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An update on the 3rd edition 

This is a book for private woodland owners in the Midwest that want to be stewards of their woods. This 
book is designed to help woodland owners identify goals for their property and work with a professional 
forester to choose the management practices that will help meet those goals. The first edition of this 
book was published in 1996 and a second edition was published in 2009. 

 
This revised third edition of Woodland Stewardship builds upon previous successful editions. The 

book provides and overview of woodland stewardship and forest management practices and include new 
or expanded chapters on: 

• Forest health (Chapter 7), 

• Agroforestry (Chapter 11), and 

• Climate change for woodland owners (Chapter 16). 

An online version of the book includes additional activities and resources for continued learning on 
these topics. The book is available in a variety of formats including print, e-book, and online versions: 
z.umn.edu/woodlandstewardship. 

 
The value of Woodland Stewardship continues to be in its collaborative efforts. Since its first edition, 

Extension faculty and staff and state and federal agency personnel have written new chapters, updated 
existing chapters, and reviewed material to ensure the latest science is in the hands of woodland 
owners. These organizations included the University of Minnesota, University of Wisconsin-Madison, 
University of Wisconsin-Stevens Point, Michigan State University, Minnesota Department of Natural 
Resources, Wisconsin Department of Natural Resources, Michigan Department of Natural Resources, 
and USDA Forest Service-Northern Research Station. 

 
We thank several contributing authors to this project, including: Melvin Baughman, Charles Blinn, 

Bill Cook, Scott Craven, Dean Current, Paul Doruska, David Drake, John DuPlissis, Angela Gupta, 
Stephen Handler, Julie Miedtke, Karen Potter-Witter, Michael Reichenbach, Matthew Russell, Eli Sagor, 
Terry Serres, Jennifer Teegarden, Kris Tiles, David Wilsey, Gary Wyatt, and Diomy Zamora. 

 
Funding for this project was provided by the USDA Forest Service Landscape Scale Restoration 

program (#16-DG-11420004-205) through an agreement with the Minnesota Department of Natural 
Resources-Division of Forestry. We thank the University of Minnesota Libraries and especially Shane 
Nackerud for assistance in publishing the online version of this book. 

 
This book is dedicated to Mel Baughman, for his leadership on the success of this project and his 

dedication to private woodland owner education. 
 
Matthew Russell, Extension Specialist, University of Minnesota 
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1. Preparing a Woodland Stewardship Plan 

John G. DuPlissis, Silviculture Program Coordinator, University of Minnesota Natural 

Resources Research Institute 

Melvin J. Baughman, Extension Forester, Retired, University of Minnesota 

Eli Sagor, Extension Specialist, University of Minnesota 

Reviewed and revised in 2019 by Michael Reichenbach and John Duplissis 

 
What will you do with your woodland? Decisions you make now about your woodland, wildlife 

management, harvesting trees, or controlling invasive species will influence the character of your 
woodland for many years into the future. As a woodland owner planning for the long term is important 
 because whatever you do—or don’t do—will have long-term effects on your woodland. 

 
Planning for the long term is a process that involves many steps.  We present a planning roadmap for 

you to use to develop a woodland stewardship plan.  A woodland stewardship plan builds on your goals, 
and incorporates the knowledge and experience of a forester and other natural resource professionals 
in predicting the future condition of forest stands, and setting management objectives.  This process is 
repeated regularly, typically once every 10 years. 

What Is a Woodland Stewardship Plan? 

A woodland stewardship plan typically is a written document that: 

• Clearly states why you own your property and your management goals. 

• Is tailored to help you meet your goals within the capability of the land. 

• Is based on a clear understanding of ecological processes. 

• Offers recommendations for sustainable forest management practices. 

• Provides a timetable for carrying out the forestry practices needed to reach your objectives. 

 
Many woodland stewardship plans: 

• Incorporate publications or other attachments to describe forest management practices and 
inform you about sustainable forest management. 
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• Explain where you can get help to follow through with the plan. 

Creating a woodland stewardship plan is easier than you might think. A forester can do most of this work 
for you. 

Work with a Forester and other Natural Resource 

Professionals 

Forestry is a science that requires an understanding of how trees grow, reproduce, and respond to 
changes in the environment. Foresters have a knowledge of forest ecosystems and processes and have 
experience in managing forests. Depending on your interests and resources, you may also need to work 
with other experts in fields such as wildlife, soil, water, and recreation. Your state department of natural 
resources and some soil and water conservation districts have foresters available to visit your woodland, 
answer your questions, and help you prepare a woodland stewardship plan. Private consulting foresters 
are independent contractors who help landowners prepare woodland stewardship plans, market timber, 
plant trees, or perform any other management practices. Forest products companies employ foresters 
to buy timber from private lands. Some of these foresters also write management plans for woodland 
owners. 

Sources of Technical Assistance 

Service Foresters 

Many forestry state agencies (e.g., Department of Natural Resources) have professional foresters on 
staff which are available to visit your land and answer any questions that you might have. The role of 
these service foresters is to motivate and guide woodland owners to practice sustainable forestry. Service 
foresters make “woods” calls with personalized, individual service, and they administer a number of 
planning, property tax incentive and cost-sharing programs. 

Private Consulting Foresters 

Private consulting foresters are independent contractors that perform technical forestry work on a fee 
or contract basis for work they do.  Private consulting foresters provide a wide range of woodland 
management services. 

Industry Foresters 

Many forest products companies employ foresters to work with private woodland owners to procure 
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timber from your woodlands. Many companies will provide management services in return for the right 
to bid first on your timber when you are ready for a harvest. 

Forest Stewardship Plan Basics 

The six steps that follow are designed to guide you through the forest stewardship planning process. 

1. Identify Your Goals 

The first step in developing a stewardship plan is to identify your woodland goals. A goal is a statement 
specifying what you want to achieve. Work with a forester to identify your SMART goals. A SMART 
goal can increase the likelihood of success and helps you identify: 

• Where you are and where you want to go. 

• How you intend to get there. 

• When you intend to arrive. 

SMART is an acronym, each letter helping you keep your goals focused: 
 

S – Specific 
M – Measurable 
A – Attainable 
R – Relevant 
T – Time bound 

 
A goal might help you answer the following question, “What outcomes do you seek from owning 

your woodland?” Your goals provide direction for your actions and the management or care of your 
woodland. An example of long term SMART woodland goal is: 

“Within the next 10 years, I will enhance habitat for the golden winged warbler on 40 acres of my 
woodland property by working with a wildlife biologist and forester to conduct a timber harvest.” 

Start with a list of long term goals, ask your family and the other owners of your property to individually 
develop their list of goals, then meet with them to blend your lists into one. Finally, prioritize your goals. 
Review your list of prioritized goals with your forester and natural resource professional; ask them if 
your goals attainable and relevant to your woodland?  Your natural resource professional will also help 
you develop short term goals and management actions that will become part of your stewardship plan. 
Worksheets for goal setting are included in the online resources. 
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Sharing a list of clear, specific goals and objectives with a forester provides a guide for them to 
recommend appropriate management practices for you. 

2. Inventory and Evaluate Your Property 

Begin by having accurately  property boundaries and marking them with a fence, paint marks on trees, 
rock piles, stakes, or other means. Clear brush from your property lines to avoid trespassing when you or 
your neighbors carry out forestry practices. If the boundaries are not clearly identifiable, you may want 
to have your land surveyed. 

 
Gather historical facts concerning previous land use or management activities that have influenced the 

development of your woodland. Such activities might include livestock grazing, agricultural cropping, 
timber harvesting, tree planting, fires, and pest outbreaks. Foresters use information about these events 
and their timing to analyze the development of existing woodlands and to predict the results of future 
management practices. 

 
With this information and other information that your natural resource professional has the following 

can be developed. 
 
A written woodland stewardship plan may also include these components: 

• Your name and contact information. 

• Legal description of the property. 

• Your management goals. 

• Description of the ecosystem in which your property is located and ecological issues of local 
concern. 

• Inventory of known or potential historic and cultural resources (for example, cemeteries, 
burial mounds, foundations). Your forester may be able to obtain this information from a 
state-wide database of such resources. 

• Inventory of known or potential threatened, endangered, or special interest species that are or 
may be present on your property. Your forester may be able to obtain this information from a 
statewide database of such species. 

• History of your property’s management. 

◦ Property boundaries 

◦ Woodland boundaries 

◦ Land uses 

◦ Roads and trails 

◦ Utility wires, pipelines, or other rights-of-way or easements 

◦ Buildings 

◦ Water resources 
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Figure 1-1. A base map shows land uses. 

Figure 1-2. An aerial photograph helps 
identify land uses. 

◦ Map or aerial photograph of the property (Figure 1-1, 1-2), approximately to scale, 
showing the following: 

◦ Unique natural, historical, or archaeological resources 

• Topography, and soil type maps, and interpretive information (Table 1-1) to help you 
determine the suitability of your land for different tree species, road or building sites, or other 
land uses. They may be available from local offices of the USDA Natural Resources 
Conservation Service. 

 
 
 
 
 
 

 
 

Table 1-1. Typical soil interpretation for woodland management. 

Map symbol and soil 
name 

Erosion 
hazard 

Windthrow 
hazard Common trees 

457G, LaCrescent, 
45-70% slope Severe Moderate Northern red oak, white oak, 

American basswood 

580B, 580C2, 
Blackhammer-Southridge 
3-12% slope 

Slight Slight 
Northern red oak, white oak, 
American basswood, shagbark 
hickory 

580D2, 
Blackhammer-Southridge 
12-20% slope 

Moderate Slight 
Northern red oak, white oak, 
American basswood, shagbark 
hickory 

• An inventory of woodland resources such as: 

◦ Location of timber stands. 

◦ Estimates of timber quantity, quality, size, product potential, regeneration potential, 
and other characteristics by species and stands (A stand is an area of woodland 
[usually 2 to 40 acres] that is sufficiently uniform in its tree species composition, 
spacing, and size; topography; and soil conditions that it can be managed as a 
single unit. Management practices such as planting, thinning, and harvesting are 
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Figure 1-3. Two stands: a natural hardwood 
stand in the upper right and young conifer 
plantation in the lower left (photo: Oregon 
State University). 

carried out more or less uniformly across a stand [Figure 1-3].) 

◦ Site factors affecting tree growth 
including soil depth, texture, moisture, 
fertility, and chemical properties, and 
landscape position (such as north or 
south slope, ridge or valley). 

◦ Location of trails, roads, and 
equipment landings. 

◦ Water resources including perennial 
and intermittent streams, lakes, 
wetlands and seasonal ponds, seeps, 
and springs. 

◦ Location of stream crossings. 

◦ Wildlife habitat (including location and quality of food, cover, water, breeding, and 
nesting sites for significant wildlife species or groups of species. 

More detailed descriptions of timber inventory procedures are presented in Chapter 2: Conducting a 
Woodland Inventory. 

 

3. Develop Stand Objectives and Management Alternatives 

An inventory shows the current condition of your woodland. A forester can use the inventory to predict 
the future development of each stand by considering: 

• Which tree species currently dominate the overstory (overhead canopy of trees)? 

• Which species are present in the understory (trees, shrubs, and herbaceous plants beneath the 
overstory)? 

• Considering site characteristics, which tree species show the greatest potential to dominate 
the site in the future? (A site is an area of woodland with relatively uniform growing 
conditions such as soil, moisture, and slope.) 

• What undesirable tree species are currently competing for the resources on the site? 

• How will the tree species that are present respond to different management practices? 

• What damaging agents are present or likely to occur in the stand and how will they affect the 
stand in the future? 

The science of forestry is the ability to predict and to control in some measure forest succession through 
the application of ecological principles and silvicultural techniques. By answering these questions your 
forester can come up with a series of alternatives that can help you meet your goals. 

 
However, there are other and sometimes more important considerations that will guide which 
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alternatives are acceptable and it is important that you work with your forester to consider which 
alternative is best for your circumstances. Some things that you need to consider include: 

• The presence of archaeological, historical or cultural resources and/or threatened, endangered 
or special interest species on your property. State or federal law protecting these resources 
may limit opportunities in specific areas of your woodlands. 

• Best Management Practices to preserve water quality and soil productivity, remove invasive 
species or limit the use of pesticides. 

4. Assess Management Constraints 

Consider these management constraints when choosing which practices to implement: 

• The amount of time you have available to do the work. 

• Your experience and expertise levels. 

• The availability of skilled contract labor. 

• The equipment available. 

• Your financial limitations. 

• The availability of government financial aid. 

• The potential economic return, including the tax implications (see Chapter 14: Financial 
Considerations). 

• The presence of cultural resources and threatened, endangered, or special interest species that 
are regulated by state or federal law. 

• The zoning laws or forest practice regulations in effect in your area. 

• The prevailing attitudes of neighbors or the general public. 

5. Choose Management Practices and List Them on a Schedule 

Prepare an activity schedule, covering at least five to ten years, that lists management practices and 
the approximate dates when they should occur. If your woodland is large—perhaps several hundred 
acres—activities may occur every year. If it is smaller, management activities may occur less often, 
perhaps only once every ten years. Regardless of its size, inspect your woodland at least annually. 
Walk through the woodland and look for damage by pests, fire, or wind, unauthorized harvest, damaged 
fences, and soil erosion. 

6. Keep Good Records 

It will be easier to update your woodland stewardship plan and make sound decisions about the future 
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when you keep accurate records of what you have done. Records also will be important when filing 
income tax returns, selling property, or settling an estate. Management records may include: 

• Management plan 

• Timber inventory 

• Management activities accomplished (what, when, where) 

• Sources of forestry assistance (name, address, telephone, e-mail addresses and web sites) 

• Association memberships 

• Suppliers of materials and equipment 

• Contracts 

• Insurance policies 

• Forestry income and expenses 

• Deeds and easements 

Passive Management 

Some landowners choose to “let nature take its course” on their woodland property. This is a conscious 
decision that these landowners make thinking that nature, left to its own devices, will be a better manager 
than they could ever be. While this may be true, many of the natural processes that formed today’s 
forest have been impaired by human activity and the introduction of non-native plants, animals, insects, 
and diseases. Therefore, passive management requires as intense a commitment to learning about your 
woodlands and being an active steward of your land. Allowing nature to take its course requires that you 
have an understanding of natural processes and forest ecology and the consequences of how not taking 
any action will impact your forest for better or for worse. 

Summary 

Your woodland stewardship plan is a living document that you can refine as you learn more about your 
woodland and its capabilities, or as your needs change. Revise your plan at least once every 10 years. 

8   Woodland Stewardship: A Practical Guide for Midwestern Landowners



2. Conducting a Woodland Inventory 

John G. DuPlissis, Silviculture Program Coordinator, University of Minnesota Natural 

Resources Research Institute 

Charles R. Blinn, Extension Specialist, University of Minnesota 

Bill Cook, Forestry Educator, Michigan State University 

Paul Doruska, Professor, University of Wisconsin-Stevens Point 

Melvin J. Baughman, Extension Forester, Retired, University of Minnesota 

Reviewed and revised in 2019 by John DuPlissis and Matthew Russell 

 
Good decisions require good information. An inventory of the woodland resources on your property 

is an important first step in developing a stewardship plan. Information gathered from the inventory 
provides you with a snapshot of the current condition and future potential of your woodlands. 

 
Because woodlands are often viewed as a source of timber, a woodland inventory usually focuses 

on assessing trees as potential wood products. However, a woodland inventory is equally valuable for 
assessing wildlife habitat, planning trails for recreation, and understanding the quality of your soil and 
water resources. An inventory of your woodland should focus on what is most important to you and 
provide you with the information you need to make good decisions about the management of your land. 

 
Your first step in conducting a woodland inventory should be to contract with a forestry professional 

to perform an inventory of your woodland. Since an inventory involves time and expense, your forester 
must know your goals for the property and what resources are most important to you. A woodland 
inventory may include these and other features: 

• Tree measurements: 

◦ Tree diameter 

◦ Total tree height and merchantable height 

◦ Tree defects and grade 

◦ Tree volume and biomass 

• Stand measurements: 

◦ Stand volume 
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◦ Stocking 

◦ Growth and yield tables 

• Site quality: 

◦ Site index 

◦ Tree quality 

◦ Understory plant indicators 

After analyzing this information, your forester will offer management alternatives for each stand. 
Knowing what is physically possible and financially realistic, you can select the management strategies 
that best meet your goals and resources. 

Tree Measurements 

Tree diameter, merchantable tree height, and grade can be used to determine the volume of useful wood 
in a tree. 

Tree Diameter 

Tree diameter is measured on the main stem 4.5 feet above ground on the uphill side of a tree. This is 
referred to as diameter at breast height (DBH). A tree’s DBH usually is measured to the nearest inch 
using a steel diameter tape that is calibrated to permit direct tree diameter readings. 

 
To measure tree diameter with a diameter tape, wrap the tape around the tree at breast height, 

perpendicular to the lean of the tree, standing on the uphill side of the tree (Figure 2-1). If there are 
branches or other protrusions at DBH, place the tape at the first unobstructed location above them. If the 
tree forks below DBH, consider each stem to be a separate tree and record separate measurements for 
each tree. 

 
If you don’t have a diameter tape, measure tree circumference by wrapping a normal tape measure 

around the tree at breast height, then dividing the resulting circumference in inches by 3.14 (the 
mathematical value of pi) to determine DBH. 
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Figure 2-1. The correct locations to measure stem diameter at breast height (DBH) on a tree. 

Tree Height 

Total tree height is the distance in feet from the ground to the top of a tree. This height measurement 
is used mainly in conjunction with tree age to determine site quality, which is explained later in this 
chapter. 

 
Merchantable tree height is the length of the main stem from the top of the expected stump to the 

upper limit of utilization in the tree. Stump height normally is 6 inches for softwood species and 12 
inches for hardwood species, but varies depending on the volume table you use. The upper limit of 
utilization is where the main stem reaches a minimum usable top diameter, a main fork, or a serious 
defect such as a hole or a point of decay, or where excess limbs occur. 

 
Standards for merchantability vary widely depending on local product markets. The usual minimum 

top diameter inside the bark (DIB) is 4 inches for pulpwood, 8 inches for sawlogs, and 10 inches for 
veneer logs. Merchantable tree height usually is measured in 8-foot lengths called half-logs, sticks, or 
bolts, but may be measured to the nearest 2 feet on high-value trees. 

Tree Defects 

The main stem is the most useful part of a tree for conventional wood products such as pulpwood, posts, 
poles, and lumber. Defects that reduce the total volume of usable wood in the tree include sweep, crook, 
cracks, decay, forks, and embedded objects (Figure 2-2). Your forester will note the percentage of defect 
in each tree stem by product type. This percentage is then deducted from the overall estimate of tree 
volume. Because tree diameter decreases with increasing height in the tree, a defect occurring near the 
top of the tree will require a smaller percentage volume deduction than a similarly occurring defect 
near the base. Percentage deductions for tree defects are best estimated by a forester and recorded on 
a tally form. If the entire tree is unusable because of an excessive amount of defect, your forester will 
not measure it for wood products. This is a cull tree, and while not usable for wood products, it can be 
valuable for wildlife habitat. 
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Figure 2-3. Tree defects that reduce wood quality. 

Figure 2-2. Tree defects that reduce the total volume of usable wood. 

 
 
 
Defects such as burls, bird pecks, dead limbs, 

insect holes, live limbs, and knots will not affect 
the total volume of usable wood, but they will 
reduce wood quality, or grade (Figure 2-3). Tree 
grade influences the types of products that can be 
made from a tree and therefore the stumpage 
price. Higher grade trees have fewer defects. 

 
 
 

Tree Volume 

To estimate the wood volume of a tree’s stem, 
your forester will measure the tree diameter and 
merchantable height, then find the corresponding volume in a table. 

 
Sawtimber and Veneer Trees 
Trees that are large enough and of high enough quality to produce logs that can be sawed into lumber 

are referred to as sawtimber. To qualify as sawtimber, trees should have at least one 8-foot bolt, be at 
least 10 inches DBH, and have a top diameter inside bark (DIB) that is the larger of either 8 inches or 50 
percent of DBH. For example, to be a sawlog, a tree of 20 inches DBH should have a minimum top DIB 
of 10 inches. These specifications are typical, but individual buyers may have different specifications. 
Sawtimber trees must not contain too many defects that reduce wood volume such as decay, scars, 
cracks, bulges, bark distortions, holes, branch stubs, or crook. 

 
Individual trees of many species (such as black walnut, white ash, sugar maple, red oak, white oak) 

that are of exceptional quality, have at least one 8-foot bolt, are at least 16 inches DBH, and contain bolts 
that have a top DIB of at least 10 inches often can be sold as veneer trees. Logs harvested from these 
trees will be sliced or peeled into thin sheets. Veneer trees are more valuable than sawtimber. 
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Table 2-1. Tree volume in board feet based on the International log rule. (Source: How much lumber in that 
tree? Michigan State University Extension Bulletin E-2915). 

DBH in inches 

Number of 16-foot logs 

1 2 3 4 

Volume in board feet 

10 35 60 

11 45 75 

12 55 90 120 

13 65 110 145 

14 80 130 175 

15 90 155 200 

16 180 240 285 

17 205 280 330 

18 235 315 375 

19 265 360 425 

20 295 400 480 

21 330 450 540 

22 370 500 605 

23 405 550 665 

24 440 605 725 

25 485 665 800 
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Figure 2-4. Dimensions of a standard cord of wood. 

The basic unit for estimating wood volume for both sawtimber and veneer trees is the board foot. A 
board foot is a piece of wood of any shape that contains 144 cubic inches of wood (for example, 12 
inches by 12 inches by 1 inch, or 6 inches by 6 inches by 4 inches). Timber value is often described in 
dollars per thousand board feet (MBF). 

 
Formulas called log and tree rules have been developed to estimate the number of board feet in a tree 

or log. A tree rule refers to a table that estimates wood volume in a standing tree. A log rule refers to a 
table that estimates wood volume in a cut log. 

 
These rules differ in their assumptions about factors such as tree taper, board thickness, kerf (saw 

thickness), and minimum and maximum board width. They are never totally accurate, because: 

• The assumptions on which they are based seldom occur. 

• It is difficult to accurately measure volume losses from defects. 

The International log rule (see Table 2-1) is one example of a log rule. For example, using this log rule 
a tree with a DBH of 22 inches with two 16-foot logs will yield 370 board feet. If the tree had a 10 
percent defect then the total tree volume would be reduced to 333 board feet. On a volume per acre 
basis, a reasonable range of volume estimates is 1,000 to 15,000 board feet per acre. 

Pulpwood 
Trees that are too small or too poor in quality to be sold for sawlogs are often sold for pulpwood. 

Ultimately, these trees are chipped or ground up to manufacture products such as paper, hardboard, and 
various types of structural board. 

 
Minimum DBH for pulpwood trees is 5 inches. Minimum DIB is the larger of either 4 inches or 50 

percent of tree DBH. (The minimum DIB for a pulpwood tree with a DBH of 12 inches, therefore, is 6 
inches.) In the Lake States pulpwood commonly is cut to 100-inch lengths. 

The basic unit for estimating pulpwood volume in 
trees is the cord. A standard cord is a closely stacked 
pile of logs containing 128 cubic feet of wood, bark, 
and air spaces between logs. A cord frequently is 
described as a stack of wood 8 feet long, 4 feet high, 
and 4 feet wide (Figure 2-4). The solid wood content 
(excluding bark and air space) of a cord varies from 
about 65 to 95 cubic feet depending on the diameter, 
roughness, and crookedness of the pieces. An accepted 
average value in the Lake States is 79 cubic feet of 
wood per cord. 

 
Pulpwood also can be purchased by the ton. Different tree species have different wood densities. A 

12-inch diameter red oak log will weigh much more than a 12-inch diameter aspen log because the oak 
log is much denser. For example, one cord of aspen weighs 2.4 tons, while one cord of red oak weighs 
2.85 tons. Weight also varies depending on the season of the year because of the changing moisture 
content of logs. 
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Table 2-2. Tree volume in cords. (Source: Taper equations for the Lake States composite volume tables and 
their application. University of Minnesota Department of Forest Resources.) 

DBH in 
inches 

Number of 8-foot bolts 

1 2 3 4 5 6 7 8 

Volume in cords 

5 0.01 0.02 0.03 

6 0.02 0.03 0.04 0.05 0.06 

7 0.04 0.05 0.06 0.08 0.10 0.11 

8 0.05 0.07 0.08 0.10 0.12 0.14 0.15 

9 0.06 0.08 0.10 0.12 0.15 0.17 0.20 

10 0.07 0.10 0.12 0.15 0.18 0.21 0.24 

11 0.09 0.12 0.15 0.18 0.22 0.26 0.29 

12 0.14 0.18 0.22 0.26 0.31 0.35 

13 0.16 0.21 0.25 0.31 0.36 0.41 

14 0.19 0.24 0.29 0.35 0.42 0.47 

15 0.22 0.27 0.34 0.41 0.48 0.54 

16 0.25 0.31 0.38 0.46 0.55 0.62 

17 0.28 0.35 0.43 0.52 0.62 0.70 

18 0.31 0.40 0.49 0.59 0.69 0.78 

19 0.35 0.44 0.54 0.65 0.77 0.87 

20 0.39 0.49 0.60 0.72 0.86 0.97 

 
Woody Biomass 
Woody biomass is the by-product of forest management activities or natural disturbances, including 

tree stems and their component parts (e.g., limbs and tops). Woody biomass is often used to produce 
energy. Buyers typically pay less for woody biomass than for veneer, sawtimber, and pulpwood; 
therefore, biomass usually is typically produced from small-diameter trees, branches, dead trees, downed 
logs, brush, and stumps. Biomass is commonly bought and sold on a tons-per-acre basis. 

Stand Measurements 
It is impossible to measure every tree in a stand, let alone an entire woodland. Each acre in a fully-

stocked, mature woodland may have several hundred trees. Your forester will measure trees in sample 
plots and project those values to the whole stand. Sampling assumes that the measured trees represent 
all trees throughout the stand. 
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The number of sample plots needed is determined by the size of your woodland and the variability 
of tree species, sizes, and age classes. The number of sample plots generally will increase as the size 
of a property increases and as the number of the species, sizes, and age classes increases. If the trees 
contain highly valuable products, such as black walnut veneer, each tree containing that product may be 
measured. Your forester will determine the number of plots needed for management purposes in your 
woodland. Too many plots will waste time and money. Too few plots will yield imprecise estimates. 

 
Sample plots should be randomly distributed across your property–not located in what appear to be 

“average” parts of your woodland or in those areas that are most convenient to reach. This is especially 
important on properties where tree size, species composition, and stand density vary. 

 
Depending on the data to be collected, your forester may use fixed radius or variable radius plots. 

Fixed radius plots are circular plots that typically cover 1/10th acre (37.25 foot radius) or 1/5th acre 
(52.67 foot radius). Trees that fall within or on a fixed radius plot boundary can be included as part 
of the inventory. Fixed radius plots are generally used when inventorying all of the resources on your 
woodland property since they can be used to sample many stand attributes. 

 
Variable radius plots are based on mathematical principles, but a simple wedge prism or angle gauge 

is used to determine which trees are in a plot (Figure 2-5). Such gauges work best in stands where trees 
are pole-sized or larger. 

 

Figure 2-5. An angle gauge can be used to identify trees to measure in a variable 
radius plot. 

Stand Density 

Stand density is a measure of tree crowding. A stand may be understocked (too few trees), fully stocked 
(just the right amount of trees) or overstocked (too many trees) for good tree growth. Stocking is a 
relative concept–a stand that is overstocked for one management objective may be understocked for 
another. Knowing your stand’s stocking level can help guide its management by helping you determine 
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Figure 2-6. The basal area of a tree is its cross-sectional 
area measured 4.5 feet above the ground. 

whether to let trees grow longer or to thin the stand now and provide more growing space around the 
residual crop trees. Foresters use several measures of stocking including basal area, stocking charts, and 
crown cover. 

Basal Area 

The basal area of a tree is the cross-sectional 
area of its main stem in square feet measured 4.5 
feet above ground. Basal area per acre is the sum 
of cross-sectional areas (in square feet) of all trees 
on an acre (Figure 2-6). The optimum basal area 
for a stand depends on its species composition 
and tree size or age. (See some recommendations 
for specific for types in Chapter 6: Managing 
Important Forest Types.) 

 
The wedge prism and angle gauge described in 

the Stand Measurements section can be used to 
measure basal area. When using a 10-factor 
wedge prism or angle gauge, count all the trees 
in the variable radius plot and multiply by 10 to 
determine basal area. For example, if there are 
14 trees in a plot, multiply 14 by 10 to determine 
that the basal area is 140 square feet per acre. 
Take several basal area measurements and 
average them to determine the average basal area 
for a stand. 

Stocking Chart 

A stocking chart uses information about a stand’s basal area, trees per acre and their average diameter to 
recommend optimum stocking to sustain rapid tree growth. For example, Figure 2-7 is a stocking chart 
for red pine stands managed for maximum fiber production. Trees grow best when stocking is between 
the A and B lines. If a red pine stand had a basal area of 190 square feet and 350 trees per acre, those 
corresponding lines intersect at the A level. The closest average stand diameter is 10 inches. Follow the 
heavy black line for the 10-inch average stand diameter down to the B line and read the basal area and 
number of trees per acre at that point. We see that trees of this size would grow faster if the stand were 
thinned back to approximately 85 square feet of basal area and 160 trees per acre. But a forester would 
point out that cutting 45 percent of the stand to reach that level is too much to cut at one time. The rule of 
thumb is to cut no more than 33 percent of the stand at any one time. It will take two thinnings over time 
to reduce this stand to a stocking level where red pines grow best. A forester can help you understand 
stocking charts for your woodland and identify a target spacing for your stand. 
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Figure 2-7. A stocking chart for red pine in the Lake States (Source: Manager’s Handbook for Red Pine in the 
North Central States. USDA Forest Service General Technical Report NC-33). 

Crown Cover 

Crown cover refers to the percentage of sky area blocked by tree crowns when viewed from ground 
level. Some foresters use a mirror with grid lines on it to view the reflected canopy and measure crown 
cover, but most simply look upward at the sky from each plot center and estimate crown cover. Crown 
cover is used as a measure of stand density, particularly when designing specific kinds of harvests. 

Site Quality 

As part of a woodland inventory, site quality should be evaluated to help predict how well important tree 
species will grow. The rate that a tree grows depends partly on genetic characteristics and partly on site 
factors, including soil fertility and texture, moisture, climate, slope, and aspect (direction a slope faces). 
To judge site quality, foresters will use soil maps, evaluate the condition of existing trees, measure site 
index based on tree age and height, and/or identify understory plants indicating site quality. 

Tree Quality 

Experienced foresters know what a good quality tree of a particular species should look like on a good 
site. Mature trees on good sites tend to be taller, have straighter stems, fewer limbs on main stems, and 
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long merchantable stem heights, compared to trees of the same species on poor sites. When a majority of 
mature trees on a site exhibit desirable characteristics, a forester would judge that site to be good quality. 

 
The difficulty in judging site quality by the condition of existing trees is that a stand with poor quality 

trees may not indicate a poor site. Trees may be poor because the best quality trees were harvested 
through repeated cuts (high-grading), leaving trees that were genetically inferior or damaged. A stand 
may have been lightly stocked at one time and pastured. Open grown trees develop short stems with 
large crowns, but their poor quality appearance may be due to low stocking density, not to site quality. 
Previous wind or ice damage also may have damaged crowns of trees throughout a stand, leaving trees 
in poor condition. 

Site Index 

Foresters often judge site quality based on the total height that dominant and co-dominant trees will grow 
in a given time–usually 50 years in the Lake States. Trees are expected to grow taller on good sites than 
on poor ones in the same time period. This measure of site quality is called site index. Site index curves 
have been constructed for many tree species so that site quality may be determined for a stand of trees 
larger than saplings if average tree age and average total tree height are known. 

Tree Age 

Age is often measured on dominant or co-dominant trees (Figure 2-8) of a species that is to be favored 
by management and is common on the property. 

Figure 2-8. The dominance of a tree refers to the position of its 
crown relative to other trees in the canopy. Dominant trees 
have large crowns and are taller than most other trees. 
Co-dominant trees make up the canopy. Intermediate trees are 
slightly lower than the canopy and have small crowns. 
Suppressed trees are below the canopy. 

If trees were planted in your woodland, look for records showing the year of planting to determine tree 
age. If some plantation trees were recently harvested, count the annual growth rings on a stump or log 
(Figure 2-9). 
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Figure 2-9. A tree grows a new ring of wood each 
year. 

Figure 2-10. A core can be extracted from a 
tree to determine its age. 

To measure the age of a living tree without cutting 
it down to count rings, you can take a core sample at 
4.5 feet above the ground using an increment borer 
(Figure 2-10). An increment borer is similar to a hand 
drill, but has a hollow drill bit. It extracts a core of 
wood about the size and shape of a pencil. This core 
shows annual growth rings as bands of light and dark 
wood. By counting the rings in the core and adding 
the number of years it took the tree to grow to a 
height of 4.5 feet, your forester can determine tree 
age. 

 
 
 
 
 

The age of conifers such as red (Norway) pine, white pine, 
and balsam fir that produce one whorl of new branches each 
year can be estimated by counting whorls (Figure 2-11). This 
approach works best when the trees are young (<25 years) 
because it is easier to see each whorl. False whorls can develop 
if more than one spurt of growth occurs in a year. 
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Figure 2-11. You can determine the age of a 
conifer tree by counting the whorls on its branch. 

Site Index Curves 

If you know the average tree age and total tree height 
of a tree species of primary interest, refer to a set of site 
index curves for that species to determine site quality. As 
an example, site index curves for red pine are shown in 
Figure 2-12. These curves were developed for use in 
pure, even-aged stands of red pine. A pure stand is one 
in which at least 80 percent of the trees are of the same 
species. An even-aged stand is one where the age 
difference between the youngest and oldest tree in a 
stand does not exceed 20 percent of the projected 
rotation length. A rotation is the number of years 
required to establish and grow trees to a specified size, 
product, or condition of maturity at which they can be 
harvested. 

 
For example, if you measured several dominant and 

co-dominant red pines and determined their average age 
was 80 years and average total tree height was 90 feet, 
find 80 years on the bottom axis in Figure 2-12, then 
follow the vertical line upward from that point until it 
intersects the 90-foot level on the left vertical axis. Now 
follow the site index curve from the junction of those two 
lines to the right vertical axis, where you will find that 
the site index is approximately 65. These trees would be expected to be 65 feet tall at age 50. The higher 
the site index, the better the site.  Your forester can help you identify site index curves for tree species 
growing in your woodland. 

Figure 2-12. Site index curves for red pine. (Source: 
Manager’s Handbook for Red Pine in the North 
Central States. USDA Forest Service General 
Technical Report NC-33). 
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Vegetation as Indicators of Site Quality 

A native plant community is a group of native plants that interact with each other and with their 
environment. These groups of native plant species form recognizable units, such as oak savannas, pine 
forests, or marshes, that tend to repeat over space and time. Native plant communities are classified 
and described by considering vegetation, hydrology, landforms, soils, and natural disturbance regimes. 
Examples of natural disturbances include wildfires, severe droughts, windstorms, and floods. Some 
native plant communities, such as forested peatlands, are less productive and a lower quality site than 
others, such as mesic hardwood forests, due to the availability of water and nutrients, among other 
factors. 

 
Foresters use associations of understory plants to indicate site quality for particular tree species. Some 

understory plants grow on a wide range of sites, but those with more specific site requirements (for 
example, in moisture and nutrients) are used for site classification. Understory plants tend to persist on 
sites regardless of past timber management, and the presence of a particular combination of understory 
species can indicate how well particular tree species will grow, even if those tree species are not currently 
found on a site. For example, if a combination of understory plants in north-central Wisconsin indicates 
a very dry to dry, nutrient poor site, a forester knows that site is best suited for growing jack pine, red 
pine, white pine, oaks, and red maple. Tree growth may not be particularly good on this poor site, but 
these tree species are the best adapted to it. 

Growth and Yield Tables 

Yield tables have been developed for some commercially important tree species showing the estimated 
volume of wood per acre that could be grown at different stand ages. Such tables usually estimate 
expected volumes in pure, even-aged stands on sites of different quality as measured by site index. Table 
2-3 is a yield table for red pine. If you owned an even-aged red pine stand with a site index of 65, 
current stand age of 80 years, and basal area of 120 square feet, you could expect to have a volume of 
approximately 42.3 cords per acre. There also are computer programs that predict growth and yield at 
different stand ages based on inventory information. 

 
Yield information can also be used as a basis for financial analyses of different investment 

alternatives. Yield tables are not always accurate, but are helpful for comparisons. Your forester may be 
able to provide growth and yield information for your woodland. 
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Table 2-3. A yield table showing volume in cords per acre for even-aged red pine stands by site index, age, 
total tree height, and basal area. (Source: Manager’s Handbook for Red Pine in the North Central States. 

USDA Forest Service General Technical Report NC-33). 

Total age 
(years) 

Total 
height 
(feet) 

Basal area per acre (trees 3.6 inches and larger) 

30 60 90 120 150 180 

Cords per acre 

Site index = 75 

40 61 7.2 14.5 21.7 29.0 36.2 43.5 

60 86 10.2 20.4 30.6 40.8 51.0 61.3 

80 103 12.2 24.5 36.7 48.9 61.2 73.4 

100 115 13.6 27.3 41.0 54.6 68.3 81.9 

120 124 14.7 29.4 44.2 58.9 73.6 88.3 

140 130 15.4 30.9 46.3 61.7 77.2 92.6 

160 134 15.9 31.8 47.7 63.6 79.6 95.5 

Site index = 65 

40 53 6.3 12.6 18.9 25.2 31.5 37.8 

60 74 8.8 17.6 26.4 35.1 43.9 52.7 

80 89 10.6 21.1 31.7 42.3 52.8 63.4 

100 100 11.9 23.7 35.6 47.5 59.4 71.2 

120 107 12.7 25.4 38.1 50.8 63.5 76.2 

140 112 13.3 26.6 39.9 53.2 66.5 79.8 

160 116 13.8 27.5 41.3 55.1 68.9 82.6 

Site index = 55 

40 45 5.3 10.7 16.0 21.4 26.7 32.0 

60 63 7.5 15.0 22.4 29.9 37.4 44.9 

80 76 9.0 18.0 27.1 36.1 45.1 54.1 

100 85 10.1 20.2 30.3 40.4 50.5 60.5 

120 91 10.8 21.6 32.4 43.2 54.0 64.8 

140 95 11.3 22.6 33.8 45.1 56.4 67.7 

160 98 11.6 23.3 34.9 46.5 58.2 69.8 
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Conclusion 

Like many processes, if you don’t measure it, you can’t manage it. This goes for your woodland also. 
Having an inventory of your property is an important first step in developing a stewardship plan. An 
inventory of your woodland should focus on what is most important to you and provide you with the 
information you need to make good decisions about the management of your land. 

 
A forestry professional can help in designing and performing an inventory of your woodland. For your 

reference, you may find helpful Appendices A and B which list some useful forest measurements and 
conversions and provide sample tally sheets for conducting a woodland inventory. 
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3. How Trees and Woodlands Grow 

Melvin J. Baughman, Extension Forester, Retired, University of Minnesota 

Reviewed and revised in 2019 by Matthew Russell 

 
To manage your woodland, it is helpful to know how individual trees grow and what factors influence 

the growth of the whole woodland. 
 
Your woodland is more than a collection of trees. It is part of an ecosystem with trees, shrubs, 

herbaceous plants, insects, and animals that interact with each other and with the soil, water, and climate. 
Trying to change one part of this ecosystem will affect the other parts. Your woodland is ever changing 
due to many influences. 

How Trees Grow 

To survive and grow, trees need adequate amounts of carbon dioxide, water, sunlight, and nutrients. 
Factors that influence the availability or use of these elements include tree and site characteristics and 
climate. 

Parts of a Tree 

Trees are composed mainly of carbon, but to ensure healthy growth, trees also need oxygen, hydrogen, 
nitrogen, potassium, calcium, magnesium, phosphorus, sulfur, and trace amounts of several other 
elements. In general, carbon dioxide and sunlight are absorbed by the leaves, water is absorbed by the 
roots, and nutrients are absorbed mostly by the roots but also by the leaves. Leaves are the food factories 
in a tree. They contain a green substance called chlorophyll that enables the sun’s energy to convert 
carbon dioxide and water into sugar. Trees use sugar as a basic ingredient in all plant parts. 

 
Tree growth occurs from buds on the ends of branches, from the tips of tiny roots, and in the 

cambium–a thin layer of cells beneath the bark that covers the whole tree (Figure 3-1). 
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Figure 3-1. The parts of a tree. 

Cambium cells produce both inner bark and sapwood. Inner bark or phloem is spongy tissue that 
transports food from the leaves to other parts of the tree. Phloem cells live for a relatively short time, 
then die and become part of the outer bark, which insulates the tree from weather extremes and serves 
as a barrier against insects and disease. Sapwood or xylem is the pipeline that transports water from the 
roots up to the leaves. A new layer (ring) of sapwood grows each year. Light-colored bands of sapwood 
are called springwood–thin-walled cells that grow early in the year. Dark-colored bands of sapwood are 
summerwood–thick-walled cells produced in the summer when tree growth has slowed. Sapwood cells 
live for several years, then lose their vitality, die, turn a darker color, and become known as heartwood. 
Heartwood provides substantial physical support for the tree. 

Effects of Tree Characteristics 

A tree’s genetics, crown size, and ability to tolerate shade and competition from other plants influence 
how well it will grow in different environments. 

 
Genetics affects many aspects of tree form and growth, including the rate of height and diameter 

growth, stem form, crown form, any tendency to self-prune, the angle of branch attachment, and 
tolerance to insects and diseases. You must decide which of these traits is important in helping you 
achieve your objectives for your woodland. For example, when relying on natural reproduction, kill or 
harvest undesirable trees during intermediate and final harvests. Permit only desirable trees to produce 
seed, stump sprouts, or root suckers. When growing trees for timber, poor-quality trees may be an 
acceptable seed source if their rough appearance is a result of stand conditions or damage not related 
to genetic characteristics. When planting seeds, seedlings, or cuttings, use planting materials from a 
reputable tree nursery that collects seed or cuttings from high quality trees growing as close to your 
planting site as possible. Depending on your needs, the seed source also may exhibit one or more of the 
form and growth characteristics listed above. 
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Figure 3-2. The live-crown ratio of a tree. 

 
Trees with large crowns have more leaves and, 

therefore, normally grow faster in height and 
stem diameter than trees with small crowns. The 
live-crown ratio of a tree is the percentage of total 
tree height that has live branches on it (Figure 
3-2). 

 
For timber production purposes a live-crown 

ratio of approximately one-third often is 
optimum, but the optimum percentage varies by 
species. If the crown is too small, the tree will 
grow slowly. If a crown is too large, there will be 
too much wood in the limbs and too little in the 
more usable main stem. 

 
Tree species differ in their tolerance for shade (Table 3-1). Trees often are classified as very tolerant, 

tolerant, intermediate, intolerant, and very intolerant to shade. Some species tolerate more shade as 
seedlings than as larger trees. Species that are very tolerant will reproduce and grow in deep shade 
beneath a dense canopy. Species that are very intolerant will survive only if their seeds sprout in wide 
openings that receive direct sunlight. The size of canopy openings, ranging from the loss of a single tree 
to removal of many acres, greatly influences which tree species will reproduce and survive. You must 
know the shade tolerance of a species to determine the light conditions necessary for reproducing it. 
Tree species that regenerate in openings may be different from species forming the original canopy, thus 
changing the species composition over time according to the size of canopy openings created. 
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Table 3-1. Tree species by shade tolerance classification. (Note: Some species occur in two classes because of 
their wide tolerance. Source: Silvics of North America, Volumes 1 and 2. USDA Forest Service) 

Very Intolerant Intolerant Intermediate Tolerant Very Tolerant 

Black spruce Black cherry Balsam poplar Balsam fir Beech 

Black willow Black walnut Bitternut hickory Basswood Eastern hemlock 

Eastern cottonwood Paper birch Black ash Bigtooth aspen Sugar maple 

Jack pine Red maple Bur oak Black ash 

Quaking aspen Red pine Green ash Green ash 

Tamarack Silver maple Hackberry Hackberry 

Red maple Northern 
white-cedar 

Red oak White ash 

Shagbark hickory White spruce 

White ash 

White oak 

White pine 

Yellow birch 

Carbon Storage 

Growing trees and the woodlands where they are located are considered carbon sinks because they 
remove carbon from the atmosphere. Carbon storage in wood is valued to help offset the burning of 
coal, oil, and natural gas which release carbon dioxide into the atmosphere. Depending on tree size and 
species, a single tree can absorb more than 10 pounds of carbon dioxide each year. In the United States, 
forests and forest products store enough carbon each year to offset approximately 15 percent of the 
country’s carbon dioxide emissions. 

Effects of Site Characteristics 

Site characteristics that affect tree growth include soil depth, texture, moisture, fertility, pH, and 
topography. 

Soil Depth, Texture, Moisture, Fertility, and pH 

On the whole, deep soils are better for tree growth than shallow soils because they potentially have a 
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greater nutrient supply and water-holding capacity. Rooting depth may be restricted by bedrock, coarse 
gravel, a hardpan layer, or excess soil moisture. Tree roots that absorb the most nutrients and water 
usually are found in the top two feet of the soil profile. 

Soil particles are classified by size as clay (<0.002 mm diameter), silt (0.002 to 0.05 mm), and sand 
(0.05 to 2.0 mm). 

Soil texture refers to the relative proportions of sand, silt, and clay in a mass of soil. Soils with a high 
percentage of sand have large pore spaces between soil particles. Since they absorb and drain water 
quickly, they are droughty unless there is a shallow water table. Clay soils have a large water-holding 
capacity, but they absorb water slowly and water adheres so tightly to the soil particles that much of 
it is unavailable for plant use. Soils with a high percentage of silt have the most favorable texture for 
moisture absorption and drainage. 

 
Soil fertility is based largely on the type of parent material from which the soil originated. Some of 

the most fertile soils originated from limestone, shale, and windblown deposits, whereas some of the 
least fertile soils originated from sandstone and granite. On the whole, fine-textured (clay) and medium-
textured (silt) soils have a greater nutrient supply than coarse-textured (sandy) soils. 

 
Most tree species grow well when the soil remains moist much of the year, but only a few species 

tolerate very dry or very wet conditions for long periods. Soil may be too dry for good tree growth where 
the soil is sandy, rocky, or shallow. Soil may be too wet where the soil is clay and the area has high 
rainfall or groundwater close to the surface. 

 
Soil pH is a measure of its acidity or alkalinity and affects absorption of minerals by plant roots. A pH 

of 7 is neutral, neither acidic nor alkaline. A pH below 7 is acidic; above 7 is alkaline. Most tree species 
grow best in a slightly acidic soil, but the preferred pH varies by species. 

 

Definitions of Basic Soil Texture Classes 

Sand is loose and single-grained. Individual grains can readily be seen or felt. If you squeeze a handful of 
dry sand, it will fall apart when you release the pressure. If you squeeze a moist handful, it will form a clump 
that will crumble when touched. 

Sandy loam contains a great deal of sand, but also has enough silt and clay to make it stick together when 
wet. Individual sand grains can readily be seen and felt. Squeezing a dry handful of sandy loam will form a 
clump that readily falls apart. If you squeeze a moist handful, a clump will form that will bear careful 
handling without breaking. 

Loam has a relatively even mixture of different grades of sand, silt, and clay. It has a somewhat gritty feel, 
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Figure 3-3. Trees and woodlands grow 
differently depending on landscape 
position. 

yet is fairly smooth and slightly plastic. If you squeeze a dry handful, it will form a clump that will bear 
careful handling. A clump formed by squeezing moist soil can be handled quite freely without breaking it. 

Silt loam has a moderate amount of fine grades of sand and only a small amount of clay. More than half of 
the particles are silt. When dry, silt loam may appear lumpy, but the lumps can be readily broken, and when 
pulverized it feels soft and floury. When wet, the soil readily runs together and puddles. Whether dry or moist 
it will form clumps that can be freely handled without breaking, but when moistened and squeezed between 
thumb and finger to form a ribbon, it will break apart. 

Clay loam is a fine-textured soil that usually breaks into hard lumps when dry. When moist clay loam is 
pinched between a thumb and finger, it will form a thin ribbon that will break readily, barely sustaining its 
own weight. Moist clay loam soil is plastic and will form a clump that will bear much handling. When 
kneaded in the hand, it does not crumble readily, but works into a compact mass. 

Clay is a fine-textured soil that usually forms very hard lumps when dry. Clay is quite plastic and usually 
sticky when wet. 

Topography 

Topography affects tree growth largely because of its influence on soil depth, moisture availability, and 
sunlight exposure. 

 
Because gravity pulls soil particles and water downhill, soil 

depth, nutrient supply, and water supply usually are greater on 
lowlands, hillside benches, and coves than on steep hills. For 
similar reasons concave slopes are better for tree growth than 
convex slopes (Figure 3-3). 

 
Aspect is the compass direction a slope faces when you are 

standing on it looking downhill. Aspect influences the intensity 
of sunlight reaching the ground, which in turn affects the 
moisture evaporation rate. Slopes that face north and east tend 
to be cooler and moister than slopes facing south and west. In 
the northern hemisphere the sun’s rays shine more directly on south slopes, warming and evaporating 
moisture from them. West slopes are drier than east slopes because the sun shines on west slopes during 
the hottest part of the day, increasing water use by trees and evaporation from the soil. These effects 
become exaggerated as the slope becomes steeper or the hills become higher. 

How Woodlands Grow 

A tree seed germinates, a seedling emerges, it is browsed by a deer, it grows to a sapling, a bird nests in 
its branches. When it is a pole-sized tree, wind breaks a branch. When mature, it is felled by a logger. 
In the vacant space left behind, a seed germinates, but it’s of a different tree species than the felled tree, 
and the forest changes. 
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This process of change, in which a collection of tree species is slowly replaced by a different 
collection of tree species is called succession. Forestry is the art and science of manipulating a woodland 
to achieve your personal goals. Forestry can speed up or slow down natural succession. Your 
management may affect the characteristics of your woodland for a century or much longer, so it is wise 
to consider the long-term impacts of your decisions. Doing nothing may not yield the outcome you want 
to see. Future owners and others who depend on your resources will live with the consequences of your 
management practices. 

 
The basic unit of management is a stand. It is common practice for a forester to develop a set of 

management practices for each stand based on the owner’s objectives. Woodland owners often have 
different objectives for different stands because their growth potential may be different. 

 
The growth potential of a stand is partly affected by the mix of tree species growing on it, but 

in the long term, growth potential is governed by the underlying site characteristics: soil, moisture, 
topography, and climate. Each stand in a woodland has an ecological trajectory, a natural pathway for 
change, that is heavily influenced by site characteristics. This pathway can be altered and the species 
composition of a stand changed via natural disaster (such as a fire or windstorm) or human activities 
(such as harvesting, thinning, or introducing invasive exotic species). To simplify management and 
reduce costs, you ordinarily should encourage growth of tree species that are naturally adapted to the site 
characteristics. 

 
To further understand the concept of an ecological trajectory, let’s assume you are walking through a 

40-acre stand of quaking aspen and paper birch that is about 20 years old. The forester with you notices 
that part of this stand is on an upland with loamy-sand soil. He points to understory plants that indicate 
a moderately dry growing site. Besides the tall aspen, there are quite a few shorter red and white oaks, 
red maple, sugar maple, white ash and basswood. If nature takes its course and no natural disaster or 
human interference occurs while the hardwoods are maturing, this aspen stand will eventually succeed to 
a northern hardwood stand in which aspen is a minor component. But if a fire sweeps through the stand 
or it is clearcut when the aspen are mature, then hardwoods will be suppressed and aspen will continue 
to dominate the stand. 

 
Another portion of the aspen stand you are exploring is on a lowland with silty clay-loam soil with a 

high percentage of humus (decaying organic matter). The forester points to shrubs and understory plants 
that indicate the site is moist to wet during much of the growing season. Beneath the canopy of aspen, 
balsam fir and white spruce are growing in abundance. In the absence of a natural disaster or clearcut, 
the ecological trajectory for this stand is toward a spruce-fir stand with a minor component of aspen. If a 
fire swept through this stand or it were clearcut when the aspen were mature, then aspen would quickly 
regenerate and the balsam fir and white spruce would again be suppressed. 

 
Do not assume that the tree species currently growing on a site are those best adapted for long-term 

production. Ask a forester to evaluate the whole plant community (trees, shrubs, and understory plants) 
as well as soil, moisture, topography, and climate, then recommend which tree species will grow best 
on the site. Change stand boundaries as needed to encompass sites with relatively uniform growing 
conditions. 

 
From the above discussion, you probably also realize that if no human management intervenes in 

a woodland, natural forces still cause change. Each tree species has a natural life span that may be 
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shortened on a poor site or lengthened on a good site. Competition for nutrients, moisture, and sunlight 
leads to the death of individual trees. Fire, wind, insects, and disease can weaken and eventually kill 
trees. 
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There are many reasons to harvest and regenerate a woodland stand: 

• The trees are mature. 

• There is low potential for future value growth. 

• To improve wildlife habitat. 

• To diversify tree age classes and/or species. 

• To salvage and renew the stand after a severe windstorm, insect outbreak, fire, or other 
natural disturbance. 

Choosing the right harvest and regeneration method, however, requires an intimate knowledge of the 
ecological processes underlying woodland stand development, as well as site conditions, stand size, 
timber value, current and desired tree species on the stand, landowner objectives, and other factors. 

 
Most natural stands are composed of many tree species at various stages of growth. Woodlands 

constantly change as trees grow and die, moisture conditions vary, natural disturbances occur, people 
plant and cut trees, and so forth. Variations in stand age and origin, soil type, aspect, disturbance history, 
and species make every stand unique. 

 
The various harvest and regeneration methods are not a discrete set of choices, but a spectrum of 

alternatives. At one end of the spectrum is the removal of all woody vegetation, leading to dramatic 
changes in soil temperature, moisture, and light conditions. These post-harvest conditions favor fast-
growing species that are adapted to thrive after major disturbance and need full sunlight such as aspen, 
jack pine, and red pine. At the other end of the spectrum is removal of single trees at scattered locations 
throughout the stand. This kind of harvest creates small canopy gaps favoring regeneration of shade-
tolerant species such as sugar maple, balsam fir, and hemlock. Between the two ends of the spectrum 
lies an infinite variety of treatments that vary by the proportion of trees harvested and how they are 
distributed around the stand. 
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Woodlands can be regenerated by natural or artificial means. 

Natural regeneration 

Trees reproduce naturally from seed, root suckers, stump sprouts, or layering (Figure 4-1). 
 

Figure 4-1. Natural regeneration methods. 

Seed 

All tree species can reproduce from seed, but only a very small percentage of seeds will become 
established seedlings. Success depends on: 

• The supply of viable seed. 

• Effective seed dispersal. 

• Seedbed condition. 

• Weather. 

• Competition from other plants. 

• Damage from insects and diseases. 

• Predation by animals. 

The amount of seed available depends on tree species, age, health, and weather. Tree species with very 
large seeds (such as oak, walnut, and hickory) produce relatively few seeds, while species with small 
seeds (such as aspen and cottonwood) produce abundant seed. Very young and very old trees produce 
few viable seeds. Healthy trees with large crowns produce more seeds than trees that are unhealthy, have 
small crowns, or are suppressed by taller trees. 

 
Seeds from some tree species remain viable for only a few days after dispersal while seeds from other 

species may survive for several years on the tree or on the forest floor. The frequency of good seed crops 
depends on the tree species, overall tree health, and weather during pollination and seed growth. If your 
regeneration strategy relies on tree seeds to regenerate the new stand, time your harvest and regeneration 
treatments to coincide with a good seed year. 
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Figure 4-2. A stand of aspen suckers. 

Tree seeds are dispersed in a variety of ways. For example, aspen and cottonwood seeds are covered 
with light, cotton-like down and may be carried several miles by wind. Maple and pine seeds have wings 
allowing them to glide in the wind. Cherry seeds frequently are dispersed by birds that eat the cherries 
and drop the seeds far from parent trees. Walnuts, acorns, and pinecones are carried away and buried by 
squirrels. Seeds from willows and other shoreline species may be dispersed by water. 

 
Each tree species requires certain seedbed conditions for seedling survival. For many species seed 

must be in contact with mineral soil so the seed can absorb enough moisture to germinate and grow. 
Seeds from other species may germinate on leaf litter, rotten logs, or moss, but if those materials dry out, 
the seedlings will die. 

 
Soil temperature must be high enough so seeds will germinate, but not so high that the seedlings 

will be killed. Annual weather conditions and the amount of sunlight versus shade will affect soil 
temperature. Shade may be produced by living plants or harvest debris. 

 
Competition from other vegetation may greatly affect seedling survival. Trees, shrubs, and herbaceous 

plants may rob delicate tree seedlings of needed sunlight and moisture. 
 
Insects and animals consume large amounts of tree seeds and may eat most of the supply in poor seed 

years. Damping-off disease kills emerging seedlings too, but its effect varies greatly among tree species. 
 
When you want to regenerate a stand by natural seeding, you’ll need to know how the species you 

wish to encourage disperses seed, how far its seed travels, how abundantly it produces seed, and what 
type of seedbed it needs for germination and seedling survival. This information will affect how you 
harvest and prepare the site. Chapter 6: Managing Important Forest Types provides basic regeneration 
information for important tree species. 

Root Suckers 

Some hardwoods (such as aspen and black locust) 
can regenerate from root suckers, usually after the 
parent tree has been cut down. Root suckers grow 
from live roots, not from exposed stumps. Trees 
that grow from root suckers are genetically 
identical clones of the parent tree. A single parent 
tree may produce several hundred suckers, 
creating a dense new stand surrounding the parent 
tree (Figure 4-2). The number of suckers may be 
reduced if there is too much shade on the forest 
floor from residual trees left after a harvest; the parent tree is particularly large, old, or in poor health; or 
timber harvesting damages the root system by cutting or soil compaction. 
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Stump Sprouts 

Oak, basswood, birch, maple, and some other hardwoods sprout from stumps. Like root suckers, stump 
sprouts are genetically identical to the parent tree. The difference is that stump sprouts grow from 
exposed stumps, not roots. The most vigorous sprouts arise from relatively young stumps cut close to 
the ground in late fall or winter when there are food reserves stored in the roots. Stumps often send up 
numerous sprouts, but these usually thin naturally to two or three main stems. You can speed up this 
process and encourage the strongest stump sprouts by cutting excess sprouts when the sprouts are five 
to ten years old (12 to 20 feet tall). 

