inge-
nious system outlined by Brett McCleod in “The Woodland 
Homestead”120. 

However, this piggy digging power has the potential to be 
incredibly destructive. If left in one place too long, pigs 
can completely root up young trees or pastures, and their 
wallowing can cause severe compaction. Healthy systems 
that integrate hogs move them into sensitive areas like 
woods and pastures only for short periods of time when 
there is food on the ground to keep the animals busy so 
that they do not dig out of boredom. Smaller “sacrifice” ar-
eas are used for more permanent pens. Food safety is an-
other concern when introducing livestock before the main  
harvest, as pathogens from manure risk contaminating 

Figure 4.2.  Chickens play a role in orchard floor management and 
pest control. PHOTO BY MATT WILSON.

Figure 4.3.  Pastured turkeys. PHOTO BY KEVIN WOLZ.

Figure 4.4.  Piglets performing the role of cleanup crew.  
PHOTO BY MATT WILSON.
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fruit. However, at least one study showed that hogs were 
effective at controlling weeds in orchards, with levels of 
bacteria remaining in acceptable ranges to minimize the 
risk to human health121.

SHEEP
Sheep are well suited for agroforestry. They are small 
enough that handling can be done relatively safely with 
portable equipment, and they multiply quickly compared 
to cattle, bearing 1-2 lambs that will mature in a year. If 
trees are protected with tree tubes (see “Tree Protection” 
section), sheep are unlikely to damage them122. Sheep 
need a more substantial interior fence, however, as their 
wool partially protects them from electric shocks. Market-
ing lamb might be more of a challenge than marketing beef 
or chicken, but many small producers are doing it success-
fully, often by making connections with ethnic communi-
ties where demand is higher. 

Of course, most sheep produce wool, but it is difficult to 
sell it profitably unless you have heritage breeds and are 
willing to market individual fleeces to hand spinners. Shear-
ing is difficult, and shearers are not available in all parts of 
the country. For these reasons, some farmers choose to go 
with hair sheep breeds like Katahdin and St. Croix, which 
have been bred so that they do not need to be shorn. They 
also tend to handle heat and internal parasites better than 
some wool breeds. 

GOATS
Goats play a role in improving degraded forests by cleaning 
up invasive species like honeysuckle, multiflora rose, and 
buckthorn, as well as native plants that might not be de-
sired, like poison ivy112. They are browsers, meaning they 
prefer bushes and trees over grass. They are not recom-
mended for integration with fruit and nut trees, as they 
are clever at escaping and can debark and damage valu-
able trees surprisingly quickly. They host the same internal 
parasites as sheep, so careful parasite management will be 
required if both species are part of a system.

“Goats spend 23 hours of the day planning their 
escape, and the last hour executing it.” —Unknown

CATTLE
Beef cattle, like sheep, can get all their nutritional needs 
met by grass and hay alone, making them a good fit for 
areas that need to have grass between trees for erosion 
control, such as hillsides. Cattle are the easiest species to 
contain with temporary electric fence, often requiring only 
a single electrified wire for interior paddocks. However, 
robust equipment or facilities are needed to safely han-
dle cattle for routine work like vaccinations and working 
calves, or for loading them on trailers. Alleys in some alley 
cropping systems may be too narrow for cattle. Cattle can 
also cause significant compaction if left in one place for 
long or if soils are wet117. They are more expensive to get 

Figure 4.5. Sheep are well suited to silvopastures.  
PHOTO BY KEVIN WOLZ.

Figure 4.7. Goats can be used to clean up invasive species, but 
may not be a good fit with valuable fruit and nut trees. PHOTO BY 
SCOTT BAUER, U.S. DEPARTMENT OF AGRICULTURE.

Figure 4.6. Cattle and pine silvopasture. 
PHOTO BY SYLVAIN COURNET.
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started in than smaller livestock, and herds do not grow as 
fast as flocks of sheep or goats because they typically only 
have one calf per year and take longer to mature. However, 
demand for grass-fed beef tends to be strong. 

Livestock Systems
SILVOPASTURE
One way to generate money from the space between trees 
is to use it for making hay or grazing livestock. In the first 
few years, trees will need protection from livestock by tree 
tubes, wire cages, or electric fence123. Another strategy is 
to only cut hay until the trees are big enough not to be at 
risk. Note that it may not be profitable to maintain haying 
equipment unless you are planning on harvesting signifi-
cant acreages. You may be able to hire a custom harvester 
to do the haying, or agree on a crop-share where the hay is 
split between you and the person doing the haying. When 
hiring anyone to do work on your farm, make sure they 
understand how far away from your trees you would like 
them to keep their machinery. Using tree tubes and mark-
ing rows with stakes helps prevent accidental mowing of 
young trees. 

In silvopastures, the tree density is managed to favor for-
age growth by spacing or thinning trees so that light lev-
els remain at about 50% of open pasture11. Cool-season 
species tend to do better in the shade than warm-season 
grasses124. Trees that cast a dappled shade such as hon-
eylocust and black walnut make good silvopasture trees, 
though other species can certainly be used125–127. 

ROTATIONAL GRAZING
Rotational grazing is a must in agroforestry no matter what 
livestock species you have. This strategy requires moving 
the animals based upon the condition of the forage. Moves 
can range from every day to a week or more depending on 
the season, pasture composition, and stocking density110. 
Rotational grazing has many benefits, including minimizing 
wasted forage, increasing pasture and animal health, and 
higher animal gains per acre110. Portable electric fencing 
has made rotational grazing practical, and many ingenious 
systems have been developed to make it easier. Rotational 
grazing is an art unto itself, and there are good resources 
available for learning more128.

MULTISPECIES GRAZING
Including multiple livestock species in a grazing system 
takes advantage of the fact that each species of livestock 
prefers a slightly different category of available plant for-
age: cattle prefer grass, sheep go for broad-leaved forbs, 
and poultry scratch for seeds and insects129. They can ei-
ther be grazed all together at the same time or moved se-
quentially through a pasture. One well-known example of 
this is Joel Salatin’s system of moving chickens into a pas-
ture a few days behind his cattle herd130. By then, flies have 
laid eggs in the cow pies, and the chickens happily scratch 
them apart to eat the larvae. Thus, the chickens gain some 
protein, the manure is spread out over the pasture by the 
scratching action of the chickens, and the fly population 
is reduced. This type of synergy is what agroforestry is 
all about, and good producers look for ways to connect  
elements in their farming enterprises to take advantage 
of it. The permaculture movement has been particularly 
good about promoting the concept of stacking multiple 
functions131. 

FODDER, COPPICE, AND POLLARDING
Not only do trees offer livestock protection from wind and 
the sun, but the trees themselves can provide valuable 
fodder. Aspen, alder, black locust, poplar, honeylocust, 
and mulberry all have leaves that are high-quality feed for  
livestock112. Cutting tree branches and leaves to feed to  
animals is common in the tropics. In temperate areas, 

LEAVE HEALTHY FORESTS ALONE112

Integrating trees and livestock works best in forests that would ben-
efit from thinning and extra management. If you have woods that 
are mature and healthy, it might be best to keep the animals out. 
There is the potential for damage to the trees, and it is simply not 
worth the risk of upsetting a healthy forest ecosystem. In mature 
forests, it might be a better fit to try mushrooms, syrup, or medici-
nal herbs like ginseng112. 

Figure 4.8. Shiitake mushroom production can take place in a mature 
forest. PHOTO BY SYLVAIN COURNET. 

Figure 4.9. Movable poultry pens make it possible to move chick-
ens through pastures following other livestock.  
PHOTO BY MATT WILSON.
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producers are experimenting with using coppicing (cut-
ting trees near ground level) and pollarding (cutting trees 
higher up) to provide additional forage for animals when 
cool-season pastures are less productive in the summer132. 
For example, a farmer in Wisconsin who manages a hybrid 
poplar and sheep silvopasture culls trees in the summer 
during dry conditions. The sheep eat the leaves off the fall-
en trees and the farmer later cuts them up for sale as fire-
wood to campers in a nearby state park. Before you start 
feeding tree foliage, so some research, as a few trees like 
cherry can be toxic to livestock133. 

Infrastructure
FENCING
A full description of the many fencing options is more than 
we can cover here, but an overview of the basics will help 
you plan. See the “Tree Protection” section for how fencing 
and tree tubes can be used to protect trees from livestock 
and deer. 

Most rotational grazers use portable electric fences. Com-
mon systems use single or multiple strands of “polywire,” 
which is an electrified braided plastic cord. Step-in posts 
with insulators are used to hold it off the ground. Cattle, 
hogs, and well-trained sheep can be contained with poly-
wire. Electrified nets are available that offer better con-
tainment for goats, poultry, and flightier sheep. They are 
more time consuming to move and require a larger charger 
because the netting has more points of contact with vege-
tation. They also cost more. 

All electrified fences will require a charger (also called an 
energizer) and ground rods. Plug-in chargers are less ex-
pensive, but require an outlet in close enough proximity 
to the fence. Chargers that run off a solar panel or car bat-
tery are available and are convenient for paddocks that 
are too far away from an outlet. Installing ground rods 
is necessary for any electric fence system, and the most 
common mistake for electric fencing is improper or insuf-
ficient grounding.

Coppice and pollard systems can provide fodder and wood products. 
PHOTO BY KEVIN WOLZ.

Electrified fence like this netting makes rotational grazing practical. 
PHOTO BY MATT WILSON.

A solar fence charger. PHOTO BY MATT WILSON.
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WATERERS
Livestock require fresh water every day, so work this into 
your plan. Installing waterlines and waterers should be 
done before planting trees. Ideally, there will be water ac-
cess wherever you plan to keep livestock. You can haul wa-
ter in a tank, but this increases labor and uses fuel.

FEED AND STORAGE
Even with the best management, cattle and sheep will 
need hay in the winter, so consider where you will store 
bales and how you will move them around to feed the an-
imals. Poultry and hogs require supplemental feed, which 
either means hauling around bags or storing bulk feed in 
bins or wagons. 

HANDLING FACILITIES
Safe handling of livestock for routine work like vaccina-
tions, worming, and sorting into breeding groups requires 
appropriate infrastructure. For goats and sheep, this can 
mean portable electric fence supplemented with some rig-
id wire panels (often called “hog panels” or “cattle panels”) 
to form a working/catch area. For cattle, a portable corral 
and a head gate are the bare minimum needed. Even bet-
ter is to have a facility designed to reduce stress for the 
animals and injury for their handlers134.

Figure 4.10. More infrastructure is needed to work cattle than for 
smaller animals like sheep. PHOTO BY MATT WILSON.

Figure 4.11. You will need a way to store and move feed.  
PHOTO BY MATT WILSON.
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HARVEST AND 
PROCESSING

“God gives us the nuts, but he does not crack them.” —German Proverb

Harvest Planning
Knowing how you will harvest your trees will be import-
ant in determining row spacing, pruning technique, spe-
cies composition within a row, and target markets. Harvest 
makes up a significant percentage of the labor for tree 
crops, so knowing the harvest labor demands for each crop 
will help you decide on suitable harvesting strategies and 
equipment. For specific harvest information by crop, con-
sult the individual profiles at the end of this chapter. 

LABOR AVAILABILITY
If it is hard to find laborers in your area, or you would like 
to keep the operation small enough to be handled by a few 
individuals, consider the harvest labor requirements per 
acre and plan accordingly. For example, one person can 
reasonably handle harvesting several acres of chestnuts by 
hand, but could only harvest a fraction of an acre of aronia 
or black currants. Keep in mind that the harvest window is 
limited for most crops, so one laborer will only be able to 
harvest a certain acreage during that time. Choosing mul-
tiple species with different harvest times can spread your 
labor out of over the season. 

TOPOGRAPHY AND ACCESS
Topography might limit the possibility of using machinery. 
Road access will be important to get the harvest equip-
ment and harvested product in and out of the field. Steep 
slopes may be another limiting factor. Most fruit and nut 
machines are designed for flat orchards, but some can 

handle sloping terrain. Check with the manufacturer of the 
machine you are considering to ensure it can be safely run 
on your orchard’s slope. 

COOPERATIVES AND MACHINERY POOLS
Cooperative ownership of machinery gives smaller grow-
ers access to mechanical harvesters without high upfront 
investment costs. Alternately, if you own a harvesting ma-
chine, you may be able to do custom harvesting or rent 
it out to generate extra income. Grower co-ops can take 
advantage of combined marketing and pooling of products 
to reach bigger markets.

Figure 5.1.  This chart shows how labor can be spread out over the season using multiple crops. Calculating the amount of harvest labor per 
acre and how many acres one person can harvest during the harvest period are useful for planning. 

Figure 5.2. Labor availability is a major consideration for harvest. 
PHOTO BY MATT WILSON.
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MULTI-CROP HARVESTERS

Machines capable of harvesting multiple crops have ex-
citing potential for mixed agroforestry plantings. Outlined 
below are two examples: one for berries and the other 
for fruits and nuts that fall to the ground before harvest. 
Both are made in Europe and represent the types of ma-
chines available from a variety of manufacturers. The 
mention of brand names below does not imply endorse-
ment, and product specifications should be confirmed 
with manufacturers to ensure that machinery will meet 
your needs.

JOANNA BERRY HARVESTERS BY WEREMCZUK
These machines will harvest currants, aronia, haskap 
(aka Honeyberry), Saskatoons, and even wild rose. They 
are pulled by a tractor and are capable of harvesting ¼ 
to ½ an acre per hour, depending upon the crop. They 
are split-row harvesters, meaning they harvest one side 
of the bushes at a time, requiring a pass up each side of 
a row. 

Machine harvest is important for making these berry 
crops financially viable, unless you can develop a strong 
pick-your-own operation. Consider the labor require-
ments: to harvest one acre of Aronia or black currants 
requires 720-778 hours, or roughly 10 full-time work-
ers over the course of two weeks76! The same acre can 
be harvested by a Joanna-4 in 3-4 hours, though when 
calculating total harvest labor, some estimates put ma-
chine harvest at around 65 hours per acre because mul-
tiple people are needed to run the machine and sort the 
fruit70,135.

If a machine can harvest multiple crops, it usually means 
that the harvest window can be spread out over a lon-
ger period. One machine can thus harvest more acres per 
year, lowering the overhead costs and speeding up the 
payback time. Planting two or three different crops can 
minimize risk from crop failures and open up more mar-
keting opportunities. It also encourages diversity, benefit-
ting the local ecosystem. Note that not all of these berries 
are suitable for growing in every location.

 One analysis showed that the breakeven acreage for ma-
chine harvest of aronia was around 0.66 acres, assuming 
a labor wage of $7.25 per hour and a basic machine cost 
of $30,000136. An updated quote that includes equip-
ping the machine with extra features (Joanna Premium) 
to handle multiple crops and steeper slopes would cost 
more. Even at a machine cost of $60,000, this would only 
increase the breakeven acreage to 1.16 acres. 

Larger “straddle” harvesters that can harvest a whole row 
at a time are available, but their larger size may limit use 
in mixed systems due to interference with tree branch-
es, and the higher initial price tag and bulkier frame for 
transport may make them less suited to shared-use situa-
tions like machinery cooperatives.

Figure 5.3. Demonstrating the Joanna-3. PHOTO BY KEVIN WOLZ.

Figure 5.4. Pre-sorting is done by workers on the back of the ma-
chine. PHOTO BY KEVIN WOLZ.

Figure 5.5. The shaking rods inside the harvest unit.  
PHOTO BY KEVIN WOLZ.
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FEUCHT-OBSTTECHNIK FRUIT & NUT HARVESTERS
This German company offers a range of small- to medium-sized 
harvesters that can pick up fruits and nuts from a grassy or-
chard floor at slopes of up to 35 degrees137. The machines 
sweep up the crop, run it through a blower, and deposit it 
into bins or a hopper. They are used primarily for apples and 
pears destined for cider but will work with nuts that fall to 
the ground, including walnuts, chestnuts, pecans, and hazel-
nuts. Secondary separation may be required for chestnuts 
since the burrs are likely to be swept up with the crop. The 
dealer noted that it might be more difficult to harvest hazel-
nuts if the orchard is not flat or if there are a lot of leaves on 
the ground.

The smaller, walk-behind units can harvest 1.5-2.5 tons per 
hour and start around $9,000 including freight and export 
taxes. Medium-sized, ride-on machines capable of harvest-
ing 4-5 tons per hour start around $30,000. Larger units that 
mount on a tractor are also available. 

Figure 5.6. A machine that can harvest crops with different harvest windows can be operated for more of the harvest season, effectively 
increasing the machine’s capacity per year and reducing overhead costs. 

Figure 5.7. The walk-behind model OB-50 would be suitable 
for smaller orchards.  
PHOTO COURTESY OF FEUCHT-OBSTTECHNIK. 

Figure 5.8. Mid-sized units like this OB 80R can be equipped 
with an unloading hopper. PHOTO COURTESY OF PRODUCETECH.

Figure 5.9. This OB 80 is configured to use standard apple 
bins. PHOTO COURTESY OF PRODUCETECH. 
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Processing
Adding value to your products by processing, packaging, or 
marketing them yourself can mean the difference between 
a crop making money or losing it. However, it usually takes 
more time, knowledge, and equipment than simply selling 
a raw agricultural crop. Some fruits and nuts may not have 
well-developed wholesale markets available, requiring di-
rect sales.

Some products can be sold straight after the harvest, while 
others may require some processing before they leave the 
farm. Most fruits will require prompt refrigeration or freez-
ing if not being processed immediately. Black walnuts must 
be promptly hulled, chestnuts will need a hot water treat-
ment and then refrigeration, and hazelnuts for direct sales 
must be sorted, washed, and dried. 

Several small-scale commercial nutcrackers are available if 
you desire to pursue direct sales of shelled nuts. Some nut 
growers develop their own specialized equipment. There 
are also a few cooperatives that may be able to custom 
process your harvest. 

PROCESSING REGULATIONS
Depending upon the product you would like to produce 
and your state requirements, you may have to do your 
processing in a certified commercial kitchen. Special “in-
cubator kitchens” are available in some areas to encourage 
small farm entrepreneurship. Often, low-risk foods may be 
processed at home if certain conditions or training are met 
and the product is going to be sold directly to consumers. 
Of course, alcoholic beverages like cider or wine will re-
quire special permits and facilities. Check with your state 
department of agriculture for guidance.

Figure 5.10. Most of the berries in this guide are processed into 
value-added products before they are sold. PHOTO BY KEVIN WOLZ.

Figure 5.11. Smaller-scale commercial nut processing equipment 
may allow niche markets to be developed. PHOTO BY MATT WILSON. 

Figure 5.12. If regulations allow it, consider lower-cost and adapt-
able infrastructure. This outdoor packing shed includes a wash 
station and walk-in cooler. PHOTO BY MATT WILSON.

Figure 5.13. Take into consideration the post-harvest handling and 
sorting needs of your crop. Here, workers are sorting black currants. 
PHOTO BY KEVIN WOLZ.
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GOALS
“A goal without a plan is just a wish.” —Antoine de Saint-Exupéry

What do you want to do? 
On any given piece of land, a variety of plants and ani-
mals could be put together into a workable, ecologically 
responsible agroforestry plan. Ultimately, the ideal system 
for your farm is the one that best fits your goals. Envision-
ing the long-term goals for your operation should take into 
consideration more than just your production and income 
targets. Your desired quality of life, family and communi-
ty involvement, and environmental improvement are all 
important. Resources such as Whole Farm Planning and 
Holistic Management are available for helping you devel-
op your goals into comprehensive management plans. Find 
one that fits your needs and stick with it. Although it may 
be uncomfortable or feel unnecessary at first, solid plan-
ning based on your desired outcomes will undoubtedly in-
crease your chances of success.

Whole Farm Planning
Whole farm planning helps balance the quality of life de-
sired by the farm family with long-term profitability and 
environmental stewardship138. The process can also include 
planning for retirement, investments, and transitioning the 
farm to the next generation139.

There are four steps in whole farm planning:

1.	 Setting goals

2.	 Making an inventory and assessment of the farm re-
sources

3.	 Developing and implementing an action plan

4.	 Monitoring on-farm progress toward goals

FOR MORE INFORMATION:
•	 Introduction to Whole Farm Planning (Minnesota In-

stitute for Sustainable Agriculture)

o	 A good introduction to the concepts of whole farm 
planning. Includes a list of useful resources138. 

	 http://misadocuments.info/WholeFarmPlan-
ning_complete.pdf

•	 Whole Farm Planning Model (Ohio State University 
Extension, 2017)

o	 A concise overview of whole farm planning 
process, with a focus on the business and family 
goal setting side of things, including retirement 
and transition plans139.

	 https://ohioline.osu.edu/factsheet/anr-52

Figure 6.1. Planning should take into account financial, ecological, and personal goals. PHOTO BY KEVIN WOLZ.

Figure 6.2. Quality of life and transitioning the farm to the next 
generation are important considerations. PHOTO BY MEG WILSON.

http://misadocuments.info/WholeFarmPlanning_complete.pdf
http://misadocuments.info/WholeFarmPlanning_complete.pdf
https://ohioline.osu.edu/factsheet/anr-52
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•	 Whole-Farm Planning: Ecological Imperatives, Per-
sonal Values, and Economics (Chelsea Green Publish-
ing, 2011)

o	 This Northeast Organic Farming Association 
(NOFA) handbook dives into assessing the whole 
farm (people, assets, money) along with a 
consideration of the ecosystems involved when 
building a framework for decision making. It 
includes case studies from actual farmers as well 
as alternative business models140.

	 http://www.chelseagreen.com/whole-
farm-planning

•	 Building a Sustainable Business

o	 An excellent overall guide for developing a 
business plan in the context of a sustainable 
farm business. Includes goal setting, marketing, 
financing, and examples from real farms. Available 
as a free download from SARE:

	 http://www.sare.org/Learning-Center/
Books/Building-a-Sustainable-Business

Holistic Management
Holistic Management® is a framework developed by Allan 
Savory that integrates decision making and farmer values 
into a farm management plan. It was originally implement-
ed in the context of grazing, but it can be adapted to other 
production models.

Values & Questions
As you develop a plan based on your goals and values, con-
sider the following topics and questions. You may have dif-
ferent goals than those outlined below, such as a primary 
focus on wildlife conservation, family food production, or 
education. Whatever your goals are, make sure to include 
them in your planning. 

MARKETING STRATEGY
FARMER’S MARKETS/ON-FARM SALES/YOU-PICK
These direct sales strategies require face-to-face interac-
tion with customers, which can be a good way to foster 
connection within the local community. Economically, re-
tail sales mean higher returns per unit of product, though 
there may be limits to the quantities local markets can han-
dle. Farmer’s markets require labor for transport, set-up, 
and tear-down. If visitors are going to be coming to the 
farm, you will have to consider vehicle access, parking, and 
liability insurance. 

Questions: Do I enjoy interacting with people? Am 
I willing to spend the time to set-up, tear-down, 
and sell at a market stall every week? Is there a 
big enough customer base in nearby cities? Is di-

HOLISTIC MANAGEMENT  
DECISION MAKING

•	 Look at all you manage - your team and assets.

•	 Develop a holistic goal with those involved.

•	 Consider ecosystem processes in your decision.

•	 Create the mission, vision, strategies, policies, 
and objectives for your holistic goal.

•	 Identify the tools available to manage your 
resources.

•	 Consider influential factors (experience, data, 
peer pressure, cost, etc.)

•	 Apply the seven tests to make sure your de-
cision(s) are sound and will lead toward your 
holistic goal.

•	 Before you make a decision, consider the un-
intended consequences that can arise within 
complex living systems.

•	 Use a feedback loop to monitor your decisions 
and plans. Plan, monitor, control, and replan, if 
necessary. 
 

For more information:  
https://holisticmanagement.org/

Figure 6.3. Field days and workshops are a great way to share your 
experiences in agroforestry. PHOTO BY MATT WILSON.

http://www.chelseagreen.com/wholefarm
http://www.chelseagreen.com/wholefarm
http://www.sare.org/Learning-Center/Books/Building
http://www.sare.org/Learning-Center/Books/Building
https://holisticmanagement.org
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rect-marketing important for my profitability? Is 
my product legal to sell at a farmer’s market? Is 
my farm set up for visitors/you-pick?

RESTAURANTS/GROCERY STORES
Restaurants typically offer good prices, but they expect 
high quality and consistency. Seasonality may be a problem 
for restaurants that want a consistent menu. Grocery store 
sales will require appropriate packaging, labeling, ordering 
and invoicing. Some establishments may require you to 
meet GAP (Good Agricultural Practices) certification.

Questions: Am I willing to seek out and main-
tain multiple restaurant or grocery accounts? Is 
it worth my time to deliver to multiple locations? 
Do I have a consistent enough product over a 
wide enough time range to satisfy restaurants and 
grocery stores? 

WHOLESALE TO PROCESSORS, AGGREGATORS, 
COOPERATIVES
Wholesaling means moving a higher volume of product 
with less time spent on advertising and customer ser-
vice, but at the cost of lower profits per unit of product. 
Often, the producer has little control over what they are 
paid, since the market usually dictates wholesale pricing. 
Cooperatives can make reaching larger markets possible 
for smaller growers and can give some bargaining power.  

