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This handbook is a cooperative project of the Oregon State University 
Extension Service, the Forest Science and Forest Management depart- 

ments of the School of Forestry, the Botany and Plant Pathology Department 
of the School of Science, and the Oregon State Department of Forestry, the 
Washington State Department of Natural Resources, the U. S. Forest Service, 
and private forest industries of the Pacific Northwest. 

Editor's Note 
The use of trade or company names of products or services in this manual is 

for the reader's benefit and does not constitute an endorsement or approval of 
any product or service to the exclusion of comparable products or services. 

Costs, examples, and recommendations in this manual are based on 
1975-76 data. In making decisions, of course, you should use the latest data as 
it becomes available. Material in this manual is not designed as a specific 
reforestation prescription for any given site; rather, specific operations should 
be prescribed based on the individual characteristics of the site, goals, and 
policy guidelines. 

The pesticides reported in this manual were registered for the uses 
described, except as noted, at the time the manuscript was prepared. 
Registration and use of pesticides are regulated by State and Federal 
authorities. The Extension Service is the education arm of the U.S. Depart- 
ment of Agriculture and can provide information on pesticide recommenda- 
tions and safety precautions. Consult your Extension staff or the appropriate 
regulatory agencies for the current status of a pesticide, including applicable 
regulations, before using any pesticide. 

Temperatures are reported in this manual in degrees Celcius (°C), followed 
by a rough equivalent in degrees Fahrenheit (°F) in parentheses; conversions 
usually are rounded off where doing so does not change the implied accuracy of 
the original data. 

Appendix H is a glossary of terms used in this manual. 

Source references, referred to in parentheses, are listed under 
Literature Cited at the end of each chapter. They are listed 
alphabetically by primary author rather than in order of 
citations in the text. 
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Regenerating Oregon's Forests 

During the past twenty years there has been a 
rapid expansion of reforestation knowledge in 

the Pacific Northwest. Unfortunately, most of this 
information is reported in individual and technical 
articles and has not been summarized or synthesized 
into a single reference for practicing foresters. This 
manual is designed to help fill this need by outlining 
the principles of reforestation planning and by 
evaluating present management options. The infor- 
mation base is constantly changing, however, so the 
most powerful tool of forestry will always remain 
the analytical reasoning of its practitioners (2). This 
review of basic principles and recent developments 

in reforestation must be combined with practical 
experience and reasoning by each forester. 

Rapid, successful reforestation is essential for 
meeting the rising demand for more timber and 
wood products. As the supply of old-growth timber 
diminishes, we will become increasingly dependent 
on second-growth stands to meet our physical and 
economic needs. Successful reforestation is the first 
important step in a program of intensive forest 
management. Both increased environmental aware- 
ness by the general public and state laws requiring 
successful reforestation place further emphasis on 
reforestation practices. 

Manual Format 
This manual is divided into three parts, based on 

the type of information presented and specific learn- 
ing goals. The parts are: Site and Problem Analysis, 
Reforestation Operations and Planning, and the 
Appendices. The objective of this chapter is to 
introduce you to the manual in general and the 
rationale behind this particular format. Under- 
standing the manual format will help you get more 
information from it. The end of this chapter con- 
trasts the historical and current perspectives on 
reforestation to show the need for deliberate and 
careful reforestation management. 

Section 1. Site and Problem Analysis 
The three chapters in the first section of this 

manual present the basic Ecological Principles, 
Reproduction Systems, and Economic Aspects of 
Reforestation Decisions necessary for assessing the 
seedling environment, evaluating reforestation 
options, and planning a successful reforestation 
project. 

Ecological principles (Chapter 2) 
The environment to which a seedling responds 

must be evaluated and then managed to produce 
favorable conditions for seedling establishment. All 
silvicultural operations have some effect on the 
seedling environment. Reforestation decisions, such 
as selection of species, stock characteristics, silvicul- 
tural system, and method of site preparation, are 
based on an analysis of the seedling environment 
and the degree each operation may alter the 
environment. 

Reproduction systems (Chapter 3) 
Each silvicultural system has a different impact 

on the seedling environment. The silvicultural pre- 

scription chosen for each site will depend on initial 
characteristics of the seedling environment, prefer- 
red species for estabhshment, method of reforesta- 
tion (artificial or natural), and past history of 
application by region or major forest type. 

Economic aspects of reforestation decisions 
(Chapter 4) 

Whereas several prescriptions may yield similar 
results, they have varied costs. Economics is a way 
of choosing among feasible management options. 
Economic evaluations are based on total cost per 
established seedling when the stocking level goal is 
reached. The probability of success for meeting the 
final goal must be evaluated for each option. Least 
expensive initial costs are not always the cheapest 
final cost. The decision-making process is based on 
an evaluation of the seedling environment, silvicul- 
tural options, and the costs and returns associated 
with various options. 

The principles reviewed in the first section of the 
manual are essential for evaluating the seedling 
environment and management options. These prin- 
ciples are an integral part of reforestation planning. 
The material in the first section will help you 
understand and evaluate the information presented 
in the remainder of the manual. 

Section 2. Reforestation Operations 
and Planning 

Chapters 5 through 11 present the operational 
considerations for each basic reforestation opera- 
tion. All reforestation operations can affect the 
outcome of reforestation either positively or nega- 
tively, depending upon how they are carried out. 
Give careful attention to the planning and execution 
of each operation. 



Perspectives and Use of This Manual 

Seeds (Chapter 5) 
The source and genetic characteristics of seed 

determine the speed and vigor of seedling reestab- 
lishment. Careful collection, processing, and storage 
of seed are vital for achieving maximum seed 
viability and subsequent seedling quality. 

Seedlings (Chapter 6) 
The physiological condition and morphological 

characteristics of seedlings influence seedling sur- 
vival and growth. Planting stock performance is 
affected by nursery management practices, such as 
lifting date and cold storage, and the general care 
and handling of seedlings. 

Site preparation (Chapter 7) 
Site preparation is necessary to establish coni- 

fers on most sites. The choice of site preparation 
method, based on seedling requirements and site 
characteristics, influences reforestation success. 
The wrong method may create even less favorable 
conditions for seedling establishment. 

Planting and seeding (Chapter 8) 
How, when, and where seedlings are planted 

influences their chances for survival and their 
growth rate. The success of natural regeneration 
depends on an adequate supply of viable seed, a 
suitable seedbed, and a compatible environment for 
seedling germination and establishment. Direct 
seeding has the same basic requirements as natural 
regeneration, but is used less and less because of 
legal restrictions, limited seed supply, and other 
inherent disadvantages. 

The reforestation plan (Chapter 9) 
Equipped with the principles and operational 

considerations presented in the first eight chapters, 
you can begin developing a sound reforestation plan 
that increases your chances of meeting your goal (an 
established plantation). The plan must integrate all 
reforestation operations in time, space, and effect, 
and yet maintain a degree of flexibility for unex- 
pected occurrences. 

Plantation maintenance (Chapter 10) 
Competing vegetation, insects, animals, and dis- 

eases can hamper the development of a plantation. 
Evaluate the seedling environment and anticipate 
potential problems while planning for reforestation 
because this reduces the need for control measures 
or replanting. 

Reforestation evaluation (Chapter 11) 
Your task as regeneration forester is not com- 

plete until you reach your objective of a specified 
number of established trees per acre. Evaluate 
seedling stocking periodically to determine if refor- 
estation is progressing satisfactorily, and what 
problems if any are present. Different methods of 
regeneration evaluation have been developed, each 
with different strengths and weaknesses. 

Section 3. Appendices 
The appendices, the third part of this manual, 

contain more technical information on some of the 
subjects discussed in the second section. Read each 
of the appendices either in conjunction with, or after 
its respective discussion in the second part of the 
manual. Most of the material in the appendices is 
reference information. 

Historical Perspective on Reforestation 
In the early 1800's the Pacific Northwest began 

harvesting a seemingly endless supply of timber. 
The feeling there would always be another hill to 
cut prevailed over any real sense of a need for 
reforesting the land. Cutover lands were left to 
reforest where and when the owners could get to it. 
On some sites reforestation estabUshed naturally, 
but on other sites, cutover lands reverted to brush 
and have remained that way to the present. 

Near the turn of the century a new consciousness 
began to evolve. Concern for the future of the timber 
industry in the Northwest led to a slow conversion 
from a timber mining concept to a sustained-yield 
concept. 

The first recorded reforestation operation in 
Oregon did not occur until 1893, when two timber 

companies planted cottonwoods on an island in the 
Willamette River (1). The first significant recorded 
artificial reforestation operation in Oregon came 22 
years later when the U.S. Forest Service planted 
2,500 acres of Douglas-fir. About 2,000 additional 
acres were planted each year thereafter. By 1926 
private organizations began reforesting cutover 
lands. 

Cutting, however, continued to outstrip the 
reforestation effort. In 1931 the Forest Service 
estimated that more than 10 million acres of non- 
productive forest land (forest lands with less than 40 
percent stocking) existed in the Pacific coast states. 
A 20-year plan was proposed whereby an additional 
260,000 acres would be planted by 1950 (3). The 
presence of large areas of unstocked, brush-covered 
lands was now recognized as a problem. 
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The disastrous Tillamook fire in 1933 and subse- 
quent fires in the same area in 1939 and 1945 added 
another 355,000 acres of land to Oregon's under- 
stocked category. The Civilian Conservation Corps, 
initiated during the depression years, and the con- 
scientious-objector labor programs of World War n 
aided U.S. Forest Service reforestation efforts. But 
the gap between deforestation and reforestation 
continued to widen. Furthermore, since early refor- 
estation efforts were conducted largely by trial and 
error, many plantations that did survive were slow- 
growing and had poor form, especially those using 
off-site seed sources. 

The first serious attempts to reforest by direct 
seeding opened a new era of intensified reforesta- 
tion in the Northwest in 1948. The State Board of 
Forestry initiated a program to reforest the Til- 
lamook Bum in 1949. Much of this effort relied 
heavily on direct-seeding operations. The develop- 
ment and use of effective rodenticides (tetramine 
and endrin) and a variety of other reforestation 
techniques led to successful reforestation of the 
Tillamook Bum. Gradually our knowledge about 
reforestation began to grow. By 1962 more than 
200,000 acres were being reforested annually in 
Oregon. Most of this reforestation work was con- 
ducted west of the Cascade Mountains in the Doug- 
las-fir region. 

The environmental movement developing in the 
late 1960's led to increased public interest in for- 

estry matters. This additional impetus further in- 
tensified reforestation efforts. In 1972 the Oregon 
Forest Practices Act made successful reforestation 
of cutover lands a legal obligation, not an option. 
Appendix A is a discussion of the Oregon Forest 
Practices Act and its effect on contemporary refor- 
estation. Figure 1.1 summarizes the reforestation 
effort from 1910 to 1970 on all Oregon land (federal, 
state and private) for seeding and planting. 
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Figure 1.1: Number of acres planted or seeded annually through- 
out Oregon from 1910 to 1970. Acreage includes federal, state, 
and private lands. 

Current Perspective on Reforestation 
Early reforestation efforts are difficult to 

evaluate because record keeping systems were non- 
existent or inadequate by present standards. We 
have learned relatively little, therefore, from these 
early efforts. The presence of vast areas of nonpro- 
ductive forest land attests to the difficulty of refor- 
esting some sites (Figure 1.2), but other areas have 
been reforested with good success (Figure 1.3). 
Identifying the reasons for reforestation failures is 
difficult because of the complex nature of the 
interacting forces between the trees and other fac- 
tors lin the ecosystem. Once the complex nature of 
reforestation is recognized, however, tested prin- 
ciples and practices can be followed, beginning with 
preharvest planning and carrying through to plan- 
tation maintenance. Better management removes 
reforestation from the realm of guesswork and luck. 

Recent research and better-documented experi- 
ence is available now and can be implemented into 
reforestation programs. This manual presents the 
basic principles underlying sound reforestation 
practices and evaluates these practices. Unless 
every step of the reforestation operation is carefully 

planned to fit each specific situation, however, new 
knowledge will not be incorporated and success will 
continue to be inconsistent. 

Traditionally the regeneration forester has been 
called upon to come into the planning phase after 
the harvest operation was completed. Reforestation 
success, however, is influenced by the type of repro- 
duction system chosen and the timing and intensity 
of the cut. Reforestation and harvesting must be 
coordinated in time and effect. The increasing de- 
mand for wood and paper products from a finite 
forest resource makes reforestation essential. Refor- 
estation no longer can be dealt with as an 
afterthought. 

LITERATURE CITED 
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Figure 1.2: Rapid reencroachment by brush on some sites where 
reforestation either was not carried out or was not planned and 
carried out effectively has led to vast areas of nonproductive 
forest land in the Pacific Northwest. 



Section 1 

Site and Problem 
Analysis 

Chapter 2 Ecological Principles 

Chapter 3. Reproduction Systems 

Chapter 4. Economic Aspects of Reforestation Decisions 



Chapter 2 

Ecological Principles 

Page 
Abstract   8 
Components of the Seedling Environment   9 

Moisture   9 
Plant moisture stress  9 
Factors affecting PMS   10 

Temperature   10 
Temperature and PMS   10 
Temperature extremes  11 

Light   11 
Intensity  13 
Interception of light by leaf canopies  13 

Chemical Influences   13 
Physical Influences  14 

Other Site Characteristics Affect Seedling Environment  15 
Topographic Features   15 

Slope and aspect  15 
Elevation  15 
Frost pockets   15 
Other features  15 

Climatic Characteristics  16 
Precipitation   16 
Wind   16 

Soil  16 
Soil texture  17 
Soil structure   17 
Soil depth   17 
Soil surface color  17 

Vegetation  18 
Light  18 
Temperature   18 
Soil fertility  18 
Animal damage  18 
Physical damage by brush  18 
Soil moisture   18 

Interaction of Seedling-Environment Components  19 
Succession  19 
Vegetation Management   19 

Growth habit  20 
Net effect of vegetation   20 



Regenerating Oregon's Forests 

Page 

Site Assessment   21 
Direct Measurement   21 
Observations   21 
Vegetation as an Environmental Indicator   21 

Habitat types   22 
Plant community types  23 

Records and Experience  23 
Management Implications  23 

Species Selection  23 
Modifying the Environment  24 
Selecting Stock Characteristics  24 

Literature Cited   25 

Prepared by R. D. Greaves, Forest Science Department, R. K. Hermann, Forest 
Science Department, and B. D. deary. Extension reforestation specialist, 
Oregon State University. 

Abstract 
A seedling's environment is composed of five factors (moisture, tempera- 

ture, light, chemical, and physical influences) that directly influence seedling 
survival and growth. The level or intensity of these five factors must be 
evaluated and then managed to produce a favorable environment for seedling 
establishment. All other differences we can detect between sites, such as 
topography and soil characteristics, influence one or more of these five factors. 
Reduction of all site characteristics into their effect on the five components of 
the seedling environment greatly simplifies site analysis and improves our 
understanding of the site. A single-factor analysis of the environment is not 
adequate for predicting seedling survival and growth because a seedling 
responds to the combined effect of all five factors. 

You can evaluate the seedling environment by direct measurement, 
observations, plant indicators, and records or experience. Evaluations are most 
accurate when these methods are used in combination. Evaluation of the 
seedling environment should precede all reforestation operations, including 
harvesting. In preparing for reforestation, there are three basic options. First, 
select the species best smted to the site. Second, modify the seedling 
environment to favor seedling establishment. Third, select seedling charac- 
teristics that maximize a seedling's potential for survival after outplanting. 

Competing vegetation must be controlled to release limited quantities of 
site resources for desired plant species when the net effect of vegetation on the 
seedling's environment is negative. The competitive influence exerted by 
vegetation depends on its stage of development and growth habit compared to 
that of the seedlings. 



Ecological Principles 

Throughout the reforestation process you must be 
aware of certain ecological principles and use 

them to accomplish your task successfully. The 
purpose of this chapter is to present these important 
ecological principles and demonstrate their in- 
terpretive value in planning for reforestation. The 
material in this chapter is presented in three steps 
designed to help you: 

1) Understand what physical variables directly 

influence seedling survival and growth (de- 
fines the seedling environment); 

2) Examine other characteristics of the site to 
determine their relationship to, or influence 
on, the seedling environment; and 

3) Translate steps one and two into management 
implications related to the design of an 
ecologically-sound reforestation program. 

Components of the Seedling Environment 
A seedling's environment is best considered in 

terms of five conditions that directly influence its 
survival and growth: moisture, temperature, light, 
chemical, and physical influences such as frost, 
wind, and animals (Figure 2.1). The level or intensi- 
ty of these five environmental variables determines 
seedling growth. All other differences that we can 
detect between sites, such as topography and soil 
characteristics, influence one or more of the five 
variables in the seedling environment. For example, 
differences in slope, aspect, and elevation do not act 
directly on the seedling, but affect temperature, 
moisture, and light levels in the seedling environ- 
ment. Similarly, the amount and type of competing 
vegetation influence the level of all five factors in 
the seedling environment. Thus, each of the many 
differences among sites are evaluated in terms of one 
or more of the five variables that directly affect 
seedling survival and growth. These are the only 
differences to which seedlings respond. 

Figure 2.1: Seedling processes, such as photosynthesis, respond 
to factors in the seedling environment (moisture, temperature, 
light, chemical, and physical influences). Other features, such as 
topography and soil characteristics, influence one or more of the 
factors in the seedling environment. 

The precise response of a seedling to any given 
intensity of one of these variables depends on the 
following characteristics: 

• species; 
• genotype (genetic composition); 
• seedling morphology; 
• physiological condition of the seedling; and 
• the combined effect of the five factors in the 
seedling environment. 

Chapter 6 contains a more detailed discussion of 
how these factors influence seedling establishment. 

The only essential criterion for successful in- 
terpretation of site characteristics is an assessment 
in terms of what a seedling experiences, not necessar- 
ily what we can distinguish as being different. 
Selection of species, silvicultural system, and other 
reforestation operations should be based on a 
thorough evaluation of each of the five factors in the 
seedling environment. 

Moisture 
Water is essential for most physiological 

processes in plants. A seedling's water status, there- 
fore, affects its survival and growth. 

Plant moisture stress (PMS) 
A seedling absorbs water through its roots and at 

the same time loses water to the air through its 
shoot. The rate of these two processes determines 
the state of hydration, or water balance, of the 
plant. A plant's water balance can be expressed in 
terms of plant moisture stress (PMS). PMS is a 
measure of water availability for plant processes, 
just as soil moisture stress is a measure of water 
availability in the soil. PMS can be evaluated 
directly in the plant with a pressure chamber (see 
Chapter 6). You also can estimate plant water 
balance from soil moisture or evaporation meas- 
urements. PMS, however, provides more informa- 
tion about the water status of the plant itself. 

Plant water balance is a result of the plant's 
position in the soil-plant-atmosphere continuum 
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and is directly influenced by the rate of transpira- 
tion and soil moisture stress at the root surface. A 
complex interaction of other environmental vari- 
ables, such as wind speed, leaf temperature, soil 
temperature, and stomatal resistance directly influ- 
ence the water balance. Measurement and correla- 
tion of all these variables with plant water balance 
(PMS) would be complicated and expensive. There- 
fore, PMS is generally acknowledged to be a good 
estimator of plant water balance that is measured 
easily in the field or laboratory. 

Factors affecting PMS 
PMS varies among sites and in time (daily and 

seasonally) depending on the availability of water 
and the demand for that water. Availability of water 
depends on the water-storage capacity of the site, 
the timing and types of moisture inputs to the site, 
and the seedling's ability to reach and extract the 
water. Soil characteristics, such as structure, depth, 
and rock content, influence how much water the soil 
can hold. Likewise, the form and duration of precipi- 
tation influence the infiltration rate of water into 
the soil and the amount of runoff. Together, these 
variables determine the storage capacity of the soil 
and ultimately the availability of moisture to 
plants. 

Moisture demands come from the seedling itself, 
competing vegetation, and the atmosphere. Evap- 
oration from the soil and transpiration from vegeta- 
tion exert a "demand" for the water held in plants 
and soil. The rates of evaporation and transpiration 
depend upon climatic conditions (for example, air 
temperature, wind speed, and vapor pressure) and 
vegetative response (for example, leaf temperature 
and stomatal control). In turn, climatic conditions 
are influenced by geographic location and topo- 
graphic features of the site. 

Species composition and total biomass of vegeta- 
tion also affect the demand for water. Species with 
extensive root systems and high transpiration rates, 
such as grasses, exert a large water demand that 
depletes soil moisture reserves quickly under drying 
conditions. On most sites, as the dry season pro- 
gresses, availability of moisture decreases as de- 
mand increases, thereby increasing PMS levels. 

Temperature 
Physiological processes, such as photosynthesis 

and respiration, are temperature dependent. The 
rates of these and other chemical reactions in plants 
increase as temperature rises. The effect of temper- 
ature on the growth of Douglas-fir seedlings is 
shown in Figure 2.2 (9,27). Douglas-fir seedlings 
grown under different combinations of day and 
night air temperatures and soil temperatures 
yielded different dry weights. The contour lines in 

Figure 2.2 represent equal fractions of the max- 
imum observed growth. Maximum observed growth 
in this experiment occurred when daytime air tem- 
perature was 30oC (SeT1) and soil temperature was 
20oC (68°F). Night air temperature had little effect 
on growth. Seedlings grown at 15°C (59^) day 
temperature and 10oC (SOT) soil temperature ex- 
perienced only half the maximum observed growth. 
It takes two days of growth under the latter condi- 
tions to equal one day of maximum growth. 

SOIL  TEMPERATURE, DEC F 
50 60 

T  

SOIL TEMPERATURE, DEG C 

Figure 2.2: Growth of Douglas-fir seedlings varies with day 
temperature and soil temperature. Contoured lines represent 
equal fractions of optimum growth observed (optimum growth 
equals 1.0). The effect of different night temperatures is sUght 
and has been averaged out (9). 

Temperature and PMS 
Temperature and PMS are interdependent; the 

level of one influences the level of the other. PMS 
tends to increase with increases in temperature. In 
turn, as moisture becomes limiting (and PMS in- 
creases), seedling temperature increases because 
there is less transpirational cooling in the plant. 
Because of this interdependency, the optimum 
temperature for growth depends on the level of 
PMS. For example, the combined effect of PMS and 
temperature on net photosynthesis (roughly equiva- 
lent to growth) in ponderosa pine seedlings is shown 
in Figure 2.3 (8). At 10 bars of PMS or less, optimum 
temperature for net photosynthesis occurs between 
about 20oC (680F) and 270C (810F). In contrast, at 20 
bars of PMS the optimum temperature occurs at 
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10 20 
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Figure 2.3: Response of net photosynthesis to different levels of 
PMS and temperature in ponderosa pine seedlings. Contoured 
lines are percentages of maximum net photosynthesis (8). 

150C (59C,F). Increases in temperature beyond an 
optimum point can cause a decline in physiological 
processes such as photosynthesis. 

In the field, the number of optimum growth days 
in terms of temperature and PMS has been corre- 
lated with the growth rate of seedlings (site produc- 
tivity, Figure 2.4a,b) and the natural distribution of 
species (Figure 2.5) (41). Major forest ecosystems in 
Oregon have been classified along similar gradients 
of temperature and moisture (Figure 2.6) (20). The 
composition of natural species on a site, therefore, 
can indicate the relative temperature and moisture 
conditions in the seedling environment (see discus- 
sion on vegetation as an environmental indicator in 
this chapter). 

Temperature extremes 
Temperature extremes can physically damage or 

kill seedhngs. Freezing air temperatures may result 
in frost damage if seedlings are not hardy. Frost 
heaving, which occurs with alternate freezing and 
thawing of soil, literally lifts seedlings out of the 
ground. 

Temperatures above about 540C (130^) at the 
soil surface may physically damage seedhngs, espe- 
cially those less than six weeks old (Figure 2.7). 
Older seedhngs are usually less affected. High 
temperatures may temporarily decrease seedling 
growth by increasing transpiration and PMS. 

Light 
Seedlings respond differently to variations in the 

intensity, quality, and duration of light. The quality 
of light (amount of different wavelengths, or colors) 
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Figure 2.4a and b: Relation of site index for Douglas-fir (a) and 
ponderosa pine (b) to gradients of moisture and temperature in 
the Siskiyou Mountains of Oregon (41). 

influences physiological processes in plants, but 
variations in light quality under natural conditions 
are generally not great enough to affect seedling 
growth significantly (17). Many tree species are 
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sensitive to day length, but natural effects of day 
length (photoperiod) are an integral part of seedling 
response at different geographic locations. 

100 
|      i      i      ■ .    1    1   I   1 - 

"J^   Ouercus        ^ 
f              kelloggii      ) 

'     J 

90 

'/ 
/^Pinus   pondi TOSO                      / 

( 

""N 

^70 

| 
5 
LU 

Abies concolor          i 

- 

•-60 - 1 - 
2 
5 1 
fKso _ <sy\ Abies   magnifica - 

— —- ' 

Srsuqa    l 

shastensis 

40 

30 

/mertensiana . 

,      .      .    1 .      1      .      .      . -^i 
10 20 30 

PLANT   MOSTURE   STRESS,   BARS 

Figure 2.5: Distribution of natural regeneration in relation to 
gradients of moisture and temperature in the Siskiyou Moun- 
tains of Oregon (41). 
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Figure 2.6: Major forest ecosystems and their environmental 
stress in relation to heat energy and available water (20). 

Figure 2.7: Young seedlings can be damaged by temperatures 
above about 540C (130oF) at the soil surface. 
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Intensity 
In young seedlings, an increase in light intensity 

usually improves the seedling's vigor and growth 
rate. One study with Douglas-fir seedlings, for 
example, demonstrated that both net photosynthesis 
and dry-matter production doubled between 500 and 
2,000 foot-candles of light (approximately 5 percent 
and 20 percent of full simlight, respectively) at a 
constant 180C (64^) (Figure 2.8). Another study in 
the Siskiyou Mountains of southwestern Oregon 
found that conifer leader elongation was strongly 
correlated with light intensity. Leader elongation of 
Douglas-fir, shasta red fir, and white fir seedlings 
increased as light intensity increased (18). 

u 
ir 
u   80 
o. 

T—i—i—i—i—i—r 

DRY-MATTER 
PRODUCTION 

O IPOO 2P00 
LIGHT   INTENSITY,   FOOT-CANDLES 

Figure 2.8: The effect of light intensity on dry-matter production 
and on rate of net photosynthesis of Douglas-fir seedlings at 180C 
(640F), expressed as percentage of TngyiTnimi observed (5). 

The intensities required for either minimum 
growth or optimum growth differ among species. 
Shade-intolerant species require more light for 
growth than shade-tolerant species. In the initial 
stage of establishment, shade-intolerant species, 
such as ponderosa pine, require about 25 percent of 
full sunlight for minimum growth. Seedlings of 
intolerant species find optimal growth conditions at 
or near full sunlight. 

In contrast, species intermediate or high in 
shade-tolerance usually grow better initially with- 
out exposure to full sunlight. Douglas-fir, for 
example, is intermediate in shade tolerance and can 
grow in as little as 10 to 20 percent of full sunlight. 
However, at least 50 to 60 percent full sunlight is 
needed for optimum growth of Douglas-fir seedlings 
(5,36). The more shade-tolerant firs require even 
less light (less than 10 percent full sunlight) than 
Douglas-fir to meet minimum growth requirements. 

Full and intense simlight, in some cases, dam- 
ages or kills young seedlings of shade-tolerant or 
intermediate species (35). This effect is termed 
solarization. Solarization is not common in the 
Pacific Northwest, but is usually associated with 
one of the following practices: transplanting seed- 
lings from low elevation nurseries to high elevation 
sites, moving nondormant seedlings from 
greenhouses or shadehouses to bright sunlight, or 
removing the canopy of a shelterwood over very 
young seedlings of a shade-tolerant species. Gradual 
removal of the overstory may avoid damage by 
conditioning seedling foliage to higher light 
intensities. 

Interception of light by leaf canopies 
The intensity and quality of light are altered by 

canopies. Generally, leaves transmit about 10 per- 
cent of the light striking them. Some forest com- 
munities reduce the light intensity that reaches the 
ground to as low as 1 percent of full sunlight. Even 
leafless canopies may reduce direct light by 50 
percent. Most of the light that penetrates a dense 
canopy and reaches the forest floor has passed 
between the leaves as sunflecks. Seedlings beneath 
canopies may have to depend largely upon sunflecks 
for light. Sunflecks usually provide only enough 
light for very shade tolerant species that photosyn- 
thesize more efficiently under low light intensities 
than intermediate or shade-intolerant species. 

Chemical Influences 
Nutrient elements, such as nitrogen and phos- 

phorus, and gases, such as carbon dioxide, are 
required for photosynthesis and other physiological 
processes in seedlings. Suboptimal levels of these 
chemicals result in decreased photosynthesis and 
less growth. 

Soil infertility rarely limits reforestation in the 
Pacific Northwest. Even some rather infertile 
pumice soils in central Oregon support trees. Vari- 
ous management practices can alter nutrient cycl- 
ing and the amount of nutrients a seedling receives 
in several basic ways. Timber harvest or site prepa- 
ration, for instance, can remove some of the total 
nutrient capital of the site. Direct fertilization will 
add nutrients. Silvicultural treatments can be tai- 
lored to change site conditions, which in turn alters 
the rate of a critical process, such as organic matter 
decompositon (30). 

Organic matter must decay before most nutri- 
ents in the forest residues can be used by new 
vegetation. The rate of decomposition is largely 
determined by the rate of microbial activity in the 
soil. Environmental conditions can be shifted to or 
from optimum levels of microbial activity (Table 
2.1) through such practices as timber harvest and 
site preparation (see Chapters 3 and 7, respectively). 
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A review paper on the silvicultural implications 
of nutrient cycling in Douglas-fir recommends that 
land managers (30): 

• Minimize removal or relocation of nutrients 
within a site by conserving tree foliage and 
branches. Felling, lopping, and scattering are more 
desirable than whole-tree yarding or piling, and 
burning unmerchantable material; 

• Improve temperature and moisture of the for- 
est floor. In the Pacific Northwest, reducing stand 
densities on north aspects, at higher elevations or in 
the more northerly limits of Douglas-fir is likely to 
shift moisture and temperature to levels more favor- 
able for rapid organic matter decomposition. De- 
creasing stand density on south slopes and on more 
southern portions of the region, however, may be 
less favorable for mineral cycling; and 

• Encourage vegetative succession by species 
that either add nitrogen to the site or accumulate 
nutrients in luxury quantities. 

Man-made chemical compounds introduced into 
the forest ecosystem, such as herbicides or various 
pollutants, also affect seedling growth and develop- 
ment. Herbicides are used to check undesirable 
vegetation until the desired tree species can gain a 
more competitive position. 

Table 2.1 Environmental Factors and Their Ap- 
proximate Values for General Microbial Activity 
in Soil (3). 

 Rate of microbial activity  

Factor Minimum        Optimum       Maximum 

Moisture, percent           51 501 801 

Temperature          ^C 280C 40oC 
(35°F) (S^F) (104oF) 

Aeration      Varies At 501 Varies 
SoilpH            4 7 10 
Food supply       Varies Balanced2 Varies 

'Percent of moisture capacity or approximate field capacity. 
2 Balanced is defined as a carbon to nitrogen ratio of 25 to 1. 

Always handle, store, and apply pesticides care- 
fully and follow label instructions. Rinse and dispose 
of empty containers in the prescribed manner. If in 
doubt, ask your Extension agent. 

Atmospheric pollutants in high concentrations, 
such as those derived from the burning of coal or 
petroleum products, can decrease growth or kill 
conifers. Lethal conditions are generally restricted 
to points near a source of heavy pollution when 
there is little wind. 

Physical Influences 
Physical damage to seedlings is caused prin- 

cipally by people, insects, other animals, snow, ice, 
falling litter, and movement of rocks, soil, or other 
debris. Any one of these may do direct, physical 
damage to the seedling, or indirect damage to 
seedling establishment and growth by altering some 
other component in the seedling environment. For 
example, soil erosion can directly damage a seedling 
by burying or uprooting it. Indirect effects of erosion 
may include a decreased supply of water and nutri- 
ents on sites with shallow soil. 

Snow or ice damage to regeneration occurs 
primarily on high elevation sites. Reduced growth or 
mortality is caused by bending, breaking, or on 
steep slopes, by uprooting and snow creep. (Figure 
2.9). Noble fir. Pacific silver fir, western white pine, 
lodgepole pine and Engelmann spruce experience 
less snow damage than species occurring mainly at 
lower elevations, such as Douglas-fir and ponderosa 
pine. The supple stems and branches of western 
hemlock, however, can tolerate heavy snows with- 
out breaking. A heavy snowpack may slow growth 
indirectly by shortening the number of growing 
days. 

Figure 2.9: Repeated snow creep has deformed this young pine 
seedling. 

Downslope movement of rocks, wood, or other 
material can break or smother seedlings. Gravita- 
tional movement of debris is most prevalent on steep 
slopes with little vegetative cover. Falling litter in 
herbicide-treated hardwood stands or brushfields 
can bend or smother seedlings. 

New plantations often create favorable condi- 
tions for destructive species of animals, brush, 
insects, or disease (see Chapter 10). Evaluate poten- 
tial damage from these biotic agents for each man- 
agement option. You should have a general knowl- 
edge of the conditions favorable to each species that 
may potentially invade the plantation. 

Besides physical damage from falling litter, 
brush competes with seedlings for moisture, nutri- 
ents and light. Vegetation management is discussed 
more fully later in this chapter. 
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Other Site Characteristics Affect Seedling Environment 
Site characteristics such as topography, climate, 

soil and vegetation affect the level or intensity of 
moisture, temperature, light, chemical and physical 
influences in the seedling environment. These 
characteristics should be evaluated in terms of then- 
effect on the seedling environment. All site charac- 
teristics are not listed, but those discussed indicate 
how other site characteristics indirectly influence 
seedling establishment by affecting the seedling 
environment (Table 2.2). 

Topographic Features 

Slope and aspect 
Slope and aspect influence the intensity and 

duration of direct solar radiation and the levels of 
soil and air temperature. Radiation loads and tem- 
peratures are higher on south aspects than on north 
aspects. If slopes are identical, east and west aspects 
receive the same amount of solar radiation, but the 
effect on vegetation is different because of the 
timing. Solar radiation in the cool, moist morning 
hours on east aspects causes less moisture stress 
than solar radiation in the warm, dry afternoons on 
west aspects. A slope of five degrees north reduces 
soil temperatures about as much as 300 miles in 
latitude to the north. At high elevations the effect of 
slope may be so extreme that minimum soil tem- 
peratures on south slopes are higher than the 
maximum temperatures on north slopes (12). 

The degree of slope also influences erosion and 
soil characteristics. Soil becomes less stable as slope 
increases, leading to landslides and mudflows. Ero- 
sion decreases the nutrient capital and the available 
moisture for seedlings by removing the top soil 
horizons. Seedlings on steep slopes are more subject 
to damage from the downward movement of soil, 
rocks, and debris. As many as one-quarter to two- 
thirds of all trees in some plantations on steep slopes 
have been buried or killed by sloughing surface 
material or down slope movement of debris (2,21). 

In general, soil on steep slopes is shallow. Thus, 
moisture and nutrients available for seedling estab- 
lishment may be inadequate. Not surprisingly then, 
the productivity on steep slopes often is lower than 
on more gentle or flat topography. A survey of 
almost 300 clearcuts in southwestern Oregon 
showed a significant decrease in seedling survival 
on slopes steeper than 50 percent (44). The effect of 
slope in limiting moisture is most important in 
areas of low annual precipitation. 

Elevation 
The elevation of a site affects the site's tempera- 

ture and moisture regimes and the length of the 
growing season. In general, the temperature of the 
air decreases with increasing elevation. On an 
average, temperature in mountainous regions de- 
creases about 5.50C per 1,000 meters (ST per 1,000 
feet) of increase in elevation (12). The potential for 
frost damage increases at high elevations, although 
cold-air drainage may produce frost pockets with 
lower minimum temperatures in low elevation 
draws than on high elevation ridges. 

The amount of precipitation and surface mois- 
ture increases with elevation on mountain slopes 
because of orographic (mountain-related) expansion 
and cooling of rising air. Cool air and soil tempera- 
tures and slow retreat of snow reduce the length of 
the growing season at high elevations. 

Frost pockets 
Basins in topography, benches along a slope, or 

areas immediately above a constriction in a valley, 
are often called frost pockets because cold air drains 
into these areas and accumulates there, increasing 
the risk of frost hazard to seedlings. Where cold air 
is filtered through a forest, frost hazard is decreased 
because forests store heat and warm the cold air. 
Large clearcuts in or around frost pockets increase 
the risk of frost damage. For example, a study of 
large clearcut openings in flat or depressional areas 
in the pumice soil region of central Oregon found 
the probability of frost was higher than in forested 
areas (10). 

Other features 
High-elevation convex surfaces are exposed to 

high winds, increased rates of evaporation and 
transpiration, more erosion, and tend to be drier 
than average for the region. Convex surfaces have 
better cold air drainage than concave surfaces. 
Concave surfaces are more sheltered, subject to soil 
accumulation, and tend to be somewhat more moist 
than the average for the region. 

Mountains and valleys affect the environment 
on a larger scale. In sunny climates (for example, 
southern Oregon), wide mountain valleys often 
build up a large body of hot air each day. These 
valleys are hotter and drier than average for that 
elevation. In contrast, narrow valleys protected 
from direct solar radiation part of the day are cooler 
and more moist than average for that elevation. A 
belt of relatively dry climate, often called a rain- 
shadow, may exist on the lee side of a mountain 
range. 
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Finally, the geographic placement of the site 
determines its basic climatic features. Daily, sea- 
sonal, and yearly fluctuations in temperature, mois- 
ture, and light are affected by the proximity of the 
site to the ocean and prevailing winds on the site. A 
maritime influence (coast range) represses tempera- 
ture extremes and tends to have more clouds (re- 
duces light intensity) and rain. Continental climates 
are subject to wider and more frequent fluctuations 
in temperature, less rain, and more solar radiation. 

Table 2.2. Examples of the Influence of Other Site 
Characteristics (variables) on Components of the 
Seedling Environment. 

 Seedlinfi environment component1  

Tem- Chem-    Physical 
Variable Moisture perature   Light       icals    influences 

Slope, percent   X X X X X 
Aspect   XXX 
Elevation   XX X 
Wind   XX X 
Soil structure  XX X 
Soil texture  XX X 
Soil depth  X XX 
Competing vegetation X X X X X 

'An X in one of the columns of components of seedling environment 
indicates that the corresponding variable has some effect on the level or 
intensity of that component in the seedling environment. Depending on 
geographic location, the frequency of X's for each variable may change 
from those shown here. 

Climatic Characteristics 
Climate, including temperature, moisture, and 

wind characteristics, changes both on a large scale 
(continental versus maritime climates) and on a 
small scale (variations within a few feet). Each site, 
therefore, has a unique climate. Since climatic 
characteristics have a significant influence on the 
seedling environment, you should evaluate each site 
separately. 

Precipitation 
Precipitation ranges from less than 10 inches to 

more than 125 inches per year on forest lands in 
Oregon. Even in areas with high annual precipita- 
tion moisture stress may limit conifer establishment 
and growth during droughty summer months. Thus, 
the effectiveness of precipitation depends on more 
than its amount. The form, duration, and seasonal 
distribution of precipitation affect the availability 
of moisture. Slow, gentle showers allow a greater 
percentage of water to soak into the soil. The 
infiltration rate of water into soil throughout most 
of Oregon is so high, however, that runoff is seldom 
a problem unless the soil has become scalped, 

compacted, frozen, or water-repellent after a fire 
(13,14,22). 

The effectiveness of precipitation also varies 
depending on the duration and seasonal distribu- 
tion. The more moisture that falls during any rainy 
period, the more moisture sinks below the area of 
direct surface desiccation. When the soil profile is 
filled, water flows off the site. Late spring and early 
fall rains may be the most critical for providing 
moisture for active growth of seedlings and for 
relieving critical moisture stress at the end of the 
summer, respectively. Brief summer showers are 
frequently too light and widely separated for succes- 
sive increments to have a cumulative effect on soil 
moisture. Summer showers, however, temporarily 
lower evaporation and transpiration rates. Summer 
showers significantly improve reforestation success 
if enough rain falls to wet the rooting zone and 
lower PMS. 

Fog lowers the intensity of solar radiation and 
the rates of evaporation and transpiration. Hail, 
sleet, and ice storms are an insignificant part of the 
total precipitation, but may cause significant dam- 
age to seedlings in severe storms. 

Snowpacks may provide soil moisture beyond the 
rainy season as the snow melts and water seeps into 
the ground, but they also can shorten the growing 
season if deep drifts persist into a time with other- 
wise suitable growing conditions. Heavy snows can 
physically damage older seedlings by bending or 
breaking them. Snow creep on steep slopes can 
deform trees. Unusually rapid snow melts can cause 
erosion, flooding, and site changes. 

Wind 
Wind increases the rates of evaporation and 

transpiration by removing insulating layers of 
humid air that accumulate adjacent to the needle 
surface. Wind can be especially damaging during 
cold weather, when both the water-supplying power 
of the soil and the flow of water through the plant 
are restricted. PMS increases during periods of dry 
winds. This may retard growth temporarily or kill 
the seedling if severe desiccation occurs. Wind also 
can cause physical damage by whipping seedlings. 
Exposed ridges, high convex surfaces, deep valleys 
or gorges, and sites near the coast are all subject to 
high winds. 

Soil 
Soil texture, structure, depth, and color affect 

the seedling environment by influencing the soil 
temperature and the availability of moisture and 
nutrients. 
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Soil texture 
The relative amounts of various sizes of individ- 

ual particles determine soil texture. Soil particles 
are sifted and classified in groups based on particle 
diameter. The groups are: coarse gravel (5.000 mm 
or larger), fine gravel (2.00 to 5.00 mm), coarse sand 
(0.20 to 2.00 mm), fine sand (0.02 to 0.20 mm), silt 
(0.002 to 0.02 mm) and clay (smaller than 0.002 
mm). Course or sandy soils (less than 15 percent silt 
and clay) have low water-holding capacity (Figure 
2.10), but good drainage and aeration. Fine-textured 
soils, such as clays (40 percent or more clay and less 
than 45 percent sand or silt), hold more water and 
minerals, but drain slowly, are generally colder, and 
have poor aeration. Frost-heaving is more prevalent 
in fine-textured soils (28,42). 

SAND        SANDY LOAM       SILT CLAY        CLAY 
LOAM LOAM LOAM 

INCREASE IN HEAVINESS OF TEXTURE 

Figure 2.10: Representative curves of general relationships 
between soil-moisture characteristics and soil texture for agricul- 
tural soils. Specific soil types may vary from the indicated values 
(6). 

Although fine-textured soils hold the most 
water, they frequently have less available moisture 
than loam soils for the following reasons (12): 

• much of the water in fine-textured soils is held 
in the upper soil horizons (because of the higher 
resistance to mass movement of water) and is more 
vulnerable to drying; 

• fine-textured soils do not admit water as readi- 
ly as loams, so there may be more runoff (although 
most soils in Oregon have high infiltration rates and 
little or no runoff); 

• seedlings in fine-textured soils may not be able 
to reach deep moisture before the surface dries 
because root penetration is retarded; and 

• the lower soil horizons of fine-textured soils 

are poorly aerated and may force shallow rooting, 
making seedlings more susceptible to drought. 

There are trade-offs between water-holding 
capacity, relative ease of root penetration, infiltra- 
tion of water, and fertility in either very coarse- or 
very fine-textured soils. Loamy soils, composed of 
approximately equal amounts of sand, silt, and clay, 
avoid most of these tradeoffs. Organic matter in any 
soil improves the nutrition, water-holding capacity, 
and infiltration rate of the soil. 

Soil structure 
Soil structure is classified by the arrangement of 

individual soil particles. Individual soil particles 
that are bound together into some type of structural 
unit are called aggregates. The degree of aggrega- 
tion influences plant growth. Aggregates make the 
soil more permeable to water, air, and roots, and 
increase the water- and nutrient-holding capacity of 
the soil (12). 

Soil depth 
The effective depth of forest soil is that portion of 

the soil capable of being occupied by tree roots. 
Impenetrable bedrock or other physical obstructions 
to root penetration (such as hardpans, coarse and 
dry soil, or rocks) reduce the effective depth. Shal- 
low soils (less than one foot deep) frequently have a 
limited supply of water and nutrients and provide 
poor anchorage for tree roots (making the trees 
unstable in wind). Site index for Douglas-fir in 
western Washington was positively correlated with 
effective soil depth in one study (37). 

Soil surface color 
The color of the soil surface affects the amount of 

solar radiation the surface absorbs. Absorbed heat 
affects soil temperature; re-radiated heat influences 
the air temperature around the seedling. White 
surfaces reflect most radiation; black surfaces ab- 
sorb radiation. Thus, bare, light-colored soils 
primarily reflect solar radiation and the air around 
seedlings becomes very hot, while the soil remains 
relatively cool. A dark surface (for example, burned 
areas) absorbs more solar radiation, and soil temper- 
ature becomes relatively warmer than the lower air 
strata. 

The effects of soil surface color on seedling 
establishment depend on the heat tolerance of the 
species being established, and other site characteris- 
tics. On bare soil, a dark surface may cause critical 
moisture stress sooner because increased evapora- 
tion rates deplete soil moisture more quickly. Shade 
moderates soil and air temperature extremes. 
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Vegetation 
Vegetation on a site directly affects the seeding 

environment. Actual effects depend on the type of 
brush and initial site characteristics. 

Light 
The intensity and quality of light are modified 

by closed canopies. Dense brush canopies cast heavy 
shade that reduces woody growth in seedlings. Low 
light, combined with drought caused by competing 
brush using available water, is generally considered 
the most limiting factor that affects establishment 
and growth of coniferous seedlings in brushfields. 

Temperature 
Temperature extremes are moderated by brush. 

Air and soil temperatures beneath snowbrush, for 
example, are 11° to 170C (20° to 30°F) lower than 
maximums measured in adjacent openings. Brush 
may protect seedlings from frost damage by mod- 
erating low air temperatures. Shade from plaint 
cover may delay snowmelt, increasing the time 
water will be available for seedling establishment, 
but possibly delaying the beginning of the growing 
season by perpetuating cold soil temperatures. Mild 
temperatures and high humidity under brush may 
stimulate development of both pathogenic microor- 
ganisms and beneficial microflora. Transpiration of 
seedlings under the brush cover is reduced because 
of decreased solar radiation, temperature, and wind 
velocity and higher relative humidity. 

Soil fertility 
The amount of available nutrients may be higher 

beneath brush species that produce much litter 
because nutrients are recycled faster. Various brush 
species, such as Ceanothus and legumes, may in- 
crease total soil nitrogen under their canopies by 
nitrogen-fixation, or by accumulating large 
amounts of nitrogen-rich litter in a new organic 
layer. Improved growth of seedlings beneath snow- 
brush (Ceanothus velutinus), for example, has been 
attributed to better soil fertility beneath the brush 
(45). The nitrogen-fixation capacity of snowbrush, 
however, decreases with increasing soil fertility and 
is only marginally important on sites of moderate 
forest productivity (46). 

Animal damage 
Physical damage from big game or domestic 

livestock may be reduced beneath brush because of 
decreased animal access. Some plantation condi- 
tions, however, attract browsing and clipping ani- 
mals (see Chapter 10). 

Physical damage by brush 
Coniferous seedlings developing under brush are 

characteristically slender and fragile. Such seed- 
lings are more prone to damage by bending beneath 
snow-laden brush, or by crushing or smothering 
from brush litter. 

Soil moisture 
The amount of available soil moisture is the most 

important consideration in evaluating the effects of 
vegetative competition. Grasses, especially, deplete 
moisture from the rooting zone of young conifers. 
Heavy stands of grass may deplete moisture so 
quickly that conifer seedlings must survive for 
several months each year with little available mois- 
ture. Shrub or brush cover in full leaf depletes 
moisture nearly as fast as grass, but tends to do so 
through a deeper soil profile, so depletion is less 
rapid from the rooting zone of conifer seedlings. 
Removal of competing vegetation leaves a larger 
percentage of the available soil moisture for use by 
seedlings. 

Soil moisture is lost primarily by transpiration 
from the brush, but brush canopies or leaf litter may 
intercept and lose through evaporation 10 to 25 
percent of the total rainfall in drier regions. That is 
particularly important when much of the rainfall 
occurs in light showers. Part of the rain intercepted 
by brush canopies is carried as stemflow to the base 
of the plant, where it increases soil moisture near 
the base of the plant. 

On some climatically-extreme sites brush may 
provide a milder microclimate, but wherever mois- 
ture is limited during the growing season, brush 
hastens the depletion of soil moisture and causes 
reduced growth or mortality in seedlings. If PMS 
reaches severe levels, seedhngs die (see Chapter 6), 
thereby negating any positive effects of brush. Most 
positive "nurse crop" effects of brush, such as shade 
and protection from deer browse, come from estab- 
lished, native brush stands. Established brush 
stands, however, provide the most competition for 
moisture and light. 
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Interaction of Seedling-Environment Components 
The components of the seedling environment are 

interrelated and their combined effect determines 
seedling performance. A few examples will show 
this interaction. The amount of available moisture 
is influenced by temperature; as temperature in- 
creases, evaporation and transpiration rates in- 
crease and deplete available moisture more quickly. 
Temperature is affected by the intensity and dura- 
tion of solar radiation. Solar radiation indirectly 
influences moisture because of the interdependency 
between temperature and moisture. Soil moisture 
and temperature influence nutrient supply by regu- 
lating the rate of decomposition. 