Layering 

Layering occurs when a buried branch on a living tree takes root and develops into a new tree. The 
lower limbs of black spruce, balsam fir, and northern white-cedar sometimes touch the ground and 
become covered with organic matter. Roots develop on those buried branches. Layering is not usually 
an important reproduction method in forests, but may provide additional northern white-cedar for deer 
browse. 

Artificial Regeneration 

Artificial regeneration refers to the planting of seeds, seedlings, or cuttings. Artificial regeneration 
usually is more expensive than natural regeneration, but permits better control over species selection, 
genetic characteristics, and tree spacing. 

Direct Seeding 

Direct seeding is the process of sowing or planting seeds. It often is used to establish jack pine and black 
spruce, as well as some hardwoods, including black walnut. Direct seeding of black spruce is preferred 
to planting seedlings on sites with poor access, such as spruce bogs. The appropriate site preparation, 
moisture, and temperature requirements vary by species and are similar to those necessary for natural 
seeding. Often the seed is chemically treated to protect it from diseases, rodents, and birds. 

Seedlings 

Planting seedlings, either bare-root or container-grown stock, is the most reliable way to regenerate a 
stand, especially for conifers. Bare-root seedlings are dug from the nursery bed and shaken to remove 
most of the dirt around their roots. They frequently are designated as 1-0, 2-0 or 2-1 stock, with the first 
number referring to how many years they were grown in the original nursery seedbed and the second to 
how many years they were grown after being transplanted to another nursery bed. Transplants generally 
have a more fibrous root system and larger stem diameter than seedlings that are not transplanted. 
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Transplants are recommended for regenerating slow-growing conifer species such as spruce and fir, and 
for harsh planting sites where survival is likely to be a problem. 

 
Seedling costs vary depending on tree age, grade, species, and quantity ordered. Transplants survive 

very well, but are expensive and, therefore, are not widely used. One- or two-year-old seedlings are 
less expensive than transplants and are recommended for most hardwood and conifer plantings. Tree 
seedlings sometimes are graded and sold by height class, stem diameter, or root condition. 

 
Container-grown seedlings usually are grown in a greenhouse in 1- to 2-inch diameter containers. 

Some biodegradable containers may be planted in the ground with the seedling in them. Other seedlings 
must be removed from the container before they are planted. Container-grown stock can be very useful 
for dry planting sites or for late season planting. 

Cuttings 

Cuttings are exact genetic replicas of the parent tree. They commonly are used to regenerate poplars, but 
also can be used to regenerate willow and green ash. Cuttings are usually 8- to 12-inch lengths of tree 
stems about 1/4- to 3/4-inch in diameter (longer cuttings may be used on drier sites). They are cut during 
the late winter from the previous year’s growth of vigorous seedlings or stump sprouts. Cuttings usually 
have no visible roots, but when buried vertically with just an inch of the stem protruding above ground, 
they will form roots. Rooted cuttings also may be available for purchase. Cuttings grow best where the 
soil remains moist throughout the growing season. 

Tree Spacing 

When designing a plantation, you need to determine an appropriate spacing between mature trees. 
Consider the typical crown width of a tree species when individual trees reach a useful size. For example, 
when growing trees for timber, you’ll need to allocate enough space so the individual trees will be just 
beginning to crowd each other when they are large enough to support a commercial thinning. A forester 
can help you determine the correct spacing depending on the species and purpose for the plantation. 

 
Table 4-1 shows the number of trees needed per acre for various spacings. To calculate the number 

of trees per acre for other spacings, multiply the planned spacing (in feet) within rows by the spacing 
(in feet) between rows and divide that number into 43,560 (the number of square feet in an acre). For 
example, a plantation with trees 8 feet apart within rows and 10 feet apart between rows would require 
545 trees per acre: 

 
43,560 / (8 x 10)  =  545 trees per acre 
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Table 4-1. Number of trees per acre at different tree spacings. 

Spacing (in feet) Trees per acre 

4 x 4 2,722 

5 x 5 1,742 

6 x 6 1,210 

7 x 7 890 

8 x 8 680 

9 x 9 538 

10 x 10 436 

11 x 11 368 

12 x 12 303 

Site Preparation 

Site preparation often is necessary to create a good environment for natural or artificial regeneration. 
Its purpose may be to expose mineral soil for natural or artificial seeding or to reduce competition from 
undesirable vegetation or both. Site preparation may best be done before a stand is harvested (especially 
for hardwoods) if it is likely that large amounts of woody debris will remain after the harvest. Such 
debris would make it hard for site preparation equipment to reach the area. If woody debris will be 
piled or windrowed, it may be best to do site preparation work after the harvest. Ask a forester which 
treatments fit your conditions. Mechanical scarification may be needed to expose the mineral soil and 
mix it with duff. This can be accomplished by whole tree harvesting (where the whole tree, branches and 
all, is skidded to the landing rather than just the main stem) and dragging harvested trees over a different 
route with each load or by dragging a tree top around the stand after harvest. Machines also are available 
for disking, scalping, rock raking, and trenching. 

 
Burning may be prescribed to remove logging debris or a heavy layer of organic material (such as 

moss and leaves) or to suppress existing woody vegetation. Prescribed burning requires a burning permit 
and must be done by a competent and well-equipped fire crew. Fire will kill young conifers, but many 
hardwood trees and shrubs, particularly oak, will resprout after a fire. Burning may give seedlings a fair 
chance to compete with resprouting vegetation. Burning is occasionally done before a harvest, but more 
often is done afterward. 

 
Herbicides are available to kill most any herbaceous or woody vegetation. However, they may not 

discriminate between your crop trees and weed trees. Foliar applications (spraying herbicide on the 
leaves) are commonly used for site preparation. Depending on the herbicide, target species, and stand 
density, herbicides may be applied as a spray (large droplet size) or mist (small droplet size). Backpack 
sprayers are appropriate for small areas while large areas will require tractor-drawn sprayers. Herbicides 
are sometimes applied before harvest (especially in hardwoods) to kill vegetation that will compete with 
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natural or artificial seeding. Herbicide is usually applied to young conifer stands after harvest to reduce 
competition from hardwoods. It may make sense to delay such an application until one or more years 
after harvest. In addition to depleting root energy reserves, the delay gives woody vegetation a chance to 
sprout after logging, thereby exposing more leaf surface to contact with the herbicide. 

 
To avoid killing desirable young hardwood trees, cut them off close to the ground before applying 

herbicide. They will resprout the next year. To avoid killing desirable herbaceous plants, apply herbicide 
late in summer or early fall after they have produced seed and their tops have naturally died back. 

Planting Trees 

The best time to plant trees is in spring, soon after frost leaves the ground. At this time the soil is moist, 
the climate is somewhat mild, and normally there is ample rainfall. If you must plant in late spring or 
early summer, use container-grown seedlings, because they tend to experience less transplant shock than 
direct-sowed seedlings. Fall planting is usually less successful because root growth is slowing, frost 
heaving may occur over the winter (especially in clay or wet soils), and growth regulators in the tree 
may become imbalanced, leading to top dieback. 

 
Take good care of seedlings before planting! Ask the nursery to ship them using the swiftest 

transportation method available. If you transport the seedlings yourself, protect them from wind and sun 
during transit. Inspect the seedlings upon arrival. They should be dormant (that is, the buds and roots 
should not have begun to break, and should have no mold, be moist and flexible, and show no significant 
browning (especially on conifer needles). If you cannot plant the seedlings immediately, store them in 
their original container at a temperature of 35° F to 45° F. 

 
If you need to postpone planting bareroot seedlings for more than three to five days, remove them 

from the container and heel them into a trench (Figure 4-3). Store seedlings in this manner only so long 
as they remain dormant. Once they begin to grow, take extreme care to prevent their roots from drying 
out when you dig them up, transport them to the planting site, and replant them. 

Figure 4-3. Heel-in bareroot seedlings for temporary storage. (1) In a cool, shady 
location, dig a V-shaped trench that is deep enough so the earth will cover the entire 
root system and part of the lower stem. (2) Remove the seedlings from their container 
and spread them along the sloping side of the trench in two or three layers. (3) Pack 
soil around the roots. (4) Water as necessary to keep roots moist. 

While planting, keep the seedling roots moist, but do not immerse them in water for more than 30 
minutes, as this can lead to root damage and loss of beneficial microorganisms. Exposing tree roots to 
hot sunlight and drying winds for three to five minutes may be fatal. 
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Figure 4-4. Plant seedlings only as deep as the root 
collar. 

 
Plant trees by hand or machine following these rules: 

1. Plant only when soil moisture is adequate to ensure survival. 

2. Make a planting hole large enough to easily accommodate the seedling root system. 

3. Place roots in the planting hole without twisting, curling, or bending them. If necessary use a 
hatchet or heavy knife to trim any long roots on small bundles of trees. 

4. Plant the tree in a vertical, upright position to lessen the chance of it growing a crooked stem. 

5. Plant the tree at the same depth that it grew in the nursery. Look for the root collar where the 
root meets the upper stem (Figure 4-4). 

6. Firm the soil around the roots to eliminate air pockets. 

7. Water seedlings thoroughly after planting. 

There are two general methods of hand planting 
trees. One of these is the hole method. Dig a hole 
with a shovel, mattock, grub hoe, or mechanized 
auger. Make it large enough to accommodate the 
tree roots without bending them. Place the tree in 
the hole, distribute the roots evenly, and pack soil 
firmly around the roots. This method usually 
results in a high rate of seedling survival, but it is 
slow and not practical for planting large numbers 
of trees. 

 
Using a planting bar or other tool is a faster 

method of hand planting a large number of trees 
(Figure 4-5). Insert a spade, planting bar (dibble), 
hoedad or similar tool into the soil and move it 
back and forth to form a V-shaped slit. Remove the tool and insert the tree seedling deep enough into the 
slit that it will be buried to the root collar. Remove the planting bar and reinsert it about three inches 
behind the seedling. Pull the bar away from the seedling to firm soil around the roots, then push it toward 
the seedling to seal the top of the planting hole. For a still better seal, create a third slit a couple of inches 
away and seal its top by pressing down firmly with your boot. Using this method, you can plant 1,000 to 
3,000 seedlings a day, depending on your experience and the condition of the planting site. 

 

Figure 4-5. Planting a seedling with a bar. 
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Figure 4-6. A tree-planting machine. 

Using a tree-planting machine pulled behind a 
tractor (Figure 4-6) is faster than either hand planting 
method if the terrain is relatively level and clear of 
stumps, woody debris, and large rocks. The planter 
has a box to hold seedlings, a seat for the person 
planting, a coulter to break through the soil surface, a 
V-shaped blade to open a trench into which the 
operator places a seedling, and packing wheels that 
firm the soil around the seedling. Some machines 
have spray attachments to apply herbicides for 
vegetation control. A person sometimes follows the 
machine on foot to straighten seedlings or replant any 
that were planted too shallow. A three-person crew 

using one of these machines can plant about 10,000 trees in an eight-hour day. 

Harvest and Regeneration Systems 

A harvest and regeneration method (also called a silvicultural system) is a combination of timber 
harvesting and site preparation practices that prepare a site for natural or artificial regeneration. There are 
many different methods along a continuous spectrum to fit different site conditions, stand sizes, timber 
values, current and desired future tree species, landowner objectives, and other factors. Depending on 
the method you choose, the reproducing stand will be even- or uneven-aged. 

 
Although the focus is often on the harvest, equally important are the conditions established by the 

harvest. These conditions, along with follow-up care and tending of the new stand, will determine the 
future development of the woodland. For this reason, foresters prefer the term “regeneration methods” 
(or systems) over “harvesting methods.” A regeneration method focuses on the future stand. A harvest 
method focuses only on the arrangement and means by which mature trees are removed. 

Even-aged Regeneration Systems 

Even-aged harvest and regeneration systems require complete removal of the overstory resulting in a 
new stand where nearly all the trees are the same age. Even-aged systems usually are economical to 
implement because the landowner can remove a large volume of wood at one time for sale and they offer 
many options for site preparation. Even-aged systems are appropriate to: 

• Create an even-aged stand. 

• Regenerate tree species that need full sunlight and that can survive with high soil temperature 
and intense light. 

• Regenerate shallow-rooted species in exposed locations where scattered trees left standing 
after a harvest would be uprooted or broken by wind. 
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• Regenerate species that naturally reproduce from seeds scattered by wind from adjacent 
stands, root suckers, stump sprouts, or seeds released from cones after fire. 

• Salvage merchantable material when whole stands are over-mature or severely damaged by 
insects, disease, wind, or fire. 

• Clear the site for conversion to another species by planting or seeding. 

• Provide habitat for wildlife species that thrive in a high-density, even-aged stand. 

These systems offer some, but not all, of the growing conditions that naturally occur following a major 
fire or windstorm. 

Clearcutting 

Clearcutting involves harvesting all the trees in a stand regardless of their species or marketability 
(Figure 4-7). Clearcutting simulates regeneration conditions after a catastrophic windstorm, fire, or other 
disturbance. This method creates conditions optimal for regeneration of light-demanding species adapted 
to growth in full sunlight. 

Figure 4-7. A clearcutting system. 

Traditionally, unmerchantable trees in a stand that was being clearcut would be felled or killed standing. 
Only desirable seedlings and saplings (advance regeneration) would be left to grow. Today, however, 
retaining scattered trees or patches inside clearcuts is becoming more common. Residual trees and 
patches provide vertical habitat for some wildlife species, particularly raptors, which use the residual 
trees as perch sites. Residual trees also provide some age, size, and perhaps species diversity and may 
improve the visual quality of a clearcut. On the other hand, residual trees may be subject to wind damage 
and can interfere with the regeneration of desirable species that do not tolerate shade. For these reasons, 
residual trees often are left in patches rather than distributed uniformly throughout the clearcut. Clearcuts 
typically are larger than two acres, but vary greatly in size and shape. 

 
As in all regeneration systems, sources of regeneration must be determined before harvesting, but they 

may include seedlings already present before the harvest (advance regeneration), natural seed on the 
forest floor or on tree branches at the time of harvest, natural seed produced by adjacent stands, direct 
seeding, replanting, or stump sprouts and root suckers sprouting after harvest. 

 
Clearcutting is not appropriate where the removal of a mature overstory would allow the water table 

to rise and inhibit the regeneration of a new stand. This is exactly the situation in Minnesota’s ash-
dominated stands, which generally occur on depressional wetlands or other wet sites and are threatened 
by the invasive emerald ash borer. Recent research suggests that ash stands that are clearcut may see a 
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rapid rise in the water table, leading to long-term loss not only of ash but possibly of all forest cover. To 
avoid this situation, in general no more than half the standing volume of ash should be harvested at one 
time. 

Seed Tree 

This system leaves mature trees of desirable species scattered throughout a harvested stand at intervals 
close enough to furnish seed to the entire cut area (Figure 4-8) but far enough apart that their shade won’t 
meaningfully inhibit growth of light-demanding species. Once the new stand is established (typically 
three to ten years after the initial harvest), seed trees may be harvested or left to grow through the next 
generation. This system is appropriate only for tree species that produce wind-dispersed seed. To obtain 
maximum seed production, seed trees must be healthy, large-crowned, and wind-firm. Seed trees usually 
are left singly, but may be left in small groups for wind protection. The number of seed trees required 
depends on the species’ ability to produce seed and the distance that seed can be dispersed reliably by 
wind. In most cases three to ten seed trees per acre are left. 

 

Figure 4-8. A seed tree system. 

The initial tree harvest should occur after seeds have been dispersed in a year when there is a good seed 
crop. Site preparation usually is necessary before the harvest to create a receptive seed bed. 

 
The seed-tree system has several disadvantages: 

• Diseases carried by the seed trees could be quickly transferred to new seedlings. This concern 
is especially pronounced for red pine, which may contain shoot blight fungi. 

• Seed trees may be killed by wind, fire, or insects before they produce seed. 

• The wood product value of the seed trees will be lost if it is not economical to harvest them 
after regeneration occurs. 

• New seedlings may be damaged by equipment used to harvest the seed trees. 

• A good seed crop may not occur for several years, allowing undesirable shrubs and trees to 
invade the stand. 

• There is little control over the spacing or number of seedlings throughout the stand. 
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Shelterwood 

This system involves making two or three cuts in a stand to stimulate advance regeneration before a 
final clearcut. In a three-cut system, the first is a heavy thinning that removes undesirable species and 
poorly formed or diseased trees while leaving the best trees with plenty of growing space to expand their 
crowns, grow vigorously, and produce seed. This cut can be eliminated if intermediate thinnings have 
achieved the same results. The second cut is a thinning made when there is a good seed crop. It usually 
leaves 50 to 70 percent crown cover, but allows enough sunlight to reach the forest floor that seeds from 
shade-tolerant species can germinate and survive. 

 
Site preparation (prescribed fire, mechanical, or herbicide) usually occurs just before or after this 

harvest to expose mineral soil for the seedbed and set back undesirable shrubs and trees. The final cut 
is made three to fifteen years after the previous cut, when advance regeneration is well established. It 
clears remaining mature trees, releasing the young stand to grow in full sunlight. It also may result in 
stump sprouting or root suckering to supplement the established seedlings. There are several variations 
in the pattern of trees cut (Figure 4-9). 

 

Figure 4-9. A shelterwood system. 
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The shelterwood system is used to develop advance regeneration before a final harvest. It is most 
appropriate for species that are intermediate to tolerant of shade, where residual trees are not subject 
to wind damage or epicormic branching, where logging damage to residual trees can be minimized, 
and where the increased cost of several partial cuts is acceptable. If naturally developing advance 
regeneration is not adequate, supplemental planting can be used. 

Uneven-aged Systems 

Uneven-aged systems promote a variety of species, ages, and sizes within a stand. In this system, light 
cuts at 5- to 25-year intervals encourage regular growth and prevent severe disturbances to the stand. 
Each cut may include thinning, harvesting, and understory treatments that create small canopy gaps 
where shade-tolerant tree species can regenerate. Some sapling and pole-sized trees may need to be cut 
to release the best stems from competition and encourage fast growth in the reduced under-story light. 

 
The goal is to achieve an optimum distribution of size and age classes so that each class contains 

enough quality trees to replace those harvested in the next larger size class. Uneven-aged systems 
typically produce high quality wood because there are frequent opportunities to remove poor trees, 
allowing the best trees to grow longer. The visual quality of such stands may be superior to even-aged 
systems. 

 
Two disadvantages of uneven-aged systems are that relatively small volumes of wood are harvested 

during each cut and repeated entries to the stand with heavy equipment can damage residual trees and 
hinder regeneration. 

 
In an uneven-aged system, trees of all sizes are removed in each cut according to these general 

guidelines: 

• Trees at high risk from insects, disease or other hazards. 

• Trees that directly compete with crop trees. 

• Cull trees. 

• Low vigor trees. 

• Unwanted species (to remove seed sources). 

• Improve spacing (including thin dense sapling patches and stump sprouts). 

• Mature trees. 

Tree diameter often is used as a measure of tree maturity. Consider these factors when determining an 
optimum maximum diameter for harvesting trees in an uneven-aged system: 

• Higher quality sites normally allow trees to be grown to a larger diameter before growth rates 
decline significantly and decay becomes a major factor in tree value. 

• Uneven-aged stands normally contain a variety of tree species, each with a different growth 
rate and life span that affect the optimum maximum diameter for the species. 
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• Each type and quality of wood product desired (such as pulpwood, sawtimber, and veneer) 
requires trees within a range of diameters. 

• As a high-quality tree gets larger, it becomes more economically valuable due to its larger 
volume and higher grade. Grade is a measure of tree quality that determines the types of 
products (including veneer, high quality lumber, and low quality lumber) for which its wood 
is suitable. Attaining veneer size and grade can greatly increase a tree’s value. Deciding 
whether to cut a large, valuable tree or let it grow longer must be weighed against the 
uncertainty of it still being alive and healthy for the next harvest. 

• Your goals as the landowner affect the maximum diameter classes to keep. You may choose 
to extend a tree’s life to enhance non-timber resources (such as aesthetics, wildlife food and 
shelter, and old growth characteristics). Extending a tree’s life may increase the volume of 
valuable sawtimber and veneer, but there is also an increased risk for reduced growth rates 
and damage. 

 
You will need to consider additional criteria to enhance wildlife habitat, water quality, and aesthetic 

values. 

Single-Tree Selection 

In this system, individual trees of various sizes and ages are periodically removed to provide space for 
seedling development and to promote the growth of the remaining trees (Figure 4-10). Although both 
shade tolerant and intolerant species may regenerate in the newly created gaps (see Table 3-1), over time 
intolerants will die out and tolerants will survive. One major disadvantage of this system is that residual 
trees of all sizes can be damaged by logging equipment, especially while dragging logs from scattered 
sites out of the stand. 

 

Figure 4-10. Two examples of 
selection systems. 
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Group Selection 

Under this method, trees are removed in small groups ranging from 1/50th acre (34-foot diameter circle) 
up to 1/2 acre (167-foot diameter circle; Figure 4-10). Smaller openings favor the regeneration of very 
shade-tolerant species, while larger openings may allow regeneration of species rated intermediate to 
tolerant of shade. Less logging damage may occur on residual trees than in the single-tree selection 
system, but such damage is still a concern. 

Ecological Forestry 

Increasingly, foresters are implementing regeneration systems using the principles of ecological forestry, 
a forest management technique based on each species’ ecological adaptations to natural disturbance 
and stand development processes. Ecological forestry uses traditional forest management practices 
to emulate, to the extent possible, natural forest development processes. This includes the role of 
natural disturbances (e.g., fire, herbivory) in the initiation, development, and maintenance of stands 
and landscapes. There are seven generally accepted elements of this disciple that are consistent to all 
definitions of ecological forestry (and perhaps all good forest management practices): 

1. Forests have intrinsic value. 

2. Humans need to extract products from the forest. 

3. Silviculture should follow natural processes, to the extent possible. 

4. Foresters should plan for the long term. 

5. Forestry is implemented at the stand scale but must be in balance with the larger ecosystem. 

6. The social and economic context matters. 

7. Science and place-based experience should guide silviculture. 

By emulating natural processes, ecological forestry should maintain (or even restore) natural forest 
processes and structures. Despite science’s best efforts, forest management remains an art in its 
application, informed by science. Your forester may use their experience and imagination to apply these 
guidelines to meet your goals and objectives in the context and limitations of your property. 
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Resources Research Institute 

Reviewed and revised in 2019 by Eli Sagor and John DuPlissis 

 
This chapter focuses on ways to improve existing stands of trees. Removing undesirable species and 

poor quality trees, increasing tree growth rates, improving wood quality, and protecting trees from pests 
are common goals. You can continually improve your woodland with small steps in short time blocks. 
Practices are organized by tree size classes: seedling (less than 1-inch stem diameter at breast height 
[DBH]), sapling (1- to 4-inch stem DBH), poletimber (5- to 9-inch DBH), and sawtimber (10-inch DBH 
and larger). 

Seedling Stands 

Releasing Seedlings and Controlling Competing Vegetation 

Seedling release can be done manually by hoeing or mulching, mechanically by mowing or cultivating, 
or chemically by using herbicides. For any of these, you must be able to locate the tree seedlings among 
their competition. If you are planting seedlings where you may need to do follow-up weed and brush 
control within a year, place a wire flag next to each seedling or periodically along the tree rows to help 
you locate the seedlings later. 

 
Mowing is practical on old field plantations where trees are in straight rows with regular spacing, but 

mowing must be done frequently and it still allows weeds and woody brush to survive. Some form of 
cultivation offers better weed control than mowing. Hand hoeing weeds is practical only when you have 
just a few seedlings to manage. Cultivate field plantings with a tractor-drawn rotary hoe, harrow, disk, 
or in-row tiller. Seedling damage may occur if the tillage equipment cuts any seedling roots or if the 
equipment runs over seedlings due to operator carelessness or irregular tree spacing. Wet ground may 
prevent either mowing or cultivating when they are needed the most. You can use a hand-held brush 
hook or motorized brush saw to cut small woody shrubs and trees in small areas, but remember that 
many species, especially hardwoods, will resprout after cutting. 
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Mulch is usually effective at controlling weeds and conserving soil moisture. Its moisture conserving 
benefit is most helpful on the prairie and woodland fringe where precipitation is a limiting factor for 
tree growth. Many types work, including sheets of plastic or woven fabric, wood chips, straw, ground 
corncobs, paper sacks, or other organic materials. Mulch is difficult to transport and apply, so it may be 
appropriate only for relatively small plantations in open fields. Organic mulches may provide habitat for 
small rodents that can eat bark off trees in the winter. 

 
The most common method of releasing seedlings from herbaceous or woody competition is to use 

herbicides. Usually a single application provides season-long control. Herbicides may be applied aerially 
or from the ground. Ground application using backpack or hand-held sprayers is more common on 
small plantations. For larger plantations, spray equipment can be mounted on skidders or other large 
equipment. Herbicides may be applied in spots around trees, in bands down tree rows, or be broadcast 
across an entire area. Spot and band treatments leave some herbaceous vegetation to help control soil 
erosion. 

 
Select an herbicide labeled for the types of plants to be killed and those to be protected. Read 

the label carefully and follow the directions for application rates, timing, and precautions to take. 
Different herbicides kill vegetation in different ways. Some are growth regulators, while others destroy 
chlorophyll or other essential plant tissues. Herbicides must be applied at a time when the target species 
are most susceptible. When applying herbicides by hand in hardwood plantings, hold a shield around 
important seedlings to prevent herbicide contact. To protect hardwood seedlings that resprout readily 
(such as oak), cut them off at ground level before applying herbicide to the area. They will sprout again 
after the herbicide danger has passed. 

 
Use caution when applying herbicides so that spray does not drift onto adjacent areas or contaminate 

surface or ground water. Use drift-control additives if there is any possibility of wind-drift. Soil-
activated herbicides can flow downslope and kill nontarget vegetation. Carefully observe environmental 
protection warnings on the label and maintain adequate buffer strips near water and nontarget areas. 

 
Seedlings and saplings also may need liberation–the removal or killing of large, undesirable trees that 

would interfere with the development of a new stand beneath the canopy. (See the section “Deadening 
Unmerchantable Trees” below.) 

Providing Shelters for Seedlings 

Tree shelters are hollow tubes about 4 to 6 inches in diameter and 2 feet to 6 feet tall that are placed over 
seedlings and held in place by stakes. Each seedling requires its own shelter, so they are expensive and 
cumbersome to install, but you can remove and re-use them. 

 
Plastic shelters create a miniature greenhouse over each seedling that raises the humidity and carbon 

dioxide levels to increase the rate of tree height growth. They also may increase tree survival on difficult 
planting sites with low rainfall. When held snug to the ground, they keep rodents away from seedlings. 
Tall shelters prevent deer browsing–one of their most useful purposes. Hollow tubes may attract birds 
that fall inside and cannot escape, but placing a plastic net over the top of the tube will keep birds out. 
Shelters should be left in place until trees have grown through the top of the shelter. Shelters designed 
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(and installed) to prevent rodent damage near the ground should be left until bark is thick enough to 
resist rodent damage. However, non-biodegradable shelters must be removed once trees have outgrown 
them in order to prevent damage or even tree death. 

 
Woven wire shelters held in place by stakes protect seedlings from deer and rabbit browsing, but do 

not modify the atmosphere around the seedlings. Where equipment will be operated to harvest mature 
trees, desirable tree seedlings must be protected from damage as much as possible. Strategies to protect 
the seedlings might be to: 

• Tell equipment operators where seedling stands are located so they can try to avoid them. 

• Harvest during the dormant season when hardwood seedlings have stored food reserves in 
their roots and thus have the capacity to resprout the next spring. 

• Harvest when the ground is frozen to prevent seedlings from being uprooted. 

• Harvest in winter when there is heavy snow cover. 

Deer Browse Protection 

Deer browse can quickly kill, set back growth, or disfigure seedlings. Deer browse on tree seedlings 
tends to be greatest in fall and winter, when otherwise preferable foods are less available. Deer tend 
to be voracious browsers of white pine, northern white cedar, and oaks, although many species can 
be impacted. Of greatest concern, particularly for conifer seedlings, is browse on the terminal leader, 
or tallest part of the main stem. Browse on side branches may look unsightly, but is far less likely 
to meaningfully impact tree growth. Several treatments can reduce deer browse damage to seedlings 
including budcapping, deer repellents, individual tree fencing, or larger deer exclosures. 

 
Budcapping refers to fastening a piece of paper over the terminal bud to deter deer browse. Index 

cards or similarly sized pieces of paper held in place by staples are commonly used. Staples should be 
applied to hold the budcap firmly in place around the terminal bud. While it is important to avoid stapling 
through the terminal leader, on conifers it is fine to staple through some needles near the terminal bud, 
which can help secure the budcap in place. Because paper naturally biodegrades, seedlings have no 
trouble growing through properly installed budcaps, so they don’t need to be removed in the spring. 

 
Deer repellents come in a number of forms. Some formulations include blood meal as the primary 

repellent. Others include capsaicin, the chemical that gives chili peppers their characteristic heat. The 
effectiveness of repellents varies based on local deer populations, weather conditions (some repellents 
are water soluble and can be washed away by heavy rain), and other factors. 

 
Physical barriers, while perhaps the most effective option, are also the most costly to install and 

maintain. As noted above, tree tubes or shelters can protect seedlings from deer browse. Welded wire or 
chicken wire fencing is also commonly used around individual seedlings, but generally only on relatively 
small plantings due to the high cost and work involved in installing and maintaining them. Fenced deer 
exclosures are ideal, but are cost prohibitive for most landowners and frequently require maintenance 
when trees fall onto and damage the fence. 
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Sapling and Poletimber Stands 

Competition among trees eliminates poor quality and low-vigor trees throughout the life of a stand. 
In sapling and poletimber stands, focus your management on identifying potential crop trees and 
encouraging their growth. Typical objectives are to: 

• Improve species composition. 

• Control stand density. 

• Improve tree quality. 

• Increase tree growth rate. 

• Harvest trees before they die. 

 
Weeding is the practice of removing undesirable tree species that take up valuable growing space. 

Culling is the removal of trees that have no commercial value because of poor form, damage, or other 
physical defects. Thinning involves selectively cutting trees of a desirable species to give the remaining 
trees more growing space. Pruning removes limbs to straighten saplings or to allow knot-free wood to 
develop on poletimber trees. These practices collectively are called timber stand improvement (TSI). In 
TSI, your first step is to pick the objective, then determine which trees should be left in the stand and 
how to maximize their growth and potential. 

 
For general woodland health: 

• Retain tree species best suited for your site. 

• Retain a diversity of tree species to protect biodiversity as a hedge against serious pest 
problems. 

• Remove trees with insect and disease problems. 

• Remove trees with severe damage to bark or crowns. 

• Thin the stand to maintain adequate growing space and sustain vigorous growth on the best 
trees, thereby helping them resist insects, diseases, and weather extremes. 

• Remove invasive, exotic species that may take over the stand and suppress the regeneration 
and growth of desirable native species. 

 
If timber production is your goal, determine what products you wish to grow (for example, fuelwood, 

pulpwood, sawtimber, or veneer), then learn what tree species, size, and wood quality are required for 
those products. During TSI (Figure 5-1), encourage the growth of potential crop trees that: 

• Are desirable species in the marketplace. 

• Have tall, straight stems. 

• Have few branches on the main stem. 
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• Have healthy crowns in dominant or codominant positions in the canopy. 

• Are relatively free of insect and disease problems. 

• Show no signs of bark damage or wood decay. 

 

Figure 5-1. Timber stand improvement for fast growth and valuable wood products. 

If your goal is to improve wildlife habitat, decide which wildlife species or groups of species you want 
to encourage and learn about their habitat needs. Use TSI to create appropriate habitat, such as: 

• Food (fruit, nuts, seeds, buds) 

• Shelter (hollow trees, thickets, brush piles, dead standing trees, downed logs, large woody 
debris in streams) 

• Escape cover (dense thickets, hollow trees, large trees) 

• Breeding sites (permanent openings, dense thickets, mixed hardwood and conifer stands) 

• Nesting sites (Several horizontal layers of vegetation–ground cover, understory, mid-story, 
large dens or trees with den potential such as large-diameter aspen) 

 
If visual quality is a concern during TSI: 

• Remove trees or prune off lower branches to provide a pleasing vista. 

• Save trees with beautiful flowers, fall leaf color, or interesting bark. 

• Protect trees with interesting shapes. 
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• Save large trees. 

• Encourage species diversity, especially a mix of hardwoods and conifers. 

 
TSI may be commercial or pre-commercial, depending on whether cut trees can be sold for a profit. 

Pre-commercial TSI, however, is often economical in the long run because it sustains tree growth, 
shortens the time to harvest, and improves tree quality. 

 
The following TSI recommendations are aimed at sustaining a healthy forest primarily for timber: 

• Where stump sprouts occur on desirable species, wait until they are three to five years old, 
then thin them with loppers or a handheld, motorized brush saw to one or two vigorous, 
straight stems that are more than 10 inches apart. 

• Thin sapling stands with a motorized brush saw, leaving 1-inch diameter stems three feet 
apart. 

• When thinning dense sapling and small pole-sized stands, it may be more practical and 
economical to remove whole rows or swaths of trees than to selectively remove scattered 
trees. In stands with large pole-sized trees and enough space between trees to maneuver 
logging equipment, selectively harvest trees, leaving the best and largest trees. Leave 
potential crop trees with dominant or codominant stems. Intermediate and suppressed trees 
have fallen behind in the competition for growing space and are unlikely to ever become 
quality dominant trees, even after release. 

Sawtimber Stands 

Commercial thinning is the principal TSI treatment in sawtimber stands. 
 
Optimum stand density varies by forest type because of the different growing space requirements of 

the tree species found in them. Manage stand density by the crop-tree release method. 
 
A simple method for regulating stand density is to identify potential crop trees and remove any 

surrounding trees that are interfering with the crown of the crop trees. Based on your stand objectives, 
leave the most desirable species and best quality stems with 

dominant and codominant crowns. 
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Figure 5-2. Free to grow rating. 
Quadrants 1 and 3 are free to grow, for a 
rating of 2. 

When applying the crop-tree release method, leave crop trees 
at least 20 to 25 feet apart. If crop trees are scarce or unevenly 
distributed, leave two trees as close as 10 feet but treat them as 
one tree when thinning. Remove trees with crowns that 
encroach on the crop trees (Figure 5-2). 

 
The free to grow rating is a simple way to evaluate the level 

of crown competition. Ideally, crop tree crowns should be free 
to grow on all four sides; however, in dense, young stands, no 
more than two crowded sides should be released at once. 
Additional release can shock a tree, leading to epicormic 
sprouting and degraded tree form. Provide additional crown 
release in later treatments. 

 
In general, do not remove more than one-third of the basal area from a stand at any one time. A heavier 

thinning may lead to wind damage, sunscald, and epicormic branching on residual trees. Epicormic 
branches (also called water sprouts) arising from dormant buds beneath the bark on hardwood trees 
create knots and lower wood quality. 

 
It is common practice to spray a spot or band of paint on trees to be removed during TSI. 
 
Trees growing below the main canopy will not affect crop tree growth, but cut them if they are 

of marketable size or of undesirable species. Do not damage crop tree crowns, stems, or roots while 
thinning stands. Repeat thinning every 15 to 20 years. 

 
During a commercial thinning, it may be necessary to remove more trees than you prefer to, including 

some high quality trees, to enable logging equipment to reach the trees to be removed and to provide 
enough wood volume to attract a logger. A professional forester can help you understand these tradeoffs 
and plan your harvest appropriately. 

Deadening Unmerchantable Trees 

During a TSI operation, you can kill undesirable trees by chemical or mechanical means. If the trees are 
cut mechanically and you expect them to resprout, treat the stumps with an herbicide labeled for that 
use. 

 
When undesirable trees have no commercial value, it often is faster and easier to kill them standing 

rather than to cut them down. Trees can be killed by girdling, frilling, herbicide injection, or basal spray 
(Figure 5-3). Dead standing trees are useful to many wildlife species and cause little damage to the 
remaining trees when they break up. For safety purposes, trees that could fall across roads or trails or on 
buildings should be felled rather than killed standing. 
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Figure 5-3. Methods for killing 
undesirable trees. 

Girdling involves the complete removal of a 3- to 5-inch band of bark 
around the trunk with a hatchet or chain saw. Girdling also can be 
accomplished by encircling the main stem with two parallel chain saw 
cuts that are 1 inch deep and 3 to 5 inches apart. This is time-consuming, 
hard work; a tree may not die for several years; and live shoots may 
sprout below the girdle. Girdling often is used if sprouts are needed for 
wildlife browse and the resulting sprouts won’t interfere with more 
desirable tree seedlings. Girdling is easier to do in spring when bark 
separates easily from the wood. 

 
A frill girdle is a single line of downward axe or hatchet cuts that 

completely encircle the trunk and are then sprayed with an herbicide. 
Treatments during the growing season are more effective than 
treatments in winter or at the time of heaviest sap flow. The effectiveness 
also will vary with the concentration of the chemical used. 

 
An herbicide injection can be used on trees over 5 inches in diameter. 

Some injectors are modified hatchets, while others resemble pipes with 
chisel points on one end. An injector cuts through the bark and injects a 
measured amount of herbicide into each cut. Space cuts 1 to 3 inches 
apart and apply this treatment any time from May through early fall. 

 
To kill scattered shrubs or small trees, spray the lower 12 to 15 inches 

of the stem with an approved herbicide until it runs off. Apply chemicals 
during the growing season, and note that control may be poor on root-
suckering species. 

 
Do not apply chemicals near desirable plants or contaminate surface 

or groundwater. 

Pruning 

Individual tree quality can be improved by pruning. It is time consuming and expensive, so undertake 
pruning with a careful eye on costs. Prune only 50 to 100 crop trees an acre that have the form and vigor 
to produce high quality sawtimber or veneer. 

Corrective Pruning 

Perform corrective pruning only on high-quality hardwood seedlings or small saplings, (primarily black 
walnut) to encourage a single straight leader (Figure 5-4). Most trees will correct themselves. Those that 
don’t are probably genetically inferior and no amount of pruning will correct their form. 
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Figure 5-4. Corrective pruning. 

Clear-stem Pruning 

The purpose of clear-stem pruning is to remove lower branches on the stem to produce knot-free 
wood (Figure 5-5). Clear-stem pruning is justified when it raises the tree grade enough to increase its 
stumpage value beyond the pruning cost. Clear-stem pruning may be appropriate for red pine, white 
pine, black walnut, red oak, sugar maple, and yellow birch. Have a forester teach you appropriate 
pruning techniques, especially before you prune young hardwood trees. 

Figure 5-5. Clear-stem pruning. 

You can begin clear-stem pruning when trees are just 10 feet tall, and should complete it before trees 
reach 8 inches DBH. Prune at least 9 feet high, but remove no more than one-third of the live crown at 
any one time. Additional pruning through the pole stage should increase the total clear stem up to 17 
feet, if 16-foot logs are the objective. 
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Prune during the late dormant season just before spring growth begins. Pruning at this time helps 

prevent diseases from invading the pruning wounds before they dry out or glaze over with pitch. Do not 
prune oaks from mid-April through mid-July because the pruning cuts may attract oak sap beetles that 
carry the oak wilt fungus, a serious pathogen of oaks. The dormant season also is a comfortable time to 
work in the woods because it is cool, visibility is good, and there are few insect pests. If possible, time 
pruning to coincide with thinning so the accelerated tree growth quickly grows over pruning cuts and 
maximizes knot-free wood production. 

 
Cut branches close to the trunk, but do not cut into the branch collar–a swelling of the main stem 

around the base of the branch. Cutting into the branch collar wounds the main stem and may lead to 
decay in the tree. 

 
Tree paint and wound dressings do not promote healing. Use them only when an emergency such as 

storm damage requires that trees (particularly oaks) be pruned in May or June. 
 
Work safely. Wear the appropriate personal protective equipment for the tool being used. At the very 

least, wear a hard hat, eye protection and gloves. Sharp tools cut cleanly and require less effort to use 
than dull ones. Tools commonly used for pruning include hand pruning saws, pole saws, shears, and pole 
pruners (shears). Using a chainsaw is dangerous for pruning because you must hold it above shoulder 
level where it is difficult to control. A chain saw easily damages trees by cutting into the branch collar 
and by nicking bark on the main tree stem near the pruning cut. 
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6. Managing Important Forest Types 

Melvin J. Baughman, Extension Forester (retired), University of Minnesota 

Reviewed and revised in 2019 by Matthew Russell 

 
Foresters and scientists have developed several methods for classifying woodlands. These 

classifications help describe tree species that are currently present, or the combination of vegetation that 
would naturally occur on the site if it were undisturbed for a long period of time, or the site quality for 
growing particular tree species. 

 
The “forest type” classification is based on the predominant tree species over an area of woodland. 

Forest types are named for one to three tree species that comprise at least 20 percent of the basal area 
in a mature stand or a predominance of stems in seedling and sapling stands. Forest type classification 
has been standardized across the United States, but each forest type has many variants. A forest type 
designation recognizes the combination of tree species currently in a woodland, but that type may not 
be the best type to grow on the site where it exists. We use forest types in this book because they are 
relatively easy for landowners and foresters to recognize and you need to base management decisions on 
which tree species are present, even if you’re trying to move the stand toward another combination of 
tree species that is better suited to the site. 

 
A “plant community” classification considers site factors in designating the trees and other plants 

most likely to occupy a site if it were undisturbed for a long period of time. 
 
A “vegetative habitat type” (also known as “site type” or “native plant community”) classification 

identifies forest sites along a soil moisture-nutrient gradient. It takes into consideration soil texture, 
fertility, and moisture and leads to designation of tree species best suited to each site type. Site types are 
recognized by characteristic understory plants rather than tree species. 

 
An “ecological classification” system is based on climate, geology, landforms, landscape position, 

soil and vegetation. This hierarchical system first defines large large-scale ecosystems that are multistate 
in scope (a province), then subdivides those ecosystems into smaller and smaller parts, down to a few 
acres (ecological land type phase) as the criteria are refined. 

 
This chapter describes management of important forest types in the Lake States–Minnesota, 

Wisconsin, and Michigan. These descriptions are brief and may not provide adequate information 
for managing specific stands because so many site types and species combinations exist. A forester 
should inspect your woodland and prepare stand management plans before you implement any forestry 
practices. 
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Figure 6-1. Range of quaking aspen. 

Aspen 

The aspen forest type, dominated by quaking aspen (also called “poplar” or “popple”) and bigtooth 
aspen, covers more area than any other forest type in the Lake States (Figure 6-1). Paper birch and pin 
cherry are common associates. Balsam poplar (balm of gilead) is found on moist sites. Aspen is very 
intolerant of shade and relatively short-lived. 

 
Stands can be invaded readily by more shade-tolerant 

species. On dry sites, aspen may be replaced by red pine, red 
maple, or oaks; on sites with intermediate moisture, by white 
pine; on fertile sites by northern hardwoods, white spruce, and 
balsam fir; and on the wettest sites by balsam fir, black spruce, 
black ash, and northern white-cedar. 

Products and Uses 

Aspen species are used principally for paper and particleboard, 
but also for lumber, studs, veneer, plywood, shingles, matches, 
novelty items, biomass fuel, and animal feed. Aspen stands are 
important habitat for ruffed grouse, woodcock, snowshoe hare, 
beaver, porcupine, white-tailed deer, moose, and black bear. 

Site Conditions 

Aspen grows on a wide range of soils from shallow and rocky to deep loamy sands and heavy clay. Good 
soils are well-drained, loamy, and high in organic matter, calcium, magnesium, potassium, and nitrogen. 
The best sites have soils with silt-plus-clay content of 80 percent or more. Aspen prefers a water table 
from 2 to 8.2 feet deep. It grows poorly on sandy or droughty soils and on heavy clay. 

Regeneration 

Regeneration from seed is possible, but unreliable. Good seed crops occur every four to five years on 
50- to 70-year-old trees. Seeds ripen in May to June and are dispersed long distances by wind and water. 
They require a water-saturated seedbed for germination. A moist, bare mineral soil is best. 

 
Aspen stands most commonly regenerate from root suckers that grow from lateral roots after a stand 

has been harvested or killed by fire or wind. Because aspen is very intolerant of shade, optimum root 
suckering occurs when the stand is completely clearcut. Do not leave more than 20 mature trees an 
acre after harvesting. If logging does not destroy undesirable trees and shrubs, remove them by felling, 
girdling, basal spraying, or controlled burning. Root suckering is most prolific when: 

• Clearcutting is done when the soil is relatively dry or frozen to avoid damaging the lateral 
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roots within 4 inches of the soil surface that produce the suckers. This is especially important 
on clay soils with a high water table. 

• Harvesting occurs during the dormant season when food reserves stored in the roots are at a 
maximum, especially on fine-textured soils. 

• Soil temperature is 74° F. (High soil temperature inhibits suckering.) 

• Parent trees are healthy and have high carbohydrate reserves. Grazing, repeated cropping, 
killing of sucker stands, and insect defoliation will lower carbohydrate reserves. 

• There is no excess soil moisture (to impede aeration) or severe drought. 

 
If a stand is harvested during the growing season, root suckers will begin to grow immediately after 

trees are felled. Do not drive heavy equipment across young sprouts or they will be killed. To protect 
new sprouts begin logging at the rear of the stand, then progress toward the log landing. Harvest stands 
for pulpwood at age 45 to 55 and for sawtimber at age 55 to 65. Harvest earlier if more than 30 percent 
of the trees are diseased (indicated by the presence of fungal conks or bark cankers). 

 
Old, decadent stands with low vigor and stands with fewer than 50 mature aspen trees an acre may 

be difficult to regenerate. Encourage maximum suckering by harvesting these stands during the dormant 
season when the ground is frozen or relatively dry. If an old stand does not have a merchantable volume 
of wood, you may kill the old trees and stimulate suckering by felling the trees, by shearing them with a 
sharp blade on a bulldozer when the soil is frozen, or by setting a prescribed fire. 

 
Two years after clearcutting there should be at least 5,000 aspen root suckers an acre. Some stands 

may have up to 30,000 root suckers an acre. The more the better, since aspen stands naturally thin 
themselves. If root sucker density following the clearcut appears low, ask a forester to judge whether the 
stand is adequately stocked. If stocking is not adequate, wait at least 10 years, then clearcut the stand 
again. Following this second clearcut, sucker density should improve to a satisfactory level. Aspen will 
not compete well with other hardwoods such as maple, basswood, ash, and oak. Over time the aspen 
will die from disease and be replaced by more shade-tolerant species. Clearcutting a mixed species stand 
favors aspen regeneration. Removing aspen during thinning will favor other hardwood species. 

 
Where you find mature aspen with an understory of white spruce and balsam fir (two shade-tolerant 

conifers), clearcutting aspen while damaging the conifers will reproduce mainly aspen. In contrast, 
carefully harvesting the aspen while leaving the conifers undamaged will enable aspen root suckers to 
survive in scattered patches. In 40 to 50 years the conifers and aspen will mature. Clearcutting then will 
regenerate a stand of mainly aspen with a few scattered conifers. 

Intermediate Treatments 

Once an aspen stand has regenerated, trees grow rapidly. A densely stocked stand thins naturally; 
artificial thinning is unnecessary to produce pulpwood and may increase losses from hypoxylon canker 
and rot. Dense stands also promote natural pruning. Artificially thinned stands may produce more 
sawtimber and veneer than unthinned stands, but thin to grow these products only on high quality sites 
when disease incidence is low. One thinning at about age 30 leaving approximately 240 trees an acre 
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Figure 6-2. Range of balsam fir. 

may be appropriate. Row thinning of sapling stands has produced faster volume growth on residual trees, 
but results are inconsistent. Take great care to avoid wounding residual aspen trees, since decay and 
discoloration can enter trees through those wounds. 

Pests and Diseases 

Aspen is highly susceptible to fire damage. Major insect pests are forest tent caterpillar, large aspen 
tortrix, gypsy moth that feed on leaves, and various wood borers that weaken and degrade the stem. 
Several species of fungi cause stem cankers or white rot that reduce the volume of usable wood. 

 
To reduce losses from these pests, do not grow aspen for timber on very low quality sites. Stands 

growing on poor sites are highly susceptible to pests. Try to regenerate 30,000 suckers an acre and 
maintain a high number of stems an acre to discourage poplar borer and hypoxylon canker. Do not thin 
aspen; wounds on residual trees will favor establishment of poplar borer and hypoxylon canker. 

 
To minimize pest damage, harvest trees by age 40. If fewer than 15 percent of the trees are infected 

with hypoxylon canker, stands may grow longer than 40 years. If 15 to 25 percent of the trees are 
infected with hypoxylon canker, harvest early and regenerate aspen. If more than 25 percent of the stand 
is infected, consider converting to an alternate forest type or species. Harvest early if white rot affects 
more than 30 percent of the basal area. 

 
Repeated defoliation by forest tent caterpillar will weaken the trees, increasing their susceptibility to 

disease. Insecticides may be required to protect the stand during prolonged outbreaks. 

Balsam Fir 

The balsam fir type occurs across the northern Lake States (Figure 6-2). Common associates include 
black spruce, white spruce, paper birch, quaking aspen, bigtooth aspen, yellow birch, American beech, 
red maple, sugar maple, eastern hemlock, eastern white pine, tamarack, black ash, and northern white-
cedar. 

 

Products and Uses 

Balsam fir is used mainly for pulpwood and small sawtimber. 
Wood waste is burned for energy. Fir stands provide summer 
shade for moose, deer, and bear and winter cover for moose 
and deer. Timber wolves, pine marten, fisher, lynx, and bobcat 
are associated with this type of woodland. Hares, spruce 
grouse, and songbirds use these stands for cover and a food 
source. Balsam fir boughs are extensively clipped for wreaths 
and small trees are cut for Christmas trees. 
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Site Conditions 

Balsam fir grows on a wide range of inorganic and organic soils and on wet to dry sites. It is most 
common on wet to moist sites, where soil moisture is adequate throughout the growing season and 
standing water may be present during part of the season. On moist sites balsam fir is gradually replaced 
by northern hardwoods such as sugar maple. On wet sites it usually is dominated by black spruce and 
tamarack. Good sites are found on well-drained loams and moderately well-drained silt loams, clay 
loams, and clays. It grows where pH is 5.1 to 6.0, but does best with pH 6.5 to 7.0 in the upper organic 
layers. 

Regeneration 

Beginning at age 30, balsam fir produces good seed crops every two to four years. Wind disperses seed 
for 80 to 200 feet from mature trees. If enough moisture is available, seeds will germinate on almost 
any seedbed and seedlings will survive for several years with only 10 percent of full sunlight. The best 
seedbed is medium-textured mineral soil with some shade. Thick duff with no shade is a poor seedbed. 
Scarification that incorporates duff will improve the seedbed. 

 
Because balsam fir is very shade tolerant, it can be managed in uneven-aged stands, especially on 

moist-wet sites. Use a two-stage shelterwood harvest, leaving 60 percent crown cover where advance 
regeneration is not adequate and where residual firs are known to be windfirm (resistant to strong winds). 

 
Balsam fir also can be managed in even-aged stands by clearcutting in alternate or progressive strips 

or patches. Use clearcutting where the shelterwood system will lead to excessive mortality from rot, 
wind, or spruce budworm or where advance regeneration of fir is well established before the cut. Cut 
strips perpendicular to, and progressing toward, the prevailing wind. Cut strips up to three chains wide 
with seeding from both sides or two chains wide with seeding only from the wind-ward side. 

 
Excessive slash from harvesting will hinder growth of advance regeneration and provide too much 

shade over a seedbed. Reduce slash by full-tree skidding. 
 
Balsam fir is seldom planted because of low market demand and the relative ease of regeneration by 

natural seeding. 
 
Depending on site conditions and the tree species mix that is present, a balsam fir stand can be 

converted to other forest types. In a mature stand of fir with some aspen, clearcut to produce a stand of 
aspen suckers with scattered firs. If advance fir regeneration is sparse, place harvest areas within two to 
three chains of seed-bearing firs. Firs will grow up with the aspen. Once the aspen has matured, cut the 
aspen, being careful to preserve the firs for longer growth. Some aspen will regenerate in the openings, 
sustaining a two-species stand. When the firs mature, repeat the cycle by clearcutting. 

 
Where balsam fir forms an understory beneath paper birch, clearcut the birch to release the fir. To 

reduce spruce budworm problems, maintain some overstory birch by clearcutting progressive strips or 
small patches. To ensure a birch component in the new stand, scarify the soil in scattered openings and 
leave seed-bearing birches within three chains. In a balsam fir stand with at least three to five paper 
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birch seed trees an acre, you can retain a birch component by clearcutting the stand in progressive strips 
or small patches or using shelterwood cutting. Cut strips one to two chains wide and patches one acre 
or less. Scarify about 50 percent of the harvest area to prepare seedbeds for fir and birch. Whole-tree 
skidding when the soil is not frozen or snow covered will scarify the site. About eight years after the 
harvest, thin the new stand to manage the mix of fir and birch. 

 
On less well-drained hardwood sites manage balsam fir along with other hardwoods. These include 

yellow birch (plus eastern hemlock in Michigan and Wisconsin) on somewhat poorly drained sites and 
black ash and red maple on poorly drained sites. To grow only pulpwood, clearcut where fir advance 
growth is adequately stocked and use shelterwood harvest where it is not. To grow both pulpwood and 
sawlogs, thin young stands to obtain the desired mix of fir and hardwoods. Then harvest the fir at about 
age 50 and leave the hardwoods until they mature (at roughly age 100). When the hardwoods are mature, 
reproduce all species as described above. Selection cutting is suitable where a high proportion of fir is 
desired. 

 
Where balsam fir occurs with pine on dry to moist-dry sites (usually sandy soils), encourage red pine 

(or jack pine on very dry sites) by eliminating all fir when harvesting pines. 
 
Balsam fir often forms an understory in mature white pine stands on moist to moist-wet sites. This 

understory may improve wildlife habitat or aesthetics, but for timber production the fir should be 
removed to facilitate regeneration of white pine or other conifers. 

 
On moist to moist-wet sites where balsam fir is mixed with white spruce, spruce is preferred because 

of its higher timber value, longer life, and greater tolerance to spruce budworm defoliation. If a mature 
fir stand has more than 500 well-distributed white spruce that are three feet or taller an acre, clearcut 
the stand to release the spruce, but take care to minimize logging damage. If spruce regeneration is not 
adequate, either use shelterwood cutting and scarification to encourage spruce or clearcut the stand and 
plant white spruce. As the new stand grows, weed out balsam fir during thinnings. 

 
On moist-wet to wet sites where balsam fir is mixed with northern white-cedar and black spruce, 

minimize the fir component. Broadcast burn harvest sites to eliminate woody debris and undesirable 
small trees and shrubs to create a good seedbed for white-cedar and spruce. 

Intermediate Treatments 

The degree to which competing vegetation should be controlled depends on the management objective 
and type of site. Mixed species stands enhance wildlife habitat and aesthetics and reduce the potential for 
spruce budworm damage. On wet and moist-wet sites, balsam fir will eventually grow above associated 
hardwoods, but on moist sites with northern hardwoods, balsam fir will be suppressed. Balsam fir 
responds well to release when trees are still young and vigorous (for example, with current annual height 
growth of six inches or more, a fairly pointed crown, and smooth bark with raised resin blisters). A 
single herbicide release or cleaning about eight years after a harvest or when stand height averages 6 to 
10 feet will help ensure balsam fir dominance. 
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Figure 6-3. Range of paper birch. 

Pests and Diseases 

The spruce budworm is the major insect pest of balsam fir. Budworm survives best on older trees and 
in dense stands. To minimize damage, manage fir on a 40- to 50-year rotation, keep large forest areas 
well diversified by age class, thin stands to maintain vigorous growth, and maintain a high component 
on other species. 

 
Heart rot and root rot are major diseases. To minimize damage follow budworm management practices 

to sustain vigorous stands and avoid scarring trees during intermediate cuttings. 
 
Windthrow–trees uprooted or broken by wind–can be a serious condition, especially on wet, shallow 

soils. Minimize windthrow by maintaining a well-stocked, vigorous stand. Do thinning and shelterwood 
cutting only on sites where fir is known to be windfirm. When making a partial cut, ensure the windward 
side is protected by a zone of uncut timber at least one chain wide and make cutting boundaries straight. 
In mixed stands with hardwoods, maintain a well-distributed hardwood component. If damage becomes 
severe, conduct a salvage harvest. 

Paper Birch 

Paper birch forms either small pure stands or mixtures. Quaking and bigtooth aspen and pin cherry are 
its most common associates. It also may be mixed with yellow birch, red maple, northern red oak, white 
pine, jack pine, white spruce, and balsam fir. This forest type occurs throughout the northern Lake States 
(Figure 6-3). 

 

Products and Uses 

The main uses for paper birch are paper, fuelwood, dowels, and 
novelty items, but it also is used for lumber and veneer. Birch 
trees can be tapped in the spring to obtain sap for syrup, wine, 
beer, or medicinal tonics. Its showy white bark and bright 
yellow fall foliage make it an attractive landscape tree. Young 
stands provide an important source of browse for deer and 
moose. Songbirds feed on its seeds while ruffed grouse and 
squirrels eat male buds and catkins. 

Site Conditions 

Paper birch is a pioneer tree type that revegetates land disturbed by fire, clearcutting, and other factors. It 
grows on almost any soil and topographic situation, ranging from steep, rocky outcrops to flat muskegs 
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or bogs. Paper birch tends to grow best on deep, well-drained to moderately well-drained, nutrient rich 
glacial deposits. It grows poorly on very dry and very wet sites. 

Regeneration 

Paper birch is intolerant of shade and usually is regenerated by clearcutting or shelterwood systems. 
Although small birches produce vigorous stump sprouts when cut, merchantable-size trees do not 
sprout well and sprouts are normally of low quality. Natural seeding is the most common source of 
regeneration. The optimum seedbearing age is 40 to 70 years. In mature stands, good seed crops occur 
every other year on the average, but some seeds are produced in most areas every year. Its light seeds 
are dispersed readily by the wind; however, the majority of seeds fall within the stand where they are 
produced. If a clearcut has to be more than 300 feet wide, leave seed trees throughout the site to get 
adequate seed dispersal and provide for the survival of seed trees and protection of new seedlings. 
Remove seed trees within two years after acceptable regeneration. 

 
Paper birch germinate best on mineral soil, so site preparation by disking or burning is recommended. 

Germination on humus is reduced by about 50 percent, but initial height growth is better on humus than 
on undisturbed sites, probably because of greater nutrient availability. Germination on undisturbed litter 
is relatively poor. 