ORGANIC CERTIFICATION

What does “organic” really mean? In the United 
States, the term is federally regulated, requiring pro-
ducers who use the word “organic” in their labeling to 
follow standards established by the National Organic 
Standards Board. In a nutshell (pun intended), organic 
farms must meet the following requirements:

•	 Fields must be managed to maintain or improve 
soil quality, a requirement that perennial systems 
usually meet. In annual crop production, farmers 
achieve this through longer crop rotations, cover 
crops, integration of livestock and crops, mulch-
ing, and other strategies.

•	 Synthetic fertilizers, pesticides, GMOs (Genet-
ically Modified Organisms) and treated seeds 
are prohibited, and a transition period of 3 years 
is required from the time of last application on 
acreage that is to be certified.

•	 Seeds, seedlings, and planting stock must be or-
ganic if possible. If no organic sources are avail-
able, conventional sources may be used as long 
as they are not genetically modified (GMO) and 
have not been treated with a prohibited sub-
stance. Non-organic perennial planting stock (like 
trees and shrubs) must go through a 1-year tran-
sition period before being considered organic. 

•	 Organic and conventionally grown products must 
be handled and stored separately.

•	 Records must be kept that allow a certifying agen-
cy to track the integrity of a product throughout 
the production and distribution chains.

•	 An annual farm inspection from the certifying 
agency is required in addition to filling out appro-
priate paperwork (known as an “organic system 
plan” or OSP).

•	 A processing fee varies by state and by certifying 
agency, but federal cost-share assistance is avail-
able:

o	 https://www.ams.usda.gov/services/grants/
occsp

Smaller farms that have less than $5,000 of gross sales 
in organic products are exempt from certification, 
though they must apply for the exemption and adhere 
to the organic regulations. 

If you are considering organic certification, your state 
department of agriculture should be able to give you 
information on the certifying agencies for your area. 

Figure 6.4. Some producers enjoy the community connection that a 
farmer’s market provides. PHOTO BY ERIK SCHEEL.

Figure 6.5. Your pest control philosophy will will influence your 
planning. PHOTO BY KEVIN WOLZ.

https://www.ams.usda.gov/services/grants/occsp
https://www.ams.usda.gov/services/grants/occsp
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Shipping may be required to reach distribution points. 

Questions: Will I have enough product to market 
wholesale? Am I willing to take lower prices in ex-
change for moving greater volume? Do wholesale 
markets exist in my area? Is a growers cooperative 
available, or could one be organized? 

PESTICIDES AND FERTILIZERS
Many producers are interested in limiting the use of syn-
thetic pesticides and fertilizers. Organic certification is one 
avenue for this, while potentially increasing the value of 
your products. Others may be comfortable incorporat-
ing appropriate chemical inputs as part of an integrated 
pest management (IPM) plan. Becoming certified organic 
will typically involve some tradeoffs which each farmer 
will have to weigh. Organic certification usually means 
increased recordkeeping, extra labor, and sometimes in-
creased production costs. However, the organic label is 
familiar to consumers and can increase the value of your 
crops. The whole suite of resources that an individual farm 
and its surrounding community have may be the determin-
ing factor – is there enough capital (human, natural, and 
financial) readily available to meet the standards in the 
short term without reducing the benefits of certification 
through increased effort? 

For more information, refer to the “Pest and Disease Man-
agement” section. Organic production is better suited to 
some crops than others:

o	 LESS CHALLENGING: pawpaw, chestnut, 
persimmon, honeylocust, black currant, aronia, Saskatoon, 
mulberry, elderberry, hazelnut

o	 MORE CHALLENGING: apple, pear, pecan, walnut

Questions: Am I comfortable spraying for insects 
and disease if needed? If not, am I willing to use 
organic alternatives that might be less effective or 
more costly? Do my customers demand organic 
certification or is there a strong enough market 
demand without it? Do my values make it worth-
while for me to follow organic practices, even if it 
is not strictly necessary? Can the crops I am inter-
ested in be managed successfully under organic 
management? 

FOSSIL FUELS
Most farms use fossil fuels, but recognizing that they are 
a limited resource is important. You may want to minimize 
fossil fuel use to reduce costs, increase sustainability, com-
bat climate change, or improve the resilience of your op-
eration.

Questions: Are there ways to integrate renew-
able energy (solar, wind, biomass) into my plans? 
Where can a biological resource be substituted 
for a fossil fuel powered resource (for example, 
grazing instead of mowing, or growing N-fixing 
cover crops instead of using fertilizer)? Would my 
business model work if the availability of fuel was 
limited or the cost went up significantly? What 
are the reasonable and appropriate uses for fossil 
fuels on my farm? 

LABOR/TIME
Estimating labor requirements is an important part of plan-
ning and goal setting. Time is easy to undervalue, but it is 
important not to sell yourself short. Likewise, good time 
management can help balance work and family life. Multi-
ple enterprises can spread out labor, but also make man-
agement more complex. Livestock (other than perhaps 
bees) require daily care. Set aside (paid!) time for non-pro-
duction activities like marketing, transportation, continuing 
education, planning, and recordkeeping. Interns and other 
“free” labor situations work best when there are clear ex-
pectations and a respectful and friendly work atmosphere.

Figure 6.6. Heating with wood is an excellent fit for agroforestry 
systems and is a great way to reduce fossil fuel use.  
PHOTO BY MATT WILSON.

Figure 6.7. Labor requirements for each enterprise is important for 
calculating the return on your time. PHOTO BY KEVIN WOLZ.
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Questions: What is my time worth? Would I like 
to spread labor out throughout the year, or do I 
prefer a couple of weeks of intense work, with the 
option to take time off? Am I comfortable hiring 
employees during harvest, or would I like to keep 
things on a scale that my family and I can han-
dle? Am I able to provide time, living space and 
emotional energy for short-term workers such 
as interns? Do I see fruit and nut production as a 
hobby, a side business, or a full-time occupation? 

EQUIPMENT
Buying expensive equipment can sink a farm into debt or 
open doors to new levels of production. Carefully consid-
er your need for equipment. Machinery requires mainte-
nance, fuel, and storage space. Although mechanization 
can increase the scale of production significantly, it will 
also increase costs. 

Questions: Do I want to keep equipment costs 
low and work primarily with hand tools? Would a 
two-wheeled walk-behind tractor be more appro-
priate for my scale? Do I have the shop space and 
the skills necessary to maintain a larger tractor or 
harvester? Can I rent or hire custom operators for 
the equipment I need?

INFRASTRUCTURE 	
All infrastructure (fences, refrigerators/freezers, buildings, 
waterers, greenhouses) requires an upfront investment 
and ongoing maintenance. The more you build, the more 
time and money you must put into taking care of it. Consid-
er portable or mobile structures whenever possible. They 
allow flexibility if plans change and may be subject to few-
er zoning and building regulations. Renovating existing in-
frastructure can be costly and time-consuming, so account 
for this in planning. 

Questions: What infrastructure will I need for 
each enterprise? Could it be used for multiple 
purposes? Would it benefit from being portable? 
Do I have existing infrastructure that could be re-
purposed?

Figure 6.10. PHOTO COURTESY OF GREG JUDY.

Greg Judy practices intensive rotational grazing on roughly 1600 
acres in Missouri. He is a strong proponent of leasing land instead 
of owning it. “My number one unfair advantage is rented land,” 
says Judy. He makes sure to improve the land he leases, dig-
ging ponds for watering, clearing brush, and benefitting the soil 
through rotational grazing. He encourages investing in livestock 
rather than machinery, as they do not break down like equipment 
and increase their numbers naturally: “Who has ever gone out 
to the barn in the morning to discover a baby tractor?” Another 
strategy is the use of fiberglass posts for high-tensile fencing. It 
will not rot, and if his lease changes, he can take the fence with 
him. Greg is a popular speaker and has written two books, avail-
able on his website: 

o	 http://www.greenpasturesfarm.net/

FARMER PROFILE: GREG JUDY

Figure 6.8. Walk-behind hay equipment. PHOTO BY MATT WILSON.

Figure 6.9. What infrastructure will you need? PHOTO BY MATT 
WILSON.

http://www.greenpasturesfarm.net
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LAND
Owning a piece of land may be an important goal for you 
and your family. Ensuring long-term control of a piece of 
property is necessary for growing tree crops. However, a 
mortgage may limit financial flexibility. Long-term leas-
es are becoming more common and can be a way to get  
access to land if capital is limited. Another thing to consid-
er is that a rental payment is tax-deductible as a business 
expense. 

Questions: Is owning land required for my plans, 
or would rented land work? Am I ready to com-
mit to a geographical area for the long-term? Do 
I require specific land characteristics for my farm 
plans (for example, you-pick, livestock, forest 
farming)? 

MONEY
For better or for worse, money is critically important to 
any farming operation. Careful enterprise budgeting and 
planning will avoid costly mistakes later. Access to capital in 
the form of savings or credit will be important when start-
ing any new enterprise. Building or doing things yourself 
can save money upfront but should be part of a longer- 
term plan. Government funding may be available for some 
practices.

Questions: Do I have the financial capability to 
begin an enterprise, or will I require outside fund-
ing to make it work? For the crops I am interested 
in, would it make more sense to invest heavily at 
the beginning to maximize potential profits soon-
er? Am I comfortable with debt? Would starting 
small and expanding as I have the means be a 
better option? Are there government funding op-
portunities that might be appropriate for what I 
want to do?

Figure 6.11. PHOTO BY FRANKIELEON, LICENSED UNDER CREATIVE 
COMMONS SA 2.0. FLICKR.
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DESIGN AND LAYOUT
“Those who are inspired by a model other than Nature, a mistress above all masters, are laboring in vain.” 

—Leonardo da Vinci

Design: Putting the 
pieces together
Design is a refining process: starting with all the possible 
trees that are adapted to the site, the choices are nar-
rowed down by evaluating livestock compatibility, harvest 
method, and the goals of the farmer until suitable species 
are settled upon. Once likely candidates are identified they 
are arranged spatially on a field map, taking into consider-
ation things like row spacing, temporal planning, machin-
ery size, and pollination requirements. 

At this stage, an economic analysis of the system would 
also be appropriate. It is important to understand the full 
costs and inherent risks in undertaking an enterprise like 
agroforestry. Unfortunately, comprehensive economic re-
sources are not yet available for complex, edible agrofor-
estry systems in temperate North America. However, there 
are several good enterprise budgets for individual crops 
like chestnut, hazelnut, walnut, and many fruits. See the 
“Economics and Funding” section for more details on avail-
able resources. 

Tree Spacing & 
Arrangement
CONSIDER INTERACTIONS
After choosing appropriate trees and livestock for your site, 
the next step is to consider how these species will interact 
with each other. Our goal is to arrange plants in a way to 
minimize competition and to take advantage of differenc-
es in size, light requirements, and nutrient needs15. In per-
maculture, the term “guilds” is used to denote a group of 
plants that work well together. For example, Tom Wahl of 
Red Fern Farm in Iowa found that chestnuts and pawpaws 
are good companions, and notes that persimmons and 
black walnuts grow better together141. 

LIGHT
One advantage of mixed species planting is the ability to 
stack different sizes of trees and shrubs to capture the 
maximum amount of light. Arrange shade-tolerant species 
like currants or pawpaws in the understory of larger trees. 

THE FRUIT AND NUT 
COMPASS: POINTING 

THE WAY TOWARD 
PROFITABILITY 

There is mounting evidence for the conservation ben-
efits of diverse, perennial ecosystems. Increasingly, 
new and experienced farmers are developing these 
systems by growing polycultures of fruits and nuts. To 
support these farmers, the Center for Integrated Agri-
cultural Systems at UW-Madison is currently develop-
ing the Fruit and Nut Compass. 

The Compass, funded by a two-year SARE grant, in-
cludes an economic-planning tool, which helps farm-
ers predict flows of revenue and expenses over a 20-
year timeline for up to 15 crops at once. In addition, 
CIAS is collaborating with the Savanna Institute in con-
ducting interviews to publish “Principles of Success,” 
which includes farmer case studies and a mini-docu-
mentary on fruit and nut farming.

The Compass will be available from CIAS alongside the 
popular Veggie Compass and the forthcoming Pasture 
Dairy Compass and Livestock Compass.

Figure 7.1. Design is where site information, soil maps, species 
profiles, and your goals come together. PHOTO BY MATT WILSON.
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For silvopastures, space trees so that there is about 50% 
sunlight available for the forage142,143.

BELOW-GROUND INTERACTIONS
The below-ground interactions in mixed agroforestry sys-
tems are complex. Trees, pastures, and alley crops may 
compete for water and nutrients in the soil144. Grouping 
deep-rooted species with those that have shallow root 
systems may compensate for some of this competition145. 
Yearly root pruning with a subsoiler or similar implement 
is recommended in alley cropping situations to train tree 
roots to grow deeper146.

GROWING FERTILITY
Nitrogen is the most limiting nutrient in most agricultural 
landscapes and is the primary fertilizer applied. Legumi-
nous trees like honeylocust (Gleditsia triacanthos), black 
locust (Robinia pseudoacacia), and alder (Alnus spp.) have 
the potential to increase nitrogen availability in a system, 
and in some circumstances can increase the growth of 
neighboring trees substantially147. Legumes are plants that 
have a remarkable relationship with a type of bacteria that 

can take nitrogen out of the air and convert it into a form 
that plants can use148. These “N-fixing” plants can increase 
the resilience of agricultural systems and save money be-
cause less fertilizer is required111. 

Utilizing leguminous trees in agricultural systems is more 
common in the tropics, where branches are cut and leaves 
are tilled into the soil to increase fertility. There are fewer 
models in temperate zones. A notable exception is Miracle 
Farm in Quebec where Stefan Sobkowiak has interplanted 
thornless honeylocust trees with apples and pears149. Legu-
minous groundcovers and pasture mixes can also provide 
nitrogen, which is discussed more in the “Site Preparation” 
section. 

POLLINATION 
Pollination requirements vary by species. Some fruits and 
nuts require careful consideration to match varieties, spac-
ing, and timing. Others are self-fruitful. For certain fruits 
or nuts, you may have to intersperse specific pollinizer va-
rieties throughout the orchard to get effective pollination. 
Consult extension and nursery sources for specific variety 
recommendations. 

TEMPORAL PLANNING:  
DESIGN WITH TIMING IN MIND

HARVEST DATES
Designing your layout according to the date of maturity 
will allow greater efficiency when harvesting and integrat-
ing livestock. Variety is especially important when consid-
ering harvest dates. For example, there are some varieties 
of apple that are mature as early as July, while others may 
not ripen until November. Predictable harvest timing is one 
of the major advantages to using grafted cultivars instead 
of seedling stock, as plants grown from seed will have vari-
able dates of maturity. 

If you are planning on doing you-pick, grouping varieties by 
maturity into blocks will create less confusion for your cus-
tomers, as unripe blocks can be roped off. Similarly, moving 
livestock like pigs through an orchard that is systematically 
grouped by maturity will make it easier to avoid problems 

Figure 7.2. Shade-tolerant species like currants can be grown 
under larger trees. IMAGE BY MATT WILSON.

Figure 7.3. Root nodules that harbor nitrogen-fixing bacteria.  
PHOTO BY NINJATACOSHELL. LICENSED UNDER CREATIVE  
COMMONS SA 3.0.

Figure 7.4. Orchard layout according to harvest date.  
IMAGE BY MATT WILSON.
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with soil compaction or tree damage that might happen  
if the animals had access to the entire orchard for a longer 
period.

SUCCESSIONAL PLANNING
In a natural ecosystem, a process of succession happens 
after a disturbance such as a wildfire. First, annual her-
baceous plants form a quick cover that protects the soil. 
Perennial grasses and shrubs then start to move in, along 
with pioneer trees, often legumes. Over time, longer-lived 
hardwoods will create a closed canopy forest that shades 
out the early pioneer species and favors shade-tolerant un-
derstory plants. 

We can follow this progression in our temporal planning 
while taking advantage of the opportunity for generating 
income in the short, intermediate, and long-term time-
frames. 

For example, early cash flow can be obtained by alley 
cropped grains or vegetables between rows of trees in the 
first few years. When partial shade from the trees starts 
to limit the productivity of sun-loving annuals, a grass-le-
gume forage mix can be planted and grazed by livestock11. 
Shade-tolerant plants like currants will remain productive 
in the intermediate term78. In a mature, closed-canopy 
orchard, mushrooms or medicinal herbs can supplement 
income from fruits and nuts. A cashflow analysis that ac-
counts for this yearly change in successional cropping is a 
useful way to evaluate various design elements.     

TREE SPACING AND ARRANGEMENT
WITHIN ROW
The spacing between trees within the row is usually deter-
mined by the mature size of the tree. You can also plant at 
a higher density and plan to thin the trees later to reach 
the final spacing, which is often done with nut trees that 
take longer to mature than fruit trees, as it generates high-
er yields early on16.

BETWEEN ROWS (ALLEYS)
Between-row spacing is determined by machinery widths, 
mature size of tree species, and sunlight requirements of 
the alley crop11,16. With closer spacing, the alley will become 
shaded sooner, requiring an earlier change to a shade-tol-
erant alley crop16. Most alley crops are not shade-tolerant, 
so if the grower wishes to maintain annual income as long 
as possible, alleys should have a wide spacing. If you would 
like to grow sun-loving plants for more than 5 to 10 years, 
alley widths of 75 feet or more may be required16. For nut 
production, make alleys wide enough to allow trees to 
develop a full crown without competition16. For timber 
production, space trees closer together to maximize the 
number of trees per acre and encourage straighter trunk 
growth with fewer branches. In general, allow 8-15’ be-
tween trees in the row and  24-40’ between rows for silvo-
pasture11. Laying out your planting on a simple grid (equal 
spacing between all the trees) makes it possible to mow in 
different directions, although it may not work if you plan 
on integrating shrubs into your tree rows. 

SUCCESSIONAL PLANNING:  
SHORT, MEDIUM, & LONG TERM

Figure 7.5. Sun-loving corn can be grown when trees are 
small, winter wheat is a good intermediate crop, and pas-
ture can be established in the longer-term.  
IMAGES BY MATT WILSON. 

Figure 7.6. Use equipment as an aid to determine alley width. 
Don’t forget to leave some extra to avoid damaging trees.  
IMAGE BY MATT WILSON.
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ROW ORIENTATION
For sloping sites, the usual advice is to orient rows along 
contours to help prevent erosion. However, strict adher-
ence to contours will usually make for rows of uneven 
widths, which can be problematic when using machinery 
for tasks like mowing and harvest. Using Keyline planning 
can help maximize the number of trees while still main-
taining a relatively uniform spacing between the rows of 
trees for mowing and other fieldwork. For flatter areas, 
east-west oriented rows will provide more sunlight for the 
alley crop than those oriented north-south146. Researchers 
in Canada found that a northwest-southeast orientation 
worked best for alley cropping at their latitude.

Design Layout
The next step is to finalize the planting design, which will 
be used for field planting and to generate nursery lists. This 
be done on paper or digitally. If your site is mostly flat and 
you have straight rows, the process may be relatively sim-
ple. Keyline or contour planting for sloped terrain is more 
of a challenge. For complex situations, it might be worth 
hiring a competent designer who is familiar with the type 
of plans you need.

PAPER
When working on paper, bigger is usually better. Print out a 
large aerial map and use tracing paper to denote different 
layers- infrastructure, alley crops, trees, etc. Try different 
designs. Inexpensive rulers, compasses, and templates are 
available to make scale drawing easier. You can even cut 
small templates out of cardstock that match the scale of 
trees and trace around them for individual tree layouts.

DIGITAL
As mentioned earlier, free digital resources are available 
to help with spatial layouts. Google Earth will allow you to 
mark out and measure field boundaries (using polygons), 
note structures and hazards (with points), and print out 

Figure 7.7. Planting at a higher density and thinning as the trees 
grow is a common strategy to increase yields early on or to en-
courage straighter growth of timber. Here, chestnuts are originally 
spaced 20’ apart. The first thinning removes trees on the diagonal, 
and the second thinning leaves trees at their final 40’ spacing. 
IMAGE BY MATT WILSON.

HIRING A DESIGNER VS.  
DO-IT-YOURSELF

Every person brings a unique set of skills and passions 
to the design process. You may really get a kick out of 
trying to fit everything together like pieces of a puzzle. 
For others, this seems like a huge barrier that must be 
overcome before the actual farming can start! These 
systems are complex, and hiring a competent agrofor-
estry consultant to be involved in the planning process 
is worth considering. Some may even be able to help 
with economic planning and get you connected with 
markets or cooperatives. Even if you do most of the 
design yourself, an experienced set of eyes can look it 
over before you commit to the expensive and lengthy 
process of planting and caring for trees.
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maps. It will not easily accomplish scaled planting designs. 
Sketchup is probably the best free tool available for spa-
tially explicit layout. Once the basics have been mastered, 
a 2D (flat) design can be drawn to scale relatively quickly. 
Dealing with contours and keylines on sloped terrain will 
take intermediate to expert level competence. Online tu-
torials are available to get you started. 

Mapping step-by-step:	

1.	 If you have not done so already, mark all existing infra-
structure on a map layer. On another layer, put down 
future infrastructure that you plan to install.

2.	 Equipment will need space to turn around at the ends 
of tree rows. The amount of space will depend upon 
the type of equipment you have. A rough guideline 
would be to leave 30’ or so. Mark this offset around 
the inside of the field boundaries on your map. Your 
tree rows should not extend past this offset.

3.	 Draw in tree rows, ensuring the distance between 
them is correctly scaled.

4.	 If a single row is going to be made up of different vari-
eties of trees (i.e. for grouping by maturity or to inter-
sperse pollenizers), note the individual trees for each 
row. 

NURSERY LIST
Once you have your layout finished, you can generate a 
nursery list with the number and type of trees to purchase 
or propagate. To figure out the number of trees per row, 
measure each row (if different lengths) and divide the 
length by how far apart your trees will be in the row. For 
example, a 250’ long row with 30’ spacing between trees 
would be 250/30= 8.3 trees, rounded down to 8 trees per 
row. Add up the number of each variety and compile it into 
a final nursery list. Adding a certain number of extra trees 
to make up for runts or losses should be considered.

A NOTE ABOUT SCALE
Drawing something “to scale” is important when making your field plan. This means that the plans accurately depict 
the correct size for the image or map you are using. For example, if your scale is 1:100, an inch on the paper would cor-
respond to 100 inches in real life. You can measure the scale bar on a printed map with a ruler to calculate a workable 
scale. 

We will calculate the scale of the printed map below as an example, but keep in mind that this map is really too small for 
practical use. Your maps should be as large as possible. For this map, the scale bar measures 6.5 centimeters for 200’. 
Dividing 6.5cm by 200’ gives 0.0325 centimeters per foot. If rows 30’ apart are desired, we would multiply the centime-
ters per foot (0.0325) x 30’ = 0.975, or roughly one centimeter (10mm). A ruler can then be used to mark out rows on 
the map one centimeter apart. 

Sketchup, Google Earth, and AutoCAD allow you to work at the appropriate scale. Drawing programs like Paint or Pho-
toshop usually do not. 

Figure 7.8. A simple layout generated by a combination of Google Earth Pro and Sketchup.
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OBTAINING PLANTS
“The creation of a thousand forests is in one acorn.” —Ralph Waldo Emerson

Buying vs. propagating
You can obtain your plants by purchasing them, propagat-
ing your own, or some combination such as buying root-
stocks and grafting them yourself. Growing plants yourself 
will save money and ensure that you are getting the variet-
ies that you want. It may present an opportunity to recover 
some costs if you can grow more than you need and sell 
the extras. However, it can delay field planting by a year 
or two and requires labor, space, and some skill compared 
to buying from a nursery. Each species has specific propa-
gation requirements. No matter how you decide to obtain 
your trees, sourcing genetics that are suited to your partic-
ular location can be critical for success, especially for traits 
like cold-tolerance and disease resistance. 

PURCHASING TREES
When buying trees, it is important to find reputable sourc-
es. Nurseries that sell directly to the fruit and nut industry 
usually give bulk discounts. The cost savings may justify or-
dering more than you need and selling the excess to other 

growers. Some state forestry departments offer inexpen-
sive bareroot stock, although the selection of fruit and nut 
trees may be limited. Prices can range from $0.50 for trees 
grown from seed up to $15-$25 for grafted stock. Certain 
varieties may be unavailable commercially, and it is not un-
common to have to order grafted trees a year in advance to 
get the desired cultivar and quantity needed50.

BAREROOT
Most of the cultivars used in edible agroforestry are avail-
able in bareroot form. Without the soil, plants are easier 
to ship and to handle when planting. Bareroot seedlings 
are the best choice for mechanical planting, as they do not 
have as large of a root mass and are planted while dormant, 
typically in the early spring. Some growers have noted that 
bareroot trees are more challenging to grow because they 
need careful weed and moisture management in the first 
few years of establishment31. However, once established, 
bareroot and containerized trees tend to perform equally 
well150–152.

CONTAINERIZED (POTTED)
Larger stock and some specialty varieties are only available 
in a container. Typically, trees in pots are planted by shovel 
or with the aid of an auger, although you can plant small-
er containerized stock with a tree planter. As long as they 
are kept sufficiently watered, containerized trees can be 
planted during the growing season and may outperform 

Figure 8.1. Bareroot trees ready to be planted. PHOTO BY KEVIN 
WOLZ.

