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Forestry and Natural Resources

Unit 20:  Timber Production


Unit 14  Forest Management for Sustainable Yield

Lesson 3:  Silviculture

Duration: Two Hours

Students will be able to:

1. Identify site factors and relate them to how they influence plant growth.

2.  Describe the various types of silvicultural systems, their advantages and disadvantages.

3.  Explain the difference between even-aged and uneven-aged management.

Suggested Learning Activities:

14.3A
Harvesting Method:  Describe a fictitious timer stand to the students.  Ask them to suggest the appropriate logging and harvesting method.  Items to consider include economic return, regeneration, sustainable yields and wildlife habitat.

14.3B
Assessing a Site in a Forest
Teaching Outline

I.  Definition of Silviculture

A.
Silverculture is the practice of controlling forest regeneration, composition, growth, and quality. All forest land whether publicly or privately owned is managed for specific goods and services. 

B.
The job of the silviculturalist is to analyze a given forest stand, evaluate the environmental factors acting on the stand, and then to prescribe cultural treatments that will improve the stands ability to provide the intended goods and services. These goods or services may include forest products (sawtimber, pulp, poles, firewood, etc.), recreation, wilderness, wildlife habitat, water, and others. The silviculturalist's knowledge of ecology and economics allow him to best manage forest stands to produce optimum levels of these goods and services.

C.  Common Terms used in Silviculture

1.
Site - a specific location in the forest.

2.
Site 冺index - a rating of a given site which summarizes the environment of a site.

3.
Tolerance -the capacity of a tree to develop and grow in adverse conditions. This term is usually used in reference to low light conditions, or shade tolerance.

4.
Succession -a series or progression of plant communities occurring on the same site, over a period of time.

5.
Competition -two or more plants using the same resource, which is in short supply.

6.
Tier -a level of vegetation, generally refers to plants of approximately the
same height.

7.
Regeneration -replacement of the previous tree crop with a new tree crop.

8.
Composition -the age, species, and number of trees present in a forest.

9.
Silviculture -the practice of controlling forest regeneration, composition, growth, and quality.

10.
Vegetation type - an area of fairly homogeneous vegetation

11.
Silvicultural system -
a planned program of forest stand treatments given during the whole life of the stand.

12
Even-aged management -
a system of growing, harvesting, and producing trees in stands of timber that are essentially the same age.

13.
Uneven-aged management -
a system of growing, harvesting, timber in which trees of all ages are represented.

14.
Thinning -any cutting designed to increase growth on the remaining trees샺

II.  Describing Sites and Classifying Timber

A. Site Factors


Factor
Description
Influences


Soil
parent material, depth,
germination, seedling



erodability
humus content, fertility
survival rate




windfirmness, growth rate

Moisture
amount, duration, timing
germination and seedling




survival, growth rate, species




composition, snow damage

Temperature
minimum and maximum
species, survival, con




temperature, seasonal
ripening, growth rate,




variation frost damage

Incident radiation 
aspect (direction faced)


soil moisture content




percent shading

soil temperature, species survival,

 




growth rate


Slope
steepness
soil formation, soil moisture





content, species survival

Biological factors 
browsing, insect attack,

species survival, growth rate,



disease attack, smog, etc.
seed survival, life span of species,




seedling survival

Fire 
periodicity,

fire species survival, growth rate intensity

B. Site Effects - The above factors all combine to have a unique effect on each forest site. The present forest composition is determined by the above factors. Successional change are also determined by these factors. To be able to effectively manage a forest to produce goods and services one must be familiar with the many complex site factors. Most importantly the following forest traits are affected:

1. Rate of growth

2. Regenerability

3. Direction of successional change

4.Forest composition

5.Which species are best able to grow and survive on a particular site.

6. Forest response to management and harvesting plans.

C.  Classification of Trees in a Site

1. Crown Classification -- as a stand of trees grows and matures,  certain trees (because of genetic make-up and favorable site factors) will grow faster and taller while others become weakened and overshadowed. Trees may be grouped according to the position in the canopy they occupy.

a.
Dominant--trees with crowns above general level of forest canopy; sunlight from top and sides

b.
Co-dominant--trees with crown at general level of canopy; sunlight from above and partly from sides

c.
Intermediate--trees with crowns below level of canopy; sunlight from top only

d.
Suppressed--trees overtopped; no direct sunlight

D. Site Classification

1.  Forest sites are often classified with respect to productivity. Forest sites vary so greatly that it is difficult to describe each one. To simplify site descriptions, sites are classified on the basis of height, growth and age. Graphs or tables are used in which one axis is height of the tree and the other is the age of the tree. To properly determine the site class of a particular location the following procedure is used:

a.  Select a vigorously growing tree. It is preferable to select a tree that is not competing with nearby trees, and that is a dominant or co-dominant tree.

b.  Use an increment borer to bore directly into the center of the tree. Count the number of rings to obtain the age of the tree.

c.  Measure the total height of the tree (a clinometer works best).

d.  Using a site class graph find the intersection of height and age to obtain site class.