Because of these interrelations, one factor may 
compensate for another. For example, seedling 
growth at low moisture levels is best under cool 
conditions. At higher temperatures, growth declines 
when moisture is limited because of excessive water 
loss through transpiration. More growth is possible 
at the higher temperature levels only if enough 

water is available for transpiration. High moisture 
levels combined with cool temperatures can reduce 
growth because transpiration rates are low, result- 
ing in waterlogged soil and poor soil aeration. A low 
moisture level is not necessarily critical if cool 
temperatures persist and other demands for mois- 
tures are low. Thus, moisture by itself is not a good 
indicator of growth conditions. Temperature and 
other factors combined with moisture influence 
seedling growth. Be aware of trade-offs between 
factors! 

Clearly a single-factor analysis of the environ- 
ment is not adequate for predicting conditions for 
seedling survival and growth. Even a factor-by- 
factor analysis of all five components of the seedling 
environment will not give consistently good predic- 
tions. Estimates of interactions or trade-offs between 
factors must be part of the site assessment. Evaluate 
the net effect of all components on seedling survival 
and growth. 

Succession 
The concept of forest succession, with one plant 

variety naturally replaced by a different variety, is 
based on the fact that biotic communities are not 
stable, but changing. Forest succession starts with 
the appearance of pioneer species; succession pro- 
ceeds as pioneer species are replaced by successor 
species that profit from the changing environment. 
In general, trees of the pioneer stages are intolerant 
of shade and cannot regenerate under their own 
shade canopy; trees of intermediate stages are 
moderately tolerant of shade; and species charac- 
terizing late stages are shade tolerant. Red alder -*. 
Douglas-fir-$» western hemlock is an example of such 
a successional sequence. 

Succession is a continuing process marked by 
countless changes in vegetation, fauna, soil organ- 
isms, and microclimate of an area as time is passing. 
Successional trends are predictable if environmen- 
tal characteristics of an area are known. Knowledge 

of such trends is valuable in decisions involving 
suitable reproduction methods (Chapters 3 and 8), 
site preparation (Chapter 7) and for selecting 
species and stock characteristics (Chapters 2 and 6). 

In theory, climate is the sole factor determining 
the nature of the last stage of succession (a relative- 
ly stable plant community), hence the name climax. 
Quite often, however, soils, topography, fire, or 
other factors, rather than climate alone, determine 
the final stage of succession. To indicate this, terms 
such as edaphic (soil), physiographic (local environ- 
ment), pyric (fire), and so forth are employed to 
explain the type of climax. The stage preceding the 
final one is commonly referred to as subclimax. For 
instance, coastal Douglas-fir is subchmax through 
much of its range, but may become a physiographic 
climax on very dry sites. Other successive stages 
leading to the climax or subclimax stage are called 
serai stages. 

Vegetation Management 
Vegetation management in this manual, refers 

to control of unwanted vegetation to release site 
resources (light, moisture, and nutrients) for estab- 
lishing or enhancing desired plant species. The 
reasons for manipulating vegetation in commercial 
forestry are both economic and biologic. Economi- 
cally, the control of weedy species provides larger 
and higher quality harvests and reduces the length 

of time required to bring a timber crop to maturity. 
Biologically, vegetation management often is neces- 
sary to create an environment favorable for estab- 
lishing seedlings. The goal is to bring the desired 
crop species to maturity in the shortest possible 
time, so vegetation management should accompany 
other cultural practices, such as planting or seeding. 
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Growth Habit 
Brush develops differently on each site, depend- 

ing on site conditions and silvicultural practices. 
The harvest system (Chapter 3) and method of site 
preparation (Chapter 7) influence the species com- 
position and density of vegetation. Site condition 
influences the vegetation's vigor. When planning 
for reforestation, consider the growth habit of com- 
peting vegetation (rate, height and density of 
growth) along with these other characteristics. 

Results obtained through concurrent establish- 
ment of seedlings with competing vegetation depend 
on the growth habit of each. If the juvenile growth 
rate of the brush species is equal to or faster than the 
conifers being established, the conifers need some 
type of "competitive edge" so they can gain domi- 
nance and become established. A competitive edge 
for conifers usually results from some type of 
chemical or mechanical brush control that tem- 
porarily suppresses or kills competing vegetation. 
For example, fast-growing hardwoods in the Coast 
Range, such as alder and big-leaf maple, occur soon 
after major disturbances and can outgrow and out 
compete young Douglas-fir seedlings. (Figure 2.11). 
These hardwoods may suppress the conifer seedlings 
unless the conifers remain in definite openings or 
the hardwoods are controlled. Conifers must be 
present at the time of brush control or as soon 
thereafter as possible if they are to become domi- 

Figure 2.11: Dense stand of fast-growing red alder in the Coast 
Range outgrows and temporarily excludes Douglas-fir seedlings 
unless controlled after logging. 

nant. Some brush may require repeated treatments 
before the conifers will become permanently 
dominant. 

Brush species with slow juvenile-growth rates 
present a different type of problem to establishing 
conifers. The seeds of slow-growing shrubs, such as 
Ceanothus species and manzanita, remain dormant 
in the duff on relatively dry sites, but germinate 
rapidly following a fire. Serious competition does 
not arise from these species as long as conifers are 
developing simultaneously. If conifers are not 
present on the site for several years, the slow- 
growing brush forms a dense stand that competes 
for light and moisture. 

The growth rate of brush species that sprout 
following disturbances, such as vine maple and 
salmonberry, depends on the site. On relatively high 
site lands in the Coast Range these species present 
serious competition to conifers within one to two 
years after a disturbance. On drier sites in central or 
southern Oregon, these species do not form solid, 
dense stands for at least several years following a 
disturbance. Nevertheless, vigorous planting stock 
should be introduced in both cases as soon after a 
disturbance as possible to give the conifers a com- 
petitive edge. Conifers will need some relief from 
brush competition if the brush becomes dominant or 
codominant. 

In all cases, the ability of a seedling to out- 
distance its competitors depends on the stage of 
development of both the seedling and its com- 
petitors. The intensity and duration of brush control 
depends on how far the seedling is ahead or behind 
the development of its competitiors. 

Net Effect of Vegetation 
You must evaluate the net effect of competing 

vegetation on seedling establishment. Potential 
assets (nitrogen-fixation, mineral circulation, pro- 
tection from animals, and improvement of microcli- 
mate) must be balanced against potential liabilities 
(competition for moisture, light, and nutrients, and 
damage from litter fall or animals that live in or 
around the brush). For example, the rapid growth of 
alder and its subsequent liabilities (litter fall, 
shade, and cover for browsing animals) generally 
outweigh its potential assets (nitrogen-fixation and 
mineral circulation) when it competes with Douglas- 
fir for establishment. The benefit of improved soil 
fertility is useful to the conifers only if all the other 
site conditions are favorable to the conifer's estab- 
lishment. Thus, the net effect of the concurrent 
presence of alder and Douglas-fir usually is 
negative. 
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Site Assessment 
Evaluating the seedling environment before har- 

vest enables the regeneration forester to plan each 
operation in the reforestation process so that it 
provides a favorable environment for seedling es- 
tablishment. Evaluating the seedling environment 
can be done in several ways, including: 

• direct measuring of site characteristics; 
• observing potentials for seedling establish- 

ment or damage; 
• studying existing plants as indicators of the 

environment; and 
• checking records and experience with refor- 

estation efforts on similar sites. 
Each of these techniques is discussed briefly. They 
should be used in combination. Chapter 9 presents a 
method for recording and analyzing the information 
acquired in assessing the seedling environment. 

Direct Measurement 
Directly measuring temperature, moisture, 

light, and nutrients, or the site characteristics that 
influence these, is the most accurate way of assess- 
ing the seedling environment. It is also the most 
difficult and time consuming of the methods dis- 
cussed. Complete and accurate measurements usu- 
ally are impossible for the field forester. Single 
measurements of temperature, moisture, and light, 
are of limited value in site assessments since they 
may vary according to time. For the best interpreta- 
tion of environmental conditions, measurements 
should be made often, throughout the year, especial- 
ly during the growing season. Measurements for two 
or three years may show long-term cycles in climate. 

Measurements are useful despite these limita- 
tions, and some can be obtained simply. Soil charac- 
teristics, for example, change little from season to 
season, except for soil moisture content. Soil depth 
and texture are simple to determine and provide 
information about the water- and nutrient-holding 
capacity of the soil. You can measure plant moisture 
stress in the field with a pressure chamber (see 
Chapter 6). A maximum-minimum thermometer or 
recording thermograph monitors temperature dur- 
ing the growing season, or during critically hot or 
cold periods. 

If soil fertiUty is in question, send samples to the 
soil testing laboratory at Oregon State University, 
Soils Department (Corvallis 97331), or to Washing- 
ton State University, Soils Department (Pullman 
99163), or to private laboratories that do soil anal- 
yses. Check with the laboratory beforehand to deter- 
mine the appropriate sampling and shipping tech- 
niques. County Extension agents can provide ship- 

ping cartons, instructions sheets, and can assist you 
in interpreting results. 

The site index of commercial tree species is one 
of the simplest measurements of site capacity. Site 
index curves, however, are not available for all 
areas. Furthermore, they furnish little direct infor- 
mation about the seedling environment when used 
alone because a site index may be high or low for 
several different reasons. If site index is used, it 
should be used in conjunction with other site charac- 
teristics for accurate interpretation of actual site 
conditions. 

Observations 
Estimation of site characteristics by observa- 

tions is the most frequent technique used by regen- 
eration foresters for site assessment. With experi- 
ence, this may be valid and thorough enough for 
planning purposes. Using this approach alone, how- 
ever, you may overlook some important site charac- 
teristics. Always precede reforestation planning 
with careful visual examination of the site in 
conjunction with other methods. 

Some site characteristics indicate potential en- 
vironmental problems. For example, forked tops of 
trees often are associated with sites where mechani- 
cal damage from snow and wind are problems for 
some conifers. Animal burrows, pellets, or browse 
damage to nearby stands suggest animals may be a 
problem. Determining cold air drainage patterns 
and prevailing wind direction indicates potential 
frost or wind problems. Good site assessment by 
observations may require more than one visit to the 
site (in different seasons, or at critical times) to 
check for things such as frost damage or snowpack 
characteristics. 

Vegetation as an Environmental 
Indicator 

Natural vegetation occurring on or near a site is 
an expression of the integrated effects of all environ- 
mental factors operating on a site. When the rela- 
tionships involved are well known, vegetation can be 
used as a sensitive indicator of conditions in the total 
environment. Researchers have measured environ- 
mental variables, such as temperature and mois- 
ture, and then related the presence or absence of 
selected understory species along these environmen- 
tal gradients. The presence of particular species 
indicates the relative moisture and temperature 
conditions of the site. Most reported research has 
been done in southwestern Oregon (31,40) and in the 
Blue Mountains of eastern Oregon and southeastern 
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Washington (25). Estimates of temperature and 
moisture conditions based on plant indicators have 
been combined with actual measurements of soil 
depth and texture, elevation, and solar radiation, to 
predict the stocking level on clearcuts in the South 
Umpqua Basin of Oregon (7). 

Naturally-established tree species indicate the 
basic environmental conditions under which they 
became established, because most species have a 
different tolerance for each type of environmental 
stress (Table 2.3). The presence of western red cedar, 
for example, indicates a cool, moist, and fairly 
fertile site. 

To be useful, indicator species should have re- 
stricted distributions and should tolerate only nar- 
row ranges of habitat conditions. An indicator 
species is not always indicative of the same environ- 
mental characteristics throughout its range. Fur- 
thermore, similar local conditions in different 
climatic environments may not support the same 
indicator species. Thus, plant indicators generally 
are applicable only in the areas for which they were 
evaluated (for example, Blue Mountains). Either a 
group of species or a whole plant community is more 
reliable as an environmental indicator than a single 
species. Dominant species, especially climax species, 
are more useful than lesser species (32). Climax 
species are self-regenerating and have permanent 
occupancy of the site, barring any disturbance such 
as fire or harvesting. 

Groups of species can be classified by habitat 
types and by plant communities (associations), as 
described below. Either way, these groups or indi- 

Table 2.3. Generalized Adaptation of Major Coni- 
fers in Oregon to Environmental Stress (41). 

PMS 
(Plant 

Low Temperature        moisture Low 
Species light low high        stress)      nutrients 

Pacific silver fir     H1 H L L M 
Grand fir      H H M M M 
Redfir      M H L L M 
Noble fir       L H L L M 
Incense-cedar      M M H H H 
Engelmann spruce       H H L L M 
Sitka spruce      M L L L M 
Lodgepole pine       L H M M H 
Jeffrey pine       L H H H H 
Sugarpine       M M M M M 
Western white pine ....    M H L M M 
Ponderosa pine       L M H H M 
Douglas-fir       M M M H M 
Western redcedar       H L L L L 
Westemhemlock       H M L L M 
1 Letters in table signify tolerance as below: 

H = High tolerance (capable of survival and growth) 
M = Medium tolerance 
L = Low tolerance (incapable of survival) 

cator species are usually a reliable and useful 
method for estimating environmental conditions or 
comparing environments. 

Habitat types 
Habitat-type classification identifies land units 

with equivalent environments where plant succes- 
sion leads to the same climax species. The first name 
of a habitat type refers to the climax tree species. 
The second name is the dominant or characteristic 
understory species in the climax community. Clas- 
sification of forest areas in Oregon by habitat type 
has been done in northeastern Oregon (23), the 
central Oregon pumice region (15), part of the 
western slopes of the Cascade Mountains of Oregon 
(16), and the southern Oregon Coast Range (1). 

Habitat types can be ranked along environmen- 
tal gradients in the same manner you would rate 
individual plants as indicators. For example, pon- 
derosa pine (P.p.) habitat types on pumice soils in 
south-central Oregon ranked in order of increasing 
effective moisture are (15): 

Least effective: 
P.p./Bitterbrush 
P.p./Bitterbrush/Idaho fescue 
P.p./Bitterbrush—green manzanita 
P.p./Snowbrush ceanothus—Bitterbrush 

Most effective: 

P.p./Snowbrush ceanothus 

Habitat types can be useful for planning silvicul- 
tural operations. For example, differences in refor- 
estation characteristics have been documented 
among habitat types in the Pacific silver fir zone 
forests west of the crest of the Cascade Mountains of 
Oregon (38). Mean post-harvest stocking levels and 
mean tree-seedling heights varied among habitat 
types and tree species. Predictions about plantation 
success can be based on these differences. Fur- 
thermore, habitat studies of this type can indicate 
the harvest system and tree species most likely to 
succeed in reforesting sites within each habitat type 
when based on previous reforestation efforts. Simi- 
larly, habitat studies in northeastern Oregon (23) 
and the central Oregon pumice region (15) 
evaluated or commented on different reforestation 
practices in different habitat types. Other applica- 
tions of habitat typing to reforestation planning 
have been in the Rocky Mountain-Intermountain 
Region (4,19,26,33,34,43). 

Habitat classification has been used successfully 
in central Oregon for predicting outbreaks of 
lodgepole needle miner (29). Correlating past out- 
breaks with habitat types indicates the risk of 
infestation is highest in communities where 
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lodgepole pine is the climax species and lowest 
where it is a serai species. 

Plant community types 
The other scheme for classifying groups of 

species considers plant community types. Com- 
munities types are based on differences in the 
opportunities for, or restrictions against, certain 
management practices. Plant community types are 
not restricted to climax vegetation, nor are they 
limited in description to vegetation. Soil charac- 
teristics or other site features may be included in 
the classification scheme. For example, in the Blue 
Mountains of Oregon, bunchgrass types are divided 
into five community types on the basis of soil depth 
and steepness of slope (24). Soil depth influences the 
revegetative characteristics of the site and steep- 
ness of slope affects both grazing and revegetation; 
these features influence the management oppor- 
tunities (including reforestation) on these types. 

Classification of forest areas in Oregon by plant 
community type has been done in northeastern 
Oregon (24), the central Oregon pumice zone (39), 
and parts of the Oregon Coast Range (11). 

Plant community types have been correlated 
with site productivity and various management 
considerations. The study in the central Oregon 
pumice zone (39), for example, rates disease and 
pocket gopher potential, risk of insects and wind- 
throw, operability constraints, and special problems 
for each plant community. The other studies 
evaluate similar characteristics that are useful for 
reforestation planning. 

Habitat or community types and plant indicator 
species are not available for all areas in Oregon, but 
the major vegetational units of Oregon and 
Washington and their environmental relationships 
are described and illustrated (20). 

Vegetation has two disadvantages as an environ- 
mental indicator. First, vegetation usually lags a 
little behind the conditions that allowed it to become 
established because of the time it takes to grow. 

Thus, some species that are present on a site may 
have become established under different environ- 
mental conditions than presently exist. Second, it is 
difficult to express the environmental indications of 
vegetation in physical terms. Nevertheless, vegeta- 
tion can be an inexpensive, but accurate and quick 
estimator of site characteristics. 

Records and Experience 
Another important source of information for site 

assessment includes experience and records. Trac- 
ing the causes of reforestation failures is often 
difficult because of a maze of interacting factors. 
Carefully-documented records of site conditions, 
stock characteristics, and other treatments will help 
in the identification of problem sources. Reforesta- 
tion success will improve over time as positive 
aspects are repeated and negative practices cor- 
rected. Experience is most useful if records are kept 
and all work is carefully reevaluated in terms of 
seedling and seedling-environment characteristics. 
Records are especially helpful where a rapid person- 
nel turnover prevents individuals from acquiring 
personal experience. 

Records from other sources provide valuable 
clues to conditions in the seedling environment. 
Weather records from federal, state, or private 
agencies in each vicinity give both long- and short- 
term information about climatic trends and ex- 
tremes. Soil surveys and maps from the Soil Conser- 
vation Service, U.S. Geological Survey, or U.S. 
Forest Service, can be used for soils information. 

Finally, sharing experiences or records between 
foresters and between agencies in a local vicinity 
upgrades the overall state of knowledge much faster 
than if each group acts individually. As a whole, 
everyone benefits from increased reforestation suc- 
cess. In many cases, Extension foresters, and for- 
estry researchers can provide useful information or 
assistance about site characteristics, based on ex- 
perience and research studies that have been con- 
ducted in the vicinity. 

Management Implications 
There are three basic options in preparing for 

reforestation. The first is to select the species that is 
best suited to the site. The second is to modify the 
seedling environment to the extent necessary so 
that seedlings can become established on the site. 
The third is to select the morphological and 
physiological characteristics that give seedlings of 
the chosen species the best chance for surviving and 
growing on each site. In most cases, however, some 
combination of all three options is needed to estab- 
lish a plantation. Thus, conditions in the seedling 

environment influence the choice, or use of reforesta- 
tion operations dealing with species selection, mod- 
ification of the site, and choice of planting stock 
characteristics. 

Species Selection 
Species selection is one of the first and most 

important decisions in the reforestation process. 
Present guidelines to species selection will change 
as economic conditions change and as our knowledge 
of both environment and tree physiology improves. 
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The question of species selection for each site or 
environmentally-different area within a site should 
be considered in light of two factors: 

Which species is best adapted to survive and 
grow in the seedling environment? 

Which species will produce the most wood fiber 
or saw timber (depending upon objectives) as 
stands? 

Because our economically preferred timber 
species have such broad physiological adaptation, 
large areas can be planted with the same species, 
especially if seed source restrictions are carefully 
observed. Repeated reforestation failures, however, 
may indicate environmental conditions beyond 
those in which the preferred species thrives. Iden- 
tifying which environmental factors inhibit survi- 
val is helpful in choosing a species more tolerant of 
that factor (Table 2.3). Natural vegetation and 
patterns of succession can help identify these 
situations. 

In some cases, a species other than the tradition- 
al or preferred one is more productive, but establish- 
ment of both species is possible. For example, in 
more mesic (moderately moist) areas near the coast, 
stands of western hemlock produce more total wood 
fiber than stands of Douglas-fir even though indi- 
vidual trees of Douglas-fir achieve greater size. 
Similar cases may be found in the Pacific silver fir 
zone of the Cascade Mountains where noble fir will 
produce more fiber than Douglas-fir in mesic areas. 
Likewise, on the east side of the Cascades, white fir 
will out produce ponderosa pine in mesic areas. 
Where such situations can be demonstrated, and 
pulp wood rather than saw timber is the end 
product, the species most productive in volume 
should be planted. 

Silvicultural systems also influence species 
choice, and vice versa. Shade-tolerant species are 
favored by shelterwood or selection methods of 
reforestation (see Chapter 3). Shade tolerance, how- 
ever, is a relative quality. Douglas-fir is less shade 
tolerant than western hemlock over much of west- 
em Oregon and Washington, but it is more shade 
tolerant than oaks and pines. Douglas-fir is favored 
by shelterwood systems on the east side of the 
Cascade Mountains, in the rainshadow of the Wil- 
lamette Valley, and in parts of southwestern Ore- 
gon. Species and silvicultural systems must be 
matched to one another. 

Modifying the Environment 
The seedhng environment is modified by various 

management practices. Species selection, silvicultur- 
al system and site preparation must be coordinated 
and managed so the moisture, temperature, light, 
chemical, and physical regimes of the site are most 
favorably matched to the requirements of establish- 
ing seedlings.  Harvesting has the potential for 

creating the greatest changes in the seedling 
environment. 

The type and intensity of harvesting influence 
the relative amount of change in the seedling 
environment (see Chapter 3). For example, clearcut- 
ting allows maximum light intensity to reach the 
soil surface, whereas partial cutting allows only a 
limited amount of light intensity to reach the 
ground. Your decision should be based on the re- 
quirements of the preferred species in relation to 
conditions in the seedling environment before and 
after harvest. Tailor harvest specifications to mod- 
ify site conditions to fit seedling requirements for 
estabhshment. 

The type of harvesting and site preparation in 
combination influence the amount and composition 
of competing vegetation. In turn, vegetation influ- 
ences the availability of water, light and nutrients 
and partly determines the potential for animal 
damage (depending on the animal's habitat 
requirements). 

Site preparation (see Chapter 7) and other cul- 
tural practices, such as mulching, shading, or irriga- 
tion (see Chapter 8), are tools for creating a more 
favorable seedling environment on harsh sites. Plan 
these treatments in conjunction with the selection of 
the species, silvicultural system, and stock 
characteristics. 

Selecting Stock Characteristics 
Seedhng survival and growth on any site partial- 

ly depends on how well adapted the species is for 
that particular environment and on the physiologi- 
cal condition and morphological characteristics of 
the stock. The preconditioning and handling of the 
stock also can affect stock performance on a site (see 
Chapter 6). Stock of an appropriately adapted 
species, but improper seed source, for example, can 
result in plantation failure just as surely as plant- 
ing a poorly adapted species (see Chapter 5). Like- 
wise, poorly handled seed or planting stock is 
generally less vigorous and thereby less likely to 
survive, especially under extreme environmental 
conditions. In some cases morphological characteris- 
tics of stock, such as height or stem diameter, also 
can influence the seedling's chances for survival 
(see Chapter 6). 

Successful reforestation occurs only if species 
requirements for survival and growth are compat- 
ible with site characteristics. A wrong or incomplete 
assessment of the seedling environment can lead to 
other wrong decisions in the sequence of reforesta- 
tion operations, and may ultimately cause the plan- 
tation to fail. Therefore, correct assessment and 
interpetation of the seedling environment is one of 
the most important steps in planning all other 
reforestation operations. 
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Abstract 

Clearcut, seed-tree, and shelterwood are reproduction methods for even- 
aged management. Selection cuttings are designed for creating or perpetuat- 
ing uneven-aged stands. Examples are given of how each reproduction method 
will modify the environment in which seedlings will be growing. Choice of 
reproduction method depends on ecological characteristics of tree species, site, 
topography, management objectives, and economic, technical, and social 
constraints. 

In Oregon, clearcutting is the most common of all reproduction methods 
and probably will remain so because of the economic advantages it offers. The 
seed-tree method is seldom recommended because it combines most of the 
disadvantages of the clearcut and shelterwood methods. Experience with 
shelterwood cutting is limited, but it shows promise for establishing new 
stands on sites where regeneration by clearcutting is likely to fail. Selection 
cutting has been practiced with varying degrees of success in the ponderosa 
pine region of Oregon, but the extremely limited experience with it in other 
forest types in Oregon has been poor. Selection cutting may have an 
application under special circumstances when maintenance of a continuous 
forest canopy is desirable or necessary. 
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A reproduction method is defined as "... an 
orderly procedure by which a stand is renewed 

or established either naturally or artificially. The 
reproduction method includes both the removal of 
the old stand and establishment of a new crop (38)." 
Silvicultural systems are classified by the method in 
which the mature crop is removed "... with a view to 
regeneration and according to the type of crop 
produced thereby (10)." The term silvicultural sys- 
tem encompasses silvicultural treatment of a stand 
throughout the entire rotation, including both inter- 
mediate and regeneration cuttings, and thus is more 
comprehensive than the term reproduction method. 
Differences among reproduction methods and how 
to choose between them are the subjects of this 
chapter. 

Major considerations in selecting a reproduction 
method include: 

• characteristics of site and stand (Chapter 2); 
• environmental impacts of each method consid- 

ered for the site; 
• reforestation goals, including desired species 

and natural versus artificial regeneration; and 
• objectives of the land owner and economic 

constraints. 
Each reproduction method has a different impact 

on the site (seedling environment) and thereby 

influences the structure (age classes) and composi- 
tion (species mix) of regeneration. In some cases, a 
particular method may be entirely unsuitable for 
obtaining desired reforestation goals. Thus, selec- 
tion of an appropriate reproduction method is one of 
the most important reforestation decisions. 

The principal reproduction methods for estab- 
Ushing a new stand are: clearcut, seed-tree, shelter- 
wood and selection. A different amount of overstory 
is removed in the initial cut with each method. 
There are numerous variations of each principal 
method. Except for the selection method, each 
method is designed for the creation and mainte- 
nance of even-aged stands. The selection method 
results in uneven-aged, or multi-aged stands where 
individual trees or small groups of trees range in 
age and size from seedlings to mature trees. The 
advantages or disadvantages of each method depend 
on the site and the species to be regenerated. 
Different amounts of canopy removal can have 
profound influences on conditions in the seedling 
environment. Again, how much initial canopy re- 
moval is desirable depends on the site and the 
desired species. 

This chapter examines the relative environmen- 
tal and silvicultural impact of each reproduction 
method. More detailed information concerning each 
method is available (38,42). 

Reproduction (Harvest) Methods 
Clearcut 

The clearcut method involves harvesting an 
entire stand in a single cut. Regeneration is ob- 
tained by seeding, either natural or artificial, or by 
planting seedlings. Differences of opinion exist as to 
when logged areas are sufficiently large to be called 
clearcuts. The following arbitrary definitions of size 
have been suggested (15): 

Method Size 

Continuous clearcutting 
Large-patch clearcutting 
Small-patch (or group) clearcutting 
Group selection 
Selection 

100 acres or more 
10-50 acres 
1-10 acres 
Two trees to 14 acre 
Single tree 

Others in the Pacific Northwest consider areas as 
clearcuts only if they are large enough, or shaped in 
such a fashion, that the ground is receiving full sun 
all the time. 

Continuous clearcutting, the harvesting of large 
acreages of timber in progressive sequence, is com- 
mon practice in the Douglas-fir region. The remark- 
able success in establishing new crops by this 
procedure does not imply, however, that large clear- 
cuts are a biological necessity for successful regen- 

eration of Douglas-fir or any other species. Large- 
scale clearcutting is justified mainly on economic 
grounds. It is the most cost-efficient method of 
harvesting, especially for stands of large-dimension 
timber in steep terrain. Large clearcuts provide 
maximum operational flexibility and greatly facili- 
tate cultural measures such as chemical and 
mechanical control of competing vegetation (Chap- 
ter 7) and application of fertilizer. Large-scale 
clearcutting also can be employed in timber types 
other than Douglas-fir when, based on past experi- 
ence, artificial regeneration is assured. 

One publication, however, has pointed out that 
"Extensive clearcutting becomes increasingly unde- 
pendable as environmental conditions become more 
and more limiting. Consequently, using such a 
technique on severe sites is unwise, particularly if 
no dependable method of artificial regeneration is 
available. This is generally true in the forest 
habitats that are extremely dry, wet, hot, or frost 
susceptible (15)." 

Small-patch cuttings (Figure 3.1) combine many 
of the advantages of the shelterwood method and 
conventional clearcuts and can be an acceptable 
harvest alternative where terrain permits. Small- 
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patch cutting has been tried successfully in stands 
of virgin Douglas-fir in the Puget Sound area (47) 
and in the Oregon Cascades (13). Patch cuttings, 
however, may be a poor alternative in rugged 
terrain because of access problems and damage to 
regeneration when adjacent stands are harvested. 
Strip clearcutting (Figure 3.2) appears to be equally 
suitable for avoiding the creation of a severe micro- 
climate for seedlings and may be used more widely 
in the future (13,20). 

Figure 3.1: A series of patch clearcuts of varying sizes and 
shapes. 

Figure 3.2: Natural regeneration in a strip clearcut. 

Clearcutting also is suitable for ponderosa pine 
and for helping control the spread of dwarf mistletoe 
from infected stands (4). Establishing a new planta- 
tion following clearcutting in this type requires 
careful planning and execution of the reforestation 
plan. Without using all the principles outlined in 
this manual the regeneration forester will be faced 
with one or more replantings. Even with good stock, 
site preparation, and good planting technique, the 
extreme climate may cause high mortality in some 

years. Clearcutting in this type should be under- 
taken only when there is a commitment to a high 
level of management and the problems are 
understood. 

The status of reproduction methods in lodgepole 
pine stands has recently been updated. Clearcutting 
appears to be an appropriate method because of the 
ecological characteristics of lodgepole pine. The 
species is a prolific seeder and can establish itself 
under a wide range of environmental conditions. 
Clearcutting of lodgepole pine in the pumice plateau 
of south-central Oregon, however, indicates that 
natural regeneration will not become established on 
large clearcuts; therefore, they must be planted (5). 

Information is scant about the suitability of 
clearcutting in the true fir-mountain hemlock type. 
Large clearcuts, especially when followed by broad- 
cast burning, greatly increase the chances for refor- 
estation failures because large clearcuts accentuate 
climatic extremes, severely curtail seed supply, and 
destroy advance regeneration—reproduction al- 
ready established before the harvest (14). However, 
insect and disease hazards may necessitate use of 
clearcutting. The most common of these problems 
are dwarf mistletoe, root rots, white pine blister rust 
(14), and the balsam woolly aphid, which attacks 
Pacific silver and subalpine firs (30). Reforestation 
failures can be minimized when, based on past 
experience, reliable methods of artificial regenera- 
tion are used, or sufficient advance reproduction of 
acceptable species can be preserved during logging 
and slash disposal (17). 

Clearcutting can lead to reforestation failures in 
the mixed conifer type of southwestern Oregon. 
Sites poorly suited for clearcutting are steep slopes 
with southerly exposures, shallow soils, or both. 
Plantations can be established following clearcut- 
ting on more favorable sites, but ultimate reforesta- 
tion success often will depend on maintaining a 
careful program to control both brush and animals 
(see Chapter 10). As a rule of thumb, you should 
continue the maintenance program until trees reach 
a height of 5 feet, or for 10 years. The large acreage 
of non-stocked and poorly stocked clearcuts in south- 
western Oregon attests to the need for more dis- 
criminatory use of the clearcutting method and 
better plantation maintenance. 

Clearcutting is well suited for the western hem- 
lock-Sitka spruce type because of its generally 
favorable environment. Storms from the Pacific 
Ocean bring high winds and heavy rains that often 
result in blowdown of the generally shallow-rooted 
spruces and hemlock. Danger of blowdown in the 
residual stands can be reduced by progressive strip 
cutting against the direction of prevailing storm 
winds (36), or by making larger clearcuts to decrease 
the length of the cutting boundary exposed to wind 
(34). 
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Although clearcutting is the most common 
method of timber harvest in Oregon you should not 
make it an automatic choice, especially in locations 
that have a history of reforestation failures. In- 
stead, make the decision on the basis of a careful 
analysis of potential reforestation success, environ- 
mental impact, and economic constraints. Some of 
the many considerations include: 

• simplicity and efficiency—all operations are 
concentrated in time and space; 

• lowest harvesting cost per unit area; 
• hazard reduction and seedbed preparation are 

easy to accomplish; 
• fewer roads required than for partial cuts, 

particularly on steep ground; 
• lower total erosion potential than for partial 

cuts because less road mileage is needed; 
• only one entry (for harvest) per rotation, there- 

fore certain kinds of impacts will be less than for 
repeated entries—especially compaction on heavy 
soils; 

• more amenable to cable-yarding systems, 
which have less impact on soils than ground 
equipment; 

• insect or disease control possible at harvest 
(example dwarf mistletoe); 

• may set up favorable seedling environment; 
• need to remove all trees, even established 

seedlings and saplings; 
• increased vegetative competition from pioneer 

species; 
• poor natural seed dispersal in the center of 

large cuts; 
• relatively easy vegetation control; 
• most amenable to planting operations; 
• control of species composition or conversion to 

other species; 
• results in the widest fluctuations of tempera- 

ture and moisture in the seedling environment; and 
• often aesthetically displeasing to general pub- 

lic for first 2 to 5 years after harvest. 

Seed-Tree 
The seed-tree method essentially involves clear- 

cutting the entire stand except for certain trees, 
called seed trees, that are left standing to restock 
the area naturally (Figure 3.3). Seed trees are left 
singly or in small groups, and are harvested after 
regeneration is established, if feasible. 

Generally, the seed-tree method has all the disad- 
vantages of clearcutting and none of the advantages 
of shelterwoods. Seed trees provide little or no 
shelter and are subject to windthrow and sunscald. 
In addition, for species that have infrequent good 

Figure 3.3: Seed-trees left after first overstory removal. 

seed years, this method is not a reliable seed source. 
If more than one bad seed year occurs following 
harvest, competing vegetation may significantly 
increase the amount of time required for seedling 
establishment. Seed trees may be a problem to 
harvest because frequently there is not enough 
volume to use a cable system and other systems may 
cause extensive damage to reproduction. 

Where your intent is to provide for natural 
regeneration, shelterwoods or small-patch clearcuts 
generally are as effective as the seed-tree method. 
There are no other valid reasons for selecting the 
seed-tree method because seed trees provide essen- 
tially no shelter. On some sites removing the com- 
plete overstory will result in unfavorable conditions 
for seedling establishment. Thus, for even-aged 
management on most sites in the Pacific Northwest, 
selection of a silvicultural system usually should be 
between some variation of either the clearcut 
method or the shelterwood method. 

Shelterwood 
In the shelterwood method the stand is gradually 

harvested during the last years of a rotation in a 
series of partial cuttings designed to furnish seed 
and shelter. Regeneration establishes under the 
shelter of the remaining stand (Figures 3.4 and 3.5). 
When regeneration is secured and seedlings are 
capable of enduring exposure, the overstory trees 
are removed. Inadequate natural regeneration may 
be supplemented by planting as necessary. 

The shelterwood system consists of a sequence of 
three possible cuttings. First, an optional prepara- 
tory cut(s) may be used to improve tree crowns or 
increase windfirmness to prepare the stand for the 
seed cut. Second, a seed cut reduces stand stocking, 
leaving only those trees desired for seed and shelter. 
This cut should be made when a good seed year is 
expected. Finally, the overstory is harvested in one 
or more removal cuts when regeneration is secured. 
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Figure 3.4: Natural regeneration under a shelterwood after the 
seed cut has been made. 

Figure 3.5: Natural regeneration of western hemlock established 
under the protection of a Douglas-fir overstory using a 
shelterwood. 

You can manipulate shelterwoods by a variety of 
techniques to provide a suitable environment for 
seedling establishment. The shape, size, and intensi- 
ty of the seed cut can be managed depending on the 
site and species characteristics. For example, shel- 
terwood forms include: uniform or compartment, 
group, strip, wedge, and irregular cuts (28). Shade- 
intolerant species may require a more open stand 
(that is, larger initial canopy removal) than more 
shade-tolerant species. 

The shelterwood method is a feasible, and some- 
times desirable, alternative to other harvest 
methods in most forest types occurring in the 
Northwest (42). Experience with the shelterwood 
method, however, is limited in Oregon. Therefore, 
recommendations for many specific sites and condi- 
tions are lacking. Results of trials indicate that this 

method can be applied successfully in stands of 
coastal Douglas-fir (44). Shelterwood cutting is 
appropriate for most severe sites. On severe sites 
large clearcutting will result in a harsh microcli- 
mate where either natural or artificial regeneration 
will be difficult at best. Harsh sites often are hot 
and dry south slopes or areas where frost danger is 
high. Trees on severe sites tend to be shorter and 
more windfirm than on high sites; so partial cutting 
is less likely to result in windthrow in the residual 
stand. In general, we do not recommend the shelter- 
wood method for average or high sites in the Doug- 
las-fir region where stands are dense, shallow 
rooted, and are not windfirm. Another possible 
problem with partial cuttings on high sites is inva- 
sion by brush species before coniferous regeneration 
becomes established. 

You can regenerate coastal forests of the western 
hemlock-Sitka spruce type successfully by the shel- 
terwood method (43,45). Harvesting by this method 
favors hemlock over spruce regeneration and 
minimizes reproduction of Douglas-fir, lodgepole 
pine, and red alder, because hemlock is the most 
shade tolerant of these species. Shelterwood cutting 
also provides some natural control of competing 
ground vegetation that appears under full sunlight 
(35), but again brush invasion or increased brush 
competition can become a significant problem. 

Some limitations of the shelterwood method for 
the hemlock-Sitka spruce type often apply to other 
forest types (35). These limitations include: 

• limited availability of logging techniques and 
equipment that permit repeated operations in the 
residual stand without causing excessive damage in 
rugged terrain (Figure 3.6) and without prohibitive 
costs; 

• sites having high blowdown hazard; 

Figure 3.6: Damage to residual trees caused by equipment 
during a seed cut. Damaged trees are more susceptible to attack 
by insects and disease. 
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• stands infested with dwarf mistletoe; and 
• defective stands where cull logs become a 

physical obstacle to logging operations. 

Considerations for deciding whether the shelter- 
wood method is desirable may be summed up as 
follows: 

• guarantees local seed source; 
• some genetic improvement obtainable without 

special investments through selection of leave trees; 
• species selection possible by selection of har- 

vest trees; 
• less affect on seedling environment than clear- 

cutting or seed tree cutting; 
• underplanting possible when natural regener- 

ation is absent or insufficient; 
• natural reproduction reduces problem as- 

sociated with high elevation planting (for example, 
limited access in snow when seedlings should be 
planted); 

• fuel drying on forest floor is slowed down; 
• competition from pioneer species reduced; 
• cost and physical difficulties of harvesting are 

increased; 
• increased need for trained personnel and 

supervision of logging operations—more manpower 
required; 

• fuel hazard treatment alternatives are re- 
stricted and costs may be increased; 

• seedbed preparation is more difficult; 
• risk of blowdown; and 
• reduces visual impact of logged-over sites. 

Selection 
The selection method is defined as the harvest of 

the oldest or largest trees in a stand, either singly 
(single-tree selection) or in groups (group selection) 
without ever completely clearing off the whole stand 
(38). After each cut reproduction should start or be 
started in the opening created. Intermediate cut- 
tings can be made, along with harvesting the old, 
large trees, to relieve younger trees from competi- 
tion. "The creation and perpetuation of unevenaged 
stands is the most fundamental characteristic of the 
selection method (38)." 

There is no unbiased evidence to indicate that 
yield of volume and value of all-aged stands is 
superior to that of even-aged stands. Managing 
all-aged stands requires far greater skill and 
expenditures. Applying the selection method is jus- 
tified, therefore, only where past experience has 
shown it to be essential for securing regeneration, or 
where maintaining a continuous forest canopy for 
reasons other than timber production is a major 
concern. 

The single-tree selection method prescribes har- 
vest of scattered individual trees of rotation age. 
This makes logging both difficult and expensive. 
Openings created often are so small that only the 
most shade-tolerant species of late successional 
stages can be maintained. 

Group selection is a modification that makes the 
selection method more widely adaptable. You can 
use group selection for opening wider spaces in the 
canopy to maintain a higher proportion of less 
shade-tolerant species. A large group harvest (1 to 2 
acres) resembles a small-patch clearcut, except the 
intent of group selection is to create a balance of age 
or size classes either in intimate mixture, or in a 
mosaic of small contiguous groups throughout the 
forest. Group selection also is readily applicable to 
stands that have become all-aged naturally, because 
such stands are more likely to contain a mixture of 
age classes by groups of trees rather than by single 
trees. 

The group-selection method is suited for applica- 
tion in the ponderosa pine forests east of the crest of 
the Cascades. Stands are characteristically uneven- 
aged by groups. Although very intolerant, ponder- 
osa pine represents the climax community on most 
sites and invasion by more tolerant species is seldom 
a problem. Any form of partial cutting, however, is 
likely to lead to gradual elimination of ponderosa 
pine from stands in areas transitional to white fir or 
grand fir, because it accelerates the successional 
trend toward dominance by these climax species 
(16). Selection cutting in dwarf-mistletoe-infected 
stands usually will perpetuate or increase the prob- 

. lem, unless the site is to be converted to another 
species. 

Application of the group-selection method in the 
ponderosa pine type is not a guarantee for obtaining 
natural regeneration. Success with the selection 
method in this type depends upon an ample seed 
supply, low populations of seed-eating animals, and 
a relatively wet and cool growing season without 
frosts at night. Unfortunately, these conditions are 
met infrequently and natural regeneration may not 
■appear for years; when it does, overstocking often 
becomes a problem. 

Experience with application of the selection 
method in other forest types of the Northwest is 
extremely limited. Old-growth hemlock-spruce 
stands responded poorly to selection cutting (27), as 
did virgin Douglas-fir (31). Selection cutting is 
unsuitable for reforestation of coastal Douglas-fir 
because this species is less tolerant than its com- 
petitors. Application of the method to Douglas-fir is 
restricted to dry sites, particularly in southwestern 
Oregon, where the species represents a physio- 
graphic climax. 
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Consider these points when you are planning to 
apply the selection method: 

• ecological characteristics of species present; 
• management objectives; that is, timber pro- 

duction versus recreational or other nontimber pro- 
duction uses; 

• limitations on logging techniques and equip- 

ment because of topography; 
• costs; 
• help or hindrance in controlling disease and 

insect hazards; 
• development of special inventory methods; and 
• availability of personnel trained in the re- 

quired marking skills. 

Consequences of Reproduction Methods 
Each harvesting method has a different effect on 

the seedling environment of each site. Any form of 
cutting is likely to have both favorable and adverse 
influences on environmental conditions for seedling 
establishment. The specific system applied must 
provide an environment that is within seedling 
tolerance limits of the species that will form the new 
stand. 

Modification of Physical Environment 
Any opening of the canopy will change the 

physical environment of the forest floor (that is, the 
seedling environment). The exact influence of each 
harvest method on the seedling environment varies 
depending on soil, topography, and climate. 
Nevertheless, the general relationships shown in 
Figure 3.7 indicate how conditions in the seedling 
environment change with increasing canopy remov- 
al. The largest modifications occur with clearcutting 
because it exposes the ground completely. 

The amount of solar radiation that reaches the 
forest floor increases with increasing overstory re- 
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moval. This, in turn, results in higher levels of light 
and a larger amplitude of soil and air temperatures. 
The more exposed the ground, the warmer it be- 
comes during the day and the colder at night. These 
changes are a result of increased solar radiation to 
the site during the day and increased reradiation 
(heat loss) at night. 

The forest floor generally tends to dry out more 
quickly with increased exposure, even though less 
precipitation is intercepted before reaching the 
floor. More rapid and frequent movement of air 
accelerates the loss of soil moisture by increasing 
evaporation and transpiration. 

The seed-tree method results in nearly the same 
exposure of the site as clearcutting. There are too 
few trees left for significant modification of the 
effects of exposure resulting from removal of a 
major part of the mature stand. The shelterwood 
method, by contrast, permits considerable control 
over the degree of exposure and regulation of the 
seedling environment. Cuts under the selection 
method are usually light enough so that they main- 
tain an environment that is similar to that of an 
undisturbed stand. 

Figure 3.7: Schematic representation of the effects of initial 
cuttings of reproduction methods on some factors usually critical 
in the establishment of regeneration (adapted from 38). 

Ji.        Nutrient Cycling and Soil Productivity 
The nutrient cycle remains closed in a natural 

forest. When trees are harvested some nutrients are 
removed from the site, but most of the nutrient 
capital is redistributed because branches and foliage 
are ordinarily left on the site. In general, different 
regeneration cuttings probably differ little in their 
long-range effect on the nutrient status of forest 
soils, provided burning and erosion are not involved. 
Clearcutting removes the most nutrients from the 
cycle at one time. Thus, clearcutting results in the 
greatest redistribution of elements contained in a 
stand because most nutrients in the trees are con- 
centrated in foliage and branches that are left as 
logging residue. Harvesting redeposits the foliage 
nutrients to the soil nutrient pool. The effect of this 
sudden and relatively large addition on initial 
estabUshment of regeneration is not known. 

The effect of different harvest methods on physi- 
cal soil properties (for example, soil structure) may 
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affect the establishment of reproduction. Most har- 
vesting operations involve extensive use of machin- 
ery. This equipment has the potential for markedly 
modifying the physical properties of the forest floor. 
In turn, these changes may significantly affect 
regeneration and future growth. 

Undoubtedly, maximum disturbance of the soil 
by logs and equipment occurs with clearcutting. 
This form of scarification is often beneficial, except 
on shallow soils or hill sites subject to erosion, 
because it breaks up the litter layer and exposes 
mineral soil. Bare mineral soil is generally benefi- 
cial to the establishment of regeneration (28,44). 

The movement of logs and equipment can cause 
soil compaction. About 25 percent of a clearcut area 
on western forest lands is subject to soil compaction 
when tractor-logged (8,41). In partial cuttings, from 
10 to 30 percent of the area will be compacted during 
one operation (19,23,46). Silvicultural systems that 
require repeated cuttings may be less favorable 
from the standpoint of maintaining favorable physi- 
cal soil conditions than clearcutting. Logging with a 
skyline crane or balloon greatly reduces soil compac- 
tion, but reduces scarification and is very costly. 

Composition of Vegetation 
Reproduction cuttings lead to vegetational 

changes. Vegetational changes tend to be most rapid 
after clearcutting or seed-tree cutting. Removal of 
the forest cover usually leads to an invasion of the 
area by annual weeds and short-lived perennials. 
Shrubs and deciduous trees invade later, or may 
resprout if already present. The kind of vegetation 
that will appear, and the length of time successional 
stages will persist, depends on elevation, climate, 
aspect, soil, prelogging plant communities, and 
whether the area was burned. Information about 
secondary succession following clearcut logging in 
the Pacific Northwest has been collected and sum- 
marized for the Douglas-fir region (9). 

Clearcutting usually eliminates competitors of 
coniferous seedlings for a short period of time. Rapid 
establishment of reproduction, especially on high 
sites, is mandatory if this advantage is to be 
utilized. Establishment of competing vegetation, 
especially on the better sites, may greatly delay or 
even prevent restocking of such areas with a new crop 
of trees. Invasion of competing vegetation is slower 
on low sites unless such sites are burned. The 
magnitude of this problem is well illustrated by a 
recent estimate that brush species and "weed trees" 
are predominant on at least 9 million acres in the 
Pacific Coast and Northern Rocky Mountain region 
(22). Clearcutting facilitates control of undesirable 
vegetation through mechanical means, fire, and 
herbicides. In some cases (as with tansy ragwort) 
attempts at mechanical control, such as pulling or 

cutting, may actually increase the weed by scatter- 
ing and shattering its seeds. Increasing demand to 
restrict the use of fire and chemicals may severely 
limit options for controlling the vegetation. 

A different kind of vegetational change may 
take place with partial cutting systems. The change 
primarily involves the type of species that eventual- 
ly will represent the final crop. Partial cuts in serai 
(preclimax) or subclimax forest types may lead to a 
gradual shift in composition of species. For example, 
ponderosa pine may shift to Douglas-fir and white 
fir, or from Douglas-fir to western hemlock, western 
redcedar, and true firs in locations where ponderosa 
pine and Douglas-fir represent subclimax species. 
The forester can control the shift to some extent by 
the severity of the cut. 

Animal Populations 
Microclimatic and vegetational changes brought 

about by various forms of harvest cuttings result in 
accompanying changes in animal populations. As 
with microclimate and vegetation, the most drastic 
changes in animal populations occur with clearcut- 
ting. Frequently, changes in size and composition of 
wildlife populations have a more profound impact 
on establishment of regeneration than the direct 
effects of the modification of microclimate and 
vegetation (Chapter 10). 