Figure 8.2. Potted European hazelnuts being grown out in the 
greenhouse before being transplanted to the field.  
PHOTO BY SYLVAIN COURNET.
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bareroot stock in situations where weed control is diffi-
cult152,153. Fully leafed-out trees may need to be hardened 
off by keeping them in a shady spot that is out of the wind 
for a few days. Pruning trees before planting can help the 
roots keep up with the top growth early on. Containerized 
trees are usually more expensive than bareroot, especially 
if you have to pay for shipping.

Growing from Seed
WHAT YOU SEED IS WHAT YOU GET
Most fruit and nut seed will not grow true to type, mean-
ing that even if the seed came from good parents, seed-
lings may or may not display the same qualities. Fruits like 
aronia and Saskatoons change very little when propagated 
from seed, while others like apples may have tremendous 
variability and are almost never planted from seed71,154. 
Species like chestnuts and pawpaws are somewhere in the 
middle, as seedlings from improved parents often prove 
worthwhile, but grafting is also a common practice when 
precise characteristics are desired50. 

You can use seed-grown trees as rootstocks for improved 
varieties by grafting. Chestnuts, walnuts, persimmons, 
pawpaws, honeylocust, and pecans are all suited to this 
technique. Apples and pears were traditionally grafted 
onto seedling rootstocks, but the trees end up very large 
and vigorous, making pruning and harvest more of a chal-
lenge than trees on dwarfing rootstocks. These days, most 
apple and pear rootstocks are vegetatively produced by 
layering or micropropagation. 

Growing from seed will delay the harvest by one or two 
years over purchasing already grafted stock, so account for 
this delay in revenue when deciding to use seed. Another 
disadvantage of seedling trees is that yield, quality, size of 
fruit, and harvest date can be highly variable, making har-
vest logistics and marketing more difficult50.

STRATIFICATION
Many fruit and nut seeds must go through a period under 
cold, moist conditions to germinate, known as stratifica-
tion. In nature, this ensures that the seeds do not germi-
nate right after falling off the tree, which would put them 
at risk for winter damage. For many species, putting seed 

Figure 8.3. Direct seeding is done by planting more seed than you need, selecting the best of the seedlings that grow, and grafting (if desired) 
onto it. IMAGE BY MATT WILSON.

Figure 8.4. These chestnuts are being stratified in moist peat moss 
in a refrigerator. They will be ready to plant in the spring.  
PHOTO BY MATT WILSON.



P
E

R
E

N
N

IA
L

 P
A

T
H

W
A

Y
S

64

in a well-labeled plastic bag with moist sand or peat moss 
in a refrigerator for the required time is sufficient. Time, 
temperature, and moisture requirements vary by species. 

DIRECT SEEDING
Plant stratified seed in the early spring. You may choose to 
plant seeds directly in the location of the adult tree. This 
strategy avoids any potential for transplant shock and en-
sures well-anchored root systems, which is especially im-
portant for trees like persimmon and pawpaw that do not 
transplant very well. One technique is to plant 4 or 5 seeds 
in a mound, then cut out all but the best seedling after a 
year or two when grafting. Weed control, irrigation, and 
pest management may be more difficult for small seedlings 
that are spread out over a field rather than consolidated in 
a nursery bed. Field grafting will be required if particular 
cultivars are desired50.

NURSERY BEDS
In a nursery, you can care for many seedlings in a small-
er space, saving labor and potentially increasing survival 
over field-grown trees. A nursery can be as simple as a 

cultivated raised bed. Adding wooden sides and covering 
the bottom with wire mesh before filling it with soil keeps 
burrowing rodents out, while a similar cover over the top 
will discourage squirrels, birds, and rabbits. Seeds can be 
spaced only a few inches apart as they will be transplanted 
to their final locations before they start to compete much. 
Amending the soil with compost, peat moss, or sand can 
make digging seedlings easier. Consider installing irrigation 
for dry periods, or put the nursery within reach of a hose. 

STARTING SEED IN CONTAINERS
Planting seed in containers will give you more flexibili-
ty in planting, as potted plants can handle a wider range 
of planting conditions than bareroot plants. Trees in pots 
need more careful attention to watering and fertility than 
trees in a nursery. Plants can also become rootbound if left 
in pots for too long, which may affect their long-term vigor. 
Special pots to help prevent this condition are available. 

Vegetative Propagation	
GRAFTING	
Grafting involves attaching the vegetative bud (called a sci-
on) of the desired variety to another plant (the rootstock). 
The scion is permitted to grow, while the vegetation of the 
rootstock cut out. What results is a tree that is genetically 
identical to the grafted variety, though the form and vigor 
of the tree may differ because the rootstock also plays a 
role in disease resistance and size. 

Grafting trees yourself can save money, especially if many 
grafted trees are required, but it takes some practice to de-
velop the skill. Finding suitable rootstocks and scionwood 
takes time, and grafted trees often need to spend an extra 
season in a nursery bed before being planted out. Graft 
failure can be high when first learning, which means trees 

CLONAL ADVANTAGE  
VS. GENETIC DIVERSITY

Using asexual techniques for propagating has ad-
vantages. Since the material is genetically identical 
to the parent, it will retain the same characteristics 
for yield, flavor, harvest date, and disease resistance. 
Grafting enables the use of rootstocks that impart 
disease resistance or dwarfing while still retaining 
the uniformity of harvest from tree to tree. Most 
fruit and nut species today are produced through 
vegetative means.

However, growing plants from seed introduces genet-
ic variability that may prove beneficial— genetically 
identical populations may be more likely to succumb 
to disease than those that are very diverse, and a 
heterogeneous planting is more likely to produce 
individuals that are especially suited to a particular 
locale or that have superior characteristics. Several 
commercial fruit and nut cultivars have come from 
random cross-pollination or wild seedlings. 

Figure 8.5. This nursery bed is sheltered by a shipping container 
that is being used as a storage shed: a great example of portable 
infrastructure. PHOTO BY KEVIN WOLZ.

Figure 8.6. A clearly visible graft union on a chestnut. PHOTO BY 
MATT WILSON.
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will have to be re-grafted or replaced. There are many 
grafting techniques, some more suitable to certain species 
than others. A hands-on lesson from someone is the best 
way to learn.

CUTTINGS
Aronia, elderberry, mulberry, and currants can be propa-
gated by cutting off shoots or branches at the appropriate 
time and putting them in soil or potting media, where they 
will take root78,155,156. As these species also benefit from 
yearly pruning, an opportunity exists for multiplying num-
bers of plants very rapidly and at little extra cost or labor. 
Consult appropriate resources to determine the best tim-
ing and techniques for individual species. 

MOUND LAYERING
Mound layering (also called ‘stool layering’) can be used 
for European hazelnuts and apple rootstocks, though with 
American hazelnuts layering has had mixed results157. The 
winter before laying, cut the tree or shrub to the ground. 
The following spring, multiple shoots will sprout from the 
stump. You then girdle these sprouts either by wrapping 
with wire or cutting the bark in a certain way. Soil, sawdust, 
or peat moss are mounded up around the shoots. Because 
of the girdling, each shoot will start to send out roots, and 
when they are ready, you cut and transplant each shoot 
individually.

Figure 8.7. Elderberry cuttings ready to be transplanted. PHOTO BY 
SYLVAIN COURNET.



P
E

R
E

N
N

IA
L

 P
A

T
H

W
A

Y
S

66

FIELD PREPARATION
“By failing to prepare, you are preparing to fail.” —Benjamin Franklin 

Off to a Good Start
We cannot overstate the importance of adequate field 
preparation. Time and effort put into ensuring your trees 
are off to a good start are well worth the investment. For 
best results, start preparing two or three years in advance. 
Once trees are in the ground, it becomes much more dif-
ficult to deal with problems like pernicious weeds, subsoil 
compaction, or nutrient deficiencies that you could have 
addressed earlier. 

Soil Prep
HEAVY EQUIPMENT
Field prep starts by installing any fences, water lines, ter-
races, ponds, or other features that require heavy equip-
ment31. Take care to avoid removing or burying topsoil, if 
possible. Remove any hazards such as old stumps or rocks 
that might damage a mower26. If utilizing deer fence, in-
stall it before planting trees. Otherwise, have tree shelters 
on hand for installing shortly after planting, preferably the 
same day. To avoid compaction, do not use machinery 
when the soil is wet.

COMPACTION
Next, evaluate the level of existing compaction. Crop fields 
and pastures can become compacted over time due to 
equipment use or livestock hoof traffic. Tree growth will 
be compromised if roots cannot penetrate past the com-
paction zone159. 

Measuring compaction can be done with a tool called a 
penetrometer, which can be purchased for a few hundred 
dollars or perhaps borrowed from a forester or extension 
agent. It is pushed into the soil while a gauge is read. Mul-
tiple readings will be required to be accurate, so sample 
every few hundred feet, or at least three to four samples 
per acre. Readings above 300psi indicate significant com-
paction, so if greater than 50% of the samples taken read 
above this threshold, you should subsoil (see below)160. Be-
cause the readings on a penetrometer can vary depending 
upon the soil moisture, the soil type and profile should also 
be considered161,162. If soils are naturally poorly drained or 
very clayey, subsoiling may be ineffective.

SUBSOILING
Subsoiling is the practice of ripping a deep groove in the 
soil, breaking up compaction and creating a favorable envi-
ronment for roots by allowing water and air into the soil11. 
You can also use a subsoiler after trees are established to 
prune tree roots to prevent trees from competing with al-
ley crops16.

Subsoilers usually consist of a set of shanks mounted to the 
3-point hitch of a tractor. For orchard preparation, subsoil 
along the rows where the trees will be. If possible, rip in 
both directions, making a grid26. On flatter sites, plan the 
subsoiling rip lines so that they cross where trees are to be 
planted, allowing the tree roots to grow outward in four Figure 9.1. Operating vehicles on wet soil can cause compaction. 

PHOTO BY KEVIN WOLZ.

Figure 9.2. A handheld soil penetrometer. PHOTO BY HPSY, RELEASED 
INTO PUBLIC DOMAIN ON WIKIMEDIA COMMONS.
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directions. On sloping sites, subsoiling should follow con-
tours or keylines. 

Getting a subsoiler set up correctly can be tricky. Research 
in Quebec found the most common problems were a lack 
of tractor power (at least 40 HP per shank is required to 
pull a subsoiler at 15-17” depth)162, poor balancing, tine 
protection mechanisms that were too weak, or a limited 
working depth161.  

Although subsoiling does not create a traditional dead fur-
row like a moldboard plow would, be aware that it can still 
raise a significant divot that can create bumpy conditions 
for vehicle traffic or hay making activities. Coulters (disks) 
ahead of shanks and packing wheels behind help with re-
ducing and breaking down clods161. For more information 
about subsoiling, consult:

•	 A Guide to Successful Subsoiling (CETAB, 2015)

o	 https://www.cetab.org/system/files/
publications/weill_2015._guide_to_successful_
subsoiling._cetab.pdf

ADJUSTING NUTRIENTS AND PH
If you have modified a field by major earthmoving, it might 
be worthwhile to take another soil test to give a more ac-
curate basis for adjusting nutrients26. If you plan on using 
organic amendments like compost, manure, or rock pow-
ders, they can be applied to cover crops to give time for 
some of the nutrients to break down into a plant-available 

form. The cover crops will take up the nutrients as they 
grow, which will help prevent them from being lost by 
leaching. The cover crop will eventually release these nu-
trients back into the soil as it breaks back down into organ-
ic matter. Again, consult your soil test recommendations, 
and contact your county extension agent or an agronomist 
when in doubt.

To increase pH, apply lime at the rate recommended on 
your soil test at least six months ahead of tree planting. 
Incorporating lime into the soil with tillage will allow it to 
start modifying pH sooner than if you spread it on the sur-
face, which can take up to a year to take effect144. If less 
than two tons of lime per acre are required, make a sin-
gle application after plowing, then disk thoroughly. If more 
than two tons are needed, apply half of the lime, disk once 
to incorporate, plow, then apply the other half and disk 
again. If you need to bring the pH down, elemental sulfur 
is most commonly used. 

If you have multiple species with varying pH requirements, 
aim for a pH of around 6.5, or adjust your plans so that 
species with similar requirements are together34. 

Manage Weeds Before 
Planting Trees 
Weed control is one of the most important things you can 
do to improve the survival and growth of young trees163–165. 
Making an effort to eliminate perennial weeds and de-
plete the weed seed bank before planting trees will make 
it much easier to keep weeds in check later on34. Choosing 
an effective control strategy will depend upon the species 
of weeds present, availability of equipment, topography, 
and your goals, such as conventional or organic manage-
ment. Herbicides can be used on non-organic sites, while 
non-chemical options include tillage, cover cropping, 
mulching, and solarization. 

FIELD CONDITIONS AND WEED POPULATIONS
If the field has been in row crops, weed management 
should focus on preventing annual weeds from establishing 
and going to seed. Sloped areas, pastures, and fallow fields 
often contain highly competitive perennial grasses and 
legumes like smooth brome, orchard grass, reed canary 
grass, tall fescue, alfalfa, or birdsfoot trefoil23,148. For these 
areas, you may have to remove the existing vegetation and 
plant a groundcover that is less competitive. Tenacious 
weeds like Canada thistle, Johnsongrass, field bindweed, 
poison ivy, poison hemlock, brambles, and multiflora rose 
may require more than one season of intervention for ad-
equate control, especially under organic management26,34.

HERBICIDE
Broad-spectrum herbicides like glyphosate (Roundup®) are 
commonly used to kill vegetation before planting. You can 
apply herbicides to the whole field if establishing a new 
groundcover or alley crop, or just in the tree rows if keep-
ing the existing sod in the alleys11. Some perennials will re-
quire two or three applications for complete control26. 

Figure 9.3. A two-shank subsoiler. PHOTO BY KEVIN WOLZ.

Figure 9.4. Apply lime at least 6 to 12 months ahead of planting 
trees. PHOTO BY MARK ROBINSON, LICENSED UNDER CREATIVE  
COMMONS 2.0. WIKIMEDIA COMMONS.

https://www.cetab.org/system/files/publications/weill_2015._guide_to_successful_subsoiling._cetab.pdf
https://www.cetab.org/system/files/publications/weill_2015._guide_to_successful_subsoiling._cetab.pdf
https://www.cetab.org/system/files/publications/weill_2015._guide_to_successful_subsoiling._cetab.pdf
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If the field has been under conventional crop management 
that included herbicide use, there is a chance that herbi-
cide-resistant weeds may be present. If there is a known 
history of resistance, adjust plans or herbicide formula-
tions accordingly. For all herbicide use, follow label direc-
tions or hire a competent professional.

TILLAGE
Tillage is the primary organic method of weed control 
during site preparation. Although ongoing tillage can dam-
age soil health, it is a reasonable tradeoff to use tillage to 
establish a perennial planting that will remain untilled for 
many years to come. If a field has been in pasture or has 
grass species present, shallow tillage with a disk harrow or 
rototiller will not be adequate for control by itself. A better 
bet is to moldboard plow, followed by several passes with 
a disk or other cultivator31.

After plowing, use shallow tillage every ten days or so for at 
least a month to reduce the number of viable weed seeds 
in the weed seed bank and deplete the nutrient reserves of 
perennial weeds34. Using this technique at various times of 
the year will control differing weed populations. 

Perennial weeds with underground rhizomes like Canada 
thistle (Cirsium arvense) or Johnsongrass (Sorghum halep-
ense) are especially difficult to eradicate, as a single tilling 
operation will only chop up and distribute underground 
pieces— each of which will sprout into a new weed. How-
ever, frequent tillage will eventually deplete the weed’s 
nutrient reserves.

ORGANIC SITE PREPARATION ON SLOPING FIELDS
It is likely that sloped sites will have perennial weeds but 
the risk of erosion limits the possibility tilling the whole 
field for weed control. One option is to strip-till just the 
planting rows or a small area for each tree. After tilling, 
plant a less competitive living mulch like white clover or 
fine-leaved fescue, taking care during establishment to 
limit erosion by spreading a thin layer of straw after plant-
ing147. Alternately, a manufactured mulch such as weed 

DELAYING ORGANIC CERTIFICATION 
DURING ESTABLISHMENT

It might be worth considering taking a field out of 
organic management during tree establishment166. 
You can then use herbicides, synthetic fertilizer, and 
non-organic seed for field prep. By the time most 
trees are mature enough to produce fruit, the 3-year 
organic transition period will have ended and the field 
can be certified again. Of course, you will not be able 
to grow any certified organic alley crops or livestock 
during this period. Non-organic perennial planting 
stock requires one year before it can be considered 
organic, but this is rarely an issue as most perennials 
do not fruit during the first year167,168.

Figure 9.5. Herbicide strips in preparation for tree planting. PHOTO BY KEVIN WOLZ.

Figure 9.6. Moldboard plowing may be required for adequate field 
preparation, especially under organic management. PHOTO BY 
ÅSMUND LANGELAND, LICENSED UNDER CREATIVE COMMONS SA 3.0. 
WIKIMEDIA COMMONS. 
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fabric or recycled cardboard with a layer of wood chips or 
straw on top may be viable as long as the material and la-
bor are available169. See the “Weed Control: Post Planting” 
section for more details.  

COVER CROPS 
Whether using conventional herbicides or organic tech-
niques, growing cover crops during site preparation will 
help choke out weeds, add organic matter to the soil, and 
prevent erosion34. Cover crops can also be used in alleys 
after you plant trees, but they should be kept far enough 
apart to avoid competition between the cover crop and  
the trees.

Two of the best summer cover crops for choking out weeds 
and building soil are hybrid sorghum-sudangrass (often 
called ‘Sudex”) and buckwheat. Both are planted when the 
soil temperatures warm up, typically around June170. 

Cool-season cover crops include cereal rye, winter wheat, 
hairy vetch, tillage radish, and Austrian winter pea. These 
fall  planted cover crops will hold the soil over the winter 
and grow rapidly in the spring170.

In addition to directly smothering weeds, cover crops may 
have a place in generating on-site mulch. In one study, re-

searchers planted sorghum-sudangrass the summer be-
fore establishing hybrid poplar. The sorghum-sudangrass 
was then cut and raked into the tree rows the following 
spring when the trees were planted. Trees with the mulch 
had higher survival rates than those without, likely due to 
increased moisture retention under the mulch171.

Similar research in Illinois used a cereal rye cover crop 
mulch for establishing apples. Rye was planted in the al-
leys in the fall, and white clover was frost-seeded in late 
winter into the standing rye. The following spring, the tree 
rows were tilled, the apples were planted, and tree tubes 
were installed. The rye was cut with a sickle-bar mower at 
the flowering stage and raked into the tree rows. After one 
season of growth, trees with the cover crop mulch were an 
average of 39% taller and had a 62% larger trunk diameter 
than the trees grown in plots without weed control. The 
apple trees in the wood chip treatment in the study had 
the best results of all— they were 89% taller and had 120% 
larger trunks. 

An excellent free resource for detailed cover crop informa-
tion is Managing Cover Crops Profitably, available from 
SARE: 

o	 http://www.sare.org/Learning-Center/Books/
Managing-Cover-Crops-Profitably-3rd-Edition

SOLARIZATION
Solarization has been successfully used in preparing organ-
ic sites for planting pollinator habitat, and the method may 
be suitable for tree establishment172. To solarize a planting 
area, spread a clear sheet of UV-stable plastic over tilled 
soil and bury the edges. The heat under the plastic kills 
weeds and some soil-borne pathogens. Remove the plas-
tic before planting your trees. Solarization would only be 
appropriate for smaller orchard sites, as the cost of plastic 
can be high if it is not available used172. For more informa-
tion about solarization, refer to:

•	 Wildflower Establishment— Organic Site Preparation 
Methods (Xerces, 2016)

o	 http://www.xerces.org/wp-content/
uploads/2016/10/Organic-Wildflower-
Establishment_Oct2016_FINAL-web.pdf

Figure 9.7. A combination of cover cropping and strip tillage. PHOTO BY MATT WILSON.

Figure 9.8. No-till drills can often be rented or borrowed from local 
conservation offices or watershed districts. PHOTO BY KEVIN WOLZ.

http://www.sare.org/Learning-Center/Books/Managing
http://www.sare.org/Learning-Center/Books/Managing
http://www.xerces.org/wp-content/uploads/2016/10/Organic-Wildflower-Establishment_Oct2016_FINAL-web.pdf
http://www.xerces.org/wp-content/uploads/2016/10/Organic-Wildflower-Establishment_Oct2016_FINAL-web.pdf
http://www.xerces.org/wp-content/uploads/2016/10/Organic-Wildflower-Establishment_Oct2016_FINAL-web.pdf


P
E

R
E

N
N

IA
L

 P
A

T
H

W
A

Y
S

70

COVER CROP MULCH

Figure 9.10. After tree planting, the cover crop is cut and raked 
with hay equipment (here, a BCS tractor and Molon hay rake). 
PHOTO BY MEG WILSON.

Figure 9.11. The mulch will supress weeds and conserve mois-
ture. PHOTO BY MATT WILSON.

Figure 9.9. A rye cover crop grown in the alleys between trees. 
PHOTO BY MATT WILSON.

Figure 9.12. Adequate biomass is required for good weed con-
trol:  at least 3”-4” when settled. PHOTO BY MATT WILSON.

Figure 9.13. Comparing the effects between no weed control (left) and rye cover crop mulch (right). PHOTO BY MATT WILSON.
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Establish Groundcover or 
Alley Crop
GROUNDCOVER
If you are not planning on cropping or grazing the alleys, 
plant a suitable groundcover to protect the soil and pro-
vide a surface for machine traffic. Choose a species that 
is low-maintenance, non-competitive, and shade tolerant. 
A mixture of grass and legume species is preferred, as the 
legume will contribute nitrogen to the system. Suggested 
species include turf-type perennial ryegrass, fine-leaved 
fescue (hard, creeping red, or Chewing’s), and Dutch white 
clover31. Plant the groundcover in August or September, 
and either spray or till a 2’-3’ strip the following spring 
to plant your trees into21,26. Clover can be successfully 
frost-seeded into a standing cover crop or groundcover in 
late winter. 

SILVOPASTURE
If an alley is to be grazed or cut for hay, you should choose a 
forage species that will remain productive in partial shade. 
Cool-season forages like clover, tall fescue, bluegrass and 
orchardgrass grow as well or even better at 35-65 percent 
sunlight than in open pastures124. If using tall fescue, con-
sider investing in novel-endophyte varieties, as the regular 
KY-31 tall fescue harbors an endophytic fungus that can 
negatively affect livestock health.

In a pasture or hayfield, mixes that contain at least 33% 
legumes do not require additional nitrogen fertilizer. Inte-
grating legumes into a stand of grass can increase the total 
yield, even compared to stands that receive commercial 
nitrogen fertilizers143. 

ALLEY CROPS
If you are actively growing grains or vegetables in the alleys 
between trees, you can either integrate a cover crop into 
the rotation while establishing trees or continue cropping. 
For the  planting year, you will have to carefully plan how 
site preparation and tree planting will be accomplished 
without damaging the alley crops. Likewise, any manage-
ment for the crops like spraying herbicide or cultivation will 
need to be adjusted to keep from harming young trees.

Figure 9.14. A fall-planted alley crop that was drilled into an herbi-
cide-killed sod. PHOTO BY SYLVAIN COURNET.

Figure 9.15. A winter alley crop putting on growth in the early 
spring. PHOTO BY KEVIN WOLZ.

Figure 9.16. Frost seeding clover is an efficient way of establishing 
a groundcover. PHOTO BY MATT WILSON.
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Site prep scenario: 
The following scenario is an at-a-glance plan for site prep. Adjust it according to your site and situation. This plan would only 
be suitable for minimally sloping sites due to erosion concerns. 

Year 1:
1.	 Earthmoving: rocks, stumps, waterlines, swales, terraces (prevent erosion with cover crop or mulch)

a.	 Conventional: Herbicide in Fall 

Year 2: 
SPRING

2.	 Plow, disk 1x

3.	 Subsoil

4.	 Weed control: Spring

a.	 Organic: Stale seedbed

i.	 Shallow tillage every 10 days for at least a month

b.	 Conventional: Herbicide

SUMMER

June

5.	 Adjust nutrients/pH

a.	 If planting sorghum-sudangrass: 75-100 lb. N/A170

b.	 Add 50 lb. N, correct P and K

6.	 Cover crop: Summer

a.	 Sorghum-sudangrass: warm soil (2 weeks after prime corn date for your area), 35-40 lbs. (drilled) or 40-50 
lbs. (broadcast), 1-2” deep170

b.	 Buckwheat: Soil temps at least 65 degrees, 50-60 lbs. (drilled), 70 lbs. (broadcast), 0.5-1.5” deep

July-Aug

7.	 Mow, let it regrow/reseed

i.	 Sorghum-sudangrass: mow when it is 3’-4’ tall, leaving 6” stubble height170

1.	 Option: cut and rake residue into future tree rows for mulch

ii.	 Buckwheat: mow at 6 weeks (before seed is viable), incorporate and plant second crop of buck-
wheat172

1.	 Option: let seed mature, mow and lightly till for reseeded second crop

Aug-Sept

8.	 Mow and Plow cover crop

a.	 Option: cut and rake sorghum-sudangrass residue into future tree rows for mulch

9.	 Weed control: Late summer/Fall

a.	 Organic: Stale seedbed

i.	 Shallow tillage every 10 days for at least a month

b.	 Conventional: Herbicide

10.	 Add additional amendments 
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Sept-Oct

11.	 Cover crop: Fall/Winter

a.	 Rye: 60-120 lb. (drilled), 90-160 lb. (broadcast), 0.5”-1.5 “ deep170

b.	 Option: Seed groundcover or silvopasture mix for alleys (August or September)

Year 3:
SPRING

Feb-Mar

a.	 Option: Frost seed clover into alleys

a.	 Broadcast 7-14 lb. white clover early in the morning when frost is still in the soil

Apr-May

12.	 Mow Winter Cover Crop

a.	 Option: Strip-till/spray herbicide 2’-3’ wide in tree rows two weeks before planting trees

b.	 Option: cut and rake residue for mulch in tree rows

13.	 Flag tree locations (Layout)

14.	 Plant trees

15.	 Install tubes, irrigation

a.	 Option: establish alley crop

16.	 Begin post-planting weed control

a.	 Herbicide

b.	 Mulch

c.	 Tillage

d.	 Mowing

Aug-Sept

17.	 Plant groundcover in alleys, if not already established
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PLANTING TREES	
“The best time to plant a tree was twenty years ago. The second best time is now.” –—Anonymous 

Planting Prep
FIELD LAYOUT: MARKING TREE LOCATIONS
You should mark out where your trees will go before plant-
ing them. The simplest way to transfer the plan from your 
map to actual flags on the ground is to identify a telephone 
pole, road intersection, building corner, or particularly 
unique tree as a reference point on your map and then 
measure from that point in your field. Make all subsequent 
measurements from this initial reference point. 