2.  Site classes are ranked in order of productivity. The classes are denoted by Roman numerals and are generally acknowledged to mean:

IA 
very highly productive

I
highly productive

II   
productive

III  
moderately productive

IV  marginally productive

V  
not productive (i.e., not commercially productive)

III.  Silvicultural Systems

A.
A silvicultural system is a planned program of forest stand treatments given during the whole life of a stand. It consists of a number of steps conducted in logical sequence which are used to bring the forest to a regulated state. One in which each acre is producing timber products at its optimum potential.

1.
There are a number of different systems available for the silviculturalist to use. Each of these systems may be practiced in a variety of ways so that a wide variety of options are available to the silviculturalist. This variety is necessary because of the diversity within forests. No one system is best in all cases but each system allows the silviculturalist to manage the forest for a specific goal. Although a diversity of systems exixt they may all be grouped together into two general groups: Even-aged management and uneven-aged management

2.
Even-Aged Management - Even-aged management is a system of growing, harvesting, and reproducing trees in stands of timber that are essentially the same age. Each year, small areas of mature trees are harvested and reforested with young trees.

a.
In even-aged management, trees of the same age are grouped together in areas--called stands--varying in size depending on the species' age, site, and spacing.

b.
The purpose of regeneration cutting in even-aged management is to remove mature timber crop. A new forest is started soon after harvest. Under this form of management, several thinning cuts may be used between the reforesting and the final harvest to help keep the stand healthy and vigorous. 

c.
The most common systems that fall into the category of even-aged management are: Clear cut, Seed tree, shelterwood. and coppice

3.
Uneven-Aged Management - Uneven-aged management is a system of growing, harvesting, and reproducing trees in stands of timber in which trees of all ages are represented. 

a.
Individual trees or groups of trees are harvested at intervals of five to ten years. In each harvest a portion of the trees equal to the amount of growth since the last harvest is cut. In this way the total standing volume remains fairly constant at all times. 

b.
Regeneration is constantly occurring in the openings left after each harvest so no artificial method of regeneration is necessary. The most common form of uneven-aged management is selection cutting.

B.

Even-Aged Management Systems

1.
Clear-cutting: Clear cutting means the removal of the entire timber stand in one cut. The cut area is prepared for either natural regeneration, artificial seeding, or planting of nursery-grown trees.  The advantages and disadvantages vary from site to site making this system viable in some locations and not others. The main advantage is usually economics, while the major disadvantages are generally aesthetics, regeneration problems, and infrequence' of harvests (60 to 250 years in California).

a.
Advantages:

i. The method permits using genetically improved tree planting stock.

ii. Decreased mortality to standing trees through windthrow.

b.  Disadvantages:

i.
Clear-cutting may not be compatible with other forest uses (recreation, wildlife, watershed management, etc.)

ii.
Regeneration may be difficult in hot dry locations due to heat damage from full sunlight.

iii.
Access to the stand in between harvests may be difficult due to infrequent visits.

iv.
Erosion potential may be greater on some sites.

v.
Financial returns too infrequent for small landowners.

2.
Seed Trees:  The seed tree system consists of two cuttings designed to provide adequate natural regeneration. In this system 80-901 of the trees are harvested in the first cut and the remaining trees are left to provide seeds to regenerate the site. When considering the seed tree system the following advantages and disadvantages must be taken into account.

a.
  Advantages

i.
Reduced planting costs.

ii.
.Improved genetic quality of forest.

b.
Disadvantages:

i. Windthrow losses.

ii. More expensive than clearcut system to manage.

3.
Shelterwood: The shelterwood system consists of two or more cuttings to open the stand sufficiently to stimulate natural regeneration. This is usually accomplished by cutting from 50-80X of the trees in the stand. Trees are left throughout the stand to provide seed source for regeneration and shade to prevent heat damage to the seedlings. This system is often used on south facing slopes where extreme heat would kill young seedlings. The shelter is then removed when the new stand is well established. 

a.
Advantages:

i.
Erosion control.

ii.
Aesthetics.

iii. Reduced planting costs. 

iv. Allows even-aged management of tree species that cannot regenerate in full sunlight. 

b.
Disadvantges:

i.
The system is expensive and difficult to manage.

ii.
Windthrow losses.

iii.
Easy to damage regeneration when removing the remaining trees in the last cut.