 
Shaded sites produce about twice as many seedlings as full-sun sites, so harvest by narrow, 

progressive clearcut strips, small patch clearcuts, or a two-cut shelterwood system (especially on hot, 
dry sites). In a shelterwood system, the first cut should thin the canopy and provide more sunlight to the 
forest floor. A year later, disk the site to lightly bury the birch seeds, help control competing vegetation, 
and incorporate organic matter. Disking is especially helpful following a good seed fall. After the stand 
is sufficiently stocked with seedlings, canopy trees should be clearcut to release the new seedlings. 

 
To establish birch on old field sites, remove the sod, plant bare-root or container-grown seedlings, and 

protect them from girdling by rodents and browsing by deer. 

Intermediate Treatments 

Young paper birch grows rapidly, but the growth rate declines significantly in old age. The species is 
short-lived, reaching maturity in 60 to 70 years. It usually lasts only one generation and then is replaced 
by more shade-tolerant species. Poor sites may be clearcut for firewood every 40 years or converted to 
another species. Good sites can be managed for sawlogs on 50-year or longer rotations. On good sites 
that are clearcut and regenerate to aspen, pin cherry, and paper birch, the faster growing aspen and pin 
cherry will outgrow and suppress the birch. 

 
Birch often grows in two-story stands. When paper birch has an understory of white spruce or balsam 

fir, the conifers will eventually dominate the stand, but birch will retain a presence. When paper birch 
has an understory of northern hardwoods (such as, sugar maple, red maple, basswood, ash, and some 
oaks), the birch will be replaced by the hardwoods over time. To retain a higher percentage of birch, 
thin mixed species stands to release the birch. Gradual thinning over time is recommended. The more 
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intense the thinning (the more trees removed), the greater the height and diameter growth response of 
paper birch. However, heavily thinning a stand that has not previously been thinned may cause many of 
the remaining trees to die. Stands approaching maturity seldom respond well to thinning. 

Pests and Diseases 

Bronze birch borer is the most serious insect pest of paper birch. Usually it attacks overmature trees 
or weakened trees. The most serious defoliators are the forest tent caterpillar, birch skeletonizer, birch 
leafminer, birch leaf-mining sawflies, birch casebearer, and gypsy moth. Defoliation alone seldom kills 
healthy trees, but it reduces their growth rate and makes birch susceptible to other damaging agents, 
particularly bronze birch borer. 

 
Birch also is affected by decay-causing fungi, stem cankers that ruin the tree for timber purposes, and 

root-rotting fungus. 
 
Over-browsing by deer and moose at the seedling stage reduces the amount of dominant birch in 

regenerating stands or impairs the quality of survivors. Porcupines damage larger trees by feeding on the 
inner bark and girdling large branches in the crown and upper trunk. The yellow-bellied sapsucker pecks 
rows of holes through the bark; these become the point of entry for decay organisms and ring shake 
(separation). Hares and other small mammals may seriously damage planted seedlings. Because paper 
birch bark is thin and highly flammable, even large trees may be killed by moderate fires. 

 
Paper birch is very susceptible to logging damage during partial harvest treatments using mechanical 

techniques. 

Black Ash-American Elm-Red Maple 

This type of woodland occurs throughout the Lake States (Figure 6-4) with varying proportions of 
ash, elm, and maple. American elm has declined in importance because of the prevalence of Dutch 
elm disease, and black ash is a species at risk to the expanding emerald ash borer. The most common 
associates are balsam poplar, balsam fir, and yellow birch, but also may include eastern white pine, 
tamarack, black spruce, northern white-cedar, white spruce, quaking aspen, slippery elm, paper birch, 
and American basswood. Management recommendations in this section focus on black ash. 
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Figure 6-4. Range of black ash. 

Products and Uses 

Black ash is used for lumber, veneer, fuelwood, and baskets. 
The need for more basket-grade trees has resulted in greater 
interest in managing black ash, especially around Native 
American communities. Its seeds are an important food to 
game birds, songbirds, and small animals, and the twigs and 
leaves provide browse for deer and moose. 

Site Conditions 

Black ash typically grows in bogs, along streams, and in 
poorly drained areas that often are seasonally flooded. It is 
most common on peat and muck soils, but also grows on fine 
sands that are underlain by sandy till (mixed clay, sand, gravel, 

and boulders) or on sands and loams that are underlain by clayey till. It can tolerate semi-stagnant 
conditions, but for best growth, the water should be moving so the soil will be aerated even though 
saturated. It tolerates pH from 4.4 to 8.2. In the northern Lake States the type frequently grades into 
northern white-cedar on wetter sites and into hemlock-yellow birch on better-drained areas. In northern 
Wisconsin it grades into tamarack or black spruce stands. 

Regeneration 

Black ash reproduces from stump sprouts when trees are less than 12 inches DBH, from root suckers 
after trees are cut, and from seeds. It produces good seed crops about every four years. Because of seed 
dormancy requiring cold treatment, black ash seed does not normally germinate under natural conditions 
until the second year, and seed may remain viable for eight years. 

 
Regenerate stands that are 15 to 18 inches DBH or 110 to 130 years old. A partial or complete removal 

of the overstory without advance regeneration will allow a rise in the water table, leading to a lack of 
seedling regeneration and stump sprouting. If there are fewer than 5,000 desirable seedlings an acre, 
make a shelterwood cut, leaving 75 percent crown cover of the best quality trees. When stocking reaches 
5,000 seedlings an acre, reduce the crown cover to 50 percent. When seedlings are 2 to 3 feet tall (at 
about three to five years), clearcut the remaining trees when the ground is frozen and preferably covered 
with at least a foot of snow to reduce damage to seedlings. 

 
To reinforce natural regeneration, plant 1-0 or 2-0 seedlings. (e.g. 1 or 2 year old seedlings). 

Intermediate Treatments 

Black ash is a small, slow growing tree, commonly reaching just 8 to 10 inches DBH when mature. It is 
intolerant of shade. 
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Figure 6-5. Range of black spruce. 

In pole-sized stands, release crop trees about 5 feet beyond their crowns. Delay later thinnings until 
the crowns close and the lower branches have self-pruned, then thin to 90 percent crown cover. During 
thinnings, remove undesirable species and trees with poor stem form, suppressed crowns, or signs of 
disease or damage. 

Pests and Diseases 

Emerald ash borer (EAB) is an invasive insect species that infests and kills all species of ash and is found 
throughout the Lake States. Large-diameter ash trees are more attractive to emerald ash borer. Woodland 
owners with many large-diameter ash trees may opt for management options that help to maintain tree 
cover when dealing with EAB. Do not import or export firewood beyond the local area to minimize 
insect movement in the wood. 

 
Trunk rot and butt rot are serious diseases affecting black ash. Deer browse heavily on young black 

ash and if poplars are scarce, beaver will cut down ash. 

Black Spruce 

Black spruce commonly grows in pure stands on organic soils and in mixed stands on mineral soils. 
Mixed stands often include northern white-cedar, white spruce, balsam fir, and tamarack. It is found 
throughout the northern Lake States, but especially northern Minnesota (Figure 6-5). 

 

Products and Uses 

Black spruce is grown almost exclusively for pulpwood. The 
spruce grouse depends on this forest type for most of its food 
and cover. Several songbirds use this forest type in summer. 

Site Conditions 

Black spruce usually grows on wet organic soils, but 
productive stands are found on a variety of soil types from 
deep humus through clays, loams, sands, coarse till, boulder 
pavements, and shallow soil over bedrock. The most 
productive black spruce stands are on dark brown to blackish peats, which usually have a considerable 
amount of decayed woody material. The best sites occur where the soil water is part of the regional 
groundwater system and is enriched by nutrients flowing from mineral soil areas. The poorest sites occur 
where the soil water is separated from the groundwater system, and where there is two feet or more of 
poorly decomposed, yellowish-brown sphagnum moss. When found on mineral soil, black spruce grows 
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best where the slope is gentle and moisture is plentiful, either from a shallow water table or seepage 
along bedrock. 

Regeneration 

Rotation lengths for black spruce range from 60 to 140 years, but usually should not exceed 100 years on 
organic soils or 70 years on mineral soils because of butt rot and subsequent wind damage. Black spruce 
stands 40 years or older have a nearly continuous seed supply. Good seed crops occur every two to six 
years, but partially closed cones remain on trees and disperse seed over several years. Under natural 
conditions, most seed is dispersed after a fire. Reproduction by layering (root development from low-
hanging branches) is common in swamps and bogs. 

 
A good seedbed is moist, but not saturated, and free from competing vegetation. Moist mineral soil 

usually provides a good seedbed, but exposed mineral soil may be too waterlogged or subject to frost 
heaving in low-lying areas. Living sphagnum moss makes a good seedbed, but some moss species 
may outgrow and smother spruce seedlings. Other mosses, especially feather mosses, tend to dry out 
after clearcutting and make poor seedbeds. Moss seedbeds should be removed by fire or machine or 
compacted by machine. 

 
Clearcutting blocks or strips is the best method for harvesting and reproducing black spruce. The 

best growing sites on organic soil usually are brushy and require broadcast burning of slash to reduce 
shrub competition. To avoid heavy slash that covers desirable residual trees or good sphagnum moss 
seedbeds, use whole-tree harvesting or burn the slash. Fires that completely remove the surface organic 
layer usually provide good seedbeds. Seedbed scarification also increases the number of surviving black 
ash seedlings. Natural seeding can be effective with large, wind-firm stands. Cut progressive strips 
perpendicular to the prevailing wind to maximize seed dispersal and minimize wind damage. Cut these 
strips into the wind, up to six chains wide where natural seeding occurs from both sides, or four chains 
wide where natural seeding occurs only from the windward side. 

 
Rely on natural seeding along the outer portion of large stands while considering direct seeding of 

interior areas. On well-prepared sites, sow two to three ounces of seed an acre between March and mid-
May of the first year following burning or other site preparation. Treat seed with bird repellent and 
fungicide. 

 
Natural seeding, especially on nonbrushy sites, often results in stands that are too dense for optimum 

pulpwood growth. To avoid overstocking, count the trees three years after site preparation. If there are 
at least 600 healthy, well-spaced black spruce seedlings an acre that are at least 6 inches tall, clearcut the 
adjacent area of mature spruce to eliminate further seeding into the new stand. Planting seedlings is more 
reliable than seeding, but also more expensive. Black spruce can be planted successfully using 3-0 or 
container-grown seedlings. Transplants (2-2) are expensive but useful where serious weed competition 
is expected. 
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Intermediate Treatments 

Thinning overstocked sapling and poletimber stands is generally not economical and may lead to 
increased wind damage. Although black spruce is shade tolerant, on good sites a dense overstory of 
undesirable shrubs or hardwoods may severely suppress seedling growth. In these situations control 
brush with herbicide to release the spruce. 

Pests and Diseases 

Eastern spruce dwarf-mistletoe is the most serious disease affecting black spruce. It causes branch 
deformations (witches’ brooms, or dense clusters of abnormal small branches), reduces growth, and 
eventually kills trees. Mistletoe survives only on living trees and spreads slowly. To prevent mistletoe 
infections, clearcut and burn all mature stands where feasible to eliminate undetected mistletoe sources. 

 
Wind may cause substantial breakage and uprooting in older black spruce stands, especially where 

butt rot is present and where stands have been opened up by partial cutting. Minimize wind damage by 
using the rotations recommended above and clearcutting narrow strips that progress over time toward 
prevailing winds. 

Black Walnut 

Black walnut (Figure 6-6) generally is found scattered among other tree species. Pure stands are not 
common, but do occur. Common associates include yellow-poplar, white ash, black cherry, basswood, 
beech, sugar maple, oaks, and hickories. Its leaves and roots actively secrete material toxic to some trees, 
shrubs, and herbaceous plants. 

Products and Uses 

Wood products from black walnut include sawlogs, veneer logs, gun stocks, and smaller novelty pieces. 
Nuts are excellent for human consumption. Frequent nut crops make it an excellent tree for wildlife, 
especially squirrels. Nut shells are used as an abrasive in grinding and polishing. 
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Figure 6-6. Black walnut leaves and nuts. 

Site Conditions 

Walnut grows best on lower north- and east-facing 
slopes, stream terraces, and floodplains. It is 
common on limestone soils and grows well on 
deep loams, loess soils, and alluvial deposits that 
are fertile and moist, but well-drained. Poor sites 
for walnut include steep south- and west-facing 
slopes, narrow ridgetops, and poorly drained sites. 
Soils with acid clayey subsoils, coarse sand or 
gravel layers, or bedrock within 2.5 feet of the 
surface are not suitable for walnut. 

Regeneration 

The rotation length for black walnut is 50 to 80 years. It naturally regenerates from seed and stump 
sprouts if trees are less than 20 to 30 years old. Since black walnut trees normally are a minor component 
of a woodland, natural regeneration is unreliable and planting seedlings is recommended. Black walnut 
is intolerant of shade. To prepare a woodland site for planting, cut or kill with herbicides all woody 
vegetation larger than 0.5-inches in diameter. On grassy and weedy sites apply herbicides in the year 
before planting to kill existing vegetation in planting strips or blocks. Plant seedlings at a spacing of 
10 by 10 feet for timber production and 15 by 15 feet for a combination of timber and nuts. In field 
plantings for timber, planting a conifer (such as white or red pine) in every third row may increase the 
survival rate, growth rate, and improve the stem form of walnut trees. Plant seedlings in the spring as 
soon after the ground thaws as possible. Use seedlings at least 1/4-inch in diameter, measured 1-inch 
above the root collar. 

 
Seeds are easier and less expensive to plant than seedlings, but must be protected from squirrels and 

other rodents. Mechanical barriers (such as hardware cloth and tin cans) are most reliable, but they are 
expensive and time consuming to install. Sow seeds in either fall or spring. Husks do not need to be 
removed for fall planting. Spring planting eliminates overwinter feeding by rodents, but requires that 
the seed be stratified before planting to break dormancy. (Stratification involves subjecting seed to cold 
temperatures and regulating moisture usually for a couple of months but variable by species.) 

Intermediate Treatments 

Control weeds for at least three years after planting to maximize the sunlight, moisture, and minerals 
available to walnut seedlings and to reduce plant cover that encourages rodents. Control weeds by 
mowing or cultivation in open field plantings or by herbicides. In most situations herbicides are more 
cost effective and reliable than mowing or cultivation. 

 
Corrective pruning can improve seedling form if tip dieback or stem forking has occurred. Do not 

prune too heavily; young stems have a strong natural tendency to grow upright. Clear-stem pruning is 
recommended to help produce knot-free wood. Fertilization generally is not needed on a good black 
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walnut site unless a specific nutrient is deficient. Foliage analysis will reveal any nutrient deficiencies. 
Weeds are the usual benefactors of fertilizers. 

 
Thin the stand lightly and frequently, perhaps every 10 years, to maintain rapid, uniform growth. If 

you planted conifers along with the walnuts, remove the conifers when they compete for crown space. 
When thinning, provide at least 5 feet of space around three-quarters of the crowns of crop trees. Select 
crop trees early by choosing those with straight stems, one dominant leader, well-formed crowns, and no 
apparent signs of disease or injury. Kill competing trees by felling or girdling and treating them with an 
herbicide. 

Pests and Diseases 

The major pests of black walnut are walnut caterpillars and bud borers. Pesticides usually are not 
economical. The major diseases that infect black walnut are anthracnose and fusarium canker. 
Fungicides may be necessary to control anthracnose for the purpose of improving nut production, and 
insecticides may be necessary to control caterpillars. Anthracnose can be managed by controlling weeds 
that weaken the trees. Fusarium canker can be controlled by restricting pruning to late winter. Fire is 
highly damaging to black walnut. 

 
Incorrect pruning can lead to serious problems, including fusarium canker, bark necrosis, and sun-

scald. 

Bur Oak 

The bur oak type occurs across Minnesota, Wisconsin, and southern Michigan (Figure 6-7). Because 
it tolerates a wide range of soil and moisture conditions, bur oak associates with many other trees. 
Northern pin oak and black oak are associates on sandy sites; white oak and hickories are found with 
it on other dry upland sites. Chinkapin oak and eastern red cedar are associates on hot, dry hillsides 
in southwestern Wisconsin. Associates on lowland sites include shagbark and other hickories, black 
walnut, eastern cottonwood, white ash, American elm, swamp white oak, American basswood, black 
ash, silver maple and sycamore. Because of its fire and drought resistance, bur oak is the most common 
tree on oak savannahs along the prairie-forest transition zone in Wisconsin and Minnesota. 
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Figure 6-7. Range of bur oak. 

Products and Uses 

Bur oak wood is commercially valuable for sawlogs and 
veneer, although high quality timber is not common. Their 
acorns are a prime food for squirrels, wood ducks, white-tailed 
deer, and small mammals. 

Site Conditions 

Bur oak is one of the most drought resistant North American 
oaks. On uplands it often is associated with soils of limestone 
or sandstone origin. It is found on droughty sandy plains, black 
prairie loams, and on loamy slopes of south and west 
exposure. Toward the western edge of its range, it is more 
abundant on moist north-facing slopes than on south-facing slopes. It often dominates severe sites with 
thin soils, heavy claypan soils, gravelly ridges, and coarse-textured loessial hills. Bur oak is also an 
important bottomland species throughout much of its range. 

 
On the prairie edge it is a pioneer tree, commonly succeeded by northern pin oak, black oak, white 

oak, and bitternut hickory. On moist sites it is replaced by the more shade tolerant sugar maple, American 
basswood, and American beech. As a bottom-land species, bur oak is relatively intolerant of flooding. 
First-year mortality may be 40 to 50 percent if seedlings are submerged for two weeks or more during 
the growing season. For shorter periods of growing-season submersion, seedling mortality is only 10 to 
20 percent. 

Regeneration 

Bur oak is slow-growing, but commonly lives 200 to 300 years or longer. The minimum seed-bearing 
age is about 35 years and the optimum is 75 to 150 years. Good seed crops occur every two to three 
years. Acorns are disseminated by gravity, squirrels, and to a limited extent by water. Germination 
usually occurs soon after seedfall (August through November), but acorns from some northern trees 
may remain dormant through winter and germinate the following spring. Acorn germination and early 
seedling development is best on moist, mineral soil with no litter cover. 

 
Bur oak stands are self-sustaining on dry sites, but planting seedlings and controlling grass and brush 

will aid regeneration. Bur oak will be difficult to sustain on moist bottomland sites where other species 
grow faster, but planting seedlings during regeneration phases will help sustain some bur oak in the 
species mix. Although mature bur oaks have thick, fire-resistant bark, it’s important to prevent fires from 
burning over the area while trees are young. 

 
Burning or cutting pole-size or smaller bur oaks results in vigorous stump sprouting, but sprout quality 

and form are poor. 
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Figure 6-8: Range of eastern white pine. 

Intermediate Treatments 

Bur oak is intermediate in shade tolerance. Use intermediate cuttings to manage species composition 
according to the site. Prairie burning on upland sites is a common practice to kill invading brush and 
sustain prairie grasses. Older bur oaks withstand burns quite well. 

Pests and Diseases 

Bur oak is attacked by several defoliating insects, including oak webworms, oak skeletonizers, a leaf 
miner, variable oakleaf caterpillars, June beetles, and oak lacebugs. Oak wilt is a less serious problem 
in bur oak than in members of the red oak group, although the disease sometimes spreads through root 
grafts, killing entire groves. Bur oak is susceptible to attack by root rot, canker, and dieback diseases. 
It tolerates urban pollution better than most oaks. Young trees are susceptible to fire, but older trees 
develop thick bark that is fire resistant. 

Eastern White Pine 

Eastern white pine often occurs in pure stands, especially in the eastern portion of its range (Figure 
6-8), but may have a balsam fir understory in the northern Lake States. It is a pioneer species on 
abandoned agricultural land and in the northern Lake States may succeed red pine. On drier, sandier 
soils it approaches permanence as a sustainable forest type. On heavy-textured soils, white pine usually 
is succeeded by sugar maple-beech-yellow birch, white pine-hemlock, sugar maple-basswood, or white 
oak types. 

 

Products and Uses 

Eastern white pine is used mainly for lumber. Some songbirds, 
squirrels, and small mammals feed on its seeds. Bark and 
foliage are consumed by beaver, snowshoe hares, rabbits, 
porcupine, red and gray squirrels, mice, and white-tailed deer. 
Bears use large white pines as escape cover for their cubs and 
they use young dense stands for shelter during inclement 
weather. 

Site Conditions 

White pine grows on nearly all the soils within its range, but 
competes best on well-drained sandy soils of low to medium 

site quality. On medium-textured soils (sandy loams), it will out-produce most other native species in 
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both volume and value. White pine also grows on fine sandy loams and silt-loam soils with either good 
or impeded drainage when there is no hardwood competition – during the establishment period as on 
old fields and pastures, burns, and blowdowns. Do not plant white pine on heavy clay soils, poorly 
drained bottomland sites, and upland depressions. Avoid planting in depressions, bases of slopes, narrow 
V-shaped valleys, or small openings in dense forests that favor the collection of cool, moist air that 
encourages the spread of white pine blister rust. 

Regeneration 

White pine commonly lives 200 years and may live up to 450 years. Sawlog rotations usually are 80 to 
120 years, but longer rotations are feasible to produce a stand with old-growth characteristics. Reliable 
seed production begins when trees are 20 to 30 years old, and good seed years occur every three to five 
years. Seeds mature in August and September and are dispersed within a month by wind (200 feet within 
a stand, 700 feet in the open) and squirrels. 

 
Seeds can germinate and survive on both disturbed and undisturbed litter layers. Under full exposure 

to sunlight, favorable seedbeds include moist mineral soil, polytrichum moss, or a short grass cover of 
light to medium density. Unfavorable seedbeds include dry mineral soil, pine litter, lichen, and very thin 
or very thick grass cover. Unfavorable seedbed conditions can be corrected by scarification or overstory 
shade; however, dense, low shade, such as that cast by slash piles or hardwood brush, hinders seedling 
survival. 

 
Regenerate white pine by clearcutting, seed tree, shelterwood, or group selection. If there is abundant 

advanced reproduction, remove the overstory to release the white pines. Clearcutting during or just 
after heavy seed crops often results in well-stocked stands on light soils. Clearcutting in small patches 
or stands with seed dispersed from adjacent stands is also possible. Because of competition from 
other vegetation and poor seed crops, mechanical site preparation and planting may be necessary with 
clearcutting. 

 
A two-cut shelterwood system probably is the most reliable method for natural regeneration. Ten years 

before the final harvest, remove 40 to 60 percent of the overstory (no more than 30 to 40 percent of the 
basal area), preferably ideally in the year before or during a good seed year. Harvest during snowless 
months to scarify the site and expose mineral soil. Remove hardwood regeneration during the harvest 
since hardwoods may seriously compete with pine seedlings. After 5 to 10 years, if white pine seedlings 
are abundant, clearcut the residual overstory. (Delay this harvest until the new white pines are 20 to 25 
feet tall if you expect white pine weevil to be a problem.) If white pine regeneration is not satisfactory, 
you may need to again thin the overstory, control advance hardwood regeneration, and wait another 5 to 
10 years before the final harvest. Consider planting white pine seedlings to increase the density to 500 
to 600 seedlings an acre. 

 
Mechanical site preparation and planting are required on bare land or in white pine stands that do 

not naturally regenerate. Plant 2-0 or 3-0 seedlings at rates up to 600 to 800 trees an acre (closer where 
heavy white pine weevil damage is expected). Plant under a light forest canopy to reduce weevil and 
white pine blister rust damage. 
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Figure 6-9. Bud 
capping protects young 
pine from deer. Place a 
budcap on the main 
leader in fall. 

Intermediate Treatments 

White pine is intermediate in shade tolerance. It will tolerate up to 80 percent shade, but achieves 
maximum height growth in as little as 45 percent full sunlight. In the seedling stage it is very susceptible 
to competition because its height growth is slow. If white pine survives to the sapling stage, it becomes 
a stronger competitor. 

 
Pure natural stands of white pine almost never stagnate. Stagnation occurs when all trees grow at 

about the same rate, then growth slows due to competition. Because of differences in vigor, age, and 
site, differentiation into crown and diameter classes usually occurs. You do not need to thin white pine 
seedling and sapling stands, but if a hardwood overstory develops, partially remove it to maintain 50 
percent of full sunlight on the white pine. When trees average six to eight inches DBH, begin thinning 
and remove the hardwood overstory. Basal area after thinning should be about 100 square feet for young 
stands and 150 square feet for older stands. 

 
Since white pine has persistent branches (that is, the lower branches don’t self-prune as the tree ages), 

prune potential crop trees to a height of 17 feet to develop clear wood. Prune in the dormant season, 
removing limbs less than two inches in diameter. Maintain at least a 30 percent live-crown ratio. You can 
remove at least 25 percent of the live crown in open stands and up to 50 percent in closed stands without 
losses in height growth. Frequent light prunings are preferred to a single heavy pruning. Depending on 
local markets, pruning may not be economical. 

Pests and Diseases 

The most serious pests are white pine blister rust, white pine weevil, root rot, and deer browsing. White 
pine blister rust can kill trees of any age. A local forester can advise you about the blister rust hazard in 
your area. Do not plant white pine in high-hazard zones. In medium and low-hazard zones, prune lower 
branches early to minimize the disease. Start pruning when white pines are more than 

two feet tall and continue until you have removed all branches within nine feet 
of the ground. Cut off infected limbs (shown by cankers or flagging of dead 
needles). Trees with cankers on the main stem or on a branch within four inches 
of the main stem cannot be saved. 

 
White pine weevils tunnel into the terminal leader, causing crooked or forked 

stems. If damage is present in small trees, clip wilted terminals in July and 
destroy the clipped terminals to remove weevils. 

 
Reduce white pine weevil and blister rust damage by regenerating white pines 

under an overstory of hardwoods and releasing them slowly. When the pines are 
about 20 to 25 feet tall, remove the overstory. 

 
White pines are a favorite food of deer. Protect seedlings with a budcap 

(Figure 6-9), a deer repellent, or fencing. Cut lightweight paper into 4- by 6-inch 
pieces. Fold the paper around the leader, covering the top bud. Fasten it with three staples that catch 
needles. Repeat annually until the trees are at least 4 feet tall. 
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Figure 6-10. Range of eastern hemlock. 

Hemlock-Yellow Birch 

This type occurs mainly in northern Wisconsin, Michigan’s Upper Peninsula, and the northern portion of 
lower Michigan (Figure 6-10). Eastern hemlock and yellow birch are the principal species, with hemlock 
usually dominating. Common associates include red maple, sugar maple, and American basswood. 

 

Products and Uses 

Hemlock is used for paper and lumber. Yellow birch lumber 
and veneer are used in making furniture, paneling, plywood, 
cabinets, boxes, woodenware, handles, and interior doors. It is 
one of the principal hardwoods used in the distillation of wood 
alcohol, acetate of lime, charcoal, tar, and oils. Yellow birch is 
good browse for deer and moose. Other wildlife feed on the 
buds and seeds. 

 
Hemlock stands are essential for shelter and bedding of 

white-tailed deer during winter. The type also provides 
important cover for ruffed grouse, turkeys, and many other 
animals 

Site Conditions 

Hemlock and yellow birch grow best on moist, well-drained sandy loam, loamy sand, and silt loam soils. 
Older stands typically occur on soils with a high water table and varying texture that develop a thick 
humus layer under a relatively low, dense overstory. As the site becomes drier, the type merges with 
sugar maple, sugar maple-beech-yellow birch, or beech-sugar maple. On wetter sites, hemlock-yellow 
birch frequently merges into the hemlock and white pine-hemlock types and on the wettest sites with the 
black ash-American elm-red maple type. 

Regeneration 

Eastern hemlock is a slow-growing, long-lived tree that grows well in shade. It may take 250 years to 
reach maturity and may live over 800 years. Hemlock begins producing seed at age 15 and good seed 
crops occur every other year. Seeds fall from mid-October through early winter, but are dispersed only 
about one tree height in distance. Hemlock requires a warm, moist site for stand establishment, but 
successful regeneration is difficult to achieve. Seed viability is low. Seeds require temperatures of about 
44° to 64° F for 45 to 60 days to germinate (longer than most tree species require). Seeds are severely 
damaged after only two hours of drying, and seedlings are subject to damping-off and root rot fungi. 

 
Yellow birch begins producing good seed crops at age 40 in dense stands, and good crops occur every 
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two to three years. Seeds are dispersed by wind primarily in October. Good seed fall occurs at least 
330 feet from seed-bearing trees and seed can disperse much farther when blown across crusted snow. 
Yellow birch seedlings and small saplings reproduce from sprouts when cut, but sprouting from larger 
stems is very poor. 

 
Regeneration of this type is most successful on moist flats or sites providing some protection from 

extended periods of sunlight. Use a shelterwood system that leaves 70 to 80 percent crown cover for 
optimum hemlock regeneration or 45 to 50 percent crown cover for optimum yellow birch regeneration. 
Kill advance regeneration and remove litter with a spring fire or scarify the site, mixing organic and 
mineral soil over 50 to 75 percent of the area. Plan treatments to coincide with good seed crops because 
the effects of scarification last only two or three growing seasons. 

 
Without these conditions most eastern hemlock and yellow birch regeneration occurs on rotten logs, 

stumps, and mounds that normally have warmer surfaces and better moisture retention than the forest 
floor. 

 
Seedlings develop slowly even under ideal growing conditions, with stable moisture in the upper soil 

horizon throughout the growing season. Once the root system has reached a soil depth not radically 
affected by surface drying, usually after the second year, seedlings grow more rapidly without 
interference from overhead shade. Supplemental seeding would enhance natural seeding under most 
conditions. Seedlings are fully established when they are 3 to 5 feet tall, and then can be released 
completely from overhead competition. 

 
Survival and height growth of planted hemlock (3-0 stock) and yellow birch (2-0 stock) usually is 

good in small openings or under a partial overstory. To artificially seed birch, stratify seed for 4 to 
8 weeks at 41° F in moist peat or sand. Spread 0.5 lb an acre of birch seed about a week after site 
preparation in May, or sow unstratified seed before January. 

Intermediate Treatments 

Both hemlock and yellow birch are very slow growing species, but hemlock is longer lived, commonly 
surviving to 400 years of age. Eastern hemlock is the most shade tolerant of all tree species and can 
withstand suppression for 400 years. Yellow birch is intermediate in shade tolerance. Within five years 
of regeneration, yellow birch seedlings may require release from faster growing species. In the sapling 
stage, thin stands to provide 6 to 8 feet of open space around the best dominant and codominant 
trees. Continue periodically releasing dominant and codominant trees through the small sawlog stage. 
However, excessive release of hemlock may reduce growth, increase mortality, and contribute to 
windthrow. Heavy release of yellow birch results in epicormic branches that degrade the stem. 

 
In mixed stands of hardwoods and hemlock, where the proportion of hemlock is 15 percent or more, it 

is feasible to manage for hemlock at various residual stocking levels. Hemlock does not require as much 
growing space as hardwoods, so residual stocking is greater in stands where hemlock predominates. 
Stands with less than 15 percent hemlock should be managed for hardwoods. 

 
When thinning stands exceeding 200 square feet an acre of basal area, remove no more than one-third 
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Figure 6-11. Range of jack pine. 

of the total basal area at one time. Excessive cutting results in reduced growth and increased mortality 
and contributes to windthrow. In addition, hardwood encroachment interferes with the successful 
establishment of hemlock. Fully stocked stands with basal areas of less than 200 square feet an acre 
can be thinned to a minimum of 120 square feet an acre. Yellow birch prunes itself well so long as its 
crown is allowed to close within five or six years after release. It can, however, be pruned to 50 percent 
of its height without reducing growth. Prune small, fast-growing trees with small knotty cores to limit 
discoloration and decay. 

Pests and Diseases 

Young hemlock seedlings are often damaged by desiccation, damping-off fungi and root rot. In the 
eastern United States, the hemlock woolly adelgid is a serious insect pest that feeds on needles. Young 
hemlock and birch are susceptible to fire damage. The bronze birch borer is the most serious insect pest 
of yellow birch. Mature and over-mature trees left severely exposed after logging and in lightly stocked 
stands are more subject to attack than are trees in well-stocked stands. Yellow birch is a preferred food 
of snowshoe hare and white-tailed deer. Overmature birch are subject to canker diseases, root rots, and 
stem decay. Birch is not a preferred host for leaf-feeding insects, but severe outbreaks that last several 
years will kill birch. 

Jack Pine 

Jack pine (Figure 6-11) usually grows in pure stands, but may be mixed with northern pin oak, red pine, 
quaking aspen, paper birch, and balsam fir. On moist sites in the northern Lake States, jack pine may 
succeed to red pine to eastern white pine to hardwoods (such as sugar maple, basswood, and northern 
red oak). 

 

Products and Uses 

Jack pine is used mainly for pulpwood, poles, and small 
sawlogs. It is moderately useful deer browse. Dense, young 
stands provide cover for snowshoe hares. Dense sapling and 
poletimber stands offer some wildlife shelter, but not as much 
as most other conifers. The Kirtland’s warbler, an endangered 
species of bird that nests only in Michigan, requires 
homogeneous jack pine stands that cover more than 80 acres 
and and have trees that are 5 to 20 feet tall with branches that 
reach the ground. Older jack pine stands usually are less 
dense than other conifer stands, permitting the growth of 
understory shrubs and herbaceous plants that provide food 
and cover for wildlife. 
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Site Conditions 

Jack pine commonly grows on level to gently rolling sand plains. It occurs less commonly on eskers, 
sand dunes, rock outcrops, and bald rock ridges. It grows best on well-drained loamy sands where the 
midsummer water table is 4 to 6 feet below the surface. Jack pine does well on moderately acidic soils, 
but it will tolerate slightly alkaline conditions. It grows poorly on shallow bedrock and heavy clay soil. 
Jack pine survives and grows better than other tree species on dry sandy soils. On better sites, convert 
the stand to species that are more productive and valuable for wood products. 

Regeneration 

Although jack pine is short-lived, stands sometimes survive for 100 years. Plan a rotation age of 40 to 50 
years for pulpwood and 60 to 70 years for poles and sawtimber. Mature trees range from 8 to 12 inches 
DBH. 

 
Jack pines typically begin producing seeds when they are 5 to 10 years old under open-crown 

conditions, but later when growing in dense stands. The best seed production occurs in trees that are 40 
to 50 years old. Seed production is fairly regular and increases until crown competition becomes a factor. 
Some seed is usually produced every year and total crop failures are rare. Jack pine cones in parts of the 
range are serotinous–that is, they remain closed at maturity. Serotinous cones open most readily during 
dry weather when the temperature is at least 80° F, although many remain closed until they are exposed 
to fire or high temperatures (122° F) near the ground after wind breakage or logging. Nonserotinous 
cones may disseminate seeds during any season. Jack pine seeds are dispersed by wind about two tree 
heights. 

 
Seedling survival is highest on mineral soil and burned seedbeds where competition from other 

vegetation is not severe, the water table is high, and there is light shade primarily from scattered 
slash. Heavy slash must be reduced by full-tree skidding, burning with a hot fire, chopping, disking, 
or dragging. Shrubs and other competition can be controlled by full-tree skidding, machine scalping, 
disking, roller-chopping, bulldozing, shearing, rock or root raking, or using herbicides. Clearcutting 
creates the best conditions for regeneration, but seed tree or shelterwood systems may be appropriate 
depending on the stand and site conditions. 

 
Clearcut where a new stand will be established by planting improved seedlings, direct seeding, or 

scattering serotinous cones from high-quality trees. The sun’s heat near the ground surface will open 
serotinous cones and release the seed. If the mature stand is not a suitable seed source, burn the site to 
destroy slash and plant or seed the area using a desirable seed source. 

 
The seed-tree system may work satisfactorily where you have 10 well-distributed, desirable quality 

seed trees an acre with an abundant supply of nonserotinous cones. After the harvest, burn the area to 
consume slash, kill competition, and prepare a favorable seedbed. Burn slash as soon as possible after 
harvest to minimize the risk of seed trees windthrowing before they cast seed. Jack pine slash requires 
a month of warm, dry weather to cure sufficiently to burn. Early spring fires permit seeding during the 
most favorable season, but late fall burning and seeding may be almost as effective if rodent populations 
are low. 
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Consider the shelterwood system in well-stocked stands with nonserotinous cones. Treat competition 

and slash as described earlier. Cut the stand to leave 30 to 40 square feet of basal area an acre in desirable 
seed trees. Remove the shelterwood overstory when there are 600 seedlings an acre or within 10 years. 

 
Direct seeding in early spring may be successful where the water table is within a few feet of the 

surface or there is frequent precipitation during germination and early seedling development. Coat the 
seed with bird and rodent repellents and sow it at the rate of 20,000 viable seeds an acre. 

 
Where direct seeding has failed, or on deep, dry sandy soils, plant bare-root seedlings in spring or 

container-grown stock into early summer. Plant at a 6- to 8-foot spacing. 
 
Jack pine is a pioneer type on nearly all sites except dry, sandy soils. On better sites facilitate the 

successional trend by harvesting jack pines in several cuts to encourage the growth of other species, or 
clearcut and plant another species, usually red pine or white spruce, depending on the site. 

Intermediate Treatments 

Jack pine is very intolerant of shade. On better sites with substantial hardwood competition, control 
brush with herbicides when it threatens to overtop jack pines. 

 
Most natural jack pine stands are understocked. To prevent stagnation in dense seedling and sapling 

stands with more than 2,000 trees an acre, weed out undesirable trees, leaving 800 to 1,000 uniformly 
spaced crop trees. In very dense seedling stands (for example, with 10,000 trees an acre) it is less 
expensive to mechanically clear strips about 8 feet wide and leave strips about 2 feet wide. On good 
quality sites where sawtimber is desired, thin pole-sized stands to 80 square feet of basal area an acre. Do 
not remove more than one-third of the basal area during any one thinning. Pruning is not recommended. 

Pests and Diseases 

Common insect pests of jack pine include bark beetles and jack pine budworm. Stem rusts, heart rot, root 
rot, and stem cankers are important diseases. Fire damages trees of all sizes. Deer browsing, snowshoe 
hare girdling, and porcupine bark stripping may cause significant mortality when animal populations are 
high. 

 
Drought and injuries increase losses to insects and diseases. To minimize pest problems, keep stands 

growing vigorously. Thin regularly, removing suppressed and low-vigor trees while avoiding damage to 
residual trees. 

Maple-Beech-Yellow Birch 

This collection of forest types, often called northern hardwoods, includes several mixes: sugar maple, 
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Figure 6-12. Range of sugar maple. 

sugar maple-beech-yellow birch, sugar maple-basswood, beech-sugar maple, and red maple. The 
dominant species varies with the type, as named, but common associates, depending on the site and 
geographic range of species, include white ash, green ash, black ash, black cherry, northern red oak, 
white pine, balsam fir, American elm, hackberry, bitternut hickory, white spruce, ironwood, eastern 
hemlock, northern white-cedar, paper birch, aspen, and pin cherry. Beech and hemlock occur in eastern 
Wisconsin and Michigan (Figure 6-12). 

 

Products and Uses 

This collection of forest types includes numerous tree species. 
Sawlogs, veneer logs, pulpwood, and firewood are the major 
wood products from them. Maple syrup is made from sugar 
maple sap. These forests provide habitat for a variety of 
wildlife, including deer, bear, squirrel, ruffed grouse, and 
woodcock. 

Site Conditions 

Northern hardwoods grow on sands, loamy sands, sandy 
loams, loams, and silt loams, but they grow best on moist, moderately to well-drained, fertile, loamy 
soil. Beech favors drier sites while yellow birch favors moister sites. The poorest sites occur on soils that 
are infertile, dry, shallow, or swampy. 

Regeneration 

Northern hardwoods include species that are long-lived and shade tolerant that form self-perpetuating 
climax plant communities. 

 
The major species produce abundant seeds, but sometimes at irregular intervals. Beech, elm, 

basswood, and red maple sprout prolifically from stumps. The stumps of young trees sprout more 
prolifically than those of older trees. Only the sprouts of basswood and sprouts from seedlings and 
saplings under 2 inches DBH on other species are desirable for reproduction. 

 
Sugar maple, beech, hemlock, and balsam fir are very shade tolerant. Basswood, northern white-cedar 

and white spruce are tolerant. Yellow birch, white ash, red maple, red oak, bitternut hickory, and white 
pine are intermediate. Green ash and hackberry are intermediate to intolerant. Black ash, paper birch, 
aspen, and black cherry are intolerant of shade. 

 
Selection, shelterwood, or clearcutting methods can be used successfully in these types of stands, 

depending on the species mix of the current stand, advance regeneration, site quality, and desired future 
species mix. 
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If high-quality, very shade tolerant species are desired, use single-tree selection or group selection 
methods. Harvest about every 15 years, leaving roughly 70 square feet of basal area. Do not leave less 
than 50 or more than 95 square feet of basal area in trees of more than 10 inches DBH. Alternatively, 
mark the stand for harvest as shown in Table 6-1. Cut mainly trees that have no potential for further 
economic growth or that interfere with the growth of better trees, then cut mature trees. This system 
produces an uneven-aged stand. 
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Table 6-1. Desirable stocking per acre for uneven-aged management of northern hardwoods. (Source: 
Hutchinson, J.A. (Ed.). 1985. Northern Hardwood Notes, Note 4.03.) 

DBH in inches Residual number of trees per 
acre Basal area in square feet 

5 21 2.9 

6 15 2.9 

7 12 3.2 

8 9 3.1 

9 8 3.5 

Subtotal 65 16.0 

10 7 3.8 

11 6 4.0 

12 5 3.9 

13 5 4.6 

14 5 5.3 

Subtotal 28 22.0 

15 4 4.9 

16 4 5.6 

17 3 4.7 

18 3 5.3 

19 3 5.9 

Subtotal 17 26.0 

20 2 4.4 

21 2 4.8 

22 2 5.3 

23 1 2.9 

24 1 3.1 

Subtotal 8 20.0 

TOTAL 118 84.0 

To achieve an even-aged stand dominated by sugar maple, use a two-cut shelterwood system. Harvest in 
winter, preferably when there is snow cover to protect advance regeneration, and leave 60 percent crown 
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cover after the first harvest. Leave good quality dominant trees for a seed source. Remove intermediate 
and codominant trees, defective trees, and undesirable species. Make the second cut after advance 
regeneration is 2 to 4 feet high. If you prefer a greater variety of species, use a two-cut shelterwood 
system following these guidelines: 

• Eliminate all reproduction present before cutting. 

• Harvest in any season except summer. 

• Scarify the site during harvest. 

• Leave 70 to 80 percent crown cover. 

• Remove undesirable seed sources. 

• Make the second cut after advance regeneration is 3 to 4 feet high. 

 
To encourage yellow birch, focus on cool, moist sites. Discriminate against sugar maple in the residual 

overstory when marking the stand for shelterwood harvest. In open sawlog stands, after leaf fall, but 
before logging, scarify at least 50 percent of the site to mix humus with mineral soil while destroying 
advance regeneration; then harvest. In dense stands where mechanical scarification is not practical and 
on wetter sites, harvest to leave about 70 percent crown cover, then use prescribed fire to remove the 
litter and destroy advance regeneration. 

 
Planting seedlings is rarely necessary, but is appropriate for open fields or under a shelterwood stand 

to change the species composition. In open fields plant only in fertile, well-drained soil. Thoroughly disk 
before planting, plant tap-rooted species such as white ash and northern red oak, plant only when there 
is good soil moisture, and control weeds for one to three years after planting. Under shelterwoods, kill 
undesirable understory plants and plant in the most open areas immediately after site preparation. 

 
Where aspen is mixed with more shade-tolerant northern hardwood species, decide whether to 

encourage aspen or the other species. If there is an overstory of aspen and an understory of hardwoods, 
you can favor the aspen by clearcutting the stand when aspen are marketable to stimulate aspen root 
suckering. Favor hardwoods by removing the aspen when the understory hardwoods are 1 to 3 inches 
DBH, taking great care to avoid damaging the hardwoods. If the aspen has little commercial value, 
consider killing it with herbicides and letting it stand. 

Intermediate Treatments 

When following the single-tree selection system in an uneven-aged stand, use Table 6-1 to determine the 
approximate basal area and number of trees to leave after each harvest. Remove poor quality trees and 
undesirable species during the harvest. 

 
In an even-aged sapling stand, release yellow birch saplings between 10 and 20 years of age by 

removing competing trees with crowns within 5 feet of the birch. Thin basswood and red maple sprouts 
to two or three of the straightest, least-defective stems. 

 
Periodically thin even-aged pole stands. As a general rule, do not reduce the basal area of trees 4.6 
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inches DBH or more to less than 60 square feet or leave more than 85 square feet. However, if basswood 
or hemlock are a significant part of the stand, the residual basal area can be increased. 

Pests and Diseases 

Logging equipment may damage remaining trees. In the next harvest remove trees with wounds larger 
than 50 square inches. Canker diseases affect yellow birch and sugar maple. Frost cracks also degrade 
sugar maple in the northern part of its range. Organisms causing rot and stain enter trees through 
damaged roots, stems, and branches. To reduce volume and quality losses from these sources, train heavy 
equipment operators to avoid damaging trees, maintain healthy stands, remove infected stems, and keep 
rotations less than 120 years. 

Northern Pin Oak 

Northern pin oak occurs in pure stands or in varying mixtures with white oak, black oak, bur oak, 
northern red oak or jack pine. It also may be associated with red pine, eastern white pine, quaking aspen, 
bigtooth aspen, red maple, black cherry, and paper birch. It occurs mainly in east central Minnesota, 
central and northern Wisconsin, and central Michigan. 

Products and Uses 

Timber quality tends to be poor, but northern pin oak is marketed as a red oak for lumber, railroad ties, 
and firewood. Northern pin oak acorns are important food for deer, turkeys, squirrels, ruffed grouse, and 
many other birds and small mammals. 

Site Conditions 

Northern pin oak commonly grows on dry, acid, sandy soils with a very thin organic layer in sand plains 
and on gravelly slopes. On better quality sites, conversion to other oaks, red pine, jack pine, or white 
pine is recommended for timber production. 

Regeneration 

As a minor forest type and a species with low economic value, little information is available about 
northern pin oak regeneration and management. It is intolerant of shade and will not reproduce under its 
own shade. Other oaks and white pine are less light demanding and tend to succeed it. 

Acorns drop in the fall and germinate the following spring. The interval between good seed crops is 
estimated to be two to five years. Acorn weevils and wildlife consume a large portion of the acorn crop, 
especially in poor seed years. Acorns fall below the canopy, but are dispersed much further by squirrels, 
blue jays, and other animals. Northern pin oak naturally regenerates on dry sites where few other tree 
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Figure 6-13. Range of northern 
white-cedar. 

species can survive. Natural regeneration is unreliable under poor site conditions, but can be increased 
by clearcutting oaks in the fall soon after a good acorn crop has dispersed. Scarify the site during logging 
by dragging a tree top across the site to help bury acorns. Planting acorns or seedlings of oak or pine is 
recommended to help ensure regeneration. 

Intermediate Treatments 

Stand density is likely to be low because of poor site quality, but use intermediate harvests to thin 
dense patches, remove low quality trees, and adjust species composition. While northern pin oak is a 
satisfactory species for wildlife, in stands where your goal is timber production, favor other oaks and 
pines over northern pin oak during thinnings. 

Pests and Diseases 

Oak wilt is a serious disease. Avoid wounding trees from April through July when insects that transport 
the disease are most active. 

Northern White-Cedar 

The northern white-cedar type of woodland occurs in the northern Lake States (Figure 6-13) where 
common associates on wetter sites are balsam fir, tamarack, black spruce, white spruce, black ash, and 
red maple. Yellow birch, paper birch, quaking aspen, bigtooth aspen, balsam poplar, eastern hemlock, 
and eastern white pine are common on better drained sites. 

 

Products and Uses 

The rot- and termite-resistant wood is used principally for 
products in contact with water and soil, such as rustic fencing 
and posts, cabin logs, lumber, poles, and shingles. Smaller 
amounts are used for paneling, piling, novelties, and 
woodenware. Cedar leaf oil is distilled from boughs and used in 
medicines and perfumes; boughs are also used in floral 
arrangements. The northern white-cedar type is valuable for 
white-tailed deer shelter and browse in winter. It is also used by 
snowshoe hare, porcupine, red squirrel and in summer by 
several songbird species. 
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Site Conditions 

Northern white-cedar grows on a wide variety of organic soils and mineral soils, but it grows best on 
limestone-derived soils that are neutral or slightly alkaline (pH of 5.5 to 7.2) and moist but well-drained. 
It does not develop well on extremely wet or extremely dry sites. It is usually dominant in swamps with 
a strong flow of moderately mineral-rich soil water. The organic soil (peat) is usually moderately to well 
decomposed, 1 to 6 feet thick, and often contains much rotted wood. It also can dominate peat ridges 
in bogs that have a sluggish movement of water weakly enriched with nutrients. On upland sites with 
mineral soil, it occurs on seepage areas, limestone uplands, and old fields. 

Regeneration 

Rotation lengths range from 70 years for posts up to 160 years for poles or small sawlogs. For optimum 
deer shelter, plan rotations of at least 110 years. 

 
Northern white-cedar reproduces successfully from both seed and layering. Good seed production 

begins at age 30, but peaks after age 70. Most seeds drop from mid-September to late October, but some 
drop during winter. They are wind-dispersed up to 200 feet. 

 
Germination and seedling development is best where there is a constant moisture supply, warm 

temperatures, and pH of 6.6 to 7.2. On undisturbed areas, seedbeds on rotten logs and stumps account 
for more than 70 percent of the seedlings. On undisturbed areas, seedlings prosper on both upland 
and swamp burns. Burning must be fairly severe to expose favorable mineral soil seedbeds on uplands 
or to improve moss seedbeds in swamps. White-cedar seedlings also reproduce well on skid roads 
where compacted moss stays moist. Light slash cover is better than none, but heavy slash cover hinders 
seedling establishment. 

 
Moisture is often the most important factor during the first few years, but expect seedlings to be tallest 

when grown in about half sunlight and expect shoots and roots to be heaviest in full light. In areas 
with frequent hot, dry spells, partial overstory shade is necessary to reduce losses from drought and 
herbaceous competition. 

 
Northern white-cedar can send out roots from any part of a branch or stem if moisture conditions 

are favorable. Layering frequently occurs in swamps, especially on poor sites with abundant sphagnum 
moss. Sprouts from roots or stumps are rare. Northern white-cedar is shade-tolerant and can be managed 
under single-tree selection or clearcutting systems. A clearcut or shelterwood harvest followed by 
natural seeding is the usual regeneration method. If advance reproduction is not present, a combination 
of clearcut and shelterwood strips is recommended to optimize natural seeding. Strips vary from one 
chain wide where seedbearing trees are less than 35 feet tall to two chains where these trees are more 
than 60 feet tall. Use either alternate or progressive strips. If you use alternate strips, clearcut one set, 
then cut the adjoining strip in two stages using the shelterwood system about 10 years later. For the first 
stage of the shelterwood, leave a basal area of 60 square feet an acre in uniformly spaced dominant and 
codominant trees of desirable species. Select residual trees for good seed production, wind-firmness, and 
timber quality. The second stage of the shelterwood, the final clearcut, should occur about 10 years after 
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the seed cut. If you use progressive strips, work with sets of three?\the first two being clearcut at one-
year intervals and the third one cut in two stages as previously described. 

 
You may need to control associated trees before the final harvest if you want to obtain 50 to 80 

percent white-cedar on good sites managed for timber or deer habitat. Kill undesirable trees (especially 
hardwoods) that reproduce by root suckers or stump sprouts at least 5 and preferably 10 years before 
reproduction cutting. 

 
Rely on residual stems to reproduce a stand only if there are at least 600 stems an acre of relatively 

young (less than 50 years old) and healthy white-cedars remaining. Remove heavy slash that buries 
residual stems or seedbeds. Full-tree skidding in winter will remove most slash and is recommended 
where residual trees will be relied on for reproduction. Either full-tree skidding or burning may be used 
for slash disposal in clearcut strips. 

Intermediate Treatments 

A mixed species stand with 50 to 80 percent white-cedar is best for multiple-use purposes. Young stands 
of white-cedar that are overtopped by shrubs or hardwoods may benefit from an herbicide release, 
providing there is no surface water nearby that could be contaminated by an herbicide. Alder, black ash, 
aspen, paper birch, willow, red maple, and balsam poplar are the main competitors to be controlled. 

 
To produce timber, thin middle-aged stands initially to a residual basal area of 130 square feet, then 

thin at 10-year intervals to around 90 square feet, favoring dominant and codominant trees. Thinning 
below 150 square feet may stimulate advance tree reproduction and shrubs. 

Pests and Diseases 

White-cedar is relatively free of major insect and disease problems. Wind may cause breakage and 
uprooting, mainly along stand edges and in stands opened up by partial cutting. White-tailed deer 
and snowshoe hare commonly browse northern white-cedar so severely that stands cannot become 
established. Overbrowsing may be minimized when regenerating stands if large patches (40 acres or 
more) are completely cleared. Roads, beaver dams, and pipelines that impede the normal movement of 
soil water will kill northern white-cedar. 

Red (Norway) Pine 

In the northern Lake States red pine grows in extensive pure stands (Figure 6-14), but more often it is 
found with jack pine, eastern white pine, or sometimes northern pin oak. On coarser, drier soils, common 
associates are jack pine, quaking aspen, bigtooth aspen, northern pin oak, and bear oak. On somewhat 
better soils (fine sands to loamy sands), in addition to the species mentioned earlier, associates may 
be eastern white pine, red maple, black cherry, northern red oak, white oak, balsam fir, black spruce, 
and occasional specimens of the better hardwoods. On sandy loam and loam soils, red pine’s associates 
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Figure 6-14. Range of red pine. 

include sugar maple, eastern white pine, American basswood, red maple, balsam fir, paper birch, yellow 
birch, American beech, northern red oak, eastern hemlock, white spruce, white ash, northern white-
cedar, and eastern hop hornbeam. 

 
In the absence of fire or other catastrophes, ecological succession in the Lake States is from jack pine 

to red pine to white pine, and finally to northern hardwoods or spruce-fir. On coarser, more infertile 
sands, succession may stop with red pine. 

 

Products and Uses 

Red pine is grown primarily for lumber, pulpwood, piling, 
poles, cabin logs, railway ties, posts, mine timbers, box 
boards, and fuel. Red pine stands generally provide poor 
habitat for game birds and animals, but old-growth trees are 
used as nesting sites by bald eagles and many songbirds. Open 
canopy stands with a shrub understory offer better wildlife 
habitat than closed canopy stands. 

Site Conditions 

In the Lake States red pine commonly grows on level or gently 
rolling sand plains or on low ridges adjacent to lakes and swamps, but not in swamps. It occurs mainly 
on dry, sandy soils low in fertility, but is also found on organic debris over rock outcrops and some red 
clays where it may be stunted. It grows well on silt loams, but not on heavier soils. It grows especially 
well on naturally subirrigated soils with well-aerated surface layers and a water table 4 to 9 feet deep. 
Best plantation development is on soils ranging from moderately drained to moist. It prefers a pH of 4.5 
to 6.0. 

Regeneration 

For wood production the recommended rotation age for red pine is 60 to 90 years. However, red pine is 
a long-lived species, providing opportunities to grow stands for 200 years and individual trees to even 
greater ages. 

 
Seed production begins when trees are 15 to 25 years old in open grown trees and 50 to 60 years old in 

closed stands, but it peaks in trees 50 to 150 years of age. Good seed crops occur at three- to seven-year 
intervals. Seeds may be disseminated up to 900 feet by wind, but the effective range averages only 40 
feet. The heaviest seedfall occurs within a month after cones fully ripen in autumn, but seedfall continues 
through winter and into the next summer. 

 
Red pine may naturally regenerate where there is a fine sand seedbed, thin layer of moss or litter, 

a water table within 4 feet of the soil surface, and some shade (25 to 45 percent of full sunlight). A 
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summer fire provides a satisfactory seedbed, kills some competing trees and shrubs, reduces cone insect 
populations, and produces an open over-story canopy. Other requirements for good natural regeneration 
include a good red pine seed crop, not too thick a layer of ashes, 4 inches of rainfall from May through 
July, and subsequent freedom from fire for several decades. If rainfall is deficient, seeds can lie over for 
one to three years before germinating. Such conditions may occur only once in 75 to 100 years. 

 
After seedlings have grown above the sparse ground cover that favored germination and early 

survival, the number of seedlings and height growth increases with light up to full daylight. Red pine is 
shade intolerant. 

 
Because natural regeneration is unreliable, clear-cutting followed by planting is the most common 

regeneration method. Common spacings are 6 feet by 8 feet and 6 feet by 10 feet. Trees can be planted 
at wider spacings (up to 10 feet by 10 feet) if high survival is expected. Closer spacing reduces tree 
taper and branch size, promotes early crown closure, and suppresses competition, but also requires more 
frequent thinnings. If precommercial thinnings are not feasible, avoid close spacing. The most common 
planting stock is 3-0 bareroot seedlings, but 2-0 seedlings sometimes are used. On difficult sites use 
transplants or the largest seedlings available. To extend the planting season, use containerized seedlings. 

 
Site preparation should reduce competition for light, water, and nutrients without causing any serious 

soil loss. Full-tree skidding to remove slash may be all that is needed, but most sites require shrub 
control and mineral soil exposure. Mechanical methods of controlling competition may include disk 
trenching, Brakee plow, roller chopping, brush raking, or scalping. Herbicides are very effective at 
killing undesirable trees and shrubs in red pine stands. Prescribed burning is less effective than 
herbicides, but can reduce slash and set back woody competition. Conifer slash can be burned almost 
immediately after harvest, but hardwood slash needs several weeks to cure. In mature red pine stands, 
use one or more summer fires to eliminate shrubs and reduce duff before harvesting. 

Intermediate Treatments 

Cultural practices are needed to keep red pine crop trees free from overhead shade and faster growing 
competitors. Red pine seedlings may need a complete release from shrubs and other low competition by 
the second or third growing season. Release plantations overtopped by hardwoods as soon as possible. 
Herbicides are the most efficient means to control competition. Apply spray after pine leader growth 
is complete and the terminal bud is set (around mid-July), and before the end of the growing season. 
Instead of herbicides, consider using a hand-held, motorized brush cutter, recognizing that hardwoods 
will resprout and may need cutting again in a few years. 