You can use a long tape measure (100’ or more), a mea-
suring wheel, or a rope (look for a “no-stretch” type) with 
the correct spacing marked off on it with zip ties or col-
ored duct tape. It is easier to do field layout with multiple 
people. Use surveying flags for marking each tree location, 
with different colors for each species. A professional sur-
veyor with GPS capabilities may be justified on larger jobs 
to mark row ends or contours. You can then flag out in-
dividual trees later with a marked rope or tape measure. 
Remember to leave space for equipment to turn around at 
the ends of the rows.

Figure 10.1. Start by marking a baseline (1.), then use lengths of rope in multiples of the “3-4-5” triangle to ensure your first row is perpen-
dicular (2.). Repeat for the last row (3.), then fill in every tree location (4.). IMAGE CONCEPT ADAPTED BY MATT WILSON FROM GRIMO NUT NURS-
ERY’S “CHESTNUT FARMING FOR PROFIT”.

Figure 10.2. Clearly marked rows avoid confusion.  
PHOTO BY KEVIN WOLZ.



P
L

A
N

T
IN

G
 T

R
E

E
S

75

If you are not using tree tubes, you should mark the ends 
of rows with something stout like a T-post as a visual refer-
ence later when mowing or spraying, as it can be difficult 
to spot very young trees if there is much vegetation around 
them.  

MARKING CONTOURS: THE “BUNYIP” LEVEL
If you need to plant on contours or keylines, various tools 
are available for marking out tree rows. These range from 
simple homemade A-frame levels up to modern surveying 
stations that are linked to global satellite networks. If you 
can rent or borrow modern equipment, by all means, do 
so. If your field is small or you prefer a DIY approach, a 
“Bunyip” level will do the job. It requires two people to 
operate.

Make a Bunyip level by attaching a clear, water-filled tube 
to two stakes. The tube is open at both ends, so the water 
will measure level on both sticks as long as there is a little 
slack in the tube. A stout string that is the desired length 
between measurements is tied to both stakes. Shorter 
lengths will lay out more accurate contours, but longer 
lengths will be quicker. Before starting, place both stakes 
on a level surface next to each other and mark the level on 
the stakes as a reference. You can also attach a yardstick or 
old tape measure to the sticks.   

For marking out a 10-meter tree spacing along a contour, 
one person holds a stake at the starting point and the other 
person walks the other stake out until the 10-meter string 
is taut, then pivots uphill or downhill until the level of the 
water is the same on both sticks.

You can mark out simple grades by calculating the amount 
of rise or fall required on the stakes for the distance be-
tween them. For example, if we wanted a slope of 1% 
along our 10-meter distance, we would want a vertical dif-
ference of 10cm between the lines on our stakes (10m x 
1% = 1000cm x 0.01 = 10cm). Good resources exist online 
for building and using Bunyip/Water levels. 

HANDLING TREES UNTIL PLANTING
When trees are shipped from a nursery, count them, in-
spect them for disease, and make sure the roots have not 

dried out. Call the nursery if you discover a problem. Bare-
root stock should be kept moist (but not wet) by wrapping 
in shredded paper, sawdust, or peat moss and kept in a 
cool, frost-free location until being planted11. If it is going 
to be more than a few days before planting, “heeled in” 
the trees outdoors in a well-drained location by laying the 
trees in a trench and covering the roots with soil, wood 
shavings, sand, or sawdust173. Just before planting, rehy-
drate the trees by soaking them for up to a half a day, pref-
erably under flowing water or in a tub that has an aquari-
um bubbler to provide oxygen. 

INOCULATION
Most plants form symbiotic relationships with beneficial 
fungi in the soil. These mycorrhizal fungi extract minerals 
from the soil which they share with the plants in exchange 
for sugars that the plant produces. Usually, there are suffi-
cient native populations of these fungi, but research sug-
gests that inoculating seedlings before planting with the 
appropriate strains of fungus may help seedlings become 

Figure 10.3. A “Bunyip” water level is a simple way to mark out 
contours and grades. A laser level or survey station would be quick-
er, but more costly. IMAGE BY MATT WILSON.

Figure 10.4. If planting is delayed, “heel in” bareroot trees by lay-
ing them in a trench and covering with sand, sawdust, peatmoss, or 
loose soil. IMAGE BY MATT WILSON. 

Figure 10.5. Before planting, inoculate roots with the appropriate 
mycorrhizal fungi. These can be mixed with gels that prevent the 
roots from drying out. PHOTO BY KEVIN WOLZ.
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established. Inoculation may be particularly important in 
soils that have been heavily farmed or disturbed, or if ren-
ovating an old orchard174. When buying inoculant, be sure 
to match the type of fungi (endomycorrhizal or ectomycor-
rhizal) with the species of tree you are planting, or just use 
a mixture that includes all of the strains you might need. 

If you would like to explore making your own inoculant, 
the Rodale Institute has developed an inexpensive system 
for on-farm inoculant production oriented towards vege-
table growers that might be able to be adapted for peren-
nials175,176:

o	 http://rodaleinstitute.org/a-complete-how-to-
on-farm-am-fungus-inoculum-production/ 

Timing
SPRING PLANTING
Spring planting is best for bareroot stock, usually in March 
or April in the Midwest173. Most nurseries ship trees in the 
spring, and cooler temperatures and moist soil allow trees 
to take root before summer heat32. Avoid planting into 
overly wet or frozen soils. 

FALL PLANTING
Fall planting is also possible, but it is a bit riskier due to 
the possibility of winter injury173. Plant trees early enough 
to develop some roots before overwintering. Container 
grown stock may be planted anytime throughout the grow-
ing season but should be kept moist. 

Mechanical Planters
AUGER
A mechanical auger can make quick work of digging 
holes. Various types are available, including single-person, 
two-person, and tractor-mounted. Remove the sod with 
a shovel before using the auger. Augers can sometimes 
smooth and compact the sides of the hole, making it dif-
ficult for tree roots to penetrate. To avoid this, score the 
sides of the hole with a shovel or use an auger with teeth 
welded on the outside of the auger blade177.

TREE PLANTER
If you have many trees to plant, it might be worth rent-
ing or borrowing a tree planting machine. Some state for-
estry departments have them available for use. The tree 
planters mount behind a tractor, and one or two operators 
sit in a seat and drop seedlings into a furrow cut by the 
planter. Closing wheels come behind and close the furrow. 
Tree planters work best with smaller bareroot stock, as the 
planting is less exact than when planting by hand. 

Figure 10.6. A tree planter is invaluable for larger tree planting 
jobs. PHOTO BY KEVIN WOLZ.

Figure 10.7. Many trees can be planted quickly with a tree planter. 
PHOTO BY SYLVAIN COURNET.

http://rodaleinstitute.org/a-complete-how-to-on-farm-am-fungus-inoculum-production/
http://rodaleinstitute.org/a-complete-how-to-on-farm-am-fungus-inoculum-production/
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Planting: Step-by-Step
1.	 During planting, do not let tree roots dry out. For bare 

root trees, gels are available that you can dip roots 
in, or keep trees in a bucket of water or wrapped in a 
moist towel173. 

2.	 Dig a hole that is 2-3 times as wide as it is deep so that 
the roots of the tree can spread out without bending 
around the sides of the hole. If the roots are exces-
sively long, it is better to trim them to fit the hole rath-
er than bend them. Do not dig too deep, as this may 
cause the tree to settle31.

3.	 For potted trees, score the roots if they seem root-
bound. Spread the roots out in the hole and hold the 
tree at the appropriate level as you backfill, tamping 
the soil as you go to eliminate air pockets. Avoid bend-
ing the roots upward, known as “J-rooting,” which can 
lead to shallow rooting that is susceptible to damage 
during high winds or drought177. If the tree is grafted, 
orient the graft union towards the north or northwest 
to avoid sunburn. 

4.	 Backfill only with native soil: do not add any fertiliz-
er, compost, or other amendment to the planting 
hole178. Enriching the soil in the hole may allow the 
tree to grow well at first, but when the roots meet the 
edge of your planting hole, they may bend to stay in 
the nutrient-rich soil mix instead of growing into the 
native soil, creating a “pot in the ground” effect that 
will stunt the tree. Do not fertilize the tree for the first 
year, other than with compost that is top-dressed173.  

5.	 One of the most important steps when planting trees 
is to make sure that the root crown, which is the 
part where the roots and trunk meet, is level with 
the ground or slightly higher. In soils that have poor 
drainage or that consist of mostly silt and clay, place 
trees 2-4” higher than the trees were grown in the 
nursery177,178. If planted too low, trees can suffer from 
disease, and there is no way to correct this after the 
tree is established11. For grafted trees, correct plant-
ing depth ensures that the graft union stays above the 
soil. Otherwise, the scion may root and influence the 
growth of the tree. 

6.	 Water each tree at planting and weekly after that for 
the first growing season unless there is enough rain 
(around 1” per week)177. Young trees have small root 
systems, so supplemental water will likely be required, 
even with fairly regular rainfall. 

7.	 Install tree shelters or rodent guards the same day as 
planting. If you do not use tree tubes, young trees may 
require stabilization to avoid leaning from the wind.  
One effective method is the use of bamboo stakes 
with rubber tie bands. This system allows some move-
ment of the trees but stabilizes them against perma-
nent leaning.

8.	 Begin weed control strategies within a few days of 
planting (mulching, herbicides, etc.)

9.	 If planted later in the fall, mulch deeply to avoid frost 
heave23. 

Figure 10.8. Important concepts for tree planting. IMAGE BY MATT WILSON.
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TREE PROTECTION
“Organic orcharding can never be a straightforward recipe where you simply follow steps A, B, and C and then pull a 

delicious apple strudel hot from the oven. Nature is dynamic…” —Michael Phillips, The Holistic Orchard

Off to a Good Start
Young trees are susceptible to damage from deer, rodents, 
rabbits, and livestock. In mature orchards, they may eat 
fruits and nuts before they can be harvested. Evaluating 
the most effective and economical way to prevent damage 
takes careful planning. There may be cost-share programs 
available for installing a fence or tree shelters. As always, 
do your own cost estimates and evaluate your goals before 
making a final decision.  

Deer
Deer can cause serious damage or death to trees during 
establishment. Deer browse leaves and nibble off young 
growing shoots. Bucks rub their antlers on smaller trees, 
damaging the bark. In areas with high deer pressure, trees 
can be killed or stunted for years if not protected, which 
means a loss of revenue due to the cost of replacing trees 
and the delay of harvest. We highly recommend deer pro-
tection for all new fruit and nut plantings. 

Fence Factors
Deer fence may seem like a lot of upfront work and ex-
pense, but it can be the most economical and effective 
option in the long run. When deciding on deer protection 
measures, ask yourself the following questions:

ARE DEER LIKELY TO CAUSE HARVEST LOSSES?
If deer may eat your fruits or nuts during harvest (likely for 
things like apples or chestnuts), deer fence may be the best 
choice from the start. However, you still may have to put 
rodent guards on the trees if voles or rabbits are expected 
to be a problem. 

WILL LIVESTOCK BE A PART OF THE SYSTEM?
If you have sheep, goats, or cattle, you will need a reliable 
perimeter fence that separates the pasture from neighbor-
ing farms, the road, or other places you do not want your 
livestock to wander. Woven wire and electrified high ten-
sile make good perimeter fences, but less secure barriers 
like a 3D polywire fence should not be relied upon to keep 
your cows off the road or pigs out of the neighbor’s lawn. If 
you want graze livestock when trees are still young enough 
to be at risk, then both a perimeter fence AND tree protec-
tion will be required. Commercial tree tubes will suffice for 
poultry or sheep, but cattle and hogs may require a sturdi-

er wire tree cage with two or three stakes. Another option 
is to use moveable electric fences or pens to keep the live-
stock away from the trees. Consult the ‘Livestock’ section 
for more details about planning for livestock. 

HOW MANY ACRES AND HOW MANY TREES PER 
ACRE NEED PROTECTION?
As field size increases, the amount of fence per acre re-
quired to enclose it goes down (see chart). For small fields, 
tree tubes may be more economical, especially at lower 
tree densities. If many trees per acre need protection or 
acreages are larger, a fence may be the most economical 
choice.

Figure 11.1. A young tree that has been completely debarked by 
buck rubbing. PHOTO BY KEVIN WOLZ.

Figure 11.2. The amount of fence required per unit of area. The 
more area enclosed, the less fence per unit of area is needed. 
IMAGE BY MATT WILSON.
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Fence Types
There are many types of deer fence. The following three 
represent different levels of effectiveness and cost. Consult 
an experienced fence contractor or extension publication 
to help with estimating fencing cost. Remember to include 
gates, fence chargers, hardware, and labor costs. 

WOVEN WIRE
Woven wire fence provides excellent control, but it is  
expensive ($4.00-$6.00 per foot) and labor intensive to 

install. It is usually 8’-10’ tall and will contain most types 
of livestock179,180. It is low-maintenance and will last many 
years. The high cost of woven wire is usually not justified 
unless deer pressure is extreme and the crop is very high 
value.  

HIGH TENSILE ELECTRIFIED
Electrified high tensile fence is moderate in cost ($2.00-
3.00 per foot). It provides good control of deer, although it 
is not impenetrable if deer are determined179. It will require 
a fence energizer you must control weeds under the fence 
to avoid shorting it out. It is suitable as a livestock perim-
eter fence.

OFFSET/3D POLYWIRE FENCE
This fence is inexpensive ($0.50-$0.70 per foot), easy to in-
stall, and moderately effective. It relies upon deer’s poor 
eyesight and reluctance to jump over a barrier if they do 
not have enough space to land. It consists of two elec-
trified wires on one post, with another single electrified 
wire offset 3 feet away. The offset rows provide the “3D” 
effect, as the deer do not have enough space to jump over 
or crawl under the first wire without hitting the other two. 
Baiting the fence with peanut butter or apple scent will 
help train the deer, increasing effectiveness. This fence 
would be suitable to contain cattle or well-trained sheep 
as an interior fence, but should not be relied upon as a 
perimeter fence for livestock. 

Figure 11.3. These paddocks have the same area. Long, narrow 
paddocks require more fence per area than square (or round!) ones. 
IMAGE BY MATT WILSON.
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Tree shelters 
Tree shelters consist of a cylinder of polypropylene or wire 
that is installed around a tree and held down with stakes. 
Height should be tall enough to allow the tree to grow 
above the browsing height of deer, typically 5’. Depending 
on the shelter, they may also prevent damage from live-
stock. There are a variety of manufacturers, and prices and 
styles vary181. A good resource for comparing styles of tree 
shelters and support stakes is the NRCS Fact Sheet Tree 
Shelter Installation and Maintenance.

TREE TUBES
Commercial tree shelters, commonly called “tree tubes,” 
are made of UV stable polypropylene or polyethylene and 
protect trees from harsh winds, deer, rabbits and livestock 

like sheep and chickens118,119. Using tree tubes with cattle 
has a less proven track record. Oak regeneration projects in 
California have had success with cattle and tubes, although 
it required a 6’ metal T-post to secure the tube, rather than 
the normal wooden, fiberglass, or PVC stake48. If using tree 
tubes with livestock, an extra stake is recommended to 
prevent the animals from spinning the tube around when 
they rub on it184. The second stake can be shorter than the 
primary stake. 

In addition to protection from animals, tree tubes help pre-
vent damage from herbicides and string trimmers and are 
useful to see the tree’s location when mowing. Trees with 

tubes often grow more rapidly than trees without tubes at 
first, but unsheltered trees usually catch up and show no 
difference after a few years as long as they are not browsed 
by deer or livestock181,185.

TREE CAGES
Tree cages are shelters made from welded wire. They do 
not modify the microclimate around the tree, acting pri-
marily as protection from herbivores. Wind can still move 
the tree, which allows for stronger trunk growth, though it 
can cause damage if the tree rubs on the cage. Some pro-
ducers have had success using wire cages for cattle, with 2 
to 3 stakes per cage186. Tree cages usually take more time 
to install and cost more than tree tubes unless there is a 
recycled source of wire or stakes. However, they last longer 
than tree tubes and may be reused after the trees outgrow 
them.

DOGS
Dogs can protect orchards from deer187,188. A study in New 
York got dogs from an animal shelter and trained them with 
shock collars and buried invisible fence. The dogs proved to 
be effective at repelling deer and cost much less than tradi-
tional deer fencing187. Research in Wisconsin showed that 
the personality and breed of the dog are important factors 
for success188. Ideal dogs should patrol the confined area, 
chase deer, and not be skittish. Huskies and Malamute mix-
es did well in their study.

Figure 11.5. Offset 3D polywire fence, here protecting vegeta-
bles. PHOTO BY MATT WILSON.

Figure 11.6. A chestnut emerging from a tree tube. PHOTO BY 
SYLVAIN COURNET.

Figure 11.7. Rodents may nest in plastic tree tubes, but they do 
not seem to find wire rodent guards as cozy. PHOTO BY SYLVAIN 
COURNET.
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REPELLENTS
Deer repellents are substantially cheaper than fencing or 
shelters, but results are unpredictable and they must be 
reapplied periodically150. Fear-based repellents that have 
a sulfurous smell may be more effective than taste-based 
repellents185.

RODENTS AND RABBITS	
Mice, voles, gophers, and rabbits eat the bark and roots of 
trees. They are more of a threat during the winter when 
food is scarce and tree bark is more tempting. Tall grass, 
cover crops, brush piles, and even tree tubes and mulch-
es can provide hiding places for rodents. They have been 
known to tunnel under plastic weed barrier to get to trees. 
Mulches like straw, sawdust, shredded bark, or grass clip-
pings may have to be raked away from tree trunks in the 

winter to prevent damage189. However, wood chip mulches 
seem to be unfavorable to them190. One grower observed 
that wood chips larger than a silver dollar prevent burrow-
ing into tubes and under fabric. 

Using a range of methods may be required for adequate 
control191. One of the best is keeping the grass mown short 
around trees to remove cover for the critters, making them 
vulnerable to predators. Physical barriers like tree tubes or 
wire rodent guards are effective for rabbits if they are at 
least 24” to 36” tall. Wire rodent guards that have a small 
mesh size (1/4”) and tree tubes will discourage some ro-
dents, although determined voles and gophers can dig 
under them191. Mice like to nest in the sheltered environ-
ment in tree tubes, but not wire rodent guards. You can 
attract raptors like hawks, kestrels, and owls by placing a 
tall post such as an old telephone pole in the middle of 

a field where they can perch. Building suitable nest boxes 
may entice them to stick around. 

Poisons and trapping show mixed results and put non-tar-
get animals at risk192. Domestic cats kill some rodents, but 
they are also a major threat to native songbirds, killing bil-
lions of birds every year, so they are best kept indoors193. 
Small working dogs like terriers may be a better option if 
you are interested in using domesticated animals for con-
trolling small mammals51,188. 

Birds 
Currants, Saskatoons, aronia, haskap, and hazelnuts may 
have to be protected from birds. Extreme bird pressure 
may require using nets at harvest time84. Alternately, some 
growers have had success with noise-making machines 
that mimic the distress call of the offending bird species68. 
Encouraging raptors is another option. 

Figure 11.8. A rodent nest and nibbled tree bark.  
PHOTO BY KEVIN WOLZ.

Figure 11.9. A multipurpose raptor pole, complete with nesting 
platform, bat house, and time-lapse cameras. PHOTO BY KEVIN WOLZ.

CHEAP DEER REPELLENT RECIPE

A dozen eggs, beaten, strained through screen (un-
strained egg will clog sprayers) mixed with 5-6 gallons 
water. Spray lightly on leaves. Treats about five acres. 
One egg in ½ gallon treats ½ acre. Won’t wash off in 
rain, but wears off after two weeks. Keep an eye out 
for raccoons, who are attracted by the egg mixture 
and can cause tree damage. Courtesy of Tom Wahl.

Figure 11.10. Hoops for installing bird neeting.  
PHOTO BY MATT WILSON.
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DECISION MAKING: FENCE VS. SHELTERS

STEP 1: Will deer cause significant losses at harvest?
Yes	 High tensile electrified or woven wire fence.  
No	 Go to step 2.

STEP 2: Will livestock be a part of the system?
Yes	 Is there a suitable perimeter fence for live-

stock already in place? 
Yes	 Modify fence to exclude deer, use 
        interior 3D fence, or use tree shelters.
No	 Install woven wire or high tensile elec-

trified fence, consider rodent guards on 
trees.

No	 Go to step 3.

STEP 3: Compare costs of fencing vs. shelters
Fence = linear feet of fence x cost per foot 

Rodent guards: If installing fence, remember to 
include the costs of installing rodent guards 
(either wire or plastic) if rodents or rabbits 
will be a problem. 

Shelters = total acres x number of shelters (trees) 
per acre x cost per shelter

STEP 4: Choose most appropriate option based on cost 
and goals

STEP 5: Implement additional protection, if desired.
1.	 Mowing
2.	 Raptor poles 
3.	 Repellents
4.	 Hunting
5.	 Dogs 	
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TREE PROTECTION PROS & CONS
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WEED CONTROL:  
POST PLANTING

“May all your weeds be wildflowers.” —Author Unknown

Weed Basics
Weed control is perhaps one of the most challenging tasks 
in caring for young trees, yet it has been shown to be very 
important for the first three to five years23,153. Once mature, 
trees have deeper roots and more nutrient reserves, en-
abling them to compete with weeds better163,194. Herbicides 
are commonly used in conventional orchards, while organ-
ic methods include tillage, mowing, and mulching169. Or-
ganic herbicides so far do not provide reliable results and 
are cost-prohibitive190. 

Using multiple methods of weed control can prevent weeds 
that are adapted to a single management technique from 
taking hold196. No matter what method you use, a weed-
free radius of 2’ to 3’ is recommended to prevent nega-
tive impacts on tree growth197. Once orchards are mature, 
complete weed control is not necessary, but timing can 
be important. For example, weed control in May and June 
have been shown to be the most critical in established ap-
ple orchards21. 

Herbicide
Once you have controlled the perennial weeds and planted 
your trees, you should limit herbicide use to a 2’ to 3’ wide 
strip in the tree rows. Recommendations differ regarding 
whether to focus on pre-emergence or post-emergence 

herbicides. Either way, taking advantage of multiple modes 
of action will help prevent herbicide resistance from de-
veloping196. To avoid damaging trees from accidental drift, 
consider using spray shields or wick applicators. Herbicides 
usually result in adequate tree survival and growth, al-
though the quality of the soil may go down over time com-
pared to mulching or living cover189,198.

Tillage
Tillage is used in both conventional and organic orchards, 
typically performing better than living covers or no weed 
control190,199. If perennial weeds are present, repeated shal-
low tillage may be the best choice for organic weed control 
if synthetic woven mulches are not an option169. Machin-
ery for orchard cultivation is available in a variety of scales, 
from walk-behind tillers to tractor-mounted cultivators 
with pressure-sensitive arms that swing out of the way to 
avoid damaging tree trunks. 

However, tillage is harmful to soil health, reducing both 
soil biological activity and levels of organic matter200,201. 

SPECTRUM OF INTERVENTION

There are varying philosophies regarding care for 
young agroforestry plantings, and finding the right 
balance will be up to each producer. One strategy is 
to opt for dense plantings and minimal weed con-
trol, hoping that genetic variation will allow trees to 
self-select desirable individuals through competi-
tion195. Other growers make considerable efforts to 
ensure the best possible outcome for each tree by 
using tree shelters, keeping the area around trees 
free of vegetation, and actively managing pests and 
fertility. Several studies and many farmers have noted 
the critical nature of early tree care, so that you give 
young trees as much attention as is practical153.

Figure 12.1. A burn-down herbicide has been used to suppress 
existing vegetation around the base of the tree.  
PHOTO BY MATT WILSON.
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Organic standards mandate that soil and water quality be 
“maintained or improved,” a goal which may be difficult 
to achieve with tillage as the primary weed control prac-
tice198,202. Tillage can also damage shallow tree roots, lead-
ing to lower yields and smaller fruit size169,190. 