4.
Coppice: The coppice system is only used on trees that have the ability to sprout back from the stump after cutting. This system is most commonly used on Coast Redwood in California. Many variations of this system occur. Its greatest advantage is inherent in the trees' ability to regenerate itself thereby reducing planting costs.

5.
Thinning: Within all even-aged management systems, growth may slow down because of crowding.  A thinning is any cutting designed to increase the growth of the remaining trees. It is usually done in stands where crowding has dramatically slowed growth.  Thinning accelerates the diameter growth and captures the mortality in younger stands. They also make available for current harvest that portion of the growing trees which is unproductive and not needed to capture the full growth potential of the soil. That is, the overall growth per acre is not reduced even though the number of trees is reduced.

C.  Uneven aged Management Systems.

1.
Selection Cutting:  The selection system consists of cutting selected trees at set intervals. The trees cut are usually selected due to maturity, disease damage, or high risk trees (i.e., to insects or disease). In this system the rate of growth of the forest is monitored and used to determine the amount to cut at each harvest. When considering the selection system the following advantages and disadvantages must be taken into account.

a.
Advantages:

i.
Financial returns are consistent and without long waits for the rotation to mature.

ii.
Aesthetics.

iii.
Wildlife diversity is maintained.

iv.
Erosion is kept to a minimum.

v.
No planting is necessary.

b.
Disadvantages: 

i.
Economic returns are low. This system is much less profitable than clear​cutting.

ii.
Tree species requiring full sunlight do poorly in this system.

iii. It is more difficult to manage than other systems, close monitoring of growth rate is necessary. 

2.  Sanitation Cutting:  Sanitation is a poor-risk type of intermediate cutting designed to prevent the spread of insects and disease and to improve net growth prior to regeneration cutting. 

a.
The purpose is to remove live trees that are expected to die within 10 years from stands not budgeted for regeneration cutting for at least that period. It also removes merchantable suppressed trees, as well as salvageable dead and downtrees. 

b.
It is a positive treatment aimed at putting the reserve stand in a good holding condition and will reduce the frequency of, or eliminate reentry for salvage cutting. This type of harvest is generally done in natural unmanaged stands or after fire, insect, or disease damage.

Excercise 3B:   Assessing a Site in a Forest

Introduction

This exercise is designed to allow students to discover for themselves how difficult it

is to describe and predict changes on a forest site. It is suggested that the students

form groups of four or five and work together on the worksheet. Each group should be

assigned a specific location and be expected to present their findings to the rest of the

class. The work load would be to great for individual students.

It is not imperative to include all of site factors on the worksheet. You may want to omit some of the questions or just present them as givens. An example of this is site productivity.  You may assume the site to be site 11, or you may want to bring along an increment borer and clinometer to determine site quality.

On many sites, predicting successional change will be very difficult for the student. This field trip will work best if you select a site where change is easy to observe. Some examples are:

1. A site where fire danger is high.

2. A site where insect or disease damage is apparent.

3. A site where fire has occurred recently.

4. A site where trees are beginning to outgrow brush.

Each group of students will be expected to describe their assigned forest site with respect to the above seven factors. The questions listed below are designed to aid you in this description. Some of the factors will be given to you by your teacher (rainfall, soil depth, soil productivity, and temperature maximum and minimum), the others you will have to observe and describe together. At the end of the exercise you will be expected to report your findings to the rest of the class.

Site Description Exercise

In today's field trip we will learn how to describe a forest site. You will remember the major factors affecting a particular forest site are:

1. Soil

2. Moisture

3. Temperature

4. Incident radiation

5. Slope

6. Biological factors

7. Fire

Although the effect of each of these factors seems obvious in the classroom, it is much more challenging to identify and describe these factors on a particular site.

Each group of students will be expected to describe their assigned forest site with respect to the above seven factors. The questions listed below are designed to aid you in this description. Some of the factors will be given to you by your teacher (rainfall, soil depth, soil productivity, and temperature maximum and minimum), the others you will have to observe and describe together. At the end of the exercise you will be expected to report your findings to the rest of the class.

Questions to ask.

1.
How rocky is the soil?

2.
Is the humus thick (over 3" thick) or thin (under 3" thick)?

3.
If the humus layer is thick how high is fire danger? How much fuel is present? Is the site dry?

4. 
What animal signs are present?

5. 
Are there signs of rot on the trees?

6. 
Are there signs of browsing present? 

7. 
What effects are the above having on this site?

8. 
Are signs of past fires present? If so, how old are they:

9. 
How much fuel is present (see #1)?

10. 
What is the chance of a fire occurring in the near future?

11.
 
From the factors you have described above, what is your prediction of successional change on this site?

12. What management practices could you prescribe to change this outcome?

Silviculture
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