 
In seedling stands (less than 2 inches average DBH) with more than 2,000 trees an acre, at least 100 

potential crop trees should be given a minimum growing space of 25 square feet each. Dense sapling 
stands (2 to 5 inches average DBH) with 160 square feet or more of basal area an acre should be thinned 
to give 50 square feet of growing space an tree. For stands averaging 5 inches in diameter, minimum 
recommended stocking is about 400 trees (60 square feet basal area) an acre while the upper limit is 
about 1100 trees (150 square feet basal area). Pole stands (5 to 9 inches DBH) with greater than 140 
square feet of basal area an acre should be thinned to about 90 square feet of basal area an acre. Small 
sawtimber stands (9 to 15 inches average DBH) grow well at densities around 120 square feet of basal 
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area an acre. Large sawtimber (15 inches or larger average DBH) can be managed at densities of 150 to 
180 square feet of basal area an acre. 

 
As a general rule, remove less than half of the basal area in any one thinning, and during early 

thinnings, cut trees that are smaller, slower growing, and of poorer quality than the stand average. The 
remaining trees should have a live crown ratio of 30 to 40 percent. In mixed-species stands, favor red 
pine crop trees at each thinning or leave other species for greater biodiversity, better wildlife habitat, or 
more diverse timber products. To encourage natural pruning, plant red pine seedlings at high densities 
(about 800 trees an acre). Since red pines may not self-prune until age 40, you can improve tree quality 
by clear-stem pruning at least 17 feet high. Begin pruning when trees reach 4 to 6 inches DBH. Prune 
only the best dominant and codominant trees, removing live branches less than 2 inches in diameter and 
all dead branches. Prune in late fall to early spring. 

Pests and Diseases 

Red pine may be killed or damaged by fire, ice and sleet storms, very strong winds, de-icing salt spray 
along highways, and spring flooding lasting 20 days or more. 

 
Bark beetles are very serious pests of red pine, particularly in dense stands on sandy soils during 

drought years. Bark beetles breed in recently cut or killed trees, stressed trees, freshly pruned or 
wounded trees or logging slash greater than 2 inches in diameter. 

 
Several sawflies and jack pine budworm defoliate and may kill seedlings and damage older trees. 

Control them with insecticides where needed. The Saratoga spittlebug, which often damages young 
plantations, may be controlled by removing sweet-fern, its alternate host. White grubs cut seedling roots 
and may kill trees in dry years. Reduce the grub population by killing sod in plantations. Pine root collar 
weevils also injure or kill red pine. Reduce their habitat by pruning lower branches and raking up needles 
near the tree base. 

 
Scleroderris canker, red pine shoot blight, diplodia, root rots, butt rots, and needle blights may be 

important in some areas. The best control measures are to remove infected trees and maintain stand 
vigor. Do not establish young red pine stands beneath or near infected older red pines. 

 
High populations of snowshoe hares, cottontail rabbits, and mice often kill or reduce height growth 

of red pine seedlings. Eliminate protective grass to reduce their populations. When preferred foods are 
lacking, white-tailed deer browse and may destroy red pine seedlings. Manage your deer population or 
use bud caps or deer repellents. Porcupines girdle red pines from sapling to mature tree stages. 

Silver Maple-American Elm 

The silver maple-American elm forest type is common in the southern Lake States (Figure 6-15) on 
well-drained moist sites along river bottoms, floodplains, and lake shores. It often replaces stands that 
originally held cottonwood, willow, and red-osier dogwood. Other associates may include pin oak, green 
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Figure 6-15. Range of silver maple. 

ash, red maple, basswood, black walnut, black cherry, hackberry, and box elder. American elm is no 
longer a major component of mature stands because of Dutch elm disease. 

 

Products and Uses 

Silver maple, cottonwood, green ash, and associated 
hardwoods are used primarily for lumber, veneer, and 
firewood. In some areas cottonwood is used for pulpwood. 
Green ash is used in specialty items such as tool handles and 
baseball bats. A high number of wildlife species, especially 
birds, can be found in a mature bottomland hardwood forest. 
Mature and overmature stands provide cavities that are 
essential to many wildlife species, including woodpeckers, 
wood ducks, barred owls, and raccoons. Whitetailed deer, 
beaver, and other fur-bearers also can be found in this forest 
type. Silver maple buds are a staple food for squirrels in the 
spring. Beavers feed on silver maple and cottonwood bark. 

Site Conditions 

Silver maple commonly is found on the alluvial flood plains of major rivers where there are moist, fine-
textured silt and clay soils that are imperfectly drained. Its best growth is in better drained, moist areas. 
Soil pH should be above 4.0. Silver maple seedlings are intermediate in tolerance to water-saturated soils 
but can tolerate prolonged periods of inundation. 

 
Green ash grows naturally on a range of sites from clay soils subject to frequent flooding and overflow 

to sandy or silty soils where the amount of available moisture may be limited. It grows best on fertile, 
moist, well-drained soils. Green ash commonly is found on alluvial soils along rivers and streams and 
less frequently in swamps. It can remain healthy when flooded for as long as 40 percent of the time 
during a growing season. Young green ash can withstand flooding for several months during the dormant 
and early growing season. It prefers a pH of between 7.5 and 8.0. 

 
Cottonwood survives on deep, infertile sands and clays but makes its best growth on moist, well-

drained, fine sandy or silt loams close to streams. 

Regeneration 

Silver maples begin producing seed at about age 11. Seeds ripen from April through June. Dissemination 
is mainly by wind and occasionally by water. Natural regeneration is most successful on a seedbed of 
moist mineral soil with considerable organic matter. Initial seedling growth may be rapid, but because 
silver maples cannot compete with overtopping vegetation, first-year mortality is high if they are not 
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released. The preferred size of seedlings for plantations is 12 inches in height and 0.25 inches in root-
collar diameter. Sprouts appear readily from stumps that are 12 inches or less in diameter. 

 
Green ash starts producing seed when trees are 3 to 4 inches DBH. Seeds drop from late September 

into the winter. Most seeds are dispersed by wind within short distances of the parent tree. Some 
dispersal by water also may occur. The best seedbed is in partial shade on moist litter or mineral soil. 
Stumps of sapling and pole-size green ash sprout readily. Cuttings made from 1-0 seedlings or 1-year-old 
sprouts root easily under greenhouse and field conditions. Cuttings may be planted horizontally under 
the soil or vertically with good results. 

 
Cottonwood seed production starts when trees are 5 to 10 years old and good crops occur annually. 

Seeds disperse from June through mid-July via wind and water. Abundant deposits of seed occur along 
water courses as spring floodwaters recede. Cottonwood seedlings require very moist, exposed mineral 
soil, such as fresh silt deposits, and full sunlight for establishment. Artificial propagation normally 
involves use of cuttings from 1-year stem growth from nursery trees. These may or may not be rooted 
before outplanting. 

 
To stimulate natural regeneration, clearcut all trees greater than 2 inches DBH. Tree seedlings present 

in the understory before harvest usually are not abundant, and if present, will probably include elm, 
maple, and possibly ash. A dormant season harvest encourages more stump sprouts, but should be 
planned to scarify the soil surface, providing exposed mineral soil for seed germination. 

 
Consider planting within two years after harvest if natural regeneration is not adequate. Since planting 

is expensive, confine planting to the best sites and avoid locations that frequently flood. Prepare sites as 
follows: 

1. Shear all residual woody vegetation near ground level. 

2. Pile debris in windrows and burn it. 

3. Rake the entire surface to collect any remaining vegetation. 

4. Deeply disk and till the planting bed. 

 
Silver maple and ash generally are established from seedlings. Cottonwood generally is established 

from cuttings. Plant at a 12-foot by 12-foot spacing as early as possible in the spring using genetically 
improved stock, if available. Planting with an auger will create better odds for survival than using a 
planting bar. Mechanical weeding will be necessary for the first two or three years. 

Intermediate Treatments 

Follow the guidelines below based on the dominant species in your stand. 
 
The shade tolerance of silver maple ranges from tolerant on good sites to very intolerant on poor sites. 

On upland soils, silver maple grows well but is highly intolerant of competing vegetation. In very dense 
stands a precommercial thinning and weeding of undesirable trees is recommended to encourage the 
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growth of the most desirable trees. The first commercial thinning should occur when codominant trees 
average 8 to 10 inches DBH. Two or three more thinnings will be required every 7 to 15 years to sustain 
fast growth. Remove diseased trees and those of low vigor or poor form. Follow the crop-tree release 
method described in Chapter 5: Woodland Improvement Practices to determine when and how much to 
thin. At final harvest most stands should have 120 to 130 square feet of basal area (roughly 50 high-
quality trees) an acre of commercial species. 

 
Green ash varies from intolerant to moderately tolerant of shade. Natural stands may have enough 

volume to allow commercial thinnings at 25 to 30 years. To ensure reasonable volume production and 
reduce epicormic branching in the remaining trees in the stand, do not reduce the basal area below 100 
to 120 square feet an acre. 

 
Cottonwood is very intolerant of shade. In natural stands, uneven spacing and size permit some trees 

to become dominant and natural thinning allows production of large trees. Under plantation conditions, 
and particularly when only clones with similar growth rates are used and all trees get off to a good start, 
stagnation can occur quickly. Spacing and the timing of thinning become critical under these conditions. 
Optimum growth of individual trees requires very wide, seemingly wasteful, spacing. 

Pests and Diseases 

Major insect pests in this type of forest are the emerald ash borer, forest tent caterpillar and 
cankerworms. Follow state department of agriculture recommendations about handling stands that are 
infested with emerald ash borer and about moving ash wood. If there is an emerald ash borer infestation 
within 10 miles of your stand, consider harvesting your ash trees as soon as possible to salvage their 
value and remove possible host trees. 

 
Chemical or microbial insecticides may be required to control defoliators. Major diseases include 

Dutch elm disease, ash yellows, and cytospora canker. Harvest commercial-size elms whenever possible 
to salvage their value before Dutch elm disease kills them. Retain elms during thinning only when no 
other desirable tree is available. Reduce canker damage by thinning to promote tree vigor, but be very 
careful to avoid damaging remaining trees. 

Tamarack 

Tamarack or eastern larch (Figure 6-16) is found in pure stands, but more commonly appears in mixed 
stands with black spruce, northern white-cedar, black ash, red maple, eastern white pine, or paper birch. 
Tamarack stands usually are even-aged. 
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Figure 6-16. Range of tamarack. 

Products and Uses 

Tamarack is used for pulp, poles, and lumber, although it has 
relatively minor economic importance. Red squirrel, snowshoe 
hare, and porcupine are found in tamarack stands. Tamaracks 
provide habitat for many songbirds and are critical habitat for 
the great gray owl and its small mammal prey species. 

Site Conditions 

Tamarack commonly grows on peatland where the organic soil 
or peat is more than 12 inches deep. It occurs on a wide range 
of peatlands, but is most characteristic of poor swamps where 
soil water is weakly enriched with mineral nutrients. The best 

sites are moist, well-drained loamy soils along streams, lakes, or swamps, and mineral soils with a 
shallow surface layer of organic matter. It grows well on upland sites, but is quickly eliminated by 
competition from more shade-tolerant species. Tamarack will not survive prolonged flooding. 

Regeneration 

The regeneration system recommended for tamarack stands is a combination of clearcut and seed-tree 
with natural seeding. Good seed years occur every 3 to 6 years starting when trees are about 40 years 
old. The best seedbed is a warm, moist mineral or organic soil with no brush, but a light cover of grass or 
other herbaceous vegetation. Hummocks of slow-growing sphagnum moss often make good seedbeds. 
Most seeds fall within 200 feet of the seed tree. 

 
Harvest strips should be oriented perpendicular to the wind and may be up to 200 feet wide. After 

clearcutting the first strip, wait about 10 years or until the area is well stocked with seedlings, then 
clearcut a second strip adjacent to the first and on the windward side. Again wait until regeneration is 
established, then use the seed-tree method to cut the remaining strip. The seed-tree cut should leave 
about ten well-spaced dominant tamaracks an acre. Once the regeneration is established, harvest or kill 
the seed trees. 

 
You may need to prepare the site following a harvest to ensure tamarack regeneration. Broadcast burn 

mixed species stands to remove slash. Since tamarack slash does not burn well, harvest pure tamarack 
stands by full-tree skidding to remove slash, then treat the brush with herbicides. Alternatively, you 
could pile and burn the slash or shear or chop the brush. 

 
Tamarack seedlings need abundant light and constant moisture. Seedlings established under a fully 

stocked stand will not survive beyond about the sixth year. Early seedling losses are caused by damping-
off fungus, drought, flooding, inadequate light, and snowshoe hares. Given enough light, tamarack is 
one of the fastest growing conifers on upland sites. 
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Figure 6-17. Range of northern red oak. 

Intermediate Treatments 

Thinning is economically feasible only on good sites when the objective is to produce poles or saw-
timber. If a market exists for small products such as posts or pulpwood, make a commercial thinning 
as soon as the stand produces these products. Additional periodic thinnings are recommended up to 20 
years before the end of the rotation. Each thinning should leave a basal area of 80 to 90 square feet an 
acre. 

Pests and Diseases 

Eastern larch beetle is a native insect that has resulted in considerable tamarack mortality since 2005, 
particularly in northern Minnesota. The larch sawfly is a serious insect pest that can kill tamaracks 
after several years of defoliation. Bark beetles can kill tamaracks that are stressed by defoliation or 
competition in densely stocked stands. Tamaracks also are susceptible to root and heart rots. Minimize 
rots by avoiding damage during intermediate cuttings. Porcupines can cause extensive damage by 
feeding on the bark of the main stem. 

White Oak-Black Oak-Northern Red Oak 

White oak, black oak, and northern red oak comprise the majority of stocking in this type, but any 
one of these species may dominate the type depending on site conditions (Figure 6-17). Other common 
associates are northern pin oak, bitternut hickory, shagbark hickory, pignut hickory (southern Michigan), 
yellow poplar (southern Michigan), sugar and red maples, white and green ash, American and red elm, 
and basswood. Occasionally black walnut, black cherry, American beech, and eastern hemlock may be 
present. 

 

Products and Uses 

Oak is valued in the manufacture of furniture, flooring, 
paneling, ties, and fuelwood. White oak also is used for barrel 
staves. Red oak usually is the most valuable species in this type 
for wood products. 

 
Oak woodlands are home to many animals, including white-

tailed deer, gray and fox squirrels, raccoon, opossum, red fox, 
bobcat, skunk, turkey, ruffed grouse, and many songbirds. 
Acorns are an important food for squirrels, deer, turkey, mice, 
voles, and other mammals and birds. Wildlife prefer white oak 
acorns, but will eat acorns from any oak species. 
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Site Conditions 

Oaks grow on a variety of soils with texture varying from clay to loamy sands and on some soils that 
have a high content of rock fragments. Oaks may occur on all topographic positions from valley floors 
to narrow ridgetops and on all aspects. Red oak is most common on moist sites. White oak occurs over a 
range of moist to dry sites. Black oak is most abundant on drier sites. This type tends to be succeeded on 
moist sites by sugar maple, basswood, white ash, elms, beech, and other moisture demanding species. 
On drier sites, the type is stable. 

 
Oaks grow best on north- and east-facing, gently sloping, lower slopes; in coves and deep ravines; 

and on well-drained valley floors where soils are at least 36 inches deep. Medium-quality sites have 
moderately deep soils (20 to 36 inches) on upper and middle slopes facing north and east. Oaks survive, 
but grow poorly, on narrow ridgetops or south- and west-facing steep, upper slopes where soil is less than 
20 inches deep. Oaks survive better than most other tree species on dry sites, but they do not produce 
much merchantable timber on such sites. There is fierce competition among tree species on the best sites, 
so oaks are difficult to regenerate there. 

Regeneration 

These recommendations focus on regenerating northern red oak, which typically is the most valuable 
species in this type. Oaks may live for several hundred years, but for timber production on moderate to 
good sites, regenerate when the: 

• Oaks are 80 to 120 years old and trees average 18 to 24 inches DBH, 

• A stand is greatly understocked. 

• Most trees are of poor quality or of undesirable species. 

 
Oaks commonly reproduce from acorns. Red oaks produce good acorn crops at 2- to 5-year intervals 

beginning about age 50. The best seed producers are dominant or codominant trees with large, 
uncrowded crowns. Acorns drop in the fall. White oak acorns germinate soon after falling, but red oak 
acorns germinate the following spring. Insects, mammals and birds can eat or damage more than 80 
percent of the acorn crop in most years and nearly all of the crop in very poor seed years. Gravity and the 
caching activities of squirrels and mice disperse seeds only short distances. Birds distribute acorns over 
longer distances, but such dispersal is not reliable for regeneration. The best germination occurs when 
acorns are in contact with or buried in mineral soil under a light covering of leaves. 

 
Northern red, black, and white oaks are intermediate in shade tolerance, although white oaks are more 

tolerant than the other two. In stands with a dense understory or overstory, there will be few oaks in the 
understory. 

 
Natural oak regeneration is most reliable where there is plenty of advance regeneration. The number 

of oak seedlings needed to successfully stock the next stand depends on seedling size before the harvest 
(Table 6-2). The larger the seedlings, the more likely they are to survive to harvestable size. 
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Table 6-2. Recommended oak seedlings per acre based on seedling height. 

Seedling height in feet Recommended seedlings per acre 

<1 15,435 

1-2 3,087 

2-4 1,029 

>4 514 

Stands that are well-stocked with advance regeneration and that have relatively little competition from 
undesirable understory trees, shrubs, or other vegetation may be clearcut. Such conditions are more 
likely to occur on moderately dry sites. Clearcut at least one-half acre and preferably at least two acres; 
otherwise, shade from the surrounding timber will suppress oak seedlings. For regeneration purposes 
there is no maximum size for clearcuts, so long as there is good advance regeneration. 

 
If there is a seed source present, but few oak seedlings, the problem often is too much shade. Acorns 

may germinate and the seedlings may survive for several years beneath heavy shade, but advance oak 
regeneration will not accumulate over a long period. Northern red oak reaches maximum photosynthesis 
at about 30 percent of full sunlight. To reduce shade produced by an understory of shade-tolerant 
hardwood trees, shrubs, or ferns, cut or treat vegetation with herbicide, depending on the species to be 
controlled. If dense shade is produced by a high canopy, also conduct a shelterwood harvest, leaving 75 
to 85 percent crown cover in species and individual trees that you want to have provide seed for the next 
generation. Harvest carefully to avoid damaging the remaining timber. 

 
Following a shelterwood harvest and understory removal, wait several years to be sure that a 

satisfactory number of oak seedlings are present, then clearcut. If the oaks take more than five years 
to regenerate, apply additional understory control as needed. To protect advance reproduction and 
encourage stump sprouting, clearcut when the ground is frozen. If you need to harvest in other seasons, 
restrict log skidding to narrow corridors to reduce the soil disturbance that favors germination of 
undesirable species. 

 
An alternative to the shelterwood harvest is to wait until there is a good acorn crop, then clearcut and 

disturb the soil after the acorns drop but before the ground freezes. Soil disturbance helps to bury the 
acorns and uproot competing vegetation. 

 
Because of the risk and possible delay involved when relying on natural regeneration, you may want 

to plant seedlings after a shelterwood or clearcut. Planting also enables you to supplement natural 
regeneration, to use genetically superior stock when it is available, and to choose the species. Control 
undesirable trees and shrubs by cutting, bulldozing, or treating with herbicide in the fall. Harvest by 
shelterwood or clearcut, then plant oak seedlings the next spring. On forest sites, plant oaks 20 to 25 feet 
apart, allowing other trees to provide the necessary stand density. In open fields, plant trees 5 to 8 feet 
apart within rows and 10 to 12 feet apart between rows. 

 
The best oak seedlings have a fibrous root system and a stem at least 3/8-inch in diameter. If large 

seedlings are difficult to handle during the plant-operation, just before planting clip the tops of the 
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seedlings–and the roots, if necessary–leaving each about 8 inches long. Plant 200 to 800 seedlings an 
acre, depending on their size and the amount of advance reproduction already in the stand. Control weeds 
around the oak seedlings for up to three years. Herbicides are often effective and economical for weed 
control. 

 
Oaks also reproduce from stump sprouts following a harvest. Sprouting frequency declines as tree 

diameter and age increase. Northern red oaks sprout more frequently than white and black oaks. New 
sprouts grow rapidly and are usually straight and well formed, especially if they arise close to ground 
level. 

Intermediate Treatments 

Control undesirable tree species that compete with crop trees when the stand height averages at least 
25 feet (when the trees are 10 to 20 years old). When growing trees for timber production, thin stump 
sprouts when they are about 10 years old (but no more than 3 inches in diameter). Leave one or two 
dominant sprouts that have good form and arise within 6 inches of the ground. When managing oaks for 
timber, keep stands fairly dense until the bottom 20 to 25 feet of the stems are essentially free of live 
branches. This generally will occur when trees are 40 to 50 feet tall (30 to 45 years). At this stage, thin 
stands to stimulate the stem diameter growth of crop trees. Release no more than 100 crop trees an acre. 
Select crop trees that are 20 to 25 feet apart. Provide at least 5 feet of clear space around three sides of 
the crop tree crowns. Repeat thinning every 15 to 20 years, but stop thinning when stands reach about 
60 years. Pruning will improve wood quality and may be needed if the stand density is not high enough 
to cause natural pruning. 

Pests and Diseases 

The most destructive defoliating insect attacking oaks is the invasive gypsy moth. It repeatedly defoliates 
trees and has killed oaks throughout the northeastern United States. It is present in Michigan and 
Wisconsin and is moving westward. Northern red oak can recover from a single defoliation but may be 
weakened enough for some disease or other insects to kill them. Several other defoliators occasionally 
cause serious damage or weaken trees. 

 
To reduce damage from defoliators, maintain stand vigor, consider spraying high value stands with an 

insecticide if repeated defoliations occur, and manage stands for species diversity. 
 
Minimize chestnut borer damage by maintaining vigorous stands. Specifically, in upland stands with 

lower quality sites, maintain basal areas at less than 120 square feet an acre in stands with trees averaging 
7 to 15 inches DBH, and at less than 100 square feet an acre in stands averaging more than 15 inches 
DBH. Avoid thinning for five years after a serious drought or defoliation. 

 
Oak wilt is the most serious disease that affects oak trees. To minimize infections, do not thin or 

prune oaks from mid-April through mid-July, when fungal spores are present and can be transported by 
picnic beetles to fresh wounds. Dormant season operations are best because spores are not present and 
the trees are not susceptible to infection. Since oak wilt commonly spreads through root grafts between 
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neighboring oaks, surround valuable oak stands in areas with a high oak wilt hazard with a 100-foot 
buffer of an alternate species. If trees become infected, harvest them before the following spring. Use a 
trenching machine or vibratory plow to break the root grafts through which the disease spreads. Trench 
placement and depth are critical. Consult a forester for advice before trenching. Left untreated, oak wilt 
will spread through the stand until it kills all the red oaks. White and bur oaks are not commonly affected 
by oak wilt. 

 
Minimize damage from shoestring root rot by maintaining vigorous, well-stocked stands. 
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7. Forest Health 

Melvin J. Baughman, Extension Forester (retired), University of Minnesota 

Reviewed and revised in 2019 by Matthew Russell 

 
During its long life, a tree may be subject to damage by animals, weather and other environmental 

conditions, insects, diseases, and fire. Inspect your woodland at the beginning and end of each growing 
season and whenever a fire, windstorm, ice storm, flooding, prolonged drought, or other such event may 
have caused damage. 

 
It can be very costly to control damaging agents once they become established so it is wise to prevent 

damage before it occurs. To minimize damage: 

• Match the tree species to the sites and conditions where they are likely to grow best. 

• Maintain tree species diversity by either mixing tree species within a stand or growing 
several different species in pure stands. 

• Regulate stand density to encourage fast growth while maintaining relatively full stocking. 

• Use pest-resistant planting stock when available. 

• Prune or thin during the winter rather than during the growing season. 

• Avoid wounding trees when operating heavy equipment or logging in the woodland. 

• Clear firebreaks around conifer stands. 

 
Descriptions of common sources of tree damage follow, along with information about various types 

of damage, and their potential severity. Chapter 6: Managing Important Forest Types briefly describes 
the most common pests and diseases associated with different forest types and how to prevent or control 
them. Contact a forester to help you identify problems, assess damage, and design a control strategy 
for any serious problem. A forester can also help you plan stand management practices that will reduce 
future problems. 

Animal Damage 

Animals that frequently damage trees include birds, deer, small mammals, and livestock. 
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Figure 7-1. Sapsucker damage on a tree. photo: Mel 
Baughman. 

Birds 

Woodpeckers cause the most noticeable tree damage as they probe beneath loose bark or peck holes into 
sapwood in search of insects. Such feeding activity is concentrated on dead, dying, or damaged trees so 
the bird’s feeding is a sign of poor tree health, but not its cause. 

 
One exception to this is the yellow-bellied sapsucker which feeds not only on insects, but also on 

sweet sap. Sapsuckers bore 1/4-inch diameter holes in closely spaced, parallel rows that may completely 
encircle a tree. These birds are known to feed on more than 250 species of woody plants. Birch, maple, 
and hemlock are their preferred food sources in the Lake States. 

 
Sapsucker holes lead to wood stain and may become points of entry for wood decay (Figure 7-1). If 

you leave their favorite feeding trees untreated, sapsuckers will concentrate their feeding activities on 
those trees, which helps protect nearby trees from serious injury. Sapsuckers are especially attracted to 
aspen with heartwood decay, which they can excavate for nesting cavities. To protect a valuable aspen 
timber stand, eliminate trees that show signs of decay when you are thinning the stand. This may help 
discourage sapsuckers from using the area. 

 
Some bird species, including pine grosbeaks and 

ruffed grouse, eat buds, causing minor damage. 
 
Bird damage usually is limited, so no bird control 

measures are needed in woodlands. Most bird species 
(except English sparrows, European starlings, and 
pigeons) are protected by federal law. A federal 
permit is needed to destroy protected birds, even if 
they are pests. Check with the U.S. Fish and Wildlife 
Service before attempting any control method that 
may harm birds. 

Deer 

Deer browse on branch tips, especially on young trees 
and stump sprouts. Browsing stunts tree growth and disfigures trees by causing them to develop crooked 
stems. Browsing may seriously damage regeneration where there is a high deer density and relatively 
little natural browse or few agricultural crops available. Browsing damage occurs mainly in winter. 
Bucks also rub small tree stems and branches with their antlers to remove velvet. Antler rubbing may 
kill small trees (usually those that are less than 3 inches DBH), but few trees are damaged in this manner 
so control is not warranted. 

 
In most cases the deer population can be controlled by hunting following state regulations. High 

fences are effective deterrents, but are prohibitively expensive for many landowners. Electrical fences 
with high voltage and low impedance are more economical and in some cases may be justified to 
protect young, high-value plantations. Contact a forester or wildlife damage control expert for advice 
on fencing. Commercial chemical repellents sometimes are effective, but may need to be reapplied after 
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Figure 7-2. Rabbits and hares eat tree 
bark in the winter. photo: Mel 
Baughman. 

a rain or wet snow. Bud caps are sometimes placed on conifer seedlings to protect them from deer 
browsing. 

 
You also can minimize forest openings and brushy habitat, making your forest less attractive to deer, 

or make cutting blocks and regeneration areas as large as possible, thus providing more browse than the 
deer can consume. 

Small Mammals 

Rabbits, snowshoe hares, mice and other small rodents can girdle or cut off young trees near the ground 
(Figure 7-2). Reduce damage by eliminating tall grass and brush piles that provide cover for these 
animals, especially in or near new tree plantations. Do not place organic mulch (such as straw or wood 
chips) within 4 inches of a seedling tree stem, because the mulch may provide cover for small mammals. 

 
Pocket gophers feed on roots and bark around the base of young 

trees and other plants, especially in sandy soils. They are pests in 
agricultural fields that are being converted to woodland. The best 
control is to reduce their food sources by eliminating as much 
vegetation as possible in a tree plantation. In small areas gophers 
can be trapped. Where the population is high and the plantation is 
large, control them using a device that creates an artificial tunnel 
and drops poisoned grain into it. When using poisoned grain, take 
great care to prevent spills and accidental poisoning of nontarget 
animals. 

 
Beavers commonly dam small streams, which can flood 

woodlands and kill trees in the area. They also fell trees (especially 
aspen and willow; Figure 7-3) near streams and lakes and either 
feed on the bark and small branches or use the wood for building 
dams and huts. The best way to solve a beaver problem is to trap 
and remove the animals. Contact a wildlife conservation officer for 
information on trappers in your area. 
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Figure 7-3. Beavers felled these aspen trees. photo: Mel 
Baughman. 

Porcupines eat bark and may girdle and kill 
some trees, especially white and red pines. If 
damage is serious, they can be live-trapped or 
killed. 

Livestock 

High concentrations of cattle, horses, sheep, goats, 
or other livestock pastured in a woodland compact 
the soil, trample young seedlings and sprouts, 
damage roots, rub bark from stems, and eat or 
defoliate small trees. Heavy grazing and forest 
management are not compatible on the same site. 
In general you should fence livestock out of 
woodlands if you expect to grow high-quality trees in it. 

 
Grazing may be acceptable for a short period (a few months to a couple of years) when you want 

to suppress understory vegetation in preparation for a shelterwood harvest that will be followed by 
natural regeneration or planting trees. Grazing also may be appropriate in a silvopasture where trees 
and pasture are intentionally managed together. You must give appropriate attention to tree selection, 
spacing, pruning and other cultural practices to develop widely spaced, high quality trees. Likewise 
the pasture grass must be intensively managed with fertilizer, rotational grazing, and other practices as 
needed. 

Environmental Damage 

Trees may be damaged by airborne chemicals, machinery, soil-related problems, too much or too little 
water, and severe weather. 

Airborne Chemicals 

Airborne pollutants from industry, automobiles, fires, and other chemical sources can harm trees. 
Symptoms include defoliation; browning or yellowing leaf margins, tips, or tissue between leaf veins; 
and stunted foliage growth. Herbicides may cause distortion, curling, and browning margins, or leaf 
drop in deciduous trees and may cause conifer needles to turn yellow or brown, and succulent shoots 
to curl and deform. If trees survive such damage, their growth may be stunted or their shape deformed. 
Where air pollution could be a problem, plant resistant species and maintain well-thinned stands. When 
applying pesticides, follow label directions and standard application guidelines to minimize chemical 
injuries. Some pesticides may need to be applied by a licensed pesticide applicator. While most pesticide 
damage is caused by herbicides, insecticides and fungicides also can damage trees if the tank mix is 
too strong. Herbicide drift often originates on neighboring properties, so letyour neighbors know the 
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Figure 7-4. Heavy equipment can easily damage young 
trees in plantations. photo: Don Breneman. 

value you place on your woodland. Ask them to take special care when applying chemicals on their own 
properties to avoid drift onto your property. 

Machinery 

Damage from logging equipment is a concern in any stand where some trees will be left after the 
harvest. Logging equipment can knock over small trees, break branches, tear bark, and destroy roots 
near the surface. Careful and experienced equipment operators can avoid much of this damage. Creating 
a physical barrier between the trees that will be left to grow and the equipment also helps. 

 
Heavy equipment used in plantations (such as cultivators, mowers, and pesticide applicators) can 

sever small trees, break branches, or tear bark (Figure 7-4). Reduce damage by planting trees in rows that 
are 2 to 4 feet wider than the equipment, plant trees in straight rows, and maintain even spacing between 
rows. Set cultivation equipment to run as shallowly as possible to avoid cutting tree roots. Consider 
using an herbicide rather than cultivation or mowing equipment. 

Soil 

Soil compaction cuts off water and carbon dioxide 
to tree roots. Compaction slows tree growth and 
interferes with root suckering in aspen stands that 
are clearcut. Compaction may be indicated by 
dying leaves on mature trees and dying branches 
on younger trees, but most often reduced growth is 
the only sign of it. 

 
Soil compaction is a problem mainly on wet 

clay or silt soils. It occurs where heavy equipment 
has been driven across a site. Old farm fields may have a compacted plow pan a foot or two below the 
soil surface. Wooded sites may be compacted on the surface. Compacted soil takes decades to loosen up 
through freezing and thawing cycles. Reduce compaction in the first place by operating heavy equipment 
only when the soil is dry or frozen. On farm fields with a plow pan, deep chisel the site to break up the 
compacted layer, then plant trees. Changes in the soil level around a tree also affect its growth and odds 
of survival. Excavating soil and severing roots may lead to windthrow or root diseases that kill trees. 
Adding soil decreases air movement to the roots and may kill the tree. Therefore, avoid removing or 
adding soil near trees. 

 
Mineral deficiency causes a range of symptoms from foliage discoloration to reduced foliage size. 

A soil analysis will indicate which minerals are deficient. Soil types vary considerably in their natural 
nutrient content. Always try to match the tree species to sites that meet their nutrient needs. See Chapter 
6: Managing Important Forest Types for more information on the soil requirements of various forest 
types and species. While timber harvesting removes some nutrients from a site, most nutrients are 
stored in the branches and bark of trees, so leaving those materials on the site after harvest will recycle 
the nutrients. Nutrients also enter a site from precipitation and air exchange. Lake States woodlands 
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rarely have significant nutrient deficiencies in stands that are managed over normal rotation lengths. 
Nutrient deficiencies may occur with repeated short rotations, especially when all woody material is 
removed from the site (called biomass harvesting). Ask your forester about best management practices 
for biomass harvesting. 

Water 

Drought damage occurs when water loss through the leaves exceeds water uptake by the roots. It is 
most common on sandy and gravelly soils, which do not retain much water. It also occurs if the water 
table drops suddenly and remains low, depriving trees of the moisture they need. Drought symptoms 
include leaves wilting or turning brown—beginning with tissue between leaf veins, off-color foliage, and 
a general decline in vigor. Newly planted trees are especially vulnerable to drought because their root 
systems are not well developed. Crowns of larger, drought-stricken trees usually die from the top down. 
Insect attacks often are triggered by drought, e.g.,  wood boring insects may invade drought-weakened 
trees. Trees already stressed by disease or physical damage may die in a drought. 

 
To minimize drought damage, match tree species to the sites where they grow best. Some species are 

more drought resistant than others, so manage drought-tolerant species on dry sites (Table 7-1). Plant 
new trees in the spring or fall when soil moisture is high. When soil moisture is low, plant seedlings with 
soil around their roots, such as containerized stock. Do not plant shallow-rooted species in areas of low 
rainfall or on sandy soils. Thin stands before they become overstocked, but do not thin during a drought. 

Table 7-1. Some example trees in the Midwest that are tolerant to flooding and drought. 

Trees tolerant to floods Trees tolerant to droughts 

American elm Bur oak 

Black ash Northern pin oak 

Eastern cottonwood White oak 

Green ash Swamp white oak 

Silver maple Eastern red cedar 

Willow Hackberry 

Black Hills spruce 

Red pine 

Jack pine 

Extended flooding can suffocate roots and kill trees. The extent of the damage typically depends on the 
tree species (Table 7-1), time of year, tree size, and tree vigor. Flooding for short periods in winter or 
early spring is seldom a serious problem, but flooding during the growing season can kill seedlings in 
just a few days. Completely submerged seedlings will be killed more quickly than trees with their crowns 
above water. In flood-prone areas such as river flats, plant only tree species that tolerate flooding. 
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Figure 7-6. Aspen trees broken by straight line winds. 
photo: Mel Baughman. 

Weather 

High temperatures and drying winds cause rapid water loss from tree leaves. Water loss causes leaf 
margins to turn brown and leaves to fall prematurely. Do not plant susceptible trees (such as sugar maple) 
in locations that are exposed to strong sunlight or wind. 

 
Early fall frosts or extremely cold weather shortly after leaf fall can injure succulent twigs and buds. 

Late spring frosts can kill buds that have begun growing. Trees usually survive these frosts, but their 
growth, stem quality, and vigor can be dramatically reduced. To avoid freeze damage, plant trees from 
seed sources that originate no more than 200 miles south of the planting site. (Near the northern edge of 
a tree species’ range, do not plant trees from seed sources more than 50 miles south of the planting site.) 
If your planting site is in a low-lying, frost-prone area, select a species that breaks bud relatively late in 
the spring to avoid frost damage. For example, black spruce buds break dormancy about ten days after 
white spruce. 

 
Winter sunscald occurs in early spring when the sun heats and activates tissue during the day and then 

freezing temperatures kill the active cells at night. The injury appears as peeling bark over an elongated 
canker on the south to southwest side of the tree stem. Thin-barked trees such as young maples are most 
susceptible. The tree is rarely killed, but diameter growth is reduced, decay-causing organisms can enter 
the tree, and logs become degraded or ruined. In hardwood stands, avoid overthinning or pruning that 
might expose tree stems to too much direct sun, especially if the trees are growing near the northern 
limits of their range. 

 
Winterburn and winter drying are caused by warm spring winds that dry the foliage while the roots are 

still frozen in the ground and cannot replace the lost moisture. This damage is common on most conifer 
species and may be recognized by the reddening and browning of needles in the spring. Trees usually 
survive this, but massive defoliation may occur on trees located along exposed plantation borders or on 
trees that grow along highways, where road salt exacerbates the problem. 

 
Strong winds can topple trees or break their 

stems and branches (Figure 7-6). To prevent wind 
damage, leave a dense row of trees with intact 
lower branches around the perimeter of 
woodlands. When thinning old, dense tree stands, 
progress slowly over a period of years to minimize 
windthrow. Hail can break off buds and branches 
and shred tree foliage. 

 
Lightning can split trees, cause spiral cracks in 

their trunks, shatter limbs, and start fires. Trees 
with crowns high above the general canopy level 
are most subject to lightning strikes. There is no 
control for lightning other than to remove high-risk 
trees before damage occurs. 
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Figure 7-7. Leaf miner damage on an elm leaf. photo: 
Mel Baughman. 

Insect Damage 

Each type of insect affects very specific tree parts. Insect damage is categorized here by the tree part 
affected by the insects. Strategies for minimizing insect damage are discussed in Chapter 6: Managing 
Important Forest Types for the more serious pests. 

Defoliating Insects 

Defoliating insects remove all or part of a tree’s foliage. They weaken the tree by lowering its capacity 
to respire and to produce starch and sugars. Foliage damage takes many forms. Insects that remove 
only soft leaf tissue and leave the network of veins are called skeletonizers. Leaf miners bore into and 
eat the tissue between the upper and lower surfaces of the leaf (Figure 7-7). Window feeders eat one 
leaf surface, leaving the other intact. Case bearers and bag makers construct and live inside individual 
movable cases that are made of webbing and foliage parts. Needle tiers and leaf rollers encase, fold, roll, 
or tie adjacent leaves and needles together with webbing. Webworms or tent caterpillars make and live 
in conspicuous webbed tents. Other insects are free-feeders that eat the entire leaf or needle. 

Free-feeders are the most destructive defoliating 
insects. Populations go through boom and bust 
cycles. When these insects are abundant and 
defoliate trees in two or more consecutive years, 
they can kill trees. 

Sapsucking Insects 

Sapsucking insects injure trees by removing tree 
fluids. They usually are not serious pests in 
woodlands. However, heavy attacks lower a tree’s 
energy reserves and may lead to a secondary pest 
problem. The general symptoms of sapsucking 
injury are loss of vigor, deformed leaves or plant 
parts, yellowed leaves, or dead branches. Galls (abnormal tissue growths) also may form. 

 
The destructive stage of the insect usually is required for precise identification, but sometimes the 

presence of feeding punctures, sooty mold, eggs, fine webbing, and other signs suffice. Several scale 
insects, such as the pine tortoise scale and the pine needle scale, are important in Midwestern forests. 
Aphids and mites are other sapsucking organisms that may affect your trees. 

Bud, Twig, and Seedling Damaging Insects 

Most of these insects deform but do not kill trees. The white pine weevil is one of the most damaging 
insects in conifer plantations in the Lake States. White pine is their favorite host, but they also attack 
other pines and spruces. The weevil larvae feed just below the terminal bud and cause forking and 
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Figure 7-8. Wood-boring insects destroyed most of this 
oak log’s value. photo: Don Breneman. 

crooking, especially in young open-grown trees, e.g., those that are widely spaced with no crown 
competition between trees. The new growth elongates slightly before dying because of the larval 
borings. Weevils usually do not attack the current year’s shoot, but it commonly wilts into a “shepherd’s 
crook.” Another damaging weevil, the pales weevil, eats the bark on young seedlings. 

Bark Beetles 

The succulent and nutritious inner bark on tree stems and large branches attracts many insects, most 
notably the bark beetles. Adult bark beetles deposit eggs beneath the bark. The emerging larvae feed on 
the cambium and phloem, preventing stem growth and the normal movement of sugar and water. They 
hasten the death of weakened trees, attack apparently healthy trees during population explosions and 
drought, and lower lumber value. They also can introduce disease organisms such as Dutch elm disease 
fungus and blue stain fungus. 

 
The pine engraver is the most common bark beetle in Lake States pine stands. It attacks healthy 

trees en masse during drought. Flat-headed inner bark borers such as the bronze birch borer, two-lined 
chestnut borer, some weevils, and roundheaded borers feed on the inner bark. They rarely kill or damage 
more than a few trees unless the trees are severely stressed by drought or defoliation. Bark borers 
are difficult to control with contact insecticides because they are sheltered beneath the bark. Systemic 
insecticides also have little effect because these insects disrupt water movement in the tree. Cultural 
practices such as thinning that maintain tree vigor provide good protection. 

Wood-Boring Insects 

Wood-boring insects attack very low vigor or recently killed trees and rarely are a problem in vigorous 
stands (Figure 7-8). While common, they rarely cause tree death. They feed for several weeks in the 
bark before boring into the wood. Flat-headed wood-borers, round-headed borers, horntails, powder-post 
beetles, ambrosia beetles, and ants are wood-boring insects of common concern. Problems with chemical 
controls are the same as with bark borers. 

Root-Feeding Insects 

Root-feeding insects are mostly a problem in 
nurseries or in young plantations where sod is well 
established. They disrupt the absorption and 
movement of water and nutrients. Root maggots, 
cutworms, root bark beetles, white grubs, and root-
collar weevils are examples of root-feeding 
insects. In plantations, kill or remove the sod 
before planting trees. Killing sod after planting 
may cause these insects to concentrate their attacks 
on tree roots. 
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Cone and Seed Destroying Insects 

Beetles, weevils, moths, and wasps may destroy cones and seeds. Usually they deposit eggs in a seed 
or cone. The developing larvae then eat and destroy the seed. The red pine and white pine cone beetles, 
red pine cone worm, spruce cone worm, acorn weevil, and walnut weevil are some of the common 
seed-destroying insects. Insecticides can help control these insects; however, their use is justified only 
in woodlands used as seed production areas. Few insecticides are registered for this use. Most are very 
toxic and require application by a licensed commercial applicator. 

Disease Damage 

Diseases are categorized here by the tree part they most commonly affect. Strategies for minimizing 
damage from the more serious diseases are discussed in Chapter 6: Managing Important Forest Types. 

Foliage Diseases 

Foliage diseases may cause conifer needles to turn yellow or brown or drop prematurely. Hardwood 
leaves may develop yellow, brown, or black spots. These diseases weaken trees by reducing the ability of 
their leaves to produce plant food. Brown spot disease affects only red and Scotch pines and is typically 
confined to the lower half of the tree. Some other typical foliage diseases are rhizosphera needle-cast in 
spruce, pine needle rust in conifers, and anthracnose and leaf spot in hardwoods. 

 
When the leaves of a hardwood turn yellow or brown and droop, suspect a wilt disease. These 

symptoms commonly occur when a fungus blocks a tree’s water-carrying vessels. Oak wilt and Dutch 
elm disease, verticillium, dothiorella, and phloem necrosis are typical wilt diseases. Oak wilt and Dutch 
elm disease are serious problems in woodlands and often spread to adjacent trees through root grafts. 
Adjoining trees of the same species will sometimes form grafts between their root systems, allowing not 
only water and nutrient flow between trees, but also disease transmission. 

 
Sooty mold is a black powdery fungus that lives on the honeydew exuded by aphids or scale insects. 

Powdery mildew is a white fungus that covers leaf surfaces. Both damage trees and shrubs by blocking 
the sunlight needed for photosynthesis. Their damage is a minor problem in woodlands, but may be 
serious on some ornamental trees and shrubs. 

 
Abnormal growth, including leaf curling; gall formation on leaves, twigs, and fruits; and witches’ 

brooms (excessively dense branch and twig growth) are the result of high concentrations of plant 
growth-regulating compounds caused by insects, herbicides, or disease organisms. These conditions are 
rarely serious by themselves, though they may reduce wood value for some uses. 
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Figure 7-9. Canker disease causes 
serious damage to tree stems. photo: 
Don Breneman. 

Stem and Branch Diseases 

Cankers are dead areas on stems that are symptoms of diseases such as nectria canker in maple, 
hypoxylon canker in aspen (Figure 7-9), and scleroderris canker in pines. Affected areas may be 
irregular, sunken, flattened, or swollen. They may crack open and enlarge each year until they 
completely girdle the stem, killing the tree above the canker. 

 
Rust diseases in pines may cause stem cankers and turn the 

foliage yellow before killing the tree. White pine blister rust is the 
most prevalent rust in the Lake States. This stem disease requires 
gooseberry (currant) as an alternate host. 

 
Dwarf-mistletoe is a parasitic plant that is causing a problem in 

the Lake States. It grows on limbs and small branches and may 
stunt, deform, or kill conifers. Its visible growth is less than one 
inch long and may be either single-stemmed or branched and 
yellow, brown, or olive green in color. Black spruce is the most 
common host for dwarf-mistletoe in the Lake States. 

 
All trees are susceptible to wood rot. The most obvious signs are 

fruiting bodies (such as conks and mushrooms) that appear after the 
rot has been active for several years. Decayed wood may either be 
water-soaked and spongy or dry and crumbly. It usually is 
discolored. Many decay organisms enter through wounds in a tree’s 
stem or roots. These rots do not kill trees, but they can destroy the 
commercial value of the wood. Tree stems with rot are more easily 
broken by the wind and so can be hazardous. 

Root Diseases 

Root rot causes decline in tree vigor over weeks, months, or years. Twigs and branches die back and 
leaves appear small and yellowed and may drop or wilt in hot weather. Since the root system is damaged, 
infected trees do not respond normally to water or fertilizer and are susceptible to windthrow. Root rot 
also may cause stem decay. 

Invasive Plants 

Invasive plants are those that are not native and have negative effects on our economy, environment, 
and/or human health. The definition of “invasive” typically refers to the most aggressive plant species 
that grow and reproduce rapidly. Invasive plants can cause significant changes to to woodlands if they 
become established and spread. 

 
Many woodland invasive plants outcompete native plants through crowding them out and 
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Figure 7-10. Tree-of-heaven is an invasive tree and 
grows well in a variety of soil types and conditions. 
photo: Chuck Bargeron. 

suppression. Invasive woodland plants includes herbaceous vegetation (e.g., garlic mustard), shrubs 
(e.g., Asian bush honeysuckle, buckthorn, and Japanese barberry), and trees (e.g., tree-of-heaven; Figure 
7-10). The control of invasive plants depends on the species, time of year, whether or not chemical 
applications of herbicides will be used, and site characteristics. 

 
The best way to stop invasive plants from 

establishing in your woodland is to learn how to identify 
the most common ones in your area. The earlier 
invasive plants are detected, the easier and cheaper it is 
to control them. In particular if management operations 
recently occurred in your woodland, such as a timber 
harvest or thinning, closely monitor the area as more 
open light conditions may create opportunities for 
invasive plants to establish and spread. Even before a 
timber harvest occurs, ask your logger if the timber 
harvesting equipment is cleaned before it moves to a 
new job site. This can prevent the movement of seeds of 
invasive species on tire treads and undercarriages. 

Fire Damage 

Wildfires can cause great damage to woodlands. Even 
in stands where the trees are not killed outright, fires 
may weaken and eventually kill trees, cause wounds 
where insects and diseases can enter, increase soil 
erosion, and reduce soil fertility, wildlife habitat, and 
recreational quality of a stand. Fire also can be used 
constructively to manage forest vegetation. 

 
Forest fires are classified as surface, crown, or 

ground fires based on the way they spread. Most forest fires in the Lake States are surface fires. They 
burn only the litter and other small fuels on the forest floor. They may scar the bases of large trees and 
kill small trees. 

 
Crown fires usually start as surface fires that reach into the canopy with the help of dry winds and 

fuel ladders. A fuel ladder is combustible vegetation that bridges the space between the ground and a 
tree crown, allowing a fire to climb to a tree crown. They occur most often in conifer stands and are 
very damaging and difficult to control. Intense crown fires will produce showers of sparks and glowing 
embers that easily jump firebreaks and set additional fires well in advance of the leading edge. Although 
conifer crowns frequently catch fire, true crown fires that spread through the air from one crown to the 
next are much less common than ground fires in the Lake States (Figure 7-11). 

 
Ground fires burn and smolder below the surface, sometimes going undetected for days or weeks. 

They consume soil that is high in organic matter, including dried peat and thick litter. Ground fires 
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Figure 7-11. Fires that reach tree crowns will kill trees. 

produce enough heat to kill most of the trees in their path by cooking their root systems. Such a fire may 
cross firebreaks through roots and dry organic matter. Ground fires are very difficult to control, but are 
likely to occur only in dry years. 

 
Few woodland owners can afford their own fire 

suppression equipment. Instead, most rely on state 
and local agencies to control fires. While these 
organizations respond quickly, there may be some 
delay before a fire is reported and crews arrive on 
the scene. For this reason you need to maintain 
your land so wildfires cause minimal damage 
before they are suppressed. The following 
practices will help: 

• Maintain a cleared firebreak around 
conifer stands. A firebreak might consist 
of a rough bulldozed road with a bare 
mineral soil surface that can be driven 
by a four-wheel drive fire truck. Although such a firebreak may stop a surface fire, it is more 
likely to be a good starting place for a fire suppression crew to build a fire line. 

• Consider establishing a trail or road system within a woodland that is larger than 20 acres to 
provide access to all areas and break it into smaller, more defensible units. The road system 
also may provide access for other management activities or recreation. 

• Provide access for fire suppression vehicles to a stream or lake or create a pond if you have 
no natural water source. 

• Thin and prune pine and spruce-fir stands to keep stands from building fuel ladders that 
permit a surface fire to climb into the tree crowns. 

• Create buffer strips of hardwoods around conifers for added protection. Hardwood stands are 
less flammable than conifer stands and also may diversify wildlife habitat. 

• After timber harvests, lop slash so that it lies close to the ground and decays quickly. You 
also can pile slash and burn it when there is snow cover. 

• Cooperate with adjacent landowners in designing and establishing fire prevention measures. 

• Place fire prevention and suppression clauses in logging contracts. 

Controlled burns are fires that are set intentionally under specific fuel and weather conditions to: 

• Reduce fuel loads that contribute to wildfire hazard. 

• Reduce understory vegetation, thus enhancing the growth of overstory trees or benefiting 
wildlife. 

• Kill or set back the growth of undesirable trees and shrubs and to eliminate woody debris that 
hinders access for planting trees or that may harbor insect and disease pests. 
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Soil chemistry and physical processes change temporarily after a burn, but eventually will return to 
normal. However, a poorly planned or improperly controlled burn may kill crop trees and cause other 
property damage. Consult a forester about firebreak placement, weather requirements, tools needed, 
legal liabilities, and other important issues. Controlled burns always pose some risk, but they can remain 
an option if they fit into your management plan. 
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8. Marketing Timber 

Charles R. Blinn, Extension Specialist, University of Minnesota 

Angela S. Gupta, Extension Educator, University of Minnesota 

Reviewed and revised by the authors in 2019 

 
 
This chapter outlines the procedures for selecting trees to harvest, obtaining bids, preparing a timber 

sale contract, and administering a timber sale. By working with a forester and following the steps 
recommended here, you should receive a fair price for your timber and better meet your other woodland 
management objectives. 

Why Harvest Timber? 

Harvesting is an important forest management tool. You may decide to harvest timber for a variety of 
reasons, including to: 

• Improve the health and vigor of the forest. 

• Promote natural regeneration. 

• Control stand density. 

• Release an established understory from competing overstory trees. 

• Develop wildlife habitat. 

• Alter the species composition of the forest. 

• Establish planting areas. 

• Create vistas. 

• Clear trails. 

• Take advantage of the timber’s considerable monetary value to produce periodic or 
emergency income. 

• Salvage its monetary value following damage by ice or snowstorms, high winds, fire, insects, 
or diseases. 

• Clear the land for other purposes. 
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Steps in Marketing Timber 

Follow these steps when marketing timber: 

1. Select a forester. 

2. Select trees to harvest. 

3. Determine the seasonal timing of harvest operations. 

4. Determine the timber’s worth. 

5. Determine what method you will use to sell the timber. 

6. Create a timber sale prospectus. 

7. Advertise your timber sale. 

8. Select a buyer. 

9. Develop a written contract with the buyer. 

10. Inspect the active harvest operation. 

Selecting a Forester 

As described in Chapter 1: Preparing a Woodland Stewardship Plan, it is important that you identify and 
select a forester who will work with you during the process of marketing your timber. That individual 
should have experience working with many different timber sales and buyers. The forester will help you 
achieve your ownership goals and make sure that the forestry practices used enhance the future condition 
and value of your woodland. That individual will also be knowledgeable of any rules and regulations 
which you will need to follow. He or she can take you to previously harvested areas to provide a visual 
perspective of how a site looks after it is harvested. Using the services of a forester will help ensure that: 

• You will receive what your timber is worth. 

• You will get a timber sale designed to meet your property goals. 

• You will sign an appropriate sale contract. 

• Your sale will be administered fairly. 

Selecting Trees to Harvest 

Select the trees to be harvested with advice from a forester to ensure that the harvest satisfies your 
management objectives and maintains the woodland in a vigorous and productive condition. For 
example, the harvest could range from a light thinning that stimulates the growth of the remaining trees 
to a selection cut, clearcut, or shelterwood cut aimed at harvesting mature timber and regenerating a 
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new stand. The type and amount of harvesting depends on your objectives and on stand conditions. For 
additional guidelines on selecting trees to harvest, refer to Chapter 6: Managing Important Forest Types. 

 
Your forester will clearly mark with spray paint the timber sale boundaries and either the trees to be 

harvested or those to be retained so the logger can easily identify them, reducing the chance of harvesting 
beyond the sale boundary. If all trees in an area are to be harvested, as in a clearcut, only the boundary 
trees will be marked. If most trees will be cut but some will remain to grow longer, provide seed for 
regeneration, or offer wildlife habitat value, then leave-trees (the trees that will not be harvested) will 
be marked. If most trees will remain standing and only scattered trees or groups of trees will be cut, 
then the trees to be cut will be marked. To avoid confusion, your forester will mark leave-trees with 
a different color of paint than was used on the sale boundary. Because timber sale boundaries are not 
legally recognized lines between adjoining property owners, discuss and agree on the location of sale 
boundary lines with your neighbors before cutting begins. 

 
After selecting the trees to be harvested, estimate the wood volume or number of products that will be 

cut, by species. Products commonly produced in a timber sale include sawlogs, veneer logs, pulpwood, 
fuelwood, posts, and poles. Local mills or buyers will determine the specifications for each product they 
purchase. 

 
Information about measuring wood volumes can be found in Chapter 2: Conducting a Woodland 

Inventory. 

Determining Seasonal Timing of Harvest Operations 

Seasonal timing of harvest operations can be critical to maintaining land productivity. These factors can 
affect the marketability and price you receive. Your goal should be to maintain the productivity of the 
land and forest in the future. 

 
Will your soils support logging equipment throughout the year, only during dry seasons, or only when 

the ground is frozen? Some soils are more susceptible to compaction and rutting by operating equipment. 
Compaction and rutting may occur within the site during the felling and skidding of trees, on the skid 
trails and landings, and on any temporary haul roads needed to get the cut products to main roads for 
transportation to the mills. Soils maps and Ecological Classification System, or ECS, ratings and on-
site visits to your woods will help you and your forester determine whether your soil is susceptible to 
compaction and rutting. There can be disease or insect issues, such as bark beetles, that can be mitigated 
by seasonal timing of harvests. There can be wildlife issues such as nest trees of protected species that 
would limit operations during the nesting season. The bark on many trees is easily damaged and knocked 
off during the spring growing season. This tree damage significantly reduces the health and future value 
of the trees retained after the harvest. All of these issues should be considered in the process of setting 
up a timber harvest. 
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Determining Timber Worth 

Timber is an unusual commodity in that it has no pre-established price. Instead, the price is whatever the 
buyer and seller agree to. It is influenced by many factors, including: 

• Tree species. Wood from some species is more valuable than wood from other species. 

• Tree size. Large diameter trees have more usable volume and clear wood than small trees and 
are of greater per unit value. 

• Tree quality. Trees with fewer butt log (the first log from the stump) defects (such as branch 
scars, decay, and embedded wire) have higher quality, more valuable wood. 

• Sale volume. On large volume sales, fixed logging costs can be spread over larger volumes, 
so the buyer can pay more per unit volume for the timber. 

• Distance to market. The closer the woodlot is to the mill, the lower the hauling costs. 

• Site accessibility. The ease with which the timber tract can be reached affects road 
construction costs. 

• Logging difficulty. The steepness of the terrain, soil moisture conditions, and the number of 
trees retained within an area affect the equipment that can be used and the speed of 
harvesting. 

• Market conditions. Poor markets mean lower timber prices. 

• The mill’s log inventory. Buyers often pay more for logs when their inventories are low to 
ensure continued mill operations. 

• Your restrictions on harvesting and skidding techniques or additional work required. 
Restrictions that protect the site and residual trees tend to increase logging costs. Additional 
work (such as road or trail construction, trail seeding, construction of a bridge or devices to 
divert water off roads or trails) increases costs. 

 
A forester can estimate the expected value of a particular sale. However, different buyers may offer 

substantially different prices for the same timber, depending on their own particular costs, need for 
timber to harvest, and markets. To receive the highest value, contact several potential buyers when you 
offer timber for sale. 

Methods of Selling Timber 

We generally advise landowners to sell stumpage (standing timber) instead of harvesting it yourself. 
When you sell your stumpage, the buyer is responsible for harvesting and transporting your timber, 
employing people, obtaining machinery and equipment, finding markets for the harvested material, and 
fulfilling all of the legal obligations associated with operating a business. 
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There are two general types of stumpage sales based on how the timber is priced: the lump sum sale 
and the sale-by-unit. 