Mowing & Groundcovers
Mowing weeds prevents them from shading out young 
trees but does not eliminate root competition in the soil, 
which can have a negative effect on tree growth198. Grass-
es are especially competitive with trees, and mowing en-
courages perennial grasses to dominate203. Mowing can 
also injure trees if not done carefully, especially when tree 
shelters are not used204. However, mowing can keep weeds 
from going to seed, preventing future flushes of weeds143. 
Some weeds can produce tens of thousands of seeds per 
plant, and seeds can remain viable in the soil for years. 

Intentionally growing a less-competitive grass or legume 
as a “living mulch” can provide improvements to soil qual-
ity and biodiversity compared to tillage, but the ground-
cover still competes with trees for water and nutrients200.  

Unless you move it frequently, it can also provide cover for 
rodents that damage trees by feeding on bark189,205. “Mow 
and blow” systems that cut the groundcover in the alleys 
and deliver the biomass to the tree row show promise 
in helping to control weeds and provide nutrients to the 
trees, but may not provide lasting weed-control unless 
combined with other approaches198,206. 

Mulch	
Mulches can be either manufactured (smooth plastic, wo-
ven fabric, biodegradable fiber) or dead organic materials 
(wood chips, straw, bark, sawdust). Non-living, plant-based 
mulches like wood chips and straw are good for both the 
soil and trees, including encouraging a higher diversity of 
soil life, lowering evaporation rates, and improving soil or-
ganic matter and nutrient content197. Organically managed 
plots have higher levels of beneficial fungi than conven-
tional plots, likely due to the use of compost and mulches 
for weed control207. Hurdles to using much can be a lack 
of supply, the cost of transport, or the unavailability of la-
bor for application197. Larger operations apply mulch with 
mulching trailers or modified livestock feed wagons. 

Dead organic mulches are less effective without a manu-
factured weed barrier underneath if there are perennial 
weeds present, as they can have the nutrient reserves to 
punch up through even thick layers of material. Even with 
a barrier, weeds that vegetatively spread may eventually 
invade straw or wood chip mulches from the side unless 
a strip of herbicide or tillage is maintained between the 
mulch and the alley169. 

WOOD CHIPS
Granatstein et al. (2008) showed improved soil quality, 
fruit yield, and fruit quality for wood chip mulched apple 
trees compared to other treatments. In their study, the 
improvement justified the cost and labor for wood chip 

Figure 12.2. Mowing a young planting. PHOTO BY KEVIN WOLZ.

Figure 12.3. White Dutch clover (Trifolium repens) makes a 
suitable groundcover in addition to fixing nitrogen and supporting 
pollinators. PHOTO BY SYLVAIN COURNET. 

Figure 12.4. Materials for mulching are bulky to transport and 
apply, but may be worth the effort. PHOTO BY KEVIN WOLZ.
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mulch application190. Wood chip mulches seem to be unat-
tractive to voles, a major pest in orchards205. 

STRAW
Straw mulch also improves tree growth, nutrient cycling, 
and fruit yield189. In a study comparing different orchard 
groundcover treatments, Merwin and Stiles (1994) noted 
that straw mulch showed excellent tree growth, nutrient 
uptake, and fruit yield189. Another study noted that straw 

mulch consistently provided among the highest weed con-
trol and the least end-of-season weed biomass197. Two ma-
jor challenges to using straw include an increase in phy-
tophthora root rots and vole predation189,208,209. 

MANUFACTURED MULCHES
Commercially available weed barriers are made of smooth 
black plastic, permeable landscape fabric, woven plastic 
weed mats, or biodegradable cellulose. Synthetic mulches 
can be applied to individual trees as 3’ x 3’ squares, or the 
entire row if tree spacing is closer23. Although manufac-
tured mulches often have higher upfront costs, they typ-
ically provide good weed control and require less ongoing 
labor than other methods169.

However, rodents have been observed tunneling under 
weed barriers, where they build nests and gnaw on tree 

bark and roots150,190. In areas that are prone to flooding, 
floodwaters can lift plastic and wrap it around tree trunks, 
causing damage150. Synthetic mulches may also limit your 
options for managing fertility, as nutrients from surface-ap-
plied composts and manures may have difficulty passing 
through169. If you plan on applying liquid nutrients through 
drip lines, this is less of an issue. For organic compliance, 
synthetic weed barriers must be removed from the field 
before deteriorating168. 

Biodegradable manufactured mulches made of natural fi-
bers or recycled cellulose have interesting possibilities for 
organic plantings, as they can be laid under dead organ-
ic mulches like wood chips and would not have to be re-
moved169. Biomass-based mulches also ease concerns over 
fossil-fuel derived materials and eliminate the issue of dis-
posal after removal.

Figure 12.5. A mulch study plot. Wood chips on the left; no weed control on the right. PHOTO BY MATT WILSON.

Figure 12.6. Perennial weeds like this Johnsongrass (Sorghum 
halepense) can invade and grow up through mulches. PHOTO BY 
MATT WILSON.

Figure 12.7. Manufactured weed barriers can be installed for indi-
vidual trees or along a whole row. PHOTO BY MATT WILSON.
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BEYOND ESTABLISHMENT
“You can’t have a healthy civilization without healthy soil.” —Joel Salatin, Polyface Farm

Investing in Soil Health
The focus of this guide has been on the planning and estab-
lishment phases of edible agroforestry. The goal of all this 
planning and attention early on is to develop a low-main-
tenance agroforestry system that is productive and profit-
able. However, even well-designed, mature orchards need 
monitoring and require a practical approach to dealing 
with ongoing issues like insects and diseases, soil fertility, 
and pruning. 

The long-term profitability and productivity of your farm 
will depend upon healthy soil: not only for you, but for 
those that farm your soils long after you are gone. It is not 
an exaggeration to say that maintaining our soils is critical 
for the survival of future generations. Improving soil health 
is like putting money in the bank. The investment will pay 
dividends in the form of higher yields, better quality, and 
fewer inputs required. Healthy soils grow healthy plants 
that are more resistant to droughts, disease, and insects159. 

KEEP IT COVERED
By now, preventing erosion should be on your radar as a 
top priority. Planting perennials is one of the best ways to 
do this, but a few points should be kept in mind. Avoid cul-
tivation when possible, especially on slopes. If it is neces-
sary to create bare soil conditions for site preparation or 
alley crop production, consider mulching or planting a cov-
er crop immediately after tilling. Monitor the movement 
of water through ditches, streams, and gullies. If erosion is 
occuring, install measures that stabilize the soil, slow down 
the flow of water, and trap nutrients.

MINIMIZE COMPACTION
Compaction can occur if heavy vehicles pass over the 
same ground over and over, especially when the soil is 
wet. Some growers avoid compaction by using smaller and 
lighter equipment, such as walk-behind tractors. Avoid us-
ing a vehicle when walking or using a handcart or wheel-
barrow will do.

Livestock can also compact soils, especially over the win-
ter124. Consider installing dedicated lanes for moving live-
stock, and take care when feeding hay. Use small sacrifice 
areas to prevent damage to larger pastures during wet 
weather. 

As discussed in the site preparation section, some types 
of compaction can be broken up by subsoiling. If you want 
to reduce competition from trees in silvopasture and  
alley cropping situations, subsoiling and root pruning can 
be done at the same time16.

Figure 13.1. U.S. Department of Agriculture (USDA) Agricultural 
Research Service (ARS) scientist examines the severe soil erosion 
in a wheat field near Washington State University, WA. USDA PHOTO 
BY JACK DYKINGA, LICENSED UNDER CREATIVE COMMONS 2.0.

Figure 13.2. Root pruning with a subsoiler on either side of a young 
tree row. PHOTO BY KEVIN WOLZ.
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NUTRIENT MANAGEMENT
The ideal model for fertility management would work like 
a mature forest: a mostly closed-loop system where nu-
trients are recycled that requires no outside inputs. If our 
goal is to build a similar system, it will require a bank of soil 
organic matter along with a healthy, diverse soil microbe 
population.

Inputs are applied in the form of synthetic fertilizers or bi-
ologically derived materials like compost, manure, wood 
chips, hay, straw, or other types of biomass. If you have 
livestock, nutrients from feed and hay can be a significant 
source of fertility. Rotational grazing and cover cropping 
are ways to increase soil health with minimal outside in-
puts.

Synthetic nitrogen fertilizers are made using fossil fuels 
(typically natural gas), which raises concerns over the long-
term sustainability and environmental damage caused by 
extraction practices as well as their contribution to climate 
change. Lifecycle analyses (LCA’s) show that fertilizers make 
up a sizable portion of the energy use for farming, so using 
alternatives such as nitrogen-fixing trees or groundcovers 
can make a big difference in overall energy use. 

Composts, manures, and other organic sources contain 
lots of organic matter and are a good way to build soils, 
but they are bulky to apply and require nearby sources. 
These materials have a cumulative effect as they break 
down over several years. Be careful if you use compost or 
manure as your only source of nitrogen, as levels of other 
nutrients such as phosphorus and potassium can build up. 
In this case, growing leguminous cover crops or trees as a 
source of nitrogen can help balance nutrient levels. 

You can also find nutrient sources around the farm: grass 
clippings can be composted, wood chips from forest im-
provement projects can be used as mulch, and dedicated 
biomass plantings from species like willow can be coppiced 
and chipped.

Fertilize according to the requirements of the alley crop or 
forage, rather than the trees11,16. You can figure out if trees 
are getting enough nutrients by taking a leaf tissue sample, 
which may be more useful than soil tests, especially for ni-
trogen210. Maintain pH by liming according to soil tests. 

Building Soils for Better Crops is an excellent handbook 
for hands-on, science-based advice for improving soils. You 
can download an electronic version for free from SARE: 

o	 http://www.sare.org/Learning-Center/Books/
Building-Soils-for-Better-Crops-3rd-Edition

Insects & Diseases
We selected the species in this guide because they are 
good for organic or low-input commercial production. 
However, most fruits and nuts will require some level of 
pest control. You will have to decide what practices you are 
comfortable with. Often, non-chemical controls are very 
pest-specific, so you will need a good understanding of the 
pests present in your region and their appropriate control 
measures35. Since it is impossible to go into the array of 
pests, diseases, and recommended cultivars in this publica-
tion, visit with your county extension office and local fruit 
growers to learn about what works well in your area. 

INTEGRATED PEST MANAGEMENT 
With chemical pesticides freely available, some producers 
simply spray on a schedule, whether it is needed or not. 
Over-application of pesticides leads to resistance in pest 
populations, added expense, and harm to non-target wild-
life211. Integrated pest management (IPM) was developed 
to provide a more environmentally friendly and economi-
cally sound alternative. With IPM, you monitor for pests, 
compare results with economic thresholds, and take ap-
propriate actions if those thresholds are exceeded212. The 
range of control strategies includes prevention, exclusion, 
pheromone disruption, providing beneficial habitat for 
predators, and pesticides as a last resort. 

INSECTS
Plants do not have genetic defenses against insects that 
damage fruits and nuts, so we cannot use variety selec-
tion to combat these pests. Non-chemical approaches rely 
on the use of pheromones, applying substances like kaolin 

Figure 13.3. The ideal goal is to design fertility into closed-loop 
agricultural systems. PHOTO BY KEVIN WOLZ.

Figure 13.4. Biomass-based sources of fertility are excellent if 
they are available. PHOTO BY SB JOHNNY, LICENSED UNDER CREATIVE 
COMMONS AS 3.0. WIKIMEDIA COMMONS.

http://www.sare.org/Learning-Center/Books/Building
http://www.sare.org/Learning-Center/Books/Building
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clay that physically block insects from feeding, and enlist-
ing the help of beneficial predators to keep pest popula-
tions in check. 

Providing habitat for pest predators, sometimes called 
farmscaping, helps keep pest populations lower and ben-
efits other pollinators and wildlife. In addition to good 
pollinator plants, farmscaping includes using water sourc-
es, hedgerows, and cover crops213. Sometimes just an 
un-mowed strip in the middle of the rows where existing 
plants can go to flower is enough to provide some bene-
fits35. Take care when choosing plants to include, as some 
plants can provide habitat for pests instead of beneficials. 
For more information: 

Farmscaping to Enhance Biological Control (ATTRA, 
2000)

o	 https://attra.ncat.org/attra-pub/summaries/
summary.php?pub=145

Farmscaping: Making Use of Nature’s Pest Management 
Service (eXtension, 2013)

o	 http://articles.extension.org/pages/18573/
farmscaping:-making-use-of-natures-pest-
management-services

As mentioned in the livestock section, poultry and hogs can 
have a role in insect pest control. Hogs will eat fallen fruit 
that harbor larvae of pests like plum curculio35. Chickens 
scratch up the soil, disturbing and consuming soil-dwelling 
pupae. To comply with organic standards, remove livestock 
at least 90 days before harvest if the fruit is harvested from 
the tree or 120 days if it is picked up off the ground202. 

DISEASE
Plant diseases thrive in warm, humid conditions, which is 
why most organic fruit is grown in California, Oregon, and 
Washington where humidity is low and disease can be 
more easily managed. Organic or low-input orchards in the 
Eastern U.S. will require more attention. 

Choosing site-appropriate varieties with proven disease re-
sistance and integrating them into an ecologically diverse 
system with an attention to soil health is the first step in 
preventing disease. Select sites with good air drainage 
and circulation. Promptly remove diseased material from 
orchard and burn it. Properly sanitize pruning shears in 
strong bleach or Lysol to prevent the spread of pathogens. 

For some diseases like apple scab, raking fallen leaves and 
fruit from the orchard can eliminate the source of inocu-
lum. Potential hosts of pests and diseases (for example, 
cedar trees that harbor cedar apple rust) should also be 
removed from the surrounding landscape if possible35.

Some organic fruit growers advocate for spraying compost 
teas and other mixes that contain nutrients and beneficial 
microbes to outcompete pathogens and boost tree health, 
and although the scientific literature is less clear about the 
effects, it probably doesn’t hurt214–216. 

Figure 13.5. Pheromone lures and sticky traps target specific pests 
without spraying. PHOTO BY MATT WILSON.

Figure 13.6. Providing habitat for beneficial predators can reduce 
pest pressure. PHOTO BY KEVIN WOLZ.

Figure 13.7. Diseases like fireblight are best dealt with by selecting 
resistant varities. PHOTO BY SABASTIAN STABINGER, LICENSED UNDER 
CREATIVE COMMONS SA 3.0. WIKIMEDIA COMMONS.

https://attra.ncat.org/attra-pub/summaries/summary.php?pub=145
https://attra.ncat.org/attra-pub/summaries/summary.php?pub=145
http://articles.extension.org/pages/18573/farmscaping
http://articles.extension.org/pages/18573/farmscaping
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Pruning and Sunscald
PRUNING
You will have to prune trees like apples and pears, while 
most nuts and some other fruit trees will only require oc-
casional pruning to establish a basic tree structure. Pruning 
requires a lot of labor, so selecting trees that require little 
or no pruning will help reduce costs. While advanced tech-
niques for pruning are beyond the scope of this guide, a 
few general guidelines are presented below (courtesy of 
Tom Wahl)31:

•	 Tree shelters can encourage young trees to grow verti-
cally towards the light at the top, reducing the number 
of side branches and the amount of pruning required. 

•	 Prune and train trees to the preferred structure for the 
species (central leader, modified central leader, etc.) 
and keep the angle between the trunk and the branch 
to greater than 45 degrees.

•	 Do not cut too close to the truck— you want to prune 
to just beyond the collar of the branch, not flush with 
the trunk. 

•	 Never use paint or wound sealant.

•	 It is best to prune branches when they are between ¾” 
and 1” in diameter.

•	 Never prune off more than 1/3 of a tree in any given 
year.

PREVENTING SUNSCALD
The trunks of young trees are susceptible to sunscald, also 
known as “south-west injury”51,217. Sunscald happens on 
sunny days in the spring when the trunk warms and sap 
begins to flow. Once temperatures drop again at night, 
the bark can be damaged217. Any young, thin-barked tree 
can be affected by sunscald, but especially susceptible are 
apples, chestnuts, honeylocust, pawpaw, and stone fruits 
(cherries, peach, apricots, etc.)218. 

To prevent injury, paint trunks with a 50/50 mixture of 
white interior latex paint and water.  A great tip from Grimo 
Nut Nursery is to apply it with a car wash mitt while wear-
ing a rubber glove to keep the paint off your hands51. White 
plastic spiral tree wraps also prevent sunscald50.

UGLY FRUIT

Some fungal diseases like sooty blotch and fly speck 
are purely cosmetic35. In the fresh fruit market, con-
sumer expectations usually demand blemish-free 
fruit. Since this goal can be difficult to achieve for 
some fruits without repeated spraying, a better ap-
proach may be to spend time re-educating your 
customers. Most will tolerate cosmetic variation if it 
means fewer pesticide applications. Another option is 
to find alternative ways to sell your products that do 
not require perfect fruit— like freezing, juicing, dehy-
drating, or making jams and jellies.

Figure 13.8. This sooty blotch does not affect the quality of 
these apples. PHOTO BY JERZY OPIOŁA, LICENSED UNDER CRE-
ATIVE COMMONS SA 4.0. WIKIMEDIA COMMONS.

Figure 13.9. Proper pruning. PHOTO BY MATT WILSON.

Figure 13.10. Painting trunks white can help prevent sunscald. 
PHOTO BY MATT WILSON.
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ECONOMICS & FUNDING
“The best friend on earth of man is the tree. When we use the tree respectfully and economically, we have 

one of the greatest resources on the earth.” —Frank Lloyd Wright

Unless you are farming as a hobby or as a way to provide 
food for your family (both worthwhile goals in them-
selves), getting a financial return on your efforts is neces-
sary for the long-term viability of youraaa operation. Any 
farm business requires good financial management, but 
cutting-edge perennial systems have unique challenges: 
high initial investment, long payback periods, non-tradi-
tional markets, untested yields in mixed systems, and com-
plex management, to name a few. Research is ongoing, but 
there are still many questions about the most economical-
ly successful models for growing these crops in integrated 
systems. To succeed, you will need careful enterprise bud-
geting and business planning that takes into consideration 
your unique circumstances and goals.

Enterprise Budgeting & 
Business Planning 
There are a variety of excellent resources for developing 
enterprise budgets and business plans. Sample budgets for 
many of the tree crops in this guide are available, though 
they typically only include a single tree crop. You will have 
to work these into a comprehensive economic analysis that 
recognizes the synergies and challenges of multiple crops. 
As mentioned in the “Goals” section, an economic analysis 
tool for mixed perennial farming systems called Fruit and 
Nut Compass will be available soon from the University of 
Wisconsin-Madison, so keep your eye out for its release.

UNIVERSITY OF MISSOURI CENTER  
FOR AGROFORESTRY

One of the best resources for agroforestry information is 
the University of Missouri Center for Agroforestry. In ad-
dition to extension publications, several interactive enter-
prise budgets for Excel are available, as well as a compre-
hensive training manual for agroforestry. 

•	 Training Manual for Applied Agroforestry Practices

o	 http://www.centerforagroforestry.org/pubs/
training/index.php

ECONOMICS AND FUNDING
•	 Economic Budgeting for Agroforestry Practices 

o	 http://www.centerforagroforestry.org/pubs/
economichandbook.pdf

•	 Tax Considerations for the Establishment of Agrofor-
estry Practices

o	 http://www.centerforagroforestry.org/pubs/
agrotaxcons.pdf

•	 Funding Incentives for Agroforestry in Missouri

o	 http://extension.missouri.edu/explorepdf/
agguides/agroforestry/af1005.pdf

EXCEL BUDGETS
o	 Download at http://www.centerforagroforestry.

org/profit/

•	 Chestnut Decision Support Tool

•	 Eastern Black Walnut Decision Support Tool

•	 Black Walnut Financial Model (Version 2.0)

ATTRA

ATTRA (Appropriate Technology Transfer to Rural Areas) 
is a program managed by the National Center for Appro-
priate Technology (NCAT). They have many articles, tutori-

http://www.centerforagroforestry.org/pubs/training/index.php
http://www.centerforagroforestry.org/pubs/training/index.php
http://www.centerforagroforestry.org/pubs/economichandbook.pdf
http://www.centerforagroforestry.org/pubs/economichandbook.pdf
http://www.centerforagroforestry.org/pubs/agrotaxcons.pdf
http://www.centerforagroforestry.org/pubs/agrotaxcons.pdf
http://extension.missouri.edu/explorepdf/agguides/agroforestry/af1005.pdf
http://extension.missouri.edu/explorepdf/agguides/agroforestry/af1005.pdf
http://www.centerforagroforestry.org/profit
http://www.centerforagroforestry.org/profit
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als, and multimedia on all aspects of sustainable farming, 
including farm financial planning. Beginning and veteran 
farmers alike will find useful information here.

ATTRA— MARKETING, BUSINESS  
& RISK MANAGEMENT

o	 https://attra.ncat.org/marketing.html#funding

OTHER RESOURCES

•	 Building a Sustainable Business (SARE, 2003) 

o	 This excellent, freely downloadable guide “…
brings the business planning process alive to help 
today’s alternative and sustainable agriculture 
entrepreneurs transform farm-grown inspiration 
into profitable enterprises. Sample worksheets 
lend a practical perspective and illustrate how 
real farm families set goals, researched processing 
alternatives, determined potential markets, and 
evaluated financing options. Blank worksheets 
help the reader develop a detailed, lender-ready 
business plan or map out strategies to take 
advantage of new opportunities.”219

	 http://www.sare.org/Learning-Center/
Books/Building-a-Sustainable-Business

•	 A Landowners Guide to Perennial Crop Options (Trees 
Forever, 2014)

o	 A useful overview of several perennial crops 
including aronia, hazelnut, black walnut, 
chestnuts, elderberries, and Christmas trees. 
Includes enterprise budgets and production 
guidelines. 

	 http://www.treesforever.org/crops

Financial & Technical 
Assistance
Federal cost-share programs can help defray the high up-
front costs of establishing perennial crops. It may seem 
daunting to navigate all of the government agencies, 
grants, and programs at first, but the benefits may be well 
worth it. For example, the author once got approved for 
NRCS cost-share assistance to build a fence on his property 
to keep livestock out of the creek and the woods. Although 
it took a few visits with NRCS personnel and some paper-
work, the program paid for the majority of the project. If 
considered on a per-hour basis, the time spent pursuing 
assistance paid more than most farming enterprises! 

Of course, these programs are not designed to be “free 
money,” but they may mean the difference between be-
ing financially able to achieve an objective (in the example 
above, of improving the health of the forest and quality 
of the water) or not. Program requirements, eligibility, and 
practices vary by agency and from state to state. If you 
have not already done so, set up a meeting with your local 
NRCS or FSA office to see how they can help. 

THE NATURAL RESOURCES CONSERVATION  
SERVICE (NRCS)

The NRCS is a branch of the United States Department of 
Agriculture (USDA) with the goal of helping landowners ad-
dress natural resource concerns. It has several programs 
that may be compatible with edible agroforestry. Usually, 
an NRCS agent will visit the farm and work with the pro-
ducer to come up with a plan that includes several prac-
tices. Once approved, the farmer then installs the practice 
according to the standards set in the agreement, and a set 
amount is paid to the famer once they are checked off. 

https://attra.ncat.org/marketing.html
http://www.sare.org/Learning-Center/Books/Building
http://www.sare.org/Learning-Center/Books/Building
http://www.treesforever.org/crops
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FARM SERVICE AGENCY (FSA)

The Farm Service Agency administers the Conservation Re-
serve Program (CRP) and the Continuous Conservation Re-
serve Program (CCRP). These programs take environmen-
tally sensitive farmland out of production for a set period 
to improve environmental outcomes. Various practices 
can be installed that meet the requirements. Yearly rental 
payments to the farmer help offset production losses, and 
cost-share assistance or sign-up bonuses are sometimes 
available for the initial installation. 

An in-depth resource for exploring government sources of 
funding is the National Sustainable Agriculture Coalition. 
Several useful publications are available on their website:

o	 http://sustainableagriculture.net/publications/

•	 Grassroots Guide to Federal Farm and Food Programs

•	 Growing Opportunity: A Guide to USDA Sustainable 
Farming Programs

•	 USDA Financing Options for On-Farm Storage

STATE AND COUNTY 
Your state department of agriculture or county agriculture 
board may have available grants or loans for value-added 
processing, watershed improvement, or alternative crop 
enterprises.

GRANTS
Finally, grants may be available for conducting on-farm 
research, building local food systems, or other sustain-
able farming endeavors. You can find these through online 
searches. Sustainable Agriculture Research and Education 
(SARE) offers yearly grants for a variety of goals. They also 
publish useful guides on sustainable farming:

•	 Sustainable Agriculture Research & Education

o	 http://www.sare.org/

http://sustainableagriculture.net/publications
http://www.sare.org
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FARM PROFILES
“Farming is a profession of hope.” —Brian Brett

Model Farms
Examples of long-standing, commercial edible agroforestry 
systems in the U.S. are rare. Those few farms that have suc-
cessfully evolved into multi-strata, perennial-crop-based 
businesses serve as invaluable case studies. Like many 
growers today who rely on off-farm incomes, conven-
tional farming enterprises, or research grants to support 
non-commercial or transitional systems, these mature 
agroforestry farms invariably developed following unique, 
incremental paths.  Adapting to and developing niche mar-
kets is what allows them to remain financially viable. The 
diversity in their approaches illustrates the lack of a “one-
size-fits-all” solution.