The most familiar effect of clearcutting on wild- 
life is the often explosive increase of deer popula- 
tions (26). Removal of an entire stand frequently 
results in ideal deer habitat. The microclimate of 
clearcuts is generally favorable for deer because the 
vegetation that appears provides an abundant food 
source. Deer populations tend to increase as food 
supply increases. Deer frequently cause heavy dam- 
age to tree seedlings and delay restocking of the 
cutover area. Elk, rabbits, porcupines, and pocket 
gophers have a similar effect. The time it takes after 
logging to regenerate a new stand determines the 
period during which cutover land will support max- 
imum numbers of animals. Prompt reforestation 
shortens this period of maximum capacity, whereas 
slow reestablishment prolongs it (29). 

The effect of different reproduction methods on 
populations of small mammals is not well known 
because small-mammal habitat requirements are 
largely unknown. Interpretation of the effect that 
different methods of timber harvest have on small 
mammals is further complicated because many 
populations of small mammals appear cyclic, or vary 
sharply from year to year for unknown reasons (24). 

Undoubtedly, different reproduction methods 
will result in differences in size and composition of 
populations of small mammals. The impact of these 
populations on regeneration, however, apparently 
does not vary greatly. In the uncut forest, seed- 
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eaters such as squirrels, chipmunks, and shrews 
consume a large portion of the annual crop of seeds. 
Some of the seeds that escape consumption by 
seed-eaters will germinate, but most of the resulting 
seedlings will fall prey to voles, hares, and moun- 
tain beavers. The same probably is true for selec- 
tively cut stands and shelterwoods, although studies 
of small mammals in such stands are lacking. After 
clearcutting, regardless of the change of species, 
composition, and densities of the stand, populations 
of small mammals remain comparable to that of the 
uncut forest and exert the same detrimental effect 
upon regeneration. 

Diseases and Insects 
Pathogens and insects are natural components of 

forest communities, but how different methods of 
forest regeneration affect them is largely unknown. 
In certain situations, occurrence of disease may 
dictate the reproduction method (see Chapter 10). 
For example, diseases like dwarf mistletoes that 
involve perennial infections and show steadily in- 
creasing effects influence silvicultural practices. 
Once such diseases have built up to damaging 
concentrations, infected overstory trees provide a 
constant source of inoculum for seedhngs. If in- 
fected stands are composed mainly of tree species 
susceptible to these pathogens, clearcutting is often 
the most desirable form of harvest (1), unless species 

composition and management objectives allow selec- 
tion for a healthy stand component. If true firs are 
prominent in the residual stand, assess them care- 
fully for decay by Indian paint fungus. Use great 
care to avoid wounding and subsequent decay dur- 
ing logging. Partial cutting in diseased stands per- 
petuates the disease and eventually leads to com- 
plete deterioration of the stand. Clearcutting is 
necessary in situations where disease dictates that 
the tree species on a site must be changed to assure a 
future harvest. Douglas-fir stands infected by lami- 
nated root rot are an example. On the basis of 
pathogenic behavior, there is no firm evidence that 
any particular system of cutting is inherently more 
prone to increase other disease hazards (32). 

Harvesting systems that lead to even-aged 
stands composed of a single species (monocultures) 
are sometimes blamed for the creation of stands 
particularly vulnerable to large-scale attack by 
insects. Such criticisms often overlook the circum- 
stance that it is not the monoculture, but a mis- 
match of species and site that result in insect 
calamities (12). 

Accumulations of slash can provide breeding 
grounds for some species of bark beetle whose 
activities render trees susceptible to other more 
destructive insects. There is no evidence, however, 
that any one harvest method increases the risk of 
insect attack (40). 

Choice of Reproduction Methods 
Flexibility in choosing a particular kind of repro- 

duction cutting varies according to local conditions. 
Constraints may be biological, technical, economic, 
social, or legal. Considerations that will determine 
choice of reproduction cuttings can be grouped into 
four broad categories: 1) characteristics of site and 
stand, 2) esthetic impact, 3) reforestation goals, and 
4) economics. 

Characteristics of Site and Stand 
Age and condition of stands have an important 

bearing on the choice of harvest method. If stands 
are overmature and tend to disintegrate, fewer 
options are open than in vigorous stands near or at 
the period of maturity. Centuries-old stands of 
Douglas-fir in the Pacific Northwest are a good 
example. Both Douglas-fir in the overstory and 
associated species in the understory frequently have 
such a high percentage of defective trees that 
salvage by clearcutting is the only reasonable alter- 
native. The combination of physical size of the 
timber, steep terrain, and the danger of blowdown of 
the residual stand also favors clearcutting. The 
danger of windthrow may require certain modifica- 

tions in the layout of clearcuts to minimize blow- 
down (36). Modifications also may be necessary to 
eliminate the necessity for yarding salvage logs 
through young reproduction (21). 

In second-growth stands, defined here as stands 
less than 100 years in age, partial cuttings or very 
small clearcuts are more frequent options than in 
old growth. Smaller dimensions of timber and 
advances in logging techniques provide much great- 
er flexibility than in the past, even in steep terrain. 

The environmental impact of regeneration cut- 
tings will play an increasingly important role in the 
choice of a reproduction method for a given site. 
Among the most important considerations are ef- 
fects of cutting methods on erosion, soil properties, 
quality of water and air, and preservation of scenic 
values. 

In areas with steep topography and unstable or 
easily erodable soils, the choice of reproduction 
methods needs careful consideration. Complete re- 
moval of the vegetative cover and the accompanying 
disturbances may cause slumps and slides and lead 
to excessive siltation of water downslope from the 
logging operations. The effect of clearcutting on 
erosion and sedimentation depends, however, on 
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logging techniques to a large extent. Logging 
methods that reqviire extensive road construction 
are more likely to cause greater soil erosion in steep 
terrain than techniques that require few or no roads 
(18). 

Amount of debris created by logging may have a 
bearing on the choice of the harvesting method. 
Clearcutting tends to result in larger accumulations 
of logging residues than any other method of har- 
vesting. A heavy cover of slash is detrimental to 
estabhshment of natural regeneration and will com- 
plicate artificial seeding and planting (3,44). Heavy 
concentrations of slash constitute a serious fire 
hazard and a potential threat to regeneration. Ef- 
forts aimed at air pollution abatement will place 
tighter restrictions in the future on slash burning. 

Logging residues present a greater problem in 
the Douglas-fir region than in the ponderosa pine 
region because pine stands have lower volumes and 
percentage of tree defect is lower. Information is 
available about quantities, distribution, and charac- 
teristics of residues left on the ground after logging 
(6,7,25). 

Esthetic Impact 
Where scenic beauty is a major part of the 

management objective, you should choose reproduc- 
tion methods that best combine esthetic and 
economic requirements. Simulation techniques are 
a promising approach for assessing the conse- 
quences of alternative kinds of harvesting proce- 
dures where esthetics are involved (33). 

Natural Versus Artificial Regeneration 
The choice between natural or artificial regener- 

ation is applicable mainly under even-aged manage- 
ment. The Pacific Northwest has shifted reliance 
from natural to artificial regeneration in the past 
two decades. It is often cheaper to seed or plant than 
to wait for natural regeneration and run the risk of 
having unproductive land for a number of years. 
The Oregon Forestry Practices Act puts an even 
greater emphasis on artificial regeneration in Ore- 
gon because of the legal obligations for rapid 
restocking. 

Environment permitting, clearcutting appears to 
be particularly well suited as a harvesting method 
to be followed by artificial regeneration. Clearcut- 
ting permits intensive site preparation; damage to 
residual trees or advance reproduction is not a 
problem. Subsequent artificial regeneration allows 
close control over composition, and in the case of 
planting, also over arrangement of the new stand. 
Perhaps the greatest disadvantage of artificial re- 
generation is the temptation to use seed or seedlings 
that are not adapted to the site if proper species or 

seed source are not available. With natural regener- 
ation, we may reasonably expect to obtain reproduc- 
tion adapted to the site. 

If the shelterwood method is employed, much of 
the regeneration probably will be natural. Nor- 
mally, you should establish natural regeneration by 
the time the last of the old timber is harvested. 
Thus, theoretically, there will be no loss of time 
waiting for reproduction after the final harvest. 
Supplementing natural regeneration by planting 
may become necessary, however, if poor seed years, 
competing vegetation, or other factors result in 
insufficient reproduction of trees. 

Reproduction Methods in 
Major Northwest Forest Types 

Several classifications of Pacific Northwest for- 
ests exist (11,16,37,39). Reproduction cutting (har- 
vest) methods for each major forest type occurring 
in Oregon have been published (42). 
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Abstract 
Economics plays an important role in reforestation planning and decision- 

making. Benefits from reforestation or cost comparisons among reforestation 
management options must be tied to the total reforestation-management- 
harvest program. Decisions about natural versus artificial regeneration, site 
preparation, planting stock, planting density, and replanting criteria all have 
direct economic consequences. Options in these areas must be evaluated in 
terms of immediate cost differences and long-term effects, such as the amount 
of eventual product produced and when the product will be available. 
Decisions will vary among forest owners, depending on objectives and budget 
constraints. 

A hypothetical example shows how costs and returns associated with one 
set of potential management prescriptions for a site must be calculated and 
then compared to other potential sets to determine the most economic overall 
procedure. Good record keeping systems on reforestation results, costs, and 
returns are beneficial in planning future operations. 
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Production economics, the science of allocating 
scarce resources in production processes, is im- 

portant in reforestation planning and decision- 
making. Different owners have different objectives 
and different levels of available resources, as well as 
different ecological conditions. The best (most 
economic) reforestation program for one owner often 
will be very different from that for another owner. 
There is no universal "best way"to conduct reforesta- 
tion programs. 

Most private firms, large and small, are in 
business to make profits. In order to do so, they must 
attempt to spend reforestation dollars in ways which 
promise maximum returns over costs. 

Government agencies are not explicitly profit- 
oriented, but they do have budget-allocation prob- 
lems. Economic efficiency in using their budgets is 
important in maintaining and building political 

support. The measure of efficiency for government 
agencies is somewhat more comphcated (or at least 
more ambiguous) because of the diversity of objec- 
tives and concerns they feel they must satisfy. For 
example, the effectiveness of spending dollars on 
reforestation may be measured in terms of improved 
wildlife habitat and unemployment reduction as 
well as the stumpage values created at stand 
maturity. 

Private individuals have even more wide- 
ranging objectives than government agencies. These 
objectives may range from a profit orientation to an 
esthetic orientation, or perhaps to building a source 
of retirement income and insurance capital. Most 
individuals have severely-limited dollar reserves 
they are willing to spend on reforestation. Thus, 
these owners also need to spend their dollar re- 
sources in the most effective way possible. 

Reforestation, Stand Management, and 
Harvesting Plans 

The direct benefit of reforestation alone is very 
limited. Successful reforestation does provide some 
direct benefits in terms of positive public relations, 
political support, and eventually esthetics. Nonethe- 
less, the financial benefits come only from the total 
package of reforestation, management, and harvest. 
The amount of return to reforestation is partly 
dependent on the effectiveness of stand management 
and harvesting. To cite an extreme example, if there 
is no fire protection and the regenerated stand 
bums, there is no return for the reforestation 
dollars spent. On the other hand, an overstocked 
stand may be a partial reforestation "failure" in the 
sense that additional expenditures may be needed to 
reduce stocking to a desirable level. In the first case, 
the reforestation effort represents a total loss; in the 
latter case, extra costs reduce net returns, which 
could mean the difference between a profit and a 
loss. 

Despite these types of interdependencies, one 
often hears regeneration foresters or office-bound 
accountants stressing cost control in terms of 
minimizing cost per planted seedling or cost per 
acre. Minimizing cost per established seedling is a 
more sensible criteria, since it provides an incentive 
for stand establishment rather than merely for a 
cheap (even if ineffective) reforestation effort. 

Even though minimum cost per established seed- 
ling is superior to minimum cost per acre as a 
reforestation criterion, it too has shortcomings. The 
shortcomings are perhaps best illustrated by a 
simple example. Consider two possible alternatives: 

first, planting "large" stock and performing early 
vegetative competition-control measures at planting 
time; and second, planting "normal" size stock and 
no competition control measures. 

As is shown in Table 4.1, large stock and com- 
petition-control increase both survival and cost. 
Since the increase in cost in the example is propor- 
tionally greater than the increase in survival, cost 
per established seedling goes up for the first alter- 
native (from 27 cents to 37 cents). If cost per 
estabUshed seedling were used as a criteria for 
selection between these two alternatives, the large 
stock-competition control alternative would be re- 
jected. When the total rotation is examined, how- 
ever, and harvest values are discounted back to 
regeneration time (year 0), the increased cost of $50 
per acre is more than justified by the $98 per acre 
increase in present value of harvest returns. This 
increase is attributable to an assumed two-year 
shorter rotation. The gain in net present value per 
acre ($48.32) is calculated by subtracting the in- 
crease in regeneration cost due to large stock and 
competition control from the increase in present 
value of harvest returns. The point of the example is 
not that large stock and competition control should 
always be used—different costs, survival rates, 
interest rates, or harvest values could change this. 
The point is that if optimum reforestation decisions 
are to be made, costs must be compared with final 
outputs of the reforestation-management-harvest 
program rather than with inputs, such as seedlings, 
acres, or even established seedlings. 
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Economic Considerations of Different 
Reforestation Decisions 

In planning reforestation programs, different 
types of decisions must be made. Some of these 
decisions are Usted here along with a general 
discussion of some economic considerations pertain- 
ing to each. 

Table 4.1:  Comparison of Cost per Established 
Seedling and Net Present Value as Criteria for 
Selecting Among Reforestation Alternatives. 

(Hypothetical data used.) 

Large stock;        Normal stock; 
competition        no competition 

Factor control control 

Planted seedlings/ acre  400 400 
Surviving trees/acre expected  350 300 
Total expected 

reforestation cost/acre  $130 $80 
Stand age at harvest, 

number of years (n)  48 50 
Harvest value/acre  $11,000 $11,000 
CosVestablishing seedling  $0.37 $0.27 
Present value of harvest 

retumsVacre  $1,057.56 $959.24 

Computations: 
Increase in present value of 

harvest retums/acre   $1,057.56 - $959.24 = $98.32 
Increase in reforestation 

cost/acre   $   130.00 - $ 80.00 = $50.00 

Gain in net present value/acre 
from large stock and competition control  $48.32 

1 Calculated as   $11,00   and  $11,000 using standard discounting 
(LOS)4" (1.05)60 

Formula:   V0=   —^— 
(1 + i)n 

where V0= present value at year 0. 
V„= future value at year n 
i = interest (discount) rate expressed as a decimal 

Artificial Versus Natural Regeneration 
Natural regeneration has one primary_-advan- 

tage over artificial regeneration—little or no initial 
dollar outlay is required. In some instances natural 
regeneration may be the only practical alternative. 
Some small forest owners, for example, cannot 
afford any cash outlay. The considerations are more 
complex in the overwhelming majority of 
circumstances. 

Generally speaking, natural regeneration of 
even-aged stands involves delays—either in harvest 
of the next crop or in harvest of some of the present 

crop. In either case the delay in income is costly. 
Much is said about the opportunity to increase 

forest production through improved genetic stock. 
Faster growth rates, improved disease resistance, 
and other attributes with dollar benefits are poten- 
tially available. A commitment to natural regenera- 
tion is a commitment to forego the benefits of 
planting genetically improved stock. To date this 
has not been an important factor, since proved 
genetically-superior stock has not been readily 
available to most firms. It may be an important 
consideration in the future. 

Natural regeneration may result in significantly 
higher logging costs if species requirements dictate 
single-tree or group-selection silvicultural systems, 
or other systems with small acreages or volumes 
removed in any single entry. 

Site Preparation 
Site preparation is closely related to harvesting 

methods. It is often cheaper to achieve some site 
preparation goals, such as scarification and slash 
disposal, during the harvesting operation rather 
than after harvesting. Nonetheless, there are al- 
ways some site-preparation considerations that re- 
generation foresters must face. 

Slash disposal is an important part of site prepa- 
ration. Obvious considerations include dollar out- 
lays required for different forms of slash disposal, 
and also fire, insect, and disease hazard remaining 
after slash disposal. There are less obvious consider- 
ations of economic importance. Slash piling and 
windrowing can involve withdrawal of land from 
production in cases of high slash volume. Slash 
burning has political and public relations costs. 
Extreme heat from burning large piles or windrows 
can reduce the productivity of the underlying land. 

Scarification also may have long-term costs in 
terms of reduced site productivity. For example, if 
erosion and soil compaction reduce the site index of 
the land, future yields and incomes will be reduced. 

Planting Stock 
Selection of species and stock size, and selection 

between containerized and bare-root seedlings in- 
volve looking beyond stand establishment. Not only 
are seedling stock and planting costs important, 
growth rates should be considered too, since they 
determine the amount of eventual product to be sold 
and the time when that product will be available. 
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Known average rates of survival determine the 
number of seedlings needed to realize a given stand 
stocking level. Different sizes and types of stock 
have different survival potentials under various 
field conditions. Therefore, survival potential is an 
important consideration in stock selection. Consider 
also whether planting larger stock will shorten the 
time until harvest, or result in more uniform survi- 
val so that both original planting density and 
subsequent stocking control (early thinning) costs 
can be reduced. Thus, planting-stock selection 
should depend on much more than just stock cost. 

Planting Density 
One hundred percent survival is an unattainable 

goal. It is common to compensate for mortality by 
planting more than the desired number of trees. 
How much compensation is desirable? 10% extra? 
100% extra? Higher planting densities reduce the 
likelihood for replanting and replanting may be 
extremely costly. High planting densities, however, 
can result in overstocked plantations. In turn, over- 
stocking has economic costs—either in the form of 
reduced merchantable yields and values, or higher 
stocking control costs. The tradeoff is between 
thinning costs or reduced yields from overstocking 
on the one hand, and replanting costs or reduced 
yields from understocking on the other hand. 

The planting density decision should be linked to 
future stand management plans. If you do not plan 
stocking control, avoid high stand densities. Stand 
density ultimately affects the size and form (and 
therefore, value) of logs removed. Small logs contain 
less merchantable volume and the value per unit 
volume is lower. On the other hand, if stocking 
control is planned, initial overstocking may not be a 
problem. In fact, there may be advantages to higher 
stocking levels because of increased growth capacity 
of trees left after thinning. 

Replanting Criteria 
No matter what is planted, how densely or by 

what method it is planted, when it is planted, or if 
natural regeneration is relied on rather than plant- 
ing, usually there will be some understocked areas. 
This necessitates certain replanting decisions. If 
replanting is needed, what type of stock should be 
used? How densely should it be planted? Nearly all 
questions faced in the original reforestation effort 
arise again. 

Other questions are also pertinent. Under what 
circumstances is replanting appropriate. What is 
the maximum size "hole" in the stand that you will 
tolerate? If the discounted value of reduced yields 
because of holes is less than replanting costs, re- 
planting in holes is not financially justified. What is 
the minimum stocking below which it is more 
profitable to start over with a new plantation rather 
than merely trying to fill in holes? Under what 
conditions should a massive failure simply be writ- 
ten off? From a financial point of view, the fact that 
past costs have been incurred should not affect 
present decisions. Some sites have been planted and 
replanted at a cost measured in hundreds of dollars 
per acre. The temptation is to give the site a high 
priority for replanting because so much money 
already has been invested in it. Yet such sites often 
should be given lowest priority because they 
often are inherently the most difficult sites to 
reforest. They may have been made even more 
difficult by establishment of a heavy brush cover 
during the time since harvest or removal. 

Under the Oregon Forest Practices Act, refor- 
estation of clearcuts is mandatory unless land use is 
changed from forestry to some other enterprise. 
Thus, most industrial concerns and agencies will 
keep attempting to reforest difficult sites. A farmer 
owning woodlands with such a site may consider 
conversion to pasture or other land uses for these 
sites. (Conversion to pasture also can be costly.) 

Economic Analysis of Reforestation-Management 
Decision Alternatives 

The interdependence among reforestation deci- 
sions and among reforestation and management 
decisions has been mentioned. In order to emphasize 
this interdependence and to illustrate how the 
economic (financial) impact of one alternative set of 
decisions might be estimated, a hypothetical 
example is presented. 

Figure 4.1 shows one possible path (solid line) 
through a "decision tree." Each branching point 
represents a decision. Lower branches are reforesta- 

tion decisions; upper branches represent stand man- 
agement, harvest, and marketing decisions. Only 
one complete path through the tree is shown. The 
number of possible paths might number in the 
thousands in a detailed analysis. 

The solid line path shown represents one combi- 
nation of decisions or management prescriptions to 
be evaluated: 

• Broadcast bum a recent clearcut; 
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MARKETING 
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COST  - 
RETURN+ 
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ESTABLISHMENT 
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500 
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Figure 4.1: One path through a hypothetical-stand establishment-management-harvest decision tree. 
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• Plant 600 2-0 bare-root (B-30-6-2.5)1 Douglas- 
fir seedlings per acre; 

• No chemical brush control spray; 
• No replanting of "holes" after initial planting; 
• Stocking control and fertilization at 20 years; 
• Thinning regime "A" (commercial thinnings at 

years 40 and 50); 
• Clearcut at 60 years; and 
• Sell sawtimber logs only. 

Computer technology enables us to evaluate all 
alternative paths, but even without computers we 
can select the most likely paths (sets of decisions) for 
a given site. Each path is evaluated to estimate 
which is financially superior and by how much. 

The sequence of decisions shown in the "decision 
tree" (Figure 4.1) is not necessarily the sequence in 
which the decisions are made; it is the sequence in 

'New seedling nomenclature representing bare-root seedlings 2 
years in planting bed and 0 years in transplant bed that are 30 cm 
tall, 6 mm in stem diameter and with a shoot to root ratio of 2.5 
(see Chapter 6). 

which they are implemented. For example, if B-30- 
6-2.5 bare-root Douglas-fir seedlings are to be 
planted in year zero, usually the seedlings will have 
to be ordered at least two years before year zero to 
ensure that stock with the specified characteristics 
will be ready. Chapter 9 details the necessity of 
timing and integrating all operations. 

The calculation of financial impact associated 
with this set of decisions is summarized in Table 4.2. 
Each estimate of cost or revenue is discounted to 
year zero. This is done by dividing each cost or 
revenue by the discount factor, (1 + i)n, where i is 
the interest rate expressed as a decimal and n is the 
number of years from the present until cost or 
revenue will occur. A five percent (.05) discount rate 
has been used in this example. Discount factors may 
be looked up in compound interest tables, or calcu- 
lated on many electronic calculators. 

In this hypothetical example, the financial im- 
pact of the set of decisions analyzed is a positive 
$1,124.03 per acre. This value should be compared 
with other values corresponding to alternative paths 
up the decision tree. 

Record-Keeping and Information Needs for 
Reforestation Planning 

Needless to say, organizations which have con- 
tinuing year-to-year reforestation programs should 
have ongoing programs of monitoring stock costs, 
planting costs, site preparation costs, survival rates, 
replanting costs, and labor productivity. This infor- 
mation is needed in reforestation planning, and the 
figures change with changing economic conditions 
and reforestation practices. 

Reforestation always will be a somewhat risky 
business. Even under constant soil conditions, plant- 
ing procedures, and stock selection, because varia- 
tion in weather, animal populations, insect popula- 
tions, and other natural phenomena will result in 
variable survival rates. Most regeneration foresters 
can make an educated guess about average survival 
expected in a given situation, but there is variability 
in survival around this average. Ultimately, more 
sophisticated planning procedures can be used to 
plan for and minimize this variability. In this way 
planning will help reduce costs associated with 
reforestation. Organizations with large and expen- 
sive reforestation programs should develop record 
keeping systems that will yield not only average 
survival, but also the probabilities of getting differ- 

ent survival rates on given ecotypes. Only with such 
data can reforestation planning and execution be- 
come more sophisticated than an educated guess. 

Table 4.2. Calculation for Net Present Value1 As- 
sociated with the Set of Establishment- 
Management-Harvest Decisions Represented in 
Figure 4.1. 

Number of 
years         Per acre Present 
from        cost (-) or Discount       value of 

present    revenue (+) factor    cost or revenue 
Operation(s) (n)           in dollars (1.05)"        in dollars 

Harvest 
Thinning 2 
Thinning 1 
Stocking control, 

fertilization 
Regeneration 

60 
50 
40 

20 
0 

+15,000       18.68 
+   2,500       11.47 

1,500 

40 
95 

7.04 

2.65 
1.00 

+ 803.03 
+ 218.01 
+ .213.07 

- 15.08 
- 95.00 

Net present value1 = + $1,124.03 

'The term net present value should not be taken literally here, as many 
costs, including taxes and protection, are ignored to simplify the example. 
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Abstract 
Successful artificial reforestation is influenced by the origin and condition 

of seed. Seed from similar, local sites has the best general adaptation to a site. 
Non-local seed may result in reduced yields and partial or complete failure of 
the plantation anytime during the rotation. Genetic selection must not 
sacrifice general adaptation. Improved seed sources, when proved, are still not 
a short-cut to less intensive management. 

Damaged seed or seed from cones collected at the wrong time have reduced 
vigor and viability. Cone storage conditions that are too warm and moist favor 
harmful molds. Germination tests are used to estimate the viability of a seed 
lot. Seeds of some species have stratification requirements that must be met 
for rapid and vigorous germination. Seed viability can be prolonged under 
careful seed storage conditions. Seed size is not a reliable indicator of resultant 
seedling size or vigor. Insects, other animals, and certain chemicals may affect 
the quantity of viable seed. 
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"Deforestation in the Pacific Northwest depends 
XVprimarily on seeds—either for direct seeding or 
for planting nursery-grown seedlings. (Figure 5.1). 
At this time, essentially no reforestation is done 
with rooted cuttings, or any other vegetative repro- 
duction. Successful reforestation, whether by seed- 
ing or planting, is influenced by origin as well as the 
condition of seed. 

This chapter has two parts. First is a discussion 
of seed-source selection and genetics. Only selection 
of seed sources within a given species is evaluated 
here. (For selection of species, refer to Chapter 6.) 
Second is a discussion of seed collection and han- 
dling procedures for maintaining maximum seed 
viability. Improper seed source, damaged seed, or 
poor seed vigor can lead to costly delays, reduced 
yields, and partial or complete reforestation 
failures. 

Figure 5.1: Seeds of some common conifers in Oregon. Seed 
characteristics such as size and color vary within and among 
species. 

Seed Source Selection and Genetics 

Genetic Variability and Adaptation 
The properties and outward appearance of a tree 

(its phenotype) are the combined result of the 
interaction between the tree's genetic potential (its 
genotype) and the tree's environment. Each tree has 
a slightly different genotype and, therefore, a 
slightly different potential for development in a 
specific environment. 

Naturally-established trees are adapted to their 
environment; their genotypes have favorable sur- 
vival and growth characteristics for that environ- 
ment. The best adapted individual plants leave the 
most viable offspring; thus, the best adapted charac- 
teristics are perpetuated. 

Adaptation influences a tree's ability to repro- 
duce, but does not necessarily coincide with the 
forester's desire for improved yield or increased 
quality. Trees in a warm and dry climate, for 
instance, are adapted for drought resistance. For- 
esters may desire to improve yield or quality in such 
areas through genetic selection, but without the 
general adaptation to drought, any improvement in 
yield or quality is impossible. Attempts to improve 
any tree characteristics by genetic selection must be 
done without sacrificing general adaptation. Fur- 
thermore, the "superiority" of any specific type or 
race of trees within a species must always be in 
reference to a given set of environmental conditions. 
No type or race is superior in all environments, or 
for all reforestation goals. 

To achieve the full benefits of genetic selection, 
or "improved seed," you must manage the tree's 
environment intensively.   Genetic improvement is 

not a shortcut to less intensive management. Over- 
stocking, or intensive vegetative competition, for 
example, will negate any increased genetic potential 
by creating adverse environmental conditions. If 
intensive management (for example, brush control 
or thinnings) is not planned, it is better to stick to 
local seed sources. 

Matching Seed Source With Site 
Local source 

The seed source with the best general adaptation 
to a site is from the immediate vicinity of the area to 
be reforested. The problem in seed source selection 
is how to define "immediate vicinity". The im- 
mediate vicinity depends on the geographic area. 

The coastal strip from the crest of the Coast 
Range Mountains west has a fairly uniform climate 
in a north-to-south direction, but there are different, 
localized climates. Seed sources from a considerable 
distance to either the north or south of the planting 
area sometimes are considered "local," but it is still 
risky to use seed collected beyond the local area. In 
southern, or eastern Oregon where the climate and 
topography are more variable, local seed source 
usually implies the same aspect, same drainage, and 
same elevation. 

Nursery and growth room studies of seeds col- 
lected in the southern Cascade Mountains of Oregon 
had different seedling growth characteristics, de- 
pending on the altitude and topography (north 
versus south aspect) of the seed source. This 
suggested the existence of "aspect races" in Douglas- 
fir (16). In general, the more environmental condi- 
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tions vary with distance, aspect, and elevation, the 
more restricted is the meaning of "local source". 

Without actual experience there is no way to 
predict what distance from the planting site can be 
considered local without losing general adaptation. 
Based on experience and meteorological observa- 
tions, a seed-zone map has been constructed for 
Oregon (Figure 5.2). In general, seed within one 
zone can be moved to other localities within that 
zone at the same elevation without any major loss of 
adaptation. Restriction on north to south seed move- 
ment within a region should be based on a local 
assessment of the probability of drought or cold 
damage. In some locations, there is little evidence of 
elevational differentiation, while at other locations 
adhering to 500-foot elevation sub-zones may be 
more important. Since the pattern of climatic varia- 
tion in most cases is continuous, zone borders should 
be viewed as arbitrary, administratively convenient 
borders. In some areas, however, distribution of a 
species is not continuous. East of the Cascade 
Mountains, boundaries such as intervening 
stretches of desert should be considered real restric- 
tions for seed movement. 

Figure 5.2: Tree seed zone map for Oregon (from Western Forest 
Tree Seed Council, Portland, OR). 

The zone map will help you choose the correct 
seed variety for your area. Select your local seed 
zone as a first choice. Seed from adjacent zones is 
acceptable only if the environment of that zone is 
similar to your local zone. Tree seed zones include 
three digits. The first digit designates the region 
within a state (0 is the area from the Pacific Ocean 
to the summit of Coast Range; 2,3,4, or 5 represent 
areas between the summit of the Coast Range and 
the summit of the Cascade Range; 6,7,8, or 9 
represent areas from the summit of the Cascade 
Range to the eastern boundary of Oregon). The 
second digit of a tree seed zone identifies the zone 

within a region and the third digit identifies sub- 
zones within a zone. The elevation at which certified 
tree seed was collected is a separate number and is 
abbreviated as follows: seed collected between sea 
level and 500 feet is noted as (0, 5); seed collected 
between 1,000 and 1,500 feet is noted as (1, 5); and 
so forth. Seed zones in the southern part of Oregon 
have been changed recently. 

Seed zone maps can be improved only if good 
records of seed sources and subsequent performance 
of plantings (both seedling survival and growth 
rate) are kept. Performance should be monitored on 
permanently-marked sample trees. There is no bet- 
ter means of improving our knowledge of what 
constitutes "local" seed source in a given area. 

Seed buyers should purchase only certified seed 
to help insure that identification and labeling of 
seed origin is correct. Certifying agencies determine 
if cones qualify for certification. Cone labels are 
spot checked in the field to make sure they are 
correctly and consistently labelled (Figure 5.3). 
Cones also are inspected through subsequent steps 
of cone and seed handling to assure that acceptable 
procedures are used to maintain origin identity. A 
warehouse inventory-audit determines if seed lots 
offered for sale are origin-labeled and invoiced 
exactly as labeled when seed was first placed in the 
warehouse. Origin certified seed bears a tag with 
species, lot number, seed zone, and elevation (18). 

In the Northwest, tree seed certification is done 
by the Oregon-Washington Interagency Forest Tree 
Seed Certification Program, a cooperative effort of 
the Washington Crop Improvement Association and 
the Oregon State University Extension Service seed 
certification program. The California Crop Improve- 
ment Association also conducts a forest seed certifi- 
cation program, as does the Canadian Forest Serv- 
ice. If you are purchasing seed, look for the certifica- 
tion tag. If you produce seed and want it certified, 
call the certifying agency. 

Figure 5.3: Certified seed must be correctly and consistently 
labelled at the collection site. 
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Non-local source 
Using non-local seed sources for reforestation is 

risky throughout the rotation. Non-local seed may 
result in one of the following: total initial failure of 
seedlings to survive; good initial establishment, but 
plantation failure later in the rotation because of 
disease, or infrequent climatic extremes (for 
example, early- or late-season frosts); production of 
a less valuable crop because of lower quantity or 
inferior quality (35). Thus, regeneration foresters 
must be extremely cautious in judging the success of 
a non-local source. Genotypes must be adapted to 
environmental extremes on a given site to be suc- 
cessful. The most selective forces in the environ- 
ment, such as unusually droughty years, or early 
severe frosts, occur periodically, often at long inter- 
vals, during the life of a stand. Such infrequent 
events often determine the success or failure of a 
non-local source. For example, in a small prove- 
nance experiment near Corvallis, Oregon, a seed 
source from the west side of the Olympic Mountains 
(Forks) produced the fastest growing trees during 
initial establishment compared to other seed 
sources, including a local source. After 10 years, 
however, a severe drought killed a significant por- 
tion of the trees from non-local sources. 

radiata) in coastal areas of Oregon have been 
infected with red-banded needle blight (Dothistroma 
pini), a very destructive fungal disease. Likewise, 
some ponderosa pine plantations on the west side of 
the Cascade Mountains are infected with Lophoder- 
mella morbida, a needle-cast fungus. This latter 
disease generally appears in plantations above 
2,500 feet elevation, west of the crest of the Cascade 
Mountains, on sites where ponderosa pine does not 
occur naturally (6,13). These sites are mostly south- 
facing slopes where ponderosa pine has been planted 
because reforestation with other species, primarily 
Douglas-fir, has failed. The appearance of an ag- 
gressive foliage disease is not surprising when a 
species such as ponderosa pine, which is acclimated 
to relatively dry conditions east of the Cascade 
Mountain crest, is planted under more moist condi- 
tions on the west slope of the Cascade Mountains 
(13). 

Another serious problem of off-site plantations is 
the introduction of genetically undesirable material 
through pollination of native trees by off-site trees 
and establishment of natural reproduction from 
off-site parents. Do not collect cones for seed from 
these of f-site plantations unless you know the origin 
of the parent trees. 

Off-site Plantations 
An off-site plantation is a stand of trees incap- 

able of fully utilizing the growth capacity of the site 
(9). Generally, off-site plantations have been 
created by the use of seed or planting stock of 
unknown origin; the use of known, but unsuitable 
seed sources; planting ponderosa pine as a nurse 
crop on severe sites; and planting introduced 
species. 

The Briggs Creek plantation in the Siskiyou 
National Forest is probably one of the oldest off-site 
plantations in Oregon. It was established in 1911-12 
to determine the adaptabihty of various species and 
provenances (seed sources) to the site (9). Ponderosa 
pines from a local seed source died the first year, 
presumably because of poor planting. Initial sur- 
vival of all off-site trees was from 80 to 90 percent. 
The third year after planting, however, mortality 
increased sharply for all species. By 1970, only a few 
ponderosa pines from Okanogan and Wallowa- 
Whitman provenances were left. Even these trees, 
however, were deformed and did not exceed 25 feet 
in height. If native species had been correctly 
planted in 1913, a stand containing at least 30,000 
board-feet per acre could have been expected on that 
site. 

Of f-site plantations usually show poor vigor and 
are particularly susceptible to snow breakage, frost 
injury, and attack by insects and diseases. For 
example,  plantations  of  Monterey   pine   (Pinus 

Planned Seed Production 
Production areas 

You can establish seed production areas, rela- 
tively permanent seed sources of known origin that 
are easily accessible, instead of collecting seed from 
wild populations. Seed production areas usually are 
natural 20- to 30-year-old stands that have been 
thinned to wide spacing for easy access by machin- 
ery (for harvesting, spraying, and fertilizing). The 
genetic improvement realized from these areas is 
likely to be minimal, but individual tree selection 
for sources of seed is possible. 

There are two levels of selection, phenotypic and 
genotypic. Phenotypic selection (often called plus- 
tree selection) is based solely on the appearance of 
the tree. The assumption is that progeny growing 
under similar conditions will perform in a manner 
similar to their parents. Genotypic selection is based 
on actual performance of progeny; less emphasis is 
put on appearance of parent trees. 

Whichever method is used, the real value of a 
parent tree for seed production can be determined 
only by the performance of its progeny under 
specified conditions. In many species, there is little 
correlation between the appearance of parent trees 
and performance of their progeny. In such cases, 
large expenditures on establishing seed production 
areas, or seed orchards, are hard to justify until the 
parent trees have yielded desirable progeny for 
particular situations. 
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Seed orchards 
You may wish to establish a seed orchard, 

especially during the first generation, by planting 
the best individual trees from a wide variety of 
stands. There is a high cost in time and money 
between selection of trees and commercial seed 
production. If better performance is not proved 
before establishing seed orchards, the high cost of 
establishment is hard to justify. Some genetic selec- 
tion (that is, testing of progeny) should be a pre- 
requisite before including a tree in a seed orchard. 
Test the progeny in more than one area. Genetic 
testing as part of a regular reforestation program is 
economically unfeasible for small- and medium- 
sized firms. Establishing separate test plantations is 
expensive. 

Various forms of seed orchards have been estab- 
lished for providing seed that yields planting stock 
with desirable characteristics for certain areas. Seed 
orchards may take the form of clonal orchards 
(vegetative propagules of the original selected 
trees), seedling orchards (either open-pollinated or 
controlled-pollinated progeny of the selected parent 
trees), or various advanced-generation combinations 
of clonal and seedling seed orchards. 

Improvement of Other Species 
Pacific Northwest forests are composed of a great 

number of species. The basis for genetic improve- 
ment of all species for reforestation purposes lies in 
the fact that, although their growth patterns and 
physiological and environmental requirements are 
not identical, the same approaches, or slightly mod- 
ified forms, can be adopted for any species. The 
recommended references for particular species are: 

Ponderosa pine references 
Callaham, R. Z. and A. A. Hasel. 1961. Pinus 

ponderosa—height growth of wind-pollinated 
progenies. Silvae Genetica 10(2):33-42. 

Squillace, A. E. and R. R. Silen. 1962. Racial 
variation in ponderosa pine. For. Sci. Monograph 
No. 2. p. 27. 

Hanover, J. W. 1963. Geographic variation in pon- 
derosa pine leader growth. For. Sci. 9(l):86-95. 

Wells, O. O. 1964. Geographic variation in ponder- 
osa pine. I. The ecotypes and their distribution. 
Silvae Genetica 13(4):89-103. H. Correlations 
between progeny performance and characteristics 
of the native habitat. Silvae Genetica 
13(5):125-132. 

Lodgepole pine references 
Critchfield, W. B. 1957. Geographic variation in 

Pinus contorta Harvard University. Maria Moors 
Cabot Foundation, publication No. 3. 118 p. 

Lines, R. 1966. Choosing the right provenance of 
lodgepole pine (Pinus contorta). Scot. For. 
20(2):90-103. 

Sitka spruce references 
Burley, J. 1966. Genetic variation in seedling de- 

velopment of Sitka spruce, Picea sitchensis 
(Bong.) Carr. Forestry 39(l):68-94. 

Daubenmire, R. 1968. Some geographic variations 
of Picea sitchensis and their ecologic interpreta- 
tion. Canadian Journal of Botany 46(6):787-798. 

Pollard, D. F. W., A. T. Teich, and K. T. Logan. 1975. 
Seedling shoot and bud development in prove- 
nances of Sitka spruce Picea sitchensis (Bog.) Car. 
Canadian Journal of Forest Research 5(l):18-25. 

Western hemlock references 
Piesch, R. F. 1974. Establishment of a western 

hemlock tree improvement program in coastal 
British Columbia. Pacific Forest Research 
Centre, Canada. Information Report BC-X-89. 87 
P- 

Managing the Gene Pool 
Planting has largely replaced natural reseeding 

and has quickly altered the gene pool. A locally 
adapted, well-buffered, multi-species gene pool 
should not be thoughtlessly discarded. Existing 
strains are adapted to the site and are probably 
growing at the rate that long-term extremes of the 
environment permit. A tree improvement philosophy 
that will insure preservation of a large gene pool is 
needed(.34). Ample amounts of the natural gene pool 
should be preserved by natural seeding and natural 
selection in many localities. We need a different 
kind of breeding in our forest species, in which the 
geneticist begins by assuming that the local strain 
already has been bred for most of the adaptation and 
buffering that is wanted, and he need change a 
strain only to the extent necessary to incorporate 
genes for safe enhancement of growth. Such a 
philosophy may sacrifice quick, short-term gains by 
not breeding for a pure genetic product, but will 
maximize longrun gains by avoiding costly environ- 
mental and pest losses. 
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Seed Collection, Handling, and Damage 
Collection 

The first step in utilizing seed is collecting cones 
(Figures 5.4 and 5.5). This is the first opportunity 
you have to affect seed viability, unless the cone 
crop is from an intensively-managed seed orchard. If 
cones are collected too early, seed will not have 
reached maturity and viability will be reduced. 
Cone collection for grand fir, noble fir, and Douglas- 
fir may begin shortly before seed maturity, how- 
ever, with special precautions. Store cones from 
these species in a cool, shaded location and allow to 
air-dry slowly before extracting the seed (Figure 
5.6). Conversely, if you collect cones too late, much 
of the most vigorous seed will have been released 
and lost. 

Table 5.1 shows the optimum period for cone 
collection and major cone characteristics associated 
with seed maturity, by species. The frequency of 
good seed crop years also is listed. Additional infor- 
mation on cone collection for each species can be 
found in Appendix B and in: 
Douglass, B. S. 1969. Collecting forest seed cones in 

the Pacific Northwest. USDA Forest Service, 
PNW Region, Portland. 15 p. 

Dobbs, R. C, D. G. W. Edwards, J. Konishi, and D. 
Wallinger. 1976. Guideline to collecting cones of 
B.  C. conifers. British Columbia Forest Serv- 
ice/Canadian Forestry Service Joint Report No. 3. 
98 p. 
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Figure 5.5: Hydraulic boom for collecting cones. 
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Figure 5.4: Extension ladder for collecting 
cones. 

Figure 5.6: Cones are stored in a cool, shaded location to air-dry before seed is 
extracted. 
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Table 5.1. Cone and Seed Maturity 

Species 
Favorable cone 

collection period1 Indices of mature cones 
Frequency of good 

crop year 

Douglas-fir        Late August—^November (Collect 
seeds in southern Oregon, especial- 
ly low elevations, early; northerly 
sites and high elevations should be 
collected late in the period) 

Ponderosa pine        Late August to mid-October 

Endosperm firm, embryo at least 90% length of 
seed cavity; heavy harvest of cones by squirrels; 
reducing sugar content of seeds less than 1.5%; 
seedcoat golden brown with wing of the same 
color, which detaches intact from its bract. 

Specific gravity of cone should be no more than 
0.862, cone color changes from green or yellow 
green to brownish green, yellow brown or russet 
brown. 

Infrequent 

Infrequent, 2 to 6 
years 

Lodgepole pine       Non-serotinous cones, late August     Scale tips are shiny and a light brown color; their 
to early October; serotinous cones,     inner portion is a bright purple brown, 
anytime after ripening 

Grand fir       September Specific gravity less than 0.902, harvesting by 
squirrels in quantity. 

Noble fir       September Specific gravity less than 0.902, harvesting by 
squirrels in quantity. 

Sitka spruce       September to October No definitive criteria 

Western hemlock       September to October Cone color changes from green to purple or 
brown. 

Regular,  1  to  2 
years 

Regular, 2 to 3 
years 

Infrequent, some 
each year 

Regular, 2 to 5 
years 

Regular, 3 to 4 
years (occasionally 
up to 8 years) 

'Actual collection dates for a locality may last only a few days to a few weeks within this period. For specific information refer to section on seeds in 
Appendix B. 
2 Specific gravity is the ratio of the mass of a body to the mass of an equal volume of water at 40C or other specified temperature. At about 0.86 (dimensions 
are unity or fraction thereof) cones just float in SAE 30 motor oil; cones should be tested within V4 hour of picking. 

Cone Storage 
Cone storage conditions can affect seed viability 

(27). In one study, Douglas-fir cones stored with 60 
percent moisture (normal moisture for freshly- 
picked green cones) at 0°C (32°F) resulted in slight 
losses of seed viability; complete loss occurred when 
storage was 4 weeks at 20oC (68^). Cones with 60 
percent moisture content should be processed as 
soon as possible. Air-dried cones, with a moisture 
content of about 20 percent, can be stored satisfac- 
torily at 10oC (50oF) or cooler for up to 16 weeks. 

In tests a significant loss occurred in seed viabili- 
ty at 20oC (68°F) even after 4 weeks. Losses in seed 
viability occvured under these conditions only when 
cones were stored in bulk (for example, in sacks or 
bins). Bulk storage increases the relative humidity 
of the air around cones and provides favorable 
conditions for the development of molds on the 
cones, which can cause damage to the seed. The risk 
of damage is minimized by storing at temperatures 

as cool as 0oC (320F) and moisture content of 20% or 
less.1 

Injury 
Forest tree seeds of the Pacific Northwest are 

subject to injury during collection and processing 
(Figure 5.7) (2,3,4,10). Injured seeds generally have 
fine cracks, or other damage to the seed coat. 
Improperly handled Douglas-fir seed often appears 
dull and dusty and turns dark after stratification 
during the incubation period (3). 

Most foresters do not have an opportunity to 
supervise the processing of cones and seeds. You 
can, however, thoroughly inspect cleaned seed. A 
high incidence of damaged seed is evidence of poor 
processing. You should also examine the seed germi- 
nation report. 

1 Moisture content is determined by subtracting the oven-dry weight of a 
cone from the fresh weight and dividing the result by the fresh weight. 
Multiply by 100 to convert to percentage. 
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Figure 5.7: Seed-processing equipment can crack or otherwise 
damage viable seed. 

Both purity and germination tests are used 
primarily to facilitate commercial seed transactions. 
The minimum values of these tests generally ac- 
cepted for western conifers are given in Table 5.2. 
Forest seed germination tests are done by the 
Oregon State University Extension Service Seed 
Laboratory and by the U.S. Forest Service at its 
Macon, Georgia, laboratory. A few of the large 
forest industries maintain their own laboratories 
and do their own testing. 

Table 5.2. Recommended Minimums for Seed Puri- 
ty and Viability, Including Firm Ungerminated 
Seed, for Commercial Seed Transactions (36). 

Species 

Pacific silver fir  
White fir   
Grand fir  
Subalpinefir   
Shasta red fir  
Noble fir   
Port-Orford-cedar .. 
Western larch   
Engelmann spruce . 
Sitka spruce  
Lodgepole pine   
Jeffrey pine   
Sugar pine   
Western white pine 
Ponderosa pine   
Douglas-fir   
Western redcedar ... 
Western hemlock ... 

Pure seed 
by weight Viability 

Percent Percent 
95 20 
95 35 
95 35 
95 20 
95 35 
95 35 
90 70 
80 20 
90 60 
95 70 
90 70 
95 75 
95 75 
90 70 
95 75 
95 70 
90 60 
90 60 

Quality Tests 
Most regeneration foresters do not conduct their 

own quality or germination tests, but each forester 
should understand the purpose and techniques of 
each test. This knowledge will help you interpret 
and compare data furnished by seed testing 
facilities. 

Seed vigor and seedling size are closely corre- 
lated in Douglas-fir. Seed vigor may be affected 
adversely in several ways between cone harvest and 
use of the cleaned seed. Foresters should take a 
critical interest in the treatment of seed throughout 
the processing operation. Quality tests are one way 
of evaluating seed. 

Purity 
Purity tests measure the percent by weight of 

debris, dirt, and other foreign objects in each seed 
lot. Combined with the weight per 1,000 seeds from 
the pure seed fraction, these tests estimate the 
number of seeds per pound of seed lot. 

Germination 
Germination tests measure seed viability. The 

test determines the germination potential (number 
of normal seedlings produced in an optimum 
environment). 

A germination test should be completed as rapid- 
ly as possible. Douglas-fir seed is commonly tested 
under an alternating 30oC (86^), 20oC (GST) ther- 
moperiod each day. Surface soil temperatures dur- 
ing spring are often 10oC cooler than this. Thus, test 
results are higher based on temperatures and an 
environment generally more favorable to germina- 
tion than found in a natural seedbed during the 
spring germination period; estimating yield or nur- 
sery performance from laboratory data, therefore, is 
difficult (37). Laboratory germination tests, how- 
ever, do indicate potential field performance of seed 
in two ways. First, vigorous seed lots have rapid, 
early germination. In contrast, weaker seed lots 
have slower germination. The peak rate often occurs 
days later in weak seed lots than in vigorous seed 
lots. Total germination, however, may show little 
difference under favorable laboratory conditions. 

The second indicator of field performance from 
germination tests is the effect of "pre-chilling." 
Pre-chilling is actually a short stratification period. 
Its chief value is to stimulate more rapid and 
uniform germination. The majority of pre-chilled 
seeds germinate within the first two weeks of the 
test period. If the pre-chilling causes a reduction in 
germinative vigor, it commonly indicates one or 
more of the following conditions: seeds were not 
fully mature when cones were harvested and ex- 
tracted; seeds were damaged during processing; or 
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seeds have deteriorated during storage. Conditions 
for conducting viability (vigor) tests on the seed of 
each species are listed in Table 5.3 and Appendix B. 