Lump Sum Sale 

In a lump sum sale, payment is based on an estimate of the timber volume available in the sale area 
and not on the actual volume harvested. Such sales are easier to administer than sales-by-unit. Lump 
sum sale values depend heavily on the accuracy of the timber inventory used to estimate the volume and 
quality of the timber for sale. Lump sum sales may be appropriate if there is no convenient and reliable 
method for measuring the volume of cut logs. 

 
You normally receive a single payment for the full value before the start of harvesting for the trees 

designated for sale. Alternatively, you may require a down payment of one-fourth to one-third of the 
sale price when the contract is signed and payment of the balance before harvesting begins or after it 
concludes. 

Sale-by-Unit 

In a sale-by-unit arrangement (also called sale-by-scale), you are paid a certain amount for each unit 
(such as per thousand board feet, cord, post, or ton) of product cut. A sale-by-unit requires that someone 
measure the products harvested (a process called scaling). Products can be scaled by the landowner, by a 
professional forester, by the buyer, or by a receiving mill. You and the buyer need to determine who will 
scale the products based on who can be trusted to provide the most accurate information at a reasonable 
cost. 

 
Although final payment is based on the actual volume harvested, ask for a down payment before the 

harvest of at least one-fourth of the estimated total value.  Also establish a timetable when additional 
payments will occur during the harvest, with these payments occurring at specified periods during the 
timber sale contract or equal to the estimated value of the next area to be harvested. Payment is adjusted 
at the end of the harvest to compensate for overpayment or underpayment. 

Creating a Timber Sale Prospectus 

In preparation for advertising your sale, create a timber sale prospectus with a detailed overview of what 
you are offering for sale and your contract requirements. The prospectus should include anything that 
may result in an additional cost for the buyer (for example, your restrictions on harvesting and skidding 
techniques or additional work required). Sale prospectus items include: 

• Seller’s name, address, and telephone number. 

• Location of the timber for sale (legal description and directions, GPS coordinates). 

• Description of the timber to be sold (volume by species and product; method used to estimate 
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volume, including assumed top diameters; tree species, size, and quality). 

• Type of bid you are seeking (lump sum or sale-by-unit) and whether you will choose a buyer 
using sealed bids or an oral auction. 

• Time period and procedure for inspecting the timber. (Allow at least one month for 
prospective buyers to inspect the timber.) 

• Date, time, and place that sealed bids will be opened or an oral auction will be conducted. 

• Whether a bid guarantee (usually a few hundred dollars) is required from all bidders and a 
down payment deposit (usually 10% or more of the bid price) binding the offer must be paid 
when the contract is signed. (Bid guarantees are returned to unsuccessful bidders. For the 
successful bidder, that amount can be applied toward the down payment.) 

• When payment is to be made. (In a lump sum sale, ask for full payment before the start of 
harvesting. If this is not possible, negotiate a definite payment schedule that calls for specific 
percentages at specified dates. In a sale-by-unit situation, negotiate a definite cutting and 
payment timetable with the buyer.) 

• Any major conditions or limitations on the sale, such as a harvesting deadline, forest 
management guidelines (for example, equipment limitations, method of slash disposal, 
restrictions on access to the area, conditions when loggers cannot operate), additional work 
required (such as construction of water diversion devices on roads or trails when the sale isn’t 
active for extended periods or at the end of the sale) or who has cutting rights to tops that 
could be sold as firewood. (Note that excessive restrictions on buyers may result in fewer 
bidders and/or reduced bid prices.) 

• The requirement of a performance bond. (A performance bond is an amount of money over 
and above the sale price, usually 10% or more of the bid price, posted by the buyer and held 
in escrow by the seller. Its purpose is to ensure that the buyer abides by and fulfills all terms 
of the contract. It should be returned to the buyer when all contract conditions have been 
met.) 

• Statement that the logger will be expected to carry workers’ compensation insurance and 
liability insurance of $1 million or more. 

• Who will scale products on a sale-by-unit sale. 

• When the successful bidder will be notified (usually within seven days after bids are opened) 
and how much time the buyer has to sign the contract and provide the down payment after 
being notified of an acceptable bid (usually ten days). 

• Statement indicating you have the right to reject any or all bids. 

Advertising Your Sale 

Foresters usually can provide a list of timber buyers. The most effective way to notify potential buyers 
about your timber sale is to send them your timber sale prospectus. If you are unable to assemble a 
list of buyers or have special products to sell, place a brief advertisement in the newspaper or on the 
internet directing interested buyers to contact you for a copy of the timber sale prospectus. Newspaper 
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and internet advertisement may be particularly useful for locating firewood cutters who do not harvest 
other products and may not appear on any list of local timber buyers. 

Selecting a Buyer 

You can sell your stumpage through a single offer, an oral auction, or a sealed bid auction. Your forester 
can offer you advice about the desirability of asking a particular company or individual to bid on the 
sale and on a buyer who is right for your needs. Exercise caution in selecting a buyer who has new 
employees, buyers who have not previously logged in your area or buyers who don’t understand your 
management goals. Most buyers perform satisfactorily when all the trees in an area are to be cut (that is, 
a clearcut). However, only experienced and careful buyers should be selected for a thinning or selection 
harvest in which valuable trees will be left standing. 

 
While your profit from the timber sale is important, a buyer who employs skilled and experienced 

operators who anticipate and avoid problems is worth a lot. Seek out buyers who attend training courses 
on safety, good business practices, and practices that protect the environment. Timber buyers should 
have all necessary insurance. 

 
Before making a final selection, ask the potential buyer for the names of a few woodland owners with 

timber similar to yours for whom the buyer has recently harvested timber. Call one or more of those 
owners and ask about the logging job that was done. With their permission you also could visit one or 
more of the harvest areas to look at the results. 

Single Offer 

One option is to negotiate a sale price with a single buyer. This procedure often produces a price that 
is well below what the timber is worth, because the buyer has no competition and the seller often is 
uninformed about the timber’s market value. However, the single offer may be the best method for you 
if: 

• You have only a small amount of timber or poor quality timber to sell or your timber sale is a 
long way away from other prospective buyers, so only one buyer is interested in the sale. 

• Markets for the species and products for sale are so poor that few buyers would be interested. 

• You know and want to work with a particular buyer who has a good reputation. 

Oral Auction 

A second option is to give potential buyers four to six week to inspect your timber and, at a given time 
and place, bid for it at an oral auction. To attract several buyers and create competition, you need to hold 
the auction at a time and location that are convenient to buyers. Auctions are most appropriate for high-
value sales or when several timber tracts are auctioned at one time, thus attracting several buyers. 
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Sealed Bids 

A third option is to notify several potential buyers about the timber you have for sale, give them time to 
inspect your timber (usually four to six weeks), and request that they submit written sealed bids. Written 
sealed bids produce the best results for private woodland owners in most situations. Open all of the bids 
at a specified time and place. Select the highest bidder unless you have other information that influences 
your decision. To be fair to all bidders, no further price negotiations should take place after the bids are 
opened, and unsuccessful bidders should be notified that the timber has been sold. 

Preparing a Contract 

Prepare a signed written contract with the buyer that protects both parties to reduce the possibility of 
misunderstandings and disagreements and to provide each party with legal assurance that the other will 
abide by the terms of the sale. The contract does not have to be a complicated document, but it should 
indicate what you and the buyer have agreed to with respect to the sale. The contract contents should 
be similar to those listed above for the timber sale prospectus. A sample contract can be viewed in 
Appendix C. Your forester also may have a sample contract. 

 
As a note of caution, preparing a contract is where many good transactions begin to break down. 

Buyers may have their own ideas of how an area should be harvested. They may believe a different 
layout may be more effective. They may feel that harvesting additional timber helps spread out their 
fixed costs or they may have a market opportunity. Some operators will offer a higher value to modify 
your planned forest management guidelines. They may offer their own contract in place of yours. You 
must evaluate such offers against your reasons for having a harvest in the first place. 

 
While the buyer’s suggestions might be reasonable, consult your forester about the effects of any 

suggested changes. That is why you hired the forester in the first place. Does the buyer’s contract address 
all of your needs, or place unwanted obligations on you? Your contract terms were designed to protect 
you and your property, you do not have to modify them for the buyer’s convenience. You may be able to 
find other buyers who will meet your terms. The extra money may look good, but you will have to live 
with the results. 

Inspecting the Active Harvest Operation 

Before harvesting begins, your forester should visit the site with the buyer to review the terms of the 
contract, point out the sale boundaries, discuss the location of log landings and roads, and point out 
any hazards or areas that require special protection during logging. Once harvesting begins, you or your 
forester should visit the area frequently to make sure the harvest is proceeding according to the terms of 
the contract and to discuss questions that might arise. Frequent visits will help you become familiar with 
timber harvesting operations and help you plan future timber sales. 
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Keep in mind, however, that the logger is running a business where stopping to talk is a cost to their 
operation as it reduces their productivity and that logging is a dangerous activity. 

 
Do not endanger yourself or the loggers by getting too close to an active operation. Wear a hard hat 

and bright colored clothing whenever visiting an active operation, do not approach equipment without 
the operator acknowledging you and motioning you forward, and avoid going near any trees that are 
leaning. 

 
If you observe any problems while checking the harvest operation, simple suggestions to the buyer 

usually will resolve them, unless you observe a flagrant violation. Deal directly with the buyer or the 
buyer’s designated representative. Do not complain or make suggestions to other individuals on the job 
unless they are causing immediate problems and the buyer is not on site. 

 
When all provisions of the contract have been fulfilled, all wood and equipment have been removed, 

and there are no outstanding financial obligations (for example, repairs to roads or gates, or rehabilitation 
work on the site), write a letter releasing the buyer from the contract and return the performance bond. 
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9. Harvesting Timber 

Charles R. Blinn, Extension Specialist, University of Minnesota 

Angela S. Gupta, Extension Educator, University of Minnesota 

Reviewed and revised by the authors in 2019 

 
 
A timber harvest should be designed to help you accomplish your management objectives. Therefore, 

decisions such as the location of roads and in-woods skid trails, the specific equipment selected, what to 
do with limbs and tops and where processing occurs all should relate back to those goals. 

 
Most timber harvesting is done by professional loggers who have the equipment, knowledge, and 

experience necessary to conduct an effective and safe operation. The work and time your forester spends 
in planning your timber harvest will reward you with higher profits, a better quality residual stand, and 
protection of the environment. 

 
Select trees to cut based on your management objectives, stand conditions, and the silvicultural 

principles described in Chapter 6: Managing Important Forest Types. Local or temporary market 
opportunities may play a role in the timing or design of your sale. This chapter provides basic 
information on the harvesting process, including safety, forest management guidelines, the infrastructure 
needed to create access to and within a timber stand, harvesting equipment, and harvesting systems. Your 
forester will be able to help design the harvest to fit your management objectives. 

Safety 

Logging is one of the most hazardous occupations in the United States. Loggers should follow standard 
safe logging procedures. Have a conversation with the logger to learn about their safety practices. When 
you visit an active logging site, remain visible to the operators, wear a hardhat and bright colored 
clothing, stay away from equipment when it is operating, and avoid going near any trees that are leaning. 
Do not speak with anyone operating equipment until the person has stopped the machinery and signaled 
that it is safe to approach. 

Timber Harvesting Guidelines 

Timber harvesting operations can affect a number of factors within your forest, including: 
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• Cultural resources such as historic structures, cemeteries, and archaeological sites. 

• Riparian areas. 

• Plant and animal species of special concern. 

• Soil productivity. 

• Visual quality. 

• Water quality and wetlands. 

• Wildlife habitat. 

 
To manage those effects, states have developed best management practices and forest management 

guidelines. Incorporating appropriate guidelines into your timber sale contract can help facilitate the 
sustainability of forest resources. Avoid including inappropriate guidelines because they may reduce 
interest from potential buyers. Your forester will be able to recommend appropriate guidelines for your 
timber harvest. 

Timber Harvesting Systems 

Descriptions of three basic timber harvesting systems—whole-tree or full-tree, tree-length, and 
shortwood or cut-to-length—follow. The systems differ in terms of the amount of processing that occurs 
at the tree stump and the form in which wood is transported to the landing for further processing or 
transport to the mill. One harvesting system may be better suited for accomplishing your objectives than 
others. 

1. Whole-tree or full-tree. In this system, the entire tree—including the stem, limbs, and 
top—is dragged to the landing with a skidder or horse. This system removes the maximum 
amount of material from a site. It also facilitates moving tops and limbs to the landing for 
processing, burning, or firewood production. However, because the entire tree is taken to the 
landing, residual trees may be damaged and a larger landing is needed to handle the size and 
volume of material. 

2. Tree-length. In this system, trees are felled and the top and limbs are removed before the 
trees are dragged to the landing with a skidder or horse. By leaving limbs and tops at the 
stump, this system retains nutrients at the stump. 

3. Shortwood or cut-to-length. In this system, the tree is felled, the top and limbs are removed, 
and the tree stem is bucked (cut) into individual forest products (such as pulpwood and 
sawtimber) at the stump area. The shorter product lengths allow a forwarder to move in tight 
areas and to carry wood to the landing. The forwarder may drive on slash mats, reducing soil 
compaction. A smaller landing is required in this system than in the other two. 
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Figure 9-1. Example of a plan for a system of haul roads, 
skid trails, and log landings. 

Transportation Infrastructure 

Few harvesting decisions have a longer lasting impact than the design and construction of haul roads, 
skid trails, and landings (Figure 9-1). Haul roads usually are permanent roadways that provide access 
for trucks to specific points in the woodland for hauling logs or other management purposes. Skid trails 
generally are temporary, unimproved roadways that enable skidders, forwarders or horses to transport 
logs from the interior of the woodland to the landing. Landings are areas used for processing (such 
as sorting products, delimbing, cutting logs to shorter lengths, and debarking) and for loading timber 
products onto trucks. 

 
The general goal is to minimize the amount of 

infrastructure and environmental impacts (such as 
soil erosion) while still achieving your land 
management goals. 

 
While roads, skid trails, and landings are 

generally constructed by loggers, landowners 
should understand the basic processes and 
standards. When planning new infrastructure, 
locate it in areas that facilitate your long-term 
ownership goals and plans. 

 
The layout of transportation infrastructure is influenced by property lines, topography, soil conditions, 

streams and wetlands, economic limits on skidding distances, and other factors. Permits may be required 
for stream and wetland crossings, culvert installations, driveway access, and other road work. 

 
The potential for soil erosion and stream siltation is especially pronounced in areas with steep slopes 

and erodible soils. To reduce soil erosion avoid building roads and skid trails that run directly uphill 
or downhill and mininize the amount of soil exposed. Use water diversion systems that move water off 
the exposed soil surface or away from ditches into the vegetated forest floor. Because water diversion 
options may impede some recreational uses of roadways, discuss their design with your forester. 

 
Revegetate roads, skid trails, ditches, and landings with grasses and forbs (any herb other than grass) 

to help prevent erosion. The seed mix and application rate will vary according to your climate and soil. 
Native seed mixes are recommended to reduce the chance of introducing harmful invasive species. The 
seed mixture can include food and cover plants that are beneficial to wildlife. Where possible, lightly 
disk and fertilize exposed soil before broadcast seeding. 

 
To protect roads and skid trails after logging: 

• Keep ongoing travel to a minimum. 

• Use them only when the soil can support the equipment without causing ruts. 

• Inspect them periodically to make sure that water diversion structures (such as waterbars, 
ditches, and culverts) are working correctly. 
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Roads 

Haul roads provide access for trucks to specific points in your woodland for hauling logs or other 
management purposes.  In order to be able to support the weight of the trucks, roads are compact 
surfaces which aren’t designed to allow water infiltration.  When locating a road, consider future access 
needs into the area, locate them to minimize the overall length and width of the road and use existing 
roads where possible and appropriate.  Avoid crossing water and building on soils which won’t drain 
well (e.g., clay) where possible. Maintain vegetation between the road and water bodies so that runoff 
and sediment will filter into the soil before it reaches the water.  Minimize the amount of soil exposed 
and make sure that water will be able to drain off the road away from water into a vegetated area. 

 
Roads may be designed for short-term temporary use, seasonally permanent for long-term use when 

the soil is frozen or firm, or permanent for all-season use to support year-round access.  In winter, it may 
be possible to create a temporary road across weak soils by helping frost penetrate the ground on cold 
days once the soil has been removed or by compressing it using a snowmobile or other vehicle with low 
ground pressure. 

Skid Trails 

Skidding is the process of transporting logs from the stump after trees are felled to a landing where they 
can be further processed or loaded onto trucks. Logs are usually dragged by a skidder or horse or carried 
by a forwarder, thus creating skid trails. These trails usually are not graded and need only a minimum 
amount of clearing. Skid trails should be designed to follow a relatively level route through the terrain, 
avoid wet areas and rock outcrops, be as straight as possible, and follow existing trails and openings 
wherever possible. 

 
Depending on your management objectives and forest conditions, material may be skidded over a 

fixed trail network or the logger could use a different skid route for each trip to help knock down 
undesirable trees and shrubs, thus helping to clear the site for regeneration. Frozen or dry soil conditions 
are recommended to minimize soil compaction. If soils are not frozen, it is generally advisable to 
minimize the area affected by skid trails to avoid compacting the soils across a broad area of the forest. 
Your forester may be able to recommend additional techniques to minimize compaction. 

Landings 

Landings are busy places during a harvesting operation, because of processing which may occur and 
the loading of timber products onto trucks. Therefore, they have the potential to create big impacts on 
a relatively small area. Carefully select landing locations to provide for efficient timber removal and 
minimize adverse environmental impacts. Proper construction and maintenance of a landing is similar to 
that for roads. 

 

130   Woodland Stewardship: A Practical Guide for Midwestern Landowners



Locate landings close to concentrations of timber. Choose locations that can be reused, are away from 
water and with a slight slope so that water will drain away from the area. Avoid steep slopes and low, 
wet areas where trucks cannot maneuver. Where feasible, locate landings below ridge crests to reduce 
the need for steep, hazardous roads. The haul road approaching the landing should have a low grade 
(not a steep slope) to make it easier for trucks to climb the slope and to reduce the movement of water 
into the landing area. Landing size and shape will be influenced by the timber length, processing to be 
performed at the landing, the need to store products on the landing prior to hauling, loading method, the 
need for an area to turn trucks around, and the type of hauling equipment. Consider creating a wildlife 
food plot on the landing after the harvest through use of appropriate seed cover. 

 
Take special care when storing petroleum products and maintaining equipment in woodlands. 

Designate a specific place for draining vehicle lubricants so they can be collected and stored until being 
transported off-site for recycling, reuse, or disposal. Provide receptacles for solid wastes such as grease 
tubes and oil filters. Locate refueling areas away from water. A landing may be an excellent location for 
storing these products and maintaining equipment. 

 
Cull logs and other debris may be a hazard to snowmobilers and other recreational users if left on the 

landing. 

Harvesting Equipment 

Harvesting equipment is generally designed to perform a limited number of tasks. Those operations 
described below may occur at the tree stump, during in-woods transport from the stump to the landing, 
or at the landing. While some logging businesses consist of one person who operates different pieces of 
equipment during the course of the harvest, others have several employees, each operating one piece of 
equipment. If possible, recommend that the logger power wash all equipment before taking it into the 
sale area. This may help reduce the spread of invasive or noxious weeds if seed is embedded in dirt or 
debris that may be clinging to the equipment. 

Operations at the Stump 

Operations at the stump always include felling the tree. Felling may be done by a chainsaw, feller-
buncher, or a processor (Figure 9-2). After felling, the tree may be further processed by removing the 
limbs and top and by bucking (cutting) it into individual product sections. When material is being 
transported to a landing, the limbs and tops may be left at or near the stump to help avoid scarring 
remaining trees, if markets limit the use of this material or if the soil tends to be nutrient deficient. 
Removing the entire tree may be the preferred option where there are concerns about pest invasions after 
the harvest, when the whole tree will be processed at the landing, when the site will be planted after the 
harvesting operation has been completed, or to make it easier to cut firewood from the residue. 
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Transporting Material from the Stump to the Landing 

Short logs, tree-length material, or whole trees may be transported from the stump to the landing either 
by skidding (dragging them on the ground) or forwarding (carrying them completely off the ground). 
Timber can be dragged to the landing using a rubber-tired or tracked skidder, farm tractor, or horse, or 
carried on a forwarder (see Figure 9-2). A rubber-tired skidder is lighter weight, less expensive, faster, 
and provides better traction over rocks than a tracked skidder. The tracked skidder, on the other hand, 
may compact the soil less, provide better traction in mud and slippery soils, and be less likely to create 
deep ruts. Wide tires on a rubber-tired skidder provide similar benefits to a tracked skidder. 

 
Farm tractors are sometimes used for skidding, but they usually need modifications to become 

effective, safe skidders. A winch connected to the tractor’s power take-off (PTO) is an important asset. 
Some also require shields beneath their bodies to protect them from damage by high stumps and rocks. 

 
Forwarding machines are equipped with a hydraulic loading boom and have a bunk for holding a load 

of logs. Forwarders frequently travel on the debris (slash) from limbs and tops to avoid rutting the soil. 
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Figure 9-2. Logging equipment. 

 

Landing Operations 

At the landing, material may be delimbed, topped, bucked or slashed into product lengths; debarked, 
chipped or ground and blown into a van; or loaded directly onto a trailer before being transported over 
haul roads to a mill or other site. Landing equipment may include a chainsaw, slasher, chipper, or tub 
grinder (Figure 9-2). 
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If bucking, debarking, or other processing occurs on the landing, some limbs, bark, or other woody 
debris could become piled. That residual wood could be returned to the forest and dispersed by a skidder 
to redistribute nutrients back to across the site. It also could be converted to chips by a chipper or tub 
grinder, cut for firewood, burned, or left to decay. 

 
Because of the variety of operations that may occur at a landing, it may be as small as the area adjacent 

to the haul road or a quarter acre in size or larger. Make it large enough to allow the equipment to operate 
efficiently, to store products that have not been hauled to the market, for trucks to enter and leave, and 
for safety. Your forester can help determine the most appropriate size for your landing or landings. 

Equipment Selection 

Your forester should recommend harvesting equipment that is most appropriate to your management 
goals. Some of the most important considerations for choosing timber harvesting equipment are 
described in the following list. 

• Tree size affects the size of equipment needed to handle the timber. 

• Silvicultural prescriptions (such as clearcutting, shelterwood harvesting, and thinning) 
influence the choice of felling and skidding equipment as well as where limbs and tops are 
removed. 

• Topography, especially ground slope, affects the type of equipment and method used to skid 
logs. 

• Wood volume to be removed and time constraints influence the preferred mix of equipment. 

• Slash cleanup or noncommercial tree removal may require specialized equipment. 

• Key site elements, such as unstable soil and proximity to water bodies and wetlands, may 
limit the size and type of equipment. 

Forest Certification 

Selling forest products that have been certified is becoming increasingly common. Forest certification is 
a process that verifies whether your forest management, including timber harvesting, is environmentally 
appropriate, socially beneficial, and economically viable. This process assures consumers that the forest 
products they are buying were obtained from well-managed forests. The primary certification systems 
in the United States are those offered by the Forest Stewardship Council, the Sustainable Forestry 
Initiative, and the American Tree Farm System. 

To qualify for forest certification, you typically must: 

• Practice sustainable forestry. 

• Abide by forestry-related laws. 

• Follow best management practices. 
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• Conserve biodiversity. 

• Protect water quality and other important resources. 

The process of certifying your woodland requires an independent evaluator (a professional forester) who 
has no personal stake in your property to review your management plan and inspect your woodland. You 
pay a fee for this service. If you do not meet all of the certification criteria, you can make changes in your 
planning, record keeping, and management activities to comply. In some states an association of loggers 
has trained and certified loggers to harvest timber in a sustainable manner. Under some certification 
systems, if such a logger harvests timber from your land in compliance with certification standards, the 
wood harvested from your land will enter the marketplace as certified wood. This is a low-cost means to 
sell certified timber without the expense of arranging a professional review of your comprehensive plan 
and inspection of your woodland. 

 
Many public and forest industry lands in the Lake States are certified. Relatively few family forests 

are certified because of the inspection and compliance costs. These costs can be reduced if you join 
other landowners in a cooperative to share in the certification process. Since some paper mills, sawmills, 
and large retail lumber distributors have made commitments to purchase and sell mainly certified wood 
products, there may be opportunities in the future to earn more for your certified timber and, therefore, 
justify the cost of certification. For timber to enter retail markets as fully certified, all handlers must 
follow a chain-of-custody process to track the wood from the stump to the retail market. 

 
Certification is a voluntary process for landowners, but demand is growing for certified wood so 

certifying your woodland or timber harvest may give you a marketing advantage. Contact a forester for 
more information about certification opportunities in your state. 
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10. Management and Marketing of Nontimber Forest Products 

David S. Wilsey, Director, MDP Program (former Extension Educator), University of 

Minnesota 

Julie Miedtke, Extension Educator, Retired, University of Minnesota 

 
Non-timber forest products, or NTFPs, include most everything you find in the woods that is not 

merchantable timber. The scope of what is included in the category varies substantially but, more 
importantly, the term refers to the many products of forest origin that enhance or contribute to lifestyles 
and livelihoods. Collecting and using these products is an integral part of our common regional history 
and economy and often generates or reinforces social and cultural connections. 

 
The goal of this chapter is to introduce you to the richness of NTFPs. It is intended to serve as 

a gateway to the universe of NTFPs, not as a final destination. It highlights their value, as well as 
challenges, and presents some crucial considerations for landowners interested in reaping the rewards 
from the many goods in their woods and beyond. NTFPs may allow you to achieve better forest 
management and a more stable forest livelihood through the development of complementary forest 
resource management strategies. 

What are non-timber forest products (NTFPs)? 

NTFPs are the various berries, ferns, and mushrooms we pick to eat. They are the wild game whose 
meat sustains our families. They are gathered medicinal plants, roots and barks collected for basketry 
and crafts, and the seed cones used to regenerate our forests. NTFPs are the balsam boughs and princess 
pine that, when worked by careful hands, become the wreaths that decorate homes during the holidays. 

 
For some, NTFPs provide affordable outdoor recreation opportunities. For others, they generate a 

much-needed paycheck. NTFP harvest also strengthens social bonds and reinforces personal and cultural 
ties to the land. 

 

When are NTFPs encountered? 

The task of summarizing NTFPs or characterizing their varied uses and values is made challenging by 
the diversity of interesting and useful forest plants and animals, as well as the potential for multiple 
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uses of each resource. Additionally, NTFP use is seasonal, and often practiced at smaller scales than 
other forest uses such as logging. For these reasons, NTFP value is best considered cumulatively – as a 
suite of products harvested during a single season and throughout an annual cycle composed of seasonal 
activities. 

 
If you are using NTFPs commercially, an important consideration is the seasonality of supply and 

demand for the product, or for the products in which the NTFP is used. Here are some examples of 
seasonal NTFPs: 

Spring 

Tree saps are collected beginning in early spring, when mild daytime temperatures contrast with 
overnight freezes. Sugar maple is preferred for tapping, but other maples can be tapped, including red, 
silver, and box elder. 

 
Maple sap may be sold unprocessed, but is more commonly reduced and sold as maple syrup. In 

Minnesota, roughly 40 gallons of maple sap reduce to one gallon of syrup. 
 
Paper and yellow birch can also be tapped, but due to lower sugar concentrations require roughly 100 

gallons of sap to produce one gallon of syrup. Often, birch syrup is consumed or used as an additive 
without reduction. 

 
Black ash is a tree species used in basketry and prized by Native American and other artisans. One 

log provides material for 20 to 30 baskets, depending on the finished products. Spring is the best time to 
cut a tree, when sap is rising. Black ash and other ash species are threatened by the emerald ash borer, 
which is impacting North American ash populations. 

 
Morel mushrooms are a prized and high value specialty forest food. Morels are found in dry or well-

drained forest soils and proliferate after burns. Caution: false morels look like morels, but are poisonous. 
Always consult with an expert. 

 
Pussy willows are shrubs with gray-brown bark and typically associated with wetlands or riparian 

areas. Willow branches are used by the floral industry when the ‘cat paws’ are bursting. 

Summer 

Berries and fruits including blueberries, blackberries, raspberries, strawberries, June berries, choke 
cherries, and wild plums are harvested throughout summer months for consumption and sale as berries 
or value added products, such as jams and jellies. Berry producing plants are typically associated with 
disturbance, such as fire or timber harvest operations. 

 
Tree bark, including the bark of paper birch is a traditional material used to construct baskets, 

decorations, shelters, and canoes. Bark is harvested in the late spring to early summer and, properly 
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done, does not harm the tree. Birch is a pioneer species associated with disturbance. Other barks of 
interest are northern white-cedar and basswood. 

 
Cones of various conifer tree species are collected in the summer and fall and sold, unopened, as a 

source of seed for tree nurseries and public management agencies. Opened cones are sold to the floral 
and seasonal décor businesses. 

Autumn 

Boughs of balsam fir, northern white cedar, and other conifer tree species are picked after the first hard 
frost for use in the region’s wreath industry. Bough harvest and wreath-making provide seasonal income. 

 
Holiday decorations including club moss or ground pine are harvested from autumn to early winter 

and sold for use in decorations such as wreaths and runners. Plants are found most often in pine-
hardwood and maple-basswood stands. Care should be taken as the timing of harvest corresponds with 
reproductive spore dispersal. 

 
Red-osier dogwood is an example of a decorative branch and is a shrub with smooth, bright red bark. 

Its branches are used for basketry and in the floral industry during the holiday season, when the bark 
takes on an orange coloration. Willow stems are harvested for basketry and other decorative uses. Alder 
branches and stems are used in basketry and rustic furniture. Harvesting dogwood, willow, and alder 
branches properly will not harm the plant, as they respond to cutting with production of coppice sprouts. 

Winter 

Game animals such as moose, deer, wild turkey, and grouse are much-appreciated components of forest 
ecosystems. Management interventions can improve habitat and forested areas can be used privately or 
commercially for recreation or hunting, provided local laws and permitting practices are observed. 

 
Fur bearing animals found in forest ecosystems, such as raccoons, weasels and fox, can be hunted 

or trapped for their pelts. Preserved pelts can be sold to fur traders. 

Non-seasonal 

Character and figure wood most likely result from insect and bird injury, knots, disease and decay, 
burls, and irregular grain coloration or patterns. Examples include burls, diamond willow, and “spalted” 
wood. These specimens can be sliced into high-value veneers, turned on a lathe, or carved to accentuate 
appearance and value. 

 
Small-diameter wood, including sticks, twigs and vines are used as decorative material and in 

traditional basketry. Some tree species are sought for furniture wood, notably pine, tamarack, and cedar. 
Examples include alder, aspen, birch, dogwood, ironwood, mountain maple, sumac, and willow, among 
others. Birch and other hardwood species are also used to make specialty products such as artificial trees 
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and picture frames. Stems are typically between two and ten feet and less than three inches diameter. 
Harvest should occur during plant dormancy when bark retention is desired. 

Where are NTFPs found? 

Naturally occurring NTFPs are site specific, which means that a small parcel with diverse habitat may 
contain a variety of products. Conversely, a large parcel that is fairly uniform may contain few non-
timber forest products. Of course past harvest practices as well as new and enrichment planting may 
dramatically alter what can be found from what is to be expected. 

Why use NTFPs? 

Why we use natural resources is as varied as the resources that we use. For some, it’s about making 
money, plain and simple. For others, the money is non-existent or unimportant. More likely the suite 
of NTFPs that interest any one person touches on motivations ranging the spectrum from livelihood to 
lifestyle and from commercial to personal. Quite possible the motivations change from person to person 
and over a lifetime. 

Who uses NTFPs? 

Each of us possesses a unique suite of knowledge, skills, and interests. More often than not we are part of 
families or peer groups where each individual’s knowledge and interest areas overlap, but are different. 
As with anything else, natural resource interests and practices differ from person to person. Not giving 
a voice to those close to you who share your natural resources opens the possibility of overlooking the 
diversity of interesting and potentially valuable resources within reach. 

Management and Marketing Considerations 

Harvesting NTFPs simultaneously affects the health of individual plants and animals, plant and animal 
populations and communities, and the broader forest ecosystem. Minimal disturbance occurs by simply 
walking around in the forest. At the other end of the spectrum, management for preferred species affects 
plant health and morphology, stand structure, and species composition. Harvest effects are a function of 
what is harvested as well as timing and technique of harvest. 

 
Just as there are forest management guidelines in many states to protect water quality and other natural 

resource values during forestry operations, the Forest Stewardship Council has produced guidelines for 
NTFP management that lead to ecologically sustainable practices. The Forest Stewardship Council’s 
generic guidelines for NTFP certification highlight issues to consider: 
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• Land tenure and access / use rights and responsibilities 

• Forest management planning and monitoring techniques 

• Forest management practices 

• Environmental impacts of harvest, including biodiversity conservation 

• Social and cultural impacts of management and harvest 

• Community and worker relations 

• Broader benefits from the forest and economic vitality 

• Chain of custody for NTFPs. 

 
The potential for commercial use of NTFPs depends on: 

• Plant biology (growth, reproduction, population size, and ease of propagation) 

• Seasonal nature of markets, including timing of supply and demand 

• Scale of operation that meets both quality and quantity expectations 

• Accessibility of formal and informal social and commercial marketing networks 

• Internet and other marketing opportunities 

Learning More 

Learning about NTFPs has the potential to enhance your livelihood and complement your lifestyle, while 
connecting you to the region’s diverse cultures and shared history and economy. The process begins with 
a simple step: a conversation with your neighbor or some friends in town. Local artisans and crafters 
as well as colleges, universities, state and federal agencies, private enterprises and the Internet are all 
potential sources of information and support for NTFP activities and enterprises. 
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11. Agroforestry Options for Woodland Owners 

Diomy S. Zamora, Extension Educator, University of Minnesota 

Gary Wyatt, Extension Educator, University of Minnesota 

 
The practice of integrating the management of trees, crops, and livestock on the same piece of land 

is called agroforestry. Agroforestry is the intentional integration or combination of trees, shrubs, crops 
and livestock in ways that increase the overall benefits (economic) of the system to the landowner 
while providing important environmental benefits. Agroforestry is intensive land-use management that 
optimizes the benefits from biophysical interactions created when trees or shrubs are deliberately 
combined with crops or livestock. Multispecies and multi-strata systems create benefits that are greater 
than would be possible with the same species in a monoculture configuration. 

 
Agroforestry can be thought of as working trees with specific jobs that help people and natural 

resources. Agroforestry is a unique land management approach that provides opportunities to achieve 
landowner goals of productivity and profitability with environmental stewardship that result in healthy, 
sustainable agricultural systems that can be passed on to future generations. 

Agroforestry begins with placing the right plant (tree or shrub) in the right place for the right 
purpose. 

 

Key Traits of Agroforestry Practices 

Agroforestry involves intensive management of the interactions of the components (trees, crops, and 
livestock) as an integrated agroecosystem. These four key characteristics – intentional, intensive, 
interactive, and integrated agroecosystems – are the essence of agroforestry and are what distinguish it 
from other farming or forestry practices. To be called agroforestry, a land use practice must satisfy all of 
the following four criteria: 

1. Intentional: Combinations of trees, crops and/or animals are intentionally designed and 
managed as a whole unit, rather than as individual elements which may occur in close 
proximity but are managed separately. 
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2. Integrated: Components are structurally and functionally combined into a single, integrated 
management unit tailored to meet the objectives of the landowner. Integration may be 
horizontal or vertical, and above-or below ground. Integration of multiple crops utilizes more 
of the productive capacity of the land and helps to balance economic production with 
resource conservation. 

3. Intensive: Agroforestry practices are intensively managed to maintain their productive and 
protective functions, and often involve annual operations such as cultivation, fertilization, 
irrigation, pruning, and thinning. 

4. Interactive: Agroforestry actively manipulates and utilizes the biophysical interactions 
among components to yield multiple harvestable products, while concurrently providing 
numerous conservation and ecological benefits. 

The Five Major Agroforestry Practices Suitable for your Farm 

or Woodland 

Agroforestry can be tailored to work in almost any resource situation. There are five major agroforestry 
practices including: 1) silvopasture, 2) windbreaks, 3) alley cropping, 4) riparian forest buffers, and 5) 
forest farming. 

Silvopasture 

Silvopasture is a practice where trees, livestock, and forages are intentionally managed together. Well 
managed silvopastures often include planted or native pasture grasses, fertilization, and rotational 
grazing systems with short grazing periods. This maximizes vegetative plant growth, health and harvest. 
Silvopastures are intensively managed to optimize the production of forest products and forages. Haying, 
fertilization, tree pruning and trimming and other cultural practices should be planned in advance to 
compliment all operations. Silvopasture can be established in two ways: 

1. Establish forages in the woods: By establishing select forages in an intensively manipulated 
woodland environment, the area can be jointly managed for grazing and timber production. 
The keys to successful silvopasture will be forage production and rotational grazing. Factors 
influencing this system include: 

◦ Providing the light necessary for forage growth and response. 

◦ Adjusting soil fertility to enhance forage development. 

◦ Adjusting light by reducing tree density and managing tree spacing. 

◦ Managing animal density per acre, timing of grazing and rotational length to allow 
for adequate tree growth and reproduction. 

◦ Planting inter-seeding shade tolerant grasses, legumes and forbs to enhance the 
production and yield of the forage. 
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2. Establish trees into existing pasture: The right choice or selection of tree crop (often matched 
to soils) allows you to carry on a profitable livestock operation while creating a long-term 
investment in timber and/or forest products. Young trees allow plenty of light for forage 
production. Additionally, as the tree component develops, shade and wind protection will 
enhance livestock performance. Young trees will need to be protected from grazing livestock. 
Fencing (e.g., electric fencing is common) can be constructed to protect trees in rows or 
individual trees. 

 
There are several benefits to implementing a silvopasture system: 

• Cooler summer environment for livestock for improved animal productivity. 

• High value timber products resulting from pruning and management of tree density. 

• Shaded, cool season forage plants can be more nutritious for livestock. 

• Diversification of income streams spreads out market risk and increases income 
opportunities. 

• Greater plant nutrient uptake efficiencies – the deep tree roots coupled with pasture plant 
roots acquire nutrients from greater range of soil depths. 

• Pasture grasses and legumes seeded in the area help reduce erosion, provide high quality 
forage and decrease unwanted trees and brush. 

• Integrated trees and livestock diversifies the farm enterprise. 

• Enhances wildlife habitat. 

 
Economic and environmental considerations should be explored before starting a silvopasture system. 

Land use zoning, tax regulations, plant and tree selection, and potential markets are important points 
in the design of silvopasture. The timber in the pasture should be marketable, fast growing and high 
quality, and should eventually provide an income for the landowner. The forage chosen should be 
palatable, site specific, tolerant to the amount of sunlight it will receive, and responsive to intensive 
management. Consult your local forester and/or grazing specialist to get assistance in establishing 
silvopasture including selection of sites, trees, and forage. A good resource for rotational grazing and 
establishing an effective fence, gate, and water system is the Pastures for Profit document available from 
the Natural Resources Conservation Service. 

Windbreaks 

Windbreaks are plantings of single or multiple rows of trees, shrubs or grasses that protect crops, 
livestock, and wildlife from wind’s harmful consequences. It also provides additional source of income. 
Historically, windbreaks were planted for a single purpose such as protecting homes from cold winds 
or soil from erosion winds. Today, windbreaks are being employed to address numerous other problems 
and provide a variety of other benefits. When properly designed, located and managed, windbreaks can 
produce marketable products, reduce energy costs, sequester carbon, produce oxygen, and improve crop 
and livestock health and production. There are several benefits of windbreaks including: 
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• Reduced soil erosion: Planting windbreaks around open fields can significantly reduce 
erosion. The barrier effects of windbreaks can reduce the speed of winds that cause erosion. 

• Reduced energy costs around farmsteads: Planting windbreaks around rural homes and 
farmsteads can reduce energy costs from heating and cooling. 

• Provide odor mitigation around livestock operations: Windbreaks can intercept and 
disperse odors before they accumulate and become a nuisance downwind of a livestock 
operation. 

• Reduced wind stress on crops and improve crop microclimate and yield: Wind can 
physically damage plants through abrasion and leaf tearing, which can hinder plant growth. 
By reducing wind speed, windbreaks can reduce this damage to downwind crops. Reduced 
wind speed in the lee of a windbreak can also increase humidity as well as air and soil 
temperatures for crops. It is recommended to plant a vegetation buffer between trees and 
crops to enhance crop productivity. 

• Protect livestock from wind stress: Like crops, microclimate conditions for livestock can 
also be improved by windbreaks in feedlots and pastures. Livestock tend to prefer grazing in 
areas sheltered by windbreaks over open areas during cold and windy conditions. 

• Snow is managed around roads and farmsteads: Living snow fences – windbreaks planted 
next to roads to trap upwind blowing snow – are a cost-effective solution to reducing snow 
removal costs and preventing accidents from snow drifting and blowing. Wind and snow can 
also be modified within the farmstead to protect feedlot, farm yards, and high traffic areas. 

• Snow is managed on croplands: Moisture from snow can be an important water resource 
for crop production in northern, semiarid areas. Windbreaks planted to trap snow on fields 
can add to soil moisture in the spring. 

• Provide other ecosystem services, such as wildlife habitat, and recreational 
opportunities: Windbreaks can often provide structural habitat for birds and insects, some of 
which may be valuable for the control of crop pests. They can also attract game species such 
as pheasants and quail and improve hunting opportunities. 

• Provide timber, biomass, fruit, and/or floral products: Windbreaks planted with valuable 
timber species can be harvested in the future and provide the farmer with additional income. 
Wood from the windbreaks can also be harvested for building material or firewood. 
Windbreaks can also provide economic outputs in the form of fruits and nuts or floral 
products. 

 
There are several key establishment and design considerations for windbreaks: 

• Vegetation: The final selection of the tree and shrub species to plant will vary at each facility 
and farm site and should be based on: soil type, natural drainage, common wind conditions, 
annual precipitation, natural range of each woody species and site needs. 

• Density: The more solid or dense a windbreak, the greater the wind speed reduction. 
However, less dense plantings provide protection over a greater distance. Density can be 
managed by the plant species chosen, the spacing within and between rows, and the number 
of rows. 
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• Orientation: Windbreaks are most effective when oriented at right angles to troublesome 
winds. To allow for changes in wind direction, windbreaks are often planted in multiple 
directions – in an L shape or an arc. Avoid placement that may interfere with overhead lines, 
buried cable, crop tile lines, and road visibility. 

• Height and length: The height determines how far downwind the protection will reach. For 
adequate protection, the windbreak must be taller than what is being protected. The length 
determines the total area that will be protected. As a rule of thumb, windbreaks typically 
reduce downwind wind speed for a length of 10H to 30H. For example, a windbreak with a 
height of 10 feet will reduce downwind wind speed for a distance of 100 to 300 feet. 
Windbreaks will also offer some distance of reduced upwind wind speed; this typically 
extends to a distance of 2H to 5H upwind. Since wind flows around the ends of a windbreak, 
the length of the windbreak should be at least ten times as long as its height (10H) for 
maximum wind reduction. 

• Management: Proper care of windbreaks is critical to its long-term function. Windbreaks 
need regular monitoring and maintenance from the day they are planted. Practices such as 
weed control, protection from livestock and wildlife damage, corrective pruning, replanting, 
insect and disease control, and supplemental watering maybe needed on a continuing or 
periodic basis. 

Alley Cropping 

Alley cropping is an agroforestry practice where agricultural or horticultural crops are grown in the 
alleyways between widely spaced rows of woody plants. By combining annual and perennial crops that 
yield multiple products and profits at different times, a landowner can use available space, time, and 
resources effectively. 

 
There are unlimited planting combinations for alley cropping systems. Common examples in the 

Midwest include wheat, corn, soybean or hay planted in between rows of black walnut or hybrid poplars. 
Non-commodity or value-added crops may be incorporated for extra income, including sunflowers or 
medicinal herbs planted in rows of nut or fruit trees alternated with nursery stock trees or hazelnuts. 

 
Alley cropping can be used for other purposes such as short-rotation woody crops of fast growing 

woody species that are combined with forage or row crops to produce biomass for energy and fodder. 
Plantings to enhance wildlife and pollinator habitat also can be designed using appropriate species. 

 
Innovative landowners have developed a wide variety of other alley cropping designs and crop 

mixtures. For example, various combinations of chestnuts, hazelnuts, decorative willows and ornamental 
foliage plants to produce greenery have been grown for farmers’ markets and other niche markets. 

 
There are several benefits of alley cropping including: 

• Diversification of income: Landowners who diversify by growing more than one type of 
crop are in a better position to tolerate market fluctuations or crop failures. Since timber, nut, 
or fruit-bearing trees may take a number of years to mature, the space between rows can be 
used to grow other crops that require more sun during the early stages of tree establishment. 
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In addition, the alleyway crops and trees mature at the different times, which provides 
periodic income during the year, rather than relying on a single harvest period. 

• Improved soil health: Alley cropping is a good option for areas prone to erosion or in a 
degraded shape, especially when tree or shrub rows are planted along contours. Woody roots 
in alley cropping systems help reduce soil erosion, increase water infiltration, add organic 
carbon to the soil, recycle and add nutrients to the soil, and improve nutrient retention. 

• Improved crop health: Tree and shrub canopies in an alley cropping system protect the 
inter-crop against wind damage and insect pests, moderate air and soil temperature extremes, 
and reduce moisture loss from the soil. Reducing wind effects also aids in pollination 
activities by beneficial insects thus increasing yields of some crops. 

• Improved water quality: The tree roots in alley cropping systems minimize nitrogen 
leaching hence improving water quality. Nitrogen leached beyond the cropping root zone is 
often captured by the deeper tree root systems. 

 
Before beginning an alley cropping system, a landowner must take into account a few key 

establishment and design considerations. These include 1) the amount of rainfall, 2) the compatibility 
of trees and shrubs with crops to make sure competition for water, nutrients, and light is minimized, 3) 
the spacing between and within rows, 4) the sun’s direction, and 5) any maintenance requirements and 
available equipment. 

 
Alley cropping systems can be designed and established depending on the landowner objectives. 

There are several ways of establishing alley cropping systems: 

• Convert existing orchard into an alley cropping system by integrating agronomic or forage 
crops. Thinning of the orchard may be employed to allow for the establishment of alley 
cropping systems. 

• Cultivate forage crops between rows of trees or shrubs which can be used for cattle and 
livestock. 

• Alternate perennial crops such as medicinal plants or Christmas trees within tall field crops 
such as corn. 

• Consult your local forester, agronomist, or Soil and Water Conservation District for 
assistance in identifying suitable tree-crop combinations. 

 

Riparian Forest Buffers 

Riparian forest buffers are strips or multiple-row plantings of trees, shrubs, grasses and forbs along 
rivers, streams, lakes and wetlands. They are planted along water bodies to prevent pollutants from 
agricultural runoff to enter the water. This practice can be designed not only to enhance wildlife habitat 
but to produce income while accomplishing conservation goals. 
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Riparian buffers are best suited for landscapes that were originally forested or wooded, as opposed to 
prairie landscapes. The width, layout and plant composition of forested riparian buffers vary depending 
on floodplain characteristics, landowner goals, and conservation program requirements. 

 
There are several environmental benefits of riparian forest buffers, including: 

• Protection of water quality by reducing the amount of sediment, excess nutrients, pesticides 
and other pollutants entering streams, ditches, lakes, wetlands and other surface water. 

• Reduction of excess nutrients and other chemicals in shallow groundwater flows. 

• Slowing of flood waters and reduction of stream water volume. 

• Stabilization of stream banks and shorelines through root absorption. 

• Provides shade, shelter, and food for fish and other aquatic species. Shade is especially 
important for cold-water species. 

• Provides habitat and travel corridors for diverse plants and animals especially birds, reptiles 
and others that require water with adjacent woods. 

 
In addition to their environmental benefits, there are many practical benefits of riparian forest buffers, 

including: 

• Provides woodland recreational opportunities such as fishing, hunting, birding, hiking, and 
camping. 

• Provides opportunities for additional income from timber, firewood, and specialty woodland 
products such as nuts, berries, mushrooms, medicinal plants and decorative floral materials 
(e.g., flowers, boughs, stems, and vines). 

• Creates a highly visible sign of good stewardship, especially along recreational streams. 

• Straightens irregular fields, keeps farm machinery away from steep banks, and avoids the 
need to plant end-rows where crop yields are often lower due to soil compaction. 

• Provides a barrier against nearby dust, odor, noise or light pollution. 

• Adds scenic beauty and may increase property values. 

• Provides habitat for important pollinator species that many crops rely on. 

 
Before establishing riparian forest buffers, a landowner must take into account a few key 

establishment and design considerations. The vegetation you select should match your goals (Table 11-1) 
and can include a variety of trees, shrubs, and native grasses (Table 11-2). The most common design for 
a riparian buffer includes three zones: an unmanaged woody zone nearest the stream which is followed 
by a woody zone that can be managed for income and is bordered by a zone of grasses that may include 
forbs (Figure 11-1). Riparian forest buffers are at least 35 feet wide but range up to 100 feet or wider for 
water quality purposes and up to 600 feet wide for wildlife habitat purposes. 
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Figure 11-1. Traditional riparian forest buffer design. Source: National Agroforestry Center. 

 

Table 11-1. The vegetation you select should match your goals. The table shown below can help in selecting 
shrub, grass, or tree varieties for riparian forest buffers. (Source: Iowa State University) 

Benefits Grass Shrub Tree 

Stabilize bank erosion Low High High 

Filter sediment High Low Low 

Sediment High Low Low 

Aquatic habitat Low Medium High 

Range/pasture/prairie 
wildlife High Medium Low 

Forest wildlife Low Medium High 

Economic products Low Medium High 

Flood protection Low Medium High 
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Table 11-2. Functions for various plant types in riparian forest buffers. 

Trees Shrubs Native grasses 

Vertical structure/habitat Vertical structure/habitat Wildlife habitat/cover/forage 

Improve soil infiltration/tilth Multiple-stems – trap debris Sediment removal from runoff 

Standing nutrient storage Woody roots Improve soil infiltration/tilth 

Intercept subsurface pollutants Woody roots No stream shading/detritus 

Carbon storage Keep out invasive species 

Strong woody roots/banks 

Stream shading/in-stream food 

 
A variety of resources are available to you. Contact your local Soil and Water Conservation District 

or Natural Resources Conservation Service for assistance in designing riparian buffers suitable for your 
goals. 

Forest Farming 

Forest farming is cultivating high value specialty crops under the protection of a forest canopy that 
has been modified to provide the optimal level of shade necessary for the optimum growth of selected 
crops. In other words, it is the intentional and sustainable cultivation of marketable non-timber forest 
products (NTFPs) in woodlands with suitable shade and site conditions. NTFPs include a broad range of 
goods harvested from woodlands. Herbal plants such as ginseng and goldenseal, specialty mushrooms 
like shiitake and reishi, and wild foods such as fiddlehead ferns and miner’s lettuce that grow in forests 
are examples of NTFPs. Forest farming is an agroforestry practice that diversifies forest management 
and enhances associated income opportunities. It also improves forest composition and structure and 
long-term health, quality and economic value. It also improves woodland composition and structure and 
long-term health, quality, and economic value (Table 11-3). 

 
Forest farmers actively monitor and manage interactions between trees and understory crops with 

long-term woodland health and productivity in mind. Both timber and non-timber crops can be managed 
on the same forested land, or non-timber crops can be grown in forests where timber harvesting is not 
possible or desired. Forest farming operations range from very small (less than half an acre) to very large 
(greater than 50 acres). 
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Table 11-3. Benefits and challenges of forest farming. 

Benefits Challenges 

Enhances forest health. Crop may have informal or immature markets. 

Improves forest composition. Variable yields. 

Improves timber quality. Limited information may be available on how to 
produce crops. 

Diversifies income opportunities. Volatile markets for some products. 

Allows profit from the rising popularity of forest 
farmed products. Some crops may be attractive to poachers. 

Excellent animal habitat. 

 
Forest farming design considerations differ based on the NTFP being farmed. There are four forest 

farming methods: 

1. Woods-grown: Woods-grown, also known as forest gardening, is most intensive. In addition 
to potential thinning of the forest overstory, it often involves clearing undesirable vegetation 
in the understory and other practices that are more closely related to agronomy (e.g., tillage, 
fertilization, weeding, and control of disease, insects, and wildlife). Due to costs associated 
with input levels, forest gardening can be costly and time consuming but can render large 
NTFP yield. 

2. Wild-simulated: Wild-simulated is the cultivation of NTFPs in natural growing 
environments. A natural growing environment can deliver products similar in appearance and 
quality to plants naturally growing in the wild. Rather than administer intensive agronomic 
practices, wild-simulated forest farmers use minimally invasive techniques to expose the soil, 
and plant seeds or plants. Fertilizers and pesticides are rarely used. Despite potential 
decreases in total yields, wild-simulated products often have higher priced markets when 
compared to those that are more intensively cultivated. 

3. Managed wild population: Managed wild populations involves working with plants or 
fungus that already exist. The forest canopy may be modified to favor growth of desirable 
NTFPs. Understory plants that are competing with the desired species may be removed. 
Annual harvests might not be possible. Inputs are very low and yields vary depending on the 
species and how often it is harvested. 

4. Wild-harvest or Wild craft: Wild-harvesting is the harvesting of NTFPs growing naturally 
in the forest. It is not generally considered forest farming because active management is not 
involved. There are no inputs and no risks. There are sustainable wild-harvest methods that 
can be followed to ensure future harvests. 

 
Start small when establishing a forest farming operation. A successful forest farmer stated that it takes 

multiple years to master NTFP cultivation. The first few years are typically filled with a mix of successes 
and failures in terms of growing and marketing. The next few years are a time to leverage lessons learned 
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to refine production, increase efficiency, and build on developed markets. Starting small allows a forest 
farmer to gain experience and suffer some setbacks without losing large amounts of money. Small areas 
can be used to test different crops, sites and management practices. Initial operations usually focus on 
two or three crops, but can include more if markets and labor are not a limiting factor. 

 
Consult your local forester or Master Gardener for assistance in designing your forest farming. 
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Figure 12-1. Forests provide aesthetics, recreational 
opportunities, wood products, and wildlife habitat. Photo: 
Mel Baughman 

12. Wildlife and Forest Management 

David Drake, Extension Wildlife Specialist, University of Wisconsin–Madison 

Scott Craven, Extension Wildlife Specialist (Emeritus), University of Wisconsin–Madison 

Reviewed and revised by David Drake in 2019 

 
 
One of the most common reasons families offer for owning a woodland is to enjoy the wildlife 

it supports, whether by hunting, bird watching, photography or some other activity. When discussing 
management of forest-dwelling wildlife, it is impossible to separate wildlife management from 
woodland management, because the forest type and management activities directly affect the wildlife 
species that live within the forested habitat. In fact, management of some popular species, like ruffed 
grouse and woodcock, depends on timber harvesting. Woodland management for these species, and for 
forest products, affects many other species; some for the better—some for the worse. In some cases 
wildlife can affect woodland management. For example, high densities of deer can prevent regeneration 
of oak forests. 

 
This chapter will first discuss harvest types related to wildlife management and wildlife species that 

tend to favor young forests (also referred to as early-successional forests). The discussion will then shift 
to species that prefer older, more mature stands or that occupy and travel freely between stands of diverse 
types and ages. The chapter ends with an overview of common challenges facing woodland owners. 

 
The Midwest has an abundance of terrestrial 

vertebrate wildlife. Bird species are the most 
numerous, followed by mammals, reptiles, and 
amphibians. Most bird species in the Midwest are 
migratory. Some non-bird species, namely bats, 
are also migratory. Other birds, most of the 
mammals, and all of the reptile and amphibian 
species are considered resident species. Resident 
species typically stay relatively close to the area in 
which they were born. Whether a species is 
migratory or residential, or a bird, mammal, 
reptile, or amphibian, all species require suitable 
habitat to survive. A good wildlife identification 
field guide will provide at least a general 
understanding of species-specific habitat 
requirements. 
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To attract wildlife to your property, you must provide suitable habitat. Habitat consists of food, water, 
shelter, and space.  Habitat can be provided naturally by planting the appropriate plant and tree species, 
by humans in the form of bird or wildlife feeders, landscape ponds, and nesting boxes, for example, or a 
combination of the two. 

• Food: Most often, wildlife select food sources that provide the best nutrition while also being 
the most abundant and easiest to find. Seasonal variations in diet occur based on food 
availability (such as insects or fruits and berries), so the more food you provide on your 
property in all four seasons, the more wildlife the land will support year-round. 

• Water: Nearly all wildlife species in the Midwest satisfy their water requirements by 
drinking from standing water or through their diet. The drier the food an animal eats, the 
more water from external sources it needs. For example, birds that eat seeds need 
proportionately more water than do carnivores (meat-eaters). Providing an available and open 
water source, especially in times of drought or extended periods of below-freezing 
temperatures, will ensure that wildlife have enough water. In addition to hydration, some 
wildlife use water as a source of shelter or safety. Waterfowl (ducks, geese, and swans) and 
some mammals (beavers, muskrats, and otters) feel safer on or in water than they do on land. 
Other wildlife like amphibians (frogs, toads, and salamanders) need water to complete their 
life cycle as they lay their eggs in aquatic habitats. 

• Shelter: All wildlife species require shelter, sometimes to escape from predators, sometimes 
to stay warm and dry during winter storms. Shelter comes in many forms, and may consist of 
a hole in the ground, a cavity in a tree, or the space under an evergreen tree’s drooping 
branches. 

• Space: Consider not only the size and shape of your property, but also the food, water, and 
shelter that are contained within your property’s boundaries. The proximity of food, water, 
and shelter need to be arranged so all of the habitat components are easily accessible to 
whichever species you are managing on your property. To manage for species such as wolves 
and bears that require large areas of habitat (that is, 50 to 150 square miles), you may need to 
cooperatively manage your forest property with neighboring landowners to create a larger 
block of habitat than you or a neighbor alone could provide. 
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Figure 12-2. Wildlife find food, water, shelter, and space 
in forests. Photo: Mel Baughman 

As a general rule, the more diverse the habitat 
that is available, the more diverse the wildlife that 
habitat has the potential to attract and support. If 
your management objective is to increase 
biodiversity (maximize the number of species on 
your property to the extent possible), you’ll need 
to maximize habitat diversity on your property. 
This could entail managing for mixed species 
forests (for example, a variety of hardwood or 
softwood species, or a mixed hardwood and pine 
habitat), different aged stands, or stands that are 
both mixed species and mixed age. Alternatively, 
you may want to manage for one or a few wildlife 
species and indirectly benefit many other species 
that share the habitat. Be aware, however, that 
while some species may benefit from a particular 

set of management actions, the same wildlife management practices may not benefit–and may actually 
harm–other wildlife species. 