Decades of experience has given these growers a wealth of 
knowledge in innovating modern perennial polycultures, 
not to mention important lessons on establishing a busi-
ness and life around a long-term system. Many practices 
and recommendations in this guide came directly from 
growers (of all stages) as well as from the education and 
outreach that they have offered the broader community.

HOCH ORCHARDS 
LaCrescent, Minnesota
Situated along a high ridgeline in southeast Minnesota, 
Hoch Orchards grew out of multi-generational efforts to 
develop a commercial apple orchard on the site. Harry 
and Jackie’s values, skill-sets, and their need to respond to 

the particular challenges of their environment have guid-
ed their development of an exceptionally diversified farm 
with the goal of ever-increasing integration of mixed fruit 
and animals. 

Synergistic strategies for weed, pest, and disease controls 
are particularly important on this fully organic and biody-
namic certified farm. They strive to reduce the use of or-
ganic sprays through intensive IPM strategies that rely on 
careful monitoring and multiple techniques for disrupting 
the lifecycles of pests. The foundation of this strategy is 
enhancing natural resistance to pests and pathogens by 
fostering soil biodiversity and fertility. Two of their main 
approaches are through the intentional management of 
orchard ground cover as well as flash grazing certain ani-
mals such as pigs, sheep, ducks, and geese at specific times, 
including post-harvest clean-up. A staggered mowing plan 
between rows within orchard blocks promotes continu-
ous pollinator fodder and soil-building. Multifunctional 
groundcovers in other plantings are employed as mulch, as 
well as herb and strawberry production.  The Hochs have 
documented detailed examples of their management prac-
tices on their website (below) and these are highly recom-
mended primers on advanced IPM.

Wind shear is a challenge for their high, exposed orchard. 
To reduce the wind-stress on trees and animals they have 
grown a network of dense, interplanted poplar and ever-
green windbreaks. They have also transitioned some of the 
apple production to an Ultra-High-Density (UHD) system 
grown on dwarfing root-stock, which reduces wind stress 

Figure 15.1. Newly planted organic, biodynamic certified ul-
tra-high-density orchards with comfry, herbs, and strawberry 
groundcover. HOCH ORCHARDS. PHOTO BY TOBIAS CARTER.

Figure 15.2. Pigs are distracted from tilling a raspberry planting by 
the delivery of cider-apple pumice.  Poplar and fir windbreaks are 
protecting standard apple orchards on the left. HOCH ORCHARDS. 
PHOTO BY TOBIAS CARTER.
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and limb breakage and makes management and produc-
tion of the desired apple varieties easier.  Being surround-
ed by excellent herbivore and predator habitat, they strive 
for complete deer exclusion with 10 foot “invisible” fencing 
and by rotating animals under the watchful eye of a guard 
llama. 

Diversifying from a smaller number of standard (high-
stem) apple varieties to 50 apple varieties in addition to 
growing other tree, shrub, cane, and vine fruit grants them 
improved resiliency to annual weather and pest patterns 
and allows them to consistently market fruit from May 
through January. Bringing additional value to the farm 
at each step of the production cycle, they have invested 
in becoming mostly vertically integrated by adding value 
through their commercial kitchen, cidery, and winery, and 
by partially distributing their own products. The relation-
ship with a regional network of co-op markets allows them 
some flexibility in how they market. Over time they have 
adapted to changing demands on the farm by transitioning 
from direct distribution to markets to wholesale delivery to 
co-op partner’s distribution centers. 

o	 https://www.hochorchard.com/

STAR VALLEY FLOWERS 
Soldiers Grove, Wisconsin
While not strictly practicing agroforestry for food produc-
tion, Star Valley Flowers is an excellent example of diver-
sified, environmentally-adapted, perennial agriculture.  
Farming on sloping, former dairy pasture in the Driftless 
region of southwest Wisconsin, the farm has evolved into 
200 acres of native and climate-suited, perennial woody 
ornamentals and flowers.  Planted tightly on-contour, the 
farm offers a vision of a unique, resilient business based 
on natural products that help remediate the soil erosion 
that is a legacy of poor soil conservation practices formerly 
common in the region.

From humble beginnings as an annual-cut-flower farm, 
John Zehrer and his team made the switch to perennials 

in response to changes in the annual-flower market which 
forced them to reconsider their niche. They have identified 
and developed a specialization that has had increased de-
mand nationally from vendors who are interested in more 
sustainably-grown, seasonally appropriate ornamentals. 
They have also invested in niche edible perennial products 
by growing aroniaberry nursery stock for a community of 
growers around the region. 

The farm is conventional and will apply pre-emergence her-
bicide or glyphosate directly to control weeds, though they 
look for ways to manage their crops to reduce chemical 
inputs. They mulch their plantings to a large degree with a 
mushroom grower’s growing medium, offering some fertil-
ization and weed suppression. They will also mechanical-
ly cultivate around the plants in the rows and within the 
alleys and seed the alleys with white clover as a ground 
cover and pollinator attractant. Pollination of flowering 
and fruiting ornamentals improves the quality of the crop.

Chemical controls aren’t needed for insect pests or dis-
ease because many ornamental perennials actually ben-
efit from some pest and pathogen pressure. Insects and 
disease can stimulate early leaf-drop or stem dormancy, 
which is beneficial when the ornamental product of many 

Figure 15.3. Standard orchard block with protective windbreak. 
HOCH ORCHARDS. PHOTO BY TOBIAS CARTER.

Figure 15.4. Amphitheater contour layout of Aronia. STAR VALLEY 
FLOWERS. PHOTO BY TOBIAS CARTER.

Figure 15.5. Rows of orange winterberry (Ilex verticillata). STAR 
VALLEY FLOWERS. PHOTO BY TOBIAS CARTER.

https://www.hochorchard.com
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woody perennials is bare-stem stalks. Deer, however, can 
have a negative impact on woody/perennial ornamentals 
and they address this by hunting 20-30 deer on the prop-
erty every year. 

The mass marketability of their specialty natural products 
requires that they have a broad geographical reach and 
benefit from economies of scale in distribution. Small en-
terprises of ornamental specialty products, however, may 
also be important avenues for farm diversification for local 
markets.

o	 http://starvalleyflowers.com/

RED FERN FARM  
Wapello, Iowa
Tom Wahl and Kathy Dice bring the ecological knowledge 
and expertise from careers in natural sciences into man-
aging their mature, nut, fruit, and nursery business. They 
exemplify the visionary, slow transition from off-farm-
working homesteaders to full-time commercial farmers of 
a unique forest-like agroecosystem. 

Based around core plantings of mature Chinese and hybrid 
chestnuts, the farm resembles the shifting mosaic of the 
forest-savannah-shrubland ecosystems found in nature 
where natural disturbances such as fire still occur. As man-
agement and natural disturbance have culled out some 
of the original orchard trees, other nut-bearing canopy 
trees, understory trees, and fruiting shrubs have been in-
troduced. Throughout the farm, there are new patches of 
plantings overlapped by older ones creating a very struc-
turally diverse appearance and long-term dynamic produc-
tivity (sometimes referred to as shifting agro-successional 
agroforestry). There is a steady stream of fresh produce 
ready for collection across the farm as nuts mature and 
drop in a rippling pattern throughout the harvest season.

Harvesting and preparing chestnuts are unique experi-
ences with deep significance for communities of many 
heritages. Red Fern Farm has been discovered by people 
all around the country as an extraordinary place to pick 
fresh chestnuts. Communities with a family connection 
to the chestnut harvest have especially enjoyed the farm. 
Through bringing people to the farm, they have brought 
greater attention to the broader community about the 
chestnut and the other lesser-known nuts and fruits that 
they sell. Along with selling trees and seed nuts, they do a 
lot of education and outreach to help people understand 
their crops and how their practices benefit the local envi-
ronment in terms of biodiversity, soil quality, and stability. 
A growing part of their business is working with food pro-
cessors as well as other chestnut growers to increase the 
uses and availability of high-quality, regional ingredients 
for products like beer and ice-cream. 

As the systems have matured, they have experimented 
with many smaller components, adding and subtracting as 
the system provides feedback. They have at times grazed 
small animals, mostly as a homestead enterprise. Poultry 
seemed to work the best for their setting once they trained 
the hawks to stay away (a lesser-known agroforestry skill: 
how to catch and handle raptors). They strongly warn of 
the evils that goats can wreak among perennial crops, 
however. 

In their mature plantings, trees and shrubs have over-
come many of the stressors that affect the establishment 
of newly planted perennials. They have learned over time 
the best way to manage newly installed trees based upon 
the vegetation and conditions of their site. Producing their 
own high quality growing stock has allowed them to dial-in 
cost-effective and efficient planting protections. Deer are 
a major pressure and choosing not to fence, they variably 
use a rifle, dog, tubes, repellents, and antler-baffles to mit-
igate potential damage. 

Figure 15.6.  Mid-October in a relatively new inter-planted plot of 
chestnut, pawpaw, and aronia. RED FERN FARM. PHOTO BY TOBIAS 
CARTER.

Figure 15.7. A thinned mature chestnut grove with younger canopy 
trees, understory trees and understory shrubs planted within. RED 
FERN FARM. PHOTO BY TOBIAS CARTER.

http://starvalleyflowers.com
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ARONIA Aronia melanocarpa
PH	 DRAINAGE	 POLLINATION	 LIGHT	 ZONE
5.0-7.0	 Moderate to well 

drained	
Self-pollinated	 Full	 zone 3+

3-4	 12-14*	 900	 Every few years

4000-
16000+	 5-20	 700+	 16	

12-65* 
Joanna	

3,300 
Joanna	 (3) 5-6	 Aug-Sept

IN-ROW SPACING 
(feet)	

BETWEEN ROW 
SPACING (feet)	 PLANTS PER ACRE	 PRUNING

YIELD (lbs) HAND HARVEST

MACHINE HARVEST 
(machine company 
or name is included, 
if known) TIMING

Per acre	 Per plant	 Hours per 
acre	

Lbs. per 
hour	

Hours per 
acre	

Lbs. per 
hour 	

Years to 
(partial) 
and full 
bearing	

Harvest 
season

NOTES & SOURCES 

Reported machine harvest rates vary 
from 12 to 65  hour per acre with 
Joanna harvester

(Strang 2013) 
(“Culture of Aronia for Fruit Produc-
tion”) 
(Aronia at winding creek) 
(Hannan 2013) 
(Aronia berries-AMRC 2013)

SHRUB

*spacing determined by harvester requirements
*may be planted at a higher intial density and thinned later	

*may indicate machine capacity, NOT total harvest labor

BLACK CURRANT Ribes spp.
PH	 DRAINAGE	 POLLINATION	 LIGHT	 ZONE
5.5-6.5, but toler-
ant	

Adaptable; avoid 
standing water	

Self-pollinated, but 
better crop if cross	

Shade to full	  zone 2+

2-3	 12-14*	 2000	 Yearly

2400-
5000+	 2-8	 770	 9-18	

12-65* 
Joanna	

3,300 
Joanna	 (3) 4-5	 June-Aug

IN-ROW SPACING 
(feet)	

BETWEEN ROW 
SPACING (feet)	 PLANTS PER ACRE	 PRUNING

YIELD (lbs) HAND HARVEST

MACHINE HARVEST 
(machine company 
or name is included, 
if known) TIMING

Per acre	 Per plant	 Hours per 
acre	

Lbs. per 
hour	

Hours per 
acre	

Lbs. per 
hour 	

Years to 
(partial) 
and full 
bearing	

Harvest 
season

NOTES & SOURCES 

Will produce in the shade; plant 
only White Pine Blister Rust (WPBR) 
resistant varieties	

(Bratch and Williams 2009) 
(Strang and Pomper 2012) 
(Dale 2000) 
(“Organic Black Currant Production 
Manual”)

SHRUB

*spacing determined by harvester requirements
*may be planted at a higher intial density and thinned later	

*may indicate machine capacity, NOT total harvest labor

APPENDIX
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ELDERBERRY Sambucus canadensis
PH	 DRAINAGE	 POLLINATION	 LIGHT	 ZONE
5.5-6.5	 Moderate to  

well drained	
Cross-pollinated	 Partial, Full°	 zones 3-9

4	 10-12	 908	 Yearly; can be  
coppiced

4000-
8000	 4.5-15	 163-650	 25	 NA	 NA	 (2) 3	 July-Sept

IN-ROW SPACING 
(feet)	

BETWEEN ROW 
SPACING (feet)	 PLANTS PER ACRE	 PRUNING

YIELD (lbs) HAND HARVEST

MACHINE HARVEST 
(machine company 
or name is included, 
if known) TIMING

Per acre	 Per plant	 Hours per 
acre	

Lbs. per 
hour	

Hours per 
acre	

Lbs. per 
hour 	

Years to 
(partial) 
and full 
bearing	

Harvest 
season

NOTES & SOURCES 

Spotted wind drosophila may be 
problematic	

(Strand 2012b) 
(American elderberry Uncommon) 
(Byers et al 2014)

SHRUB

SASKATOON/JUNEBERRY Amelanchier spp.
PH	 DRAINAGE	 POLLINATION	 LIGHT	 ZONE
6.0-8.0	 Moderate to  

well drained	
Self-pollinated	 Full sun	 zones 2-5

3-5	 12-16 (hand)  
17-20 (mach.)	

500-1200	 Yearly

2000-
6000	 4-5	 300-480	 12-15	

12-65* 
Joanna	

3,300 
Joanna	 (3) 	 July-Aug

IN-ROW SPACING 
(feet)	

BETWEEN ROW 
SPACING (feet)	 PLANTS PER ACRE	 PRUNING

YIELD (lbs) HAND HARVEST

MACHINE HARVEST 
(machine company 
or name is included, 
if known) TIMING

Per acre	 Per plant	 Hours per 
acre	

Lbs. per 
hour	

Hours per 
acre	

Lbs. per 
hour 	

Years to 
(partial) 
and full 
bearing	

Harvest 
season

NOTES & SOURCES 

Yields average 3,000-4,000lbs per 
acre in Alberta, but up to 8000lbs 
per acre have been recorded	

(Spencer et al 2013) 
(Strang 2012) 
(“Guide to Juneberries” 2012)

SHRUB

*may indicate machine capacity, NOT total harvest labor

HONEYBERRY/HASKAP Lonicera caerulea
PH	 DRAINAGE	 POLLINATION	 LIGHT	 ZONE
5.0-7.0	 Somewhat poorly  

to well drained	
Cross-pollinated	 Full sun	  zones 2-7 

3	 12-14*	 800-1000	 Yearly

5500-
11000	 6-15	 ??	 ??	

Similar to 
currants?	

Similar to 
currants?	 3-4	 June-Aug

IN-ROW SPACING 
(feet)	

BETWEEN ROW 
SPACING (feet)	 PLANTS PER ACRE	 PRUNING

YIELD (lbs) HAND HARVEST

MACHINE HARVEST 
(machine company 
or name is included, 
if known) TIMING

Per acre	 Per plant	 Hours per 
acre	

Lbs. per 
hour	

Hours per 
acre	

Lbs. per 
hour 	

Years to 
(partial) 
and full 
bearing	

Harvest 
season

NOTES & SOURCES 

Variety testing in warmer areas  
is still needed. Bumblebees are  
the best pollinators due to early 
blooming.	

(Bors 2008) 
(Honeyberry 2013) 
(Hummer et al 2012)

SHRUB

*spacing determined by harvester requirements
*may be planted at a higher intial density and thinned later	
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CHESTNUT (CHINESE) Castanea mollisima
PH	 DRAINAGE	 POLLINATION	 LIGHT	 ZONE

BLACK WALNUT Juglans nigra
PH	 DRAINAGE	 POLLINATION	 LIGHT	 ZONE
6.0-7.5 Well drained	 Self-pollinated, but 

4+ varieties is best	
Full Widely adapted

30* 30* 48 Early traning only

1500-
2000

	
30-40

	
13-32

	
62

	
1-2 
Weiss

	
350-
1200 
Weiss

6 (graft) 
10-16 
(seed)	 Sept-Nov

IN-ROW SPACING 
(feet)	

BETWEEN ROW 
SPACING (feet)	 PLANTS PER ACRE	 PRUNING

YIELD (lbs) HAND HARVEST

MACHINE HARVEST 
(machine company 
or name is included, 
if known) TIMING

Per acre	 Per plant	 Hours per 
acre	

Lbs. per 
hour	

Hours per 
acre	

Lbs. per 
hour 	

Years to 
(partial) 
and full 
bearing	

Harvest 
season

NOTES & SOURCES 

Much variability depending upon 
Harvester: Weiss McNair. Savage 
pecan harvester may be modified to 
work with walnuts.

(Jensen 2014) 
(Reid et al 2009) 
(McCreary 2017) 
(Jones) 
(Harper)

TREE

*spacing determined by harvester requirements
*may be planted at a higher intial density and thinned later	

5.5-6.5 Well drained	 Cross-pollinated	 Full	 zones 6a-8 

30 initial, 42 final* 30 initial, 42 final* 50 initial, 26 final	 Early traning only

1000-
2000+

	
35-75

	
70

	
24-31

	
43 Pad-
dock vac, 
5 Facma

52 Pad-
dock vac, 
1,000+ 
Facma	 12-15	 Sept-Oct

IN-ROW SPACING 
(feet)	

BETWEEN ROW 
SPACING (feet)	 PLANTS PER ACRE	 PRUNING

YIELD (lbs) HAND HARVEST

MACHINE HARVEST 
(machine company 
or name is included, 
if known) TIMING

Per acre	 Per plant	 Hours per 
acre	

Lbs. per 
hour	

Hours per 
acre	

Lbs. per 
hour 	

Years to 
(partial) 
and full 
bearing	

Harvest 
season

NOTES & SOURCES 

Hot water bath required for weevils, 
refrigeration required for stor-
age	

(Wahl, n.d.) 
(Hunt et al 2012) 
(Grimo Chestnut 2017) 
(Strang 2012a)

TREE

*spacing determined by harvester requirements
*may be planted at a higher intial density and thinned later	

APPLES, SEMIDWARF (CIDER) Malus spp.
PH	 DRAINAGE	 POLLINATION	 LIGHT	 ZONE
5.5-7.5	 Moderate to well 

drained (variable)	
Cross-pollinated by 
compatible variety	

Full	 Variety dependent

Rootstock  
dependent	

Rootstock  
dependent	

varies	 Yearly

18,000-
20,000	 180-300	 23-32	 500-600	

1.8-2.5* 
Feucht 
80	

8,000-
10,000 
Feucht 
80	 4-6	

July-Nov 
(varies)

IN-ROW SPACING 
(feet)	

BETWEEN ROW 
SPACING (feet)	 PLANTS PER ACRE	 PRUNING

YIELD (lbs) HAND HARVEST

MACHINE HARVEST 
(machine company 
or name is included, 
if known) TIMING

Per acre	 Per plant	 Hours per 
acre	

Lbs. per 
hour	

Hours per 
acre	

Lbs. per 
hour 	

Years to 
(partial) 
and full 
bearing	

Harvest 
season

NOTES & SOURCES 

Much variability depending upon 
variety and rootstock; higher pest 
pressure; must be pruned. Estimates 
for labor are for desert apples: cider 
apples can take longer to pick	

(Tritten 2016) 
(Kaiser and Ernst 2012) 
(Miles and King 2014)

TREE

*may indicate machine capacity, NOT total harvest labor
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HONEY LOCUST Gleditsia triacanthos
PH	 DRAINAGE	 POLLINATION	 LIGHT	 ZONE
6-8	 Somewhat poorly to 

well drained	
Cross-pollinated	 Full	  zones 3-8 

23-28	 23-28	 55-82	 None

variable	 variable	 NA	 NA	 NA	 NA	 variable	 Oct-Dec

IN-ROW SPACING 
(feet)	

BETWEEN ROW 
SPACING (feet)	 PLANTS PER ACRE	 PRUNING

YIELD (lbs) HAND HARVEST

MACHINE HARVEST 
(machine company 
or name is included, 
if known) TIMING

Per acre	 Per plant	 Hours per 
acre	

Lbs. per 
hour	

Hours per 
acre	

Lbs. per 
hour 	

Years to 
(partial) 
and full 
bearing	

Harvest 
season

NOTES & SOURCES 

Yield and years to harvest vary by 
cultivar and location

(Johnson, Fannon-Osborne and Fike) 
(Johnson et al 2013) 
(Wilson 1991) 
(Gold and Hanover 1993)

TREE

HAZELNUT (HYBRID) Corylus americana
PH	 DRAINAGE	 POLLINATION	 LIGHT	 ZONE
5.5-7.5	 Moderate to  

well drained*	
Cross-pollinated	 Partial, Full°	  zone 3+

3-5	 10-15	 508	 Maintain size for 
harvest

200-
1400 
(300)	 0.5-3	 211	 6	 --	 --	 (3-6) 8	 Aug-Sep

IN-ROW SPACING 
(feet)	

BETWEEN ROW 
SPACING (feet)	 PLANTS PER ACRE	 PRUNING

YIELD (lbs) HAND HARVEST

MACHINE HARVEST 
(machine company 
or name is included, 
if known) TIMING

Per acre	 Per plant	 Hours per 
acre	

Lbs. per 
hour	

Hours per 
acre	

Lbs. per 
hour 	

Years to 
(partial) 
and full 
bearing	

Harvest 
season

NOTES & SOURCES 

Machine harvest is not yet  
feasible	

(Braun and Jensen 2015) 
(Grimo 2017) 
(Yildiz 2016) 
(Olsen 2013) 
(Fischbach 2011)

TREE

*adaptable to a variety of soil types, but grows best in listed conditions °produces best in full sun, but can tolerate partial shade

HAZELNUT (EUROPEAN) Corylus avellana
PH	 DRAINAGE	 POLLINATION	 LIGHT	 ZONE
5.5-7.5	 Moderate to well 

drained	
Cross-pollinated; 
specific varieties	

Partial, Full°	 Variety dependent

16-20* 18-20* 108* Early training, then 
every 5 years

700-
2000+	 15-25	 211	 6	

0.4 sweep, 
0.6 har-
vest, 0.7 
load	 5000	

(4-5) 
11-12	 Sept-Oct

IN-ROW SPACING 
(feet)	

BETWEEN ROW 
SPACING (feet)	 PLANTS PER ACRE	 PRUNING

YIELD (lbs) HAND HARVEST

MACHINE HARVEST 
(machine company 
or name is included, 
if known) TIMING

Per acre	 Per plant	 Hours per 
acre	

Lbs. per 
hour	

Hours per 
acre	

Lbs. per 
hour 	

Years to 
(partial) 
and full 
bearing	

Harvest 
season

NOTES & SOURCES 

Ensure Eastern Filbert Blight (EFB) 
resistant varieties

(Olsen 2013a) 
(Olsen 2013b)

TREE

°produces best in full sun, but can tolerate partial shade*spacing determined by harvester requirements
*may be planted at a higher initial density and thinned later	
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MULBERRY Morus spp.
PH	 DRAINAGE	 POLLINATION	 LIGHT	 ZONE
6-8.5	 Moderate to well 

drained	
Dioecious: cross-pol-
linated, monoecious: 
self-pollinated	

Full	 (see notes)

25-30	 25-30	 48-70	 Early traning only

--	 5-25	 --	 --	 NA	 NA	

2-3 graft-
ed, 8-12 
seedling	 May-Jul

IN-ROW SPACING 
(feet)	

BETWEEN ROW 
SPACING (feet)	 PLANTS PER ACRE	 PRUNING

YIELD (lbs) HAND HARVEST

MACHINE HARVEST 
(machine company 
or name is included, 
if known) TIMING

Per acre	 Per plant	 Hours per 
acre	

Lbs. per 
hour	

Hours per 
acre	

Lbs. per 
hour 	

Years to 
(partial) 
and full 
bearing	

Harvest 
season

NOTES & SOURCES 

White (M. alba) hardy to zone 4, Red 
(M. rubra) to zone 5. Suitable for 
frost pockets, commercial yields per 
acre difficult to find	

(Mulberry, Uncommon 2012) 
(Marzolo and Lee 2016) 
(“Mulberry” 1997) 
(Strang 2012) 

TREE

PAWPAW  Asimina triloba
PH	 DRAINAGE	 POLLINATION	 LIGHT	 ZONE
5.5-7	 Moderate to well 

drained	
Cross-pollinated (May 
need hand pollination)	

Partial, Full°	  zones 5-8

8-15	 8-15	 295	 Early traning only

6000	 15-50	 250+	 25?	 NA	 NA	

(3) 5 graft-
ed, 5-8 
seedling	 Sept-Oct

IN-ROW SPACING 
(feet)	

BETWEEN ROW 
SPACING (feet)	 PLANTS PER ACRE	 PRUNING

YIELD (lbs) HAND HARVEST

MACHINE HARVEST 
(machine company 
or name is included, 
if known) TIMING

Per acre	 Per plant	 Hours per 
acre	

Lbs. per 
hour	

Hours per 
acre	

Lbs. per 
hour 	

Years to 
(partial) 
and full 
bearing	

Harvest 
season

NOTES & SOURCES 

Few pests, trees are not browsed by 
deer, shade is required for young 
trees	

(Pomper and Crabtree 2009) 
(KYSU Pawpaw planting guide 
2009) 
(Pomper 2012) 
(Ames 2017)

TREE

°produces best in full sun, but can tolerate partial shade

PEAR (ASIAN) Pyrus pyrifolia
PH	 DRAINAGE	 POLLINATION	 LIGHT	 ZONE
5.5-7.5	 Somewhat poorly to 

well drained	
Best if cross- 
pollinated	

Full	 Roostock dependent

12	 17-18	 218-242	 Yearly

400 
bushels	

2-3 
bushels	 40	

10-14 
bushels	 NA	 NA	 (2-3) 7	 Aug-Oct

IN-ROW SPACING 
(feet)	

BETWEEN ROW 
SPACING (feet)	 PLANTS PER ACRE	 PRUNING

YIELD (lbs) HAND HARVEST

MACHINE HARVEST 
(machine company 
or name is included, 
if known) TIMING

Per acre	 Per plant	 Hours per 
acre	

Lbs. per 
hour	

Hours per 
acre	

Lbs. per 
hour 	

Years to 
(partial) 
and full 
bearing	

Harvest 
season

NOTES & SOURCES 

Avoid frost pockets, fruit thinning is 
required	

(Kaiser and Ernst 2014) 
(Beutel 1997)

TREE
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PERSIMMON (AMERICAN) Diospyros virginiana
PH	 DRAINAGE	 POLLINATION	 LIGHT	 ZONE
5.0-8.0	 Adaptable	 (see notes)	 Partial, Full°	 zones 5-9

30	 35	 41	 Early traning only

1500-
5800 
(2200)

	
35-140	 75-290	 20	 NA	 NA	 (5)	

Sept-
Nov+

IN-ROW SPACING 
(feet)	

BETWEEN ROW 
SPACING (feet)	 PLANTS PER ACRE	 PRUNING

YIELD (lbs) HAND HARVEST

MACHINE HARVEST 
(machine company 
or name is included, 
if known) TIMING

Per acre	 Per plant	 Hours per 
acre	

Lbs. per 
hour	

Hours per 
acre	

Lbs. per 
hour 	

Years to 
(partial) 
and full 
bearing	

Harvest 
season

NOTES & SOURCES 

Cross-pollination may be required by 
some varieties, but others varieties 
have shown the ability to produce 
fruit without a compatible male 
nearby. However, a 5:1 ratio of fe-
male to male trees is recommended 
for good fruit set.	