Results of a typical sample germination test 
(shown in Figure 5.8) would be reported in the 
following manner: 

Percent Germination Days   

Seedlot A Seedlot B Seedlot B1 

7    28        8       23 
14    77       29       45 
21    80      62       46 
28    80      80      46 

The emphasis is on final germination percent (on 
Day 28). In this case, this value indicates that the 
two seed lots have equal potential for seedling 
production. The much greater early vigor of lot A, 
however, probably indicates higher seedling produc- 
tion in the nursery. The curve B1 represents results 
with "pre-chilled" seed of lot B. The substantially 
lower final germination percent of the pre-chilled 
seed, when compared with the control, indicates a 
damaged or weak seed lot. 

A germination test measures seed quality by the 
production of normal germinants (abnormal plants 

are discarded). No emphasis, however, is given to 
the speed of germination. Therefore, seed lots A and 
B are both reported as 80 percent viable seed. 
Obviously though, the germination of A is much 
more vigorous than that of B. This reflects that 
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Figure 5.8: Sample germination test results on two different 
samples of Douglas-fir seed (A and B) and on prechilled versus 
nonprechilled test lots (B' and B, respectively) within one sample 
(36). 

Table 5.3. Laboratory Germination Tests of Certain Conifer Seeds 

Kind of seed Temperature 

Douglas-fir degrees C. 
var. menziesii  20-30 
vex.glauca  20-30 

var. caesia  20-30 

Ponderosa pine  20-30 

Lodgepole pine   20-30 

var. latifolia  20-30 

Grand fir   20-30 

Noble fir  20-30 

Western hemlock   20 constant 

Sitka spruce   20-30 

Test 
duration 

Additional 
directions 

days 
21 
21 

21 

21 

28 

21 

28 

28 

28 

21 

Light1; prechill 21 days at S-SX. 
Light;  southern  and central  Rocky Mountain 
sources not sensitive to temperature. 
Light; prechill 21 days at 3-50C. 

Light; prechill 28 days at 3-50C. 

Light; more than 8 hrs. light may be beneficial to 
some lots. Pre-chill 28 days at 3-50C. 
Light; prechill 28 days at 3-5°C. 

Light; prechill 14 days at 3-50C. 

Light; prechill 14 days at 3-50C. 

Light. 

Light; more than 8 hours light may be beneficial to 
some lots. If dormant moisten substrate with a 0.2% 
solution of potassium nitrate. 

'Eight hour daily photoperiod from cool white fluorescent light source. 
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either A is a much stronger seed lot than B and will 
produce a more vigorous crop in the nursery. 

The following tests can be run on seeds to 
decrease the time it takes to estimate seed viability. 

Cutting test 
In a cutting test, a random selection of seeds is 

cut open lengthwise and the condition of the endo- 
sperm and embryo are noted. An assumption is 
made that seeds with mature embryo and sound 
endosperm will germinate. This test gives the high- 
est estimate of viability and, therefore, the greatest 
difference from actual nursery germination. 
Polaroid photographs taken with an X-ray machine 
achieve the same result without destroying the seed. 

Tetrazolium dye 
For the tetrazolium dye test, seeds are opened 

and the embryos are placed in a one percent solution 
of tetrazolium chloride. Living tissues produce en- 
zymes that reduce the tetrazolium and form a red, 
insoluble pigment, which stains the tissue. Results 
are difficult to interpret in terms of seed viability 
because staining may not be uniform for the entire 
embryo. ViabiUty estimates with this test are al- 
ways lower than with the cutting test, but may be 
either higher or lower than those produced by the 
laboratory germination test. 

Hydrogen peroxide 
For a hydrogen peroxide test, one end of the seed 

coat is opened and the seeds are soaked in a 1 
percent solution of hydrogen peroxide. The chemical 
stimulates rapid cell division. This results in elonga- 
tion of the radicle within 5 days. Estimates of seed 
viabiUty with this test closely parallel laboratory 
germination values. 

These tests eliminate most of the variation 
introduced by differences in seed dormancy. Each of 
these tests, however, is at least one step removed 
from the production of a living seedling; thus, the 
error is greater in estimating nursery production. 

Seed Storage 
After processing, seed viability can be prolonged 

under careful storage conditions. Seeds contain very 
small plants. The metabolism of these plants is 
controlled largely by temperature and moisture. 
Therefore, seeds should be kept at temperature and 
moisture levels where metabolism is at the lowest 

level possible that does not harm the seed embryo. 
There is general agreement among practioners and 
published reports that, for most conifer seeds, a 
moisture content of from 6 to 9 percent is best for 
storage. For Abies spp., 9 to 12 percent moisture 
content is acceptable. 

No such agreement, however, is found for stor- 
age temperatures. For example, several experienced 
foresters in the Pacific Northwest insist that all 
seed should be stored at - 18CC (OT) to maintain 
maximum viability. In contrast, the central seed 
store in Britain has rooms maintained at 20C (SBT) 
for short term storage (5 to 7 years) and - 50C (230F) 
for longer storage. Review articles (30,32,33,38) 
reflect this confusion, although some conclude that 
storage at - 180C (OTT) /TKyproduce superior results 
for seeds that can tolerate cold, dry storage. Thus, 
there are no truly comprehensive long term seed 
storage data that compare several temperatures, 
both above and below freezing, at comparable mois- 
ture contents. The material in Table 5.4 and in 
Appendix B reflects the results of seed storage 
studies known to the author. 

Table  5.4. Suggested  Seed  Storage Conditions 
Based on Literature Review (see text). 

Seed Maxi- 
moisture mum 

Species                        Temperature               content storage 

Degrees C. (Degrees F.)   Percent Years 

Douglas-fir     0 ^    ^^      6-8 5-7 

Ponderosapine          0              (32)             8 _<5 (27)2 

Lodgepolepine          5              (41)3            8 20 
Firspp        _>_0           (_>32)         6-12 2-? 
Western hemlock  -18 to -5 (0 to 23)       7-9 5 
Sitkaspruce        -5             (23)             8 5-10 

'For long term storage. 
2 50 percent germination after 27 yrs (15). 
3Chilling may not be necessary (7, 17). 

Rigid drums with plastic liners are recommended 
for storage containers because they prevent uptake 
or loss of moisture by seeds from the storage room 
atmosphere (Figure 5.9). The containers should be 
stored on shelves, not in stacks. Stacks could result 
in pressure damage to seed in the lowest containers. 

If germination tests are to be run on seed during the 
storage period, samples for the tests should be 
drawn with seed probes. These samples can then be 
packaged for easy access in each container. Samples 
should not be obtained by thrusting a probe into 
frozen seed. Seed stored longer than a year should be 
retested, because even under ideal storage condi- 
tions damaged seed rapidly loses its viability. 
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Seed Size 
The range of seeds per pound is listed by species 

in Table 5.5. Seed size of northwestern conifer 
species, however, is not a reliable indicator of 
resultant seedling size or vigor, as indicated by 
research results on Douglas-fir, ponderosa pine and 
lodgepole pine (1,5,8,11,24,25,26,28,29). The 
number of usable seedlings obtainable per pound 
depends on purity, seed vigor and germination 
percent of the seedlot, nursery environment, and 
grading standards. 

Table 5.5. Number of Conifer Seeds Per Pound. 

Number of seeds per pound 

Species Low 

Douglas-fir var. merazimV .... 26,000 
yax.glauca   24,000 

Ponderosa pine   6,880 
Lodgepole pine   40,000 
Grand fir   9,500 
Noble fir   11,200 
Sitka spruce   100,000 
Western hemlock   189,000 

Mean High 

40,000 58,000 
36,000 188,000 
12,000 23,000 

135,000 280,000 
23,000 44,000 
14,600 19,300 

210,000 400,000 
300,000 500,000 

Classification of seed by size class, nevertheless, 
does produce more uniform seedlings in the nursery 
bed. For this reason, seed should be sized before 
sowing. Seed size classes, together with sowing rates 
that are based on the germination potential of each 
size class, are recommended for the most effective 
use of the seed resource. 

Figure 5.9: Rigid drums with plastic liners are used for seed 
storage because they prevent uptake or loss of moisture by seeds 
from the storage room atmosphere. 

Stratification 
Seeds of northwestern conifers generally have a 

stratification requirement that must be met for 
rapid, vigorous germination. For artificial stratifi- 
cation, soak seeds for one or two days in a large 
excess of water (up to 20 times the volume of seed) 
and then drain. When seed surfaces are dry, store in 
plastic bags at 1° to 20C (34° to 36^) for up to three 
months. Most literature indicates that Douglas-fir 
seed needs at least two months of stratification for 
prompt, maximum germination in nursery seed beds 
(see Appendix B for stratification requirements by 
species). 

Seeds for aerial seeding projects should be sown 
by late January. This allows seeds enough time for 
natural stratification after sowing before the soil 
warms and dries in the spring. 

Chemical Treatment of Seeds 
In aerial seedling projects, protect the seed from 

seed-eating mammals. One method of protection 
consists of soaking or coating seed in chemicals 
known to either repel or poison the common seed 
eaters. Such treatment, however, may result in 
substantial loss of germinative vigor. For example, 
application of TMTD (tetramethylthiurea-disulfide) 
and R-55 rodent repellent as coatings for Douglas- 
fir seed have been reported to reduce seed germina- 
tion. Habitat manipulation may be a safer method 
of control (Chapter 10). 

Insect Damage 
Most common insects that damage western coni- 

fer cones and seed are listed in Table 5.6 by tree 
species. More detailed information on insect iden- 
tification, damage, and life history is available 
(11,14,21). 
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Table 5.6. Some Economically Important Cone and Seed Insects in Pacific Northwest Conifers. 
(Source: 12, 14, 21) 

Host Species 
General extent of 

insect damage Insect species Damage 

Western hemlock 

Sitka spruce 

Little  known  about extent of 
insect damage. 

Generally cones and seeds of 
Sitka spruce not heavily dam- 
aged. Keen (21) found 15 to 40 
percent of cones infested, 5 per- 
cent of seed destroyed. 

Seed chalcids 
Megastigmus tsugae 
var. heterophyllae Milliron 

Seed chalcids 
Megastigmus piceae Rohwee 

Seed moths 
Laspeyresia bracteatana (Femold) 
(fir seed moth) 

Destroys seeds only, incidence of 
damage unknown. 

Destroys seeds only, occasionally 
infests a large portion of crop. 

Burrows within cone, destroys both 
seed and cone scales. 

Laspeyresia youngana (Kearfott) 
(spruce seed moth) 

Henricus fuscodorsana (Kearfott) Burrows within cone, destroys both 
seed and cone scales. 

Midges 
Dasineura sp. 

Seed not damaged, cone tissue de- 
formed, may prevent seed 
extraction. 

Grand fir Infestations may destroy entire 
seed crops. Seed chalcids and a 
seed midge cause most severe 
damage. 

Mayetiola carpophaga (Tripp) 
(spruce midge) 

Seed chalcids 
Megastigmus spp. 

Gall midges 
Dasineura abiesemia Foote 

Seed destroyed. 

Larvae  consume  entire  seed.  No 
external evidence. 

Single larvae feed within, destroy 
single seeds. 

Cone moths 
Barbara colfaxiana (Kearfott) 
(Douglas-fir cone moth) 

One insect may destroy 25 percent 
of the seed in an infested cone; two, 
more than 50 percent. The larvae 
feed on both cone scales and seed 
and may cause sufficient pitch to 
prevent normal disintegration of 
the cones in fall. 

Noble fir Minimum observations suggest 
that noble fir seed is attacked by 
cone moths, seed chalcids, and 
seed gall midges, but do not 
define the extent of damage. In- 
sects and damage symptoms 
similar to those listed for grand 
fir. 

Seed maggots 
Earomyia abietum McAlpine 

Larvae feed on seeds, moving from 
seed to seed within cone. No exter- 
nal damage. May destroy up to 25 
percent of the seed within a cone, 1 
to 2 percent of entire crop. 



60 Regenerating Oregon's Forests 

Table 5.6—Continued 

Host Species 
General extent of 

insect damage Insect species Damage 

Ponderosa pine Cone beetles and pine seed 
moths may destroy the great 
majority of a crop. 

Cone beetles 
Conophthorus ponderosae Hopkins 
(Ponderosa-pine cone beetle) 

Seed moths 
Laspeyresia spp. 
Hedulia injective Heinrich 

Second year cones  are  riddled, 
killed. 

Larvae bore through the pith of the 
cone into seeds. 25 to 30 percent of 
the seed, on average, destroyed by 
these insects. 

Cone worms 
Dioryctria spp. 

Larvae bore through cone scales 
and seed. May destroy up to 50 
percent of a seed crop, but generally 
not as destructive as the cone beetle 
or seed moths. 

Cone moths 
Eucosma bobana Kearfott 

Larvae bore seed of young green 
cones and mine out the scales. 

Lodgepole pine Seed of this species almost free 
of insect attack. 

Cone worms 
Dioryctria abietella 
(Dyor & Shannon) 

Cone moths 
Eucosma rescissoriana Heinrich 

Same as above, but very little dam- 
age reported. 

Brown frass around larval burrow 
openings. May cause significant 
damage. 

Douglas-fir Generally the damage is in- 
versely proportional to the size 
of the cone crop, ranging from 
about 10 percent of the seed in a 
good year to well over 50 percent 
of the seed in a light cone crop. 

Seed chalcids 
Megastigmus spermotrophus Wachtl 

Cone moths 
Barbara colfaxiana (Kearfott) 
(Douglas-fir cone moth) 

Cone worms 
Dioryctria abietella 
(Dyar & Shannon) 

No external evidence the larvae 
feed within single seeds. May be 
particularly damaging in light cone 
crops in southern Oregon. 

Burrows within cone, with or with- 
out external frass or production of 
pitch. One or two larvae may cause 
no cone deformation, but three or 
more will deform cone. 75 percent 
or more of the seed may be dam- 
aged. Especially destructive in 
warm, dry areas. 

Tunnels indiscriminately through 
scales, seeds. Cones frequently de- 
stroyed, often with deposits of ex- 
ternal frass. 

Douglas-fir cone midges 
Contarinia washingtonensis Johnson 

Severely infested cones may die 
prematurely although there is little 
external evidence of light or moder- 
ate infestation. Larvae feed on 
scales, may reduce viability of 
seeds. 

Contariana oregonensis Foote Similar to above, but frequently 
stimulates gall formation which 
greatly impedes extraction of seed 
from cones. 
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Figure 5.11: Pitch on cones may indicate the 
presence of damaging cone or seed insects. 

Figure  5.10: Frass indicates the presence of 
some damaging cone or seed insects. 

Damage to Douglas-fir 
More than 60 species of insects are indigenous to 

Douglas-fir cones, but only a few of these species 
destroy a significant amount of seed. Species listed 
in Table 5.6, however, can destroy enough seed in an 
area to make the cone crop useless. Infestations 
generally are more destructive during poor or light 
cone crops, since nearly the entire crop may be 
affected. Most insect damage can be observed on 
cones before the seed matures (see Table 5.6 for 
characteristics and figures 5.10 and 5.11). Seed 
chalcids {Megastigmus spp.), however, can be deter- 
mined only by cutting the seed, or by x-ray. 

Systemic insecticides applied to tree foliage early 
in the growing season significantly reduce insect 
damage to Douglas-fir seed (20). These applications 
do not reduce viability of sound seed (31). The cost of 
chemicals and difficulty of application limit the use 

of this technique to seed orchards, or productive, 
accessible stands of second-growth trees. 

Damage to ponderosa pine 
The damage of Leptoglossus occidentalis 

Heidemann is confined to the seed and may be more 
damaging than previously recognized (22). Con- 
ophthorus ponderosaeYia^\dns and Laspeyresia mis- 
citata Heinrich are the most common insects. 

Damage to lodgepole pine 
The seed and cones of lodgepole pine are relative- 

ly free of insects (21). Seed chalcids {Megastigmus 
zwoelferi Schefer-Immel), however, have been re- 
ported in the seeds of P. contorta var. murrayana 
imported from Washington (19). There are no pub- 
lished data, however, defining the distribution of 
this insect. 
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Abstract 
The basic principles of seedling growth and photosynthesis are related to 

the seedling environment. The rate of photosynthesis is influenced by the 
intensity or level of moisture, temperature, light, and nutrition. Moisture and 
temperature, usually in combination, are most often limiting to seedling 
establishment once the site is prepared to provide enough light for growth. 
Nutrition seldom limits seedling growth, at least during the first two years 
after planting. 

Seedling growth after planting also depends upon physiological vigor, and 
dormancy. Physiological vigor must be managed and maximized in the 
nursery. Maintaining seedling vigor after stock leaves the nursery beds 
requires lifting stock only when it is in a dormant condition. Lifting after bud 
set, but before the dormant period, can be done only if the seedlings are to be 
transplanted immediately. 

Morphological characteristics and type of stock (bare-root versus container) 
may affect seedling field survival potential in some cases. Seedling morpholog- 
ical characteristics are best described using a combination of seedling height, 
diameter, and shoot-to-root ratio. These characteristics have been combined 
into a code that will help the forester and nurseryman communicate regarding 
objectives in cultural practice. Nursery practices such as irrigating, fertilizing, 
varying the bed density, transplanting, undercutting, and wrenching are all 
used to help manage seedling size and dormancy. 

Between lifting and planting, seedling roots are exposed and vulnerable to 
environmental stress, particularly temperature and moisture extremes. Seed- 
ling management during this period requires attention to date of lifting, 
proper packing methods and storage conditions, and systematic monitoring of 
seedlings to maintain optimum moisture levels. 
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Planted seedlings are the most important form of 
artificial reforestation in Oregon. Selection of 

species and morphological characteristics of plant- 
ing stock (that is, height, stem diameter and shoot- 
root ratio) are among the most critical decisions the 
regeneration forester has to make. Moreover, prop- 
erly conditioned and vigorous planting stock posi- 
tively influences reforestation success. The best 
combination of these will be determined by the 
seedling environment. 

This chapter evaluates the relationship between 
a seedling and its environment and discusses how 
planting stock can be adapted to the seedling envi- 
ronment. Since the text of this chapter elaborates on 
the seedling environment concept, you should read 
Chapter 2 first. Properly-conditioned stock that is 
well-adapted to the site, combined with a suitably 
prepared site, will help assure reforestation success. 

Principles and recommendations in this chapter 

are based on the average response of a population of 
seedlings. Of course you may find exceptions, based 
on personal experience or some studies that seem to 
violate the principles outlined. Exceptions based on 
unique situations or isolated cases, however, are not 
reliable criteria for establishing or changing recom- 
mended practices. Occasionally, seedlings lifted in a 
nondormant condition, improperly stored, and incor- 
rectly planted, survive. But this does not mean that 
recommended procedures, based on research results 
and experience, are invalid. It indicates, rather, that 
certain seedlings have a high tolerance to adverse 
conditions and that in most biological studies a wide 
range of responses can occur. Following recom- 
mended practices in this manual, and modifying 
these procedures only after either sound research or 
long-term field experience dictate a change, will 
result in higher survival and increased growth 
rates. 

Seedling Growth and Photosynthesis 

Seedling survival and growth depend on the rate 
of seedling photosynthesis. Without the sugar prod- 
ucts produced during photosynthesis, seedlings can- 
not survive. The rate of seedling photosynthesis is 
influenced by the level or intensity of four factors in 
the seedling environment: moisture, temperature, 
light, and nutrition (Figure 6.1). 

Temperature and moisture, either separately or 
combined, often are the most limiting factors in the 
seedling environment to seedling establishment. 
Also contributing to failures are low light intensity 
and improperly prepared sites. Foresters should 
understand the fundamentals of seedling response 
to these factors of the seedling environment, and use 
that knowledge to help prevent reforestation fail- 
ures. Each factor is discussed in detail, separately, 
but each is related to the others. 

LIGHT ENERGY 

6C02 + 6H20 

TEMPERATURE 

NUTRITION 
Chemical reactions 

+ 60, » (CH20)6 . „„2 

(Sugar) 

Rate of chemical  reactions 
Demand for moisture 

MOISTURE 
Chemical  reactions 
Leaf temperature 
Hydration level 

Figure 6.1: Interaction among four factors in the seedling envi- 
ronment that affect the rate of seedling photosynthesis. 

Moisture Relations 
Seedling water status 

Water is a chemical component of the photo- 
synthetic reaction and transports nutrients that are 
necessary for photosynthesis and other metabolic 
processes. Seedling water status usually is express- 
ed in terms of PMS (plant moisture stress). (87). 
PMS is an indicator of water available for plant 
processes, just as soil moisture stress is a measure of 
water available in the soil. PMS can be evaluated 
directly in the plant with a "pressure bomb", a name 
for a portable pressurized chamber (Figure 6.2). 

To determine PMS, remove a small twig from the 
seedling and place it in the pressure chamber with 
the cut surface protruding. Using nitrogen gas, 
pressure applied inside the chamber forces internal 
water back to the cut surface of the twig. The 
pressure required is equal and opposite to the 
tension in the seedling's water column and is a 
measure of the difficulty the root system is having 
in meeting the water demand of the seedling. The 
measurements are expressed in bars (1 bar = 1.013 
atmospheres) of PMS. 

Formerly, the water status of a seedling was 
inferred indirectly from soil moisture, open pan 
evaporation readings, or both. Direct measurements 
of PMS, however, provide more information about a 
seedling's water status. Low levels of PMS (below 10 
bars) generally indicate a seedling is receiving 
adequate moisture to carry on photosynthesis, 
transpiration, and other metabolic processes. On the 
other hand, high levels of PMS (above 20 bars) 
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Figure 6.2: PMS can be evaluated directly in the plant with a 
"pressure bomb," a name for a portable pressurized chamber. 

stress up to 30 bars with little damage. Experiments 
show that seedlings of both these species die when 
PMS exceeds 50 bars. 

Factors affecting PMS 
PMS levels are affected by the availability of 

water in the soil and by the demand for that water 
exerted by vegetation, including the seedling itself, 
and the atmosphere. Since these factors change 
constantly, PMS varies daily, seasonally, and 
among sites. 

Diurnal changes in PMS occur in response to 
changes in temperature, humidity, wind speed, and 
light. Plant control of transpiration through 
changes in its stomatal openings also affects PMS. 
Figure 6.4 shows a generalized curve of the daily 
change in PMS for a typical seedling during the 
growing season. 

indicate a seedling is having an increasingly harder 
time absorbing water fast enough to keep pace with 
transpirational demand. 

PMS affects photosynthesis 
The level of PMS affects seedling photosynthesis 

and other physiological processes (10). Maximum 
photosynthesis in Douglas-fir and ponderosa pine 
seedlings normally occurs below ten bars PMS 
(Figure 6.3). Above 10 bars PMS, photosynthesis 
gradually declines. Photosynthesis is only 40 per- 
cent of maximum or less when PMS exceeds 20 bars. 
Although PMS often reaches this level by midday in 
summer, growing seedlings can tolerate moisture 
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Figure 6.3: Effect of plant moisture stress on net photosynthesis 
in young ponderosa pine and Douglas-fir seedlings (10). 

Figure 6.4: PMS changes during the day in response to varia- 
tions in the rates of evaporation and transpiration, available 
moisture, and the seedling's abihty to absorb and conserve 
moisture. The absolute magnitude of change varies among sites, 
climatic conditions, species, seasons, and individual seedlings. 

The range of diurnal variation in PMS changes 
seasonally. During the droughty season, evapora- 
tion and transpiration deplete available soil mois- 
ture. Consequently, both daily minimum and max- 
imum levels of PMS gradually increase. In general, 
increased PMS can be expected as soil moisture 
stress (SMS) increases. The relationship between 
PMS and SMS varies, however, depending on the 
temperature, wind speed and the water vapor pres- 
sure gradient. For example, by using a relatively 
high level of atmospheric demand (warm air tem- 
peratures, wind, and low water vapor pressure), a 
PMS of 16 bars was obtained with soil at near field 
capacity (low SMS) in one study (10). Thus, soil 
moisture alone is not sufficient for predicting PMS 
levels; atmospheric demand plays an equally impor- 
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tant role in determining a plant's water balance. 
The effects of other site characteristics, such as 
topography, climate, and competing vegetation, on 
the availability of water, or the demand for water 
are discussed in Chapter 2. 

Physiological drought 
A high level of PMS does not always mean low 

availability of water. PMS increases when the 
plant's root system cannot absorb water as fast as 
the shoot transpires water. This type of deficit, 
referred to as physiological drought, may occur 
when the root system is damaged or otherwise 
functioning suboptimally. For example, physiologi- 
cal drought occurs when low soil temperatures 
restrict water uptake by the roots and winds desic- 
cate plant shoots. Flooding may, in effect, cause 
physiological drought by killing (suffocating) the 
root tips that absorb water. 

Conifer species have different tolerances to high 
PMS (refer back to Table 2.3). Stock selection should 
attempt to match seedling moisture requirements to 
the moisture regime of the site. Handling can affect 
a seedling's tolerance to high PMS. Freshly planted 
seedlings experience greater moisture stress than 
established trees because the root systems of 
planted trees are either less developed, or are not 
functioning optimally because of transplant shock 
or handling damage. 

The level of PMS can be controlled to a certain 
extent. Reducing water demands of competing vege- 
tation by site preparation (Chapter 7) is the most 
common method. Partial cutting instead of clearcut- 
ting may be necessary on some droughty sites to 
reduce atmospheric demand by reducing tempera- 
ture and related evaporation and transpiration rates 
(Chapter 3). On a few sites irrigation can be used to 
decrease PMS (10). Wetting seedling shoots reduces 
transpiration and seedling temperature. This tech- 
nique is used in nurseries to reduce moisture stress 
and seedling temperature during hot, droughty 
periods. 

Excess moisture 
Excess moisture is rarely a problem in reforesta- 

tion, except where persistent flooding or seepage 
occurs. Most commercial conifer species cannot tol- 
erate continuous flooding because roots are not 
adequately aerated and eventually die. 

In a study of artificial flooding, western redcedar 
and lodgepole pine were the most flood-tolerant. Red 
alder, Sitka spruce, and western hemlock were less 
tolerant; Douglas-fir was very intolerant. Winter 
flooding had little or no effect, except on Douglas- 
fir, but summer flooding killed a large percentage of 
all species (43). On sites where a high water table 

exists part of the year, enough air may be trapped in 
some air spaces to avoid root mortality. 

Soil compaction decreases water permeability 
and may cause surface puddling and erosion, espe- 
cially during intense or extended rainy periods. In 
effect, this creates an artificially high water table 
and reduces soil aeration. Seedling tolerance of a 
high water table is similar to that reported above for 
flooding (44). 

Temperature Relations 
Temperature affects photosynthesis 

Temperature controls the rate of chemical reac- 
tions such as photosynthesis. 

Below about 50C (40^) little metabolic activity 
occurs in conifers because plant organs and enzymes 
function ineffectively. Both demand for and avail- 
ability of water and nutrients translocated to the 
shoot are greatly reduced at low temperatures. The 
absolute rate of seedling processes, however, de- 
pends on the level of other photosynthetic regulators 
(for example, moisture, light, and nutrition) in 
conjunction with soil and air temperatures. 

In a laboratory study, growth of Douglas-fir 
seedlings increased with day temperature and soil 
temperature over a specified range (refer back to 
Figure 2.2). Optimum growth occurred when day- 
time air temperature was 30oC (SBT) and soil 
temperature was 20oC (68°F). In contrast, seedlings 
grown at 150C (590F) day temperature and 10oC 
(SOT) soil temperature showed only half of the 
optimum growth (36). It would take two days of 
growth under the latter conditions to equal one 
"optimum growth day". 

In a study with ponderosa pine seedlings (10), net 
photosynthesis was maximum between 20°C and 
270C (680F to 81°F) and when PMS was below 12 
bars (refer back to Figure 2.3). Net photosynthesis 
decreased at temperatures above or below this 
range, or at higher levels of PMS. 

An equivalent number of "optimum growth 
days" based on temperature and moisture can be 
determined on any site for different species over the 
duration of the growing season. A summary of such 
measurements provides an estimate of temperature 
conditions in the seedling environment (12). 

Temperature extremes 
Temperature extremes limit growth and can 

cause seedling mortality. Most literature on this 
subject indicates conifer seedlings can tolerate tem- 
peratures up to 540C (1290F) at the air-soil interface. 
Small-diameter seedlings are most susceptible to 
heat damage because stem lesions form and con- 
strict the translocation of water and nutrients. 
Larger diameter seedlings have more insulating 
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corky tissue that dissipates excess heat. High tem- 
peratures can damage large planting stock by in- 
creasing plant moisture stress, or by creating an 
unfavorable balance between photosynthesis and 
respiration instead of causing tissue damage 
directly. 

Temperatures below 0oC (32°^ can damage or 
kill nondormant seedlings. Seedhngs become in- 
creasingly resistant (hardened) to environmental 
stress as they become dormant in the fall. They 
gradually lose this resistance in the spring in their 
postdormancy period (see sections on dormancy and 
seedling handling). 

Physiological drought (red belt) often occurs 
when cold soil temperatures restrict the transloca- 
tion of water to the shoot. Under extreme or pro- 
longed drying conditions, this type of drought causes 
trees to die in a short time. Freezing air tempera- 
tures also may cause ice crystals to form inside cells, 
thereby repturing the cells and interfering with 
normal cell functions. 

Seedling Light Requirements 
Seedling photosynthesis and growth are related 

to light intensity (Figure 6.5). Low light stimulates 
height growth at the expense of diameter growth 
and increases leaf area at the expense of seedling 
strength and sturdiness (58). A direct relation 
between growth and light intensity occurs primarily 
at low light intensities (Figure 6.5, section a). Shoot 
and root weight of ponderosa pine and Douglas-fir 
increase with increasing light intensities in this 
range (68). As the intensity of light increases 
(Figure 6.5, section b), the photosynthetic rate 
continues to increase, but at a slower rate because 
other factors become limiting. When light satura- 
tion is reached, photosynthesis does not increase 
despite further increases in light intensity (Figure 
6.5, section c). 

Young pine seedlings with juvenile needles are 
Ught-saturated at about 30-40 percent full sunlight. 
Young Douglas-fir seedlings reach their maximum 
photosynthetic rate and dry-matter production at 
about 25 percent full sunlight. Older seedlings or 
dense beds of seedlings in the nursery, however, 
require from two to three times as much light 
intensity because of self-shading or mutual shading. 
Higher light intensities can penetrate the upper 
canopy and elevate the light intensity for shaded 
lower needles. 

Light intensities above light saturation (Figure 
6.5, section d) can reduce growth or kill seedlings 
(32,60), especially in shade-tolerant species. Engel- 
mann spruce, for example, has low maximum photo- 
synthetic rates, so its photosynthetic mechanisms 
become light saturated at lower light intensities 
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Figure 6.5: Relation between light intensity and seedling photo- 
synthesis (57). 

than intolerant species (60). Nevertheless, shade 
intolerant species also become susceptible to dam- 
age as light intensity increases above the saturation 
point of each species. 

Plants are sensitive to the spectral composition 
of light (quality), especially at low light intensities. 
Gross morphology, anatomy, and carbohydrate con- 
tent of tree seedlings, for example, are affected by 
the quality of light a plant receives. When shade 
causes a shift in light quality to blue, seedlings put 
most of their growth potential into height and as a 
result look spindly and chlorotic (turn pale yellow). 
Variations in light quality under natural conditions, 
however, are generally not great enough to affect 
seedling growth significantly (17). Under artificial 
growing conditions or beneath dense canopies, op- 
timum spectral composition may be absent, thereby 
reducing maximum seedling growth (33). 

Seedling Nutrition Requirements 
Seedling photosynthesis and other metabolic 

processes depend on an adequate and balanced 
supply of nutrients. Besides carbon dioxide (CO2) 
and water (H2O), conifers require nitrogen, phos- 
phorus, potassium, magnesium, calcium, sulfur, and 
traces of iron, manganese, copper, zinc, boron, 
molybedum, cobalt and chlorine, all in a form the 
plant can assimilate. Seedlings markedly deficient 
or unbalanced in one or more of these nutrients 
usually exhibit at least one of the following 
symptoms: 

• Foliage discoloration (usually yellow or red). 
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• Death of part or all of the needles or shoots. 
• Reduced needle length. 
• Reduced height growth. 
It is difficult, if not impossible, however, to 

distinguish one nutrient deficiency from another in 
conifers visually, because of the similarity in 
symptoms. 

Optimum soil nutrient levels vary among nurs- 
eries and conifer species. The range of suggested soil 
nutrient levels and other soil characteristics for 
Douglas-fir seedlings in the nursery are presented 
in Table 6.1. These values should be used as a guide 
only. The range of foliar mineral content actually 
found in forest- and nursery-grown Douglas-fir 
seedlings from 4 nurseries and 10 high-site-index 
forest areas in Oregon and Washington is given in 
Table 6.2 (31). 

Nutrient balance also is important. An imbal- 
ance between two nutrients may produce results 
similar to nutrient deficiencies. Sand-culture exper- 
iments indicate seedlings grow best when the con- 
centration of nitrogen is greater than or equal to the 
concentration of phosphorus; the concentration of 
phosphorus should be less than the concentration of 

potassium. Suggested nutrient proportions for good 
growth of north temperate zone conifer seedlings 
are presented in Table 6.3 (8). 

Table 6.3 Suggested Nutrient Proportions for Good 
Growth of North Temperate Zone Conifer Seed- 
lings (8). 

Nutrient 

Phosphorus, P .... 
Nitrogen, N   
Potassium, K  
Calcium, Ca  
Magnesium, Mg 
Sulphur, S  

Ratio: 
Element/Phosphorus 

1 to 1 
4 to 10 

1.5 to 2.0 
5 to 10 
1 to 4 
2 to4 

Soil pH affects the availability of soil nutrients 
(Figure 6.6). Optimum growth for most conifer 
seedlings occurs between pH 4 to 6 (65,80). At pH 
levels above this range damping-off fungi can cause 
seedling mortality (38). Above pH 6.0, nutrient 
deficiencies of some trace elements develop in coni- 
fers. Seedlings turn chlorotic (yellow) and become 

Table 6.1. Range of Suggested Nutrient Levels in Forest Soils for Douglas-fir Seedlings (7). 

Amount Nutrient Unit 

Nitrogen, N Percent 
Phosphorus, P Parts/miUion 
Available phosphoric oxide, P2O5  Pounds/acre 
Potassium, K  Parts/million 
Potash, K2O  Pounds/acre 
Calcium, Ca Milliequivalents/lOO grams1 

Magnesium, Mg Milliequivalents/100 grams1 

11 milliequivalent equals 1/1000 the weight of a substance that combines with one gram of hydrogen or eight grams of oxygen. 

0.12-0.23 
15-20 

80-100 
80-100 

200 
2.5-5.0 

1.0 

Table 6.2. Range of Foliar Nutrient Content of Forest- and Nursery-Grown Douglas-fir Seedlings in the 
Pacific Northwest (31). 

Nutrient Unit 

Nitrogen, N Percent 
Phosphorus,? Percent 
Potassium, K Percent 
Calcium, Ca  Percent 
Magnesium, Mg Percent 
Sulfur, S Percent 
Iron, Fe Parts/miUion 
Manganese, Mn  Parts/million 
Zinc, Zn  Parts/million 
Copper, Cu  Parts/million 
Boron, B  Parts/million 
Molybdenum, Mo Parts/miUion 
Chlorine, Cl  Parts/million 

Nurseries, 
range 

Forest, 
average 

Forest, 
range 

1.28-2.00 1.91 1.62-2.32 
0.14-0.38 0.30 0.18-0.45 
0.50-1.00 0.88 0.75-1.05 
0.22-0.40 0.33 0.21-0.43 
0.07-0.11 0.13 0.095-0.144 
0.17-0.24 0.19 0.14-0.26 

67-255 82 61-113 
250-860 428 233-870 

23-47 34 22-55 
3-11 5 1-11 
2-8 8 4-14 

0.02-0.10 Trace up to 0.25 
430-920 924 150-1,490 
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Figure 6.6: Relation between pH and the availability of plant 
nutrients and the activity of soil microorganisms. Width of band 
indicates relative amount of availability and activity, respective- 
ly. Most conifer seedlings grow best at low pH levels (below 6.0) 
(9). 

stunted above pH 7.5. Very acid soils (below 4.0) can 
result in nutritional disturbances such as calcium or 
magnesium or toxicity by manganese or aluminum. 
Beneficial soil flora and fauna also may be impaired 
at very high or low levels (38). 

Nutrient levels and other soil characteristics (for 
example, pH and organic matter) are dynamic; they 
change over time. In nurseries, leaching and crop 
removal often lower nutrient levels. Therefore, 
nursery staff monitor nutrient levels by foliar and 
soil analyses and maintain them at acceptable levels 
by fertilization, pH control, or both if necessary (see 
discussion on nursery fertihzation in this chapter). 
Monitor at regular intervals. 

Optimum Growth 
The level or intensity of each factor in the 

seedling environment affects the rate of seedling 
photosynthesis and growth. Each species has a 
different set of optimum values for maximum 
growth. For example, shade-intolerant species re- 
quire more light than shade-tolerant species. Max- 
imum seedling growth for each species, however, is 
achieved only when each factor is optimum relative 
to the other factors (33). For example, the optimum 
temperature level for growth of ponderosa pine 
seedlings depends upon PMS (refer back to Figure 
2.3). 

Temperature and moisture are interdependent— 
the level of one influences the level of the other. 
Temperature affects PMS by influencing the rate of 
transpiration (water loss) from the leaf. Conversely, 
PMS affects seedling temperature through transpi- 
ration (a cooling process) because as moisture stress 
increases, transpiration decreases. Even when 
temperature and moisture are optimum, maximum 
growth will not occur unless the supply and balance 
of nutrients and the intensity and quality of light 
are optimum. 

Even though temperature and moisture are the 
most frequently limiting factors in reforestation, 
any single factor or combination of factors can be 
limiting. Therefore, all factors in the seedling envi- 
ronment and seedling condition must be managed 
carefully to maximize seedling growth. The next 
section of this chapter deals with the physiological 
condition of seedlings and management techniques 
for maximizing seedling performance. 

Seedling Growth: Dormancy and Plant Hormones 
Research consistently shows that proper 

physiological condition, particularly dormancy, has 
a critical effect on reforestation success (26,34,35, 
85). Previously unexplained differences in perform- 
ance among seedlings lifted at different times now 
can be explained by the relation between timing of 
nursery practices, seedling dormancy, and root- 
growth capacity. 

Dormancy 
Conifer seedlings generally do not grow through- 

out the year; they require a period of rest called 
dormancy. Under natural conditions, most western 
conifer seedlings begin the dormancy cycle in mid- 
summer, primarily in response to moisture stress. 
Shoot elongation generally stops until the following 

spring, but diameter and root growth continue. The 
period of dormancy is a series of different physiolog- 
ical phases, each with distinct characteristics and 
requirements. Failure to complete the requirements 
of each phase of dormancy results in decreased 
seedling vigor and probably death after outplanting. 

The four phases of dormancy for Douglas-fir, and 
their requirements, are (35): 

Dormancy induction 
Dormancy induction is the period from mid-July 

to mid- or late September. Winter-resting buds 
(Figure 6.7) are initiated and developed in response 
to moderate moisture stress. Buds may break and 
produce a "second flush" of nonhardy growth (Fig- 
ure 6.8) if seedhngs are well watered, well fertilized, 
or exposed to long photoperiods. 
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Figuie 6.7: Winter-resting buds, in this case on a Douglas-fir 
seedling, usually signify that the seedling has gone through at 
least the first stage of dormancy. These buds generally are 
initiated in response to moderate moisture stress. 

Figure 6.8: Buds may break and produce a "second flush" of 
nonhardy growth if seedlings are well watered, well fertilized, or 
exposed to long photoperiods after dormancy induction has 
begun. 

Dormancy deepening 
Dormancy deepening is the period from mid- or 

late September to mid-November. Buds are well 
formed and metabolic changes slowly induce frost- 
hardiness. Seedlings are susceptible to damage from 
desiccation, cold storage, or other disturbances en- 
countered in normal nursery handling. Short photo- 
periods and mild temperatures are required to 
complete this phase. Seedlings will not resume 
growth in response to favorable conditions. 

Dormant 
Dormant is the period from mid- or late 

November to mid- or late February. Seedlings are 
morphologically identical to previous phase, but 
physiological changes induce maximum resistance 
to environmental stress. Seedlings need at least six 
weeks of constant 4.5°C (40°F) temperatures to 
complete this phase, or an undetermined but sub- 
stantially longer period under natural conditions 
with fluctuating temperatures. Seedlings may re- 
sume growth slowly under favorable conditions. 

Post-dormancy 
Post-dormancy is the period from mid- or late 

February to bud burst. Seedlings gradually lose 
their resistance to frost damage and other environ- 
mental stress. The length of this transition phase 
depends upon temperature and photoperiod; the 
more favorable the conditions for growth, the sooner 
buds will burst. 

Plant Hormones 
During the 1930's scientists discovered that 

plant growth was controlled by hormones. A large 
body of literature on the subject has evolved since 
then, and new hormones are reported frequently. 
Four classes of naturally-occurring plant hormones 
have been identified. Auxins (represented primarily 
by the compound indole-3-acetic acid IAA) are in- 
volved in a variety of plant processes including cell 
elongation, fruit ripening, abscission, and root initi- 
ation. Gibberellins (over forty different gibberellins 
have been identified so far) control cell elongation, 
flowering, and dormancy. Cytokinins, a relatively 
new class of compounds, apparently control cell 
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division and perhaps other physiological processes. 
Inhibitors, such as abscisic acid (ABA), cause reduc- 
tion of cell elongation and appear to control stomata. 
Inhibitor compounds may be closely related to 
changes in dormancy. 

Although many of these hormones are known to 
control certain plant-growth processes, when these 
same hormones are applied to intact plants usually 
there is no apparent response. Such a result, how- 
ever, should not be surprising. Plants produce their 

own hormones and their growth and development 
are seldom limited by lack of hormones. Foresters 
have tried applying different hormones to the roots 
or shoots of seedlings, but no hormone treatment yet 
has proved beneficial to forest seedlings, either in 
terms of growth or survival. The best treatment that 
can be applied to a seedling is to lift it at the proper 
time, minimize PMS, and plant at the proper time of 
year. Any hormone, fertihzer, or "magic dip" treat- 
ment prior to planting is more likely to harm the 
seedling than to encourage its survival and growth. 

Physiological Vigor 
A hard, winter bud is the only readily apparent 

morphological indicator of dormancy in conifers, but 
even this indicator is not infallible. The presence of 
a hard, winter bud signifies that the seedling has 
gone through at least the first stage of dormancy 
(that is, dormancy induction). Frost hardiness and 
other stages or characteristics of dormancy can be 
assessed reliably only in laboratory tests at this 
time. 

Root-Growth Capacity 
Early, vigorous root growth is important for 

seedling establishment. Seedlings that do not com- 
plete the four phases of dormancy will have im- 
paired root growth the following spring (35). Al- 
though their growth is not mutually exclusive, roots 
and shoots tend to grow at separate times. Figure 
6.9 is a simplified diagram of root and shoot growth 
for a two-year-old seedling. Roots normally begin to 
grow before shoots in early spring, probably in 
response to favorable soil temperatures—about 
5.50C (420F) or above, and after the plant has gone 
through the first three phases of dormancy. This 
flush of root growth lasts until plant hormones 
trigger shoot growth in mid- to late spring (bud 
burst). Root growth then declines to a low level for 
the remainder of the spring and summer. 

Under natural, forest conditions, without irriga- 
tion or prolonged fertilization, shoot growth is ter- 
minated for most western conifers by moderate 
moisture stress (approximately 15 bars) about mid- 
summer. This is the beginning of the dormancy- 
induction process. Decreased temperatures and 
shorter photoperiods in late summer or fall may 
induce dormancy on sites where moisture stress 
never reaches a high level. If buds are hardened 
when fall rains replenish soil moisture, seedling 
shoots normally do not resume growth. Fall rains 
usually trigger a second flush of root growth that is 
smaller than the  spring  flush.   Root and shoot 
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Figure 6.9: Simplified version of root and shoot growth cycles in 
young ponderosa pine and Douglas-fir seedlings. Note that roots 
have two flushes of growth, but that shoot growth declines to a 
low level during the summer. 

growth stops when seedlings are completely dor- 
mant during the winter. 

Cultural operations, such as lifting or undercut- 
ting, should be synchronized with seedling dorman- 
cy. Timing of cultural operations to achieve desired 
objectives is discussed under nursery practices. 

Seedlings lifted from nursery beds from about 
January to March have the most vigorous root 
growth after outplanting. Lifting during this period 
maximizes root-growth capacity (70,71, see section 
on Lifting). Subsequent cold storage of seedlings 
lifted during this time can extend the capability of 
maximum root growth beyond March. Dormant 
stock can be stored as long as three months with 
little or no decrease in field performance—partly 
because root-growth capacity is not diminished. 
Stock lifted before or after this period, however, has 
less vigorous root growth after outplanting. 
Moreover, cold storage of stock lifted before or after 
this time further reduces root-growth capacity. Gen- 
erally, field performance for early- or late-lifted 
stock decreases with increasing cold storage time. 
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Root-Growth/Bud-Burst Tests 
Root-growth capacity and speed of bud burst, in 

combination, can be useful indicators of a seedling's 
physiological condition. Delay or disruption in the 
dormancy process can postpone or alter the periodic 
root and shoot growth of seedlings and affect speed 
of bud burst and root growth. If dormancy require- 
ments have not been fulfilled, or if seedling physiol- 
ogy is disrupted (for example, by transplant shock), 
bud burst will be delayed. On the other hand, roots 
need time to grow before bud burst and active shoot 
growth. To survive and grow, a seedling must 
establish a large enough root system to maintain a 
favorable internal water balance (that is, minimize 
PMS) throughout the growing season. A seedling 
also must produce much new foliage for photosyn- 
thesis to maintain-physiological vigor. Thus, some 
balance (not necessarily equal) is needed between 
root and shoot growth. 

The speed of bud burst alone does not indicate 
satisfactory root growth, nor does root-growth 
capacity by itself indicate shoot-growth potential. 
Rapid bud burst may indicate rapid juvenile growth 
in height, but if the root system is not adequate to 
meet the seedling's water demands, the potential for 
seedling establishment is decreased, especially on 
droughty sites. A poor root system will decrease 
height growth even under favorable conditions. In 
contrast, slow bud burst by itself can indicate either 
sustained root growth, or poor physiological vigor 
and overall slow root and shoot growth. Laboratory 
tests on the dormancy and physiological vigor of 
seedlings usually measure both speed of bud burst 
and new root growth. Root growth frequently is 
measured 30 days after planting. 

Effect of lifting date and cold storage on the 
physiological condition and performance of ponder- 
osa pine seedlings was tested using speed of bud 
burst and root-growth capacity as indicators (11). 
Seedlings lifted in late November and stored over- 
winter had significantly better root growth and 
more "normal" speed of bud burst after 6 weeks in a 
growth chamber than stock lifted and planted in the 
spring or fall. The physiological condition of over- 
winter stock was best in this study because lifting, 
storage, and planting were timed to fullfill seedling 
dormancy requirements and to capitalize on max- 
imum root-growth capacity. 

Root and shoot growth of stock lifted and planted 
in the fall were slower and smaller because the 

seedlings were lifted and planted before chilling 
requirements were fulfilled. In contrast, stock lifted 
and planted late in spring, after root growth had 
begun in the nursery, had rapid bud burst, but poor 
root growth. Late lifting caused a premature shift to 
shoot growth at the expense of root growth. The 
dormancy requirements of these late-spring-lifted- 
and-planted seedlings had been fulfilled, but late 
lifting (during the post dormant phase) disrupted 
normal seedling physiology. Seedlings should have 
been lifted when they were completely dormant. 

Electrical Determination 
Measurements of bioelectrical potential (that is, 

the battery effect) in plants began more than a 
hundred years ago. Until recently, however, equip- 
ment was inadequate to measure a plant's electrical 
potential without destroying that potential (77). 
Within the past two decades, suitable instruments 
and techniques for measuring the electrical or 
bioelectrical potential in plants have been devised. 
Unfortunately, these measurement techniques are 
not past the laboratory state despite efforts to relate 
bioelectrical potential to plant growth and 
development. 

Foresters have recently become interested in 
on-site measurement of electrical impedance (a form 
of electrical resistance) of plant tissue as a method 
of assessing dormancy in plants. Such a meas- 
urement is appealing if it can be accomplished 
easily, without specialized, laboratory training of 
the operator, because it would be rapid, clean, 
nondestructive, and quantitative. Ideally, the 
operator of the instrument would not need to under- 
stand how the instrument operates in order to get 
results. 

A square-wave generator and an oscilloscope can 
detect dead leaf tissue under certain circumstances 
(90). Attempts have been made recently to adapt 
this "oscilloscope" technique to measurement of 
dormancy in nursery stock (19). Although the 
square-wave pattern seen on the oscilloscope may 
vary from season to season, it does not necessarily 
indicate the dormancy status of plants. Until a clear 
relation between wave pattern and dormancy status 
of the plant can be established, the square-wave 
generator and oscilloscope cannot be recommended 
for evaluating dormancy status (Zaerr, personal 
communication, 1976). 
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Seedling Morphology 
Morphological characteristics of seedlings, such 

as height, stem diameter, and shoot-root ratio influ- 
ence seedling tolerance to environmental stress. 
Consider all factors in relation to each other. 