Timber Harvests and Wildlife 

Timber harvests provide forest products and economic return, but are also necessary to maintain healthy 
woodlands. No matter what type of harvest you plan for your woodland, all harvest types will have direct 
consequences for wildlife. 

Clearcutting 

Clearcutting results in even-aged stands of shade-intolerant trees. You can achieve a mix of age classes 
by clearcutting adjoining stands at different times. Clearcut areas provide large amounts of edge habitat, 
which is beneficial to wildlife that thrive where forest edges meet nonforested areas (such as white-
tailed deer). Edges tend to provide abundant food sources. Clearcuts also increase stem density, thereby 
increasing the amount of cover for both prey and predator species. Clearcuts do not benefit wildlife 
species that require large and unbroken forest interiors (such as interior forest birds like the northern 
goshawk). 
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Figure 12-3. Timber management such as thinning in this 
red pine stand can improve forest health and wildlife 
habitat. Photo: Mel Baughman 

Shelterwood Harvests 

Shelterwood harvests also result in even-aged 
stands and allow sunlight penetration to the 
ground over the entire harvest area. Shelterwood 
harvests typically remove up to 70 percent of the 
trees in a stand, and then a second cut occurring 
three to 15 years later removes the remaining 
mature trees. Shelterwood harvests are commonly 
used to regenerate oak species. Acorns from red 
and white oaks are a staple food for many species 
of wildlife (such as squirrels, deer and turkeys), so 
shelterwood harvests often provide abundant food 
sources for these species. 

Timber Stand Improvement (Selective Harvests) 

The most common form of timber stand improvement, or selective harvest, is thinning a stand to improve 
growing conditions for the remaining trees. Thinning allows more sunlight to penetrate to the forest 
floor. Additional sunlight will increase plant growth of wildlife cover and forage. Thinning also can open 
up the understory, allowing easier movement for wildlife. 

Early Successional (Young) Forests and Associated Wildlife 

In the upper Lake States, ruffed grouse are often the primary, or featured, species being managed 
for in an early-successional, or young, forest. Grouse are very popular as game birds and for their 
drumming behavior, explosive flushes, and beauty. Forest management for grouse affects an entire suite 
of species; therefore, we will use grouse management as an example to illustrate how forest and wildlife 
management go hand-in-hand. We will discuss how managing for one species often benefits many other 
species, and introduce some additional wildlife and forestry concepts. 

 
Prime grouse habitat requires horizontal and vertical structure that is accomplished by managing a 

mix of three age classes of forest. Grouse reach their highest populations in aspen forest types. Aspen is 
the most common grouse habitat and the easiest in which to carry out the multiple age class management 
in which the birds thrive. Other forest types in the northern Lake States can provide grouse habitat, 
including conifers mixed with birch, red maple, alder, and hazel. In the southern half of many Lake 
States, dogwood, alder, hazel, prickly-ash, wild grape, oak, or red maple may provide habitat. 

 
Aspen stands that are less than five years old are important brood habitat for hens and young chicks, 

and may also attract drumming males. Aspen stands that are six to 25 years old are most productive for 
grouse because they provide excellent cover for drumming males, nesting hens, and wintering adults. 
Stands older than 25 years provide the buds and catkins necessary for winter food and can include 
attractive nesting and brood-rearing cover. 
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Figure 12-4. Ruffed grouse are commonly found in aspen 
forests. Photo: Mel Baughman 

 
Oaks are widely adaptable, but grow best in 

well-drained, upland soils. Oaks are usually 
lumped into two groups: the white oaks (white, 
swamp white, chinquapin, and bur oak) and the red 
oaks (northern red, black, and northern pin oak,). 
Oaks, especially young black and northern pin 
oaks, retain many leaves throughout the winter, 
providing insulation for grouse and other wildlife. 

 
Oak-hickory woodlands are a valuable asset to 

wildlife in the Lake States. In addition to 
producing acorns and nuts (hard mast), they 
provide excellent sites for wildlife dens, nests, and 
roosts. The value of this forest type for grouse is 
directly related to the quantity and quality of 

understory vegetation. Oak and hickory are attractive to drumming males, nesting hens, and broods when 
mixed with low conifers, tall shrubs, and herbaceous food or cover plants. 

 
Regardless of stand age or forest type, two crucial components of grouse habitat appear to be stem 

density and food production. Stands with a high density of vertical stems (sapling to pole-sized aspen, 
hazel, and other brush) protect male grouse when they are vulnerable to predators on their drumming 
logs.  Areas with high densities of vertical stems also provide protection to the hen and her brood 
because avian predators cannot easily fly through the dense stands. Management prescriptions for grouse 
often specify desirable stem densities of 2,000 or more stems an acre. 

 
For wildlife that require large areas to range across, you may provide only part of their required habitat 

on your land, while your neighbors provide the remainder. For example, at least 40 acres of good grouse 
habitat should be provided in a contiguous area. However, in areas where grouse habitat is abundant and 
in close proximity, you may provide only 20 acres on your property because other suitable grouse habitat 
surrounds your property. This is true with most wildlife–the better the quality of habitat, the less acreage 
is required to satisfy a particular species’ habitat requirements. 

 
Always keep in mind a species’ home range requirements. Home range is the area necessary for a 

species to satisfy its habitat requirements. For species such as timber wolves or black bears that may 
need as much as 150 square miles to satisfy all of their habitat requirements, you are very unlikely to 
have the space necessary to hold them on your property 24 hours a day every day of the year. Instead, 
they may use your property, plus many other properties, to satisfy all their habitat needs. Cooperatively 
working with your neighbors to provide large blocks of contiguous habitat will benefit species that use 
large home ranges. 

Late Successional (Mature) Forests and Associated Wildlife 

Mature forests (also referred to as late successional forests) with large, full-grown, older trees are among 
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Figure 12-5. Turkeys are one of the many wildlife species 
that requires forests for survival. Photo: National Wild 
Turkey Federation 

the most structurally diverse ecological communities in the world. They provide three-dimensional 
habitat (forest floor, understory and mid-story layers, and canopy) in contrast to the one-dimensional 
habitat in early successional stands. Mature forests are home to more bird species, for example, than a 
field or young forest of comparable size. The more vertical layering a mature woods develops, the more 
places wildlife can live and forage for food. Remember, habitat diversity equals wildlife diversity. Do 
not overlook the value of snags (dead standing trees; three to five per acre are recommended) and fallen 
logs when developing the layered structure of your woods. To illustrate some management techniques 
beneficial to mature forest communities, we have selected several popular wildlife species found in this 
habitat. 

Turkeys 

In the upper Midwest turkeys have proven to be adaptable to a variety of habitat types. They have also 
extended their range further into northern forests than expected. Size of woodlot may not matter as 
much as the proper composition of turkey habitat. Mixed hardwood stands managed for mature timber 
interspersed with open areas provide good turkey habitat. To improve spring hunting success, provide 
nesting habitat to attract hens, and consequently, gobblers. 

 
Turkeys prefer to roost in scattered tall trees 

with horizontal limbs, including conifers, that rise 
above the surrounding canopy. A variety of oaks, 
hickories, cherries, beech, and ash supply a 
steady source of mast. Selective cuts made in 
these stands to remove overstory trees will 
encourage dogwood, viburnum, hawthorn, grape, 
and other food-producing shrubs. Planting these 
and other species, such as apples, also may help 
attract turkeys to your property. 

Woodpeckers, Wood Ducks, and 

Other Cavity Users 

In addition to squirrels, raccoons, and other 
mammals, about 85 North American bird species (including woodpeckers and wood ducks) feed, nest, 
or roost in dead or decaying trees (also called snags). To manage for these species, preserve snags and 
potential snags. Use uneven-aged timber harvest and regeneration systems, leaving some trees to grow 
beyond their usual rotation age. These old trees will eventually degrade and form snags. A one-fifth acre 
clump of uncut trees within each five-acre harvest area will provide many wildlife species with snags of 
proper size (generally greater than nine inches DBH and six feet tall). Alternatively, you can create snags 
by girdling selected trees and spraying an appropriate herbicide into the girdled area to kill the trees. 
Cavity nesters also will use appropriately sized nest boxes. 

 
The wood duck is one of the most popular woodland cavity nesters. Encourage nesting cavities or 

160   Woodland Stewardship: A Practical Guide for Midwestern Landowners



Figure 12-6. Interior forest songbirds, like the 
ovenbird, migrate into the Midwest to nest. Photo: 
U.S. Fish and Wildlife Service 

place nest boxes within one-half mile of a water source with good brood-rearing potential—generally, a 
wetland with emergent vegetation. 

Songbirds 

Most songbirds can handle some habitat change, such as moderate timber harvesting. Other species like 
wood thrush, pileated woodpecker, vireos, and many species of warblers and raptors are more sensitive 
to timber harvesting, especially if the harvest disturbs interior portions of the woodland. 

 
Birds that breed in undisturbed forests share several important characteristics. They require an 

undisturbed, interior portion of a woodland for breeding and will not reproduce if a sufficient amount 
of undisturbed, interior woodland is not available. For example, opening the woodland interior through 
timber harvesting exposes these species to predators and nest parasitism from cowbirds. In addition, 
invasive plant species are more likely to invade a disturbed forest where the canopy is open and sunlight 
penetrates to the forest floor. 

 
If you have a stand of mature northern hardwoods, 

aspen-birch, oaks, or mixed conifers and hardwoods, 
preserve as much uncut woodland and undergrowth as 
possible. Work with your neighbors to protect large 
blocks of mature, undisturbed woodlands. If you do 
harvest: 

• Extend the rotation period where 
economically feasible. 

• Cut a single, large tract, preferably along an 
existing edge or corner, rather than several 
small tracts in the interior. 

• Preserve snags on the cut edge. 

• Build brush piles with the slash to harbor 
insects on which songbirds feed and to 
provide shelter for a variety of wildlife. 

Mammals 

Woodlands with well-developed understories provide habitat for many mammals. Small mammals, such 
as chipmunks and white-footed mice, may spend their entire lives within an acre of woodland. In 
contrast, many furbearing predators (such as mink, skunk, raccoon, and fox) travel widely in search 
of food. Brushy stream borders, ravines, fence lines, and hedgerows connecting woodlots, fields, and 
wetlands provide these animals with travel corridors and hunting territory. 

 
When logging or cutting firewood, leave hollow logs on the ground. You cannot sell them as saw 

timber and their value as firewood is small compared to their value as dens or shelter for ground-
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dwelling mammals. Depending on their diameter, these logs may be used by anything from the smallest 
shrew to the largest black bear. 

 
A subset of mammals known as furbearers includes otters, mink, muskrats, beavers, and bobcats. Any 

mammal bearing fur is a furbearer, but the group of mammals traditionally known as furbearers are 
those that are trapped or hunted for their pelts. Two furbearers unique to mature coniferous and conifer-
hardwood forests are pine martens and fishers, both members of the weasel family. 

 
American pine martens are roughly the size of a house cat, with thick fur ranging in color from blond 

to reddish or dark brown. The fur color on the head of a marten can be lighter than the fur on the rest 
of the body, and all martens have a throat patch that can range in color from blond to bright orange 
or red. Martens eat small mammals, rabbits, birds, and some insects, fruit, vegetation and carrion, and 
are arboreal (that is, they live and forage primarily in trees). They require mature forests (that is, with 
a closed canopy) that have abundant vertical structure. Male martens use forests containing pole (trees 
measuring 4-9 inch diameter at breast height (DBH)) and saw log (trees greater than 9 inches DBH) 
sized trees, and females tend to select for pole-sized stands. Male and female den sites are in cavities in 
forests containing trees of at least 22 inches DBH. Large volumes of dead and downed woody debris on 
the forest floor are important for resting and foraging sites. 

 
Adult male fishers are larger than martens, but female fishers can be of equivalent size to martens. 

Fishers are solidly dark brown to black in color. They have long, bushy tails that are usually a bit darker 
than the rest of their bodies. Like the marten, fishers are arboreal and eat a range of mammals from 
mice to rabbits to martens. Fishers are well known for being able to kill and eat porcupines. Fishers use 
habitats similar to those occupied by martens. Maternal den sites are typically found in large, hollow 
hardwood trees measuring at least 17 inches DBH. Fishers require a suitable amount of dead and downed 
woody debris on the forest floor for foraging, and closed canopies to provide protection from avian 
predators. 

Reptiles and Amphibians 

Forest-dwelling herptiles (reptiles and amphibians; often shortened to “herp”) live in forest wetlands, 
under leaf litter or loose bark, and in holes and crevices. Most woodland herp species depend on the 
moist, humid conditions found under the closed canopy of mature forests. Preserving or creating shallow 
ponds is one way to attract or hold herps on your property. 
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Figure 12-7. Look under downed logs to find many 
woodland reptiles and amphibians, like this blue spotted 
salamander. Photo: Mel Baughman 

Many woodland amphibians breed in 
temporary, or vernal, ponds. Shallow ponds are 
best, but make sure they are deep enough to retain 
water until mid-August to allow larvae to develop 
completely. Permanent, deeper ponds will attract 
wetland species, such as bullfrogs and green frogs, 
which live in or near water year-round. Having 
both temporary and permanent ponds on your 
property will reduce competition between the 
larvae of woodland and wetland species and 
increase herp diversity. 

 
If you have no permanent ponds on your 

property, create small ponds by digging out 
springs or potholes or by building weirs (small 
dikes or dams) in woodland ravines. On sandy 

soils, you will have to line the basin of an artificial pond with clay or plastic sheeting to enable it to hold 
water. 

 
Before creating, modifying, or enhancing any wetland, you must become aware of all wetland laws, 

regulations, and permitting issues that may affect your plans. For more information, contact your local 
soil and water conservation district or Natural Resources Conservation Service office for guidance and 
regulations. Check with your local Extension office for helpful publications about ponds and herp habitat 
management. Amphibians, deer, turkey, and waterfowl will all use ponds, especially if they are built 
in or near wooded cover. However, if beaver are common in your area, don’t build an impoundment 
(manmade body of water) near any timber that you can’t afford to lose. What they don’t cut down, 
beavers might flood as they try to improve on your engineering. 

 
Leaving unmerchantable logs to rot away on the forest floor benefits herps. They live in or under logs 

and feed on the invertebrates that are supported by the decaying wood. Rotting logs also provide a moist 
seedbed for mosses, fungi, ferns, and trees such as cedar and hemlock. Mortarless stone walls set off 
road or fence corners will provide homes for many herps and small mammals. Any little hiding place 
located near water is particularly good. 

Wildlife Challenges 

Wildlife management is more than just trying to increase the populations of animals a landowner wants 
to observe, photograph, hunt, or otherwise enjoy. In some cases, rare or endangered species may be 
present on a property, and you as a landowner may face legal or stewardship responsibilities for ensuring 
the well-being of such species and their habitats. 

 
The mere presence of some species in a given area may be controversial, such as a wolf pack that 

is known to have attacked livestock or hunting dogs, or a deer population that has tested positive for 
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Figure 12-8. Gray wolves are a native species associated 
with forested areas. Photo: U.S. Fish and Wildlife Service 

chronic wasting disease. You may be faced with making decisions for the common good that might 
conflict with your own wishes. 

 
Sometimes wildlife abundance is a problem. Many species can and do cause significant damage to 

forest ecology, agriculture, and even buildings and other property. Thus, management may need to be 
undertaken to reduce populations, rather than enhance them. 

Wildlife Damage Management 

The joys and satisfaction of successful wildlife attraction come with a price. Many wild animals can 
cause damage and nuisance problems ranging from trivial to severe. When facing any damage or 
nuisance problem that involves wildlife, several general considerations will improve your chances of 
successful problem resolution, keep you out of trouble with your neighbors or the law, and save you 
some effort and money. 

• Identify the species causing the damage. Your first priority in effectively resolving wildlife 
damage is correctly identifying the wildlife species causing the problem. Occasionally you 
may observe the animal causing the damage. Most often, however, you’ll only discover the 
problem after the damage has occurred–a hole, missing produce, damaged landscape 
plants–and there is no animal present. In such cases you must do a little wildlife detective 
work to examine tooth marks, tracks, hair, droppings and other signs to determine the culprit. 
If you incorrectly identify the animal causing the problem, you risk applying a control 
technique that is inappropriate or ineffective for the situation or animal, ultimately wasting 
both time and money. Many good field guides can help you interpret signs. 

• Understand wildlife laws! You must 
find out what you can and cannot do 
legally with regard to harassing, 
relocating, or killing any wild animal, 
no matter what kinds of problems or 
damage it may be causing. It is legal to 
resolve most wildlife damage issues at 
any time of year using nonlethal 
techniques, so long as the animal 
causing the damage is not an 
endangered or threatened species and 
you are not making physical contact 
with the animal (i.e., trapping). The 
vast majority of wildlife, especially 
birds, are protected by state or federal 
law, or both! Permits, licenses, or other 
forms of permission may be required 
and even then, some actions—such as 
the use of toxicants on some 
species—will never be allowed. Laws also vary from state to state and even within some 
municipalities. If you have any doubt as to the legality of your planned actions, check first 
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with a local department of natural resources conservation officer. 

• Be proactive and persistent. Problems are often easier and cheaper to prevent than to stop 
once they occur. Animal problems become increasingly difficult to solve once animals have 
established a strong behavioral pattern in using a food source, nest site, or shelter. When it 
comes to wildlife damage, the adage “an ounce of prevention is worth a pound of cure” is 
certainly true. 

• Spend your money wisely. The cost for different types of wildlife management practices to 
reduce or eliminate wildlife damage can range from almost nothing to thousands of dollars. 
The more expensive management practices do not always translate into increased 
effectiveness in solving damage problems. Before spending money on any management 
practice—especially the more expensive ones—estimate your annual economic loss from 
wildlife damage. Then you will be prepared to make educated decisions about how much 
money you might want to spend to reduce or eliminate the damage. 

• Understand the basic tools and techniques of wildlife damage management. Wildlife 
control is very different from weed or insect control. Few chemical pesticides are registered 
(or available) for animal control, and “cookbook solutions”–apply X to Y for three days and 
then the problem is solved–are rare for wildlife problems. Animals often are highly mobile, 
wary and smart. Resolving a problem may require some trial and error and the use of an 
integrated control program involving a combination of nonlethal practices (such as exclusion, 
repellents, harassment, habitat modification, and increased tolerance) and lethal management 
practices. Success should be measured in terms of whether you have reduced a problem to 
tolerable levels. Complete elimination of an animal population is rarely achieved and 
generally not desirable. 

Deer Management 

Deer are arguably the most important wild animal over the entire Lake States region. As “keystone 
herbivores,” deer have the capacity to affect their own habitat and the habitat of other species. In many 
areas, especially in the southern part of the region, deer populations are well above wildlife management 
goals, creating problems for farmers, foresters, and motorists. In fact in many areas, the emphasis on deer 
management has shifted from habitat management to deer harvest management. However, deer are by 
far the number one big game animal in the region, providing hundreds of millions of dollars in positive 
economic impact. Therefore many woodlands are still valued and managed on the basis of their deer 
hunting potential. 

 
Deer are very adaptable and can be found in any forest type, from suburban parkland to remnant old-

growth stands. Their highest population levels tend to occur in areas with a mosaic of agriculture and 
woodlands, especially younger forests and mast-producing stands. In many cases landowners need to do 
little to ensure huntable deer numbers on their property. 

 
In the northern part of the Lake States region, providing forest openings, seeded trails, and food plots, 

along with protecting historic deer yards, may help increase deer numbers. 
 
Harvest management is used to: 
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Figure 12-9. White-tailed deer are very popular wildlife, 
but can negatively impact forest regeneration. Photo: 
Quality Deer Management Association. 

• Reduce damage to forest regeneration, plantations, or nearby agricultural operations. 

• Reduce deer densities as a disease management technique. 

• Manipulate the sex and age structure of the herd to achieve hunting objectives such as older, 
“trophy” bucks or reducing the deer population by focusing on antlerless deer. 

 
Landowners may choose their own goals and 

objectives for deer management, but must operate 
within the regulations set by their state wildlife 
agencies. Many helpful sources of detailed 
information (such as state agencies, deer 
management associations, and the internet) and of 
supplies (such as food plot seed and equipment, 
hunting equipment, and more) exist. Deer 
management is a passion for some landowners! 

 
Keep in mind several current aspects of deer 

management: 

• Deer feeding and baiting: These 
practices are very contentious. While 
nonhunters and hunters alike may 
enthusiastically feed deer for their own 
enjoyment or because they feel they 
are helping the herd, hunters bait deer 
in hopes of improving harvest 
opportunities. Most wildlife managers 
would like to see both practices 
eliminated, or at least tightly regulated. There is ample evidence to suggest that feeding 
changes deer movement patterns, affects deer nutrition, concentrates ecological impacts, 
facilitates disease transmission, and causes other management problems. Baiting is also 
questioned by some who think it gives the hunter an unfair advantage because it makes the 
game species more predictable. Changes in the culture of deer feeding and baiting are likely 
to be slow. 

• Infectious disease: Another serious challenge to deer and deer management is the spread of 
infectious disease. Bovine tuberculosis (TB) has been a problem in Michigan for many years. 
In 2002 the discovery of chronic wasting disease (CWD) in Wisconsin set off a massive and 
costly management response throughout the region. These and other disease concerns mean 
that woodland owners should consider themselves part of the management team that is 
working to contain or eliminate disease in the deer herd. 

Endangered and Threatened Species Management 

The U.S. Fish and Wildlife Service defines a federally endangered species as a plant or animal that is 
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Figure 12-10. Wildlife damage management practices like 
fencing can help protect your forests. Photo: Eli Sagor 

in danger of going extinct throughout all or part of its range. A federally threatened species is a plant 
or animal that is in danger of becoming endangered throughout all or part of its range. In addition 
to federally endangered and threatened species, every state natural resources agency maintains a state 
endangered and threatened species list. 

 
Species become endangered or threatened for a variety of reasons. Habitat destruction and over 

exploitation are historically two of the greatest causes of species becoming endangered or threatened. 
Introduction of non-native and/or invasive species, disease, and pollution are examples of other factors 
that can limit a species’ population. As a landowner, your ability to control some factors—such as 
disease and pollution—may be limited, but you can certainly control non-native, invasive species 
and habitat destruction on your property and help sustain rare populations. Check your state’s natural 
resources agency web site for a list of both federal and state endangered and threatened species in your 
area. Technical and cost-share assistance is usually available for landowners interested in managing for 
endangered and threatened species. Many landowners take great pride in knowing they are successfully 
managing for a rare species on their property, and that they may be the only property in the area where 
the rare species is found. 

 
A species typically remains on the federal list 

or a state’s list for a long time. However, there 
have been a few species delisted due to 
protections afforded under the Endangered 
Species Act. The American alligator and bald 
eagle are two examples of successful delistings. 

 
One recent success story specific to the Lake 

States region was the 2007 delisting of the 
region’s population of the gray (also referred to as 
timber) wolf. The gray wolf was deemed extinct 
in Wisconsin by 1960, and declining in numbers 
in Minnesota and Michigan as a result of habitat 
loss, bounties, and a decrease in the prey base. In 
1974 the gray wolf was listed as endangered 

under the federal Endangered Species Act (ESA) and it became illegal to kill gray wolves. Habitat 
management was required to provide suitable habitat and space for the wolf to exist. 

 
Due to these protections, excellent management by state and federal wildlife agencies working 

cooperatively, research efforts by agencies and universities, and private landowner cooperation and 
education, the gray wolf population grew to the point where wolves began to move into states such as 
Wisconsin (where no wolves existed) from states like Minnesota (which had a growing wolf population). 
Following the delisting of the Western Great Lakes wolf population and a subsequent wolf harvest in 
certain states due to a robust population, the gray wolf in the Great Lakes region is relisted as a protected 
species under the ESA due to political and legal challenges as of Spring 2019. 

 
Another animal recently added to the Endangered Species list is the northern long-eared bat. This 

bat species is relevant to forestland owners because it is a forest dwelling species found throughout the 
upper Midwest and inhabits live and dead trees during the warm months of the year. Northern long-
eared bats hibernate during the winter in caves and mines, and its population has been severely impacted 
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by white-nose syndrome, a fungus that grows in areas where these bats hibernate. Because of concerns 
about the northern long-eared bat’s population decline due to white-nose syndrome, this species was 
declared federally threatened in 2015. However, the northern long-eared bat was listed under section 4(d) 
of the ESA. A 4(d) listing allows a species like the northern long-eared bat to receive focused protection 
under the ESA but also allows incidental take of the species in areas of the species’ range that does not 
contain white-nose syndrome. Incidental take is defined as the taking of a species that is incidental to, 
but not the purpose of, an activity like timber harvesting. Within the bat’s range that contains white-
nose syndrome, limited incidental take may be allowed depending on the circumstances. Take of the 
northern long-eared bat to protect human life or property within or outside of the bat’s range containing 
white-nose syndrome is also allowed. Prior to undertaking any activities that may threaten the northern 
long-eared bats’ survival, it is recommended to consult with the U.S. Fish and Wildlife Service Region 
3 (Midwest) office in Bloomington, MN. 
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Figure 13-1. People choose to 
live and recreate in woodlands 
because of their scenic quality 
and tranquility. 

13. Noise and Visual Quality 

Melvin J. Baughman, Extension Forester, Retired, University of Minnesota 

Reviewed and revised in 2019 by Matthew Russell 

 
Landowners and neighbors as well as visitors spending recreation time near forested areas all 

appreciate the visual quality of forests and the silence and solitude they offer. Some viewers may not 
recognize the biological or economic factors that influence your decisions to harvest or regenerate trees, 
but they will judge your land stewardship by the physical appearance of your woodland and sounds 
coming from it. The future of some management practices may be influenced, possibly even regulated, 
as a consequence of public pressure to maintain attractive woodlands. Many management practices 
affect the appearance of a woodland. Whether the resulting appearance is pleasing or not depends on the 
observer. 

 
Visual quality and noise are of high public concern where woodlands are 

noticeable from adjoining land, and from nearby public roads, trails and 
waterways that receive heavy public use. Concern for visual quality and 
noise diminishes as public use declines on such sites and where your 
forestry activities are less noticeable. 

 
This chapter contains management practices that will affect the public 

perception of your woodland. Choose those that fit your management goals 
and are likely to satisfy public opinion. As a general guideline, where the 
public is likely to see your activities, mimic nature with natural appearing 
stands of mixed species and sizes at random spacings. Avoid straight lines 
of trees or straight edges on tree stands. Keep noise to a minimum. 

Noise Management 

Noise from chainsaws and heavy equipment disrupts the peacefulness of a woodland and may irritate 
neighbors or the passing public. When operating noisy equipment within hearing distance of neighbors 
and public areas, reduce noise in early morning, late evening, and other inappropriate times whenever 
possible. Use noisy equipment during days of the week or periods of the year when the public is less 
likely to be close by. A 100-foot wide dense band of trees and shrubs is a reasonably effective sound 
barrier for ordinary vehicle noise, but may not be adequate for heavy equipment noise. 
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Figure 13-2. A dense overstory discourages 
understory vegetation, leaving and open, park-like 
stands 

Landscape Management 

Portions of your woodland that are visible from public roads, trails or waterways require special 
attention. Try to maintain a natural landscape in those areas. Begin by considering the part that your land 
plays in the overall landscape of the area. 

 
Where there are large expanses of unbroken forest, trees may become monotonous to travelers. You 

can provide a visual break and a more interesting landscape along public travelways by creating a 
mixture of stands with different tree sizes and species. Permanent openings create more diverse habitat 
that offers opportunities for wildlife viewing and attract a greater diversity of wildlife. 

 
Create or enhance a scenic vista by felling trees in the foreground or by thinning the stand or pruning 

lower limbs to permit a view of the broader landscape beyond. On a smaller scale you can clear sight 
lines through heavy undergrowth to draw attention to picturesque trees, rock formations, streams, lakes, 
and other scenic attractions. Local regulations may restrict land management options, such as tree 
cutting, near public water bodies. 

 
Manage the tree species composition of your woodland to encourage trees with special visual appeal 

because of their trunk shape, blossoms, bark color, fall foliage color, or other characteristics. For 
example, white birch and aspen have white bark that is especially attractive when contrasted with green 
foliage on spruce and fir trees. In the fall, sugar maple leaves may turn brilliant red while aspen leaves 
turn golden. Just as gardeners plan flower gardens to bloom all summer, you can manage your woodland 
to create visual appeal throughout the year. 

 
Some people prefer woodlands with a high canopy 

but little understory vegetation. Encourage these open, 
park-like conditions by maintaining a dense overstory 
that shades the ground and discourages understory 
vegetation. Dense conifer stands (such as pine, spruce, 
fir) block sunlight more effectively than deciduous 
trees. Deciduous trees such as sugar maple and oak 
have dense crowns that block sunlight more effectively 
than aspen and birch. 

 
To block sightlines into a woodland and screen an 

objectionable view or create privacy, encourage shrubs 
and ground vegetation by lightly thinning a dense 
canopy. Try leaving 60 to 80 percent crown cover. For 

better year-round screening, establish spruce, fir, or pine along the woodland edge. 
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Figure 13-3. A broken canopy allows 
sunlight to sustain small trees in the 
understory. 

Roads and Trails 

Plan systems of recreational trails, roads, skid trails, and log 
landings to minimize their visual impact. Locate roads and trails 
to: 

• Minimize the total mileage required to accomplish 
their purposes. 

• Reduce their visibility from nearby vantage points, 
such as scenic overlooks, streams, and lakes. 

• Minimize the need for visible structures (such as 
bridges, culverts, ditches). 

• Minimize the number of stream crossings. 

• Utilize the best soils, considering potential for compaction, displacement, and erosion. 

 
Reduce sightlines into clearcuts or landings by using small road openings through a band of trees or 

by designing curves in road alignment so the road visually disappears into the opening. 
 
Locate borrow pits, rock crushing sites, and log landings out of public view behind vegetation screens 

or hills. 
 
When clearing roadways, utilize merchantable timber. Avoid large debris piles that will require many 

years to decay. Disperse cleared debris away from the travel right-of-way so it is less visible. Push 
stumps off to the side so they remain upright–a more natural appearance. 

 
Soil disturbance is unattractive and a potential source of erosion and subsequent water pollution. 

Compacted areas also may not regenerate with trees or other vegetation as readily as less disturbed 
areas. Erosion is most likely to occur soon after construction so shape and stabilize disturbed areas (such 
as ditches, cut-and-fill sites) as quickly as possible. Install temporary erosion control devices, such as 
straw bales, mulch or woody debris, to help stabilize soils before vegetation becomes established. Avoid 
planting grass for soil stabilization in woodlands, if possible since seeding usually introduces nonnative 
species. 

 
When the road is especially susceptible to damage (such as in spring after the ground thaws and after 

heavy rain), stop forestry activities and close the roads. To keep mud off public roads, 

• Harvest when the ground is dry or frozen, or 

• Maintain a hard surface on the haul road, or 

• Provide clean fill (gravel or wood chips) on the haul road for about 200 feet before the 
highway entrance. 
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Figure 13-4. In rolling topography, design 
clearcuts to blend into the landscape. 

Close a road after its primary use has ceased. Remove culverts, temporary bridges, signs, or other 
structures no longer needed. Fill in ruts and stabilize eroding areas by re-shaping, seeding, and fertilizing 
as appropriate. Rehabilitate borrow pits when their use has ended. Re-shape the pit to fit natural 
landscape contours, spread good soil over the surface, and reseed. 

Timber Harvesting 

In most areas less than three percent of the whole forest is subject to harvesting in a single year, so the 
visual impact of timber harvesting on a large landscape is relatively minor until the effects accumulate 
over a long period of time. However, in the small areas where timber harvesting does occur, it can 
dramatically alter the appearance of a woodland. To minimize visual impacts of harvesting, plan harvest 
and regeneration systems that quickly regenerate trees. Each harvest and regeneration system described 
in Chapter 4 has a different visual effect. 

 
Determine the preferred operating season for a specific site to help avoid unwanted impacts. Soils are 

most susceptible to compaction, rutting, and puddling immediately after the spring thaw and following 
heavy rain. On low-strength soils (such as those with high organic content), use low ground pressure 
equipment or drive on slash mats to avoid soil damage. 

 
Harvest stands by the single-tree or group selection method to produce an uneven-aged woodland and 

avoid the temporary barren appearance of clearcuts. Keep in mind, however, that the selection method 
regenerates mainly shade-tolerant tree species. 

 
The difference between group selection and clearcutting is a matter of scale. Clearcuts often are 

described as larger than two acres whereas group selection cuts are smaller. 
 
Soften the visual affect of clearcuts by making them appear to be less 
than 10 acres in size: 
 

• Cut them in narrow, irregular shapes. 

• Shape them so only a small portion is visible from a 
travelway. 

• Leave tree islands or corridors of uncut trees across 
clearcuts. 

• Position them to follow major land contours rather 
than cutting across contours (Figure 12-4). 

• Leave bands of uncut trees between the clearcut and 
public roads, trails, or waterways. 

• Feather the borders where they adjoin stands of older 
trees (Figure 12-5). 
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Figure 12-5. Irregular or feathered borders 
appear more natural that straight borders 
around clearcuts. 

Figure 12-6. Reduce the apparent size of 
clearcuts by leaving vegetative screens with 
narrow road openings or tree islands. 

Some people prefer the appearance of complete clearcuts 
where no trees are left standing, whereas others prefer 
clearcuts that retain scattered live trees. Scattered live trees 
break up the monotony of large clearcuts and provide vertical 
habitat for birds. Some songbirds and raptors benefit from the 
residual trees. 

 
Dead standing trees, called snags, may have little visual 

appeal, but there are many wildlife species that depend on 
them for nesting, denning, feeding, and roosting sites as well 
as escape areas. Near travelways, do not leave snags in the 
foreground and hide scattered snags with vegetative islands or 
locate snags around the edge of an opening to allow for 
camouflage by background trees. 

 
During selection harvests, control the direction of fall to minimize damage to residual trees and 

position the fallen tree for skidding. Leave bumper trees standing along roads and skid trails to protect 
nearby trees of better quality that will be left standing. Fell bumper trees last. 

 
Woody debris left in a woodland after harvest can be 

unsightly. Remove as much wood as possible for products. Cut 
stumps low and lop slash so that it is no more than two to four 
feet above ground level. Woody debris near the ground decays 
more quickly because of higher humidity and is concealed 
more quickly by new tree growth. Near heavily traveled public 
roads, avoid piles of woody debris and eliminate or minimize 
slash within 50 feet of travelways. Slash visible beyond 50 feet 
should be cut to a maximum height of two feet. To reduce the 
amount of unusable logs, limbs, and bark at log landings, trim 
as much unusable wood from the trees as possible before logs 
are skidded to a landing. When logging has been completed, 
burn, bury, or disperse residual woody debris and reseed 
landings. 

 
Be sure to clean up refuse and discarded equipment from the harvest area. 

Regeneration 

Plan timber harvests to quickly encourage natural regeneration or to prepare sites for artificial 
regeneration. Choose a harvest system (see Chapter 4) that is compatible with the tree species you want 
to regenerate (see Chapter 6). Rapidly growing young trees quickly conceal logging debris and enhance 
visual quality. 

 
Site preparation may be necessary to control competing vegetation or prepare a seedbed. Controlled 
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Figure 12-7. Avoid planting tree rows 
perpendicular to roads. Instead, plant 
outside rows of trees parallel to roads, at 
random spacing or offset rows. 

Figure 12-8. To make plantations appear 
more natural, selectively thin or cut rows 
parallel to a road. 

burning, mechanical scarification, or herbicides may be recommended. Practices that can be conducted 
in the spring just before green-up, in the fall just before leaves turn color, or during the dormant season 
are less visually obtrusive than summer treatments because they do not result in unsightly dead leaves 
on vegetation. Avoid or screen slash piles that are visible from public travelways. Use low-impact site 
preparation methods such as patch or row scarification. Where herbicides are needed, use spot or strip 
treatments rather than broadcast treatments. 

 
Do not plant tree rows perpendicular to travel routes. 

Instead, plant trees at irregular spacing or in offset rows parallel 
to the road to encourage natural-appearing stands. Use wider 
initial spacing to minimize the number of re-entries to the site 
for thinning and to encourage establishment of other species. 
Promote a mixture of species, both naturally occurring and 
planted. Favor long-lived species where appropriate to 
minimize frequency of management activities. 

 

Woodland Improvement Practices 

Thinning, culling, weed-tree removal, and pruning are common management practices aimed at 
changing tree species composition, improving tree quality, and increasing tree growth rates (see Chapter 
5). During these activities, harvest and use as much wood as economically feasible to minimize the 
amount of woody debris left on the forest floor. Near travelways, keep slash height below two feet by 
removing, lopping, crushing or burning whenever possible. When thinning trees in rows, use selective 
harvesting hear travelways to break up the row affect. 

 
When the need arises to kill invading broadleaved 

hardwoods in conifer stands, favor nonherbicide treatments 
when possible. If herbicides are applied, leave untreated or 
selectively treated areas adjacent to travel routes. Favor band 
treatment or spot treatment over broadcast treatment. Choose 
late-season or dormant-season herbicides. 

 
If you need to deaden unusable trees, kill them standing so 

they fall down over a period of years. In contrast, a large 
number of trees felled at one time will form an impenetrable 
mass of debris. Deaden deciduous trees during the dormant 
season. When such trees are killed during the growing season, 
they retain unsightly dead, brown leaves for several months. 
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Woodland Protection 

As described in Chapter 7, woodlands need protection from fire, insects, and disease. Large numbers 
of trees damaged or killed by these agents are unsightly. Protect your woodland against these pests by 
following the recommendations in Chapters 6 and Chapter 7. 
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14. Recreational Trail Design 

Melvin J. Baughman, Extension Forester, Retired, University of Minnesota 

Terry Serres, Former Graduate Research Assistant, University of Minnesota 

 
This chapter provides simple, inexpensive solutions for designing, building, and maintaining 

sustainable trails for hiking, horseback riding, bicycling, cross-country skiing, snowmobiling, all terrain 
vehicles (ATVs), and off-highway motorcycles (OHMs). Sustainable trails hold up to intensive 
recreational use and severe weather conditions, and require minimal maintenance. 

Determine Trail Uses 

The first step in trail design is to determine how the trail will be used, how much it will be used, and 
what quality of user experience you want to offer. Multi-use trails work if: 

• There are many primary users but only a few secondary users. 

• The trail is used in different seasons by different users. 

• The trail is designed and maintained to accommodate all users or the corridor contains 
parallel treads. 

• Clear rules are posted about how to behave (pass, regulate speed, etc.) when encountering 
other types of trail users. 

 
Consider a single-use trail if: 

• Different types of users have different levels of tolerance for noise, effort in using the trail, 
speed of travel, or influence on the tread. 

• You want to offer a high quality trail experience for one type of user. 

 
How much will the trail be used at any one time, day, season or year? As trail use increases, widen the 

tread and clearing width, make the tread more durable, and decrease grade. These actions make the trail 
more durable and easier to use by a wide variety of users. 

 
Design your trail to fit the user experience that you want to offer. Consider: 

• Physical ability of trail users. For example, reduce trail grade and smooth the trail surface to 
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accommodate people with a range of physical abilities. 

• Exposure to personal risk (such as injury, getting lost) the trail offers. 

• Duration of the experience. Is it 30 minutes or 3 hours? 

• Purpose for the trail. If the trail simply leads to a destination, choose the shortest and easiest 
route. If the trail itself is the destination, choose the most interesting route. 

Select the Corridor 

Perhaps the most enjoyable step in trail design is exploring the corridor to determine where to place the 
trail. A trail corridor is a wide swath through the landscape that will encompass the trail. Analyze the 
entire area, refining the trail location as you gather more information. 

Use Photos and Maps 

Aerial photographs help you identify land uses on your property and neighboring properties (such as 
cropland, pasture, forest, river, lake), roads, trails, buildings, and utility rights of way. Topographic maps 
(1:50,000 scale or larger) are helpful in hilly and mountainous terrain, especially if your trail covers 
a large geographic area. They show elevation changes, forest and open areas, rivers, lakes, wetlands, 
buildings, roads, trails, cemeteries, and other features. 

 
Soil maps and accompanying data tables describe soil physical characteristics such as depth, texture, 

erosion potential, and flood frequency as well as soil suitability for roads, structures, farming, forestry, 
etc. 

 
When evaluating large sites, online mapping tools or geographic information system (GIS) data 

may provide information on water resources, rights of way, utilities, land uses, roads, land ownership, 
vegetation cover types, wildlife habitat, flood zones, etc. 

Scout the Trail Corridor 

Scout the corridor in the trail’s primary season of use. To clearly see landscape features, scout when 
deciduous trees have lost their leaves. If possible, scout in all seasons to reveal attractive features and 
hazards that may affect trail location, construction or maintenance. Depending on the season, look for: 

• Spring: High water, ephemeral ponds, flowers 

• Summer: Dense foliage, normal water level 

• Fall: Foliage color 

• Winter: Icicles, snow scenes, frozen water 

 

178   Woodland Stewardship: A Practical Guide for Midwestern Landowners



Note existing trails and roads, control points, obstacles, points of interest and anchor points (Figure 
14-1). Take notes and mark locations on a map or record GPS coordinates. 

 
Existing trails and roads may be good links to new trails. Also look for natural pathways that require 

little clearing or construction (such as a ridge top, hillside bench, or river bank terrace). 
 

Figure 14-1. Consider existing roads and trails, control points, obstacles, points of interest, and 
anchor points in trail layout. 

Control points are physical or legal constraints on a trail’s location. Ownership or management unit 
boundaries, a steep slope forcing a trail through a narrow section of hillside, a cliff that forces a trail 
around one end, a wetland forcing the trail along a narrow upland ridge, or a stream that can be crossed 
easily in only a few places are examples of control points. 

 
Obstacles can include a steep slope, rocky soil, boulder field, rock slide, sand dune, cliff, rock ledge, 

eroding bank, steep-sided gully, gorge subject to flash floods, water body, wetland, habitat for rare 
species, historic and cultural sites, fence, highway, sources of objectionable sound, and objectionable 
views. Obstacles often require expensive crossing structures. 

 
Run your trail past significant points of interest, such as unusual landforms (sink hole, esker, sand 

dune, hill, valley, gorge); different forest types or ages; forest opening; grassland; farm land, especially 
if it attracts feeding wildlife; scenic vista; boulders; rock outcrop; wetland; ephemeral pond; lake; river, 
creek, waterfall; historic site (may also be an obstacle); archaeological site (may also be an obstacle); 
and wildlife habitats (den trees, rock piles, dense thickets, layers of forest vegetation, water sources, sand 
banks, cliffs, caves, crevices). Attract wildlife to the trail corridor with nesting boxes, breeding sites, 
food plots, feeding stations, roost poles, watering devices and other constructed habitats. 
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At frequent intervals, take the trail past subtle anchor points (such as large or unusual tree, rock, 
patch of shrubs) that add interest and draw attention to landscape features. 

Additional Points to Consider 

Avoid placing your trail in areas with threatened or endangered flora, fauna, geology, and natural plant 
communities. Ask your state’s department of natural resources whether these resources exist or are likely 
to be found on or near the trail location. 

 
Protect cultural resources such as historic structures (buildings, dams, bridges, fire towers, etc.), 

archaeological sites (above and below ground), cemeteries (including unplatted historic cemeteries, 
burial mounds, and other ancient burials), and traditional use areas where natural resources are gathered 
for food, medicine, or ceremonial uses. Cultural resources can be damaged by soil disturbance, soil 
compaction, rutting, change in public access, and change in vegetation and other features. Whenever a 
government permit, license, or funding is needed for a project, a cultural resources management review 
may be required. To learn about locations of cultural sites, contact a state archaeologist. 

 
Discuss your trail project with neighbors to learn about the impact on their properties and potential 

linkages to other trail systems. 
 
Consider your budget for land and right-of-way acquisition, trail construction, and maintenance. This 

will put a reality check on your design plans. 

Establish Design Standards 

After exploring the trail corridor, but before flagging the exact trail location, set your design standards. 
Base the standards on the trail uses; the quality of experience you want to offer, including the level 
of risk; and your construction resources, including budget and expertise. As a starting point, use the 
Recommended Trail Design Standards found at z.umn.edu/traildesign. Modify these recommendations 
to fit your needs. 

 
Consider these aspects of trail design: trail configuration (Figure 14-2), trail length, tread surface, 

tread width, clearing width, clearing height, grade, turning radius, sight distance, water crossings, and 
special requirements. 

 
Linear trails are appropriate for long distance travel (several miles) or where the land ownership 

(right-of-way) is too narrow to permit development of a loop trail. 
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Figure 14-2. Trail configuration is the 
overall shape of the trail. 

Figure 14-3. Tread width, clearing width, 
and clearing height. 

 

• Spur trails are short linear trails that take users to 
points of interest or connect different loop trails. 

• Loop trails permit the user to begin and end at the 
same location without repeating any part of the trail. 

• Stacked loop trails (a series of interconnected loops) 
permit users options for different distances, routes, or 
destinations. 

 
Trail length is the distance that users could travel in one day. 
 
Tread surface refers to the material (such as soil, gravel, rock) on the usable part of the trail, and its 

condition (such as smooth, rolling, rough). High-use trails require more durable materials and smoother 
surfaces than light-use trails. 

 
Tread width is the width of the usable trail surface. In general, the tread width that is suitable for light 

use or one-way travel should be doubled for heavy use or two-way travel. 
 

Clearing width is the total width to which rocks, trees, tree 
limbs, and other obstacles should be removed (Figure 14-3). As 
a general rule, clear at least two feet on each side of the tread. 
Where a trail passes through dense vegetation, vary the clearing 
width to avoid an unnatural tunnel effect. In general maintain 
clearing width from the ground up to the clearing height, except 
you may leave vegetation, rocks, and other objects less than two 
feet tall near the tread edge. Center the tread within the clearing 
width, except on hillside trails where clearance may be less on 
the downhill side. 

 
Clearing height is the height above the tread surface to which 

overhanging rocks, tree limbs, and other obstructions must be 
removed. As a general rule, clear two feet above the user’s head. 
Keep in mind that leaves will bend deciduous tree branches one 
to two feet lower in summer than in winter while snow will 
bend evergreen tree branches and raise the tread surface. 

 
Grade is the slope angle (expressed in degrees or percent) along the trail’s centerline. 
 
It is easy for trail users to travel long distances on low grades. High grades require more work and 

should extend for shorter distances. Measure grade with a commercial or homemade clinometer (Figure 
14-4). 
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Figure 14-4. Making and using a 
clinometer. 

Turning radius is the radius of an arc drawn through the 
centerline of the tread where the trail curves. As travel speed 
increases, lengthen the turning radius, bank the trail higher on 
the outside edge, widen the trail, or clear a runout zone (see 
Figure 14-5 below). 

 
Sight distance is the distance that a trail user can see down the 

trail from any point on the trail. Adhere to the recommended 
minimum sight distance, but vary sight distances to add interest, 
lengthen sight distance to allow faster travel, and reduce sight 
distance to slow travel. 

 
Water crossings refer to the type of structures recommended 

for crossing bodies of water. A ford, stepping stones, culvert, 
boardwalk, or bridge may be appropriate. Your choices will be 
affected by the type of user, type 

of experience you want to offer, type of water body, length of 
crossing, legal status of the water body, your ingenuity, and your 
budget. 
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Figure 14-5. Design options for safer 
turns, especially on steep slopes. 

Mark Trail Location 

As you mark the trail, keep your design standards in mind. 
 
Mark the centerline of the trail using one of these materials: 

• Rolls of plastic flagging (tie 15-inch strips to branches). 

• Wire flags (stiff wire, 2 feet or longer, with plastic flag). 

• Wooden stakes (12 to 18 inches or longer) topped with brightly colored flagging or paint. 

 
Space the markers approximately 20 feet apart in dense vegetation and up to 100 yards in open fields. 

Write cumulative distances on markers every 100 feet to make it easy to match markers with trail maps 
and notes. 

 
Map the route. Use a global positioning device or a compass to develop a trail map. Mark structures 

and special instructions on the map. Make special note of places that require deviations from trail 
standards. Photograph sites where trail structures are needed to assist in planning materials and 
equipment or show potential contractors what these sites look like. 

 
Obtain permits for crossing streams, wetlands, railroads, highways, rights-of-way, etc. Begin 

constructing the trail soon after flagging, before markers are moved or damaged. 
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Clear the Trail 

Clear the trail in these stages: 

1. Remove small trees, shrubs, and limbs from large trees. 

2. Cut large trees. 

3. Remove stumps and boulders. 

4. Move soil to level the tread. 

 
The extent of clearing needed depends on the clearing height and width of the trail, the quality of the 

user experience (such as a rough, challenging trail or a smooth, easy trail), and the primary season of use 
(such as snow will cover some obstacles in winter). 

Construct the Tread 

Create a tread surface that is smooth and durable enough for intended users. Save effort by placing the 
trail on soils that withstand trail use. 

Factors Affecting Tread Choice 

Consider how tread materials will react to compaction, displacement, and erosion. 

• Compaction comes from downward force from feet, hooves, wheels, etc. When a tread is 
fully compacted, it holds its shape and resists displacement and erosion. Compact the tread as 
much as possible during initial construction. Some materials have better compaction 
properties than others. Tread materials that do not compact (such as sand, organic soil, water-
saturated soil) or that compact too much (such as peat) will not retain a desired shape. 
Excessive compaction tends to lower the tread and encourages water to collect in 
depressions. 

• Displacement is sideways force that moves tread material off the trail, raising trail edges over 
time. Displacement also lowers the tread, enabling water to collect in depressions. 

• Water and wind erosion remove tread material, destroying the tread. The potential for erosion 
from running water increases as the slope and/or volume of water increases. 

 
If possible, use materials for the tread from the immediate surroundings. Natural materials are 

inexpensive and blend well with the landscape. 
 
Consider hardening the tread with rock pavers, or other materials as a last resort when: 

184   Woodland Stewardship: A Practical Guide for Midwestern Landowners



• Drainage is poor and mud is a problem. 

• Flowing water causes unacceptable erosion. 

• Tread material compacts or displaces too much to retain the desired tread shape over the long 
term. 

• Tread must be narrow and clearly delineated to protect the surrounding area. 

Tread Materials 

Bedrock 
If available, smooth bedrock makes a very durable tread. It can be slippery for horses, especially on 
slopes. Avoid using bedrock where snow retention is desirable. Sites with vegetation retain snow longer. 

 
Soil 

Mineral soil is composed primarily of sand (0.05 to 2.0 mm—coarse texture), silt (0.002 to 0.05 
mm—medium texture), and clay (0.002 mm—fine texture). Soil with a high percentage of silt, moderate 
percentage of sand, and small percentage of clay makes a very durable tread. Such a soil resists excessive 
compaction and erosion while allowing internal drainage. 

 
Soil composed mainly of sand will not erode with water or become muddy but, because sand does not 

compact, it is subject to displacement and wind erosion. Soil with a high clay and silt content is subject 
to water erosion and mud. Soil composed mainly of clay retains water and can be muddy and slippery 
when wet and, unless it is highly compacted, it is also subject to water erosion. 

 
Organic soil (humus) is composed of decomposing plant materials that compact and erode, and can 

become water saturated and muddy. It is not desirable for trails and likely will need artificial hardening 
(such as boardwalk) unless the trail receives light, low-impact use only when dry or frozen. Soil 
composed mainly of undecomposed organic material, such as peat, compacts too much to be suitable 
tread material. 

 
Vegetation 

Try to maintain natural vegetation (primarily grass) for hikers and horses, and for snow retention for 
skiing, snowmobiling, or snowshoeing. Vegetation survives best on a lightly used trail in full sunlight. 
Vegetation is difficult to sustain in sandy soil (which is dry and nutrient poor), on steep slopes (where 
there is more abrasion from trail users and erosion), and in deep shade. 

 
Duff is undecomposed organic matter (such as leaves, twigs, moss, pieces of bark and wood) that 

litters a forest floor. Duff does not compact well and is easily displaced. During construction, remove 
duff to expose the ground surface for shaping the tread. However, a light duff layer can help soak up 
moisture and break the erosive force of rainfall. If a natural surface is desired, you may allow duff to 
accumulate on a finished trail. 

 
Wood Chips 

Use wood chips to define the tread on newly constructed foot trails, to suppress vegetation growth, and to 
raise the tread in muddy areas. Apply a 3- to 4-inch layer of large wood chips that do not contain leaves 
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or small diameter twigs (which decay rapidly). Hauling and spreading wood chips requires extensive 
labor, and wood chips need to be replaced every three years as they decay or are displaced. In most 
situations, wood chips should be a temporary tread material. 

 
Rock 

Rocky material includes gravel (from sand to 3-inch diameter), cobbles (3- to 10-inch), stones (10- to 
24-inch), or boulders (greater than 24-inch). 

 
Rocks are useful on trails that receive heavy use, especially by horses or heavy motorized vehicles, or 

where a very firm, smooth tread is needed such as for touring bicycles or wheelchairs. Rocky material 
resists excessive compaction and displacement and provides a very strong tread. If protruding rocks are 
hazardous or too bumpy for your quality standards, excavate rocks or chip off the protruding piece. 

 
Crushed rocks compact and resist displacement better than rounded rocks (such as from beaches, river 

beds, and glacial till). Crushed rock made from hard rock is more durable than from soft rock. A tread 
composed entirely of rounded cobbles is prone to displacement, but when embedded in clay, cobbles add 
durability to the tread. If used in a mixture of sizes including plenty of small particles to fill voids, rocks 
interlock well. To achieve a smooth, firm surface, mix small gravel with rock dust from a commercial-
scale rock crusher. 

 
For small jobs, haul a portable rock crusher to the work site. To produce a small quantity of gravel for 

chinking crevices, crush rocks with a sledgehammer or the rounded end of a steel pry bar. 
 
Paving Stones/Bricks 

Concrete paving stones and bricks are available in many sizes and shapes. Interlocking pavers may be 
most useful. These manufactured materials are uniform in size, easy to handle, and easy to acquire. Pore 
spaces between pavers may be filled with soil then seeded with vegetation. Pavers are heavy to transport 
and their uniform geometric shapes and colors may not match native materials. 

 
Porous Pavement Grids 

Sectional grids made from plastic or steel are laid directly on the ground to provide traction while 
protecting underlying soil from erosion. Vegetation can grow through the grid. Consider grids for ATV 
trails on moderately steep slopes that are prone to erosion. 

 
Solid Pavement Panels 

Easy to install plastic panels (approximately 4 feet square and 2 inches thick) that lock end-to-end can 
provide a firm walkway over sand or gravel. 

 
Asphalt 

Asphalt is a good choice where a hard surface is needed, such as for wheelchairs, touring bicycles, in-
line skaters, or heavy hiking use. Asphalt is expensive compared to natural surfaces and crushed rock, 
and the site must be accessible to the equipment needed to apply and roll it. Tree roots may uplift 
and fracture asphalt laid on shallow soil over bedrock. Asphalt applied with heavy equipment is most 
durable, but tread width is limited by the equipment, typically eight feet or wider. Where a narrow tread 
is desired, asphalt may be laid by hand but it will be less durable. Use a hot mix for new construction or 
large repairs. Use a cold mix for small repairs, less than one cubic yard. Asphalt can be colored to some 
extent by the gravel used in the mix. 
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Concrete 

Use concrete in the same situations mentioned under asphalt. Concrete is more durable than asphalt, but 
also more expensive. Haul large quantities to the site by truck; mix small quantities on-site. You can 
color concrete to blend with the surrounding site. For better traction on steep slopes, broom the surface, 
trowel grooves across the tread, or leave the surface unfinished. 

Tread Edging 

Tread edging (such as rocks, logs, timbers) that creates a visual/psychological barrier helps to: 

• Prevent trail users from getting lost when the tread is not distinct from the surrounding 
ground surface. 

• Encourage users to stay within the tread, protecting surrounding natural resources. 

 
If tread edging is intended to hold tread fill material in place (such as sand, gravel, asphalt), install 

hard, continuous edging (such as preservative-treated 2” x 4” lumber, 4- to 8-inch diameter round logs 
or sawn timbers) along both sides of the tread. Where the trail curves, cut shorter pieces or use edging 
material that can be bent. Also see references to curbs under Boardwalks (below) and Curbs and Railings 
(below). 

Install Structures 

The structures you need to cross obstacles on a trail depend upon the conditions you encounter, the type 
of user experience you want to offer, the amount of use, and your budget. 

Crossing Flat Land 

Flat land may seem like an easy place to build a trail, but if the soil is mainly clay or silt, or the water 
table is high, poor drainage may lead to muddy puddles. Solutions include relocating the trail where 
there is side-hill drainage (see Crossing a Hillside below) or raising the tread above the surrounding flat 
ground (see Crossing Wet Soil). 

Crossing a Hillside 

A hillside trail must quickly drain surface water off the tread while maintaining its shape and a grade 
that is comfortable for trail users. Options for crossing a hillside include full-bench and cut-and-fill 
trails, retaining walls, diverting water across the tread, and diverting water flowing down the tread. 

 
Full-Bench and Cut-and-Fill Trail 
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Figure 14-6. Full bench and cut-and-fill trails provide 
safe travel across steep slopes. 

Figure 14-7. On steep slopes 
use walls to support the 
backslope or the tread. 

A flat trail bed cut from a hillside provides a safe and comfortable crossing for users (Figure 14-6). 
In a full-bench trail, the full width of the tread is cut from the hillside. A full-bench trail usually has a 
well-compacted base because the underlying material has been in place for thousands of years. 

 
If part of the tread is built upon fill material that 

was cut from the hillside, it is a cut-and-fill trail. Fill 
material may be difficult to compact, especially 
with hand tools. If fill material is not well 
compacted, horses and vehicles may destroy the 
tread. If fill material must be used for part of the 
trail bed, use large rocks to form the trail bed and 
serve as edging, and cover them with tightly 
compacted soil. 

 
Backslope is the area above a trail where material 

has been cut from a hillside in the process of 
leveling the tread. The backslope grade necessary to 
prevent soil erosion depends on the material. A 
backslope of 1.5:1 (horizontal run: vertical rise) is 

adequate for stable materials whereas a backslope of 4:1 may be needed on erodible materials. 
 