(Lehman 2017) 
(Ames 2010), 
(Strang and Wright 2011)

TREE

°produces best in full sun, but can tolerate partial shade

PECAN (NORTHERN) Carya illinoinensis
PH	 DRAINAGE	 POLLINATION	 LIGHT	 ZONE
6.0-7.5	 Moderate to  

well drained	
Cross pollinated, 
compatible varieties	

Full	 zones 6-9

35 initial*	 35 initial*	 36	 Early traning only

600-
1800	 30-50	 --	 --	

2-6.5* 
Savage 
8042	

275  
Savage 
8042	

(5-7 
grafted), 
20-25 full	 Sept-Oct

IN-ROW SPACING 
(feet)	

BETWEEN ROW 
SPACING (feet)	 PLANTS PER ACRE	 PRUNING

YIELD (lbs) HAND HARVEST

MACHINE HARVEST 
(machine company 
or name is included, 
if known) TIMING

Per acre	 Per plant	 Hours per 
acre	

Lbs. per 
hour	

Hours per 
acre	

Lbs. per 
hour 	

Years to 
(partial) 
and full 
bearing	

Harvest 
season

NOTES & SOURCES 

Most northern pecans are grown in 
managed wild stands

(Diver and Ames 2000) 
(Strang 2011) 
(Growing Pecans in Missouri 2000)

TREE

*spacing determined by harvester requirements
*may be planted at a higher intial density and thinned later	

*may indicate machine capacity, NOT total harvest labor



B
IB

L
IO

G
R

A
P

H
Y

103

BIBLIOGRAPHY
1.  Jose, S. Agroforestry for ecosystem services and environmental benefits: 

an overview. Agroforest Syst 76, 1–10 (2009).

2.  Udawatta, R. P., Kremer, R. J., Nelson, K. A., Jose, S. & Bardhan, S. Soil 
Quality of a Mature Alley Cropping Agroforestry System in Temperate 
North America. Communications in Soil Science and Plant Analysis 45, 
2531–2551 (2014).

3.  Udawatta, R. P., Krstansky, J. J., Henderson, G. S. & Garrett, H. E. 
Agroforestry practices, runoff, and nutrient loss: a paired watershed 
comparison. J. Environ. Qual. 31, 1214–1225 (2002).

4.  Udawatta, R. P. & Jose, S. Carbon Sequestration Potential of Agroforestry 
Practices in Temperate North America. in Carbon Sequestration Poten-
tial of Agroforestry Systems (eds. Kumar, B. M. & Nair, P. K. R.) 17–42 
(Springer Netherlands, 2011). doi:10.1007/978-94-007-1630-8_2

5.  Dixon, R. K., Winjum, J. K., Andrasko, K. J., Lee, J. J. & Schroeder, P. E. 
Integrated land-use systems: Assessment of promising agroforest and 
alternative land-use practices to enhance carbon conservation and 
sequestration. Climatic Change 27, 71–92 (1994).

6.  Bianchi, F. J. J. ., Booij, C. J. . & Tscharntke, T. Sustainable pest regulation 
in agricultural landscapes: a review on landscape composition, biodi-
versity and natural pest control. Proc Biol Sci 273, 1715–1727 (2006).

7.  Keesing, F. & Ostfeld, R. S. Is biodiversity good for your health? Science 
349, 235–236 (2015).

8.  Valdivia, C., Gold, M., Zabek, L., Arbuckle, J. & Flora, C. Human and Insti-
tutional Dimensions of Agroforestry. North American Agroforestry: An 
Integrated Science and Practice 2nd edition acsesspublicati, 339–367 
(2009).

9.  Lovell, S. T. Multifunctional Urban Agriculture for Sustainable Land Use 
Planning in the United States. Sustainability 2, 2499–2522 (2010).

10.  Brandle, J. R., Hodges, L. & Zhou, X. H. Windbreaks in North American 
agricultural systems. Agroforestry Systems 61–62, 65–78 (2004).

11.  Onokpise, O. & Bambo, S. Establishment and Management of Trees 
in Silvopasture Systems. in Sustainable Agroforestry Practices in the 
Southeastern United States Training Handbook (Tuskegee University, 
2015).

12.  Kallenbach, R. L., Kerley, M. S. & Bishop-Hurley, G. J. Cumulative Forage 
Production, Forage Quality and Livestock Performance from an An-
nual Ryegrass and Cereal Rye Mixture in a Pine Walnut Silvopasture. 
Agroforest Syst 66, 43–53 (2006).

13.  Altieri, M. A. The ecological role of biodiversity in agroecosystems. 
Agriculture, Ecosystems & Environment 74, 19–31 (1999).

14.  Fagerholm, N., Torralba, M., Burgess, P. J. & Plieninger, T. A systematic 
map of ecosystem services assessments around European agroforest-
ry. Ecological Indicators 62, 47–65 (2016).

15.  Lovell, S. T. et al. Temperate agroforestry research: considering multi-
functional woody polycultures and the design of long-term field trials. 
Agroforest Syst 1–19 (2017). doi:10.1007/s10457-017-0087-4

16.  Boyd, G. D. L. Nut-Tree-Based Alley Cropping System. in Sustainable 
Agroforestry Practices in the Southeastern United States: Training 
Handbook (Tuskegee University, 2015).

17.  Dupraz, C. et al. To mix or not to mix : evidences for the unexpected 
high productivity of new complex agrivoltaic and agroforestry sys-
tems. in ResearchGate 202–203 (2011).

18.  Malézieux, E. et al. Mixing plant species in cropping systems: concepts, 
tools and models. A review. Agron. Sustain. Dev. 29, 43–62 (2009).

19.  Wilson, M. H. & Lovell, S. T. Agroforestry—The Next Step in Sustainable 
and Resilient Agriculture. Sustainability 8, 574 (2016).

20.  Warner, G. New replant disease treatment. Good Fruit Grower (2014). 
Available at: http://www.goodfruit.com/new-replant-disease-treat-
ment/. (Accessed: 31st January 2017)

21.  Keeping Under Cover: The Ideal Look of an Orchard Floor. Fruit Growers 
News (2010). Available at: http://fruitgrowersnews.com/article/keep-
ing-under-cover-the-ideal-look-of-an-orchard-floor/. (Accessed: 17th 
September 2017)

22.  Orchard Biorenovations. (Penn State Cooperative Extension, 2015).

23.  Wahl, T. Steps to Successful Establishment of Tree Plantings. Red Fern 
Farm Available at: http://www.redfernfarm.com/wp-content/up-
loads/2017/03/Establishment-of-Chestnut-Plantings.pdf. 

24.  Gold, M. A., Godsey, L. D. & Josiah, S. J. Markets and marketing 
strategies for agroforestry specialty products in North America. in 
New Vistas in Agroforestry (eds. Nair, P. K. R., Rao, M. R. & Buck, L. 
E.) 371–382 (Springer Netherlands, 2004). doi:10.1007/978-94-017-
2424-1_26

25.  Josiah, S. J., St-Pierre, R., Brott, H. & Brandle, J. Productive Conserva-
tion: Diversifying Farm Enterprises by Producing Specialty Woody 
Products in Agroforestry Systems. Journal of Sustainable Agriculture 
23, 93–108 (2004).

26.  Crassweller, R. Orchard Establishment, Site Selection and Preparation. 
Penn State Extension (2017). Available at: https://extension.psu.edu/
orchard-establishment-site-selection-and-preparation. 

27.  Olsen, J. Orchard Site Selection. (Oregon State University Extension, 
2013).

28.  Jacke, D. & Toensmeier, E. Edible Forest Gardens, Volume II: Ecological 
Design And Practice for Temperate-Climate Permaculture. (Chelsea 
Green Publishing, 2005).

29.  Yeomans, P. A. Water for Every Farm. (Keyline Designs, 2008).

30.  Doherty, D. & Jeeves, A. 2. Geography. in Regrarians eHandbook (Re-
grarians Ltd., 2015).

31.  Wahl, T. Establishment and Maintenance of Orchard Trees. (2016). 
Available at: http://www.redfernfarm.com/Establishment%20and%20
Maintenance%20of%20Orchard%20Trees.pdf. 

32.  Tritten, B. Growing cider apples. (2016).

33.  Kaiser, C. & Ernst, M. Organic Apples. (University of Kentucky Coopera-
tive Extension Service, 2012).

34.  Ames, G. K., Kuepper, G., Baier, A. & Guerena, M. Tree fruits: organic 
production overview. National Sustainable Agriculture Information 
Service 1–32 (2004).

http://www.goodfruit.com/new
http://fruitgrowersnews.com/article/keeping
http://fruitgrowersnews.com/article/keeping
http://www.redfernfarm.com/wp-content/uploads/2017/03/Establishment-of-Chestnut-Plantings.pdf
http://www.redfernfarm.com/wp-content/uploads/2017/03/Establishment-of-Chestnut-Plantings.pdf
https://extension.psu.edu/orchard
https://extension.psu.edu/orchard
http://www.redfernfarm.com/Establishment
20Trees.pdf


P
E

R
E

N
N

IA
L

 P
A

T
H

W
A

Y
S

104

35.  Hinman, T. Apples: Organic Production Guide. (2011).

36.  Asselin, O. The Permaculture Orchard: Beyond Organic. (Permaculture-
Orchard.com, 2014).

37.  Buehrer, K. A. & Grieshop, M. J. Postharvest grazing of hogs in organic 
fruit orchards for weed, fruit, and insect pest management. Org. Agr. 4, 
223–232 (2014).

38.  Galinato, S. P., Alexander, T. R. & Miles, C. A. Feasibility of different 
harvest methods for cider apples: case study for Western Washington. 
(2016).

39.  Miles, C. A. & King, J. Yield, Labor, and Fruit and Juice Quality Character-
istics of Machine and Hand-harvested ‘Brown Snout’ Specialty Cider 
Apple. HortTechnology 24, 519–526 (2014).

40.  Miles, C., Tennant, H., Alexander, T. & Galinato, S. Comparing Orchard 
Designs for Mechanical Harvest.

41.  Rasco, B. Using Dropped Apples for Cider Production. (2017).

42.  Reid, W., Coggeshall, M., Garrett, H. E. G. & Van Sambeek, J. Growing 
Black Walnut for Nut Production. (2009).

43.  Johnson, J. W. Honeylocust and Black Walnut Tree Products within a 
Temperate Appalachian Silvopasture. (Virginia Tech, 2011).

44.  Smith, J. R. Tree Crops: A Permanent Agriculture. (Island Press, 1950).

45.  Birzer, T. Hogs and black walnuts. Oregon Sustainable Agriculture Land 
Trust (2012). Available at: http://www.osalt.org/assets/research/
hogs%20and%20black%20walnuts.pdf. (Accessed: 6th August 2017)

46.  Ernst, M. Black Walnut. (University of Kentucky Cooperative Extension 
Service, 2017).

47.  Jensen, J. A Landowners Guide to Perennial Crop Options. (2014).

48.  McCreary, D. Tree Shelters Protect Oak Seedlings from Cattle. University 
of California Oat Woodland Management (2017). Available at: http://
ucanr.edu/sites/oak_range/Oak_Articles_On_Line/Oak_Regenera-
tion_Restoration/Tree_Shelters_Protect_Oak_Seedlings_from_Cattle. 
(Accessed: 6th March 2017)

49.  Harper, L. Black Walnut Harvesting Costs-- The 50 Percent Factor.

50.  Hunt, K., Gold, M., Reid, W. & Warmund, M. Growing Chinese Chestnuts 
in Missouri. (2012).

51.  Chestnut Farming for Profit. Grimo Nut Nursery (2017). Available at: 
https://www.grimonut.com/shared/media/editor/file/Chestnut%20
Farming%20for%20Profit%202017.pdf. (Accessed: 5th April 2017)

52.  Wahl, T. The Iowa Chestnut Grower’s Primer. (Red Fern Farm, 2017).

53.  National Weekly Organic Summary. USDA Agricultural Marketing Service 
(2017). Available at: https://www.ams.usda.gov/market-news/organic. 
(Accessed: 21st July 2017)

54.  Romero, C. Chestnuts. Agricultural Marketing Resource Center (2015). 
Available at: http://www.agmrc.org/commodities-products/nuts/chest-
nuts/. (Accessed: 21st July 2017)

55.  Warmund, M. R., Biggs, A. K. & Godsey, L. D. Modified Paddock Vacuum 
Reduces Labor Input for Chinese Chestnut Harvest. HortTechnology 22, 
376–380 (2012).

56.  Large Chestnut Groves in Union County, Pa. Forest Leaves VIII, (1902).

57.  Strang, J. Chinese Chestnuts. (University of Kentucky Cooperative Exten-
sion Service, 2012).

58.  Virginia FAIRS. Bringing Back the Chestnut: Harvesting Chestnuts. (2016).

59.  Robinson, A. Y. Agroforestry Case Studies: Chestnuts at Red Fern Farm. 
(2013).

60.  Chestnuts- Harvesting. MSU Extension (2015). Available at: http://msue.
anr.msu.edu/topic/chestnuts/harvest_storage/harvesting. (Accessed: 
6th June 2016)

61.  Vacuum V1200. Cifarelli S.p.A. Available at: https://www.cifarelli.it/index.
php/P_Agriculture_Vacuum_V1200S?l=2. (Accessed: 23rd July 2017)

62.  Hunt, K. Harvesting Chestnuts in the Show-Me State: MU’s Method. The 
Chestnut Grower 10, (2008).

63.  Chestnut Weevil. (Center for Agroforestry, University of Missouri).

64.  Braun, L. & Jensen, J. Growing Hybrid Hazelnuts. (2015).

65.  Capik, J. M., Muehlbauer, M., Novy, A., Honig, J. A. & Molnar, T. J. Eastern 
Filbert Blight-resistant Hazelnuts from Russia, Ukraine, and Poland. 
HortScience 48, 466–473 (2013).

66.  Fischbach, J., Braun, L., Demchik, M. & Wyse, D. Hazelnut Production 
Potential in the Upper Midwest: A Report on Hybrid Hazelnut Yields, 
Research Bulletin No. 17. (2011).

67.  Molnar, T. J., Kahn, P. C., Ford, T. M., Funk, C. J. & Funk, C. R. Tree Crops, a 
Permanent Agriculture: Concepts from the Past for a Sustainable Future. 
Resources 2, 457–488 (2013).

68.  Hazelnut Farming for Profit. Grimo Nut Nursery (2017). Available at: 
http://www.grimonut.com/shared/media/editor/file/Hazelnut%20
Farming%20for%20Profit%202017%281%29.pdf. (Accessed: 5th April 
2017)

69.  Yildiz, T. Labor requirements and work efficiencies of hazelnut harvesting 
usingtraditional and mechanical pick-up methods. Turk J Agric For 40, 
301–310 (2016).

70.  Jujube and Aronia. (University of Kentucky Cooperative Extension Service, 
2013).

71.  Culture of Aronia for Fruit Production. University of Maine Cooperative 
Extension: Agriculture Available at: https://extension.umaine.edu/agri-
culture/home/aronia/culture/. (Accessed: 8th April 2017)

72.  Hannan, J. M. Aronia Berries. Agricultural Marketing Resource Center 
(2013). Available at: http://www.agmrc.org/commodities-products/
fruits/aronia-berries/. (Accessed: 8th February 2017)

73.  Aronia Berry at Winding Creek Belmond, Iowa. (Trees Forever: Working 
Buffers and Beyond, 2014).

74.  Joanna-4 model Standard. Weremczuk aronia berry harvesting Available 
at: http://aroniaharvest.com/berry_harvesting.html?module=prod-
uct_info_page. (Accessed: 21st August 2017)

75.  Bratsch, A. & Williams, J. Specialty Crop Profile: Ribes (Currants and 
Gooseberries). (2009).

76.  Hummer, K. E. & Barney, D. L. Crop Reports- Currants. HortTechnology 12, 
(2002).

77.  Dale, A. Potential for Ribes Cultivation in North America. HortTechnology 
10, 548–554 (2000).

78.  Strang, J. & Pomper, K. Gooseberries and Currants. (University of Ken-
tucky Cooperative Extension Service, 2012).

79.  Organic Black Currant Production Manual. (Anne’s PEI Farm and The PEI 
Horticulture Association).

PermacultureOrchard.com
PermacultureOrchard.com
http://www.osalt.org/assets/research/hogs
http://www.osalt.org/assets/research/hogs
20walnuts.pdf
http://ucanr.edu/sites/oak_range/Oak_Articles_On_Line/Oak_Regeneration_Restoration/Tree_Shelters_Protect_Oak_Seedlings_from_Cattle
http://ucanr.edu/sites/oak_range/Oak_Articles_On_Line/Oak_Regeneration_Restoration/Tree_Shelters_Protect_Oak_Seedlings_from_Cattle
http://ucanr.edu/sites/oak_range/Oak_Articles_On_Line/Oak_Regeneration_Restoration/Tree_Shelters_Protect_Oak_Seedlings_from_Cattle
https://www.grimonut.com/shared/media/editor/file/Chestnut
202017.pdf
https://www.ams.usda.gov/market-news/organic
http://www.agmrc.org/commodities-products/nuts/chestnuts
http://www.agmrc.org/commodities-products/nuts/chestnuts
http://msue.anr.msu.edu/topic/chestnuts/harvest_storage/harvesting
http://msue.anr.msu.edu/topic/chestnuts/harvest_storage/harvesting
https://www.cifarelli.it/index.php/P_Agriculture_Vacuum_V1200S?l=2.
https://www.cifarelli.it/index.php/P_Agriculture_Vacuum_V1200S?l=2.
http://www.grimonut.com/shared/media/editor/file/Hazelnut
29.pdf
https://extension.umaine.edu/agriculture/home/aronia/culture
https://extension.umaine.edu/agriculture/home/aronia/culture
http://www.agmrc.org/commodities-products/fruits/aronia
http://www.agmrc.org/commodities-products/fruits/aronia
http://aroniaharvest.com/berry_harvesting.html?module=product_info_page.
http://aroniaharvest.com/berry_harvesting.html?module=product_info_page.


B
IB

L
IO

G
R

A
P

H
Y

105

80.  European Black Currant. Uncommon Fruit (2013). Available at: http://
uncommonfruit.cias.wisc.edu/european-black-currant/. (Accessed: 28th 
September 2017)

81.  Zuzek, K. & Berlin, B. Serviceberry or Juneberry (Amelanchier spp.). 
University of Minnesota Extension (2017). Available at: http://www.ex-
tension.umn.edu/garden/yard-garden/trees-shrubs/serviceberry-june-
berry/index.html. (Accessed: 9th April 2017)

82.  Spencer, R., Matthews, L., Bors, B. & Peters, C. Saskatoon Berry Produc-
tion Manual. (Alberta Agriculture and Rural Development, 2013).

83.  Marcia. Guide to Juneberries. Growing Produce for Profit (2012). 
Available at: https://www.growingmagazine.com/fruits/juneberries/. 
(Accessed: 25th July 2017)

84.  Juneberry. (University of Kentucky Cooperative Extension Service, 2012).

85.  Ames, G. Persimmons, Asian and American. ATTRA Sustainable Agricul-
ture (2010). Available at: https://attra.ncat.org/attra-pub/viewhtml.
php?id=10. (Accessed: 28th July 2017)

86.  Lehman, J. Commercial Persimmon Production. (2017).

87.  Strang, J. & Wright, S. American Persimmon. (University of Kentucky 
Cooperative Extension Service, 2011).

88.  Chu, G.-M. et al. Effects of Dietary Fermented Persimmon Diet on the 
Meat Quality of Fattening Pigs. Korean Journal for Food Science of Ani-
mal Resources 32, 604–611 (2012).

89.  Hayhurst, S. Passion for Persimmons: Grower Strives to Commercial-
ize Seasonal Fruit. My Indiana Home (2012). Available at: http://
www.my-indiana-home.com/food/passion-for-persimmons-grow-
er-strives-to-commercialize-the-seasonal-fruit/. (Accessed: 24th 
September 2017)

90.  Johnson, J., Fannon-Osborne, A. & Fike, J. Potential Value of Honeylocust 
as a Fodder Tree for Silvopastures.

91.  Johnson, J. W. et al. Millwood honeylocust trees: seedpod nutritive value 
and yield characteristics. Agrofor. Syst. 87, 849–856 (2013).

92.  Wilson, A. A. Browse agroforestry using honeylocust. Forestry chronicle 
(1991).

93.  Marzolo, G. & Lee, D. Mulberries. Agricultural Marketing Resource Center 
(2016). Available at: http://www.agmrc.org/commodities-products/
fruits/mullberries/. (Accessed: 24th September 2017)

94.  Mulberry. California Rare Fruit Growers (1997). Available at: https://
www.crfg.org/pubs/ff/mulberry.html. (Accessed: 24th September 2017)

95.  Mulberry. Uncommon Fruit Available at: http://uncommonfruit.cias.wisc.
edu/mulberry/. (Accessed: 14th July 2017)

96.  Strang, J. Minor Fruit Lacking Commercial Potential in Kentucky. (Universi-
ty of Kentucky Cooperative Extension Service, 2012).

97.  S., J. Protect Your Harvest with Mulberry Trees. Stark Bro’s Nurseries & 
Orchards Co. (2017). Available at: https://www.starkbros.com/grow-
ing-guide/article. (Accessed: 24th September 2017)

98.  Kaiser, C. & Ernst, M. Asian and European Pears. (2014).

99.  Strang, J. Elderberry. (2012).

100.  American Elderberry | Uncommon Fruit.

101.  Byers, P., Thomas, A., Cernusca, M., Godsey, L. & Gold, M. Growing and 
Marketing Elderberries in Missouri. (2014).

102.  Bors, B. Growing Haskap/Blue honeysuckle in Canada. (University of 
Saskatchewan, 2008).

103.  Honeyberry. Uncommon Fruit (2013). Available at: http://uncommon-
fruit.cias.wisc.edu/honeyberry/. (Accessed: 25th September 2017)

104.  Hummer, K. E. et al. Emerging Fruit Crops. in Fruit Breeding 97–147 
(Springer, Boston, MA, 2012). doi:10.1007/978-1-4419-0763-9_4

105.  Pomper, K. W. & Crabtree, S. Forest Production of Pawpaw. (Kentucky 
State University, 2009).

106.  KYSU Pawpaw Planting Guide. (2009). Available at: http://www.pawpaw.
kysu.edu/pawpaw/ppg.htm. (Accessed: 23rd August 2017)

107.  Pomper, K. W. Pawpaw. (University of Kentucky Cooperative Extension 
Service, 2012).

108.  Diver, S. & Ames, G. Sustainable Pecan Production. (NCAT, 2000).

109.  Strang, J. Non-Timber Forest Products: Kentucky Pecans. Kentucky 
Woodlands Magazine 6, 14–17 (2011).

110.  Undersander, D., Albert, B., Cosgrove, D., Johnson, D. & Peterson, P. 
Pastures for profit: A guide to rotational grazing.

111.  Karki, U. Silvopasture Introduction. in Sustainable Agroforestry Practices 
in the Southeastern United States: Training Handbook (Tuskegee Univer-
sity, 2015).

112.  Mudge, K. & Gabriel, S. Farming the Woods: An Integrated Permaculture 
Approach to Growing Food and Medicinals in Temperate Forests. (Chel-
sea Green Publishing, 2014).