Height 
Seedling height is an indication of a seedling's 

field-survival potential. Tall seedlings may have an 
advantage on brushy sites, or where animal damage 
is a problem. Juvenile growth rate of seedlings tends 
to increase with seedling size. The combination of 
tall initial height and a fast growth rate enables 
seedlings to escape the overtopping or clipping zone 
sooner. For example, in a study of snowshoe-hare 
damage to seedlings, 15-inch-tall Douglas-fir seed- 
lings had 29 percent better survival after six years 
than 7-inch-tall stock (22). Other research indicates 
that larger planting stock can improve survival and 
growth where heavy brush, falling debris, soil move- 
ment, or frost heaving are problems (6,14,39,64). 
Size is less important on favorable sites (86). 

Large stock is harder to lift, handle, and plant 
properly. Unless handled correctly, advantages of 
large stock can be negated by poor treatment. Size 
alone should not be equated with seedling condition. 
All stock should be healthy and dormant when lifted 
and planted. 

Diameter 
Stem diameter is a good measure of seedling 

durability. Seedlings with large-diameter stems also 
usually have large root systems. Stockier trees 
provide better support and resistance to bending by 
soil, rocks, debris, snow, or trampling by animals. 
Large-diameter seedlings have more insulation and 
provide good heat dissipation along and away from 
the stem. They suffer less heat damage on sites 
where high temperature is a problem. 

Shoot-Root Ratio 
A shoot-root ratio indicates the balance between 

a seedling's shoot and root. This characteristic is the 
least important single indicator of a seedling's 
field-survival potential. Optimum or acceptable 
shoot-root ratios vary with seedling age. A shoot- 
root ratio of 2.0 means there is two times more shoot 
mass than root mass. Shoot and root measurements 

are taken by either the dry weight of each, or the 
volume of water displaced by each. Dry weight 
measurements are the most accurate. The reciprocal 
ratio (root-shoot) can be used to express the same 
relationship. A shoot-root ratio of 2.0 equals a 
root-shoot ratio of 0.5 

Seedlings with low shoot-root ratios (2.0 - 3.0) 
often have higher field-survival potential on sites 
where moisture is limiting, because the absorptive 
capacity of their roots is more nearly matched to the 
transpirational demand of their shoots (24). Seed- 
lings with higher shoot-root ratios (3.0 + ) have 
higher transpirational demand and PMS increases 
more rapidly under droughty conditions. Larger 
seedlings usually can tolerate higher shoot-root 
ratios—presumably because their root systems are 
better developed (that is, a larger proportion of fine 
roots). Comparisons of shoot-root ratios are most 
valid among seedlings of about the same size. 

A seedling's field-survival potential is influenced 
by its root's absorptive capacity. Seedlings with the 
same shoot-root ratio or total dry weight do not 
always have similar potentials for survival because 
each may have a different type of root system with 
different absorptive capacity. For example, one 
seedling may have a large, heavy tap root and few 
laterals; whereas another seedling with the same 
shoot-root ratio may have a thick, fibrous mat of 
fine roots. The second seedling has more absorptive 
capacity and probably a higher field-survival poten- 
tial because it has more fine roots with which to 
absorb moisture. Thus, shoot-root ratios should not 
be used as a single indicator of seedling field- 
survival potential. 

Shoot-root ratios change constantly during the 
active growth period. The ratio decreases during 
periods of predominant root growth (early spring 
and fall) and increases during periods of active shoot 
growth. 

Seedling balance (shoot-root ratio) can be man- 
aged to a certain extent in the nursery. Cultural 
operations, such as seedbed density, undercutting 
and wrenching, transplanting, and proper fertiliza- 
tion management, can be used to lower the shoot- 
root ratio (see nursery practices). Improper nursery 
management may encourage a disproportionant 
amount of shoot growth, resulting in an unbalanced 
seedling with lower field-survival potential. 
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Seedling Nomenclature 
Planting stock is available in different species, 

sizes and types. Types of stock include bare-root, 
container-grown and transplant. For simplicity, 
both container-grown and bare-root stock are con- 
sidered seedlings, while the term transplant is 
reserved for stock that has been lifted and trans- 
planted into another nursery bed at wider spacing 
for at least one growing season. The size of stock 
within each category varies by species, length of 
growing period (that is, one to four or more years in 
the nursery), and growing conditions. Before discus- 
sing each type of stock, nomenclature systems for 
categorizing stock are discussed. 

Classification by Age 
Until recently stock classification was based on 

seedling age (that is, number of growing seasons). 
The first number of two digits gave the number of 
growing seasons seedlings spent in nursery seed- 
beds; the second gave the number of growing sea- 
sons spent in nursery transplant beds (transplant 
stock). Thus, a 2-0 seedling would have grown for 
two years in nursery seedbeds and would not have 
been transplanted. A 2-1 transplant would have 
spent two years in nursery seedbeds and one year in 
a nursery transplant bed. Older seedhngs and trans- 
plants were generally, but not always, larger than 
younger ones. 

The age classification system is too general and 
too variable to describe seedling characteristics 
accurately. A standard age does not describe seed- 
ling size (that is, height, diameter, and shoot-root 
ratio). Average size, varying yearly and among 
nurseries depends upon environmental conditions 
and nursery practices. One nursery may produce 2-0 
seedlings equivalent in size to 2-1 transplants of 
another nursery. 

Classification by Seedling Description 
Code 

A standardized description code has been de- 
veloped for more accurate tree seedling classifica- 
tion (52). This code quantifies the size of seedlings 
produced by height, stem caliper and shoot-root 
ratio. Other information or variations can be added 
to enhance regeneration planning and nursery man- 
agement. The basic seedling description code has 
already been adopted by some government agencies 
and private companies. Figure 6.10 contrasts the 
new seedling description code with the age classifi- 
cation system for some seedlings. The seedling 

characteristics the code describes are shown by this 
example. 

Sample Code: B-30-6-2.5-767 
• Type of tree (P for plug—container-grown, then 

removed—trees, B for bare-root trees.) 
• Height (measured to nearest centimeter from 

groundline to terminal bud tip on undam- 
aged trees, or to highest live point on central 
stem for damaged trees; 75 percent of trees 
must be within plus or minus 25 percent of 
average height). 

• Diameter (measured to nearest millimeter 
from within one inch of groundline where 
stem is round, not at intemodal swelling; 75 
percent of trees must be within plus or 
minus one millimeter of average diameter). 

• Shoot-root ratio (live tissue only measured by 
volumetric displacement of water; roots 
washed before measurement; all trees at or 
above this ratio). 

• Proposed planting season (three digit code for 
desired planting season; for example, 767 
represents the fall 1976 to spring 1977, 
planting season). 

The Weyerhaeuser Company uses a variation of 
this method in their forest regeneration catalog. The 
Weyerhaeuser code includes recommended planting 
sites for each major category (for example, high 
stress, or high competition site) and planting tools 
for each seedling class. This code also predicts the 
time needed to produce trees of each size class—an 
important prerequisite for planning and integrating 
all reforestation operations. Separations for differ- 
ent size classes or classifications for nursery stock 
are usually based on anticipated moisture stress, 
temperature extremes and competition for light. 

Forest tree planting stock should be identified by 
species, seed source, and nursery. Seed source 
should be identified by seed zone and elevation (see 
Chapter 5). The name and location of the nursery 
producing the stock should be recorded. A photo- 
graph of each nursery size class is useful for 
demonstrating the dimensions of stock produced, for 
providing a record of change over time, and for 
educating buyers in seedling morphology. 

This description code is a communication device 
and is not intended to be a culling or grading 
standard. Using the code allows more accurate 
communication between field foresters and nur- 
serymen regarding seedling characteristics. Nur- 
serymen need feedback to determine how each size 
class performs on different sites. With more field 
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Figure 6.10: Age alone does not describe accurately a seedling's size characteristics (height, stem diameter, shoot-root ratio). This photo 
shows the variation in some seedlings typically available from nurseries. The seedlings, their age, and size classification from left to right 
are: 2-1 Douglas-fir (B-40-8-2.0); large 2-0 Douglas-fir (B-50-10-2.5); medium 2-0 Douglas-fir (B-35-6-2.0); small 2-0 Douglas-fir 
(B-25-5-2.0); container-grown Douglas-fir (P-20-2-2.0); average 2-0 Hemlock (8-22-2-3.5); container grown Hemlock CP-12-1-2.0). 

performance results, recommendations for use (by 
site characteristics) can be incorporated into the 
code by each nursery. In addition, stock characteris- 
tics can be tailored to fit demands of particular sites 
by wrenching (see discussion, this chapter), varying 
bed density, and other cultural practices. The ulti- 
mate goal is to refine techniques of matching 
seedlings to sites to maximize reforestation success. 

Neither age classification nor the seedling de- 

scription code described here specifies the physiolog- 
ical condition of the stock. Both physiological and 
morphological characteristics are important indi- 
cators of a seedling's field survival potential. Seed- 
lings in proper physiological condition have a much 
better chance to survive and grow faster (26). The 
physiological condition of planting stock should be 
evaluated through laboratory tests (see Physiologi- 
cal Vigor this chapter). 
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Types of Stock 
Bare-Root and Transplant Stock 
Bare-root seedlings germinate from seed sown 

directly in nursery seedbeds (Figure 6.11). The 
seedlings remain in nursery beds until they are 
lifted for outplanting. Transplant stock comes 
primarily from bare-root seedlings and to a smaller 
extent, from container-grown seedlings. 

Production of bare-root nursery stock in Oregon 
for the 1976-77 planting season was about 77 
million seedlings (75). Almost 67 million were 2-0 
seedlings. Bare-root nursery capacity in Oregon for 
the same year was an estimated 103.6 million. In 
1976, 15 nurseries produced bare-root seedlings for 
Oregon (75). Additional seedlings are shipped to 
Oregon from adjacent states. 

The size and other characteristics of bare-root 
stock depend on the following variables: 

• Nursery environment—growing conditions. 
• Length of time grown. 
• Bed density and other cultural operations (see 

nursery production techniques for bare-root 
stock). 

• Management intensity. 
• Genetic capabilities—by species and seed 

source. 

Depending on the combination of these vari- 
ables, an assortment of planting stock is available in 
different species and sizes. Present sizes for bare- 
root stock range from 10 centimeters to over 70 
centimeters (4 inches to 24 + inches) in height, with 
respective stem calipers ranging from 2 millimeters 
to 9 millimeters (0.08 to 0.28 inch). Larger stock 
takes more time and space (lower bed densities) to 

Figure 6.11: Nursery beds with 2-year-old Douglas-fir seedlings. 

grow. Large stock can often be produced without 
transplanting by maintaining lower seedbed den- 
sities. This eliminates expensive transplant costs. 

Nurseries provide customers with a list of avail- 
able species, sizes and costs. Most nurseries work by 
contract and the buyer arranges for a specified 
number of seedlings with certain characteristics to 
be grown for him. Some nurseries sell surplus 
(non-contracted) stock when available (see your 
county Extension agent for a listing of forest tree 
nurseries in your area). Reforestation success is 
improved, however, with advanced planning so 
stock can be matched to the site and integrated with 
other reforestation operations (see Chapter 9). De- 
pending on the size you wish, you should order two 
to four years before the planting season. 

The basis for selecting stock is discussed later in 
this chapter (Matching Seedlings to Site). A com- 
parison of the advantages and disadvantages of 
bare-root and container-grown stock is presented in 
the following section. Stock selection should not be 
based solely on initial seedling costs! The true cost of 
reforestation is the total cost per established seed- 
ling. Therefore, stock options and site conditions 
must be weighed carefully. 

Container-Grown Seedlings 
Container seedlings are grown in individual 

containers for at least one growing season (Figure 
6.12). They are produced in greenhouses or 
shadehouses. Container-grown seedlings are out- 
planted with intact root masses and potting mix- 
ture—usually after one growing season; containers 
may be left intact or removed. Production of con- 
tainer-grown seedlings in Oregon has increased 
from less than one million in 1970 to an estimated 
42 million for the 1976-77 planting season. In 1976, 
15 nurseries in Oregon were producing this type of 
planting stock (75). In fiscal year 1975, 52 percent of 
all container seedlings produced in the United 
States were grown in Oregon; an additional 33 
percent were grown in Washington (79). For de- 
tailed information about container-grown seedlings 
refer to: Proceedings of North American Con- 
tainerized Forest Tree Seedling Symposium (Ed.'s 
R. W. Tinus, W. I. Stein and W. E. Balmer). Denver, 
Colorado, August 26-29,1974. Great Plains Agricul- 
tural Council Publication No. 68. This publication is 
distributed by the Rocky Mountain Forest and 
Range Experiment Station, USDA-Forest Service, 
Fort Collins, Colorado. 
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Figure 6.12: A 7-month-old seedling growing in a container. 

The containers 
Containers are of three basic types: tubes, blocks, 

and plug molds (4). Containers commonly have 
volumes ranging from 40 to 164 cm3 (2.4 to 10.0 in3), 
but some types are 410 to 655 cm3 (25 to 40 in3) in 
volume. New styles and sizes appear almost every 
year. A 1975 directory of manufactures is available 
(84). 

Tube containers are filled with a potting mixture 
and left intact when seedlings are planted. Tubes 
are made from a wide range of materials. Rigid 
plastic tubes increase the ease of planting, but they 
severely restrict future root growth in many cases. 
Semi-rigid, vegetable-fiber tubes may make plant- 
ing easier depending on type of planting equipment 
available. Normally these tubes do not limit root 
growth. Rigid plastic tubes that degrade in soil have 
been developed recently (4,13), but they are still 
being tested for biologic and economic feasibility. 

Rigid or semi-rigid block types serve as both 
container and potting mixture. Blocks usually are 
made of compressed peat moss, wood pulp, or 
polyurethane foam. Block-grown seedlings usually 
are easy to handle and plant. The blocks do not 
retard root emergence after outplanting, but often 
create a problem in the nursery, because roots 
intertwine between and beneath adjacent blocks 

when seedlings are being grown. Foam blocks have 
the additional problem of low water-holding capaci- 
ty (4). 

Plug molds are rigid, non-degradable containers 
that are filled with potting mixture. They differ 
from tubes in that seedlings are removed from plug 
molds before planting. Once removed, seedlings 
with intact masses of roots and potting mixture are 
called 'plugs' (Figure 6.13). There is no container 
wall to retard root growth after planting. Plug 
molds are, by far, the most commonly used type of 
container in the Pacific Northwest and western 
Canada (Figure 6.14). 

The seedlings 
All important timber species in the Northwest 

have been raised successfully in containers 
(54,82,89). An important characteristic of this type 
of stock is that the seedlings are complete when 
taken to the field; that is, none of the roots are left 
in the nursery as is the case with bare-root stock. 

Container-grown seedlings are generally 
younger, smaller, and less woody than bare-root 

Figure 6.13: Seedlings removed from containers before planting 
are called "plugs." Plugs have intact masses of roots and potting 
mixture. 
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Figure 6.14: Plug-mold containers in common use: (left to right) Ray Leach (RL) Single Cells, BC/CFS Styroblock, and Spencer-Lemaire 
Rootrainers. Each are holding 6-month-old lodgepole pine seedlings. 

seedlings. Actual size attained in a nursery depends 
on a combination of inherent growth characteristics 
and production techniques. For a given species, size 
usually increases with increasing size of container, 
length of growing season, or intensity of culture 
(3,29,76). Present target sizes for seedlings grown in 
small containers—volumes of 40 to 64 cubic cm (2.4 
to 3.9 cubic in)—range from stem heights of 10 to 24 
cm (4 to 9.5 in) and 2 to 3 mm (0.08 to 0.12 in) in 
diameter at the root collar (54,82). Target sizes for 
seedlings grown in containers with volumes of 410 
cubic cm (25 cubic in) are 15 to 30 cm (6 to 12 in) in 
height and 6 to 8 mm (0.24 to 0.32 in) in diameter at 
root collar (76). 

Culling standards vary somewhat by species and 
organization. Slow-growing species, such as western 
hemlock and true firs, sometimes are accepted if 
shorter than target height, but a stem diameter of 2 
or 3 mm (0.08 to 0.12 in) is generally considered the 
minimum acceptable. 

Root systems of container-grown conifer seed- 
lings usually consist of a central taproot, from which 
a mass of branched lateral roots extend. Roots 
should be well distributed through the potting 
mixture and, in the case of plugs, in sufficient 
quantity to maintain intact root balls during hand- 
ling and planting. Plug seedlings that lack firm root 
balls should be culled. The natural tendency for 

roots to spiral inside the surface of smooth-walled 
containers has been overcome by placing vertical 
grooves or ribs in container walls to direct root 
growth downward. 

Some natural infection of roots by mycorrhizal 
fungi does occur in greenhouses or shadehouses, but 
the occurrence is spotty and unpredictable. (Person- 
al communication. B. Zak, principal plant patholog- 
ist, retired, USFS Lab, Corvallis, 1976.) Because of 
the well-documented advantages of mycorrhizal 
roots on outplanted conifer seedlings (42), efforts 
are underway to develop and test artificial inocula- 
tion procedures suitable for large production 
facilities (41,76). For more information on mycor- 
rhizae, see Appendix G. 

Costs 
The cost of producing container-grown seedlings 

varies widely in the Pacific Northwest. Major 
reasons for this variation include differences in: 
costs of nursery facilities (depending upon type of 
stock grown, climate, nursery site differences, and 
management objectives); sizes of containers and 
their space needs; overhead costs and management 
personnel; production success; and accounting 
methods. 

Container-grown seedlings will remain expen- 
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sive. They require high overhead costs for well 
trained personnel, controlled environment facilities, 
energy sources for heating and coohng, and annual 
replacement of containers, potting mixture, or both. 
Although inflation may counter dollar savings, 
some cost reductions are probable as efficiency is 
improved in this rapidly developing field. 

Oregon and Washington (56). Using plug seedlings 
grown in a pilot-scale greenhouse nursery and 
bare-root stock from operational nurseries, approxi- 
mately 60 sets of plots have been established during 
the first 3 years of the program. A general summary 
of first- or second-year survival data from the plots 
in Oregon is given in Table 6.4. 

Evaluation of Container-grown 
Seedlings 

It was hoped that container-grown seedlings 
would solve reforestation problems on difficult sites 
and result in lower planting costs. But early field 
results raise some doubts. 

Potential advantages of using container-grown 
planting stock instead of bare-root stock include: 

• Quicker production, more flexible growing 
schedules. 

• Higher quality production of some species, 
such as western hemlock and true firs. 

• Intact or little-disturbed root systems— 
transplant shock is reduced. 

• Extension of planting seasons. 
• Easier planting in rocky soil or on debris- 

covered sites. 
• More adaptable to mechanization at the nur- 

sery and in the field. 

Potential disadvantages of container-grown 
planting stock compared to bare-root stock are: 

• Higher production and transportation costs. 
• Small amount of potting mixis subject to rapid 

moisture and nutrient losses. 
• Moisture stress may occur after outplanting 

due to inadequate contact of roots with soil, 
or inadequate depth of roots after planting. 

• T7ie generally smaller seedlings often are more 
subject to burial, overtopping by competing 
vegetation and damage from animals or 
insects (for example, Steremnius weevil). 

• Higher potential for root-binding ox spiralling 
—poor  anchoring in the soil may cause 
problems after many years. 

• More subject to frost heaving—especially if 
planting dibble glazes soil. 

A 1974 survey revealed that initial field per- 
formance of container-grown seedlings in the North- 
west has, overall, been poorer than that of bare-root 
planting stock (21). Field trips in 1974-75 by the 
OSU Extension reforestation specialist, substan- 
tiated this analysis. 

In 1973, the U.S. Forest Service began a 5-year 
program to produce container-grown seedlings and 
field test them against bare-root stock throughout 

Table 6.4. Comparison of first- or second-year sur- 
vival for container-grown and bare-root seedlings 
in Oregon.1 

Number Container- 
of test       grown     Bare-root 
 sites       seedlings   seedlings 

Percent Percent 
Douglas-fir (westside)   7 65 65 
Noble fir   4 80 78 
Ponderosa and lodgepole pines  8 71 82 
Hemlock   6 74 70 
Redcedar and Sitka spruce   4 84 90 
Sugar pine and white pine  2 96 58 

'Data on file at Pacific Northwest Forest and Range Experiment Station, 
USDA Forest Service, Portland, Oregon. Most of the tests involve small 
plugs and 2 + 0 bare-root stock, but in a few cases the plugs are large and/or 
the bare-root stock is 2- to 4-year-old transplants. Some tests include 
animal protection, but most do not. Results from all but 5 test sites are 
from the first year after planting. 

Differences in overall survival between bare-root 
and container-grown stock ranged from 0 to 11 
percent except in the case of sugar pine and western 
white pine. Tests of these latter species, however, 
involved large, 8- to 10-cubic inch (131-164 cm3) 
plugs. On the basis of 16 individual test sites, the 
survival difference between stock types was less 
than five percent in most cases (13 sites); survival of 
bare-root stock exceeded survival of container- 
grown seedlings on another 10 sites, and on 8 sites 
survival of container-grown seedlings was best. In 
further studies, all 6 tests on more mesic sites in 
Washington showed equal or better survival for 
container-grown seedlings. 

In Oregon the lower survival of container-grown 
ponderosa and lodgepole pines can be attributed to 
heavier animal damage then experienced by the 
older, woodier bare-root stock. The generally low 
survival of both types of Douglas-fir stock is prob- 
ably due to the tendency to install the tests on 
harsher than average sites for this species. 

Malformed or weakened root systems caused by 
spiralling of roots or excessive growth in small 
volumes of potting mixture are still concerns. Evi- 
dence of impeded root growth of seedhngs out- 
planted in rigid plastic tubes, in fact, led to the 
development of molded-plug systems (30). Prelimi- 
nary evidence indicates that root spiralling can be 
controlled by container design and cultural practice. 
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Furthermore, root development of plugs after out- 
planting is highly symmetrical. Most of the original 
root mass probably will fuse through grafting and 
not result in root strangulation (83). Problems of 
strangulation from excessive root growth can be 
controlled by cultural practice and altering the 
length of the greenhouse growing period. 

It is generally accepted that, given equal 
physiological conditioning, seedlings grown in large 
containers have better performance potential than 
those grown in small containers. Although prehmi- 
nary data (on file at U.S. Forest Service PNW Forest 
and Range Equipment Station, Portland) generally 
support this view, improvement in survival using 
stock from large plug molds often is slight enough to 
question its overall advantage over less expensive 
stock from small containers. Resolution of the ques- 
tion for specific situations will require more time 
and additional comparative field tests. 

First-year survival results are not reliable 
enough to draw firm conclusions, and first-year 
growth results are of little importance. As more data 

are gathered in the next several years, situations 
where container-grown seedlings consistently per- 
form very well or very poorly will be better iden- 
tified. Furthermore, quality of stock is improving as 
production knowledge and experience is gained. 

At the present time, it appears that container- 
grown stock will help meet the demand for high 
quality hemlock and true fir seedlings, which do not 
grow as well in outdoor seedbeds. Container stock 
also should be advantageous on extremely rocky or 
debris-covered sites. Unless new protective meas- 
ures are found, however, container-grown seedlings 
probably will prove impractical wherever small 
stock is subject to excessive competition, burial, or 
damage from animals or insects. In situations where 
field performance is a "toss-up," stock choice prob- 
ably will depend on relative costs, availability at 
specific times, speed and ease of planting, and type 
of planting equipment available. Despite the prob- 
lems, it is evident that container-grown seedlings 
can be considered an additional tool for regeneration 
foresters. 

Nursery Production Techniques 

Production Techniques for Bare-Root 
Stock 

Nursery managers have five basic cultural tech- 
niques for tailoring the size and physiology of 
bare-root seedlings: irrigation, fertilization, seed 
bed density, transplanting, and undercutting and 
wrenching. These operations are used to manage 
seedling height, diameter, shoot-root ratio, and the 
seedling's physiological vigor. Nursery treatment 
can critically affect seedling field survival potential 
either positively, if managed properly, or negative- 
ly, if unmanaged or mismanaged. Improved nursery 
practices, in conjunction with the seedling descrip- 
tion code and better site analysis by field foresters, 
make it possible for nurseries to produce better 
adapted stock matched for each particular field 
situation. This requires close cooperation and feed- 
back between nurseries and field foresters. The field 
forester must understand the important principles 
and limitations of the nursery operation and vice 
versa. Together, foresters and nurserymen can work 
out a realistic plan for maximizing field perform- 
ance of nursery stock. 

For a more in-depth treatment of nursery opera- 
tions consult the following references: 

Forest Nursery Handbook. R. van den Driessche. British 
Columbia Forest Service Research Note 48. 1969. 
Nursery Practice. J. R. Aldhous. United Kingdom Comm. 
Bull. 43. H.M.S.O. London. 1972. 

Forest Tree Nursery Soil Management and Related Practices. 
K. A. Armson and V. Sadreika. Ministry of Natural Re- 
sources Division of Forestry, Forest Management Branch. 
Ontario. 1974. 

Irrigation 
Irrigation is an important nursery management 

tool for modifying the seedling environment and 
influencing seedling behavior. Proper irrigation op- 
timizes seedling growth and vigor by regulating 
PMS, seedling temperature, and dormancy 
induction. 

The interaction between irrigation (soil mois- 
ture) and PMS is shown in Figure 6.15 for trans- 
planted ponderosa pine seedlings (10). Frequent or 
"heavy" irrigation kept seedlings below 15 bars 
PMS throughout the day, allowing near-maximum 
photosynthesis all day. On the other hand, PMS in 
seedlings that were not irrigated was more than 20 
bars throughout the day by mid-summer. Net photo- 
synthesis was negligible all day for these seedlings. 
Seedlings that received an intermediate treatment 
("moderate" irrigation) experienced at least 15 bars 
PMS from mid-morning through the afternoon. 
Thus, seedling photosynthesis was sharply curtailed 
most of the day with this treatment. 

The minimum level of PMS is critical; when a 
seedling has adequate moisture for recovery during 
the night, minimvun PMS will be low. PMS levels 
during the day are less likely to reach critically 
limiting levels when PMS recovers at night and 
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Figure 6.15: Effect of three different irrigation regimes on PMS 
in transplanted ponderosa pine seedlings during one day (10). 

begins at a low value early each day. As soil 
moisture decreases, recovery lessens and plants 
begin at higher PMS values; thus, critically-limiting 
levels are reached sooner. Under very droughty 
conditions seedlings may not recover at night to 
below Umiting levels. In these cases, photosynthesis 
and growth cease and the plant may die. 

During the early stages of seedling growth (after 
germination), irrigation is applied as often as 2 to 5 
times per day for cooling and moisture. To maximize 
growth during this period, minimum PMS (taken 
just before sunrise) should be 4 bars or less. When 
minimum PMS exceeds 4 bars, you should irrigate 
to rewet the soil in the rooting zone (10,74). 

Do not continually saturate the soil profile (that 
is, in excess of field capacity) because root metabol- 
ism will decline from lack of oxygen and thereby 
interrupt photsynthesis and growth. Continually 
saturated soils also provide more favorable condi- 
tions for damaging-off fungi. Cycling between field 
capacity and 4 bars minimum PMS during the 
active growth period should maximize seedling 
growth. 

Nursery irrigation schedules should be tailored to 
produce moderate PMS (see below) between mid-July 
and the beginning of fall rains. Under natural 
conditions, dormancy in Douglas-fir and ponderosa 
pine is induced and maintained by increasing PMS 
in the summer. Seedling buds are "hardened" by 
PMS and they do not resume growth in response to 
early fall rains. If nursery irrigation is too heavy or 

too frequent for a well-formed, winter-resting bud to 
form by late August, seedlings may produce a 
"second flush" of growth in late summer or early 
fall. Even though this growth appears favorable 
(since it increases seedling size), the "second flush" 
actually decreases seedling vigor in two ways. First, 
the additional tissue is freqently non-hardy and is 
easily killed by early frosts. Second, "second flush- 
ing" delays dormancy induction and the entire 
dormancy process. In turn, this delays the spring 
bud burst the following year, and impairs root 
growth. Thus, field survival potential is reduced. 
Trees without winter-resting buds are inferior and 
probably should be culled when the seedhngs are 
graded. 

First-year seedlings should initiate winter- 
resting buds no later than August 1 (preferably July 
15). Second-year seedlings should enter dormancy 
about two weeks earlier (35). 

Minimum PMS levels (predawn measurement) of 
between 12 to 15 bars are helpful for terminating 
height growth and initiating dormancy. Frequently 
spaced, very light irrigations, where moisture does 
not penetrate to the rooting zone, are most effective 
at reducing seedling temperature, while maintain- 
ing a moderate level of PMS. Seedlings in nursery 
beds should be cooled by irrigation during hot days 
when air temperature is in excess of 320C OOT). 

There are several techniques for evaluating the 
amount of water to be applied or the amount needed 
by trees in the nursery. Techniques that directly 
evaluate PMS (for example, a pressure bomb) are 
the most accurate for interpreting irrigation effects. 
Other techniques include using moisture blocks or 
tensiometers and measuring open pan evaporation 
rates. 

Fertilization 
Nutrients are removed from nursery soil by 

leaching, or when seedhngs are lifted. Fertilizers 
replace lost nutrients and maintain optimum nutri- 
ent levels in nursery soils. Timing of fertilizer 
applications can affect the dormancy process, field 
survival potential, and seedling morphology. 

Adequate nutrient levels must be maintained 
throughout the growing period to maximize seedling 
growth and vigor. Table 6.5 shows the effect of time 
of nitrogen application on growth response. Early 
spring applications (April) consistently produced 
larger seedlings than late spring treatments (June). 
The current trend in fertilization is toward more 
frequent light applications of fertilizer, beginning 
before seedling growth and continuing until shortly 
before moisture stress is induced in midsummer. 
Fertilization beyond the dormancy induction period 
may cause seedlings to "second flush," even at 
suboptimal moisture levels. Second flushing is espe- 
cially risky if nitrogen fertilizers are applied well 
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Table 6.5. Dry Weight of Fall-Sown Douglas-fir 
Seedlings Given Ammonium Nitrate1 at Differ- 
ent Times. 

Time of second-year application 
Time of first-                                            No 
year application application April June 

grams grams grams 
No application  4.74 6.78 6.68 
April   6.33 10.71 6.48 
June  5.20 7.66 6.10 
1 Tests were made at varying rates of application (40 pounds and 80 pounds 
nitrogen per acre). Results were averaged for this table to emphasize effect 
of time of application. 

into the summer. Combined high moisture and high 
nutrition levels in the summer will almost certainly 
prevent seedlings from entering dormancy and there- 
fore must be avoided. 

Fertilization requirements vary significantly 
between nurseries, depending on species produced 
and existing soil characteristics at the nursery site. 
Nursery operators should develop fertilizer 
schedules based on an analysis of soil fertility and 
foliar nutrition from both current and past nursery 
crops. The total amount of fertilizer and the amount 
of individual increments depends on the present 
nutritional status of the soil and typical nutrient 
uptake by the seedlings. In the Pacific Northwest, 
testing and interpretation of soil and foliar samples 
is done for a fee at Oregon State University, 
Washington State University and several private 
laboratories. Your county Extension agent can pro- 
vide addresses and sampling instructions. Specific 
fertilization treatments (amounts, forms, timing) 
can be worked out with specialists at these facilities. 

Seedbed density 
The density of seedlings in the nursery (seed- 

lings per square foot of seedbed) influences seedling 
size, vigor, and field performance. Seedling dry 
weight, stem diameter, and height decrease as 
seedbed density increases (5,65,80). For example, 
diameter of Douglas-fir seedlings grown at several 
bed densities in two different nurseries differed 
significantly, becoming progessively smaller as bed 
density increased (Figure 6.16) (16). 

Seedling field performance is affected by seedbed 
density. Average height growth of outplanted Doug- 
las-fir seedlings decreased with increasing nursery 
bed density (Figure 6.16) (16). In another study, 
survival of Jeffrey and ponderosa pines, two seasons 
after hand planting, ranged from 83 percent for 
seedlings grown at 20 per square foot to 62 percent 
survival for seedlings grown at 50 per square foot. 
Machine planting with comparable stock resulted in 
92 percent and 79 percent survival, respectively (5). 
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Figure 6.16: Average nursery stock diameter and field height- 
growth for 2-0 Douglas-fir by seed-bed density (16). 

The recommended optimum bed density for two- 
year-old-Douglas-fir seedlings in one nursery manu- 
al is 25 to 30 seedlings per square foot, depending on 
soil fertility and other nursery conditions (80). 
Another study recommends an optimum density 
below 40 seedlings per square foot, depending on 
field results of outplanted stock grown at different 
densities (16). The percentage of cull seedlings 
increases with increasing bed densities because 
competition among seedlings reduces their size and 
vigor. Thus, optimum bed density depends on 
species, cull standards, nursery conditions, and out- 
planting environment. Most Northwest nurseries 
are planting more densely than recommended here. 

Seedlings grown for three years at low bed 
densities are comparable in size and performance to 
seedlings that have been transplanted in the nurs- 
ery. Thus, increased production costs at lower bed 
densities can be offset by eliminating transplanting 
costs. Manipulating bed density may be especially 
beneficial in nurseries with soil-compaction prob- 
lems because equipment traffic is decreased by 
eliminating transplant operations. 

Transplanting 
Transplanting provides more space for seedlings 

to grow and encourages the formation of a better 
balanced seedling (that is, a more compact, fibrous 
root system and a lower shoot-root ratio). Trans- 
plants have a larger number of shorter roots than 
seedlings of the same age (80). These characteristics 
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also can be obtained by regulating seedbed density, 
undercutting and wrenching seedlings, or both (see 
respective discussions). 

Transplant bed density varies, but is usually 
about eight seedlings per square foot (based on 6 
inches between rows and 3 inches between plants in 
a row). The process of lifting and transplanting 
encourages a more compact, fibrous root system, as 
opposed to long, sparse roots, especially if seedlings 
are undercut before lifting. If transplants were 
originally in high-density seedbeds, the wider spac- 
ing and reduced competition in the transplant bed 
will promote taller, more vigorous seedlings with 
larger diameters. 

Seedlings should be lifted for transplanting 
when they are dormant (December to February). 
Transplanting should take place as soon thereafter 
as the transplant beds are prepared, or by early 
spring (March or April) at the latest. Survival 
decreases if seedlings are transplanted in late 
spring. Roots must be protected from drying during 
the entire operation (see section on s°eedling 
handling). 

Transplants normally come from seedlings that 
have spent one or two growing seasons in nursery 
seedbeds. Seedlings under 4- to 5-inches generally 
should be left for another growing season in the 
seedbed. On the other hand, seedlings more than 12 
inches tall are not well suited for transplanting. 
Transplants from two-year-old-seedlings (2-1's) are 
generally taller, stouter and heavier than trans- 
plants from one-year-old-seedlings (1-1's). 

A second year in the transplant bed (1-2's or 
2-2's) increases the height and stem diameter of the 
transplants and results in an even more dense root 
system. After 2 years in the transplant bed, how- 
ever, the shoot-root ratio is higher than after just 1 
year, resulting in a less balanced plant. As a rule, 
the shoot-root ratio after 2 years in the transplant 
bed is still more favorable than the ratio for non- 
transplanted seedlings grown at high bed densities. 

Undercutting and wrenching 
Undercutting is a method of pruning seedling 

roots in the nursery bed. It helps reduce shoot-root 
ratio by limiting height growth, promoting a more 
compact, fibrous root system, and by inducing dor- 
mancy and cold-hardiness. A sharp blade is tractor- 
drawn horizontally through the bed to trim roots at 
a predetermined depth, usually 4 to 8 inches below 
the surface. Preferably cutting is done with a sharp, 
oscillating blade, because roots are cut clean and not 
shredded or pulled off. 

Subsequent horizontal cuttings with an inclined 
oscillating blade, called wrenching, may be used to 

stimulate root growth and induce dormancy, pre- 
sumably by inducing moderate moisture stress. The 
wrenching blade is generally duller than the under- 
cutting blade and is passed through the bed at an 
angle. The blade is set 1 to 2 inches deeper than for 
undercutting. This process disturbs and aerates the 
soil and trims off any new, deeply penetrating roots. 

Effects of undercutting or wrenching depend 
upon when and how they are done, and on other 
conditions in the seedbed, such as the degree of 
competition among seedlings in the bed. When 
water or nutrients are limited, undercutting or 
wrenching may not produce noticeable effects. 

Most studies report reduced height growth of 
undercut seedlings (47,49,61,81). In a study with 
Douglas-fir at the Weyerhaeuser Jefferson Nursery, 
undercut and wrenched stock had significantly less 
height and diameter growth, less branch formation, 
and less shoot dry-weight than untreated control 
stock. Root dry-weight was not affected. Thus, 
wrenched stock had a significantly lower shoot-root 
ratio (2.2 compared to 4.8 for control). Wrenched 
seedhngs had more thin, fibrous roots, compared to 
the few, thick roots of control seedlings. Undercut- 
ting and wrenching also accelerated dormancy and 
cold hardening of Douglas-fir seedlings in fall (73). 

Undercutting and wrenching improved field sur- 
vival in this study, especially on southerly expo- 
sures. After 1 year in the field, average survival of 
wrenched seedlings on north slopes ranged from 81 
percent to 94 percent, compared to 60 percent 
survival for control stock. On south slopes, survival 
of wrenched stock ranged from 68 percent to 72 
percent, compared to 25 percent for the control. 
Wrenched survivors appeared to be more vigorous 
and had more branches and buds than control 
survivors (73). 

Undercutting and wrenching also has been re- 
ported to increase seedling resistance to damage 
from root exposure, drying, cold storage, and trans- 
planting (81). Wrenching on coarse soils may result 
in chlorotic, nutrient-deficient seedlings unless com- 
pensated by increased apphcations of fertilizer, sc' 
moisture, or both (73). 

Undercutting is normally carried out before 
seedlings commence their second growing season, 
but after early spring root activity is nearly com- 
plete (April to June). Cutting during this period 
stimulates further liftable root growth and results 
in a more dense, compact, root system. Root pruning 
during July and August limits shoot growth, but has 
less influence on stimulating new root growth. Late 
summer disturbances are primarily used to encour- 
age dormancy induction. The exact timing of each 
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operation varies by nursery climate and nursery 
objectives. 

Early undercutting to produce more roots in 
proportion to the shoot, followed by repeated 
wrenching at 1- or 2-week intervals to maintain a 
favorable balance of roots to shoots and encourage 
dormancy is currently being tried, but excessive soil 
compaction results from heavy equipment traffic. 
When undercutting is aimed at producing a better 
balanced seedling, a single early-spring cutting 
should succeed (18) and reduce the compaction 
hazard. Continued disturbance at longer intervals (3 
to 4 weeks) should be tested, because it is more 
desirable to stimulate many short fibrous roots than 
to allow existing roots to elongate past the lifting 
depth. Seedbed density control and transplanting 
also should be considered as methods of producing a 
better balanced seedling. 

Production Techniques for 
Container-Grown Stock 

Facilities 
Container-grown seedlings are produced in 

shade-covered houses or frames, or greenhouses 
with heating and cooling systems, or combinations 
as either separate or convertible structures (Figure 
6.17). Use of shadehouses to grow seedlings is 
limited to the regular growing season. Greenhouses 
provide climate-control conditions for extended or 
accelerated growing periods or more than one crop 
per year. Combination facilities provide versatile 
conditions for extended or accelerated growing sea- 
sons in greenhouses, and more natural, less expen- 
sive shadehouse space for mid-summer growth, 
hardening-off, and overwintering in areas of rela- 
tively mild climate. 

Figure 6.17: Portion of large, well-controlled greenhouse used to produce container-grown conifer seedlings in Oregon. 
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Containers 
Choice of container should be based on both 

nursery and field considerations. The container 
should: 

• Remain intact through nursery and handling 
periods. 

• Be suited to mechanized handling. 
• Have provisions for good drainage and produc- 

tion of non-spiralled root systems that do not 
intertwine between or beneath adjacent 
containers. 

• Be deep enough to permit roots to be in balance 
with desired height of tops and to ensure 
root contact with moist mineral soil after 
outplanting. 

• Allow unrestricted root growth after outplant- 
ing, either by root penetration and rapid 
degradation of the container or by easy 
removal of the container when outplanting. 

• Be economical in both nursery and field 
operations. 

For efficiency, each nursery will chose only a few 
types and sizes or containers. Reforestation for- 
esters must find a balance for their own situations 
between the lower costs associated with small con- 
tainers and generally higher performance potential 
of seedlings grown in large containers. Table 6.6 
lists a range of typical containers, average size of 
seedlings produced in each container, and the 1975 
retail cost per thousand seedlings. 

Cultural practices 
Tube or plug-mold containers are filled with a 

potting mixture—usually 1 to 3 parts peat moss and 
1 part vermiculite. You can substitute bark and 
perlite. Do not use soil because it is too heavy and 
has relatively low water-holding capacity. 

Sow seeds that have been stratified (stored in 
layers with a moistened medium) directly into filled 
containers and cover with a light layer of rock grit 
or additional potting mixture. Then place containers 
on benches or pallets in a greenhouse or shadehouse 
and keep well-watered during a 2- to 4-week germi- 

nation period. Sow two or more seeds into each 
container to ensure that each container is filled with 
a seedling. Thin to one vigorous plant per container 
shortly after germination is complete. Instead of 
discarding thinned germinants, transplant "extras" 
into containers in which germination failed. This 
can reduce seed requirements, and it results in 
increased numbers of healthy seedlings. Some grow- 
ers use variations such as planting young germi- 
nants into containers or transplanting 1-year-old- 
seedlings into large containers for a second year's 
growth. 

Irrigation of container-grown seedlings must be 
heavy and uniform, but do not saturate seedlings 
constantly. During active growth, periods of slight 
moisture stress—up to 5 atmospheres (bars) PMS— 
between waterings result in sturdier, better- 
conditioned planting stock than if watering is done 
daily. 

Fertilization must be frequent and uniform to 
ensure proper growth. Fertilizer regimes vary de- 
pending on local conditions, species, and operator 
preference (8). The pH of the potting mixture should 
be between 4.5 and 5.5 so that minerals are readily 
available for uptake by seedlings. 

Greenhouses offer unique opportunities for 
stimulating seedling growth. In addition to provid- 
ing warm temperatures when outdoor levels may be 
suboptimal, lighting systems can be used to 
lengthen photoperiods, and CO2 can be added to the 
greenhouse atmosphere to increase the rate of 
photosynthesis. There are dangers, too, such as 
excessive temperatures or over-stimulation of 
growth. Insects and diseases can spread rapidly 
under these growing conditions. Thus, greenhouses 
must be operated by knowledgeable and experienced 
personnel who know how to meet unexpected 
situations. 

Container seedling operations offer one of the 
best opportunities for controlled mycorrhizal infec- 
tion of stock. The bulk of container stock produced 
today goes to the forest in a near non-mycorrhizal 
state. The methods of producing seedlings and the 
media used are not conducive to natural mycorrhizal 

Table 6.6. Range in Pacific Northwest 1975 Container-Grown Douglas-fir Seedling Costs, by Types and Sizes. 

Average seedling 
classification 

Container type Container volume Height Diameter SIR 

1975 cost 
range per 

thousand seedlings 

Styroblock  
Styroblock   
RL single cell   
RLsinglecell   
Crown Zellerbach cell 
Crown Zellerbach cell 

Cubic inches 
2 
8 
4 
6 
3 

40 

cm 
15 

20-25 
15-20 
20-25 
15-20 
35 

mm Ratio 
2 2 $ 45-70 
3 2-2.5 75-120 
3 2 50-90 
3 2-2.5 60-100 

2.5 2 40-70 
6 2 150-400 
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development. Once planted, seedlings usually be- 
come infected with native mycorrhizae. 

The growing media is the ideal place to begin 
mycorrhizal infection. Inoculum can be placed in the 
mixes along with other additives. Caution is re- 
quired because the normal high nutrient regimes 
and resultant salts used may kill the mycorrhizae. A 
modifed nutrient regime is required. 

Inoculum is not yet available, but limited 
amounts could be produced on an experimental 
basis. Several different fungi could be used. 
Greenhouse managers should experiment with 
mycorrhizae on a practical level. Improved seedling 
performance should result, but experiments have 
shown that germination may be off slightly when 
mycorrhizal fungi are added to growing media 
before germination. 

Mycorrhizal seedlings should perform better in 
the planting site than non-mycorrhizal seedlings. 
The day of sophistication will come where seedlings 
are artificially inoculated with mycorrhizae that 
match those found at the planting site. In the 
meantime, selected mycorrhizal fungi inoculum will 
be as beneficial. Once planted, native mycorrhizae 
will probably replace those on the trees over a 
season or two. 

Growing and conditioning schedules 
Determination of specific schedules depends on a 

variety of factors such as environmental require- 
ments of species being grown, facilities available, 
and desired sizes and dates of availability for 
planting. 

Western conifers grown in containers require a 
nursery period of 6 to 9 months. The last one-third to 
almost one-half of this time should be devoted to 
inducing dormancy and frost hardiness. Many early 
failures of contadner-grown stock occur because 
adequate physiological conditioning is not achieved. 

Container-grown stock must be conditioned for 
outplanting in much the same way as bare-root 
stock. In addition to reducing applications of nitro- 
gen and water, feasible techniques to induce dor- 
mancy and frost hardiness include artificially 
shortening the photoperiod (53,72), and moving 
seedlings from greenhouses to shadehouses (54). 

Tables 6.7 and 6.8 are target growing and condi- 
tioning schedules. Actual schedules vary among 
nurseries for reasons mentioned earlier, but these 
schedules illustrate the types of procedures and 
timing nurseries should strive to achieve. Some of 
the conditions specified may be hard to achieve in 
practice, but in many cases approximations will 
result in adequately conditioned seedlings. 

Although some greenhouses with good controls 
for temperature, light intensity, and photoperiod 
may be able to produce seedlings out of sequence 

Table 6.7. Target Scheduling for Greenhouse Pro- 
duction of Seedlings to be Outplanted in the Fall 
(35). 

1. December 15 to January 15. Germinate seed. 
2. January 15 to June 15. Active seedling growth. Artificial 

illumination of about 1,000 foot candles intensity should 
be supplied for 14 hours each day to supplement natural 
light until April 1. 

3. June 15 to August 1. Induce dormancy and develop 
winter-resting buds. The following will stimulate a transi- 
tion from active shoot elongation to dormancy. 

a) moderate PMS. 
b) 8 to 10 hour daily photoperiod. 

=c) low nitrogen content of nutrient solution. 
4. August 1 to October 15. Maintain seedlings with winter- 

resting buds at no more than a 10-hour photoperiod, with a 
temperature range from 130C (SS'D to 240C (750F) daily. 

Table 6.8. Target Scheduling for Greenhouse Pro- 
duction of Seedlings to be Outplanted in the 
Spring (35). 

1. February 1 to March 1. Germinate seed. 
2. March 1 to August 1. Active seedling growth. No supple- 

mental illumination required. 
3. August 1 to September 15. Induce dormancy and develop 

winter-resting buds. The following will stimulate a transi- 
tion from active shoot elongation to dormancy: 

a) moderate PMS. 
b) 8 to 10 hour daily photoperiod. 
c) low nitrogen content of nutrient solution. 

4. September 15 to November 15. Maintain seedlings with 
winter-resting buds at no more than a 10-hour photo- 
period, with a temperature range from 130C (550F) to 24°C 
(75D daily. 

5. Maintain seedlings in an unheated greenhouse with tem- 
perature programmed for about 4.50C (40oF) until 
outplanting. 

with the normal growing season, foresters receiving 
such stock should determine that requirements for 
conditioning (completion of dormancy cycle) have 
been met. At the same time, foresters should not 
make unreasonable timing demands on nur- 
serymen. Basic seedling physiology and dormancy 
cycles must be taken into account. 

Container-grown stock for spring planting usual- 
ly is held over the winter by placing it in cool 
greenhouses, shadehouses, or cold storage. Holding 
it in greenhonses is good insurance against freeze 
damage, but it may prevent fulfillment of chilling 
requirements if the winter is warm and sunny. 
Likewise, in a greenhouse, a late winter warm spell 
may induce early bud-break. Shadehouses provide 
natural overwintering conditions, but permanent 
root damage may occur if temperatures drop much 
below freezing without protective heating. Douglas- 
fir roots are particularly sensitive to temperatures 
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below — 6.50C (20°^. Storage in coolers eliminates 
problems from unfavorable weather conditions, but 
extended cold and dark storage can reduce subse- 
quent seedling vigor. Thus, selected procedures 
must be based on available facilities, expected 
weather conditions, and experience. 

The preceding discussion assumes that planting 
will be done during the normally cool, moist, fall- 
through-spring planting seasons in Oregon. The 

protective root balls of container-grown seedlings 
reduce planting shock so that summer planting of 
actively growing seedlings is possible if the soil is 
sufficiently moist. Summer planting probably 
should be limited to ideal sites where soil moisture 
is retained by complete vegetation control, natural 
or artificial mulch, or irrigation. Night tempera- 
tures would have to remain above freezing for some 
time after planting. Conditioning for winter would 
occur naturally. 