Retaining Wall 
Where a trail cuts across a slope and vegetation does not stabilize 

exposed soil above or below the tread, a retaining wall will prevent soil 
erosion (Figure 14-7). A retaining wall below the tread may be more 
durable than one along the backslope (perhaps because trail crews are more 
careful in building walls that support the tread). Building a retaining wall 
to support the tread may negate the need for cutting into the backslope, 
thus preserving natural vegetation that holds the soil. Tie walls into the 
embankment with a deadman (such as geotextile fabric, logs, or large 
rocks). Build walls without mortar, or install drain pipes, to allow water to 
seep through a wall. 

 
 
Outslopes and Inslopes 

Where a trail crosses a hillside with medium- to coarse-textured soil, 
outslope the tread to quickly drain off surface water. A 2 to 5 percent 
outslope is quite common and suitable for most trail users. In heavy 
rainfall areas, outslope up to 10 percent, provided trail users can safely 
negotiate this slope without slipping or rolling off the trail. 

 
Some trail designers recommend no outslope on horse trails. Horses 

tend to walk on the outside edge of a tread and will crumble the edge over time. A sloped tread also 
increases the likelihood that horses will slip when the surface is wet. If you build a flat-cross-section 
trail, divert water from the tread using rolling grade and water bars (described below.) On flat-cross-
section trails that traverse steep slopes, you may wish to create an edge berm (raised shoulder), except at 
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Figure 14-8. Outslope, inslope, and 
berm. 

grade dips, to protect the outside edge of the tread from erosion and to create a safer trail for users. 
Strengthen an edge berm with vegetation or rocks. 

 
Where a trail crosses a hillside that has fine-textured, erodible soil, inslope the tread to a ditch, then 

divert water in the ditch across the trail and downhill through grade dips or culverts (Figure 14-8). 

Divert Water Flowing Down the Tread 

Where the tread has a relatively flat or concave cross-section, some 
water will run down the length of the trail. To prevent soil erosion, 
divert water off the tread with rolling grade or waterbars. 

 
Rolling Grade 
A rolling grade divides the trail into narrow watersheds with 

undulating crests and dips like a gentle roller coaster. Water drains 
off at the dips. Ideally, no part of the tread is completely level. 
Outslope the bottom of each dip and make the outlet wide enough 
to drain off water without clogging. Place tread dips at natural 
drainage ways and at other locations as needed. Rolling grade is 
most appropriate when traversing hill slopes (fall lines) of 20 to 70 
percent. On hill slopes less than 20 percent, water does not drain 

well at the dips. 
 
Drainage dips can deposit sediment into waterways. To reduce sedimentation, consider these 

alternatives: maintain a low tread grade on the approach to the drainage; design a small tread watershed 
with a short slope toward the waterway; harden the tread; or maintain a nearly level tread and install a 
boardwalk, bridge or culvert over the waterway. 

 
Also use rolling grade to ascend/descend hillsides. In those situations, rolling grade is most effective 

when the tread grade is less than 1/4 to 1/3 of the hill slope. For example, if the hill slope is 45 percent, 
the tread grade should not exceed 15 percent, and 10 percent is preferred. As the trail climbs, periodically 
reverse the grade downhill for a few steps to create a dip that allows water to drain off. 

 
Even when a trail is outsloped, insloped, or center-crowned, a rolling grade is desirable (Figure 14-9). 

These cross-sectional shapes are difficult to sustain over long periods without substantial maintenance. 
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Figure 14-9. A rolling grade uses undulating crests and 
dips to divert water off the tread. 

Figure 14-10. Waterbars are another way to divert 
water off the tread. 

Adjust the size of each tread watershed based 
on these factors: 

• When the watershed above the tread is 
large, increasing the potential for 
runoff, make tread watersheds small. 

• If the water infiltration rate of the 
upslope soil is slow, resulting in more 
potential runoff, make tread 
watersheds small. 

• If the potential for erosion is high, 
make tread watersheds small. Hardening the tread, placing the trail beneath a tree canopy that 
will intercept precipitation and reduce splash erosion, or reducing tread width to minimize 
exposed soil will also reduce risk of erosion. 

• Where trail grade is steep, make tread watersheds small or reduce the trail grade by 
lengthening the trail or adding switchbacks or turns. Tread erosion risk is relatively low when 
tread grade is less than 5 percent, moderate when tread grade is 5 to 10 percent, and higher 
when tread grade is greater than 10 percent. 

• When hill grade is steep, make tread watersheds small. Tread dips drain best when there is a 
substantial difference between the tread grade and hill grade. 

 
Waterbars 

A waterbar is an obstruction placed across a trail tread to divert surface water off the tread. Waterbars 
may be needed on a sloping trail with a flat cross-section (no outslope) or where rolling grade is not 
adequate to divert water at tread dips. Because most waterbars create a significant bump in the trail, they 
are not desirable on trails used for bicycling, skiing, or snowmobiling. A rubber waterbar (Figure 14-10) 
can be used for bicycle trails. When waterbars are placed on horse trails, horses tend to compact the soil 
immediately above and below the water bar leading to depressions that collect water and mud. Horses 
also can damage waterbars because of their weight and strength. When used on horse trails, anchor 
waterbars well. 

 
Place waterbars at a 30 to 45 degree angle across a 

trail. Where heavy runoff is expected, place stones at 
the outflow to disperse water without causing soil 
erosion. 

 
If a waterbar diverts water into a ditch, make sure 

the bar does not protrude into the ditch where it might 
catch debris and block the ditch. 

 
Use judgment and experimentation in spacing 

waterbars. Closer spacing is needed where the trail 
grade is steep, the soil is erodible, or you want a high 

quality tread without the expense of hardening materials. 
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Figure 14-11. Switchbacks help the user 
climb a steep slope at a comfortable grade. 

Figure 14-12. A climbing causeway allows you to hold fill 
material on a steep grade. 

Climbing and Descending Steep Slopes and Cliffs 

Switchbacks 
A switchback reduces trail grade by lengthening the trail in 

a zigzag pattern (Figure 14-11). Design each trail segment to 
conform to the desired grade as much as possible. Place a 
switchback where the trail reaches an impassable obstacle or 
begins to run too far in the wrong direction. Avoid closely 
spaced switchbacks to discourage trail users from taking 
shortcuts, leading to erosion. To further reduce shortcuts, 
locate switchbacks at interesting focal points (such as 
conspicuous tree, boulder, or rock outcrop) and place barriers 
(such as boulders, logs, thorny bushes) in the cutoff zone. 
Build the switchback platform with a 2 to 5 percent grade. On 
a very steep slope install a treadwall to support the platform, or 
install steps. If the main trail has a substantially higher grade 
than the platform, create a transition grade as the trail 
approaches the switchback platform. Divert surface water off 
the trail above the switchback by means of inslope to a ditch. The switchback turning radius must work 
for the intended users. Switchbacks may not be practical for skiers and snowmobilers because of the 
long turning radius they require. 

 
 
Fixed Ropes 

On a lightly used foot trail with a steep slope and soil that becomes slippery when wet, tie a rope (1/2” 
or larger diameter) to a firm object at the top of the slope and lay the rope along the tread or tie it to trees 
along the trail as a handrail. 

 
Climbing Causeways (Turnpike) 

When a slope has an uneven surface or is 
composed of erodible materials, a climbing 
causeway can build up the tread in short sections 
(Figure 14-12). A climbing causeway is useful on 
hiking and horse trails, but hazardous for skiers, 
snowmobilers, bicyclists, motorcyclists, and 
ATVs. Place 6- to 10-inch diameter logs or sawn 
timbers along each side of the tread to hold fill 
material in place. Using the same material, place 
crossbars at four-foot or longer intervals to 
prevent fill material from migrating downhill. Fill 
the spaces between logs with soil or gravel, 
varying the fill depth to create long steps that 
provide the desired grade. A climbing causeway 
is most useful on grades of 10 to 20 percent. For 

steeper grades, see the section on Steps, below. 
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Figure 14-13. Steps help prevent erosion and make it 
easier to navigate a slope. 

 
Steps 
Where trail grade exceeds 20 percent, steps 

help prevent erosion while aiding hikers and 
horses (Figure 14-13). Make step height (rise) 5 
to 9 inches (7.5 inches is ideal) and step depth 
(run) at least 10 inches. You can vary step depth 
up to several feet to fit the hill slope. Make simple 
steps by anchoring logs, sawn timbers, or large 
stones across the tread and back-filling with soil. 
Make more durable steps from 6- to 8-inch 
diameter logs or sawn timbers positioned into a 
three-sided box fastened with steel rods and 
backfilled with soil or gravel. 

 
 
Ladders 

A wooden ladder can be a good solution for 
helping hikers climb a steep slope or cliff (Figure 
14-14). If you need a ladder longer than 16 feet, 
butt two long pieces of lumber together and nail 
an over-lapping reinforcement of 2” x 6” lumber 
across the joint. For longer ladders, build a 
platform at intervals of about 32 feet that allows 
users to get off the ladder and rest before 
ascending/descending another ladder. A platform 
at the top of a ladder permits users to safely get 
on and off. 

 
On a primitive trail a flexible cable ladder that 

conforms to changing land contours can be used to climb a steep, actively eroding slope. 
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Figure 14-14. A ladder can be a good way to help hikers 
climb a steep slope. 

Figure 14-15. Corduroy logs and tree 
cookies are inexpensive ways to raise a 
tread in wet soil but they are slippery to 
cross. 

Crossing Wet Soil 

Poorly drained soil on flat land may develop mud 
or water puddles after snowmelt or rainfall or 
where groundwater seeps from a hillside and 
flows across the trail. The solution is to raise the 
tread. 

 
Corduroy Logs and Tree Cookies 

On a primitive trail, corduroy logs, 6- to 10-inch 
in diameter, placed side by side across the trail 
will raise the tread and allow surface water to 
flow naturally between the logs (Figure 14-15). 
For added buoyancy in waterlogged soil, place 
log stringers along trail edges beneath the ends of 
corduroy logs. A corduroy tread is uneven and 
somewhat slippery but may be used for short 
distances by hikers, ATVs, skiers, and 
snowmobilers. 

 
Tree cookies are cross-sections of tree stems 

cut at least 4 inches thick and 12 inches wide. On 
primitive trails, tree cookies may be used as steps 
for hikers, but they are extremely slippery when 
wet and often tip downward in soft soil causing 
the hiker to slip or fall. Corduroy logs or firmly 
imbedded stepping stones are safer! 

 
 
Select naturally decay-resistant wood for corduroy logs and 

tree cookies, although they may still last only a few years. 
These are primitive, low cost, temporary solutions to crossing 
muddy areas. 

 
Drainage Lens 

If surface water continually seeps slowly across a section of 
trail creating a perennial mudhole, a drainage lens that enables 
water to seep beneath the tread may be required (Figure 14-16). 
First excavate several inches of water-saturated soil in the trail 
bed, then backfill with a layer of large rocks. Add layers of 
progressively smaller rocks on top of the first layer, leaving 
large pore spaces between rocks at lower levels. Top this rock 
fill with soil or gravel to form the tread. 
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Figure 14-16. A drainage lens allows water to seep 
beneath the tread. 

Figure 14-17. A causeway (turnpike) raises the tread 
above wet soil. 

 
 
If saturated subsoil is extremely deep or 

unstable, first lay geotextile fabric on the ground, 
then add rock layers. Place additional geotextile 
fabric on top of the rocks and top with soil or 
gravel. Geo-textile fabric separates rock fill from 
the substrate, preventing soil from clogging pores 
between the rocks yet allowing water to percolate 
through the fabric and the fill material. 

 
 
Causeways (Turnpike) 

A causeway produces a raised tread that is 
suitable for all trail users (Figure 14-17). Place 
curbs made from logs, cut timbers, or rocks along 
both sides of the tread and fill the space between 
curbs with soil or gravel. If fill material is 
expected to sink into the substrate, first place 
geotextile fabric on the ground surface, then 
install curbs and fill material. If surface water 
actively flows across the site, place a ditch on one 
or both sides to divert water to culverts through 
the raised tread. 

 
 
Center Crown with Ditches 

A center crown is constructed like a highway with 
a raised tread and ditches on one or both sides 
(Figure 14-18). Use material from the ditches to 
raise the center tread if it is the appropriate 
texture. On very wet soils, place geotextile fabric 
on the ground surface before adding fill. 

Figure 14-18. Center crown with ditches. 
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Figure 14-19. Boardwalks allow users to cross over wet or 
sensitive landscapes. 

Boardwalks 
A boardwalk enables trail users to cross over wetlands, fragile vegetation, or unstable soil. 

 
On hiking trails make the boardwalk deck (tread) from 2” x 6” lumber. Use thicker lumber on 

boardwalks intended for heavier users, such as ATVs or horses. Full-sized boards are stiffer and last 
longer than typical 2” x 6” lumber that really is 1.5” x 5.5” (Figure 14-19). 

 
Boardwalks are slippery when wet. To increase 

traction, orient deck boards at a 90-degree angle 
to the direction of travel and consider using 
rough-surfaced lumber (unplaned or split rather 
than sawn) or cover boards with a roughening 
product. Leave gaps between planks to further 
increase traction and to facilitate air movement 
that dries wood more quickly, lengthening its 
useful life. A 3/8” to 1/2” gap works well for most 
users. Closer spacing helps retain snow for skiing 
and snowmobiling. Wider spacing may be 
acceptable on primitive trails and for OHVs. 
Build the deck as level as possible for safety. 
Install steps on sloping ground, if compatible 
with trail uses. 

 
Support the deck with stringers running 

beneath the deck. Orient stringers with the 
direction of travel. For weather protection, inset 
the stringer from the ends of deck boards. Space 
the stringers according to the stiffness of the 
materials–the stiffer the material the further the 
spacing (typically 18 to 30 inches). For example, 
wood-plastic composite lumber is not as stiff as 
sawn lumber, thus requiring closer stringer 
spacing. 

 
Use one of the following to support stringers: 

• Sleepers oriented 90° to the direction of travel and resting on the ground. 

• Cribbing made from rocks or logs. 

• Vertical posts (such as wooden poles or helical screws) sunk into the ground and spanned by 
ledgers. Sunken posts are the most stable, but there may be situations where you do not want 
to dig into the ground (such as rocky ground or organic soil). 

 
On high-use boardwalks or those built more than two feet above ground, add a raised curb along each 

edge to help prevent users from stumbling off the boardwalk. Install a railing on one or both sides of 
a boardwalk that is more than four feet above the ground, crosses open water, or is intended for use 
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by persons with mobility impairments. See more information about curbs and railings in the section 
on Bridges. 

 
For decay resistance, select preservative-treated lumber, wood-plastic composite lumber, or naturally 

decay-resistant wood for boardwalk components. Some tropical hardwoods have a durable life of more 
than 50 years without chemical treatment, but are very expensive. 

 
To cross deep water or connect trail users more closely with water environments, use a floating 

boardwalk. Make floats from thick styrofoam contained in wood or plastic, or from more durable sealed 
plastic or steel airtanks. Commercially available floating docks offer easy installation. 

Crossing Waterways and Gullies 

Stepping stones, fords, culverts or bridges help users cross open water in springs, streams, and rivers. 
 
Stepping Stones and Fords 

On a primitive trail, hikers might appreciate stepping stones that are firmly imbedded in the stream 
bottom (Figure 14-20). They might also wade across a slow-moving stream (less than two feet deep) 
through a ford. Horses can ford a slow-moving stream (less than three feet deep). Place a ford where 
the streambed has firm sand or gravel. On horse trails remove large rocks from the streambed to prevent 
tripping. If a small dam is installed to stabilize water depth and bottom structure, a government permit 
may be required. 
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Figure 14-20. Hikers and horses can use stepping stones and fords to 
cross small bodies of water. 

Culverts 
Install a culvert to channel water across a trail, allowing trail users to cross a narrow stream (Figure 
14-21). An open-top log or rock culvert is easy to clean when it becomes clogged, but creates a hazard 
for some trail users. 
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Figure 14-21. A culvert is a good option for crossing a narrow stream. 

A pipe culvert covered with soil can be used by all trail user. Pipe culverts may be steel (durable, 
but heavy) or plastic (less durable, but lightweight for transporting into areas with difficult access). To 
permit fish movement on streams, a culvert should slope no more than 1 percent and its end must be 
flush with the stream bottom. Place rocks around the culvert’s upstream end to armor the bank against 
erosion. 

 
Seek professional advice from a soil and water expert to gauge the appropriate diameter culvert to 

install. If the culvert is too small, high water will wash it out or flood land upstream from the culvert. 
 
Bridges 

Bridges are expensive to build and require a high level of expertise. Use them where necessary for safety 
or to protect natural resources. First consider other alternatives, such as trail re-alignment, culverts, 
causeways, or boardwalks. This section provides only general guidelines; seek engineering assistance 
for any bridge that is long or high. Because of cost, make bridges as short as possible by installing them 
where gaps are narrow. Select a location where the approach is relatively level and straight, and where 
you can build firm abutments at each end above the normal high water level. 

 
Any construction in waters and wetlands that drain into or are connected to a navigable stream 

requires a U.S. Army Corp of Engineers 404 Permit. Bridges that span navigable waters must have a 
3-foot minimum clearance above the ordinary high water level. Temporary bridges must have a 3-foot 
minimum clearance between the lowest portion of the bridge and normal summer stream flow. 
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Figure 14-22. The best type of abutments for your bridge 
depends on the size of the bridge and the surrounding 
conditions. 

Figure 14-23. Girders and 
trusses support the bridge 
deck. 

Abutments 
 
Abutments support the ends of the bridge and 

provide intermediate support for long bridges 
(Figure 14-22). If the terrain is subject to 
flooding, raise end abutments to elevate the 
bridge above flood level. On a primitive, lightly 
used trail, a very small bridge may be anchored 
with a cable on one end with the expectation that 
it will break loose during a flood, but can be 
retrieved and repositioned. Construct abutments 
from durable materials since they are in contact 
with ground moisture, and may deteriorate more 
quickly than stringers, decks, and railings. A sill 
is a simple abutment made from a single 
structure, such as log, sawn timber, gabion, or 
concrete. Sills require little excavation, but should be used only for small bridges that can move with 
frost heaving. A crib is a box-like structure made from logs or sawn timbers and filled with rocks. A 
retaining wall is an earth-retaining structure tied into the banks with a deadman. A retaining wall may 
be made from logs, sawn timbers, gabion, or concrete. Piles are wood or steel posts that are pounded or 
screwed down to a firm footing and cross-braced to prevent sway. To estimate the depth required to 
obtain a firm footing, drive a small diameter steel rod into the substrate. 

 
 
 
Girders and Trusses 
Girders and trusses rest on top of the abutments and support the deck 

(tread). On a simple deck, they also may serve as the deck (Figure 14-23). 
 
On a deck girder/truss bridge, the deck is fastened directly to two or more 

girders or trusses that span the gap. Girders may be logs, timbers, glue-
laminated timbers, or steel I-beams. Trusses usually are steel beams with 
steel cross-braces. 
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Figure 14-24. Suspension bridges can span wide bodies of 
water. 

 
 
Suspension Cables 
A suspension bridge is supported by two steel 

cables, one on each side of the deck, that span the 
gap. Suspender cables or steel rods hang down 
from the two support cables to support the deck 
below (Figure 14-24). 

 
 
A stayed suspension bridge has multiple steel 

cables spread from the top of a tower down to the 
deck to support it. 

 
A suspension cable car has a cargo box 

suspended by rollers from a single steel cable that 
spans the gap. A continuous loop rope, passed 
through pulleys at both ends of the bridge, can be 
grasped by the users while sitting in the cable car 
to pull the car across the gap. 

 
Decks 

The tread on a bridge is called a deck. If possible, 
build the deck to the same width as the tread on 
other parts of the trail. If railings are used, make 
the deck two to four feet wider or slant the railing 
outward at the top to provide more shoulder 
width. If the bridge deck is a different width from 
the approaching trail tread, gradually adjust the 
trail tread width as it approaches the bridge 
(Figure 14-25). 
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Figure 14-25. Choose deck materials 
suitable for your trail users. 

To prevent water from flowing down the trail and onto the 
bridge deck, create a drainage dip in the trail approach or elevate 
the bridge deck. Hikers can step up to a deck, but for other trail 
users the ends of the bridge deck must be flush in elevation with 
the approaching trail tread. 

 
When estimating the strength needed for the deck, consider 

not only the weight of trail users, but snow loading, wind 
loading, and the weight of equipment that will cross the bridge. 
Select materials that will not be slippery when wet. Options for 
decks materials include split logs, sawn planks, wood-plastic 
composite lumber, steel grids, or fiberglass sheets bonded to 
shallow fiberglass structural shapes with coarse sand embedded 
into the gel coating to increase roughness. For more information 
on deck materials and placement, see Boardwalks. 

 
Curbs and Railings 

Curbs or railings may be needed on boardwalks and bridges to 
protect users from hazards (such as steep drop-off, hot spring) 
and/or to protect trail-side resources (such as archeological sites, 
fragile vegetation, rare species; Figure 14-26). 

 
On decks built more than two feet above ground, add a raised 

curb along each edge to help prevent users from stumbling off 
the edge. Fasten a 4″x 4″ timber or round log on each side of the 
deck held 2 inches above the deck by short sections of 2″x 4″ lumber. Gaps beneath the curb allow water 
and debris to wash off the edge. 

 
In highly accessible areas where a deck is more than four feet above ground, crosses open water, or is 

used by persons with mobility impairments, install a railing on one or both sides. In more remote areas 
you might do without rails on decks less than eight feet above ground. If a railing is provided on only 
one side, place it on the side that exposes trail users to the greatest risk or where users turn to view an 
interesting scene. If the drop from a bridge or boardwalk is no more hazardous than other unprotected 
drops along the trail, a railing probably is not needed. 

 
In remote areas design railings to match the level of risk and trail experience that you want to offer. 

In general make such railings at least 42 inches high for pedestrian traffic and at least 54 inches high for 
bicycle or horse traffic. Install one or more intermediate rails so the vertical distance between rails does 
not exceed 15 inches. 

 
Railings attached to buildings, such as visitor centers, and on trail bridges in urban settings that are 

expected to attract unsupervised children must meet local building codes. The Uniform Building Code 
(UBC 509) requires a handrail at least 42 inches high that a 4-inch sphere will not pass through. 
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Figure 14-26. Curbs and railings make bridge crossings 
safer. 

 
 
Railings on trail bridges frequently used by 

unsupervised children, especially near trailheads, 
must meet the American Association of State 
Highway and Transportation Officials 
(AASHTO) Standard Specifications for Highway 
Bridges. This code requires a handrail at least 42 
inches high for pedestrian traffic and at least 54 
inches high for bicycle or horse traffic. A 6-inch 
sphere must not pass through the railing in the 
bottom 27 inches and an 8-inch sphere must not 
pass through the area higher than 27 inches. 

 
On a wheelchair-accessible trail where the 

grade is steeper than 5 percent, place a rail 30 to 
34 inches above the deck so that a person in a 
wheelchair can grasp it to pull their wheelchair 
along or rest without rolling downhill, and place 
a second rail 42 inches above the deck. 

 
Bridges for OHVs and snowmobiles must have 

reflective hazard markers visible above the snow 
level at each end of the bridge. 

 
The strongest railings have vertical support 

posts that are anchored into the ground and 
fastened to the girders or stringers before 
extending up to the top railing. Somewhat less 
sturdy, but still strong railings can be fastened to 
the girders or supported by outriggers. 

 
Cut vertical support posts lower than the top 

railing to encourage use of the railing. 
 
Materials for Bridges 

Select bridge construction materials for 
durability, strength, aesthetics, economics, and 
environmental acceptability. 

 
Select wood that is naturally decay resistant or 

is treated with environmentally safe chemicals. 
On portions of trail bridges or boardwalks that trail users touch frequently, such as railings, use wood 
treated with waterborne chemicals or light solvent oilborne chemicals. Wood without a chemical 
preservative may last 2 to 12 years depending on its natural decay resistance, though some tropical 
woods resist decay for over 50 years. 
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Use steel that is painted or galvanized, unless it is a corrosion-resistant weathering steel. Do not use 
uncoated weathering steel in coastal areas or in areas with high rainfall, high humidity, or persistent fog. 
Concrete should have an air entrainment of 4 to 6 percent and a minimum design compressive strength 
of 3,000 pounds per square inch. Concrete can be texturized, colored, stained, or painted to better match 
esthetic values. 

 
Fiberglass should have a waterproof, colored surface treatment to protect it from ultraviolet radiation. 
 
Use screws and bolts, not nails. Use non-corrosive fasteners that are hot-dipped galvanized, anodized 

plated, or stainless steel. 
 
Inspection 

Inspect bridges at least twice a year. A qualified bridge inspector should evaluate bridges with long spans 
or complex designs. 

Trails that Cross or Utilize Roads 

Crossing Roads 
As a trail approaches a road crossing, add a tight turn, ridges and dips in the tread, and/or narrow the 
clearing width to slow down users. On the final approach, the trail must be at a right (90 degree) angle 
to the road, nearly level, and have a sight distance adequate for trail users to see the oncoming road in 
time to stop. Expand the clearing width 1 1/2 to 2 times its normal width or thin forest trees to provide 
good visibility from the trail toward the road. 

 
Install warning signs if trail users include horseback riders, skiers, snowmobilers, bicyclists, 

motorcyclists, or other motorized vehicle users that may not be able to stop suddenly. Work with the road 
authority to determine what signs to use and where to place them. If both the trail and road are lightly 
used and good sight lines are present, install a Yield or Stop sign on the trail at the road intersection. A 
Stop sign is not required for non-wheeled and pedestrian-speed users. If traffic along the trail or road is 
moderately heavy, add a Stop Ahead sign on the trail. If traffic along both the trail and road are heavy, 
add a Trail Crossing Ahead sign along the road to warn vehicle drivers. 

 
If the trail may be entered from a public road, install a barrier (such as posts, a gate, boulders, mound 

of dirt) to prohibit unauthorized entry. Install a sign visible from the road that indicates which trail uses 
are prohibited or permitted. 

 
Ditch Trails 

Regulations governing trails in public road ditches vary by state. In some states, for example, low-use 
trails are permitted between the ditch and the outside edge of state and county road rights-of-way. Off-
highway vehicles and snowmobiles may not use the inside slope, shoulder, and road surface of state 
and county roads. Motorized vehicles in a ditch are expected to travel in the direction of road traffic, so 
ditch trails are needed on both sides of a highway to permit two-way traffic. However, a bi-directional, 
non-motorized trail can be provided on one side of a highway only. Along designated ditch trails, utility 
poles, guy wires, and other trailside obstacles must be marked with a hazard marker. For safety purposes, 
ditch trails that are within 10 to 20 feet of the road edge should be separated from the road by a different 
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Figure 14-27 Hikers can 
easily use stiles to cross a 
fence. 

elevation, fence, or guard rail. Separation is more critical where the road curves. All ditch trail design 
and construction is subject to approval by the local road authority. 

 
Modifying Logging Roads 

If a logging skid trail or haul road will be used both for logging and recreational use, it must be designed 
to accommodate logging equipment. If the skid trail or road will not be used for 10 years for logging 
purposes, then design it more like a recreational trail. When the time comes to use it for logging, make 
temporary modifications, such as harden the tread, install temporary stream crossing devices for heavy 
equipment, expand the clearing width, and install more durable culverts or other drainage devices. 

 

Crossing Fences and Gates 

Fences may be necessary to restrain trail users from entering an area, to designate a property boundary, 
or to contain livestock. Hikers can cross a fence at a stile or a gate (Figure 14-27). A gate is necessary 
for all other users. Trail users may leave a gate open when it should be closed or closed when it should 
be left open. To keep a gate open, fasten it so that it cannot be closed. To keep a gate closed, place a 
spring or counterweight on the gate or tilt it to close automatically from its own weight. Install a latch 
that locks automatically when the gate closes and place a sign on the gate, Please Close Gate. 

 
Gate width can help regulate the types of users. For example, a 2 1/

2-foot-wide gate will admit hikers, skiers, and bicyclists, but exclude 
snowmobilers, horses, and ATVs. A 6-foot-wide gate will admit all users 
except full-sized SUVs and pickup trucks. 

 
Some gates are more a visual barrier than a physical barrier, such as a 

single horizontal bar (log or steel pipe), steel cable, or several vertical posts 
spaced across the tread. This type of simple gate, along with a sign that 
defines what types of trail users may enter, will discourage some potential 
users, but some unauthorized trail users may go around or under the gate. 
If you are serious about keeping out certain types of users, your gate and 
adjoining fence must create a physical barrier. Other barriers also may be 
appropriate, such as an earthen berm, trench, or large boulders. 

 
Reflectors are especially important safety features on gates that may be 

entered by motorized vehicles when gates are made from a single 
horizontal pole or cable that is not clearly visible at night. 

Sign the Trail 

Four types of signs may be needed: trailhead sign, confidence markers, directional signs, and warning 
signs. 
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Figure 14-28. A trailhead sign provides essential 
information about the trail. 

Trailhead Sign 

A trailhead sign may be needed when you have frequent visitors or allow public use on trails (Figure 
14-28). It may include some or all of the following information: 

• Map showing trail route, key features 
along the trail, a “you are here” mark, 
north arrow, and map scale or 
distances along major trail segments. 

• Name or number of trail—if there is 
more than one trail. 

• Types of trail uses permitted (such as 
hiking, skiing, etc.) and uses 
specifically prohibited. 

• How the trail is marked (such as paint 
marks, signs, rock cairns). 

• Rules for trail use (such as stay on the 
trail, only skiers may use the trail when 
there is snow cover, pets must be on a 
leash, hikers get off the trail to let 
horses pass). 

• Warnings, including hazards along the 
trail (such as poisonous plants, 
poisonous snakes, dangerous animals, 
steep cliffs, falling rocks, unsafe 
drinking water) and environmental 
features that must be protected (such as 
fragile vegetation, rare animals, natural spring). 

• How to contact the landowner and emergency help (such as sheriff, fire, hospital). 

 
Post trailhead information on a large rectangular board, sized to include all relevant information. To 

protect signs from weather, build a small roof over the sign board and/or enclose signs in a shallow box 
with a window. 

 
Lay out the trailhead sign in components that can be changed without remaking the entire sign. Print 

signs in fade-resistant ink. (Photographs and some inks fade when exposed to sunlight.) Make letters at 
least 1 inch (72-point typeface) for headers and 1/4 inch (18-point typeface) for body text. 
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Figure 14-29. Confidence markers help users 
stay on the trail. 

Figure 14-30. 
Directional signs. 

Confidence Markers 

Confidence markers placed strategically along the trail 
reassure users that they are on the trail (Figure 14-29). Place 
them at least every 1/4 mile in open country and much closer 
where the trail could be lost, such as at significant turns, 
where the trail crosses roads or other trails, or where the tread 
is indistinct from the surrounding landscape. 

• Paint marks on trees or rocks; use a template to create a 
geometric design, and change colors for different trails in the 
same area. 

• Use aluminum nails to fasten 4″—6″ square steel, 
aluminum, or plastic diamonds to a tree, or preferably a post, 
so they are visible in both directions along the trail. 

• Inscribe a board or order pre-fabricated markers with an 
emblem, trail number, or name routed, painted, or burned 
into it. 

• Pile rocks to form a cairn. Such markers are easily destroyed 
by weather and vandals. 

Directional Signs 

A sign with an arrow may be needed in a parking lot to direct trail users to the trailhead or at a sharp 
bend, fork or trail crossing (Figure 14-30). At trail intersections, place a sign that provides information 
about where each trail leads and how far away the next significant feature can be found. Rounded posts 
provide the most flexibility in positioning directional signs to point in the correct direction. Fasten a 
crossbar beneath the soil to prevent vandals from twisting the post. 

Warning Signs 

The trailhead sign should alert trail users about hazards along the trail or 
environmental resources that require protection (Figure 14-31). Along moderately 
to heavily used trails place warning signs where trail users actually encounter 
hazardous situations or fragile environmental resources. A good warning sign will 
tell trail users what to do or not do, why, and what the consequences are. Be 
friendly, but persuasive. Consider using humor through your words or drawings. 
Drawings are as good as words if their meaning is clear. 
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Figure 14-31. Warning signs help 
protect trail users and the environment. 

The following are poor warning signs because they give no 
reason for the required action: 

• Stay Out! 

• Keep Off 

Here are better warning signs: 

• Be polite, give a reason: “Please stay on the trail. Protect the 
fragile plants!” 

• More forceful: “Stay behind the fence, dangerous water, strong 
currents!” 

 
It may help to give a warning and explain the consequences: “$100 fine for walking on cryptobiotic 

soil!” 
 
Trail users appreciate humor and still get the message: 

• “Please stay on the trail so you don’t disturb the rattlesnakes.” (The real purpose is to keep 
people from trampling fragile vegetation.) 

• “Please stay on the trail so you don’t trample the poison ivy.” (This may be the reason or it 
may be a way to keep trail users from short-cutting a switchback.) 

 
You also can provide a mixture of signs along a trail, some that are polite and others that are more 

forceful: 

• “Please stay on the trail to protect fragile wetland plants” 

• “Walking on the trail is free. Walking on wetland vegetation costs $100” 

 

Install Facilities 

The most popular facilities and structures that support trail users include: access road, parking lot, toilet, 
box of trail maps, trash container, drinking water, picnic area, campground, and bear-proof food storage. 
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In this chapter we summarize how your ownership purpose affects the treatment of income for Federal 

income tax purposes, provide tools for financial analysis, give an overview of estate planning options, 
and present information on conservation easements. The authors of this chapter are natural resource 
professionals and are providing interpretation and synthesis of the Internal Revenue Service (IRS) tax 
codes, personal communication with Certified Public Accountants and review of literature, some of 
which is published by the USDA Forest Service and others through National Timber Tax website and 
Forest Taxation website. 

 
Federal tax regulations change frequently. Consult the IRS or your tax advisor for information on 

specific situations or to learn about recent changes in tax regulations. 

Federal Income Taxes and Ownership Purpose 

If your woodland is managed to increase the volume and value of the timber on it, Federal income tax 
codes provide an incentive for operating as a business. To do so requires the landowner to be able to 
show a business intent or purpose. 

 
Even though income from a timber harvest is infrequent or does not occur during your lifetime, you 

may operate as a business. You as the landowner must be able to prove that the purpose of your business 
is to make a profit. Before describing how you might provide evidence of being in business to make a 
profit, we will describe business, investment, and personal use and their respective relationship to tax 
treatment of timber sales. 

• Business. If you are taking regular and frequent actions to increase the volume and value of 
the timber on your property then it may be worth your time to operate as a business. 

• Investment. If you are holding the land for resale or are not taking regular and frequent 
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actions to increase the volume or value of your timber you may be operating an investment 
business. 

• Personal or hobby use. If you own the woodland as a part of a residence or hunting 
property, and are not managing the timber you may be caring for your woodland as a hobby 
use. 

Each of these categories have different implications for tax treatment of income and deductions. 
 
The IRS places the burden of proof of your intent on you, the taxpayer. If you do not have frequent 

income from your property, in other words, you have a timber sale only once or twice in a lifetime, 
the default is to treat that income as a hobby or personal use. You may, however, treat this income as 
business income if you have records that show proof of your intentions to operate as a business. The 
IRS examines the facts and circumstances that indicate the taxpayer has entered into the activity with the 
motive of making a profit. 

In determining whether an activity is engaged in for profit, all facts and circumstances with respect 
to the activity are to be taken into account. No one factor is determinative. Internal Revenue Code 183 
page 4 states: 

Whether or not an activity is presumed to be operated for profit requires an analysis of the facts 
and circumstances of each case. Deciding whether a taxpayer operates an activity with an actual 
and honest profit motive typically involves applying the nine non-exclusive factors contained in 
Treas. Reg. § 1.183-2(b). Those factors are: 

1. the manner in which the taxpayer carried on the activity, 

2. the expertise of the taxpayer or his or her advisers, 

3. the time and effort expended by the taxpayer in carrying on the activity, 

4. the expectation that the assets used in the activity may appreciate in value, 

5. the success of the taxpayer in carrying on other similar or dissimilar activities, 

6. the taxpayer’s history of income or loss with respect to the activity, 

7. the amount of occasional profits, if any, which are earned, 

8. the financial status of the taxpayer, and 

9. elements of personal pleasure or recreation. 

No single factor controls, other factors may be considered, and the mere fact that the number of factors 
indicating the lack of a profit objective exceeds the number indicating the presence of a profit objective 
(or vice versa) is not conclusive. For example, if five factors say the activity is not for profit, but four 
are on the profit side, the activity still could be determined to be engaged in for profit. More weight is 
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given by the courts to objective facts than to the taxpayer’s statement of his or her intent. Additional 
explanation on this topic is provided by the IRS. 

 
The following steps may help substantiate the facts and circumstances supporting a claim that you are 

managing your woodland as a business: 

• Get a written woodland management plan that includes: 

◦ A goal to make a profit from forest products. 

◦ Information necessary to make business decisions on each management unit, such 
as timber volume, value, management actions planned, and a timeline. 

• Maintain a timber account showing your basis or original value of all timber and additions or 
subtractions from that basis. 

• Keep a record of forest management activities and their associated costs or income. An 
example woodland owner record keeping example can be found in Appendix D. Entries may 
include: 

◦ Forest related work completed or proposed 

◦ Why did or will you conduct the work 

◦ Relation of the work to increased productivity, production of timber, or resource 
protection 

◦ Date of activity 

◦ Hours you, or your family spent on the activity 

◦ Hours others spent on the activity 

◦ Miles traveled (e.g., list vehicle’s odometer starting and finishing miles) 

◦ Revenue generated 

◦ Expenses incurred 

◦ Acres affected 

◦ Other comments 

• Produce a financial analysis for significant management actions. 

• Write a Will legally setting up the transfer of your woodland business to heirs 

• Keep records of your training and experience in managing your woodland.  This includes all 
extension forestry classes, credit classes and other training offered through any source. 

However, it is not any one of these actions that will show you are in business to make a profit, rather it 
is your ability to show that all of your actions collectively are directly related to generating a profit and 
profit is a likely outcome of your efforts. 

 
There are tax advantages to operating your woodland as a business including: 

• An active business may deduct expenses from any source of income. 
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• Timber sale income is treated as a capital gain which carries a lower tax rate than ordinary 
income. 

• There is no self-employment tax on capital gains. 

• You face no reduction of social security benefits when generating timber sale income since 
capital gains are not considered earned income. 

If you are operating as a business, there is a distinction between an active and passive business. If 
you are an active participant in a business you must materially participate on a regular, continuous and 
substantial basis. 

Deductions 

As a general rule you may deduct expenses from taxable income that are ordinary and necessary to make 
a profit. How and when deductions may be taken depends on the purpose of your woodland ownership 
and the type of expense: capital expense, operating expense or carrying charge, and sale-related expense. 

Personal Use or Hobby 

Operating expenses for timber being grown for a hobby may be deducted only from hobby income in 
years when income is earned. Expenses that exceed hobby income in a year are permanently lost; they 
may not be capitalized. Report hobby expenses as “miscellaneous itemized deductions” and deduct them 
only to the extent they exceed two percent of adjusted gross income. 

Investment 

Corporate taxpayers may deduct operating expenses from any source of income. However, noncorporate 
taxpayers report operating expenses as “miscellaneous itemized deductions” and may deduct them only 
to the extent they exceed two percent of adjusted gross income. As an alternative, you may capitalize 
operating expenses. 

 
Both corporate and noncorporate taxpayers may fully deduct property and other deductible taxes from 

any source of income or they may be capitalize and deduct taxes from timber sale income. 
 
Corporate taxpayers may deduct investment interest expense from any source of income. However, 

noncorporate taxpayers may deduct investment interest expense only up to the total net investment 
income from all investments. As an alternative, you may elect to capitalize all or part of the interest paid 
instead of currently deducting it. 
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Business 

The extent to which you may deduct operating expenses, taxes, and interest depends on whether you 
materially participate in managing the business. To materially participate, you must be engaged on a 
regular, continuous, and substantial basis. 

 
If you materially participate in managing a business, you may fully deduct all operating expenses, 

taxes, and interest from income from any source each year as incurred. If business deductions exceed 
gross income from all sources for the tax year, the excess net operating loss generally may be carried 
back to the two preceding tax years and, if necessary, carried forward to the next succeeding 20 tax years. 
You may instead elect to capitalize these timber-related expenses and recover them when the timber is 
sold. 

 
If you do not materially participate in managing a business, you are considered to be a passive 

participant. C corporations (subject to corporate income tax) that are not classified as closely held 
or as personal service corporations may deduct operating costs and carrying charges from a passive 
timber business from income from any source without limitation. Closely held C corporations (other 
than personal service corporations) may deduct costs associated with a passive timber business from 
income from active businesses (but not against portfolio income). Other types of passive businesses 
may currently deduct operating expenses, taxes, and interest only to the extent of their income from all 
passive activities during the tax year. Expenses that cannot be deducted during the year incurred may be 
carried forward to years in which you either realize passive income or else dispose of the entire property 
that gave rise to the passive loss. You may instead elect to capitalize expenses and deduct them from 
income when the property is sold. 

Financial Analysis of Woodland Investments 

Whether its stocks, bonds, mutual funds, or savings accounts, as an investor you are interested in getting 
the greatest return on each dollar invested. Forest land is no exception. Many landowners, however, 
overlook the potential opportunity to increase the return on their forest land investment. In addition to 
providing important wildlife, recreation, and aesthetic values, investing in forest management can add to 
your financial bottom line. Because management is a long-term proposition, the investments you make 
need to be carefully considered. When properly applied, modest investments in management early in 
the life of a forest stand can have a substantial impact on financial returns through increased forest 
growth, improved wood quality, and greater economic yields in the future. In addition, investing in forest 
management often compliments many other reasons individuals own forests such as improving wildlife 
habitat. 

 
Forestry investments generally require a long-range commitment of money, land, time, and other 

resources. Because such resources are limited, you should identify and evaluate various investment 
alternatives to determine how these resources can best be used to meet your demands. This process, 
called financial analysis, is described here. Keep in mind, however, that a financial analysis offers one 
input toward deciding which alternative is best. Your decisions also may depend on other factors that are 
not easily quantified or profit-motivated. 
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There are a number of factors to consider when investing in forest management. These include: 

Tolerance for Risk 

Future rates of return can’t be predicted with certainty. Investments that pay higher rates of return are 
generally subject to higher risk and volatility. The actual rate of return on investments can vary widely 
over time, especially for long-term investments such as forest management, as there is often a large 
degree of uncertainty that anticipated returns will be fully realized. 

 
This includes uncertainty about future prices for your products (“What markets will exist when 

my products are ready for sale?”), management costs (“What will be my annual tax liability for the 
property?”), and future forest conditions (“Will forest growth increase in response to management as 
expected?” “Will the forest be affected by insect or disease infestation or wildfire?”). 

Investment Timelines 

Landowners need to consider the timeframe associated with their forest management investments. The 
income or benefits from these investments may not be realized for years or even decades. In some cases, 
it may be your heirs that realize the investments you make today in your forests. 

Portfolio Diversification 

For many individuals, investing in forest management provides added diversification that complements 
an existing investment portfolio. 

Stand Suitability for Potential Practices 

The existing condition of your forest (such as tree types, sizes, ages) will often dictate the opportunities 
to invest in forest management, as well as the specific practices that can be applied. 

Financing 

Depending on your access to capital to fund investments in forest management, you may need to 
secure outside funding. The terms of outside financing (that is, the interest rate charged by the lending 
institution, repayment period, the amount of financing obtained) can vary considerably and have a 
substantial impact on the financial feasibility of an investment. 
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When to Sell your Products 

How will you know when your timber and other forest products are ready for harvest? What criteria 
will you use to make this determination? From a strictly financial perspective, you will want to sell 
your products when they no longer increase in value at a rate that exceeds your next best investment 
opportunity (such as your opportunity cost). For example, if you could invest the proceeds from the sale 
of your forest products into an account earning an eight percent annual return, you would want to let 
your forest grow until its value increases at a rate that is less than eight percent per year. The timing of 
any income-generating activities can also be affected by other factors such as the immediate need for 
money, anticipation of an insect attack, or cleanup following a windstorm. 

Marketing 

When your forest products are ready for sale, there will likely be costs associated with preparing your 
stand for sale and finding a market for the products. Many landowners use a consulting forester to 
oversee the sale of forest products. They will typically collect a fee that represents a percent of the gross 
sale value. 

Importance of Benefits which are Difficult to Quantify 

Forest management may involve selling timber or other forest products to markets which pay for 
delivered material. It can also provide other benefits that may not have a well-defined market (such as 
aesthetics, bird-watching). As the significance of these non-market benefits varies from one landowner 
to another, it may be important to weigh them in any management decisions. 

Taxes 

Property taxes are usually the single largest recurring annual cost of forest management. What are the 
expectations about the future level of property taxes? Additionally, how will federal and state income 
tax provisions (such as treatment of timber income and management expenses) affect the performance 
of my investment? 

Record Keeping 

Important, but often overlooked is keeping complete and detailed records of your forest management 
activities. These records are not only important for tax purposes, but they also enable you to better 
document the timing and types of treatments applied to your stand. 
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Government and other Support or Incentive Programs 

There are several government-sponsored programs that provide technical and/or financial assistance 
to landowners interested in managing their forest. This includes cost-share funds to help with certain 
management practices such as tree planting or other silvicultural activities. A consulting forester or 
your local department of natural resources office can help you identify the programs applicable for your 
situation. 

Steps in a Financial Analysis 

Investments require costs and produce benefits or income at various points over time. The timing and 
amounts of these cash flows determine the profitability of an investment alternative. 

 
A financial analysis requires identifying objectives, potential projects and your level of involvement; 

determining the schedule of activities for each objective; attaching a dollar value to each activity; and 
discounting those dollar values to the present (Figure 15-1). Your consulting forester can help you with 
many parts of this process. 

Figure 15-1. Flow chart of financial analysis steps. 

1.Identify your Objectives, Potential Projects, and Level of Involvement 

Sound planning begins with determining your objectives, identifying potential projects which might 
help you achieve those objectives, and deciding the level of involvement you want to have with on-the-
ground management of your forest. When identifying your objectives, it may be useful to write a short 
description of the situation or to describe the desired outcome in a clear, concise statement. Develop a 
list of potential solutions or investment alternatives which might help achieve your objectives. To reduce 
the number of alternatives to a manageable few, start by considering your resources such as: 

• Technical-equipment, species, etc. 

• Economic-relationship between benefits and costs (timing, amount, etc.). 

• Commercial-availability of markets. 

• Financial-amount of available funds and other financial obligations. 

• Personnel-adequacy of staffing (number, capabilities, etc.). 
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• Legal/Ethical-relationship with accepted standards and expectations. 

You probably lack data to predict outcomes for many alternatives. Many otherwise promising options 
may be discarded because there is little or no information regarding benefits. 

 
While being actively involved in on-the-ground management activities can save you money, it takes 

time. Do you anticipate doing those activities as a hobby when time permits or do you plan to make it 
a major line of your work? Because the amount of involvement often depends on the perceived returns, 
leave room for flexibility. You can rerun your analysis to evaluate how different levels of personal 
involvement or hired services will impact your profitability. 

2. Determine the Schedule of Activities for Each project 

Each project that you might undertake has an associated schedule of activities during its life. The events 
should be placed in the appropriate year(s) on a time line to help you track these activities over time. A 
sample time line for a Christmas tree farm is shown in Table 15-1. 

Table 15-1. Example timeline for activities on a Christmas 
tree farm. 

Years 
in the 
future 

Activity 

0 Site preparation, tree planting, weed control, 
spraying, taxes 

1 Spraying, fertilize, weed control, taxes 

2 Spraying, fertilize, shearing, taxes 

3 Spraying, shearing, taxes 

4 Spraying, shearing, taxes 

5 Spraying, fertilize, shearing, taxes 

6 Spraying, shearing, tree sales, taxes 

7 Spraying, shearing, tree sales, taxes 

In this case, site preparation, planting, weed control, spraying, fertilizing, shearing, payment of property 
taxes, site cleaning, and marketing are needed during various years. While site preparation and tree 
planting would occur now according to the timeline (Figure 15-2), the marketing of trees (sale) would 
occur six and seven years in the future. Make sure your timeline include all activities, including your 
own investment of time that the project will require. 
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3. Attach Dollar Values to Each Project Activity 

Identify those activities from your time line that involve a cash transaction where you are either receiving 
income (a benefit) or paying someone (a cost). For each of those activities, determine the associated 
dollar value. Do not include the cash flow from an existing or completed project as an initial benefit in 
an analysis. However, that income may be used as available funds to cover investment costs. 

 
As the economic environment is constantly changing and your financial analysis is heavily influenced 

by your assumptions about the timing and dollar amount of financial transactions, it is very important to 
have the best and most current information available. Some products have grower associations such as 
a Christmas tree grower’s association or a maple syrup producers association. These associations may 
be of some assistance in determining dollar values, growth rates, insurance costs, etc. Some products 
however do not yet have well-defined markets and prices. In these cases, foresters and extension 
educators may be of some assistance. When defining dollar values, make sure that they are all expressed 
in the same units (such as $/acre, $/year). 

4. Discount Values to the Present 

If you deposit funds into a saving account, you expect your investment to grow over time through a 
process called compounding. Compounding occurs when interest is paid on the original principal and on 
the accumulated past interest. Assuming a 5 percent interest rate and compounding once a year, a $100 
investment would grow to $105 ($100 X 1.05) at the end of the first year and $110.25 ($105 X 1.05) at 
the end of the second year. Before you can compare your alternatives and make a decision (Step 5), you 
must convert the cash flows on your time line into comparable values. This is done through a process 
called discounting, which is just the opposite of compounding; it starts with a future value and finds its 
worth today. The formula for calculating the present value of a future value is: 

PV = FV / (1+i)n 

Where: 
PV = Present value 
FV = Future value 
i = Alternative rate of return or interest rate (expressed in decimal form) 
n = Number of years in the future when the transaction occurs. 
 
Fortunately, computer spreadsheet programs contain built-in functions for determining the present 

value of future financial transactions. The key factor when discounting values to the present is 
determining the discount rate or alternative rate of return (i). This is the cost of borrowing money or 
the best rate of return available in other investments. These other investments may be alternative land 
uses, what you can earn through financial markets, or the rate of return available in a savings account or 
money market fund. 

 
Using the formula above, the present value of $110.25 in two years is $100 using a discount rate of 5 

percent: 
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$100 = $110.25 / (1+0.05)2 

Or, suppose that a future transaction will provide $250 in 10 years. If your savings account pays 7 
percent interest, then FV = $250, i =0.07 (for 7 percent), and n = 10. The calculated present value is 
$127.09. You would do the same for all financial transactions which occur in the future, discounting 
them to the present. 

 
Depending on an individual’s financial resources, tolerance for risk, and investment preferences (such 

as stock market vs. savings account) the discount rate applied may vary from one individual to another. 
As a result, the present value for a future transaction can vary considerably among individuals. For 
example, the present value of the same $250 transaction in 10 years is $139.60 using a 6 percent interest 
rate. 

5. Make a Decision 

There are many economic decision rules that can analyze the financial feasibility of investment 
opportunities. One of the more common is net present value (NPV), the difference between a project’s 
discounted benefits and discounted costs. A positive NPV indicates that a project is a better use of your 
resources when compared to the rate of return you could get from your next best investment opportunity 
(i.e., your discount rate). 

 
The investment alternative with the highest positive NPV is generally the preferred alternative. You 

need to consider additional factors such as the amount of risk, investment timelines, the amount of 
uncertainty associated with future cash flows, tax implications, non-market benefits provided or affected 
(such as aesthetics, bird-watching), your labor, etc. before making a final decision. 

 
As an example, suppose you identified the two investment options shown below with an alternative 

rate of return of 7 percent. Neither option provides net income until the third year. The NPV for Option 
A is $16.61 and $17.62 for Option B. Because both options have a positive NPV, we know that they will 
each return more than the alternative rate of return (7 percent). Based solely on financial criteria, Option 
B would be preferred because it has the largest NPV. But, because a financial analysis only incorporates 
project costs and benefits that can be quantified, consideration of other factors may result in Option A 
being preferred: 
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Example 

The farm you grew up on is now being sold by your parents who are retiring. Your siblings and you 
decide to purchase the farm to keep it in the family. While your brothers and sisters decide to keep 
their part of the farm in production, you are going to establish pheasant habitat on the 100 acres you 
purchased, with the intent of leasing the hunting rights once the habitat is suitable. Your estimated costs 
and returns are as follows: 

• $750/acre purchase price of land, paid back annually in equal installments over 5 years at 9% 
annual interest. 

• $200/acre wildlife habitat establishment costs incurred one year after purchase. 

• $50/acre habitat maintenance costs in years 2-3. 

• $10/acre habitat maintenance costs in years 4-10. 

• Annual recreation leases of $140/acre beginning in years 4-9. 

• $5/acre/year in property taxes and liability insurance, beginning immediately. 

• You plan to sell the land in year 10 for $1,300 per acre. 

• Your alternative rate of return is 7%. 

220   Woodland Stewardship: A Practical Guide for Midwestern Landowners



Adding numbers in the Net Return row of the Discounted Cash Flow table above, we find, the net 
present value is $59/acre (rounded to the nearest dollar). Because that value is positive, this alternative 
will provide a 7 percent rate of return plus an additional $59 acre. Assuming that the level of risk, 
investment timelines, the amount of uncertainty associated with future cash flows, tax implications, non-
market benefits provided or affected (such as aesthetics, bird-watching), your labor requirements, etc. 
are acceptable, you would prefer this alternative to the one which yields a 7 percent rate of return. 

Planning for your Woodland Legacy 

What will happen to your woodland after you are gone?  Most landowners would like to see their 
woodland pass on to the next generation without being subdivided or at least be sold to someone who 
cares as much as you do about keeping the woodland wooded. 
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After managing a woodland for many years, you want to preserve its financial and other values for the 

benefit of future generations. Discuss your goals for the property with family members and others that 
have a stake in it. Developing a common understanding about the future of the woodland is essential to 
sucessful transition of woodland ownership.  Use the goals worksheets in the online resources to develop 
a list of goals for you and your family and then work through goal sheet develop a prioritized common 
list of goals. Then fine-tune your goals and work with professional advisors (attorney, accountant, and 
forester) to find the right mechanism for passing on your legacy. 

Wills and Trusts 

Prepare a will to insure that taxes and creditors are paid and assets are transferred to heirs as you wish. 
A will does not control distribution of some assets, such as property held in joint tenancy, life insurance, 
and retirement plans. Designate beneficiaries on financial accounts (such as retirement accounts, bank 
accounts, life insurance) to keep them out of probate. 

 
A trust can be written to specify how assets will be managed and distributed after death. Assets can 

be transferred to the trust during the lifetime of the trustor or at death. The trustee is obligated to manage 
the trust’s assets for the benefit of beneficiaries. The trustee must file income tax returns and pay taxes 
on income retained in the trust while beneficiaries pay income taxes on funds distributed to them. 

 
A revocable living trust enables the creator to become both the trustee and beneficiary. This trust may 

be amended or revoked at any time. The trust is not subject to income tax. By designating an alternate 
trustee, it provides financial protection in case of disability and assets transferred to the trust during the 
trustor’s lifetime avoid probate at death. Estate taxes cannot be avoided by this trust. 

Types of Business Ownership 

Different forms of business ownership can be used to pass on your management goals to the next 
generation.  The following describes some of these. 

Sole Proprietorship 

This business has one owner. Startup costs are low, income and taxes are reported on the owner’s tax 
return, one person makes all decisions, and no documents are required to describe the business or its 
management. The owner is not protected from liability and the business ends when the owner dies. Upon 
death of the owner, the business’s value is its fair market value at the date of death. 

Joint Tenancy and Tenants-in-Common 

More than one individual owns the business. The business pays no tax, but does file a tax return to 
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report income or loss. Partners report their share of the income on individual tax returns. Partners are 
not employees so no payroll tax is reported. Partners can pool finances and share management with few 
legal restrictions. Every partner shares liability for his or her own actions, for actions of other partners, 
and for actions of employees. The joint ownership terminates at the death or bankruptcy of any partner. 
Written buy-sell agreements are important to determine what happens to the business and land when an 
owner dies. Individual owners in the land can demand their share of the fair value of the property at any 
time, and force the sale of the property to get their value out. This creates an unpredictable situation for 
remaining owners. When the death of a partner occurs, 

• Under joint tenancy, ownership passes automatically to the remaining partners. 

• Under tenants-in-common, ownership passes to the heirs of the partner that died if there is no 
buy-sell agreement between partners. 

Limited Liability Company 

This entity combines features of a partnership and corporation. Owners are called members. The 
business pays no tax, but does file a tax return to report income or loss. Members report their share of 
the income on individual tax returns. Members are not employees so no payroll tax is reported. One 
or more general members manage the business for the benefit of all members. This arrangement, like 
the family limited partnership allows selected family members that are most interested and competent 
to manage the business to the benefit of all while allowing other family members to transition into 
management over time. Members have limited liability for business actions and debts. Profit distribution 
is flexible. LLCs can be created with unlimited life. At the death of a member, buy-sell agreements 
control how member interests are valued and transferred. Valuation is based on the business’s assets 
and cash flow, reduced by any restrictions in the membership agreement. Each state has different laws 
and regulations concerning LLCs. This is a popular business entity for ownership and transfer of land 
between generations. 

Land Protection Options 

Many woodland owners invest a great deal of time and money into managing their woodland and wish 
to preserve the features they value about their land for future generations. However,pressure to develop 
that woodland for residential or business use may lead a future landowner to sell the property for such 
development. Woodland can be protected from development by a conservation easement. 

Conservation Easement 

A conservation easement is a legally enforceable land preservation agreement between a landowner 
and a land protection organization, such as a nonprofit land trust or public agency. The owner typically 
gives up the right to develop the land while retaining other rights, such as the right to sell the property, 
live on the property, manage timber, recreate, and mine subsurface minerals. All rights are negotiable 
between the landowner and the entity holding the easement. The receiving organization is obligated to 
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prevent future development of the property and may have other rights to use it for conservation purposes 
stipulated in the agreement. 

 
There are several benefits of a conservation easement to the landowner, foremost of which is that 

the land will continue to be managed and used as the current owner specifies. If the fair market value 
of the land declines as a consequence of the easement, the landowner may deduct this “loss” as a 
charitable contribution on federal income taxes [Internal Revenue Code Section 170(h)]. Lowering the 
property value also lowers the estate value, thus reducing estate taxes when the property owner dies. 
A conservation easement does not always result in a lower property value since the property’s value as 
“green space” in a rapidly developing area may sustain or raise the property value. 