113.  Hilimire, K. The grass is greener: Farmers’ experiences with pastured 
poultry. Renewable Agriculture and Food Systems 27, 173–179 (2012).

114.  Clark, M. S. & Gage, S. H. Effects of free-range chickens and geese on 
insect pests and weeds in an agroecosystem. American Journal of Alter-
native Agriculture 11, 39–47 (1996).

115.  Pedersen, H. L., Olsen, A., Horsted, K., Korsgaard, M. & Pedersen, B. 
Combined production of broilers and fruits. in Proc. XIth Ecofruit, Int. 
Conf. Cultivation technique and phytopathological problems in organic 
fruit-growing, Weinsberg, Ger 131–136 (2004).

116.  Hermansen, J. E., Strudsholm, K. & Horsted, K. Integration of organic 
animal production into land use with special reference to swine and 
poultry. Livestock Production Science 90, 11–26 (2004).

117.  Gurung, N., Hart, S. & Peischel, A. Suitable Animal Species and Facility 
Requirements for Grazing in a Silvopasture System. in Sustainable Agro-
forestry Practices in the Southeastern United States: Training Handbook 
(Tuskegee University, 2015).

118.  Geiger, G. & Harold, B. Weeding With Geese. University of Missouri 
Extension (1993). Available at: http://extension.missouri.edu/p/G8922. 
(Accessed: 11th July 2017)

119.  Acha, A. & Newing, H. S. Cork Oak Landscapes, Promised or Compro-
mised Lands? A Case Study of a Traditional Cultural Landscape in South-
ern Spain. Hum Ecol 43, 601–611 (2015).

120.  McLeod, B. & Ackerman-Leist, P. The Woodland Homestead: How to 
Make Your Land More Productive and Live More Self-Sufficiently in the 
Woods. (Storey Publishing, LLC, 2015).

121.  Nunn, L., Embree, C., Hebb, D., Bishop, S. D. & Nichols, D. Rotationally 
grazing hogs for orchard floor management in organic apple orchards. 
Acta Horticulturae 737, 71 (2007).

122.  Sharrow, S. H., Brauer, D., Clason, T. R. & Garrett, H. E. G. Silvopastoral 
Practices. in ACSESS publications (American Society of Agronomy, 2009).

http://uncommonfruit.cias.wisc.edu/european
http://uncommonfruit.cias.wisc.edu/european
http://www.extension.umn.edu/garden/yard-garden/trees-shrubs/serviceberry-juneberry/index.html
http://www.extension.umn.edu/garden/yard-garden/trees-shrubs/serviceberry-juneberry/index.html
http://www.extension.umn.edu/garden/yard-garden/trees-shrubs/serviceberry-juneberry/index.html
https://www.growingmagazine.com/fruits/juneberries
https://attra.ncat.org/attra-pub/viewhtml.php?id=10.
https://attra.ncat.org/attra-pub/viewhtml.php?id=10.
http://www.my-indiana-home.com/food/passion
http://www.my-indiana-home.com/food/passion
http://www.agmrc.org/commodities-products/fruits/mullberries
http://www.agmrc.org/commodities-products/fruits/mullberries
https://www.crfg.org/pubs/ff/mulberry.html
https://www.crfg.org/pubs/ff/mulberry.html
http://uncommonfruit.cias.wisc.edu/mulberry
http://uncommonfruit.cias.wisc.edu/mulberry
https://www.starkbros.com/growing-guide/article
https://www.starkbros.com/growing-guide/article
http://uncommonfruit.cias.wisc.edu/honeyberry
http://uncommonfruit.cias.wisc.edu/honeyberry
http://www.pawpaw.kysu.edu/pawpaw/ppg.htm
http://www.pawpaw.kysu.edu/pawpaw/ppg.htm
http://extension.missouri.edu/p/G8922


P
E

R
E

N
N

IA
L

 P
A

T
H

W
A

Y
S

106

123.  Silvopasture--Establishment and Management Principles for Northern 
Hardwood Forests in Minnesota and the North Central United States. 
(2016).

124.  Garrett, H. E. et al. Hardwood silvopasture management in North Ameri-
ca: New visitas in Agroforestry. Agroforestry Systems 61, (2004).

125.  McGraw, R. L., Stamps, W. T., Houx, J. H. & Linit, M. J. Yield, maturation, 
and forage quality of alfalfa in a black walnut alley-cropping practice. 
Agroforest Syst 74, 155–161 (2008).

126.  Buergler, A. L. et al. Forage Nutritive Value in an Emulated Silvopasture. 
Agronomy Journal 98, 1265–1273 (2006).

127.  Feldhake, C. M., Belesky, D. P. & Mathias, E. L. Forage Production Under 
and Adjacent to Robinia pseudoacacia in Central Appalachia, West 
Virginia. in Toward Agroforestry Design (eds. Jose, S. & Gordon, A. M.) 
55–66 (Springer Netherlands, 2008). doi:10.1007/978-1-4020-6572-9_4

128.  Beetz, A. E. & Rinehart, L. Rotational grazing. ATTRA Sustainable Agri-
culture (2010). Available at: https://attra.ncat.org/attra-pub/viewhtml.
php?id=245. (Accessed: 26th July 2017)

129.  Coffey, L. Multispecies Grazing. ATTRA Sustainable Agriculture (2001). 
Available at: https://attra.ncat.org/attra-pub/viewhtml.php?id=244. 
(Accessed: 26th July 2017)

130.  Kure-Jensen, S. Rotational grazing for maximum fertility and soil health. 
Country Folks (2015). Available at: http://countryfolks.com/rotation-
al-grazing-for-maximum-fertility-and-soil-health-2/. (Accessed: 26th July 
2017)

131.  Lovell, S. T. Permaculture for agroecology: design, movement, practice, 
and worldview. A review. Agron. Sustain. Dev. 34, 251–274 (2013).

132.  Burner, D. M., Pote, D. H. & Ares, A. Management Effects on Biomass 
and Foliar Nutritive Value of Robinia pseudoacacia and Gleditsia triacan-
thos f. inermis in Arkansas, USA. Agroforest Syst 65, 207–214 (2005).

133.  MacKellar, B. Livestock poisoning possible from wilting black (wild) 
cherry leaves. Michigan State University Extension (2017). Available at: 
http://msue.anr.msu.edu/news/livestock_poisoning_possible_from_
wilting_black_cherry_leaves. (Accessed: 26th July 2017)

134.  Grandin, T. Temple Grandin’s Guide to Working with Farm Animals: 
Safe, Humane Livestock Handling Practices for the Small Farm. (Storey 
Publishing, 2017).

135.  Gao, G. Mechanization In The Berry Patch Can Make Your Job Easier | 
Growing Produce - Part 2. Growing Produce (2016). Available at: http://
www.growingproduce.com/fruits/berries/mechanization-in-the-berry-
patch-can-make-your-job-easier/2/. (Accessed: 12th May 2017)

136.  Artz, G., Eggers, T. & Edwards, W. Machinery Adoption Decision Exam-
ple: A Mechanical Harvester. (2011).

137.  Fruit harvesting machines. Feucht-Obsttechnik (2017). Available at: 
http://www.feucht-obsttechnik.de/en/fruit-harvesting-technology/
fruit-harvesting-machines.html. (Accessed: 8th August 2017)

138.  Mulla, D., Everett, L. & DiGiacomo, G. Introduction to Whole Farm Plan-
ning- Combining Family, Profit, and Environment. (2011).

139.  Marrison, D. L. Whole Farm Planning Model. Ohioline- Ohio State Uni-
versity Extension (2016). Available at: /factsheet/anr-52. (Accessed: 29th 
August 2017)

140.  Henderson, E. & North, K. Whole-Farm Planning: Ecological Imperatives, 
Personal Values, and Economics. (Chelsea Green Publishing, 2011).

141.  Wahl, T. Fruits and Nuts at Red Fern Farm. (2016).

142.  DeBruyne, S. A., Feldhake, C. M., Burger, J. A. & Fike, J. H. Tree effects on 
forage growth and soil water in an Appalachian silvopasture. Agroforest 
Syst 83, 189–200 (2011).

143.  Karki, U. Suitable Forages and their Establishment in the Silvopasture 
System. in Sustainable Agroforestry Practices in the Southeastern United 
SatesTraining Handbook (Tuskegee University, 2015).

144.  Reynolds, P. E., Simpson, J. A., Thevathasan, N. V. & Gordon, A. M. Ef-
fects of tree competition on corn and soybean photosynthesis, growth, 
and yield in a temperate tree-based agroforestry intercropping system 
in southern Ontario, Canada. Ecological Engineering 29, 362–371 (2007).

145.  Cardinael, R. et al. Competition with winter crops induces deeper 
rooting of walnut trees in a Mediterranean alley cropping agroforestry 
system. Plant and Soil 391, 219–235 (2015).

146.  Garrett, H. E., McGraw, R. L. & Walter, W. D. Alley Cropping Practices. 
North American Agroforestry: An Integrated Science and Practice 2nd 
edition 133–162 (2009). doi:10.2134/2009.northamericanagroforest-
ry.2ed.c7

147.  Schlesinger, R. C. & Williams, R. D. Growth response of black walnut to 
interplanted trees. Forest Ecology and Management 9, 235–243 (1984).

148.  Sanchez, J. E. et al. Orchard Floor and Nitrogen Management Influences 
Soil and Water Quality and Tart Cherry Yields. J. Amer. Soc. Hort. Sci. 
128, 277–284 (2003).

149.  Home. Miracle Farm Available at: https://miracle.farm/en/. (Accessed: 
23rd August 2017)

150.  Henderson, D. E. et al. Growth and Mortality of Pin Oak and Pecan 
Reforestation in a Constructed Wetland: Analysis with Management 
Implications. (Missouri Department of Conservation, 2009).

151.  Dey, D. C., Lovelace, W., Kabrick, J. M. & Gold, M. A. Production and ear-
ly field performance of RPM® seedlings in Missouri floodplains. (2004).

152.  Grossnickle, S. C. & El-Kassaby, Y. A. Bareroot versus container stock-
types: a performance comparison. New Forests 47, 1–51 (2016).

153.  Conrad III, J. A., Ezell, A. W., Schultz, E. B. & Hodges, J. D. Performance 
of two oak species and three planting stocks on lands damaged by hur-
ricane Katrina. in Proceedings of the 17th biennial southern silvicultural 
research conference 551 (U.S. Department of Agriculture, Forest Service, 
Southern Research Station, 2015).

154.  St-Pierre, R. G. Propagation of Saskatoons. (2005).

155.  American Horticultural Society Plant Propagation. (DK Publishing, 1999).

156.  Byers, P. Elderberry Propagation.

157.  Fischbach, J. & Brasseur, K. Stool Bed Layering as a Means of Vegetative 
Propagation of American Hazelnut. (2010).

158.  Wolz, K. J. et al. Frontiers in alley cropping: Transformative solutions for 
temperate agriculture. Glob Change Biol n/a-n/a doi:10.1111/gcb.13986

159.  Magdoff, F. & Van Es, H. Building soils for better crops: sustainable soil 
management. (SARE, 2009).

160.  Duiker, S. W. Diagnosing Soil Compaction Using a Penetrometer (Soil 
Compaction Tester). Crops and Soils (Penn State Extension) (2017). 
Available at: http://extension.psu.edu/plants/crops/soil-management/
soil-compaction/diagnosing-soil-compaction-using-a-penetrometer. 
(Accessed: 31st March 2017)

161.  Weill, A. A Guide to Successful Subsoiling. (CETAB+, 2015).

https://attra.ncat.org/attra-pub/viewhtml.php?id=245.
https://attra.ncat.org/attra-pub/viewhtml.php?id=245.
https://attra.ncat.org/attra-pub/viewhtml.php?id=244.
http://countryfolks.com/rotational
http://countryfolks.com/rotational
http://msue.anr.msu.edu/news/livestock_poisoning_possible_from_wilting_black_cherry_leaves
http://msue.anr.msu.edu/news/livestock_poisoning_possible_from_wilting_black_cherry_leaves
http://www.growingproduce.com/fruits/berries/mechanization
http://www.growingproduce.com/fruits/berries/mechanization
http://www.feucht-obsttechnik.de/en/fruit-harvesting-technology/fruit-harvesting-machines.html
http://www.feucht-obsttechnik.de/en/fruit-harvesting-technology/fruit-harvesting-machines.html
10.2134/2009.northamericanagroforestry
10.2134/2009.northamericanagroforestry
https://miracle.farm/en
10.1111/gcb
http://extension.psu.edu/plants/crops/soil-management/soil-compaction/diagnosing
http://extension.psu.edu/plants/crops/soil-management/soil-compaction/diagnosing


B
IB

L
IO

G
R

A
P

H
Y

107

162.  Duiker, S. W. To Subsoil or not to Subsoil. Crops and Soils (Penn State 
Extension) (2016). Available at: http://extension.psu.edu/plants/crops/
news/2016/04/to-subsoil-or-not-to-subsoil. (Accessed: 7th February 
2017)

163.  Weller, S. C., Skroch, W. A. & Monaco, T. J. Common bermudagrass (Cy-
nodon dactylon) interference in newly planted peach (Prunus persica) 
trees. Weed Science 33, 50–56 (1985).

164.  Kaya-Altop, E. et al. Long-term perennial weed control strategies: 
Economic analyses and yield effect in hazelnut (Corylus avellana). Crop 
Protection 80, 7–14 (2016).

165.  Davies, R. J. The Importance of Weed Control and the Use of Tree 
Shelters for Establishing Broadleaved Trees on Grass-Dominated Sites in 
England. Forestry 58, 167–180 (1985).

166.  Hoch, H. Planning the Organic Orchard. (Midwest Organic & Sustainable 
Education Service, 2012).

167.  Title 7: Agriculture PART 205—NATIONAL ORGANIC PROGRAM  Subpart 
C—Organic Production and Handling Requirements. Electronic Code of 
Federal Regulations Title 7: Agriculture PART 205—NATIONAL ORGANIC 
PROGRAM  Subpart C—Organic Production and Handling Require-
ments, (2017).

168.  Guidance Materials for Organic Crop Production- NOP 5034-1. (2016).

169.  Hammermeister, A. M. Organic weed management in perennial fruits. 
Scientia Horticulturae doi:10.1016/j.scienta.2016.02.004

170.  Managing Cover Crops Profitably. (SARE, 2007).

171.  Demchik, M. & Krause, N. Growing Your Mulch On-Site: Using Site Pro-
duced Sorghum/Sudan as a Mulch for Hybrid Poplar. Northern Journal of 
Applied Forestry 24, 77–78 (2007).

172.  Jordan, S. F. et al. Wildflower Establishment- Organic Site Preparation 
Methods. (2017).

173.  Perry, R. Planting fruit trees. Michigan State University Extension (2011). 
Available at: http://msue.anr.msu.edu/news/planting_fruit_trees. 
(Accessed: 9th August 2016)

174.  Gąstoł, M. & Domagała-Świątkiewicz, I. Mycorrhizal inoculation of apple 
in replant soils – Enhanced tree growth and mineral nutrient status. 
ResearchGate 14, 17–37 (2015).

175.  Douds, D. D., Nagahashi, G., Pfeffer, P. E., Kayser, W. M. & Reider, C. On-
farm production and utilization of arbuscular mycorrhizal fungus inocu-
lum. Canadian Journal of Plant Science (2011). doi:10.4141/P03-168

176.  Lohman, M., Ziegler-Ulsh, C. & Douds, D. A Complete How-To: On-farm 
AM fungus inoculum production. The Rodale Institute (2010). Available 
at: http://rodaleinstitute.org/a-complete-how-to-on-farm-am-fungus-
inoculum-production/. (Accessed: 11th January 2017)

177.  Midwest Home Fruit Production Guide: Cultural Practices and Pest Man-
agement. (Ohio State University Extension, 2009).

178.  Allen, J. A., Keeland, B. D., Stanturf, J. A., Clewell, A. F. & Kennedy, H. E. 
J. ; A Guide to Bottomland Hardwood Restoration. (2001).

179.  VerCauteren, K. C., Lavelle, M. J. & Hygnstrom, S. Fences and Deer-Dam-
age Management: A Review of Designs and Efficacy. (2006).

180.  Bender, B. Reducing Deer Damage to Forest Crops. (Michigan State Tree 
Improvement Center, 1998).

181.  Jacobson, M. & Jackson, D. Tree Shelters: A Multipurpose Forest Man-
agement Tool. (Penn State Extension, 2004).

182.  Tree Shelter Installation and Maintenance Fact Sheet. (NRCS, 2011).

183.  Sibbald, A. R., Eason, W. R., McAdam, J. H. & Hislop, A. M. The establish-
ment phase of a silvopastoral national network experiment in the UK. 
Agroforestry Systems 53, 39–53 (2001).

184.  Wilson Forestry Supply. Tree Tubes Protect Seedlings From Cattle.

185.  Edge, G. A Few Ideas for Managing Deer Browse on Tree Pantings. 
(WDNR- Division of Forestry).

186.  Trout, R. & Brunt, A. Protection of Trees From Mammal Damage. (The 
Land Regeration and Urban Greenspace Research Group, 2014).

187.  Curtis, P. & Rieckenberg, R. Use of Confined Dogs for Reducing Deer 
Damage to Apple Orchards. in Wildlife Damage Management Confer-
ence- Proceedings 105, (University of Nebraska-Lincoln, 2005).

188.  VerCauteren, K. C., Seward, N., Hirchert, D., Jones, M. & Beckerman, S. 
Dogs for Reducing Wildlife Damage to Organic Crops: A Case Study -. in 
Wildlife Damage Management Conference- Proceedings 130, (University 
of Nebraska-Lincoln, 2005).

189.  Merwin, I. A. & Stiles, W. C. Orchard Groundcover Management Impacts 
on Apple Tree Growth and Yield, and Nutrient Availability and Uptake. J. 
Amer. Soc. Hort. Sci. 119, 209–215 (1994).

190.  Granatstein, D., Andrews, P. & Groff, A. Productivity, economics, and 
fruit and soil quality of weed management systems in commercial 
organic orchards in Washington State, USA. Organic Agriculture 4, 
197–207 (2014).

191.  Marsh, R. E., Koehler, A. E. & Salmon, T. P. EXCLUSIONARY METHODS 
AND MATERIALS TO PROTECT PLANTS FROM PEST MAMMALS--A 
REVIEW. Proceedings of the Fourteenth Vertebrate Pest Conference 1990 
(1990).

192.  Witmer, G. W. Evaluating Habitat Manipulations and Rodenticides to 
Protect Seedlings from Rodent Damage at Restored Landfills in New 
York. Restor Ecol 22, 178–184 (2014).

193.  Cudmore, B. Cat Owners Turn a Blind Eye to Pets’ Violence. Audubon 
(2015). Available at: http://www.audubon.org/news/cat-owners-turn-
blind-eye-pets-violence. (Accessed: 28th April 2017)

194.  Oliveira, B. S. et al. Nutrition, productivity and soil chemical properties 
in an apple orchard under weed management. Nutr Cycl Agroecosyst 
104, 247–258 (2016).

195.  Shepard, M. Restoration Agriculture. (Acres U.S.A., 2013).

196.  Peachy, E., Boydston, R., Hanson, B., Miller, T. & Al-Khatib, K. Preventing 
and Managing Glyphosate-Resistant Weeds in Orchards and Vineyards. 
(2013).

197.  Rowley, M. A., Ransom, C. V., Reeve, J. R. & Black, B. L. Mulch and 
Organic Herbicide Combinations for In-Row Orchard Weed Suppression. 
International Journal of Fruit Science 11, 316–331 (2011).

198.  Granatstein, D. & Sánchez, E. Research Knowledge and Needs for 
Orchard Floor Management in Organic Tree Fruit Systems. International 
Journal of Fruit Science 9, 257–281 (2009).

199.  Granatstein, D., Wiman, M., Kirby, E. & Mullinix, K. SUSTAINABILITY 
TRADE-OFFS IN ORGANIC ORCHARD FLOOR MANAGEMENT. Acta Horti-
culturae 115–122 (2010). doi:10.17660/ActaHortic.2010.873.11

200.  Hoagland, L. et al. Orchard floor management effects on nitrogen 
fertility and soil biological activity in a newly established organic apple 
orchard. Biol Fertil Soils 45, 11 (2008).

201.  Teasdale, J. R., Coffman, C. B. & Mangum, R. W. Potential Long-Term 
Benefits of No-Tillage and Organic Cropping Systems for Grain Produc-
tion and Soil Improvement. Agronomy Journal 99, 1297–1305 (2007).

http://extension.psu.edu/plants/crops/news/2016/04/to
http://extension.psu.edu/plants/crops/news/2016/04/to
10.1016/j.scienta
http://msue.anr.msu.edu/news/planting_fruit_trees
http://rodaleinstitute.org
http://www.audubon.org/news/cat
10.17660/ActaHortic


P
E

R
E

N
N

IA
L

 P
A

T
H

W
A

Y
S

108

202.  USDA. Introduction to Organic Practices. (2015). Available at: https://
www.ams.usda.gov/publications/content/introduction-organic-practic-
es. (Accessed: 29th April 2016)

203.  Roper, T. R. Orchard-floor management for fruit trees. University of 
Wisconsin--Extension, Cooperative Extension ; A3562 (1992).

204.  Delate, K., Holzmueller, E., Frederick, D. D., Mize, C. & Brummer, C. 
Tree establishment and growth using forage ground covers in an 
alley-cropped system in Midwestern USA. Agroforest Syst 65, 43–52 
(2005).

205.  Granatstein, D. & Mullinix, K. Mulching Options for Northwest Organic 
and Conventional Orchards. HortScience 43, 45–50 (2008).

206.  Marsh, K. B., Daly, M. J. & McCarthy, T. P. The Effect of Understorey 
Management on Soil Fertility, Tree Nutrition, Fruit Production and Apple 
Fruit Quality. Biological Agriculture & Horticulture 13, 161–173 (1996).

207.  Meyer, A. H., Wooldridge, J. & Dames, J. F. Effect of conventional and 
organic orchard floor management practices on arbuscular mycorrhizal 
fungi in a ‘Cripp’s Pink’/M7 apple orchard soil. Agriculture, Ecosystems & 
Environment 213, 114–120 (2015).

208.  Wiman, M. R., Kirby, E. M., Granatstein, D. M. & Sullivan, T. P. Cover 
Crops Influence Meadow Vole Presence in Organic Orchards. HortTech-
nology 19, 558–562 (2009).

209.  Sirrine, J. et al. Impacts of groundcover management systems on yield, 
leaf nutrients, weeds, and arthropods of tart cherry in Michigan, USA. 
Agriculture, Ecosystems & Environment 125, 239–245 (2008).

210.  Crassweller, R. Foliar Analysis Time for Orchards - mid-July to August. 
Penn State Extension (2017). Available at: https://extension.psu.edu/
foliar-analysis-time-for-orchards-mid-july-to-august. (Accessed: 22nd 
September 2017)

211.  Pimentel, D. & Burgess, M. Environmental and Economic Costs of the 
Application of Pesticides Primarily in the United States. in Integrated 
Pest Management (eds. Pimentel, D. & Peshin, R.) 47–71 (Springer Neth-
erlands, 2014). doi:10.1007/978-94-007-7796-5_2

212.  McCammant, T. Integrated Pest Management Manual for Minnesota 
Apple Orchards- A Scouting and Management Guide for Key Apple Pests. 
(Minnesota Department of Agriculture, 2007).

213.  Zehnder, G. Farmscaping: Making Use of Nature’s Pest Management 
Services. eXtension (2013). Available at: http://articles.extension.
org/pages/18573/farmscaping:-making-use-of-natures-pest-manage-
ment-services. (Accessed: 23rd September 2017)

214.  Phillips, M. The Holistic Orchard: Tree Fruits and Berries the Biological 
Way. (Chelsea Green Publishing, 2011).

215.  Genetic Engineering, Biofertilisation, Soil Quality and Organic Farming. 
4, (Springer Netherlands, 2010).

216.  Holb, I. J. Fungal Disease Management in Environmentally Friendly 
Apple Production – A Review. in Climate Change, Intercropping, Pest 
Control and Beneficial Microorganisms (ed. Lichtfouse, E.) 219–292 
(Springer Netherlands, 2009). doi:10.1007/978-90-481-2716-0_10

217.  Lizotte, E. Identifying sunscald in your chestnut orchard. Michigan State 
University Extension (2014). Available at: http://msue.anr.msu.edu/
news/identifying_sunscald_in_your_chestnut_orchard. (Accessed: 21st 
September 2017)

218.  Wagner, K. & Kuhns, M. Sunscald Injury or Southwest Winter Injury on 
Deciduous Trees. (Utah State University Cooperative Extension, 2011).

219.  DiGiacomo, G., King, R. & Nordquist, D. Building a Sustainable Business. 
(Sustainable Agriculture Research and Education, 2003).

https://www.ams.usda.gov/publications/content/introduction
https://www.ams.usda.gov/publications/content/introduction
https://extension.psu.edu/foliar
https://extension.psu.edu/foliar
http://articles.extension.org/pages/18573/farmscaping
http://articles.extension.org/pages/18573/farmscaping
http://msue.anr.msu.edu/news/identifying_sunscald_in_your_chestnut_orchard
http://msue.anr.msu.edu/news/identifying_sunscald_in_your_chestnut_orchard