Matching Seedlings to Site 
Each conifer seedling requires light, tempera- 

ture, moisture, and nutrients for survival and 
growth. These requirements vary by species, mor- 
phological characteristics and physiological condi- 
tion of the seedling, and the seedling environment. 
Each site has a unique seedling environment that 
varies from season to season, year to year, and by 
management activities, or other disturbances to the 
site. Harvesting, for example, changes the amount 
of light, water, temperature, and nutrients in the 
seedling environment. The level of competing vege- 
tation, animals, or mechanical damage usually 
changes after harvesting. If a conifer seedling is to 
estabhsh itself, its requirements for survival and 
growth must be compatible with site conditions, 
especially during the initial establishment phase. 

Stock Selection and Modification 
By selection of species and morphological charac- 

teristics, stock can be matched to site conditions. 
The relative tolerances of most conifer species to 
different environmental extremes are listed in 
Table 2.3. The actual tolerance of each individual 
seedling within a species will vary depending on the 
seedling's preconditioning, genetic composition, 
overall environmental conditions, and handling of 
the stock. Long exposure of roots to drying condi- 
tions, for example, makes any species more suscep- 
tible to environmental stress. 

Modification of Seedling Environment 
A site's resources can be modified through har- 

vesting, site preparation or certain planting opera- 
tions (for example, mulching). 

• Harvesting has the greatest potential for 
changing the seedling environment (see Chapter 3). 
Harvesting methods often limit future options in 
obtaining reforestation. Before undertaking any 
harvest operation, the regeneration forester should 
anticipate its affect on the seedling environment. The 
latitude of choice in selecting a silvicultural tech- 
nique is greatest on sites where energy, water, and 

other environmental gradients are well within the 
tolerance limits of conifer seedlings. 

• Site preparation is useful for altering condi- 
tions in the seedling environment. Competition for 
moisture and light by other vegetation can be 
reduced or eliminated, depending upon seedling 
requirements. Site preparation is discussed in Chap- 
ter 7. 

• Special planting techniques, such as mulching, 
shading, or irrigation, are discussed in Chapter 8. 
These operations may be useful in special cases for 
alleviating harsh environmental conditions at the 
time of planting. 

Environmental conditions optimum for growth 
are not necessarily the same as those for establish- 
ment. Additional manipulation of the seedling en- 
viroment may be required to favor growth following 
establishment. For example, Douglas-fir stands bor- 
dering the Willamette Valley exist where evapora- 
tive stress and limiting soil water make clearcutting 
a poor risk for reforestation. Since western hemlock 
does not compete under these conditions, planting 
Douglas-fir under the canopy has been tried. This 
technique resulted in 64 percent survival the first 
year compared to 38 percent in adjacent clearcuts 
(37). After seedlings are estabhshed, all or part of 
the overstory can be removed to provide conditions 
more favorable for seedling growth. 

Field Experience 
For each site there is usually more than one 

"correct" reforestation prescription, but not all pos- 
sibilities will result in the same survival and growth 
rates, or costs. There is no substitute for experience 
in this decision-making process. Field trials of 
various alternatives in your area provide the best 
information for future decisions. Good records of all 
reforestation operations should be kept for future 
reference. Records should be as complete as possible, 
including seed source, date of lifting, length of 
storage, time of planting, stock characteristics, and 
site conditions. 
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Seedling Handling 
Root Exposure 

Between lifting and planting, seedling roots are 
exposed and vulnerable to environmental stress. 
Seedlings are particularly sensitive to temperature 
and moisture extremes during this time. Exposure 
of roots to drying conditions significantly decreases 
seedling survival (24,25,48). The critical length of 
exposure varies by seedling condition and the sever- 
ity of the surrounding environment. (Warm, dry, or 
windy conditions are the worst.) Seedling resistance 
to stress or damage during this period of exposure 
depends on the physiological condition of the seed- 
ling and precautions taken to avoid damage. 

Dormant seedlings can tolerate longer periods of 
root exposure than nondormant seedlings. Short 
exposures (a few minutes) visually are not critical 
unless seedhngs are not dormant, or if conditions 
are extremely droughty (23,66). In general, exposure 
of roots kills seedlings or decreases growth. 

Lifting 
A seedling's potential for survival after outplant- 

ing is affected by the interaction between lifting 
date and the dormancy cycle (Figure 6.18) (26). 
Seedlings lifted when completely dormant have the 
highest resistance to damage or stress imposed 
during handling (Figure 6.19) (24,26). Seedlings 
lifted either before complete dormancy or after 
dormancy has passed have poorer survival and 
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Figure 6.18: Field-survival potential of seedlings in relation to 
date of lifting from Douglas-fir nurseries west of the Cascade 
Mountains. Potential varies according to characteristics of site 
and planting stock, but seedlings lifted in midwinter dormancy 
have the highest potential. Soil normally does not freeze, so 
lifting during winter months is possible. 
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Figure 6.19: Resistance of seedlings to damage by exposure 
during lifting and handling (25). 

growth after outplanting (26,34). In addition, seed- 
lings lifted in late winter produce more active roots 
than seedhngs lifted in fall (34). Increased root 
activity improves survival chances. 

Some nurseries are completely frozen from De- 
cember to February, especially in eastern Oregon, 
and lifting cannot be done during this period. The 
different climates of these nurseries accelerate dor- 
mancy induction in fall and delay post dormancy in 
spring. Thus, there are still two short periods within 
the dormant cycle when lifting will maximize seed- 
ling resistance to damage and field-survival poten- 
tial. Lifting must occur as close before and after the 
projected dates of frozen conditions as possible 
(Figure 6.20). Lifting will have to be accomplished 
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Figure 6.20: Field-survival potential of seedlings in relation to 
date of lifting from ponderosa pine nurseries east of the Cascade 
Mountains. Potential varies according to characteristics of site 
and planting stock, but seedlings lifted in midwinter dormancy 
have the highest potential. Soil freezes during winter, so lifting 
operations are limited. 
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within several weeks in late fall before the projected 
freeze date and again within several weeks after 
thawing in spring. Exact times will vary among 
nurseries. Weather records help establish the proba- 
bility of freezing and thawing conditions for particu- 
lar dates and are useful in planning lifting 
operations. 

Without careful handling even dormant seed- 
lings can lose critical amounts of internal moisture 
during drying conditions, or suffer cellular damage 
from freezing. If storage facilities will be used, the 
interaction between lifting date and the effects of 
storage, reinforce the importance of lifting while 
seedlings are dormant. 

Nursery Cold Storage 
Seedlings must be kept within carefully con- 

trolled temperature and moisture limits between 
lifting and planting. Exposure to extreme conditions 
drastically reduces seedling survival and growth 
after outplanting. Seedling temperature should be 
maintained at about 1.50C (SST). PMS should be 
below ten bars, preferably below 5 bars. Seedling 
respiration increases rapidly above 4.50C (40°F), 
depleting a seedling's valuable reserves of moisture 
and carbohydrates. 

Researchers in the Pacific Northwest are experi- 
menting with subfreezing storage, at about — 4CC 
(25^). Low temperatures tend to reduce mold prob- 
lems and decrease respiration, so dry matter loss is 
lower (27). Promising results in seedling vigor and 
survival appear in some tests, particularly with 
storage of white spruce in Canada. 

Testing this procedure has merit because some of 
the cells cytoplasm does not freeze until approxi- 
mately -2° to -40C (28° to 25^). Water in the 
intracellular spaces freezes at 0oC (32°^, however, 
and ice crystals formed there can cause significant 
cell damage. Intracellular water freezing, perhaps 
combined with other factors, probably has been the 
cause of past failures in storage at subfreezing 
temperatures. Therefore, subfreezing storage is not 
recommended until more extensive testing is com- 
pleted and more answers are known. Based on our 
present state-of-knowledge and experience, any 
time trees are subjected to freezing while in the 
bare-root condition, we assume the seedling has 
been damaged. 

Moisture stress is minimized in cold storage 
when seedling roots remain moist and transpiration 
remains low. High humidity (50 percent or more) 
around seedlings reduces transpiration, but a vapor 
barrier, such as a closed bag or box, is most effective 
in limiting moisture loss during storage (see Weath- 
er Guildlines for Planting, Chapter 8). 

The effect of storage on seedling performance 
depends on the interaction between lifting date and 
length of storage. Dormant seedlings can tolerate as 
much as 3 months of storage without reducing 
seedling vigor or field performance (69). 

The ability to grow new roots after outplanting is 
maximum for seedlings Ufted between January and 
March; lifting at this time causes little damage to 
this capabihty (Figure 6.21). Cold storage of seed- 
lings lifted during a high capacity for root growth 
extends this period of maximum capability. In 
contrast, cold storage of early or late lifted stock 
reduces a seedling's ability to generate new roots 
after outplanting. For fall or spring lifted stock, 
increasing storage time decreases seedling field 
performance. Optimum lifting date and length of 
storage varies among nurseries and from year to 
year (70). 
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Figure 6.21: The effect of cold storage on root-growth capacity 
depends on lifting date. Seedlings lifted in December and 
January and placed in cold storage for 3 months had more 
elongated roots 1 month after transplanting into a growth 
chamber than stock that was lifted in December or January and 
transplanted immediately (fresh stock) into a growth chamber. 
Cold storage at all other times decreased seedling root growth 
capacity compared to fresh stock. To achieve maximum root 
growth after outplanting in March or April, when root growth 
capacity of fresh stock is declining, stock should be lifted in 
December or January and placed in cold storage until it is 
transplanted (70). 

Packing for storage 
Packing materials have been studied as one 

method of protecting bare-root stock from desic- 
cation during storage or transportation 
(45,46,49,50,51,78). The most effective and widely 
used treatment is packing seedlings in completely 
sealed bags or cartons (Figure 6.22). Sealed contain- 
ers are most effective in reducing water loss. 
Polyethylene film or carton coatings are used as 
sealants because they are impermeable to water, but 
permeable to carbon dioxide. The use of moss, bark, 
or other moisture-retaining packing material, is 
helpful for long term storage, but it is no longer 
necessary  for routine  storage  because  sealed 
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Figure 6.22: Bare-root seedlings usually are packed in 
polyethylene-lined boxes or bags for storage and shipping to 
reduce moisture loss from the seedlings. 

polyethylene-lined bags maintain their humidity 
over reasonably long periods of time (15). 

Storage room conditions 
Seedling temperatures rapidly build up to lethal 

levels if bundles of seedhngs are not cooled ade- 
quately. Seedling temperature (not storage room 
temperature) is critical. Heat builds up in sealed 
bags of seedlings, even at low storage temperatures. 
Therefore, do not stack bundles more than two high, 
so air can circulate freely around each bundle and 
draw off heat generated by the seedlings. You may 
need to set room temperature lower than the desired 
seedling temperature in order to achieve that seed- 
ling temperature. 

Favorable combinations of heat and moisture 
within bundles can cause seedlings to start growing. 
To prevent this, monitor temperature and moisture 
inside the packing bags, especially those stored for 
long periods. The extra investment in checking will 
pay off in maintaining optimum seedling vigor. 

During these checks, remoisten the roots if they 
are beginning to dry out, or if PMS is above five 
bars. Note however, standing, or puddled water in 
bags can drown root tips and promote mold. Occa- 
sionally rotate packing bags or boxes (top to bottom) 
to redistribute moisture that has condensed on the 
top of the packing bag. 

Since sealed bags of seedlings maintain their 
humidity over long periods of time, humidity in 
storage facilities does not need to be maintained 
rigidly. Keep humidty in the storage area at approx- 
imately 50 percent to slow evaporation from the 

bags. The nursery manuals listed earlier and other 
publications (1,27) deal with cold storage in more 
detail. 

Cold storage facilities 
Basic designs of all cold storage facilities include 

(27): 
• Adequate insulation. 
• Cooling capacity for maintaining temperature 

at -50C (230F) during the hottest weather, 
with emergency backup equipment. (Some- 
times it is necessary to cool the storage room 
to as low as - 5°C to reduce seedling temper- 
ature to within the recommended range.) 

• Double doors with dead air between them— 
large enough to accommodate mechanical 
handling devices. 

• Direct access to the sorting and packing shed. 
• Adequate circulation to be sure no dead air 

pockets develop among or within seedling 
stacks. 

• Adequate monitoring equipment for continu- 
ous at-a-glance recording of temperature in 
all parts of the building, including probes 
for insertion into seedling packages. 

• Equipment to facilitate quick handling oi stock 
going into and out of storage, especially on 
pallets or wheeled carts. 

In addition, some facilities have alarm systems 
on their monitoring equipment hooked up to the 
offices and homes of key personnel so problems can 
be corrected as soon as possible. 

PMS Guidelines for Bare-root 
Seedlings in Storage 

Bare root seedlings in storage should always 
measure less than 10 bars PMS, preferably 5 bars or 
less. Between 10 and 20 bars the risk of damage to 
root tissue increases substantially, particularly if 
seedhngs were lifted in a nondormant condition. 
When seedlings exceed 20 bars PMS in storage, 
damage is likely and mortality on outplanting often 
results. If PMS exceeds approximately 50 bars, 
seedlings are either dead or will die soon. 

Storage Molds 
Molding of foliage causes severe losses during 

storage and can reduce survival and growth. Mold- 
ing occurs at high relative humidities, or when free 
water is on the foliage. Free water originates from 
lifting stock after rains, wetting foliage during 
packing, using excessively wet packing materials, or 
from condensation when storage temperatures flue- 
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tuate. Molding is favored by high storage tempera- 
tures, although no critical level has been estab- 
lished. Danger and severity of molding increase 
with duration of storage, especially when conditions 
are favorable for mold development (1,27,28). 

Some molds are not harmful. These usually occur 
only on seedling roots. Harmless root molds do not 
cause root tissue to slough off when rubbed. Prolif- 
eration of mycorrhizal fungi may be mistaken for 
root molds (Figure 6.23). Mycorrhizal fungi aid 
seedlings in nutrient and water uptake (62). For 
more detailed information on mycorrhizae, includ- 
ing identification, see Appendix G. 

On the other hand, molds found in seedling 
shoots usually are harmful molds. They may be 
slimy to the touch. If seedling tissue sloughs off 
when rubbed, or is obviously damaged, destroy 
them. Most protective-type fungicides recommended 
for mold control during storage have had negative or 
inconclusive results in tests (27). Some tests of 
systemic-type fungicides have showed promise in 
controlling storage mold (28). Seedlings with a 
portion of their roots diseased, or with a stem 
canker, may survive in the nursery under near 
optimum conditions, but will die in more stressful 
field conditions. Spray seedlings that suffer winter 
freeze damage with a fungicide before lifting. 
Weakly parasitic fungi invade following freeze dam- 
age and they proliferate in storage. 

Nursery diseases are discussed in more detail in 
the nursery manuals listed earlier. Diseases that 
affect seedlings in the field Eire dealt with in 
Chapter 10 and Appendix D. Nursery managers 

Figure 6.23: Proliferation of mycorrhizal fungi should not be 
mistaken for root molds. 

must assume responsibility for producing and 
delivering disease-free stock, but regeneration for- 
esters must still take responsibility for planting 
only disease-free stock. 

Handling, Storage, and Transportation 
of Container-Grown Seedlings 

Just as with bare-root stock, it is best not to 
prepare container-grown seedlings for storage or 
shipment until they are fully dormant. The potting- 
mix should be at field capacity (maximum available 
water after drainage) and the foliage surface should 
be dry when the seedlings are packed. 

Seedlings may be packed by trays, blocks, or 
individually. Keeping seedlings in their containers 
reduces production costs and protects roots until 
planting. Keep seedlings upright to reduce loss of 
potting mixture and crushing the plugs. In other 
systems, seedlings are extracted from containers at 
the nursery, bagged or wrapped in small groups, and 
placed in waxed packing boxes. This technique 
allows careful grading at the nursery and reduces 
space needs. Individual handling is time consuming, 
expensive, and the root plugs lose protection pro- 
vided by the containers. Whatever packing system is 
used, prevent moisture loss from the plugs when 
possible. 

You can store properly packed container-grown 
seedlings successfully at near-freezing tempera- 
tures. Maintaining a constant low temperature is 
particularly important for this type stock, because 
moisture from the potting mixture provides humid 
conditions for mold development and the intact root 
systems are likely to begin actively growing. 
Periodic addition of water (as done for packed 
bare-root seedlings) is not necessary, or advisable, 
when container grown seedlings are packed 
properly. 

Good first-year survival has been observed in 
many instances with container-grown stock stored 
for 1 to 2 months and, in a few instances, with stock 
stored for 6 to 7 months. No failures from long 
storage of properly packed stock have been observed 
or reported. 

Transportation of properly packed container- 
grown seedlings should be done under the same 
conditions as recommended for bare-root stock. The 
extra weight and bulk of container seedlings adds to 
the cost of transportation. For example, shipping 
container-grown pines in refrigerated commercial 
trucks cost $3.00 to $3.75 per thousand seedlings in 
one study compared to $1.00 to $1.25 for bare-root 
seedlings for distances up to one thousand miles 
(20). Localized operations permit fuller use of the 
operational flexibility offered by container-grown 
planting stock. 
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Root Dipping and Transpiration 
Retardants 

Various chemicals have been tested in an effort 
to reduce water loss by transpiration from seedlings 
during storage and planting operations (2,40,59,63). 
In most cases, seedlings treated with chemicals do 
not perform significantly better than untreated 
seedlings; in some instances treatment results in 
decreased survival. 

Root dipping freshly lifted seedlings in water 
alone is the only consistently beneficial treatment. 
One study (48) found that during any season of 
lifting and planting, dipping roots in water in- 
creased both survival (83.5 +. 4.7 percent survival 
when dipped, versus 77.2 JL 7.0 percent when 
nondipped) and terminal growth (9.46 +. 0.42 cm 
when dipped, versus 9.0 +. 0.42 cm when nondipped) 
on seedlings exposed to air for periods up to 3 hours. 

In another study, average PMS was significantly 
lower in Douglas-fir and noble fir seedlings where 
roots were dipped in water and covered with sphag- 
num moss, compared to seedling roots coated with 
clay slurry, zanthum gum, or sodium alginate (55). 
A clay slurry root dip resulted in substantially 
inferior survival compared to untreated bare-root 
seedlings in another project (88). 

The importance of minimizing seedling exposure 
and using correct lifting, storage, and planting 
procedures are discussed in other sections of this 
manual. Proper planning and care of planting stock 
make chemical transpiration retardants un- 
necessary. 

Transplant Shock 
Transplant shock is an interruption in the nor- 

mal growth of a seedling when it is transplanted 
from the nursery to the field. The shock, or slowing 
of growth, results from abnormal physiological 
stress placed on the seedling during the lifting, 
storage, or planting processes. 

Seedlings experiencing transplant shock fre- 
quently have needle dieback, fail to burst bud, or 
both. Occasionally with ponderosa pine seedlings, 
only the foliage on the candle flushes, and other 
needles die. 

Figure 6.24 contrasts a typical growth curve of a 
2-year-old seedling with seedlings experiencing dif- 
ferent degrees of transplant shock (curves A and B). 
The seedling in curve A experienced a temporary 
reduction in growth and then resumed growing at 
the uninterrupted rate.  This is a commonly- 
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Figure 6.24: Effect of different degrees of transplant shock on 
seedling height growth during the first growing season after 
outplanting. Curves A (slight shock) and B (severe shock) are 
contrasted to a normal natural seedling (no shock). 
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experienced degree of transplant shock. On the 
other hand, the seedling represented by curve B 
suffered a longer reduction in growth and, in fact, 
never fully recovered to the preplanting growth rate 
during the first growing season. 

The degree of transplant shock influences the 
seedling's chances for establishment. Transplant 
shock, depending on severity, may have economic 
implications if it increases rotation length, or if it 
means additional site treatments or replantings will 
be necessary to meet operational objectives. 

Transplant shock in one study resulted in similar 
growth rates for all size classes of Douglas-fir the 
first season after planting, thus reducing the ben- 
efits of large stock (67). Similar results in another 
study indicated that reducing transplant shock may 
be more valuable in promoting rapid initial growth 
than using larger stock (86). 

The degree and duration of transplant shock 
depend on the type and duration of stress. Seedhngs 
planted in optimum physiological condition (dor- 
mant and with low PMS), into a favorable environ- 
ment, may experience little interruption in growth. 
Frequently, however, if environmental conditions 
are severe or if handling of the stock is suboptimal, 
transplant shock will slow or stop seedling growth. 
A combination of severe site conditions, poor quality 
stock, and improper handling techniques can lead to 
a long interruption of growth, or result in death. 
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Abstract 
Site preparation is used to create an environment suitable for establishing 

the desired tree species. This environment can be created by altering ground 
cover, soil, or microsite conditions using mechanical clearing, prescribed 
burning, herbicides, or a combination of methods. Combinations of herbicides 
with mechanical clearing or burning are especially useful. The use, environ- 
mental impacts, and limitations of individual methods are reviewed. An 
extensive bibliography is presented to allow more detailed study of each 
method and provide background for preparing justification or environmental 
impact statements. Methods suitable for preparing bums and cuttings, poorly 
stocked portions of existing plantations, and brushfields for reforestation are 
suggested. 
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Oite preparation refers to any planned measure 
Oused to prepare a site for either natural or 
artificial regeneration of a forest stand. Specifically, 
it is an operation conducted to achieve one or more 
of the following objectives (92,127): 

• Rid areas of logging slash or other debris. 
• Reduce competition and animal habitat. 
• Prepare a mineral soil seedbed. 
• Reduce compaction or improve drainage of 

surface and upper soil horizons. 
• Create a more favorable microsite on harsh 

sites. 
• Control disease. 
Logging slash, residual vegetation, and other 

debris often hinder establishment of natural repro- 
duction and provide a barrier to reforestation by 
planting (Figure 7.1) (33,74,101). Lack of residue 
treatment can favor establishment of shade-tolerant 
species on some areas (74) or permit seedling estab- 
lishment in frost pockets on other areas (11). 

Competition for soil moisture from residual and 
invading species can reduce survival and growth of 
young conifers (6,82,97,98,99,104,132,133). In addi- 

tion, vegetation provides habitat for animals that 
injure or kill small seedlings. 

Herbaceous and woody species rapidly invade 
newly disturbed areas making conifer establish- 
ment more difficult. For example, ponderosa pine 
seedlings may survive competition from grasses if 
planted concurrently with seeding of grasses; sur- 
vival may decrease 30 percent or more for each 
year's delay in planting (2). Therefore, you should 
begin site preparation and reforestation as soon as 
possible after logging or wildfire. More costly and 
drastic site preparation methods will be necessary if 
reforestation is delayed. 

Mineral soil is the ideal seedbed for establish- 
ment of most conifers. Often, the exposed forest 
floor of newly logged sites consists of a layer of 
unincorporated organic matter. Site preparation 
may be required to expose sufficient mineral soil for 
natural regeneration or artificial seeding. While 
exposing mineral soil is less essential with planting, 
you should avoid letting organic matter fill the 
planting hole, especially on drier sites. You may 
need to clear a spot down to mineral soil, large 
enough to plant each tree. 

Figure 7.1: Logging slash and residual vegetation often hinder reforestation efforts on new cuttings. 
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On some sites, particularly on skid roads and 
around landings, soil compaction produced by log- 
ging may reduce infiltration of water, exchange of 
carbon dioxide and oxygen between soil and air, and 
root and height growth of seedlings (35). Treatment 
is necessary to loosen compacted soil or hardpan 
layers and permit growth of trees. On exposed, dry 
sites, deliberate preparation of favorable niicrosites 
for seedling establishment may be necessary. Fur- 
rowing, trenching, or other methods can provide 
better temperature and soil moisture conditions on 
such areas. On other areas special site preparation 
measures may be necessary to improve soil 
drainage. 

Special effort during site preparation will im- 
prove the general health of regeneration, and can 
reduce or eliminate several specific disease prob- 

lems. For example, destroying mistletoe-infected 
advance regeneration or whips after clearcutting 
will assure a healthy new stand, and removing 
Phellinus (Poria) weirii infected stumps on those 
sites where economically and physically feasible 
will greatly reduce root rot losses. 

Slash, competing vegetation, or adverse soil con- 
ditions are common on new bums and cuttings and 
in brushfields throughout the Pacific Northwest. 
Therefore, site preparation is not only desirable but 
necessary to establish conifers on most sites. You 
must establish priorities and select the proper site 
preparation method for successful regeneration. The 
wrong method can create environmental conditions 
less favorable for seedling estabhshment than those 
present before site preparation (84,85). 

Site Preparation Priorities 
Site preparation can be expensive, so you should 

do it properly. It is one step in a specific plan 
designed to obtain a fully stocked stand of the 
desired species. The plan you choose must consider, 
anticipate, and adequately fund the sequence of 
silvicultural actions necessary to achieve the objec- 
tive. Begin your plan with an inventory of needs and 
establishment of priorities as stated in Chapter 9. 

Allocate funds for site preparation first to the 
most productive sites and to projects having the best 
chance for success. Give high priority to preventing 
establishment of new brushfields and dense grass 
communities on current cuttings. To gain experi- 
ence before tackling more difficult problems, start 
with easier conditions, more urgent needs, and 

proven methods.   For best results, establish the 
following priorities for site-preparation effort: 

1) New bums and cuttings. 
2) Nonstocked or poorly stocked portions of ex- 

isting plantations. 

3) Brushfields of merchantable hardwood or 
hardwood-conifer types. 

4) Young, relatively pure brush types. 
5) Older brush types composed of few species or 

of simple structure (one canopy layer). 
6) Nonmerchantable hardwood types composed 

of many species or of complex structure (more than 
one canopy layer). 

Site Preparation Methods 
Four site preparation methods are used in the 

Pacific Northwest and are discussed in this chapter. 
The methods are Mechanical, Prescribed Burning, 
Chemical, and Combinations of the three. The 
suitabiUty of these for achieving specific site- 
preparation objectives is summarized in Table 7.1 
(127). 

Table  7.1  Suitability of Four Site Preparation 
Methods. 

Preparing Creating 
Removing     Reducing       mineral       Reducing      favorable 

Method debris      competition soil compaction   microaitea 

Mechanical   X X X X X 
Prescribed 

burning   XXX 
Chemical  X 
Combination .... X X X X X 

Additional sections discuss factors influencing 
choice of method and suggested methods for site 
preparation on new bums and cuttings, in existing 
plantations, and in brushfields. 

Mechanical 
Logging disturbance 

Use of logging equipment to remove vegetation 
and slash and to expose mineral soil is the most 
common mechanical site preparation. Accom- 
plishing site preparation during the logging opera- 
tion can be economical and efficient. The degree of 
site preparation achieved, however, is highly vari- 
able as currently practiced, probably because it is 
only a byproduct of logging and usually is not 
included as an objective in the logging plan. 
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Site preparation obtained by logging disturbance 
is similar to that obtained by scarification. How- 
ever, effects are confined to skid roads and may not 
be distributed adequately to achieve desired results. 
For example, one study showed 23 percent of a 
clearcut unit slightly disturbed and only 9 percent 
deeply disturbed after high-lead or tractor logging 
(27). Exposure of mineral soil by logging disturb- 
ance alone ranged between 12 and 44 percent of the 
cutting (74). 

Degree of disturbance influences amount of 
vegetation present during the first 2 years after 
logging (26). Plant cover on undisturbed portions of 
a clearcut may be 3 times as great as that on slightly 
disturbed portions, and 20 times as great as that on 
deeply disturbed areas (26). The deeply disturbed 
areas probably present a poor environment for 
establishment of any vegetation including conifers. 

Erosion and soil compaction may occur if logging 
disturbance is severe (35). Erosion is especially a 
problem on steep slopes where high-lead logging is 
used; it is less likely on more gentle terrain where 
tractor logging is used (95,113,114). Soil compac- 
tion, on the other hand, usually is more severe on 
tractor-logged sites (27,107). Soils with a wide range 
of particle sizes, such as sandy clay or loam soils, 
may be compacted to a greater density and will 
compact at lower moisture content than more uni- 
form soils (35). For minimum adverse effects on 
these soils, logging should be scheduled for the dry 
summer season or on snow during the winter. 
Planned use of logging disturbance is best confined 
to stable soils and gentle slopes. 

Many shrub species, such as madrone, tanoak, 
salmonberry, and vine maple, resprout from crowns 
and roots after logging injury. Therefore, except in 
areas dominated by nonsprouting species or in dry 
climates where recovery of vegetation is slow, re- 
liance on logging disturbance alone is rarely suc- 
cessful as a means of suppressing competition for 
the desirable seedlings. Chemical control of residual 
species before planting and use of sprays to release 
trees from competition after planting probably will 
be necessary. 

As residue utilization increases and amount of 
logging slash decreases, logging disturbance will 
become a more important means of site preparation. 
If adequately planned and used in combination with 
other techniques, such as prescribed burning or 
chemical brush control, it can produce excellent 
results. Because use of fire or chemicals is limited 
where overstory trees remain, plannned logging 
disturbance may be the best method of site prepara- 
tion in shelterwood, selection, or other partial-cut 
silvicultural systems. 

Scalping 
Scalping, or hand clearing of individual planting 

spots during planting, is another common site 
preparation method. Scalps are usually made with 
the end or side of a planting hoe (Figure 7.2). Size of 
scalped spots may vary from a narrow slit to a 
cleared area several feet square, depending on 
rooting habits, capacity of competing plants to 
reinvade openings, and difficulty in removal of the 
vegetation. 

Scalping must remove roots to prevent resprout- 
ing of the competing residual plants or moisture 
depletion from the cleared area by vegetation adja- 
cent to but rooted under the scalped spot. For 
example, one study in Idaho found that scalped spots 
had to be at least 4 feet in diameter to establish 
ponderosa pines on grassy areas (59). Further, all 
vegetation and the top 4 inches of mineral soil had 
to be removed. Slit scalps 1 Ms to 2 feet long, 6 to 10 
inches wide, and 2 to 6 inches deep have been used 
with some success on pumice soils in the Entiat 
Ranger District of the Wenatchee National Forest in 
Washington. 

Studies with ponderosa pine in Arizona 
(63,64,65) and central Washington (112) show that 
scalping alone may not produce adequate site prepa- 
ration. However, on small isolated cuttings or on 

Figure 7.2: Hand scalping can be done with the side or end of a 
planting hoe. 
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small ownerships, well-made scalps may be the only 
economically feasible method. Scalping is also suit- 
able in newly established grass cover on recent 
cuttings; it is less effective in stoloniferous and 
rhizomatous grasses or in well-established grass and 
shrub cover. Scalping with hand tools may be 
necessary to remove organic matter from planting 
spots after chemical site preparation. 

Mechanical clearing 
Mechanical site preparation is more versatile 

and adaptable than other methods. For example, 
self-propelled or tractor-drawn equipment is avail- 
able to disc, furrow, terrace, trench, strip, rip, 
punch, slit, drag, chop, till, chum, or crush the 
ground and vegetation on it (18). This equipment 
can be used to remove debris, reduce competition, 
prepare seedbeds, reduce soil compaction, or create 
favorable microsites (127). Other than high opera- 
tion costs, the major limitations of mechanical site 
preparation are the likelihood of soil disturbance 
and terrain; safe operation of most equipment is 
limited to slopes of less than 35 percent. Improper 
use of mechanical site preparation can compact 
soils, disrupt normal drainage patterns, and remove 
significant amounts of nutrients. 

Four mechanical techniques have been used for 
site preparation and brushfield conversion in the 
Pacific Northwest: 1) pile or windrow and bum, 2) 
crush and bum, 3) disc plow, or 4) masticate with 
hammermill-type flail choppers (47). Large tractors 
equipped with toothed brush blades or rake blades 
have proved most useful for piling and windrowing 
brush or slash on gentle slopes (Figure 7.3). Toothed 
blades can be pushed through the soil to uproot 
brush species while minimizing movement of topsoil 
into windrows. The windrows may also be moved to 
uproot brush buried under the piles. This practice is 
recommended to reduce resprouting of undisturbed 
shrubs. 

Specialized V-shaped shearing blades, such as 
the Rhome K/G Clearing Blade or Fleco V-Tree 
Cutter, have been developed for clearing strips 
through dense brush (Figure 7.4) Shearing blades, 
unlike bulldozer blades, have a flat sole on the 
bottom to allow them to float on top of the ground 
without digging in (62). This technique is most 
effective in brushf ields composed of brittle-stemmed 
species such as manzanita. They have been vised 
with some success in central Oregon in areas having 
no more than a few isolated rocks. However, shear- 
ing blades do not uproot shrubs, and many species 
resprout readily after their tops are removed. Fur- 
ther, the blade may cut into the soil and move 
topsoil into the windrows. Other blades, such as root 
plows, are designed to cut and remove stumps and 
roots by shearing them off from below ground (119). 

These move less topsoil but can cause considerable 
mixing of surface and subsoil layers. 

High-lead scarification, developed in western 
Washington by Longview Fibre Company has been 
used to prepare red alder brushf ields for planting on 
steeper slopes. This method uses a 50-foot tower 
with hydraulic drive to both main line and haulback 
drums. As shown in Figure 7.5, one tailblock is fixed 
as with normal high-lead logging; the other tail- 
block is attached to a large tractor. The tractor is 
moved toward the fixed tailblock as each road is 
cleared. Standard butt rigging with chokers or a 
scarification tool made of weighted drums is con- 
nected to the main line and haulback. Each skid 
road is prelogged to remove merchantable trees 
before the scarification tool is pulled up and down 

d^HB ' 
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Figure 7.3: Tractors equipped with rake blades are useful for 
slash and brush piling on gentle slopes. 

Figure 7.4: Shearing blade used to clear brush near Klamath 
Falls. 
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6UYLINES 

HAULBACK 

Figure 7.5: High-lead scarification requires a short interlocked 
tower (A), a fixed tail-block (B), and a moving tail-block attached 
to a large tractor (C). 

the slope. Field observations suggest that high-lead 
scarification is most efficient on concave rather 
than convex slopes. The major disadvantages of this 
method are high operating costs and soil 
disturbance. 

Crushing can be accomplished with standard 
angle blades operated 6 to 12 inches above ground to 
minimize loss of topsoil. This technique is most 
useful for crushing and compacting brittle-stemmed 
species before burning (47). It is usually more 
effective on mature brush than on young shrubs; 
effectiveness may be increased and cost reduced if 
shrubs are killed with herbicides before they are 
crushed. 

Large tractors are best for crushing or clearing 
heavy concentrations of slash and brush on gentle 
terrain. Smaller tractors equipped with standard 
angle blades are more successful for clearing ter- 
races or strips along contours on steeper slopes 
(Figure 7.6). 

Figure 7.6: Contour terraces on a hillside in the Oregon Coast Range. 
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Terraces are wider than strips and often can 
accommodate a tree-planting machine (92). Inward- 
sloping terraces have been used in dry, hot climates 
of Idaho and Montana to hold water, restrict 
downslope soil movement, and reduce soil surface 
temperatures. Outward-sloping terraces have been 
recommended for salal-dominated hillsides in west- 
em Oregon (89), but terraces can be used only on 
deep, stable soils on slopes between 20 and 50 
percent. Terracing should not be used on shallow 
soils, steep slopes, or droughty sites. In addition to 
the obvious loss of topsoil, terracing increases the 
potential for mass slope failure if areas are selected 
indiscriminately (92). Therefore, its use is not 
recommended. 

Large tractors can be used yo-yo fashion to pull 
each other up and down steep slopes. This technique 
has been used successfully for brushfield conver- 
sion, but can result in compaction and channeling of 
run off water 

Heavy, anchor chains can be dragged between 
two large tractors to crush brush (47). Like crushing 
with an angle blade, this may be most effective on 
brittle- and small-stemmed brush species (Figure 
7.7). Chaining is most frequently used to clear 
pinyon-juniper rangelands prior to seeding grasses 
and is rarely used in forestry. 

Where slopes do not exceed 25 percent, brush can 
be crushed and chopped into small pieces with 

rolling choppers such as the Marden B7, towed by 
tractors, or with self-propelled choppers, horizontal- 
shaft cutters, vertical-shaft cutters, flails, and ham- 
mermills (62). Rolling choppers come in a variety of 
sizes and most can be filled with water to increase 
weight (Figure 7.8). Cutting force increases as 
chopper speed increases, so choppers should be 
operated as fast as safety permits. Choppers are 
most effective on hard ground and small-diameter 
material. If the slash is too supple to break and the 
ground too soft to be an effective anvil, treatment 
will be inadequate (62). On light pumice soils, stem 
fragments can be forced into the ground, allowing 
air movement into the soil during the dry summer 
season (47). This may increase mortality of seed- 
lings planted in the area. 

Self-propelled equipment usually is more expen- 
sive and less flexible than tractor attachments. The 
uses and limitations of specialized slash- and brush- 
clearing equipment are discussed in a recent sum- 
mary (62). Only a few of these, such as the Case 
Tree-Eater or Young Tomahawk, have been used 
much for site preparation (Figure 7.9). Others, such 
as the Kershaw Klear-Way and the Hydro-Ax, are 
now being tested on forest land in Oregon and 
Washington (62). 

Degree of clearing varies greatly. In California, 
small openings are not successful and complete 

Figure 7.7: Crushing with an anchor chain and weighted float from submarine net in northern California. 
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Figure 7.8: Rolling choppers can be used for crushing brush and slash on gentle terrain. 

Figure 7.9: Case Tree-Eater for treating logging slash. 

clearing is the rule (104). Nearly complete clearing 
using toothed brush rakes is preferred for brushfield 
reclamation on gentle terrain throughout Oregon 
and Washington. Tractors with V-blades are used to 
clear alternate strips up and down slopes on some 
ownerships in eastern Washington and central Ore- 
gon as illustrated in Figure 7.10 (53). Narrow strips 
may concentrate animals near planted rows and 
provide nearby cover. Windrows often are burned 
where they might harbor tree-eating animals. Ani- 
mal damage can be reduced further by clearing 
large areas, greater than 120 feet, between wind- 
rows (52). 

Scarification alone is a useful method in non- 
sprouting brush types. For example, extensive rela- 
tively pure stands of Howell manzanita occur on the 
western slope of the Cascade Range and in the 
Siskiyou Mountains (40,52). The shrubs do not 
crown-sprout when the tops are cut off a few inches 
above the ground. Rabbit damage was less and 
ponderosa pine survival better in a mechanically- 
cleared area than in a nearby area of chemically 
killed manzanita (40). Where rabbit browsing is apt 
to be a problem in manzanita brushfields, consider 
mechanical eradication or burning to remove brush 
(52). 

Mechanical clearing assures excellent site prepa- 
ration on areas that cannot be burned or on dense 
stands of brush species resistant to herbicides. 
Planting on mechanically prepared sites may be less 
costly than on sites with live or dead standing brush. 
Although mechanical clearing is expensive, costs 
can be minimized if tractors are kept moving for- 
ward and work around obstructions rather than 
attempting complete eradication (53). 

Information on mechanical clearing in evergreen 
brush types is available in other reports (52,104). 
Summaries of equipment use and limitations and 
evaluation of clearing and crushing attachments for 
tractors are available (62,119). 
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Figure 7.10: Narrow lanes cleaned through dense brush are rapidly reoccupied by resprouts and seedlings of brush species. 

Mechanical eradication has these advantages 
(53): 

• Assures excellent preparation even in stands of 
species resistant to herbicides. 

• Planting on mechanically prepared sites may 
be less costly than planting in live or dead 
standing brush and slash. 

These disadvantages are reported (53): 

• Mechanical eradication is more expensive than 
other methods. 

• Tractors can only be used on slopes less than 35 
percent. 

• Scheduling of equipment may be difficult be- 
cause clearing is best done during summer. 

• Soil compaction may be a problem. 

• Eradication loosens topsoil, increasing erosion 
hazard and fostering germination of dor- 
mant brush seeds buried in the soil. 

Mechanical clearing is often the most expensive 
method of site preparation—especially if complete 
eradication is specified. Poorly drained soils or soils 
with a large variation in particle sizes must be 
cleared during summer to minimize soil compaction. 
Even then, some compaction is likely. Use care to 
prevent disruption of normal soil drainage patterns. 
Although site preparation methods, such as high- 
lead scarification, yo-yo scarification, and terracing, 
are available for steeper slopes, they are even more 
expensive and erosion hazard is greater than on 
more gentle slopes. Clearing also exposes the site to 
greater temperature extremes (25). Effects of 
mechanical site preparation on soils and on site 
productivity are reviewed by Gutzwiler1 and in cited 
reference 58. 

Mechanical eradication of residual brush species 
often stimulates the development of herbaceous 

'Gutzwiler, Jerry R. Mechanical site preparation for tree plant- 
ing in the Inland Northwest. Manuscript prepared for the 
Proceedings of Tree Planting in the Inland Northwest, Washing- 
ton State University, Pullman. In Press. 
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vegetation. Owners often schedule a herbicide appli- 
cation within the first two years after clearing to 
reduce competition and habitat for deer and small 
tree-damaging rodents. 

Prescribed Burning 
Fire is nature's principal method of preparing 

sites for a new stand (127). In fact, many of our most 
valuable commercial timber species, such as Doug- 
las-fir and ponderosa pine, owe their present dis- 
tribution to fires. Despite hazards associated with 
its use, fire has become a valuable tool for site 
preparation; it can remove logging slash and other 
debris, reduce competition, and expose mineral soil 
(127). 

Probably more has been written about the use of 
prescribed burning in the Pacific Northwest than 
any other site preparation technique. For readers 
who want more detailed reports, information is 
available on specific application of burning in new 
cuttings and in brushfield clearing (1,5,8,53, 
54,57,66,72,78,103,104,120,125,128). Information is 
also available on the effects of burning on vegeta- 
tion (28,38,67,77,106,131), on soils (23,24,32,68, 
79,115,123,129,130), on streams (73), and on air 
quality (3,15,16,61). 

Burning should be timed to minimize the adverse 
effects of fire on soils. Fuel moisture must be low 
enough to permit burning, but surface litter and soil 
moisture must be high enough to prevent damage. 
Burning of new cuttings is accomplished shortly 
after a rain in spring or fall in the Cascade Moun- 
tains and on drier sites in southwestern Oregon and 
east of the Cascades. On wetter sites along the west 
slope of the Coast Ranges, areas may be burned in 
mid- to late-summer after slash has thoroughly 
dried. 

If slash cover is moderate to heavy and live 
vegetation is absent or light, cuttings can be broad- 
cast burned without prior special treatment. How- 
ever, shade from a moderate to heavy cover of live 
vegetation will retard drying of the slash and reduce 
burning effectiveness (Figure 7.11) (128). On such 
sites, the vegetation should be defoliated with herbi- 
cides to allow the slash to dry before burning. On 
moist, shaded sites or on areas with a light slash 
cover under the vegetation, area ignition methods 
also may be necessary to obtain an adequate bum 
(66,103). 

Prescribed bums are often started with diesel- or 
gasoline-fed drip torches, flame throwers, or back- 
firing fusees. Burning can also be accomplished 
using helicopters  (72).  The  fire may be set in 

Figure 7.11: Vegetative cover may retard drying of slash on new cuttings in the Coast Range. 
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progression or several points ignited at once. For 
certain conditions, multiple ignition to simultane- 
ously fire all or parts of an area may be preferable. 
One way to achieve multiple ignition, also called 
area or mass ignition, is to use wired circuits 
equipped with electrical fuse lighters and diesel-gel 
or napalm ignition charges (Figure 7.12) (66,103). 

Compared with single-point firing, multiple igni- 
tion has the following advantages (103): 

• More flexible in timing 
• Allows time for careful survey and layout to 

provide the most effective firing pattern 
• Provides more positive control in developing 

fire progression and behavior 
• Requires only a few men to lay out circuits; men 

can be used in support work during the bum 
• Burning is safer because circuitry is laid out in 

advance 
• Allows safer burning at night 

These disadvantages are reported: 
• More expensive 
• Fire boss is committed to  a certain firing 

pattern and design 
• Prewired circuits can be damaged by animals, 

people, or rolling materials 
• Pre-detonation can occur if lightning strikes a 

circuit or hits nearby 

To reduce the chance for pre-detonation, most areas 
should be wired as close to the planned burning time 

Figure 7.12: Units can be wired with primacord and cans of 
jellied gasoline prior to burning by mass ignition. 

as possible. One study discusses prescribed burning 
and lists these advantages (53): 

• Burning can be used on steep terrain 
• Burning produces large, easily planted areas 
• Burning does not cause soil compaction 
• Burning costs less than mechanical eradication 

These disadvantages are asserted: 
• Fire control can be difficult and expensive 
• A large complement of well-trained personnel 

is required; this limits the amount of acreage 
that can be burned 

• Smoke pollution can be a problem; local burn- 
ing restrictions further reduce the acreage that 
can be burned 

• Burning is not suitable for highly erodible soils 
• Many shrubs resprout if fires do not kill the 

roots and root crowns; fire may induce germi- 
nation of seeds of some brush species 

• Burning results in loss of soil nutrients, espe- 
cially nitrogen 

One study found that the average slash bum on 
clearcuts in western Oregon and Washington con- 
sumed nearly all fine fuel, left nearly all logs, and 
severely burned less than 6 percent of the soil 
surface (77). Broadcast burning initially reduces 
residual shrub cover and increases herbaceous cover 
(28,77,131). 

Type of site disturbance strongly influences suc- 
cessional trends. For example, along the west slope 
of the Oregon Cascades, residual species such as 
vine maple, oxalis, and salal dominate undisturbed 
areas (28). Areas disturbed by logging, but un- 
bumed, support a wide variety of both residual and 
invading species. Light- to severely-burned sites are 
occupied by invading species such as snowbrush and 
fireweed. Heat from broadcast burning can induce 
germination of seeds of some species such as var- 
nishleaf ceanothus and mountain whitehorn 
ceanothus (41,50). These species often will dominate 
vegetative cover within a few years after burning 
(Figure 7.13). 

The main advantages of prescribed burning are 
its relatively low cost and feasibility for use on 
slopes too steep for mechanized equipment. Its 
major disadvantages are hazard, need for highly 
trained burning crews, and possible deleterious 
effects to the site. 

Burning heavy fuel concentrations or burning 
when fuel and litter layer moisture content is very 
low can result in adverse effects on the soil. These 
effects include loss of nutrients and organic matter 
and change in soil structure and populations of soil 
micro-organisms. Field observations suggest that 
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Figure 7.13: Young Douglas-fir in open on an old skid trail where 
logging debris was removed before slash disposal. The tall and 
dense cover of vamishleaf ceanothus in the background shows 
where logging slash was broadcast burned inducing germination 
of ceanothus seeds in the soil. 

severely burned areas, characterized by a red soil 
color and lack of organic matter, are difficult to 
regenerate. 

Studies of broadcast burning of logging residues 
in the Pacific Northwest showed 42 percent of the 
clearcut was left unbumed and only 5 percent was 
severely burned (30,115). This indicates use of fire 
probably does not seriously harm a significant 
amount of soil. However, loss of nutrients bound in 
slash and litter layers, especially nitrogen, may 
affect long term productivity. Loss of fertility can be 
overcome through use of fertilizers or naturally- 
occurring nitrogen-fixing plants. 

Studies in British Columbia indicate a $30 per 
acre savings in bare-root planting costs on burned 
plantations compared with unbumed plantations 
(122); container planting was $9 per acre less on 
burned areas. While survival of planting stock may 
be higher on burned areas, animal damage may be 
greater due to improved animal access (36). 

Local guidelines for burning usually specify 
temperature lapse rates, air stability, and speed and 

direction of wind. Burning in compliance with these 
guidelines will maximize smoke dispersion and 
limit pollution in populated areas. Following these 
restrictions is essential if prescribed burning is to be 
retained as a silvicultural tool. Despite its hazards 
and limitations, burning probably will be necessary 
for site preparation in much of our rough mountain- 
ous terrain. 

Chemical 
Chemical site preparation becomes a considera- 

tion for situations where competing vegetation is 
the major factor limiting reforestation. If other 
conditions such as access or controlling small ani- 
mal populations are also important on the site 
involved, then herbicides might be combined with 
mechanical removal or burning. Herbicides often 
are used in new bums and cuttings, in nonstocked or 
poorly stocked portions of plantations, or in existing 
brushfields. Because more drastic and costly meas- 
ures are required to establish conifers in well- 
developed plant communities, herbicides are most 
effective when used on small, young vegetation in 
freshly disturbed areas. 

Herbicides are probably the best available 
method for vegetation control in understocked por- 
tions of plantations due to poor access and the need 
to save existing stocking. However, the land man- 
ager must first determine the cause of poor stocking 
and correct the situation before reforesting the 
prepared site. 

Herbicides alone are effective for site prepara- 
tion only when residual vegetation is very suscept- 
ible, when slash density is low, when litter is light 
enough to permit seeding, or the brush stand sparse 
enough to allow planting at reasonable cost. Even 
then, seeds and seedlings may need protection from 
rabbits and other small animals that move about 
freely under dead standing brush (40,52). Aerial 
sprays are useful on areas dominated by susceptible 
shrubs such as pine manzanita, golden chinkapin, 
and most ceanothus species (21,43). Sprays also are 
effective in grass and forb communities (59,63,64, 
65,83,87,112). 

Animals require specific types of vegetation for 
food and cover. Because of this, herbicides can be 
used to alter the carrying capacity of areas by 
selectively favoring or denying essential habitat 
factors (71,81). For example, chemical control of 
grasses and f orbs can reduce pocket gopher popula- 
tions and increase the likelihood of plantation sur- 
vival (70,118). Because animals require time for 
population levels to adjust to the altered habitat, 
however, it may be best to delay reforestation for 
one or more years after vegetation control. 
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In dense stands, the interwoven stems of chemi- 
cally killed brush often make planting impractical 
(Figure 7.14). In this case, herbicides are best used 
in combination with other methods that improve 
access for planting crews and remove cover for 
small, tree-damaging animals. 