Conclusion 

In this chapter we provide an introduction to how ownership purpose or intent to make a profit 
determines how income and deductions are treated for income tax purposes. We hope the information 
will help you make decisions about whether to operate as a hobby, investment or business. While there 
are significant tax advantages to operating as a business, it also requires investment of time and effort on 
your part to keep records, determine the original cost basis for your land, timber and other assets and to 
project into the future the return on your expenditures.  We also introduced planning for your woodland 
legacy, an on-going process that involves family communication, the development of legal documents 
and use of business structures to pass land to the next generation or to new owners. 
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As a woodland owner, you want to ensure that your woods stay healthy, resilient, and productive for 

years to come. The management actions that you take in your woods today will play out over decades, 
and your decisions will be realized and appreciated by future generations. Woodland stewardship 
requires this long-term perspective, and we know that the future is going to look a lot different than 
today. In fact, it is increasingly clear that changing climate conditions will present new challenges for 
woodlands in the future. This is why it is increasingly important to consider climate change as you 
develop your plans for woodland stewardship. This chapter covers information on assessing risks to your 
woods (and opportunities) from climate change, as well as some practical ways to adapt to change. 

Climate Change Definitions 

“Weather” is the term we use to describe short-term conditions in the atmosphere—conditions that 
can last for minutes, days, weeks, or even years. This includes the regular variation and unpredictable 
changes in day-to-day conditions, as well as the extreme conditions that stick in our memories. The 
summer heat wave, the “polar vortex” in the winter of 2019, the drought of 2012—these are all examples 
of weather events, because they occurred over short periods of time. 

 
The “climate” is the long-term average in weather conditions in an area. The key difference between 

weather and climate is time. The usual standard is that it takes a minimum of 30 years of information to 
say anything reliable about the climate of an area, or to define a long-term trend that is meaningful. It 
is crucial to look at a long stretch of time when you’re trying to sum up the climate of an area, because 
we know that the Earth’s weather patterns can be erratic and unpredictable. Weather-related cycles like 
El Nino can repeat in semi-regular cycles over many years, so it’s important to account for these swings 
when you’re trying to describe the average of an area. 

 
“Climate change,” similarly, is a long-term change in weather patterns that occurs over multiple 

decades. Climate change includes shifts in both the average weather conditions (average winter 
minimum temperature or average rainfall during the growing season, for example) as well as extreme 
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weather events (frequency of tornadoes or 5-inch rain events, for example). Weather events such as 
heavy rainstorms, seasonal droughts, or late spring frosts can clearly have major impacts on woodlands 
in the Midwest, but these events are random and unpredictable. Climate change, on the other hand, 
indicates a long-term shift in the conditions of an area. We know that the climate ultimately controls 
what kinds of plant and animal life can survive in a particular area, and so a changing climate means that 
woods of the future may be living and growing under a different set of conditions than they are today. 

On-going Evidence of Climate Change 

Climate change has already been underway for several decades, and more changes are expected to occur. 
The overwhelming amount of evidence points to the fact that climate change is real, and the Midwest 
has not been immune to the effects. The National Climate Assessments from 2014 and 2018 list several 
on-going trends that have already been documented across the region: 

• Annual average temperatures have increased about 1.3°F over the past century. The rate of 
increase has tripled in recent decades. 

• Winters have been warming faster than other seasons. 

• Nighttime temperatures have been warming faster than daytime temperatures. 

• The growing season has lengthened by about 9 days since 1901 because winter is getting 
shorter. 

• Multi-day heat waves have become more frequent since 1950. 

• Annual precipitation has generally increased over the past century, by as much as 20 percent 
in some parts of the Midwest. 

• Heavy rainfall events have become more common, and a larger percentage of our overall rain 
comes from heavy rain events. 

Future Expectations 

Understandably, there is uncertainty involved with making long-term future predictions of climate 
change. A large part of this uncertainty exists because the amount of future warming will depend on 
global decisions about the use of fossil fuel and renewable energy. But we have enough information 
to anticipate many changes that are likely to happen, especially if we plan across a range of potential 
outcomes. The National Climate Assessments also list several projected future impacts of climate 
change for the Midwest region: 

• Annual average temperatures will rise by 6°F to as much as 9°F by the end of the century. 
Winter will continue to experience more warming than other seasons. 

• As the 21st century continues, winters will likely bring less ice cover and snowfall, and more 
winter precipitation will come as rain rather than snow. 
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• The growing season may increase by as much as one month by the end of the century. 

• A greater share of our rainfall will come in large storms, with heavy rainstorms becoming 2 
to 3 times more frequent by the end of the century. 

• The Midwest may experience decreased soil moisture in the summer because of warmer 
conditions and longer growing seasons. 

Climate Change Impacts to Woodlands 

Climate change will directly and indirectly affect the woods in our region (Table 16-1). For example, the 
timing of leaf expansion is directly controlled by warming in the spring, and researchers have observed 
that the length of sugar maple’s growing season has already increased by 11.5 days over the past few 
decades in Michigan. There will also be indirect effects of climate change. For example, longer growing 
seasons mean that insect pests can complete more life cycles in one year, and milder winters mean that 
more insects are able to survive over the winter. These factors can work together and lead to increased 
insect pest damage, such as the multi-year outbreak of native eastern larch beetles that are affecting 
northern Minnesota’s tamarack. 
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Table 16-1. Projected climate change impacts to Midwest woodlands. 

Projected change Explanation 

Growing seasons will get 
longer. 

 

Projected temperature increases will lead to longer growing seasons in the 
Midwest. The date of the last winter frost is expected to advance earlier in the 
spring by one to two months by the end of the century. The first frost in the 
fall is also expected to retreat later in the year, which will lead to a much 
longer total frost-free time available for plant growth. 

Woodlands may experience 
more drought stress, 
particularly later in the 
growing season. 

 

Several factors could combine to lead to drier conditions for woodlands by the 
end of the century. More precipitation will be delivered in big events, which 
means more rain will be lost to runoff and not recharge the soil moisture. 
Milder winters will result in less snowfall and more winter rain, so moisture 
will not be released gradually in the spring as snow melts. Longer growing 
seasons mean that trees and other plants will be pulling moisture from the soil 
for a longer period of time. Finally, warmer conditions will lead to more water 
evaporation from the soil. 

Climate conditions will 
increase wildfire risks by the 
end of the century. 

National and global studies agree that wildfire risk will increase in the region 
because of warmer temperatures and more frequent unstable atmospheric 
conditions. But wildfire suppression to protect people and property will likely 
remain a priority for land management agencies, so it is unclear if more 
wildfires will actually occur. 

Non-native species may 
benefit more from climate 
change than native species. 

It is generally expected that invasive plants will disproportionally benefit 
under climate change because they have traits that allow them to exploit 
changed environments and aggressively colonize disturbed areas. Northern 
areas may lose some of the protection offered by a traditionally cold climate 
and short growing season that prevents the establishment of invasive species. 

Many insect pests and forest 
diseases will increase or 
become more damaging. 

Evidence indicates that an increase in temperature and greater drought stress 
will lead to increases in damage by insects and diseases. Research to date has 
examined few species, so there is still uncertainty about which pests and 
diseases are likely to become more damaging. 

Boreal species will face 
increasing stress from climate 
change. 

Forestry models agree that boreal or northern species will experience reduced 
suitable growing conditions across the Midwest, and that they may be less able 
to take advantage of longer growing seasons and warmer temperatures than 
temperate or southern species. 

Southern species will be 
favored by climate change. 

Forestry models agree that suitable growing conditions will increase for many 
temperate or southern species across the region, and that longer growing 
seasons and warmer temperatures will lead to increased growth. 

Forest productivity may 
increase. 

Some model projections and other evidence support modest productivity 
increases for woodlands across the Midwest because increased carbon dioxide 
levels in the atmosphere can lead to more plant growth. There is still 
uncertainty about the long-term effects of this “fertilization” effect. 
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A tool used to estimate changes in suitable growing conditions for tree species is the Climate Change 

Tree Atlas. The Tree Atlas uses climate models to assess whether individual species might have more or 
less suitable growing conditions in the future. Table 16-2 shows the Tree Atlas results for 16 common 
Midwestern tree species, projected across a range of future climate scenarios at the end of the 21st 

century. The following characteristics can help in interpreting the table, 

• An Increase indicates suitable growing conditions for the species is expected to increase 
more than 20 percent by the end of the century. 

• A Decline indicates suitable growing conditions for the species is expected to decline more 
than 20 percent by the end of the century. 

• A Mixed change indicates suitable habitat projections are mixed across a range of mild and 
extreme climate scenarios. 

• These changes are averaged values across the regions indicated in the columns: 

◦ Midwest Region includes the states of Minnesota, Wisconsin, Michigan, Iowa, 
Illinois, Indiana, Ohio, and Missouri. 

◦ Northern Minnesota includes the Laurentian Mixed Forest Province in Minnesota. 

◦ Southern Wisconsin includes the southern half of Wisconsin below the “tension 
zone” line of the Laurentian Mixed Forest Province. 

◦ Southern Illinois includes the Central Interior Broadleaf Forest Province in 
Illinois. 
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Table 16-2. Projected changes in suitable growing conditions for 16 common tree species across the Midwest, modeled 
by the Climate Change Tree Atlas. – indicates species is not likely to occur in the region. 

Species Midwest Region Northern Minnesota Southern Wisconsin Southern Illinois 

American elm Mixed Increase Increase Mixed 

Quaking aspen Decline Decline Decline — 

Sugar maple Decline Increase Mixed Decline 

White oak Mixed Increase Mixed Decline 

Red maple Decline Increase Mixed No change 

Northern red oak Mixed Mixed Mixed Mixed 

Black cherry Mixed Increase Mixed Decline 

Bur oak Increase Mixed Mixed Increase 

Black oak Increase Increase No change Mixed 

Boxelder Increase Increase Increase Mixed 

Silver maple Increase Increase Increase Mixed 

Hackberry Increase Increase Increase Mixed 

Black walnut Mixed Increase Increase Mixed 

Paper birch Decline Decline Decline — 

Balsam fir Decline Decline Decline — 

Eastern red cedar Increase Increase Increase No change 

Models like the Tree Atlas are only tools, and are not perfect. Models do not account for some factors 
that could be modified by climate change, like droughts, wildfire activity, and invasive species. These 
factors, and others, could cause a particular species to perform better or worse than a model projects. 
Despite these limits, models provide useful information about future expectations. It may be best to think 
of the output from tools like the Tree Atlas as an indicator of potential change. 

 
Tree species with easily dispersible seeds, such as red maple, will likely occupy new habitat more 

quickly than other tree species. Trees will have a harder time migrating in highly fragmented or 
developed landscapes. Planting programs can help move tree species adapted to future conditions into 
new locations, but that will depend on decisions of individual woodland owners. 

Assessing Risk in Your Woods 

Impacts from climate change will not be spread evenly across the landscape. A variety of factors, such 
as soils, forest health, and past management, can influence how your woods will be affected by climate 
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change. So you can think about “risk factors” that might make your woods more or less vulnerable 
to climate change. This is similar to the way a doctor might think about risk factors for heart disease 
when meeting with a patient. No one factor will automatically predispose a woodland to decline, but it 
certainly makes good sense to control as many risk factors as you can. It will be helpful to talk with a 
consulting forester or other professional to get their input on how these risk factors relate to your woods. 

 
Here are some general risk factors for you to consider as you think about climate change and your 

woods, also represented in Figure 16-1. These will not apply to each and every woodland, but they are 
generally consistent across the Midwest. 

1. Tree species diversity – Woods with a diverse mix of native species will have many options 
to respond to climate stressors, even if some species decline. Woods dominated by only one 
or two species are at higher risk of decline. Also, woods dominated by boreal species like 
balsam fir, black spruce, and quaking aspen may find future conditions less favorable than 
woods with species adapted to warmer, drier climates such as oaks and hickories. 

2. Structural diversity – Woods with a diverse mix of age classes, multiple canopy levels, and 
complex features (standing and downed dead trees, for example) will have many microsites 
that can provide growing conditions for different species as conditions change. Woods with a 
simplified structure, such as even-aged trees, are less adaptable to future stress. 

3. Regeneration – Woods with abundant and diverse tree regeneration, or with good 
regeneration potential, are prepared to cope with changes to the overstory. Woods with 
limited regeneration potential may be in serious risk if the overstory declines. Several factors 
can limit regeneration potential, including lack of overstory seed sources, browse pressure 
from deer, or competition from invasive plants. 

4. Disturbance regime – Woods may be in a better condition if they have experienced natural 
disturbances, or if management has been designed to mimic natural disturbances. For 
example, a fire-dependent forest type may be overstocked with trees and stressed by 
competition if natural wildfire or thinning haven’t knocked back shade-tolerant species and 
reduced trees that could be fuel for wildfire. 

5. Management history – Woods that have been enhanced through management will be more 
vigorous and able to tolerate future stress, such as a red pine stand that is regularly thinned to 
reduce competition and stress. Woods with past management that has removed the best trees, 
reduced diversity, or damaged the soils will be at greater risk of decline. 

6. Pests and diseases (including earthworms) – Woods with minimal damage or no looming 
threats from pests and diseases may be better able to tolerate future stress from climate 
change. Woods that are already compromised by insect outbreaks, earthworm damage to 
soils, or disease may be less vigorous and more prone to increased damage. 

7. Drought risk – Woods on moist soils, a north-facing slope, or with close connection to the 
groundwater will be at less risk of future drought stress. Woods on drought-prone soils, a 
southern aspect, or with a high stocking level may be more affected by future droughts. 

8. Flood risk – Low-lying woods connected to a larger complex of wetlands may be less at risk 
from a high water event. For example, a riparian corridor connected to wetlands and 
backwater areas can more easily distribute water during a flood. Low-lying woods that are 
isolated, such as a small perched bog, may be more at risk of excessive flooding and water 
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table fluctuations. 

9. Local hydrology – Woods where natural hydrology has been maintained may be better able 
to cope with precipitation changes in the future. Woods with dikes, ditches, rutting, culverts, 
and other features that have altered how water moves may be at greater risk of excessive 
drying or swamping. 

10. Harvest access and operability – Woods that can be accessed by heavy equipment at 
different seasons of the year will have greater management flexibility in the future. Woods 
with sensitive soils may require frozen ground or deep snow for logging equipment to operate 
safely and without causing damage. As winters continue to get warmer, there will be less 
operating time in the winter to access these sites so it may be harder to perform management 
actions. 
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Figure 16-1. Factors that increase or decrease climate change risk that apply to woodland owners. 
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The effects of climate change will be more serious for some trees and in some places on the landscape. 
Thinking specifically about the risk factors in your woods can help you reduce your level of risk through 
time. Woodlands may respond slowly to climate change, so do not expect changes to occur all at once. 
This means you have time to gradually improve the health and vigor of your woods. The remaining 
portion of this chapter focuses on actions you can take to help your woods adapt or tolerate the changes 
that lie ahead. 

Helping your Woods Adapt to Climate Change 

Climate change adaptation means taking action to prepare for current and expected impacts of climate 
change. Given all the potential impacts from climate change, this can seem like a huge job. But you 
can take a deep breath because there is no single best answer of how to adapt to climate change. 
Adaptation decisions will vary by forest type, site conditions, landowner goals, and other factors. The 
overall purpose of adaptation is to give your woods the best chance for success, not to come up with the 
“perfect solution.” This means that you can identify new and different management actions to address 
climate impacts, but also recognize how the work you are already doing might help address climate 
change. 

Begin with Your Goals 

Clearly stating your goals and values through a stewardship plan is an important step that you can take 
toward climate change adaptation (Chapter 1). This sounds basic, but it is fundamental to planning 
an appropriate and site-specific adaptation response. A concrete set of goals and values gives you a 
place to begin evaluating the risks that climate change may pose to your woods. If your goal is to 
maintain a certain mix of existing species or a particular kind of habitat, you may opt for more defensive 
tactics designed to resist change for the short-term. This mindset toward climate adaptation is called 
“Resistance,” and it may be a suitable option for you for the short-term, especially in situations where 
you have high-value woods or you are focused on maintaining the status quo (Table 16-3). If your goal 
is to maintain healthy woods that can tolerate a wide range of future conditions, you may opt for tactics 
that emphasize diversity and forest health. This is considered a “Resilience” mindset, which allows some 
flexibility and change as long as the woodland generally remains the same. If your goal is to maximize 
the value or productivity of your woods for a future harvest, you may consider planting new species 
that are projected to be more productive under future conditions. This “Transition” mindset is based on 
intentionally making changes that are designed to reduce long-term risk. Having an overarching set of 
goals in place will help guide you through the range of possible climate change impacts and potential 
responses. 

 
Woodland owners will naturally have different viewpoints on how to judge climate change risks 

and opportunities. In many cases, preparing for climate change offers “win-win” opportunities because 
many adaptation actions are already good forestry practices. Also, many adaptation actions can address 
stressors that woodland owners already consider, such as drought and pests. So you will likely find that 
addressing climate change matches well with your overall goals for your woods. 
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Table 16-3. Three climate adaptation options woodland owners can consider. Think 
about how each option might apply to your particular values and situation. 

Examples 
of 

persistence 

Resistance: Protect the system from change. Useful when trying to maintain a resource with high 
economic, cultural, or ecological value in the short-term. 

Resilience: Enable the system to rebound to normal conditions after a disturbance. Useful in 
systems that can tolerate a wide range of environmental conditions and disturbance. 

Example 
of change 

Transition: Actively encourage change for long-term success. Useful in highly vulnerable systems 
or when resistance and resilience actions may be too risky. 

Diversity is a Smart Bet 

Trees live for a long time—several decades to centuries, depending on the species—so managing and 
conserving your woods requires careful long-term planning. In a lot of ways, managing a woodland 
is like managing a retirement portfolio. Woods are assets that mature slowly over time, just like you 
expect your retirement investments to grow over decades. Your attitude toward risk in your woods can 
change over time, just like your investment strategy might change depending on whether you are 30 
or 80 years old. Changing climate conditions and unpredictable weather events will add risks for your 
woods, similar to the uncertainties in our chaotic and interconnected economic system. 

 
So what can your retirement portfolio tell you about how to take care of your woods? Well, regardless 

of whether you’re a risk-taker early in your career or cautious nearing retirement, it always makes sense 
to keep a diverse investment portfolio. As the old saying goes, “don’t put all your eggs in one basket.” 
It is a losing bet to have all your retirement savings pooled into slow-growing securities, and it is also a 
risky bet to invest all of your savings in the next “hot stock.” Diversifying your investments reduces the 
chance that any one bad year (or series of bad years) will ruin your savings, and it increases the chance 
that you will reap the benefit of a good year. 

 
So, if diversity is crucial for long-term risk management, how will you encourage diversity in your 

woods, and how will it benefit your woods under changing conditions? Here are a few suggestions: 
 

Species diversity: Woodlands naturally contain mixes of different tree species, and these 
species have different levels of risk with climate change. Northern or boreal species like quaking 
aspen, black spruce, and balsam fir are expected to decline across a range of climate scenarios, 
while some species like red maple, white pine, and white oak are projected to do well. Each forest 
type also has an inherent amount of species diversity. For example, jack pine forests have fewer 
species than northern hardwoods. Maximizing the natural diversity potential of a given forest type 
can help woodlands be resilient to both current and future pressures and provide more options for 
the future. As a landowner, you should look for opportunities to maintain a diverse mix of species. 

If you’re going to plant some new trees on your property, you may want to focus on species 
that are projected to tolerate future climate conditions. If you’re more cautious, you can plant 
native tree species that are already common but expected to do well in the future. If you’re willing 
to take risks, you can try planting tree species that are currently uncommon but expected to do 
well—perhaps even some long-distance migrants from one or two hundred miles to the south! 
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Genetics: Forest management tends to favor high-quality genes by retaining trees that have 
resisted pests and stress and removing trees that have succumbed to these factors. As a woodland 
owner, you might also notice that a certain pocket of aspen has withstood a drought better than 
another pocket, or that certain individuals of other species just seem to be superior. You can try to 
favor these high-performers through management. 

If you’re going to plant trees but do not want to use new tree species, you may be able to 
introduce some genetic diversity by getting seedlings from locations that match future climate 
conditions. Tools like the Seedlot Selection Tool can help with this task. The idea is that 
populations of trees that currently live in areas exposed to more heat and drought might have 
genetic adaptations that allow them to tolerate those conditions. 

 
Structure:  The structure of a woodland includes the horizontal spacing among trees (including 

gaps in the canopy) as well as the number of layers of vegetation (dead trees, forest floor, tree 
seedlings, young trees, sub-canopy trees, and dominant canopy trees). Keeping a diverse structure 
provides a variety of site conditions with different amounts of moisture, temperature, shade, 
and ground cover. This kind of diversity can help different tree species to find their optimum 
growing conditions. For example, encourage a wider tree species mix in northern hardwoods by 
harvesting groups of trees rather than single-trees. Gaps can be placed near less common tree 
species currently present in the stand, such as yellow birch, white pine, red oak, or hemlock to 
provide open ground for their seedlings to establish. 

 
Additionally, keeping several different age classes of trees in your woods is another way to 

reduce risk because trees are more susceptible to certain risks at different ages. For example, 
young trees are more susceptible to drought, while older trees might be more susceptible to insect 
pests. Keeping a few different age classes will reduce the chance that any one event will cause a 
lot of damage. 

More Detailed Adaptation Ideas 

You might be asking yourself, “Diversity is nice, but what else should I be doing to help my woods adapt 
to climate change?” Fortunately, more detailed resources are available for landowners and foresters. The 
Forest Adaptation Resources book includes a list of forest management strategies and approaches that 
can be applied to help woodlands cope with future change. A “Top 10 List” of adaptation actions for 
woodland owners includes the following: 

Ten Things You Can Do to Keep Your Woodland Healthy: 

1.       Protect water and soils on your land. 

2.       Improve the ability of your trees to resist insects and diseases. 

3.       Prevent and control non-native plants that threaten native plants and animals. 

4.       Manage damage to young trees from excessive deer browsing. 
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5.       Protect rare or sensitive plant and animal communities. 

6.       Promote a diversity of tree species. 

7.       Promote a diversity of tree sizes. 

8.       Respond quickly after big disturbance events to help your woods bounce back. 

9.       Consider how your current trees, and trees that you may plant, will react to future 
conditions. 

10.       Monitor your woods and the effect of different management tactics. 

 
The Forest Adaptation Resources book also includes an Adaptation Workbook to help foresters and 

landowners consider climate change. This workbook starts with identifying management objectives, 
and includes separate steps for considering climate change risks and opportunities. You can also select 
adaptation actions from a menu that will help achieve your management objectives (Figure 16-2). 
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Figure 16-2: The five-step Adaptation Workbook process. For more information and key questions 
for each step, see the Forest Adaptation Resources book. 

 
Going through a structured process like the Adaptation Workbook can help break down your thought 

process of climate adaptation into manageable steps. It also helps connect your fundamental goals and 
values for your woods to the adaptation ideas that make the most sense for your situation. Landowners 
across the Midwest have used the Adaptation Workbook to develop their own customized adaptation 
plans. Many example plans are available online at www.ForestAdaptation.org. 
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Appendix A: Forestry Measurements and Conversions 

Land Measurements 

Linear 

1 link = 7.92 inches 
100 links = 1 chain 
1 chain = 66 feet 
80 chains = 1 mile 
1 rod = 16.5 feet 
4 rods = 1 chain 
1 mile = 5,280 feet 

Area 

1 square rod = 272.25 square feet 
10 square chains = 1 acre 
1 acre = 43,560 square feet; a square acre measures about 209 feet on each side 
1 square mile (section) = 640 acres 
1 township = 36 sections Metric to English 

Tree and Log Measurements 

1 board foot = 144 cubic inches of solid wood 
1 cubic foot = 1,728 cubic inches of solid wood or about 5 to 6 board feet (because of losses in sawing) 
1 cunit = 100 cubic feet of solid wood 
1 cord = a closely stacked pile of wood containing 128 cubic feet of wood, bark, and air spaces. Usually 
measured as 4 feet x 4 feet x 8 feet and contains 70 to 90 cubic wood or about 500 board feet. 

Approximate English to Metric System Conversions 

English to Metric 

1 inch = 2.540 centimeters 
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1 foot or 12 inches = 30.480 centimeters 
1 yard or 3 feet = 0.914 meters 
1 U.S. statute mile or 5,280 feet = 1.609 kilometers 
1 acre or 43,560 square feet = 0.405 hectares 
1 cubic foot or 1,728 cubic inches = 0.028 cubic meters 

Metric to English 

1 centimeter or 10 millimeters = 0.394 inches 
1 meter = 39.370 inches 
1 kilometer or 1 ,000 meters = 0.621 U.S. statute mile 
1 hectare or 10,000 square meters = 2.471 acres 
1 cubic meter or 1,000,000 cubic centimeters = 35.315 cubic feet 
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Appendix B: Example Tally Forms for Conducting a Woodland 

Inventory 

The following sample tally sheets for pulpwood and sawtimber may help you in recording the number 
of trees by DBH and number of bolts per tree. 

Sample Tally Sheet for Pulpwood: 

Tract Location: 
Tract Name: 
Date: 
Species: 
Plot number: 

DBH 
(inches) 

Number of eight-foot bolts 

1 2 3 4 5 6 7 Totals 

5 

6 

7 

8 

9 

10 

Totals 
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Sample Tally Sheet for Sawtimber: 

Tract Location: 
Tract Name: 
Date: 
Species: 
Plot number: 

DBH 
(inches) 

Number of eight-foot logs 

1 2 3 4 5 6 7 Totals 

10 

11 

12 

13 

14 

15 

Totals 
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Appendix C: Sample Timber Sale Contract 

This sample timber sale contract can be a starting point for your own contract, but we encourage you to 
contact an attorney for help in designing a timber sale contract that meets your specific needs. 

 
✦ SECTION I 
The Seller agrees to sell and the Purchaser agrees to buy, under the terms and conditions hereinafter 

stated, all the timber marked or designated by the Seller on certain lands held by the Seller and described 
as follows: _______ acres in Section _______, Township ________________, Range ______________, 
in _____________________ County, State of ________________________. Timber to be harvested is 
marked or designated as follows: [Describe cutting blocks and how timber is marked]. 

 
✦ SECTION II 
The Purchaser and Seller hereby agree to the following payment schedule: [Insert Option A or B] 
Option A. Lump Sum Sale: The Purchaser agrees to pay the Seller [10% of sale value] dollars 

($___________) when the contract is signed, and [90% of sale value] dollars ($_____________) before 
any timber harvesting activity begins as compensation for timber harvested. The Purchaser also agrees to 
pay the Seller [10% of total lump sum sale price] dollars ($_____________) when the contract is signed 
as a refundable deposit to guarantee performance of Sections III and IV of this contract. 

Option B. Sale-by-Unit: The Purchaser agrees to pay the Seller an installment in advance of cutting. 
The first installment of [10% of estimated sale value] dollars ($________________) shall be paid 
when the contract is signed and subsequent installments shall be paid before harvesting begins in the 
next designated cutting block and in an amount equal to the estimated value of standing timber in the 
next designated cutting block. The volume of timber actually harvested will be measured [Location 
where timber will be measured, who will measure timber, when timber will be measured] (Note: if the 
consuming mill is designated as the official measurer of the timber volume, all scale receipts shall be 
provided to the Seller.) 

Within thirty (30) days after the total volume of timber harvested is finally determined, the Purchaser 
agrees to pay or the Seller agrees to refund any difference in value from the original payment based on 
the actual scale at the unit prices specified below. 

 

Species Product Estimated 
volume Units Unit 

Price Total estimated value 

Total estimated value: 

 
The Purchaser also agrees to pay the Seller [10% of total estimated sale price] dollars 
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($______________) when the contract is signed as a refundable deposit to guarantee performance of 
Sections III and IV of this contract. 

 
✦ SECTION III 
The Purchaser agrees to cut and remove said timber according to the following conditions: 

1. Timber harvesting may begin on [date], and may continue until the termination date of [date] 
unless an extension of time is requested and granted in writing. The Purchaser shall give the 
Seller three (3) days notice before harvesting begins. After this termination date all products 
remaining on the Seller’s premises, cut or uncut, become the property of the Seller unless an 
extension is granted. If extensions of this contract are deemed reasonable by the Seller, the 
stumpage price agreed upon herein shall be adjusted as follows: a. First six-month extension: 
0% increase b. Second six-month extension: 5% increase c. Additional six-month extensions: 
10% increase d. Other applicable charges or fees: ______________________. 

2. The Seller may terminate this contract by oral or written notice to the Purchaser upon its 
breach. The Purchaser shall cease all operations and immediately leave, and not return to, the 
Seller’s property unless otherwise provided by the Seller. 

3. Trees cut for pulpwood shall be utilized to a minimum top diameter of 4 inches and those cut 
for saw logs utilized to a minimum top diameter of 8 inches unless decay, branching, or stem 
deformity limits merchantability. 

4. Stump heights shall be as low as practicable, but shall not exceed one-half stump diameter. 

5. Sawtimber and veneer logs shall be scaled by the Scribner Decimal C rule and pulpwood 
according to 128 cu. ft./cord for 8-foot wood and 133 1/3 cu. ft./cord for 100-inch wood. 

6. Reasonable care shall be taken to protect the residual and neighboring stands from damage 
caused by logging activity. 

7. Only timber designated in Section I shall be cut and removed. Whenever any undesignated 
trees are cut or needlessly damaged, the Purchaser shall pay for them at a rate of three times 
their scale value. Crown damage is defined as _______________and bole damage as 
_____________________. 

8. The Purchaser shall repair, at the Purchaser’s expense, damage beyond ordinary wear and 
tear caused by Purchaser or Purchaser’s agents to waterways, trails, roads, gates, fences, 
bridges, or other improvements on the Seller’s property. 

9. Locations of roads, landings, etc., shall be mutually agreed to by the Purchaser and the Seller 
or their agents. 

10. Only nonmerchantable wood may be used for construction purposes in connection with the 
logging operation. 

11. The Purchaser agrees to comply with appropriate forest management guidelines for the site 
for the duration of this contract. Particular guidelines of concern are noted below. 
______________________. 

12. The Purchaser shall remove all sale-generated debris within twenty (20) days of sale 
expiration, including machine parts, oil cans, paper, and other trash, and Purchaser’s 
equipment and structures. Items not removed are deemed abandoned, become the property of 
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the Seller, and may be removed or disposed of at the Purchaser’s expense, including but not 
limited to the performance deposit. 

13. Care shall be exercised at all times by the Purchaser and the Purchaser’s agents against the 
start and spread of wildfire. The Purchaser agrees to pay for any and all damage and the cost 
of suppression of any fires caused by the Purchaser or Purchaser’s agents. 

 
✦ SECTION IV 
It is mutually understood and agreed by and between the parties hereto as follows: 

1. The Purchaser agrees to save and hold harmless the Seller from any and all claims, penalties, 
or expenses of any nature, type, or description whatsoever, arising from the performance of 
this contract, whether asserted by an individual, organization, or governmental agency or 
subdivision. In furtherance of this clause, the Purchaser shall carry public liability insurance 
in the amount of $_____________ and property damage insurance in the amount of 
$_____________. The Purchaser shall be responsible for the same insurance requirements on 
the part of any of its subcontractors. 

2. Workers’ compensation insurance, as necessary, and to at least the minimum extent required 
by law, shall be bought and maintained by the Purchaser to fully protect both Purchaser and 
Seller from any and all claims for injury or death arising from the performance of this 
contract. 

3. This agreement shall not be assigned in whole or in part by either party without the written 
consent of the other party. 

4. All timber included in this contract shall remain the property of the Seller until paid for in 
full. 

5. The Seller guarantees property boundaries which are marked or otherwise designated. The 
Seller also guarantees that the Seller has full right and title to the timber included in this sale. 

6. The Seller shall refund any performance deposit or notify the Purchaser of intent to retain 
said deposit within thirty (30) days of sale expiration. The Seller may suspend or cancel all 
operations for violation of any term of this contract by the Purchaser, and for cause may 
retain all monies deposited. 

7. The Purchaser agrees that it is acting solely in the capacity of an independent party in 
carrying out the terms of this timber sale contract. It is agreed and acknowledged by the 
parties that the Purchaser is not an employee, partner, associate, agent, or joint venturer in 
any of the functions that it performs for the Seller. The Purchaser has a separate place of 
business. 

8. The Purchaser agrees that it will furnish all materials, labor, equipment, tools, and other items 
necessary for the performance of this contract. 

9. The Purchaser shall be responsible for filing its own legally required information returns and 
income tax forms. 

10. The Purchaser has inspected the premises and knows and accepts it as being satisfactory to 
perform this contract without undue risk to person or property. 
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11. The Seller agrees that the Purchaser shall have sole control of the method, hours worked, 
time, and manner of any timber cutting to be performed hereunder. The Seller reserves the 
right only to inspect the job site for the sole purpose of ensuring that the cutting is 
progressing in compliance with the cutting practices established herein. The Seller takes no 
responsibility for supervision or direction of the performance of any of the harvesting to be 
performed by the undersigned Purchaser or of its employees or subcontractors. The Seller 
further agrees that it will exercise no control over the selection and dismissal of the 
Purchaser’s employees. 

12. Neither party shall be liable for defaults or delays due to acts of god or the public enemy, acts 
or demands of any government or governmental agency, strikes, fires, flood, accidents of 
other unforeseeable causes beyond its control and not due to its fault or negligence. Each 
party shall notify the other in writing of the cause of such delay within five (5) days after the 
beginning thereof. If such uncontrollable circumstances continue for thirty (30) days and 
prevent either party from complying with the terms of this agreement, either party shall have 
the option of terminating upon ten (10) days’ notice to the other. 

13. In case of dispute over the terms of this contract, the final decision shall rest with an 
arbitration board of three persons, one to be selected by each party to this contract and a third 
to be selected by the other two members. 

14. Power wash all equipment before taking it into the sale area. This may help reduce the spread 
of invasive or noxious weeds if seed is embedded in dirt or debris that may be clinging to the 
equipment. 

15. Special stipulations: ______________________ 

 
✦SECTION V 
In witness whereof, the parties have set their hands on the dates shown below. (Note: Separate from 

this form, the Seller and Purchaser are encouraged to provide one another with their Social Security 
Number or Federal Employer ID Number, needed to file tax returns or other financial documents.) 

Seller: 
Name ___________________________________ 
Address: ___________________________________ 
Phone: __________________________________ 
Cell Phone: _______________________________ 
Purchaser: 
Name ___________________________________ 
Address: ___________________________________ 
Phone: __________________________________ 
Cell Phone: _______________________________ 
 
We have read and understand the entire contract comprised of ________ pages. 
Date _________________ by __________________________ (Seller) 
Date _________________ by __________________________ (Purchaser) 
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Appendix D: Woodland Owner Record Keeping Example 

Note: This appendix adapted by Mike Reichenbach from Recordkeeping: A How-to-do-it Guide for Small 
Woodland Owners. March 2007. N.E. Elwood and S.R. Gregory, Oregon State University Extension 
Service. 

 
A record of expenses, income and other events related to the care of your woodland can serve many 

purposes. The most obvious have to do with documenting a business purpose or providing a record of 
time spent on management activities. Records may also provide a record of events for future generations. 
At a minimum records should include the 

• Date 

• Details 

◦ Location of receipt, map, plan and other documents related to the event 

◦ Hours spent on the activity 

◦ Miles driven 

◦ Equipment used 

• Dollars of income or expense 

This type of record will be useful to you, your tax preparer, and your heirs. Pictures may also be added 
to provide for additional detail and interest. The following example illustrates the minimum that might 
be recorded. 
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Example data sheet: woodland owner record keeping 

Entry Date Details Hours or 
miles Revenue Expenses 

1 1/20/19 

Complete timber sale; 10 ac. 20 
cords/ac @ $25/cord; contract 
and forest management plan in 
office file 

Time spent on site with logger 

8 hours 
10 miles 

$5,000 – 

2 1/21/19 

Consulting forester fee. Ck. 
519;contact in office file 

Walk the property with forester 

3 hours 
10 miles 

– $300 

3 2/1/19 Paid accountant-ck. 520-2018 
income tax prep and filing 2 hours – $250 

4 2/1/19 
Purchase new chain saw – Ck. 
521; owners manual filed in 
office file under power tools 

– $500 

5 3/30/19 

Red pine precommercial 
thinning-stand 5. 4 ac; pictures 
on office computer hard drive. 
Work completed by owner 
during the first three weeks of 
March 

80 hours 
200 miles 

– – 

6 8/20/19 Examined property with service 
forester 4 hours 

10 miles 
– – 

7 10/1/19 Paid property tax – County 
Assessor – Ck. 525 – $1,375 

8 10/14/19 Received check from Minnesota 
Dept. of Revenue for SFIA – $785 

9 10/14/19 Sell boughs – 100 bundles @ $5 
per bundle 20 hours 

10 miles 
$500 – 
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Glossary 

Acre – An area of land that contains 43,560 square feet. 
Adaptation – The process of figuring out how to meet existing management goals despite changing 

conditions, often referred to when discussing woodland management objectives under climate change. 
Advance regeneration (reproduction) – Seedling-size trees present in a stand before a harvest aimed 

at regenerating the stand. 
Age class – A year or defined period of years within the life of a tree stand. 
Agroforestry – The practice of integrating the management of trees, crops, and livestock on the same 

piece of land. 
All-aged stand – A stand that contains trees of all, or almost all, age classes. Also called “uneven-

aged” stand. Contrast with an “even-aged” stand. 
Alley cropping – An agroforestry practice where agricultural or horticultural crops are grown in the 

alleyways between widely spaced rows of woody plants. 
Alluvial soil – Soil deposited when flowing water slows down and suspended sediment drops to the 

bottom. 
Artificial regeneration (reproduction) – See regeneration. 
Aspect – The compass direction toward which a slope faces. 
Basal area – 1) Of a tree: the cross-sectional area (in square feet) of the trunk at breast height (4.5 

feet above the ground). For example, the basal area of a tree 14 inches DBH is approximately 1 square 
foot. 2) Of an acre: the sum of basal areas of the individual trees on the acre. A well-stocked northern 
hardwood stand might contain 80 to 100 square feet of basal area per acre. 

Block – An area of woodland based on geographic boundaries, tree species composition, timber 
products, accessibility, or other stand characteristics. 

Board foot – A unit for measuring wood volumes equaling 144 cubic inches. It commonly is used to 
measure and express the amount of wood in a tree, sawlog, veneer log, or individual piece of lumber. 
For example, a piece of wood 12 inches x 12 inches x 1 inch and one measuring 12 inches x 3 inches x 
4 inches each contains 1 board foot of wood. 

Bole – The main trunk or stem of a tree. 
Bolt – A short log or a squared timber cut from a log, commonly 8 feet long. 
Broadcast burn – A controlled fire that is set purposely to burn across an area and eliminate woody 

debris and undesirable small trees and shrubs. 
Browse – Growing leaves, shoots, or twigs used as animal fodder. As a verb, to feed on leaves, shoots, 

or twigs. 
Buck – The process of cutting a tree stem into logs. 
Burl – An abnormal growth of woody tissue protruding outward from a tree stem. Usually rounded in 

shape. 
Canopy – The highest horizontal layer of vegetation in a forest made up of tree crowns. 
Certification – Forest certification is a voluntary process by an authorized forester that verifies 

whether your forest management, including harvesting timber or other products, is environmentally 
appropriate, socially beneficial, and economically viable. 

Chain – A distance of 66 feet. 
Cleaning – See release cutting. 
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Clearcut – A harvesting method that removes all the trees on an area in one operation. Regeneration 
occurs from seed or seedlings present before cutting, from dormant seed on the ground, from seed that 
disperses from adjoining stands, or from artificial planting or seeding. Clearcutting is used most often 
with species that require full sunlight to reproduce and grow well. Produces an even-aged forest stand. 

Clone – A group of plants derived from a single individual through asexual (vegetative) reproduction. 
Codominant – See crown classification. 
Commercial cut – A timber harvest for which the value of cut timber exceeds the cost of cutting. 
Conifer – A tree belonging to the order Coniferales that usually is evergreen, cone-bearing, and 

has leaves that are needle-, awl- or scale-like, such as pine, spruce, fir, and cedar; often referred to as 
softwood. 

Conservation – The protection, improvement, and wise use of natural resources to assure the 
attainment of their highest economic and social values over a long time period. 

Cord – A stack of logs containing 128 cubic feet of wood, bark and air space. Normal dimensions of 
a standard cord are 4 feet x 4 feet x 8 feet. In the Lake States, pulpwood cords usually are 4 feet x 4 feet 
x 100 inches. 

Crop tree – A tree that will be grown to economic or physical maturity. Usually selected on the basis 
of its species, location with respect to other trees, and quality. 

Crown – The leaves and branches of a tree. 
Crown classification – Ranking of individual trees in a stand according to the size and height of 

their crowns. In descending order of crown height and size, the classes commonly used are dominant, 
codominant, intermediate, and suppressed. 

Crown ratio – Percentage of total tree height that is occupied by living branches. 
Cruise – Process of collecting stand inventory information such as tree volumes. 
Cubic foot – A wood volume measurement containing 1,728 cubic inches, such as a piece of wood 

measuring 12 inches on a side. A cubic foot of wood contains approximately 6 to 10 usable board feet 
of wood. 

Cull – A tree or log of merchantable size but no market value because of serious wood quality defects. 
Cutting – A segment of a tree stem, usually about 12 inches long, that can be planted to grow a new 

tree. The practice of severing a tree stem to fell it. 
Cutting cycle – The planned time interval between major harvesting operations in a stand. The term 

usually is applied to uneven-aged stands. For example, a cutting cycle of 10 years means that a harvest 
would be carried out once every 10 years in a stand. 

DBH – The diameter of a tree stem at breast height (4.5 feet) above the ground. 
Deciduous tree – A tree that loses its leaves during the winter. 
Defect – The portion of a tree or log that is unusable for the intended product. Examples are decay, 

crook, and excessive limbiness. 
Diameter – See DBH or DIB. 
DIB – Diameter inside bark. Diameter of a log at its small end, measured inside the bark. 
Diameter class – A tree stem diameter category that may include 1 or more inches of diameter. 
Direct seeding – See seeding. 
Dominant – See crown classification. 
Duff – Undecomposed organic matter (such as leaves, twigs, moss, pieces of bark and wood) that 

litters a forest floor. 
Ecosystem – A system of plants, animals, and microorganisms interacting with their environment of 

soil, water, and climate. 
Endangered species – A plant or animal that is in danger of going extinct throughout all or part of its 

range. 
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Environment – The prevailing conditions of climate, soil, topography, and biological (other plants 
and animals) factors in an area. 

Epicormic branch – A branch that develops by chance or from a dormant bud beneath the bark in an 
unusual location, usually on hardwood tree stems and major limbs. It typically arises after a stand has 
been heavily thinned, apparently in response to additional sunlight. Also called “water sprout.” 

Even-aged stand – A stand in which the age difference between trees forming the main canopy does 
not exceed 20 percent of the age of the stand at maturity. 

Evergreen tree – A tree that retains some or all of its leaves throughout the entire year, for example, 
red pine, white spruce, white-cedar. 

Financial analysis – An analysis that estimates the profitability for an investment from the point of 
view of the decision maker(s) involved in the investment. 

Foliage – Leaves on a tree or other plant. 
Forb – An herbaceous flowering plant that is not a grass, sedge, or rush. 
Forest – A plant community in which the dominant vegetation is trees and other woody plants. 
Forest farming – The process of cultivating high value specialty crops under the protection of a forest 

canopy that has been modified to provide the optimal level of shade necessary for the optimum growth 
of selected crops. 

Forest management – The process of giving a forest care so that it remains healthy and vigorous 
and provides the products and amenities the landowner desires; also, the application of technical forestry 
principles, practices, and business techniques to the management of a forest. 

Forest type – A group of tree species which, because of their environmental requirements and 
tolerance for shade and moisture, often is found growing together. A forest type is named for one to three 
dominant tree species occurring in it, for example, silver maple-American elm forest type. 

Forestry – The science, art, and practice of managing trees and forests and their associated resources 
for human benefit. 

Frilling – Completely encircling the stem of a tree with ax cuts that sever the bark and cambium 
(actively growing layer of cells) with the intent of killing the tree. Herbicide often is injected into the 
frill. 

Full-tree skidding – See whole-tree skidding. 
Fungicide – A chemical that kills fungi. 
Geotextile fabric – A very tough, coarsely-woven fabric used as underlayment for road and trail beds 

to strengthen the bed. 
Girdling – Completely encircling the trunk of a tree with a cut that severs the bark and cambium 

(actively growing layer of cells) and usually penetrates into the sapwood to kill the tree by preventing 
the conduction of water and nutrients. 

Grading (trees or logs) – Evaluating and sorting trees or logs according to wood quality. 
Habitat – The local environment in which a plant or animal lives. 
Haul road – A roadway that provides access for trucks to specific points in the woodland for hauling 

logs or other materials. 
Hardboard – A panel of wood formed from wood fibers compressed together under heat. 
Harden off – A natural physiological change that a plant goes through late in the growing season to 

prepare it for winter survival. It involves thickening of cell walls and other physiological changes. 
Hardwood – A broadleaf, usually deciduous, tree such as oak, maple, ash, and elm. 
Harvest – The felling and removal of final crop trees on an area to 1) obtain income, 2) develop the 

environment necessary to regenerate the forest, or 3) achieve objectives such as development of wildlife 
habitat. Contrast with intermediate cut. 

Height, merchantable – The length of a tree stem from the top of the expected stump to the maximum 
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height above which no usable wood products may be obtained. For example, if the minimum usable 
diameter of pulpwood sticks is 4 inches, the merchantable height of a straight tree would be its height 
from stump height up to a trunk diameter of 4 inches. 

Height, total – Height of a tree from ground level to the top of its crown. 
Herb – A nonwoody plant. 
Herbicide – A chemical that kills herbaceous (nonwoody) plants. In common usage, often used 

interchangeably with phytocide (plant killer) and silvicide (tree killer). 
Humus – any organic matter which has reached a point of stability, where it will break down no 

further and might, if conditions do not change, remain essentially as it is for centuries. 
Increment borer – A hollow, auger-like instrument used to bore into the stem of a tree to remove a 

pencil-sized cylinder of wood containing a cross-section of the tree’s growth rings. 
Insecticide – A chemical that kills insects. 
Intermediate – See crown classification and shade tolerance. 
Intermediate cut – The removal of physically or financially immature trees from a stand to improve 

the quality or growth of remaining trees. An intermediate cut may generate income (commercial cut) or 
may cost the forest landowner (a noncommercial cut). Contrast with harvest. 

Kerf – The width of a saw blade. The cut made by a saw blade. The wood converted to sawdust as a 
saw cuts lumber from a log. 

Landing – Small area in or near a woodland that is used for processing (such as sorting products, 
delimbing, cutting logs to shorter lengths, debarking) and loading timber products onto trucks. 

Layering – Process of regenerating a tree by covering a lower branch with soil or organic matter, after 
which the branch develops roots and can stand alone as a new tree. 

Liberation – See release cutting. 
Live-crown ratio – The percentage of total tree height that has live branches on it. 
Loess soil – Soil deposited by wind. 
Log – A cut piece of the woody stem of a tree. A 16-foot long piece of a tree stem. 
Logger – An individual whose occupation is cutting timber. 
Mast – Tree-produced nuts (hard mast) and fleshy fruits (soft mast) that are edible to wildlife. 
Mature tree – A tree that has reached the desired biological size or age or economic value for its 

intended use. 
Muskeg – A bog, especially a sphagnum bog of the northern U.S., often with tussocks. 
Natural forest stand – A stand of trees that originated from seed, seedlings, root suckers, or stump 

sprouts that were naturally present on the site. 
Noncommercial cutting – A cutting that does not yield a net income, usually because the trees 

harvested are too small, of poor quality, or of nonmerchantable species. 
Overstory – The highest horizontal layer of tree crowns in a stand of trees. Contrast with understory. 
Plantation – A tree stand established by planting or direct seeding. 
Planting stock – Tree seedlings or transplants that will be planted to reproduce a tree stand. 
Plot – An area of land, usually less than one acre, on which trees and sometimes other vegetation are 

measured during a cruise (or inventory). 
Pole stand – A stand of trees where DBH ranges from 4 inches up to approximately 8 to 12 inches. 
Poletimber – See pole stand. 
Precommercial cutting – See noncommercial cutting. 
Pruning – The removal of live or dead branches from standing trees. With forest trees, pruning 

generally means removing limbs from the lower 17 feet of the main stem to produce higher quality 
(knot-free) wood. 
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Pulpwood – Wood cut primarily to be converted into wood pulp, chips, or fiber for the manufacture 
of paper, fiberboard, or other wood fiber products. 

Range – 1) Commercial range is the geographic area in which a species is harvested for commercial 
purposes. 2) Natural range is the geographic area where a species is known to occur under natural 
conditions without human interference. 3) Home range is the geographic area within which a wildlife 
species spends most of its time throughout the year. 

Reforestation – Reestablishing a stand of trees on an area where forest vegetation has been removed. 
Regeneration – The process by which a stand is replaced by natural seed fall, stump sprouts, root 

suckers, or layering, or by artificial planting of seed or seedlings. Also, young trees. 
Release cutting – A cutting operation to release seedlings or saplings from competition with other 

trees of the same size (a “cleaning”) or from larger and overtopping trees (a “liberation”). 
Reproduction – See regeneration. 
Resilience – A climate change adaptation option that enables a forested system to rebound to normal 

conditions after a disturbance. This option is useful with systems and species that can tolerate a wide 
range of environmental conditions and disturbance. 

Resistance – A climate change adaptation option that protects a forested system from change. This 
option is useful when trying to maintain a resource with high economic, cultural, or ecological value in 
the short-term. 

Riparian forest buffers – Strips or multiple-row plantings of trees, shrubs, grasses and forbs along 
rivers, streams, lakes and wetlands. 

Risk – The chance of a loss. In some cases, risk can be estimated using probability principles. 
In other cases, the risk cannot be quantified. The terms “risk” and “uncertainty” are sometimes used 
interchangeably. 

Root collar – The place on a tree seedling stem that differentiates the above-ground stem from the 
below-ground roots. The stem may be slightly swollen at the root collar. 

Root sucker – A shoot that arises from a dormant bud on a lateral tree root, but grows above ground 
as a new tree. Root suckers usually develop when the parent tree is harvested or is severely damaged. 

Roots – That portion of a tree that generally is underground and that functions in nutrient absorption, 
anchorage, and storage of food and waste products. 

Rotation – The number of years required to establish and grow trees to a specified size, product, or 
maturity. 

Salvage cut – Harvesting trees that have been killed or are in danger of being killed by insects, 
disease, fire, wind, flood or other unexpected cause to recover their economic value. 

Sanitation cut – The harvesting or destruction of trees infected or highly susceptible to insects or 
diseases to prevent spreading the pest to remaining trees in the area. 

Sapling – A small tree, often defined as being between 1 and 4 inches DBH. 
Sawlog – A log large enough to produce a sawn product—usually at least 10 to 12 inches in diameter, 

8 feet long, and solid. 
Sawtimber – Standing trees large enough to produce sawlogs. 
Scalping – Removing a patch or strip of sod to expose mineral soil in preparation for planting trees. 
Scarification – Churning the soil surface to expose mineral soil and uproot vegetation to prepare a 

seedbed for natural or artificial seeding. 
Seedbed – The ground surface on which tree seeds will naturally fall or be artificially seeded. 
Seed cut – A harvest in a shelterwood system that is designed to encourage the growth of desirable 

seed-producing trees, create a good seedbed for germination, and eliminate undesirable trees, shrubs, 
and herbaceous plants that may produce seed. 

Seed tree – A tree left standing after a timber harvest as a source of seed for reproducing a new stand. 
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Seed tree harvest – A harvest in which all trees are removed from the harvest area except for a few 
scattered trees that provide seed to establish a new stand. Produces an even-aged stand. 

Seeding – Scattering tree seeds over an area by hand or machinery to establish a new stand of trees. 
Seedling – A tree, usually defined as less than 1 inch in DBH, that has grown from a seed (in contrast 

to a root sucker or stump sprout). 
Selection harvest – A harvest in which individual trees or small groups of trees are cut at periodic 

intervals (usually 8 to 15 years) based on their physical condition or degree of maturity. Produces an 
uneven-aged forest. 

Self-prune – The ability of a tree to naturally lose its lower branches as the tree ages, thus enabling 
knot-free wood to grow on the stem. 

Shade tolerance – Relative ability of a tree species to reproduce and grow under shade. Tree species 
usually are classified in descending order of shade tolerance as very tolerant, tolerant, intermediate, 
intolerant, or very intolerant. 

Shelterwood harvest – A harvest in which trees are removed in a series of two or more cuttings to 
allow the establishment and early growth of new seedlings under the partial shade and protection of older 
trees. Produces an even-aged forest. 

Shrub – A perennial plant with a persistent woody stem(s) and low-branching habit that usually 
grows less than 10 feet tall. Contrast with tree. 

Silviculture – The art, science, and practice of establishing, tending, and reproducing forest stands 
of desired characteristics based on knowledge of species characteristics and their environmental 
requirements. 

Silvopasture –  A practice where trees, livestock, and forages are intentionally managed together 
Site – A contiguous (connected) area with a more or less uniform combination of biological, climatic, 

and soil conditions. 
Site index – A measure of site quality for growing trees based on the total height that dominant and 

codominant trees are expected to grow in a given time period, usually 50 years in the Lake States. Trees 
are expected to grow taller on good sites than on poor ones in the same time period. 

Site preparation – A set of practices (for example, brush clearing, chemical vegetation control, and 
prescribed burning) that improve a seedbed or suppress competing vegetation, to increase the chances 
for successfully establishing a new stand of trees. 

Skid trail – Usually a temporary, unimproved roadway that enables skidders or forwarders to 
transport logs from the interior of a woodland to a landing. 

Slash – Residue such as tree tops, branches, bark, and unmerchantable wood left on the ground after 
logging, pruning, or other forest operations. 

Snag – A standing dead tree. 
Softwoods – See conifer. 
Soil texture – The particle composition of a soil based on the proportion of sand, silt, and clay. 
Species – One of the basic units of biological classification—a group of organisms capable of 

interbreeding and producing fertile offspring. 
Species composition – The mix of tree species occurring together in a stand. 
Stand – A group of trees occupying a given area and sufficiently uniform in species composition, tree 

size distribution, stocking, and soil characteristics so as to be distinguishable from the adjoining forest. 
If 80 percent or more of the trees are of the same species, it is a pure stand. Otherwise, it is a mixed 
species stand. 

Stand density – See stocking. 
Stocking – A measure of the degree of crowding of trees in a stand, also known as stand density. 

Commonly expressed by the number of trees per acre or percentage of crown cover. 
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Stocking chart – A chart usually based on one or more tree species, number of trees per acre, and 
tree stem diameters that shows the best stocking for timber growth, considering the species present and 
stem diameters. 

Stratify seed – Subjecting seed to cold temperatures and regulating moisture for a period of time to 
break seedcoat dormancy and improve seed germination. 

Structural board – A wood panel made from chips or flakes that have been formed into a panel by 
heat, pressure, and sometimes an adhesive. Frequently used in construction for underlayment on floors, 
roofs, and walls. 

Stumpage – The dollar value of a standing tree or group of trees. 
Stump sprout – A young tree that has grown from a dormant bud on a tree stump. It is an exact 

genetic replica of the original tree. 
Succession – The process by which one plant community is gradually replaced by another due to 

environmental conditions and species characteristics, such as shade tolerance. 
Sucker – See root sucker. 
Suppressed – See crown classification. 
Sweep – A C-shaped curvature in a tree stem or log. 
TSI (Timber Stand Improvement) – The practice of removing undesirable trees, shrubs, vines, or 

other vegetation to achieve the desired stocking of the best quality trees. 
Thinning – Cutting scattered trees or rows of trees to reduce the stocking and concentrate growth on 

fewer, higher quality remaining trees. 
Threatened species – A plant or animal that may soon become endangered throughout all or part of 

its range. 
Till – Unstratified glacial drift consisting of clay, sand, gravel, and boulders intermingled. 
Timber – Standing trees, usually of commercial size. 
Timber inventory – A collection of information about a stand made by measuring tree and stand 

characteristics such as tree volume and grade and stand density. 
Tolerance – See shade tolerance. 
Tract – A contiguous (connected) area of land (and water). 
Transition – A climate change adaptation option that actively encourages forest change for long-term 

success. This option is useful in highly vulnerable forested systems or when resistance and resilience 
actions may be too risky. 

Transplant – A tree seedling that was transplanted at least once in the nursery. 
Tree – A woody plant with a well-defined stem and a more or less definitely formed crown, which 

usually grows more than 10 feet tall. 
Tree farm – A privately owned woodland dedicated to the production of timber crops and other 

environmental benefits. It may be formally recognized by the Tree Farm program of the American Forest 
Council. 

Tree length skidding – When a tree is felled, the process of removing the top and limbs, then moving 
(skidding) the entire tree stem in one piece to the landing. 

Trunk – The main stem or bole of a tree. 
Understory – A low-growing, horizontal layer of woody or herbaceous vegetation that forms beneath 

an overstory of taller trees. 
Uneven-aged forest – A forest or stand in which there are more than two age classes of trees present. 

There usually is a minimum age difference of 20 percent of the rotation length in years. 
Veneer – Thin sheets of wood (usually less than 1 /4-inch thick) produced by slicing or peeling a log. 

A tree or log suitable for cutting into veneer because of its species, size, and good quality. 
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Volume table – A table that estimates the volume of wood in a standing tree (cords or board feet), 
usually based on DBH and merchantable height. 

Vulnerability –  The susceptibility of a system to adverse effects, notably from from climate change. 
A woodland might be considered to be vulnerable if it is at risk of significant composition change or 
substantial declines in health or productivity. 

Water table – The highest point in a soil profile at which water saturates the soil on a seasonal or 
permanent basis. 

Weeding – The practice of removing undesirable tree species that take up valuable growing space in 
a stand. 

Whole-tree (full-tree) skidding – The process by which an entire tree, including the stem, limbs, and 
top, is brought to the landing in one piece. 

Whorl (of branches) – A set of branches arising from one year’s growth that occur at the same height 
on a tree stem and are distributed around the stem at relatively even spacing. 

Windbreaks – Plantings of single or multiple rows of trees, shrubs or grasses that protect crops, 
livestock, and wildlife from wind’s harmful consequences. 

Windthrow – A tree uprooted or broken by wind. 
Wolf tree – A tree with a large crown, but poor form and low wood product value that occupies more 

space in the forest than its timber value justifies. 
Wood pulp – Mechanically ground or chemically digested wood used in the manufacture of paper. 
Woodland management – See forest management. 
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