On sites occupied by herbicide susceptible brush 
species, brush often is sprayed a year or more before 
mechanical crushing or clearing. This reduces re- 
sprouting and facilitates machine operation. Spray- 
ing cost often is more than offset by reduced 
clearing costs (53). A spray-crush or spray-clear 
technique is particularly useful in dense stands of 
brittle evergreen species such as manzanitas in 
central Oregon. Herbicides applied after clearing 
help control sprouts and seedlings of brush and 
herbaceous species (4). 

Many guidelines for proper use of herbicides are 
available. The following references, as listed in 
Literature Cited at the end of the chapter, should be 
consulted for specific information on choice of treat- 
ment, control of herbicidal drift, and environmental 
impact of herbicide use. Choice of treatment: South- 
western Oregon brush species—(37,39,40,43,51,52, 
54,117); Coast Ranges brush species—(44,51,108, 
109,110); Eastside brush species—(20,21); Westside 
grass species—(83,87); Eastside grass species—(63, 
64,65,90,112). Drift Control: (49,55,56) and 
Stewart and Gratkowski1. Environmental impact: 
(69,76,91,94). 

Information on current herbicide registration 
and recommended uses can be found in the "Oregon 
Weed Control Handbook" annually revised by the 
Oregon State University Extension Service, Corval- 
lis. Additional information on aerial spray treat- 
ments for major brush problems can be found in 
cited reference 51. Restrictions and guidelines for 
herbicide use on forest lands are also found in the 
Oregon Forest Practices Act. Consult these 
guidelines before undertaking any spray project. 

Determining the chemical treatment is not un- 
usually difficult, but requires consideration of sev- 
eral factors: the most effective herbicide or combina- 
tion of herbicides, the rate or amount of active 
ingredient to be applied, the carrier or diluent, total 
volume of the spray, season of application and type 
of equipment to be used (51). (See Figure 7.15, page 
115). 

Figure 7.14: Planting is difficult amidst chemically-killed brush 
such as this manzanita in central Oregon. 

Choice of herbicide2 

The choice of herbicide depends on the composi- 
tion of the brush community to be treated. Treat- 
ments should be keyed for maximum control of the 
one to five dominant species. Herbicides selected 
should produce a high degree of plant kill with a 
minimum of resprouting. Research and field experi- 
ence show that low-volatile esters of the phenoxy 
herbicides, 2,4-D [2,4-dichlorophenoxyacetic acid] 
and 2,4,5-T [2,4,5-trichlorophenoxyacetic acid], 
alone and in combination, are effective on a wide 
range of shrub and weed tree species (37,108,109). 
More expensive, less selective herbicides, such as 
dicamba [3,6-dichloro-o-anisic acid], picloram [4- 
amino-3,5,6-trichloropicolinic acid], or ammonium 
ethyl carbamoylphosphonate may be useful in brush 
communities dominated by species resistant to 
phenoxy herbicides (108,109). Even here, these 
chemicals are best when combined with 2,4-D or 
2,4,5-T. Response of major brush species to different 
herbicides is summarized in Tables 7.2 through 7.5. 

1 Stewart, R. E. and H. Gratkowski. Aerial application equipment 
for herbicidal drift reduction. Manuscript in preparation. 

2 The pesticides reported on and recommended here are registered 
for the uses described, except as noted, at this time. Since 
registration of pesticides is under constant review, check with the 
Extension specialists or agents in your area to determine status 
at time of use. 
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Table 7.2 Degree of Control Obtained with Foliage Sprays of Herbicides in Pacific Northwest Forests 
(37,109). 

Picloram Dicamba 

 Herbicide  

Species 2,4-D             2,4,5-T Silvex Dichlorprop       2,3,6-TBA         Amitrole 

Percent topkill/percent of plants dead 
Alder, red   92/90 100/100              — — — — 
Ceanothus,deerbrush   100/90 100/85                — — 95/80 98/95 
Ceanothus, snowbrush   96/20 100/30 100/0 99/50 — 32/0 
Ceanothus, vamishleaf  74/45             93/65 88/60 60/30 — 32/0 
Ceanothus, mountain 

whitethorn   100/5 100/20                — 100/0 — 88/0 
Chinkapin, golden  38/0               61/0 58/0 51/0 — 42/0 
Chinkapin, golden evergreen.... 58/0               67/0 44/0 62/0 — 61/0 
Hazel, California  — 100/60 84/10 — — — 
Manzanita, greenleaf  95/15             84/0                  — — — — 
Manzanita, hairy  100/100 100/100              — — — — 
Manzanita, hoary   100/100 100/100              — — — — 
Manzanita, Howell   100/95             96/95                — — — — 
Maple, vine   —              95/40 80/30 — — — 
Oak, canyon live   44/0               32/0                  — — — — 
Salmonberry   — 100/50                — — — 74/801 

Serviceberry, Saskatoon   50/0              68/0                  — — 0/0 0/0 
Tanoak, scrub   40/0               43/0                  — — — — 
Thimblebeny, western  — 100/50                — — — 90/201 

'Results on salmonberry and western thimblebeny are for amitrole-T instead of amitrole. 

100/100 100/100 

100/80 

71/40 

100/70 

100/70 

77/20 

2/0 

61/20 

76/20 

Table 7.3 Degree of Control Obtained with Budbreak Sprays of Herbicides in the Coast Ranges (108). 
i 

 1  

Western California 
Herbicides1 Red alder2 Salmonberry thimbleberry Vine maple hazel2 

Percent topkill/percent of plants dead 
2,4-D   92/90                             —                               —                               — — 
Dichlorprop  70/70                        100/40                      100/0                          46/30 98/0 
2,4,5-T  100/100                        99/10                      100/10                      100/80 100/40 
Silvex  50/50                        100/20                      100/0                        100/90 98/0 
Dicamba  100/100                        92/10                      100/0                          68/40 94/0 
Dicamba + 2,4-D   100/100                        83/20                      100/0                          38/10 100/30 
Dicamba + dichlorprop   100/100                        99/60                      100/10                        90/40 94/10 
Dicamba + 2,4,5-T  90/90                         96/60                      100/10                      100/90 100/50 
Dicamba + silvex  100/100                        90/20                      100/20                      100/60 100/70 
2,4-D + dichlorprop   80/80 100/30 100/0 30/10 100/20 

'All herbicides were applied in diesel oil at 1 lb aehg (add equivalent per 100 gallons). 
2For red alder and California hazel, combinations of 2,4-D and 2,4,5-T are often more effective and less expensive than either herbicide applied alone. 

Herbicides are generally more effective on re- 
sprouting plants or seedlings than on full-crowned 
mature plants (Tables 7.4 and 7.5). Therefore, max- 
imum control often can be achieved on plants 
resprouting after logging or burning. Repeated 
spraying may result in excellent control of species 
resistant to single applications (43,110). 

Herbicides such as atrazine [2-chloro-4- 
ethylamino-6-isopropylamino-s-triazine], dalapon 
[sodium 2,2-dichloropropionate], and simazine [2- 
chloro-4,6-bis (ethylamino)-s-triazine] are used to 
control grass species (63,64,65,83,87,88,90,112). If 
broadleaf forbs are also present, 2,4-D, 2,4,5-T or 
silvex [2-(2,4,5-trichlorophenoxy) propionic acid] 
may be added for more complete control. 

The effective dosage of 2,4-D and 2,4,5-T varies 
from Vz to 1 pound ae (acid equivalent) per acre east 
of the Cascade Range and from 2 to 4 pounds ae per 
acre west of the Cascade Range. Rates of phenoxy 
herbicides in excess of 4 pounds ae per acre are 
seldom justified. More phytotoxic herbicides, such 
as picloram and dicamba, are usually applied at Vz to 
1 pound ae per acre. These chemicals can be com- 
bined with 1 to 3 pounds ae per acre of the less 
expensive phenoxy herbicides. Unless the County 
Extension Service or the regulatory agency respon- 
sible recommends otherwise, use all herbicides at 
the dosage recommended on the product label. Only 
use herbicides that are specifically labeled for the 
intended use. 
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Table 7.4 Cumulative Percent of Shrubs Killed by Repeated Foliage Sprays on Mature and Resprouting 
Brush Species at 2-Year Intervals in Southwestern Oregon (43). 

Species and 
herbicide 

Concen- 
tration Carrier 

Pounds aehg1 

1 
1 
2 

Water 
Water 
Water 

1 
1 
2 

Water 
Water 
Water 

2 
2 
2 

Water 
Emulsion 
Water 

2 
2 
2 

Water 
Emulsion 
Water 

2 
2 
4 
2 

Emulsion 
Emulsion 
Emulsion 
Water 

2 
2 
4 

Emulsion 
Emulsion 
Emulsion 

2 
2 

Water 
Water 

2 
2 

Water 
Emulsion 

2 
2 
4 
2 

Emulsion 
Emulsion 
Water 
Water 

2 
2 
4 

Emulsion 
Emulsion 
Water 

2 
2 

Emulsion 
Emulsion 

2 
Water 
Water 

2 
4 

Emulsion 
Emulsion 

Initial 
spray 

First 
respray 

Second 
respray 

Percent of shrubs dead 
Manzanita, Hairy 

2,4-D  
2,4,5-T   
2,4,5-T   

Manzanita, Hoary 
2,4-D  
2,4,5-T   
2,4,5-T   

Manzanita, Howell 
2,4-D  
2,4-D  
2,4,5-T   

Ceanothus, deerbrush 
2,4-D  
2,4-D  
2,4,5-T   

Ceanothus, snowbrush 
2,4-D  
2,4,5-T   
2,4,5-T   
2,4,5-T + amitrole  

Ceanothus, vamishleaf 
2,4-D  
2,4,5-T   
2,4,5-T   

Ceanothus, mountain whitehom 
2,4-D  
2,4,5-T   

Manzanita, greenleaf 
2,4-D  
2,4-D  

Chinkapin, golden 
2,4-D  
2,4,5-T  
Amitrole  
2,4-DP + amitrole   

Chinkapin, golden evergreen 
2,4-D  
2,4,5-T   
Amitrole  

Tanoak, scrub 
2,4-D  
2,4,5-T   

Serviceberry 
2,4-D  
2,4-D  

Oak, canyon live 
2,4-D  
2,4-D  

100 2 2 

90 2 2 

100 2 2 

100 2 2 

85 2 2 

100 2 2 

95 2 2 

100 2 2 

85 2 2 

90 2 2 

80 2 2 

85 2 2 

20 65 2 

30 80 2 

40 95 2 

70 90 2 

45 60 2 

65 95 2 

85 100 2 

5 20 55 
20 65 90 

15 45 90 
20 30 80 

0 15 25 
0 25 55 
0 20 60 

10 30 50 

0 20 30 
0 15 55 
0 40 60 

0 35 55 
0 20 60 

0 40 50 
0 40 58 

0 0 5 
0 0 5 

'Pounds add equivalent per 100 gallons. For amitrole, read aigh (active ingredient per 100 gallons). 
2 No respray. 
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Table 7.5 Cvunulative percent of shrubs killed by repeated foliage sprays on mature and resprouting brush 
species in the Oregon Coast Ranges (110). 

Initial 
early Early 

Spedes and Concen- foliar foliar 
herbicide tration Carrier spray1 respray1 

Pounds aehff 
Salmonberry 

2,4,5-T  3 Emulsion 
Amitrole-T  1 Water 
Amitrole-T  3 Water 
Picloram   1 Water 

Thimbleberry, western 
2,4,5-T  3 Emulsion 
Amitrole-T  1 Water 
Amitrole-T  3 Water 
Picloram  1 Water 

Maple, vine 
2,4,5-T  1 Water 
2,4,5-T  3 Water 
Silvex  1 Water 
Silvex  3 Water 
Picloram   1 Water 

Hazel, California 
2,4,5-T  1 Water 
2,4,5-T  3 Water 
Silvex  1 Water 
Silvex  3 Water 
Picloram   1 Water 

■When % of the leaves were fully developed; respray applied 2 years after initial spray. 
2 Pounds acid equivalent per 100 gallons. 

Percent of shrubs dead 

50 90 
70 70 
80 80 
70 90 

50 90 
10 20 
20 50 
70 100 

0 20 
40 80 
10 30 
30 50 
40 80 

20 80 
60 100 
40 70 
10 70 
80 100 

PROPER HERBICIDE 
FORMULATION 

PROPER TIMING 
OF APPLICATION 

PROPER CARRIER TYPE 
AND VOLUME 

i   PROPER APPLICATION  _ 
'   AND SUPERVISION    "~ 

EFFECTIVE BRUSH 
CONTROL 

Figure 7.15: The formula for success. 

normal period of susceptibility (108,109). Nontrans- 
located desiccants such as dinoseb [2-sec-butyl-4,6- 
dinitrophenol] should be applied anytime during the 
growing season after full leaf development. Some 
new herbicides such as ammonium ethyl carbamoyl- 
phosphonate may be most effective in late summer 
or early fall. 

Season of application 
Season of application is chosen to correspond 

with the period of maximum herbicidal susceptibih- 
ty of the dominant weed species. Susceptibility for 
most species is low during winter dormancy, in- 
creases at time of budbreak, and reaches a max- 
imum during late spring and early summer when 
soil moisture is readily available and plants are 
actively growing (Figure 7.16). The latter is a period 
of active transport of carbohydrates from leaves to 
roots. Because herbicides tend to move with car- 
bohydrates in the plant, sprays applied after full 
leaf development in late spring or early summer 
usually produce more plant kill than sprays applied 
earher or later in the year. However, some ever- 
green brush species may be highly susceptible soon 
after budbreak, and some deciduous species such as 
vine maple are most susceptible before or at bud- 
break. Further, use of highly phytotoxic herbicides 
such as dicamba and picloram may extend the 

In areas with dependable spring rainfall, atra- 
zine and dalapon are most effective when applied 
immediately before or just after emergence of 
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Figure  7.16: Stages of growth and relative susceptibility of 
shrubs to phenoxy herbicides. 
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grasses in late winter or early spring (88,112). Fall 
applications of these chemicals may be necessary in 
drier climates (90). 

Choice of carrier 
Carriers are used to increase the volume and 

obtain good distribution of the herbicides and to 
enhance herbicidal uptake. Choice of carrier is 
determined by route of herbicidal uptake and for- 
mulation solubility. 

Diesel or fuel oil often is used as a carrier for 
ester formulations whenever uptake is through 
stems and branches, such as on deciduous species at 
time of budbreak in late winter or early spring 
(Table 7.6). Diesel oil also is preferred for budbreak 
sprays in brush communities of mixed evergreen 
and deciduous species. Most formulations other than 
phenoxy herbicides, however, will not dissolve in oil. 

Water carriers are used for sprays applied early 
in the growing season to immature leaves of decidu- 
ous species and as a carrier for soil-active herbicides 
such as atrazine and dalapon. 

Oil-in-water-emulsion carriers containing Vzto3/* 
gallon of diesel oil per acre are used to apply 
herbicides to mature leaves of deciduous species 
later in the growing season, or to waxy leaves of 
evergreen species during all seasons. Oil-in-water 
emulsions are especially effective on evergreen 
species such as snowbrush ceanothus, pine manza- 
nita, and golden chinkapin (21). 

Table 7.6 Carriers for Site Preparation Sprays Ap- 
plied During Three Spray Seasons. 

Spray season 

Early Mid- 
Vegetation type Budbreak1       foliar2 summer3 

Deciduous  oil water emulsion 
Evergreen  emulsion emulsion emulsion 
Evergreen-deciduous oil emulsion emulsion 
Herbaceous  water water water 
1 Sprays applied during late winter or early spring at beginning of spring 
flush of growth. 
2 Sprays applied during period of active growth and after about three- 
fourths of new leaves on shrubs are full size. 
3 Sprays applied during midsummer, usually mid-July to early August 
after cessation of growth and terminal bud development. 

Carrier volume 
Carrier volume is chosen to obtain adequate 

coverage of the vegetation. Therefore, volume is 
highly dependent on height and density of the 
vegetation. Volumes vary from 5 gallons per acre in 
sparse stands east of the Cascade Range to 15 
gallons per acre in dense brushfields in the Coast 
Range. For most conditions, an average volume of 8 
to 10 gallons is adequate. In dense or tall brush, 
however, an increase in carrier volume to 15 gallons 
per acre often gives better effect than an increased 
herbicidal dosage. 

. As previously indicated, herbicidal sprays alone 
are best suited for use on new cuttings and in 
nonstocked or poorly stocked portions of plantations. 
They also can be used for site preparation in 
brushfields dominated by species susceptible to 
herbicides. If resistant species are moderately abun- 
dant, chemicals may release them to form a dense 
cover that will preclude reforestation (53). Because 
of the density of brush stems, sprays alone have not 
proved useful for site preparation in the evergreen 
brushfields of southwestern Oregon (40). Here, 
spraying must be combined with mechanical clear- 
ing or burning to remove dead stems and permit 
planting. 

Repeated spraying may be an effective method of 
site preparation in pole-size red alder stands on 
coastal sites in Oregon (53). Successive sprays of 
phenoxy herbicides are used to control overstory and 
understory species. Typically, a budbreak spray of 
2,4-D and 2,4,5-T is first used to partially control 
overstory alder and understory vine maple. A fol- 
lowup spray of 2,4-D is used later the same year or 
the next year to control resprouting alder. Depend- 
ing on composition of the understory, additional 
sprays may contain amitrole-T or 2,4,5-T. Amitrole- 
T is used for salmonberry, elderberry, or salmonber- 
ry-elderberry understories; 2,4,5-T is preferred for 
salmonberry-westem thimbleberry or vine maple 
understories. Reforestation should be accomplished 
before or immediately after the initial spray except 
when using soil active, more persistent herbicides 
such as picloram or dicamba. Delaying planting 
until complete control of vegetation is achieved is 
not recommended. Planting should be delayed for 6 
to 9 months after spraying picloram or dicamba to 
prevent damage to seedhngs from residues of these 
herbicides in the soil. 

Repeated sprays are most effective in red alder 
stands with a poorly developed shrub understory. 
Species resistance and lack of penetration of aerial 
sprays through the overstory have limited the use of 
this method in other multistoried red alder or 
tanoak-madrone types (Figure 7.17). Nonselective, 
soil-active herbicides may be one solution to this 
problem (111). These herbicides reach all layers of 
vegetation at once by dropping through the stand, 
being leached into the soil by rain, and then being 
absorbed by all species through their roots. Other 
promising treatments for red alder brushfields in- 
clude a budbreak spray of an ester formulation of 
picloram and 2,4,5-T or a mid- to late-summer spray 
of ammonium ethyl carbamoylphosphonate. 

Overstory weed trees can be economically 
treated on small areas using individual stem treat- 
ments. Amine or metallic salt formulations of 2,4-D, 
2,4,5-T, or picloram are applied undiluted during 
the growing season into notches or frills made 2 or 3 
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Figure 7.17: Species resistance and lack of spray penetration reduce the effectiveness of herbicides for site preparation in multistoried 
communities. 

inches apart, completely around each stem. Cuts can 
be made with an axe or tree injector at any conve- 
nient height. Both spacing between cuts and com- 
plete treatment of each stem are critical. Tanoak, 
madrone, and red alder have been successfully 
controlled with growing season applications of the 
phenoxy amines or a commercially available combi- 
nation of picloram and 2,4-D. Picloram or an amine 
formulation of silvex will control bigleaf maple. 
Unfortunately, red alder trees break at the point of 
application and fall onto the conifer plantation a 
few years after treatment. This appears to be less of 
a problem with other species. 

Herbicides can be applied with knapsack 
sprayers to individual planting spots or in a 2- to 
3-foot circle around individual planted trees. This 
method will control grasses and f orbs on small areas 
and is useful when attempting to grow trees and 
provide forage for livestock at the same time. 

Use of chemicals for site preparation has these 
advantages (53): 

• Often  the  least  expensive method of site 
preparation 

• Large areas can be treated quickly with mini- 
mum manpower and supervision 

• Produces the least disturbance and does not 
compact,   loosen or move topsoil, or expose 
surface to erosion 

• Can be used on all terrain 

These disadvantages are reported (53): 

• Planting can be more expensive amid chemical- 
ly killed brush 

• Does not expose mineral soil necessary for 
natural or artificial seeding 

• Herbicides can be used only where the domi- 
nant species are susceptible 

• Herbicides may not be acceptable near sensitive 
areas 

• Animals  move about freely under sprayed 
brush where they are protected from predators 

• A rapid resurgence of vegetation may require 
early and frequent respraying to assure domi- 
nance of the planted trees 
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Chemical site preparation alone has only two 
purposes: to reduce or eliminate competition, and to 
alter animal habitat. Therefore, chemicals are not 
as versatile as fire or mechanical site preparation 
techniques. Like fire, they are low in cost and can be 
used on steep terrain. Herbicides can reduce compe- 
tition successfully, but may leave a fire hazard and 
an unplantable area (92). 

Comfomatiiom 
Because the topography and vegetation of the 

Pacific Northwest vary widely, no single site prepa- 
ration method is best for all conditions. Therefore, 
various combinations of mechanical, prescribed 
burning, and chemical site preparation techniques 
have been most successful. These may be classified 
according to the method used for removing vegeta- 
tion and slash, either mechanical or prescribed 
burning. Chemicals alone do not remove physical 
barriers; therefore, they are often best used in 
combination with one of the other methods. 

Crushing or clearing are commonly combined 
with spraying or burning to achieve more complete 
control of vegetation and better access. On sites 
occupied by susceptible species, brush sprays before 
mechanical scarification can reduce resprouting. 
The spray-crush or spray-scarify technique is par- 
ticularly useful in dense stands of brittle evergreen 
species such as manzanitas on gentle topography in 
central and southwestern Oregon. Spraying cost is 
usually more than offset by reduced costs of subse- 
quent mechanical site preparation (53). Sprays ap- 
plied after scarification control sprouts and seed- 
lings of brush species or control invading grasses. 
Succulent sprouts and young seedlings of most 
brush species are readily controlled by phenoxy 
herbicides if they are applied before plants are well 
established (43,110). 

Debris left on the site after crushing or scarifica- 
tion may interfere with planting, reduce control 
over plantation spacing, and provide protective 
cover for rabbits and other small mammals. In dense 
brushfields or where tree-damaging animals are 
likely to be a problem, debris should be burned after 
mechanical treatment. 

Prescribed bismimg 
Competing vegetation and logging slash can be 

removed by prescribed burning. Green vegetation 
often does not bum readily, however, and retards 
drying of slash (128). Herbicides used before burn- 
ing can reduce these problems. Sprayed areas often 
can be burned under marginal conditions, making 
fire control easier (5,8,57). Desiccation by herbicides 

markedly influences fire behavior—more than can 
be attributed to changes in fuel moisture content 
alone (5). Fires in sprayed brush build up and spread 
over an area more rapidly and uniformly than do 
fires in unsprayed brush. However, if weather 
conditions are not favorable for drying or if burning 
is done too soon after spraying, even a spray that 
kills the brush cannot assure a good bum (102). 

Two approaches have been used to prepare sites 
for burning. The first, termed "brown and bum," 
uses contact herbicides such as dinoseb or paraquat 
(1,1' -dimethyl-4,4' -bipyridinium ion) to desiccate 
leaves and twigs prior to burning, often by area 
ignition (5,57,66). Areas are prewired with 
primacord and cans of jellied gasoline and then 
burned within 4 weeks of spraying; otherwise new 
foliage will reduce burning effectiveness. Paraquat 
is not presently registered for this use. The treat- 
ment is not recommended but is included for infor- 
mation only. Since contact herbicides are not trans- 
located into roots, they will not prevent resprouting 
after burning. Further, most contact herbicides are 
highly toxic and must be handled with caution. 

The second approach, termed "spray and bum," 
uses translocated herbicides to defoliate and control 
residual vegetation before burning. Burning is de- 
layed several months to a year or more after 
spraying to achieve maximum root kill and stem 
desiccation. Herbicidal sprays are selected to 
achieve maximum control of the vegetation. For 
most evergreen and deciduous species, growing- 
season applications of the phenoxy herbicides are 
best (5,37,40,54,57,109). If some dominant species 
are resistant to phenoxy herbicides, then adding 
more phytotoxic nonselective herbicides such as 
picloram or dicamba to 2,4-D or 2,4,5-T, may give 
more complete control (108,109). 

Phenoxy herbicides should be applied as early as 
possible during the growing season. In the Coast 
Range, where brush species recover quickly, desic- 
cated brush should be burned before the end of the 
first summer but at least 1 to 2 months after 
spraying. For example, June applications of 3 
pounds acid equivalent (ae) of 2,4,5-T in an oil-in- 
water emulsion containing Vz to % gallons of diesel 
oil per acre have been used successfully on the 
Siuslaw National Forest. However, phenoxy herbi- 
cides are translocated slowly and may not be present 
in roots in sufficient concentration to control re- 
sprouting. Spray tests on the Siuslaw National 
Forest suggest that Yz- to 1-pound ae picloram plus 
2- to 4-pounds ae 2,4,5-T per acre applied at bud- 
break will produce nearly complete topkill of many 
coastal brush species by midsummer, when best 
burning conditions occur. In southwestern Oregon 
and northern California, best results are obtained 
with phenoxy herbicides if two growing seasons are 
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allowed to elapse between spraying and burning 
(5,54,57). 

The "spray and bum" technique has several 
advantages over "brown and bum." With proper 
selection of herbicide and timing of bum, the need 
for respraying after planting may be reduced. The 
best burning conditions occur during a short period 
in midsummer to early fall, and burning restrictions 
further reduce available time. Therefore, silvicul- 
turists often do not know when or even if a particu- 
lar unit will be burned. Use of translocated herbi- 
cides as prebum sprays provides greater flexibility 
for timing of bum and provides vegetation control in 
the event a unit cannot be burned before planting. 
"Brown and bum" chemicals generally do not kill 
vegetation and areas must be retreated if burning is 
delayed or must be resprayed with translocated 
herbicides if not burned before planting. Fire con- 
tainment is easier with either method due to higher 
moisture contents in green vegetation and slash 
surrounding the treated unit. 

In dense brush types, there can be a benefit from 
using successive sprays of translocated and non- 
selective contact herbicides. For example, translo- 
cated herbicides can be applied during the early 
growing season to defoliate and control overstory 
shrubs. This allows penetration of a contact her- 
bicide applied 1 to 2 months later to dessicate 
remaining vegetation,  particularly herbaceous 

species. Usually, areas treated in this manner are 
burned using area ignition. 

Broadcast burning of chemically-desiccated 
brush has been used to prepare brushfields in 
California and western Oregon and Washington 
(53,54). Fuel density is enough in many chaparral 
brushfields to allow burning once brush stems have 
dried. In red alder or tanoak-madrone types, where 
an appreciable number of weed trees are present, 
the overstory may be felled before spraying to add to 
low fuels and to decrease hazard during burning 
(53). The area then can be treated with dinitro or 
translocated herbicides before burning by area igni- 
tion. The fell-spray-bum technique is expensive, but 
has been very successful for reclaiming coastal red 
alder brushfields. 

Like mechanical clearing, spraying and burning 
often do not completely eradicate vegetation. Some 
species resprout after burning, and others will 
readily seed into mineral soil seedbeds created by 
burning (Figure 7.18). Heat from prescribed burn- 
ing can induce germination of buried dormant seeds 
of some shrubs such as ceanothus species 
(38,41,45,46,48,50). Fortunately, the resprouts and 
seedlings that occupy the burned area usually are 
more susceptible to herbicides than full-crowned 
mature plants. To prevent reoccupation of the site 
by competing vegetation, one or two resprays may 
be necessary within the first five growing seasons 
after burning (54). 

Figure 7.18: Vegetation on a coastal Oregon clearcut only 2 years after broadcast burning. 
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Factors Influencing Choice of Method 
Seven factors influence choice of site preparation 

method. They are 1) the nature of existing ground 
cover, 2) physical site factors, 3) site preparation 
requirements, 4) available manpower and equip- 
ment, 5) external constraints, 6) environmental 
impacts, and 7) cost. One or two of these may 
dominate and dictate a specific choice of method, but 
all seven must be considered before a treatment is 
prescribed. 

Since environmental impacts and relative costs 
were reviewed in the previous section, this section 
will discuss only the remaining five factors. 

Ground Cover 
Density and species composition of the brush or 

herbaceous community and the density of slash will 
influence choice of methods. Resprouting shrubs or 
seedlings are easier to control than full-crowned 
mature plants (43,110). Dense, well-established 
brush conununities, multistoried stands, or com- 
munities composed of species resistant to herbicides 
require more thorough site preparation, often using 
a combination of methods. Even when species are 
susceptible to herbicides, mechanical eradication or 
fire may be necessary to remove dead stems and 
allow planting. 

Succulent sprouts and brush seedlings dominate 
on new bums and cuttings. If reforestation is 
prompt, and if dominant species are susceptible to 
herbicides, competing vegetation often can be con- 
trolled by one aerial spray. If reforestation is de- 
layed, height, density, and vigor of competing vege- 
tation will increase. Therefore, the ability to control 
competing vegetation effectively decreases with 
time. Site preparation techniques that produce near- 
ly complete control or removal of vegetation often 
are needed to establish conifer seedlings in mature 
brushfields. 

In existing understocked plantations, choice of 
site preparation method is limited by the scattered, 
isolated nature of understocked areas and by the 
presence of desirable trees. In the Pacific North- 
west, space not occupied by trees probably will be 
filled by less desirable vegetation. This vegetation is 
likely to be more difficult to control than younger 
plants present at the time of plantation estabhsh- 
ment. Further, if the plantation was previously 
sprayed with herbicides to release conifers, the 
remaining vegetation probably contains a signifi- 
cant component of herbicide-resistant species (84). 

Before site preparation treatments are applied in 
nonstocked or poorly stocked portions of plantations, 
the cause of poor stocking must be determined. If 

poor stocking is due to competition alone, then 
reducing vegetative cover may be adequate. How- 
ever, if the cause is animal damage or some other 
condition, site preparation may only aggravate the 
situation unless other measures are undertaken to 
correct the problem. 

If both slash and vegetative cover are light, no 
treatment may be needed, or an aerial spray might 
prevent development of existing brush. Slash or 
brush cover must be of sufficient density and proper 
moisture content to allow prescribed burning; if 
both conditions are not met, burning will not be 
satisfactory. Where slash is moderate to heavy, 
burning is usually the preferred site preparation 
method. But where vegetative cover is also moder- 
ate to dense, aerial spraying of the area prior to 
burning may be necessary. Prebum sprays are 
particularly useful on moist north slopes or shel- 
tered coves and benches. 

Increased utilization standards and the practice 
of yarding unutilized material to landings will 
reduce the need for slash disposal in future cuttings 
(33). Whether the additional yarding associated 
with these practices will produce sufficient vegeta- 
tion control to permit planting is uncertain. Either 
preplant or release sprays probably will be neces- 
sary to prevent development of resprouting shrubs 
and seedlings. 

Physical Factors 
Topography, exposure, soil type, erosion hazard, 

size of treatment area, and access will further limit 
choice of site preparation method. Combinations of 
methods are most likely to be restricted by these 
factors because the requirements of each technique 
must be met to assure success of the combination. 

Mechanical site preparation, except logging dis- 
turbance and scalping, is most restricted by physical 
factors. For example, mechanical equipment can be 
used best on sites with: gentle topography (slopes 
less than 35 percent); deep, stable soils having a 
small range in particle sizes; and good access. 
Terracing and high-lead scarification can be used on 
steeper slopes, but erosion hazard would be greater 
and operating costs higher than on gentle terrain. 
Because of high equipment-moving costs, mechani- 
cal site preparation usually is limited to areas of at 
least 50 acres, or on nearby groups of smaller units. 

Prescribed burning is not as limited by topog- 
raphy and soil conditions as is mechanical site 
preparation. However, both methods remove protec- 
tive cover and neither may be suitable on exposed 
south slopes or in other harsh environments. Pre- 



Site Preparation 121 

scribed burning also cannot be used on areas with 
shallow and unstable soils or areas of low fuel 
density. Further, areas must be accessible to fire 
control crews and equipment. 

In contrast to mechanical eradication and burn- 
ing, chemical site preparation is limited more by 
density and species composition of the brushfield 
than by physical site factors. Standing dead brush 
provides soil protection on unstable soils and shade 
on exposed sites. Aerial sprays can be used in 
susceptible communities over a broad range of 
topographic, soil, and access conditions. However, 
other factors such as brush density or presence of 
animal populations may require use of more drastic 
methods to remove ground cover. Sufficient acreage 
must be treated to offset relatively high equipment- 
moving and operating costs. Here, as with mechani- 
cal eradication, contracting with adjacent landown- 
ers to share fixed costs and attract more bidders may 
be desirable. 

Site Preparation Requirements 
Site preparation requirements depend on the 

predicted successional pattern after disturbance, the 
regeneration methods and species available, and the 
severity of the environment in relation to the tree 
species chosen (93). Successional trends and com- 
munity species composition are determined largely 
by nature and degree of stand disturbance and by 
local environment. Since habitat types are a reflec- 
tion of the microenvironment, classification of for- 
est communities by habitat type may ultimately 
allow prediction of successional development after 
disturbance. Use of this concept will require land 
managers to maintain records of stand operations 
and results by habitat types. The needed classifica- 
tions are available for many locations including 
eastern Washington (22,93), northeastern Oregon 
(60), central Oregon (31,121), southwestern Oregon 
(75,126), and portions of the Oregon Coast Range 
and Cascades (14,29,134). The habitat-classification 
system is presently complete to at least the series 
level for the rest of Oregon and Washington (34). 
Many silvicultural problems, including general suc- 
cessional patterns, can be interpreted and clarified 
at a level of classification by climax tree species 
(93). 

With knowledge of successional trends, the sil- 
viculturist can select site preparation methods that 
minimize estabhshment of problem species. For 
example, use of prescribed burning in a Douglas- 
fir/Pinegrass habitat type in eastern Washington 
will lead to development of grasses (93). Therefore, 
aerial sprays or scarification to eliminate root sys- 
tems of these herbaceous species is preferred. In 
some habitat types, such as western hemlock/ 
Pachistima, where environment favors rapid seed- 

ling establishment, site preparation needs are mini- 
mal if regeneration is achieved promptly after 
logging (93). However, delays in regeneration will 
lead to development of dense brushfields. 

Tree root pathogens, Armillaria mellea, Fomes 
annosus, and Phellinus (Poria) weirii are respon- 
sible for most of the root rot mortahty in the Pacific 
Northwest (80). Where these fungi are established 
in stumps and root systems, damage will occur to 
surrounding trees. If damage is heavy in the origi- 
nal stand, consideration should be given to removal 
of stumps during logging or site preparation to 
reduce infection potential in the new stand (80). 

The objective of site preparation is to create a 
suitable environment for establishing desirable 
species. The kind of environment needed depends on 
the species and regeneration method chosen. For 
example, size and physiological condition of plant- 
ing stock are important when planting is used. 
Whenever possible, reforestation plans should 
specify combinations of species and size classes that 
require minimum site disturbance and investment in 
site preparation. Some evidence suggests that use of 
shade-tolerant species or large planting stock may 
reduce the degree of site preparation required (86) 
(see Chapter 6). 

Experience shows that planting is the most 
successful regeneration method on most sites. The 
presence of competing vegetation, tree-damaging 
animals, and other unfavorable conditions have 
virtually eliminated artificial and natural seeding 
on many areas. With planting, site preparation 
measures that bare extensive areas of mineral soil 
seedbeds are not necessary. However, reduction of 
vegetative competition and physical barriers to 
planting is required. 

The seedling environment consists of a complex 
set of interacting biotic and abiotic factors. Fortu- 
nately, these many factors influence seedling sur- 
vival and growth through only a few physiological 
triggering mechanisms such as: light quality and 
quantity; internal moisture stress; leaf, stem, and 
root temperatures; and nutrition (9,42). Removing 
ground cover by any means increases both light 
quality and quantity near the ground. Accompany- 
ing effects are higher air and soil temperatures, 
increased windspeeds and air movement, decreased 
relative humidity, and decreased interception of 
precipitation (42). These result in increased seedling 
photosynthesis, internal moisture stress, and cell 
temperatures. The amount of change will depend on 
the degree of exposttre, generally being greater with 
mechanical desiring or burning than with chemical 
site preparation. 

Environmental changes produced by vegetation 
control can be favorable or unfavorable depending 
on the severity of the environment. On hot, dry sites 
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these changes may be undesirable. For example, one 
study found first-year survival of ponderosa pines in 
the northern Rocky Mountains better under snow- 
brush than in the open (124). On other sites, the 
effect of brush species may be neutral. For instance, 
one study found that a dense cover of manzanita or 
snowbrush did not affect initial establishment of 
pine seedlings in central Oregon (19). However, the 
requirements for survival and growth are different; 
growth of established seedlings was sharply reduced 
by brush competition. A similar pattern has been 
shown for deerbrush ceanothus in one study (17). 
Once conifers are established, it may be necessary to 
use herbicidal sprays to release the trees from 
competition. 

Chemical brush control and clearing produce 
similar improvements in soil moisture conditions 
(116). However, plant moisture stress may be more 
favorable under the partial shade of chemically 
killed brush than in the open. All types of site 
preparation that remove protective cover will in- 
crease soil and air temperature extremes near the 
soil surface (42). Extremes are greater on organic 
surfaces than on mineral soil exposed by mechanical 
clearing or burning (10), but these effects are not 
likely to be important except in extreme environ- 
ments. For example, maintenance of cover is desir- 
able at high elevations or in topographic depressions 
where frost pockets are common (12,105). On hot 
sites, removing shade may expose seedlings to more 
frequent lethal surface temperatures. The likeli- 
hood of lethal temperatures is even greater on seed 
beds blackened by burning. Here, chemical brush 
control and maintenance of dead cover may be 
necessary if reforestation is by natural or artificial 
seeding. 

Brush control cannot add nutrients to a site but 
it may make nutrients from brush species such as 
Ceanothus species available to conifers if stems and 
roots are not moved into windrows or removed by 
burning. Nutrient availability is not likely to influ- 
ence initial establishment of seedlings, except on 
severely degraded or otherwise nutrient-deficient 
sites, but it does influence seedling growth and 
stand development. Forestry is not likely to compete 
with agriculture in purchasing nitrogen fertilizer in 
the future. Therefore, foresters must use manage- 
ment systems that conserve nutrients and utilize 
nitrogen-fixing plants such as legumes, red alder, 
ceanothus species, bitterbrush, and scotchbroom. 
Once the benefits of nitrogen accumulation are 
obtained, herbicides can be used to reduce competi- 

tion and recycle the nitrogen. Obviously, species 
selected for nitrogen enrichment must be efficient 
nitrogen fixers and very susceptible to selective 
herbicides such as 2,4-D and 2,4,5-T. 

Mampower and Equipment 
Some site preparation techniques, such as pre- 

scribed burning, require a complement of highly 
trained individuals. Others, such as mechanical 
eradication, also require specialized equipment that 
often is in short supply. For many small landowners, 
manpower and equipment limitations may be a 
major consideration. In such cases, methods that 
require less skilled labor and equipment such as 
logging, scalping, or aerial spraying, may be the 
only choices. 

External Constraints 
Before prescribing a site preparation treatment, 

the silviculturist must consider the effects of exter- 
nal limitations on his decision. These limitations 
include legal responsibilities, smoke management 
guidelines, proximity to sensitive areas, and at- 
titudes of adjacent landowners. 

Use of prescribed burning or herbicides implies 
assumption of certain risks. Misuse of these tools 
may be grounds for legal action against the offend- 
ing landowner. Proper, judicious use minimizes this 
risk. Smoke-management criteria and proximity to 
sensitive areas may limit or prevent use of pre- 
scribed burning. Similarly, use of herbicides may be 
limited by proximity to sensitive areas, attitudes of 
adjacent landowners, or State and Federal laws and 
regulations. Other regulations concerning forest 
management activities and environmental quality 
will have some impact on site preparation decisions. 

Method of site preparation must be carefully 
chosen and properly executed to achieve the desired 
objectives without causing degradation of the site. 
Disturbed areas should be promptly reforested with 
the proper species. Remember, secondary succession 
following disturbance is dynamic. Despite the com- 
pleteness of site preparation, resprouts, new seed- 
lings, and changing animal populations may create 
new problems. Plantations should be examined 
periodically to detect need for release spraying, 
animal damage control, or other measures. Success 
of the total reforestation effort should be measured 
in terms of established trees no longer threatened by 
other vegetation or animals. 
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Suggested Site 

Obviously, "cook book" site preparation prescrip- 
tions are neither possible nor desirable for the 
variety of conditions found in Pacific Northwest 
forests. Research and experience, however, show 
some methods to be best for certain conditions. 
Proved methods are outlined here for new bums and 
cuttings, for nonstocked or poorly stocked portions 
of existing plantations, and for brushfields. Actual 
selection of method should be made only after full 
consideration of conditions on each site. 

Site Preparation on Bums and Cuttings 
Logging debris and resprouts or seedlings of 

undesirable species are the most common problems 
on new bums and cuttings. If site preparation and 
reforestation are accomplished promptly, less ex- 
pensive and drastic measures usually can be used. 
In contrast, more expensive methods will be neces- 
sary if reforestation is delayed for a year or more. 

Choice of site preparation method usually is 
determined by the amount of slash and vegetation 
left after logging. If utilization standards are high 
and amount of defect low, the area will be left 
relatively free of slash and vegetation. No addition- 
al site preparation will be needed if the area can be 
planted soon after logging. 

In old-growth forests west of the Cascade Range, 
slash and residual vegetation usually are removed 
by broadcast burning. Where understory vegetation 
is heavy, a prebum spray of 2,4-D or 2,4,5-T, alone 
or in combination, may be used. Mechanical treat- 
ment of slash and vegetation often is practiced east 
of the Cascades. Here, roller choppers, flails, or 
hammermills may be used instead of fire because of 
more critical burning conditions in ponderosa pine 
forests. If slash is burned, it is generally machine 
piled first to contain the fire. There is a real need for 
development of less expensive, less drastic site 
preparation methods than mechanical clearing for 
east of the Cascades. Perhaps use of herbicides and 
fire will be increased in the future. 

Suggested site-preparation techniques for new 
bums and cuttings are summarized in Table 7.7. 
More detailed information on specific areas is avail- 
able. For example, publications are available on site 
preparation for lodgepole pine on pumice soils 
(11,12), treatments for the Cascade Range (100) and 
for east-side forests (105), and reforestation prob- 
lems for forest types of the Blue Mountains in 
eastern Oregon (60). 

.on m Site 
Existing 

As management intensity increases, foresters 
become more concerned about recognizing and treat- 
ing nonstocked or poorly stocked portions of other- 
wise successful plantations. Treatment prescrip- 
tions in existing plantations are difficult because of 
poor access, scattered location of understocked 
areas, indistinct boundaries of understocked areas, 
and presence of desirable conifers around and with- 
in understocked areas. Treatment options are lim- 
ited; the most desirable cure is prevention of under- 
stocked areas through careful execution of the 
reforestation plan. 

If understocked areas are accessible and can be 
identified, the land manager must decide the mini- 
mum size he will treat and the fate of existing 
conifers within each treatment area. Before prepar- 
ing the site for replanting, the land manager also 
must determine the reason for poor stocking. In 
addition to control of competing vegetation, use of 
plastic mesh tubes (7), large planting stock, repel- 
lents, or less palatable species may be necessary to 
reduce losses caused by animals. In plant-disease 
infection centers, planting resistant tree species or 
removal of infected stumps may be necessary. 

Unless understocked areas are large and access- 
ible, ground or aerial sprays are the only methods 
available. Selective or nonselective herbicides may 
be used if precautions are taken to control drift 
(49,55). Repeated sprays of phenoxy herbicides are 
preferred for most situations. Scarification or aerial 
sprays may be used in larger, well-defined areas. 

Suggested site preparation measures for control- 
ling competing vegetation in understocked portions 
of plantations are summarized in Table 7.8. Con- 
sider the other factors, too, such as animals or 
diseases. 

Site Preparation in Brushfields 
Site preparation in brushfields is most influ- 

enced by the composition and structure of the 
community and by terrain. In most cases, nearly 
complete control or removal of competing vegetation 
is considered necessary for successful regeneration. 
Some evidence suggests that less complete control 
may be acceptable for establishing tolerant species 
such as western hemlock (86). 

Rabbits, deer, elk, mountain beaver, and other 
tree-damaging animals are likely to be a problem in 
any brushfield reclamation project. The impact of 
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Table 7.7. Suggested Site Preparation Methods for New Bums and Cuttings. 

Condition SlashcCover                                        Vegetation Cover                               Site preparation 

West Side 
Bum  Salvage log, remove snags, 

bum slash 

Clearcut  Light Light None 
Moderate to heavy Light Broadcast bum or pile and bum 
Moderate to heavy Moderate to heavy Spray and bum or pile and bum 
Light Moderate to heavy Spray and/or scarify 

Partial cut Light Light None or expose mineral soil 
for natural seeding 

Moderate to heavy Light Pile and bum or masticate 
Moderate to heavy Moderate to heavy Pile and bum; scarify or 

ground spray 
Light Moderate to heavy Ground spray or light 

scarification 

East Side 

Clearcut  Light 

Moderate to heavy 

Moderate to heavy 

Light 

Partial cut Light 

Moderate to heavy 
Moderate to heavy 
Light 

Light 

Light 

Moderate to heavy 

Moderate to heavy 

Light 

Light 
Moderate to heavy 
Moderate to heavy 

None and plant or expose 
mineral soil for seeding 
Pile and bum; broadcast 
bum; or masticate 
Spray and crush or scarify; 
spray and bum1 

Spray or spray and crush 

None and plant or expose 
mineral soil for seeding 
Pile and bum 
Pile and bum or masticate 
Scarify or ground spray 

'Do not broadcast bum in sedge or pinegrass communities. 

Table 7.8 Suggested Site Preparation Methods for Replanting Conifers in Existing Plantations. 

Stocking Size of areas and location Access Site preparation 

Nonstocked  Small, scattered 
(less than 5 acres) 

Large (greater 
than 5 acres) 

Poorly stocked Small, scattered 

Large 

Poor None 

Good fell or inject weed trees, ground applications of selective or 
nonselective herbicides and/or planting of large stock and 
more tolerant species1 

Poor Repeated aerial sprays with selective herbicides or with 
nonselective herbicides if area is well defined and drift can 
be reduced and/or planting of more tolerant species1 

Good Mechanical eradication (greater than 25 acres) or repeated 
aerial sprays (5 to 25 acres) and/or planting of more 
tolerant species 

Poor None 
Good Ground applications of selective herbicides timed as re- 

lease sprays and/or planting of more tolerant species1 

All Repeated aerial sprays with selective herbicides and/or 
planting of more tolerant species1 

'Hand scalping of individual planting spots also may be necessary. 
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animals can be minimized by clearing large areas, 
protecting seedlings in plastic tubes, planting large 
stock, or planting less palatable genotypes or 
species. Unless seedlings are protected from ani- 
mals, even good site preparation can result in 
plantation failures. 

Reclamation of merchantable hardwood types, 
such as red alder, red alder-Douglas-fir, tanoak, or 
tanoak-Douglas-fir, is best accomplished by clear- 
cutting. The site may be treated then as a new 
cutting for site preparation and reforestation. Use of 
herbicides and fire, alone or in combination, is 
preferred wherever possible in nonmerchantable 
brush types, due to their relatively low cost and lack 
of topographic restrictions. Scarification, alone or in 
combination with herbicides or burning, is best for 
dense, multistoried brush types or for brush types 
resistant to herbicides. This is the most common site 
preparation method in manzanita brushfields in 
central Oregon and northern California. It is also 
used extensively on gentle terrain in western Ore- 
gon and Washington (53). 

Suggested site preparation treatments for brush- 
field reclamation are summarized in Table 7.9. This 
is presently a very active area of research and field 
testing. 
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Abstract 
Correct seedling stock handling and planting techniques are important. 

Poor planting quality can result in poor survival and considerable losses in 
growth. Seedlings must be protected from extremes of moisture and tempera- 
ture between lifting and planting. Root exposure should be minimized dviring 
this period. The planting tool used should insure proper root placement in 
planting. Planting should be carried out with stock in the proper physiological 
condition, adequate soil moisture on the site, and when weather conditions are 
not severe. Special techniques, such as mulching, shading, deep planting, 
irrigation, and fertilization, can be used to improve seedling survival and 
growth. 

Natural or artificial seeding are alternatives to planting. Seeding requires 
a supply of viable seed, a suitable seedbed, and an environment suitable for 
germination and growth. A generous supply of viable seed is required to meet 
most stocking standards. Mineral soil is a better seedbed than organic 
materials for most conifers, with the possible exception of western hemlock. 
Seeding should take place as quickly as possible after logging or burning. Any 
delay will allow natural succession of competing vegetation to proceed and 
thereby reduce the possibiUty of a successful seeding operation. Direct seeding 
has steadily declined in importance as a reforestation tool for several reasons: 
the erratic results obtained; the Oregon Forest Practices Act which requires 
stocking within 3 to 6 years; and the ban on chemicals used to protect seed 
from animals. 
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I. PLANTING 
Planting is the primary method of reforestation 

used in the Pacific Northwest. Once the site has 
been suitably prepared for seedling establishment 
(Chapters 3 and 7), and properly conditioned plant- 
ing stock with suitable characteristics for the site 
has been selected (Chapter 5), reforestation success 
depends on correct stock handling and planting 
techniques. 

Differences in planting quality influence refor- 
estation success significantly. In one study, about 14 
percent more basal area and volume were produced 
after 20 years by better planting from one crew than 
from another (88). Extra care in planting has been 
known to increase seedling survival an estimated 10 
to 20 percent (23). 

In British Columbia, seedling survival after an 
operational planting (66 percent survival) was 24 
percent less than after a careful planting by re- 
searchers (90 percent survival) on the same site 
(121). Vigor of carefully-planted trees also was 
higher. An assessment of the operational planting 

showed the following survival rates for various 
planting abnormalities: 

Percent 
Planting condition survival 
Well planted 75 
Poorly planted 60 
Loosely planted 41 
Leaning 54 
Too shallow 50 
Too deep 67 

These examples document relatively small gains 
in performance because of careful planting. In many 
other instances, where mortality is very high, de- 
creased seedling quality because of poor handling 
and planting techniques often are the cause of 
failure. 

The first part of this chapter emphasizes proper 
timing and execution of planting operations. When, 
where and how to plant seedlings are evaluated. On 
some sites, the special planting techniques discussed 
at the end of this section may be necessary to 
achieve reforestation goals. 

Handling, Storage, and Transportation 
Root Exposure 

Prolonged exposure of roots to drying conditions 
significantly decreases seedling survival (53,56,87). 
The critical length of exposure has not been defined. 
Dormant seedlings can endure longer periods of 
exposure than nondormant seedlings. A few min- 
utes of exposure usually are not critical to survival 
(52,113), but may be harmful under severe drying 
conditions, or for seedlings exposed previously. 
Seedling response also depends on conditions in the 
seedling environment. On favorable sites, seedlings 
may tolerate more preplanting stress than on severe 
sites. In general increasing root exposure decreases 
seedling vigor and survival. Therefore, lift, store, 
and plant seedlings in a dormant condition to insure 
maximum resistance to stress; keep roots moist at 
all times; and minimize exposure from lifting 
through planting. 

Chapter 6 contains more detailed information on 
the effects of lifting date and cold storage on 
seedling dormancy and resistance to environmental 
stress. 

Shipment of Stock 
Seedlings must be protected constantly from ex- 

tremes of temperature and moisture between lifting 
and planting.  Suitable methods of packing and 

shipping nursery stock depend on weather condi- 
tions, distance to site, and time in transit. Long- 
distance transport requires temperature-controlled 
refrigeration units, or insulated containers that 
maintain contents under 40C (39°F) with ice. For 
short trips, up to a few hours long, seedlings can be 
transported in trucks with closed canopies if kept at 
4°C (390F). If open-bed trucks are used, seedlings 
should be covered. On sunny days plastic covers 
transmit and trap solar heat that can buildup to 
lethal levels. A canvas cover protects open-bundled 
seedlings from drying in the high-speed turbulent 
air flow created by moving vehicles. Canvas trans- 
mits less solar heat than plastic. A cover should 
allow some air circulation to prevent heat buildup or 
self-heating by seedlings. 

Seedlings packed in sealed bags or boxes are less 
subject to dehydration (see Chapter 6), but still need 
covering to protect them from direct sunlight. High 
temperatures can directly injure seedling tissue, 
cause desiccation, encourage harmful mold growth, 
or prompt seedlings to break dormancy. If cold- 
stored stock is kept cold, self-heating is not a 
problem. Freshly-lifted seedlings may heat substan- 
tially if not cooled before shipment, especially if 
seedlings are not fully dormant. You should try to 
keep seedlings between 1° and 40C (34° and 390F) 
from packing to placement in the planting bag. 
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Local or Field Storage 
Since trees usually are not planted the same day 

they are delivered from the nursery, some type of 
field storage is often necessary. Cold-storage 
facilities near the planting site, cooled by mechani- 
cal refrigeration, are the best field storage option. 
Portable cold storage facilities can be used where 
permanent facilities are not available (97). Op- 
timum storage conditions are the same as for 
nursery cold storage: enclosed seedling temperature 
between 1° to 40C (34° to 390F), humidity above 50 
percent, and sufficient free air circulation to draw 
off seedling metabolic heat. It is easier to maintain 
humidity requirements inside sealed bags or boxes 
lined with polyethylene than keep the entire storage 
facility at high humidity. Hygrothermographs 
should be used to monitor temperature and humidi- 
ty conditions during storage. Alarm systems hooked 
up to the homes or offices of key personnel can alert 
these people to breakdowns in the system. 

Probably the next best option for field storage is 
some type of well-insulated storage shed or moist 
cellar. Sheds can be cooled by ice or snow. Solidified 
carbon dioxide (dry ice) should not be used because it 
is toxic to seedlings and humans in high concentra- 
tions (97) and its very low temperature, -80oC 
(-1120F), could damage seedlings. 

A properly-constructed snow cache, either pit or 
culvert, will provide good field storage (24,36). In a 
pit snow cache, trees are buried in a snowbank, and 
insulated with mulch and a protective covering. For 
culvert snow caches, large culverts are placed on 
sites before winter snows. Early the next spring, 
trees are placed in the snow-covered culverts and 
the openings are resealed with snow. Culvert snow 
caches need large natural or machine-piled accumu- 
lations of snow as a covering. Snow accumulation in 
the spring can be protected with insulated cover- 
ings. Only enough trees are removed from the snow 
cache for each day's planting. 

Trees stored in snow caches for up to 90 days and 

then carefully handled to minimize exposure have 
had good first year survival and growth in the 
Intermountain Region (24). Foresters in this region 
use a vermiculite dip-burlap wrapping technique to 
protect seedlings from desiccation until they are 
planted. Snow caches are probably most adaptable 
for high elevation sites in Oregon. Seedling storage 
should be limited to a week or less as storage 
temperature warms to fC (Sff'F) (97,108). Under 
ideal storage conditions, dormant seedlings can be 
stored for 90 days or more. Roots may require 
rewetting during long storage, especially if they are 
not in sealed bags or boxes. Seedlings in broken bags 
should be repacked immediately. 

At the planting site, seedlings should be kept in a 
cool, shaded, and well-ventilated location until they 
are used. Trees, logs, and canvas shelters can be 
used to provide shade. Seedlings should be protected 
from freezing when left out in cold weather. Bags or 
boxes of seedlings should not be stacked more than 2 
or 3 high to prevent both crushing and heat buildup 
in the center of the piles. To avoid damaging the 
seedlings, make sure planters do not throw, handle 
carelessly, or walk on bags or boxes of seedlings. 

Only one seedling should be taken from the 
planting bag at a time. The seedling should not be 
taken out until the planting hole is prepared. 
Planters often use wet peat moss or similar material 
in the planting bag to reduce moisture loss from the 
roots. 

Until recently, some stock was "heeled-in" on the 
planting site, primarily to hold planting stock from 
fall to spring or from one year to the next. Heeling- 
in is storing stock in trenches with shoots exposed 
and roots covered with tightly packed damp soil. 
Heeling-in is not recommended for storage in most 
situations because seedling vigor almost always 
declines while seedlings are heeled in. Lifting trees 
after growth has started magnifies transplant shock 
(see Chapter 6) and interrupts root growth after 
outplanting (36). 

Planting Guidelines 
Choosing the Best Microsite 

Microsite conditions significantly influence seed- 
ling survival and growth. Soil characteristics, sur- 
face temperature, solar radiation, ground cover, and 
wind direction can vary dramatically within a few 
feet. Planters should be aware of these changes and 
attempt to select the most favorable microsite in the 
vicinity of each spot to be planted (within about 5 
feet or 1.5 meters) (Figure 8.1). For example, on hot, 
dry sites, planting in dead shade often increases 
seedling survival and growth, but planting in the 

shade of live vegetation can limit or prevent growth 
because of increased moisture competition. 

For each site and each species, favorable condi- 
tions for seedling establishment must be defined 
and then met. Matching seedlings and site can be 
done in several ways, including choice of site prepa- 
ration (Chapter 7), silvicultural system (Chapter 3), 
stock characteristics (Chapter 6), and selection of a 
favorable microsite for each seedling. 

Favorable planting spots generally are found 
where soil is deep, well drained, and free of large 
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Figure 8.1: Planters should attempt to select the most favorable 
microsite in the vicinity of each spot to be planted, such as in the 
shade of stumps or logs on hot, dry sites. 

obstructions; where the seedling is shaded from 
south and west exposures, especially on hot, dry 
sites; and where the soil is stable. 

In general, poor planting spots include mounds of 
loose soil subject to unusual drying or erosion; 
depressions that may fill up with water, debris, or 
loose soil; concentrations of bark, wood, debris or 
rock; and those in competing vegetation when mois- 
ture or light is limiting. Other poor spots include 
those close to rodent colonies or animal burrows 
(indicated by holes, runways, or mounds of loose 
soil), or near livestock or game trails; in excessively 
packed soil, such as untreated cat-trails or landings; 
next to unbarked cull logs with loose bark (100); and 
spots where soil is burned red by an intensive fire. 

Planting in unfavorable spots requires addition- 
al site preparation or other modifications. For 
example, when plantings must be established on 
excessively packed soil, the area should be mechani- 
cally ripped to loosen the soil. If animal competition 
is apparent, preventive measures such as trapping, 
poisoning, or seedling caging may be necessary for 
seedling establishment (see Chapter 10). The fre- 
quency of favorable microsites depends on the result 

of harvesting and site preparation, and seedling 
establishment requirements. Rigid spacing of seed- 
lings is usually less desirable for their survival and 
growth than choosing the most favorable microsites 
available. Scalping to remove duff, litter, competing 
vegetation and charred soil can provide good, com- 
petition-free planting spots in otherwise unfavor- 
able locations (Figure 8.2). 

Root Deformation 
Seedlings should be planted with roots fully 

extended downward (13,93,97,108). Seedling sur- 
vival and growth may be reduced if roots are planted 
in a J- or L-shape, or bunched up (Figure 8.3) 
(101,129). The tree's susceptibility to windthrow 
may be increased also (66,109). In some studies root 
deformation at planting was not obviously corre- 
lated with any of these problems (12,50,109,129). 
The actual effect of root deformation probably 
depends on site, stock condition (30), and species. 
Detrimental effects are most likely to occur on 
adverse sites, or when low quality planting stock is 
used. Roots of some species, such as western hem- 
lock or spruces, characteristically develop in a more 
horizontal plane (114). 

Under droughty conditions, J- or L-root place- 
ment results in a severe survival disadvantage 
because the seedling's roots are nearer the surface 
and not in contact with as much soil as possible. 
Surface soil moisture is depleted rapidly by evapora- 
tion during droughty periods. Seedlings planted 
with roots in a deeper position have a head start for 
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Figure 8.2: Planting in chemically-killed brush is difficult and 
relatively slow because most planting spots must be hand scalped 
before the seedling can be planted. 
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Figure 8.3 A: A J-root can result when seed- 
ling roots are not planted vertically. Roots are 
restricted to upper soil horizons for a longer 
period of time and the seedling's physiology 
may be disrupted, causing reduced growth or 
mortality. 

Figure 8.3 B: Douglas-fir seedlings planted with deformed roots (balled-up). Seed- 
lings died within 3 years after planting in the field. 

reaching available soil moisture in deeper  soil 
horizons. 

On windy sites, deformed or bunched up roots 
may act as a rocker and cause the seedling to sway 
in the wind. Swaying breaks off some roots and can 
overturn the seedling (66). Planting roots straight 
provides more stability. 

Degree of root deformation is influenced by: 
initial form and size of root system, planting 
method, soil conditions at the time of planting (129), 
and planter fatigue. Large root systems are harder 
to plant correctly than small ones, especially by 
hand, or in heavy or rocky soils. Planting tools 
should be chosen for their ability to make consist- 
ently large holes that can accomodate roots in a 
vertical position. Shaking seedling roots into the 
hole and pulling up slightly on it helps straighten 
out the root system in the hole. Root growth of plug 
seedlings is discussed in chapter 6. 

Most effects of poor planting show up within the 
first few years. Some abnormalities of root place- 
ment, however, may persist (114,129). Although root 
deformation has not been linked with mature-stand 
characteristics, one study did note a correlation 
between "better planting" and increased basal area 
and volume after 20 years (88). 

Planting Tools 
Different types of hand tools, augers, and 

machines are available for planting tree seedlings. 
The advantages or disadvantages of each depend on 
the size of planting stock, type of terrain, soil 
characteristics, and crew preferences. 

Hand planting tools 
Basic hand tools for planting seedlings include 

grub hoes (or hodags), shovels, planting spades, 
planting bars, and dibbles (for container-grown plug 
seedlings). Hoes work best on sites without deep 
slash or other obstructions, and can be used for 
scalping off duff. Most hoes dig holes up to 5 inches 
wide and 10 to 12 inches deep. Hoes are most 
effective in stable soil with less than 50 percent rock 
(136). Hoes are often preferred for side hill planting 
or working uphill. Figure 8.4 shows the proper 
technique for hoe planting. 

Shovels generally are used for planting large 
stock in loose sand or granular pumice with few 
obstructions (less than 25 percent rock). Shovels can 
be used for scalping, but they are impractical in 
areas with deep slash or duff. Size or planting hole 
depends on shovel size, but holes are usually deep 
enough to accommodate seedlings with roots up to 
14 inches long (136). Seedling roots should not be 
cramped or bunched in the bottom of the hole. If in 
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doubt, use another tool that you know makes holes 
deep enough. 

Tiling spades have narrower and longer blades 
than shovels. Spades work better than shovels in 
rocky soils (up to 40 percent rock), brushy areas, or 
soil with intertwined roots. Spades are poor for 
scalping (136). The correct planting technique for 
either shovels or spades is shown in Figure 8.5. 

Planting bars are widely used in the Pacific 
Northwest. They can be used in rockier soil (50 
percent or more rock) than other tools, but they are 
limited to sites where no scalping is required (site 
preparation has already been done). Planting bars 
should not be used in clay or heavy soil because they 
can cause soil compaction (136). They make holes 
about 12 inches deep, but the holes are often shaped 
like an hourglass. Unless properly filled, these holes 
leave potentially harmful air spaces around the 
seedling's roots. The entire hole must be filled with 
soil. The correct technique for using a planting bar 
is shown in Figure 8.6. 

Figure 8.5: Correct procedure for planting bare-root stock with a 
shovel or tiling spade. Steps: 1. Insert shovel into soil vertically, 
with the blade reversed. Push handle forward. Pull soil back and 
out of hole. 2. Straighten back of hole. Insert tree at proper depth. 
3. Pack soil at bottom of hole. 4. Pack soil at top of hole and firm 
soil around seedling. When firming soil be careful not to scuff the 
seedling, as it can kill the seedling. 

Figure 8.4: Correct procedure for planting bare-root stock with a 
planting hoe. Steps: 1. Swing hoe to get full vertical penetration; 
hoe blade must be vertical, not slanted. 2. Lift handle and pull to 
widen hole. 3. Place seedling in hole at proper depth while using 
hoe to hold back soil. 4. Pack soil at bottom of hole. 5. Pack soil at 
top of hole. 6. Firm soil around seedling. When firming the soil be 
careful not to scuff the seedling, as it can kill the seedling. 

Figure 8.6: Correct procedure for planting bare-root stock with a 
planting bar. Steps: 1. Insert bar at angle shown and push 
forward to upright position. 2. Remove bar and place seedling at 
the proper depth. 3. Insert bar vertically about 2 inches toward 
the planter from the seedling. 4. Pull bar handle toward planter 
to firm soil at bottom of roots. 5. Push bar handle forward to firm 
soil at top of roots. 6. Insert bar vertically about 2 inches from last 
hole. 7. Push forward then pull backward to fill hole. 8. Fill in 
last hole by stamping with heel. 9. Firm soil around seedling. 
When firming soil be careful not to scuff the seedling, as it can 
kill the seedling. 
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Container planting tools 
Tools used for planting container-grown seed- 

lings include (Figure 8.7): special devices that dis- 
place soil to create holes conforming with size and 
shape of the containers or root balls; standard hand 
planting tools described previously; and standard or 
slightly modified augers or planting machines. 
Choice of tool depends primarily on soil type, ter- 
rain, size of container, and personal preference. 

Dibbles that punch holes (displace soil) to con- 
form with containers or root balls generally are the 
fastest and most frequently used tools in Oregon. 
They particularly are useful in moist, coarse to 
medium textured, or rocky soils where the need for 
clearing on-ground debris or for scalping is minimal. 
They also are useful where above-ground brush or 
debris make it difficult to use tools that must be 
swung. In heavy soil, however, dibbles may compact 
walls of the holes to such an extent that root growth 
is impeded. This can result in roots spiralling within 
the holes several months after planting. Such com- 
paction also may occur from attempts to dibble holes 
in medium textured soil when it is very wet or when 
hole volume is larger than 66 to 98 cubic centime- 
ters (4- to 6-cubic inches). 

Planting hoes are used most often for container- 
grown stock when dibbles cannot be used because of 
debris, heavy soil, or large stock. Slight modifica- 
tions of planting machines permit their use for 
container-grown stock in situations where machine 
travel is feasible; an automated planting machine is 
being developed in the South (33). 

The rate of hand planting ranges from 150 to 
over 1,000 trees per man-day. Rate depends on site 
conditions, stock characteristics, and crew experi- 
ence. Large stock and rocky, brushy, or steep sites 
take longer to plant. Emphasis always should be 
placed on planting quality, not planting rate. 

Augers 
Motorized augers fitted with a soil bit are used 

for tree planting (Figure 8.8). Their chief advan- 
tages are the speed and consistency with which they 
can dig, especially large and deep holes for large 
transplant stock. 

Up to 750 trees per man-day can be planted with 
some augers (108). One auger operator can dig 
enough holes for a 3- or 4-man planting crew. If 
auger operators get too far ahead of planters, 
however, extracted soil dries out before the seedling 
is planted and the seedling is subjected to increased 
moisture stress. 

Augers can not be used easily where large roots 
are in the soil, in rocky soil (more than 30 percent 
rock), in heavy clay, or where heavy debris and slash 
are on the surface. Sands, gravel, and coarse pumice 
soil tend to slough into the auger hole before the tree 
can be planted. Silts and silt loams tend to settle in 
the refilled hole, leaving upper tree roots exposed 
(136). Frequent rotation of planting crew members 
that operate the auger reduces fatigue problems. 
Figure 8.9 shows the correct technique for auger 
planting. 

On a site observed in the Umpqua National 
Forest, non-root-pruned seedlings planted in holes 
dug by a power auger had significantly higher 
survival after two growing seasons than root-pruned 
seedlings planted by hoe. The larger, deeper holes 

Figure 8.7: Some hand tools that can be used for planting 
container-grown seedlings. 

Figure 8.8: A motor-driven auger to form the planting hole can 
save labor in some planting situations. 
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Figure 8.9: Correct procedure for planting bare-root stock with 
an auger. Steps: 1. Use auger to dig a vertical hole to desired 
depth. 2. Insert and hold tree at proper depth in hole. 3. Pack 
bottom half of hole with soil. 4. Pack soil in top of hole and firm 
around the seedling. When firming the soil be careful not to scuff 
the seedling, as it can kill the seedling. 

constructed by the auger accomodated the larger 
untrimmed root systems. The increased survival 
and vigor of seedlings planted by auger could be 
attributed to untrimmed roots, method of planting, 
or both. Mixed results from other comparisons of 
hoe- and auger-planting in the Pacific Northwest 
indicate that practical gains from auger planting 
are most likely on sites where soil moisture is 
deficient, and where topography and soils are favor- 
able for auger operations (80). 

A tractor-powered auger tested in California 
resulted in superior seedling survival compared to 
hand tools (85 and 51 percent, respectively, after 3 
years). The tractor-powered auger is limited to 
gentle slopes or flat areas that are free of large roots 
and rocks. Production was only 480 trees per 8-hour 
shift, about the same rate as hand-planting with a 
hoe in this study (108). 

Planting machines 

Tractor-drawn tree planting machines (Figure 
8.10) generally increase speed of planting and often 
improve the quality on sites where they can be used 
(1,36,108). For example, second-year survival of 
hand-planted stock ranged from 62 percent to 83 
percent survival in one study; machine planting 
with comparable stock resulted in 79 to 92 percent 
survival (6). 

Survival differences were even greater between 
hand- and machine-planted stock in an Idaho study 

(36). Poor survival on hand-planted plots (6 to 17 
percent) was attributed to rapid invasion of grass on 
the site. Furrowing during machine-planting re- 
duced grass competition and resulted in improved 
survival (71 to 77 percent). 

The quality of machine planting depends on size 
and shape of planting stock, site conditions, and 
equipment use (5). Large stock is hard to plant 
correctly, especially if the machine is not adjusted 
correctly. Quality decreases on steep, rocky, or 
otherwise unfavorable sites. 

Planting rate depends on soil conditions, ground 
cover, presence of stumps and rocks, equipment, 
stock size, and ability or skill of crew. Planting rates 
as high as 8,000 trees per 8 hour shift have been 
reported in the Intermountain Region (36). The rate 
of planting can influence planting quality. If the 
tractor moves too fast for the planter, for example, 
trees are often planted shallow or flat (78). In this 
situation, roots are near the surface and subject to 
rapid drying, especially if the trench is poorly 
packed and post-planting weather is dry (5). 

Planting machines are restricted to gentle slopes 
where the surface of the ground or contour on which 
the machine will travel has a maximum side slope of 
about 20 percent (136). Planting operations are 
limited to periods when soil is not too wet for 
machine operation, or too dry to meet seedling 
requirements. Extensive site preparation is usually 
required to remove herbaceous vegetation, litter, 
slash and other debris before machines can operate 
effectively. 

Several planting machines have been developed 
to minimize some of these restrictions (5,33,92,108). 
The coulter and trencher on some machines can be 
adjusted to make a trench deep enough so seedlings 

N 
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Figure 8.10: Tractor-drawn planting machines can be used on 
flat ground or gentle slopes after extensive site preparation. 
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are set at the proper depth, with roots fully extended 
vertically. Sod scalpers are optional on many mod- 
els. For all stock, the packing wheels should be 
adjusted so trees are set firmly. 

Machine planting crews may consist of up to 
three or four persons: a tractor operator, a planter 
(sometimes two) on the machine, and a followup 
person who walks behind the machine and corrects 
faulty planting, especially incomplete firming (36). 
Planters should avoid large rocks, roots, debris or 
shallow places, both for benefit of the seedling and 
for protecting valuable equipment. Seedhng roots 
must be kept moist at all times. 

The high initial investment for a planting 
machine, coupled with their restricted operational 
use, usually limits their ownership to organizations 
with continuing reforestation projects, or to contract 
planters. Changes in design, however, are increas- 
ing the flexibility of planting machines. Old equip- 
ment is being modified and new equipment is being 
developed to handle container-grown seedhngs (33). 

Choosing Planting Tools 
Choice of the planting tool should be based on the 

relative advantages and disadvantages of each tool 
when comparing soil characteristics, ground cover, 
size of planting stock (depth of hole needed), plant- 
ing quality, and planting rate. 

In some cases, the planting tool can affect seed- 
ling survival. For example, a survey showed ponder- 
osa pine seedlings planted in southern Oregon with 
bars had less mortality from drought than seedlings 
planted by hoe (54). In clay soils, dibbles glaze the 
soil, making the seedlings more prone to frost 
heaving. 

The tool selected should make adequate size 
holes consistently, to accomodate seedling roots 
without J- or L-rooting. Furthermore, the tool 
should not cause extensive loosening, compaction, or 
glazing of the soil. The tool should be consistent 
with site preparation needs (for example, planting 
bars can not scalp). Failure on any of these points 
will decrease planting quality and seedling survival. 

In other situations, studies have shown that 
careful handling and planting results in increased 
survival and growth regardless of the planting tool 
used (85,86,126). Thus, planting quality should be 
stressed for all tools in all situations. Planting rate 
should never be the only factor, or even the most 
important factor in selecting a planting tool. If the 
tool with the fastest rate makes holes that are 
consistently too small for the roots, planters will not 
place roots properly and a high percentage of mor- 
tality could occvir. Rates and costs must be evaluated 
on a per-established-seedling-basis. 

When to Plant 
The proper time for planting to maximize refor- 

estation success depends on the physiological condi- 
tion of the stock and certain site conditions, particu- 
larly soil moisture or frost hazards. This applies to 
both bare-root and conteiner-grown seedlings. Usu- 
ally, there is a span of from 6 to 16 weeks of 
generally favorable conditions between late fall and 
early spring. Planting weather restrictions, how- 
ever, may further limit the number of favorable 
planting days. 

Proper physiological condition 
Lifting and planting dormant stock maximizes 

seedling resistance to exposure while awaiting 
planting, and to environmental stress after out- 
planting (56). Seedlings lifted and planted during 
the period of maximum root-growth capacity 
(January to March) have the most vigorous root 
growth after outplanting and the best chance to 
avoid damaging moisture stress. Cold storage of 
seedlings lifted during this time actually extends 
the period of maximum root growth capacity (58,71). 
Thus, when late spring planting is a necessity (for 
example, high elevation sites), seedlings should be 
lifted during the period of maximum root growth 
capacity and placed in cold storage until the site is 
ready in the spring (144). (See sections on dormancy, 
lifting, and cold storage in Chapter 6 for a more 
complete understanding of the importance of proper 
physiological condition and recommended opera- 
tional specifications for these procedures). 

Delaying lifting and planting until seedlings are 
dormant limits planting operations to late fall, 
winter, and early spring (see Figures 6.18 and 6.20, 
Chapter 6). 

Soil moisture 

Soil should be moist when trees are planted 
(18,108). Even if seedhngs are dormant, fall plant- 
ing should not be done until soil is moist to at least a 
1-foot depth. Depending on the degree of planting 
shock, root growth may be slow after planting for 
several weeks or longer. An extended warm and dry 
period during this time could seriously damage or 
kill seedhngs if the roots are not supplying enough 
of the available soil moisture. Soil moisture and 
weather conditions should be projected for a period 
of time after planting to anticipate adverse condi- 
tions. Projections for any time of the year can be 
attempted by reviewing past records of local weath- 
er conditions and determining the likelihood of 
particular weather occurrences. 
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Weather Guidelines for Planting 
Weather conditions at the time of lifting or 

planting can cause high levels of PMS (plant mois- 
ture stress). As a general rule, it is safe to plant in 
rainy weather, but what about other weather condi- 
tions? Weather guidelines for safe lifting and plant- 
ing have been developed based on physical laws that 
govern seedling moisture loss (18). The following 
simplified technique illustrates how you can deter- 
mine the relative risk involved in lifting or planting 
under different weather conditions. 

The rate of water loss from an exposed seedling 
is a function of the moisture gradient (graded 
measure of difference) between the seedling and 
surrounding air. This moisture gradient, or vapor 
pressure gradient, is the driving force for water loss; 
the greater the gradient, the faster the water loss. 
The vapor pressure gradient is determined by sub- 
tracting the actual amount of water in the air (ea) 
from the potential maximum amount of water the 
air could hold (e^) at that temperature (es - ea)*. 
Figure 8.11 shows the relation between es and 
temperature. As air temperature increases, air can 
hold more water. 

Relative humidity (RH) by itself cannot be used to 
estimate the moisture content of the air. Using RH to 
characterize the relative driving force of water loss 
can be even more misleading; the following example 
shows why. 

Example 1. 
Suppose you must plant on one of two days and 

the atmospheric conditions for each day are: 
Day 1: Air temperature 4.50C (40oF), RH 6 

percent. 
Day 2: Air temperature 210C (TOT), RH 66 

percent. 
On which day is the risk higher for water loss and 
moisture stress in exposed seedlings? 

• Step 1. Determine es from Figure 8.7. 

Day 1: es = 6.4 mm Hgt 

Day 2: es = 18.0 mm Hg 

• Step 2: Determine ea from the equation below 
that relates RH to e, and eQ. 

Day 1: Day 2: 

"The relation expressed in this equation assumes the air and seedling are 
at the same temperature. If the seedling temperature is greater than the 
air temperature, water loss will be greater. When seedling temperature is 
less than air temperature, water loss is less. 

TEMPERATURE, "C 
0 10 20 

40 60 
TEMPERATURE,  "F 

Figure 8.11: The relation between saturation air vapor pressure 
(es) and temperature. The air can hold more water as tempera- 
ture increases. 

RH = r5_ X  100 
ea 

6 = -^ x 100 
6.4 

RH = SL x 100 

66 = -^_  x  100 
18.0 

ea = 
6 x 6.4 

100 
efl = 

66 x  18.0 
100 

ea = 0.384 : 0.4 

mm Hg 

ea = 12.0 

mm Hg 

• Step 3: Finally, determine the vapor pressure 
gradient (VPG). 

Day 1: VPG = es - ea 

= 6.4 - 0.4 

= 6.0 mm Hg 

Ztaj-Z-VPO = e8 - ea 

= 18.0 - 12.0 

= 6.0 mm Hg 

• Answer: In this example, even though the RH 
is 11 times greater the second day, the vapor 
pressure gradients are identical. Since it is the 
vapor pressure gradient that determines water loss, 
the risk of water loss is the same on both days. 

tmm Hg equals millimeters of mercury (Hg), the pressure of water in the 
air. (1013 mm = 1 bar of pressure) 
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Example 2. 
Which of the following days is best for planting 

in terms of minimizing moisture loss from exposed 
seedlings? 

Day 1: 4.50C (40°F) air temperature, 50 per- 
cent RH. 

Day 2: 80C (46^) air temperature, 60 percent 
RH. 

Day 3: 130C (SST) air temperature, 75 percent 
RH. 

• Step 1: Determine es from Figure 8.7. 

Day 1: es = 6.4 mm Hg 

Day 2: es = 8.0 mm Hg 

Day 3: es = 11.0 mm Hg 

• Step 2: Determine ea (RH = — x  100). 
es 

Day 1: ea = 3.2 mm Hg 

Day 2: ea = 4.8 mm Hg 

Day 3: ea = 8.3 mm Hg 

• Step 3: Determine the vapor pressure gradient 
(es - ea). 

Day 1: 3.2 mm Hg 

Day 2: 3.2 mm Hg 

Day 3: 2.7 mm Hg 

• Answer: The vapor pressure gradient is lowest 
on Day 3. Therefore, Day 3 is the best planting day 
because moisture loss is slowest in exposed seed- 
lings. The vapor pressure gradient and, therefore, 
the risk of moisture loss, are equal on Day 1 and Day 
2. All three days in this example were better than 
the days in example one. 

This technique enables you to evaluate current 
weather conditions. Somewhat less reliable evalua- 
tions can be made for future planting dates by vising 
weather forecasts. Generally, vapor pressure gra- 
dients are low early in the morning from late fall to 
early spring. 

Wind speed 
Wind speed is another factor that influences the 

rate of water loss from exposed seedlings. Increasing 
the wind speed accelerates water loss from a seed- 
ling for all vapor gradients. Wind reduces the layer 
of quiet or dead air (boundary layer) surrounding 
the seedling (Figure 8.12). Thus, the pathway that 
water vapor must travel to leave the root or needle 
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Figure 8.12: Thickness of the boundary layer (a layer of still or 
quiet air that surrounds needles, stem, and exposed roots) 
decreases as wind increases, thereby proportionately increasing 
the rate of water vapor loss from the seedling. 

surface is shortened. Water vapor flows relatively 
faster across the shorter distance. 

Both wind speed and vapor pressure gradient 
influence the rate of water loss in seedhngs. Weath- 
er guideUnes for planting based on these basic 
principles have been calculated on a trial basis (18) 
and are presented in Appendix C. These guidelines 
should not be considered absolute because they are 
based on some untested assumptions. The guidelines 
should be updated with experience and experimen- 
tal results. As a general rule, air temperature 
should be between 0° and 180C (32° and 640F) and 
wind speed should be less than 20 miles per hour 
(disregarding occasional higher gusts) for planting 
trees without undue exposure. 

The principles for minimizing water loss during 
seedling planting also apply to lifting, cold storage, 
and transportation. Both moisture gradient and 
wind speed must be minimized within practical 
constraints throughout these operations. The poten- 
tial moisture gradient is smallest under cold storage 
conditions (between about 4 and 6 mm Hg), even 
when relative humidity varies from 50 percent to 
100 percent. Thus, cold storage conditions are safest 
for seedlings out of the ground; that is one reason 
seedlings should be left in cold storage until they are 
planted. 

When there are high risk weather conditions on 
one site, differences in local terrain and daily 
fluctuations in wind and temperature may enable 
you to plant a nearby site, or even the same site 
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after a few hours delay. Following these weather 
guidelines usually results in only a few termina- 
tions of planting operations in northern Oregon in 
winter and early spring. Terminations are more 
frequent later in spring and further south in 
Oregon. 

Planting operations should also be terminated 
for certain freezing or snowy conditions. When soil 
is frozen more than one half inch deep, winds may 
rapidly desiccate planted seedlings. Furthermore, 
planting is difficult in powdery snow because the 
snow and soil become mixed, leaving air pockets in 
the soil when the snow melts. It is more difficult to 
choose the best microsite for planting when snow is 
present, especially on areas without site 
preparation. 

General Planting Dates 
Table 8.1 contrasts the usual operational plant- 

ing times for bare-root stock with the recommended 
or ideal planting season. Operational planting times 

for each region approximate past and present prac- 
tices by most agencies. Actual planting dates within 
these general periods depend on local weather condi- 
tions, soil moisture, and operational constraints (for 
example, area accessibility, manpower, and stock 
shipment). Recommended planting dates correspond 
to periods of maximum seedling vigor and resistance 
to stress, and following the recommendations will 
increase potential field survival of seedlings. On 
favorable sites and during favorable years, planting 
dates may be more flexible, but over time and 
throughout each region, the recommended planting 
dates represent the period when potential for sur- 
vival is maximum. 

Stock for late spring planting at high elevations 
or in eastern Oregon, should be lifted in late fall or 
winter and placed in cold storage until planted. For 
other locations, lifting should be done after the onset 
of dormancy, and planting as soon thereafter as 
practical. 

Special Techniques 
Seedling environment can be managed to al- 

leviate severe exposure or moisture stress. Mulch- 
ing, shading, irrigation, and deep planting have 
been used effectively to increase seedling survival 
when moisture is limiting. Each treatment is most 
beneficial when water stress or exposure is limiting 
seedling estabUshment. Fertilizers applied at plant- 
ing time have had mixed but generally negative 
results in improving seedling nutritional status. 

Mulching 
In parts of the Pacific Northwest where at least 2 

months of the growing season are droughty, soil 
moisture often is limiting to seedling establishment. 

Numerous types of mulches, such as rocks, sawdust, 
various types of paper and plastics, have been tested 
in an attempt to reduce moisture loss by evaporation 
and transpiration. An evaluation of several mulch- 
ing materials shows that black polyethylene (Figure 
8.13) is the most durable (60). Black plastic mulches 
remain intact for four or more growing seasons 
(27,75), depending on plastic thickness and weather 
conditions. 

Several reported studies show that mulching 
increased conifer survival compared to bare-soil 
plantings (27,55,60,138). Where moisture stress is 
critical, survival can be enhanced by more than 20 
percent (27,55,75). In some cases, height growth of 

Table 8.1. Usual Operational Planting Periods for Bare-Root Stock, and Recommended Planting Periods, 
Based on Physiological Requirements of Seedlings by Major Environmental Regions in Oregon.1 

Planting Dates Coast 
Interior Valleys 

North South 
High 

elevations 
East 

of Cascades 

Usual 

Recommended 

1 Oct to 
15 May 

1 Nov to 
15 Apr 

15 Nov to 
15 Apr 

1 Oct to 
15 Nov; 
1 May to 
15 Jun 

1 Apr to 
15 Jun 

1 Dec to 
1 Apr 

1 Dec to 
1 Mar 

1 Dec to 
1 Mar 

15 Nov to 
1 Dec2; 
1 May to 
15 Jun3; 

15 Mar to 
15 May3 

1 Planting dates are affected by yearly variations in weather, soil moisture, and by operational constraints. See text. 
2 Containerized stock that has had dormancy artif idally-induced earlier than normal may need to be used for fall-planting on some sites. Bare-root stock may 
not be dormant early enough for lifting and planting. 

3 Or follow snowline within 5 days. 
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Figure 8.13: Black plastic mulch is one way to reduce moisture 
loss from evaporation on sites where moisture stress is critical. 

mulched seedlings is increased (27,75,94,138). In 
addition, mulched seedlings tend to suffer less frost 
heaving than seedlings planted in bare soil (55). 

Improved seedling survival and growth from 
mulching is probably attributable to reduced evap- 
oration and greater nitrate accumulation in soils 
covered with plastic mulch (10,16,27,49,73). Mulch- 
ing holds down competing vegetation, further main- 
taining available soil moisture for the seedling. 

Unshaded mulch may be detrimental to seedling 
survival if surface temperatures are very high. This 
is especially true for heat sensitive species (76,94). 
Temperatures at the surface of the mulch and 2 
inches above the mulch are up to 140C (250F) higher 
than corresponding nonmulched locations 
(10,16,49,73). 

Cost and logistics for placement limit the practi- 
cal use of mulch on most sites. On a cost-per- 
surviving-tree basis, mulching may be better than 
bare soil when moisture is severely limiting, but 
mulching often is more expensive than other mois- 
ture-control treatments such as site preparation 
(Chapter 7). Most mulching materials are difficult 
to transport and handle in the field. Securing the 
plastic around the seedling is time-consuming and 
difficult when suitable anchors must be improvised. 
Mulching probably has its greatest utility on small 
areas, or in special projects where moisture stress is 
expected to be severe. 

Shading 
Southerly aspects, particularly in southwestern 

and eastern Oregon, frequently have high tempera- 
tures and limited moisture. To minimize moisture 
stress, trees should be planted in favorable micro- 
sites, or artifically protected in extreme cases. Good 
site preparation and shade may be helpful in creat- 
ing an acceptable environment for seedling 
establishment. 

Artificial and natural shading have both been 
tried as methods of reducing temperatures around 
seedlings. Survival of shaded seedlings has ranged 
up to four times greater than unshaded seedlings 
(2,76,82,104). Shading also reduces seedling transpi- 
ration because seedling temperature is lower. Thus, 
soil moisture is used less rapidly. 

Planting on the northeasterly side of stumps, 
logs, or other debris, provides dead shade during the 
heat of the day (Figure 8.14). Planting in naturally 
existing shade often takes no extra time, but pro- 
vides substantial benefits. Planting too close to 
unbarked logs can result in seedling damage if bark 
falls off (100). Knock loose bark off logs before 
planting the seedling. 

Artificial barriers, such as shingles or restacked 
rocks (Figure 8.15) are expensive initially because 
of increased material or labor costs, but may result 

Figure 8.14: Dead vegetation provides the benefits of shade 
(reduced temperature and transpiration) without competing for 
soil moisture. 
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Figure 8.15: Tar paper is one way of providing artificial shade. 

in a lower cost per surviving tree. For example, 
shading with shingles resulted in a 1- to 2-cent 
lower cost-per-surviving-tree in one study despite 
increased planting costs (2). 

Planting seedlings in the protection of live vege- 
tation varies in degree of success by the amount of 
competition exerted by the vegetation. While live 
shade serves the same function as dead shade, it 
may increase moisture stress in seedlings if roots of 
vegetation occupy the same soil moisture zones. For 
example, soil moisture and temperature conditions 
in eastern Oregon were bound to be more favorable 
beneath Ceanothus or manzanita species than in the 
open in one study, but the root systems of seedlings 
and brush occupied different soil moisture zones 
(143). In contrast, a study in central Oregon found 
that soil moisture at the 10- to 14-inch depth under 
live manzanita was 8 percent by early September, 
compared to about 20 percent under dead or re- 
moved manzanita stands (130). Although surface 
temperature and evaporative stress are less in the 
shade of live brush than in the open, the moisture 
savings frequently do not compensate for the mois- 
ture used by the vegetation (32). 

Vegetation can provide protection from browsing 
and increase soil nutrition, especially from ni- 
trogen-fixing species. If vegetation is too dense, 
however, it may result in an impenetrable barrier to 
the seedling, or seedlings may be crushed by the 
plants or their litter, especially in heavy snow zones. 
Dense vegetation makes planting much more dif- 

ficult and expensive. Thus, assets of vegetation 
must be weighed against liabilities. As a general 
rule removal of the vegetation, combined with 
vigorous planting stock properly handled and 
planted, is most successful. 

Artificial shading is unnecessary in most situa- 
tions. Shading increases initial seedling survival if 
surface temperatures are above a seedling's toler- 
ance level. You should utilize naturally-existing 
shade on southerly exposures. 

Deep Planting 
Planting the seedling so the root collar is below 

ground level is another alternative for reducing 
moisture and temperature stress in seedlings. This 
treatment produced the highest survival of all 
moisture retaining treatments in one study (61). In 
1956, however, the Pacific Northwest Forest and 
Range Experiment Station reported no significant 
increase in survival of 2-0 Douglas-fir planted 
"extra deep" (W. Stein, plant ecologist, USFS, Forest 
Sciences Laboratory, Oregon State University, per- 
sonal communication, 1976). Other studies show 
mixed findings regarding survival and height 
growth of deep-planted seedlings (29,54,85, 
86,127,128). 

Where deep planting results in better survival or 
height growth, moisture probably is the limiting 
factor to seedling establishment. Deep planting puts 
roots deeper in the ground where moisture is avail- 
able longer. Top growth of seedlings is proportional 
to the initial amount of available water when 
growth occurred (124). Seedlings planted deeper in 
lower, more favorable moisture zones would be 
expected to show more growth in droughty 
situations. 

Deep planting may effect root development in 
some species. Western hemlock roots, for example, 
characteristically develop in a horizontal plane. 
Deep planting increases the probability of L- or 
J-rooting because planters have a tendency to cram 
roots deeper into a normal depth hole instead of 
digging a deeper hole. 

Shallow planting, on the other hand, is consist- 
ently detrimental. Root tissue that was covered in 
the nursery is exposed by shallow planting. Poor 
survival and growth generally results if any part of 
the root is exposed after planting. The exposed root 
is subject to sunscald and desiccation. 

Plugs from container seedlings should be planted 
slightly deeper than the top of the potting mixture 
and covered with loose soil or other mulch. This 
reduces the chance of frost heaving and retards 
moisture loss by evaporation from the plugs in the 
first critical days after planting. 
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Irrigation 
Under normal circumstances, costs prohibit ir- 

rigating seedlings in the field. Exceptions might 
include special plantations for research, or small, 
accessible areas near a water supply. 

Irrigated ponderosa pine and Douglas-fir seed- 
lings kept below 45 bars PMS (see Chapters 2 and 6 
for discussions of PMS) on plots near Corvallis, 
Oregon, suffered only 10 percent mortality, while 
nonirrigated seedlings suffered 90 percent mortahty 
at the end of one growing season (17). 

A study with 2-0 ponderosa pine in British 
Columbia showed that watering seedlings at the 
rate of 1 gallon per plant per application gave 
significantly better survival than no treatment (61). 
In this latter study, the value of watering only at the 
end of the first month was marginal; repeated 
applications later in the season as soil moisture 
became limiting resulted in better survival. Highest 
survival was obtained in this study by using a paper 
mulch to conserve moisture. Other treatments, such 
as site preparation to remove all competing vegata- 
tion, or mulching may be more effective and durable 
than irrigation. 

Fertilization at Planting 
Various types and formulations of fertilizers 

have been added at the time of planting to deter- 
mine the benefits of increased mineral nutrition on 
seedling survival and growth. Slowly-soluble, pellet- 
type fertilizers in most cases have not increased 
survival or growth significantly; in fact, excessive 
mortahty has occurred in some cases (61,74,98, 
115,139,140). Mortality was less when the fertilizer 
pellet did not contact the roots (115). 

A study on the H. J. Andrews Experimental 
Forest in Central Oregon showed significantly im- 
proved growth of Douglas-fir seedlings for five 
growing seasons after planting when fertilizer pel- 
lets containing 24 percent elemental nitrogen and 
2.6 percent elemental phosphorous were used (98). 
Another study reported increases of 42 percent in 
height growth and 24 percent in stem diameter of 
Douglas-fir planted with pelleted fertilizers (4). A 

urea-formaldehyde resin formulation was used as a 
highly concentrated, slowly soluble source of 
nitrogen. 

Negative responses of seedlings to pelleted fer- 
tilizers seem to be correlated with dry soil condi- 
tions, especially when the root is in direct contact 
with the pellet (125,140). Even when roots are 
separated from the pellets, a strong concentration 
may develop and damage the roots. Fertilizers seem 
to have no effect on seedlings in heavy brush cover 
(4); this suggests the need for site preparation to 
reduce competition. 

The results of a study near Corvallis, Oregon, 
showed that mulching alone increased survival of 
Douglas-fir seedlings, but survival was less when 
mulching was combined with pelleted fertilizers 
(Table 8.2). Fertilized seedlings had a lower survival 
rate than those not fertilized. 

Table 8.2. Survival of Mulched Douglas-fir Seed- 
lings With and Without Pelleted Fer- 
tilizer, Corvallis, Oregon.1 

Mulching1 Fertilized Unfertilized 

None   
18"xl8"   

Percent 

                   3 
                26 

Percent 

7 
35 

36"x36"                   60 75 
1 Source: M. Newton, Professor of Forest Ecology, Oregon State University, 
unpublished data. 

2 Mulch was 15 pound black asphalt felt. 

Fertihzers applied at planting time must be 
bland to avoid root injury, slowly soluble to give 
sustained benefits, and have a high concentration of 
nutrient elements to make transportation and hand- 
ling feasible. The slowly-soluble soil amendments 
now available are not consistently successful or 
economically feasible. On harsh sites, where certain 
nutrients are limiting or imbalanced, fertilizing 
might yield positive results. Unless the formulation 
is carefully matched to soil deficiency, fertilizer will 
not help, and may hinder, survival and growth. 
When soil moisture is limiting, fertilizers increase 
the risk of root damage. 
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Checklist to Improve Planting Techniques 
The following checklist is a brief summary of 

some important items covered in this chapter and 
Chapter 6. Giving close attention to each of these 
steps in planting will improve chances for reforesta- 
tion success. 

• Care in Shipping and Storage 
Maintain proper seedling storage conditions. 
Avoid temperature and moisture extremes. 
Use care in handling bags, boxes or bundles of 
seedlings. 
Repack seedlings in broken bags or bundles 
immediately. 
Keep trees cool and shaded in field. 
Stack no more than three bags deep for ship- 
ping, two bags deep in field. 

• Select Best Planting Spot 
Utilize natural shade when possible. 
Avoid rocky or shallow spots where possible. 
Avoid mounds and depressions. 
Clear to bare mineral soil. 

• Plant Properly 
Select only one seedling from the bag a/ferhole 
is ready. 
Plant roots at nursery depth or slightly deeper. 
Plant roots in a natural position. 
Set plants in vertical position. 
Fill hole with moist soil only—eliminate air 
pockets around roots. 
Firm soil around roots carefully; do not physi- 
cally damage seedling. 
Place loose layer of soil or Utter around planted 
tree. 

• General Precautions 
Lift and plant only vigorous, healthy, and 
dormant stock. 
Keep roots moist at all times! 
Avoid J- or L-rooting. 
Supervise crew closely on planting quality. 
Follow weather and soil condition guidelines. 

II. Seeding 
Basic Requirements for Seeding 

The basic requirements for successful seeding 
operations are: an ^adequate supply of viable seed 
from a source adapted to the site; a suitable seedbed 
for germination; and a compatible environment for 
germination and seedling establishment. If these 
basic requirements are not met, reforestation by 
seeding will fail. See Figure 8.16 (96). 

The major difference between artificial and 
natural seeding is that the seed in natural seeding is 
not treated. Other than that, the environmental 
factors that determine success or failure of seeding 
are similar. Many of the management considera- 
tions that apply to artificial seeding also apply to 
natural seeding. These considerations include the 
seed supply, preparing the seedbed, competing vege- 
tation, and effects of slope and aspect. 

Seed Supply 
A plentiful supply of viable seed (up to 25,000 

seeds or more per acre) is needed for meeting most 
stocking standards by direct seeding. Frequency of 
good cone crops for most major timber species in 
Oregon is listed in Table 5.1, Chapter 5. Accurate 
forecasts of seed availability are difficult because 
unpredictable circumstances can drastically reduce 

seed supply in a short time. Such events include 
heavy rainfalls during the pollination period (133), 
cone injury by frost (116), seed destruction by 
insects (67), and consumption of seed before and 
after seedfall by birds and small mammals (36). 

One technique for cone crop forecasting in Doug- 
las-fir uses the ratio of reproductive to vegetative 
buds six months before flowering (3). If half or more 
of these branches have reproductive buds, you can 
anticipate a good cone crop (R. Silen, principal plant 
geneticist, USFS Forest Science Laboratory, Oregon 
State University, personal communication, 1975). 
For reliable forecasts, samples must be taken in the 
upper part of the crown. This procedure is impracti- 
cal in ordinary practice. 

Seed viabiUty is related to size of cone crop. 
Proportionately more light or empty seeds fall from 
small cone crops than from large cone crops (45). 

Foresters have little effective control over seed- 
eating animals and insects, but can reduce seed 
losses from slash burning. Slash burning after a 
heavy seedfall in October greatly reduces stocking. 
Stocking is twice as high if slash is burned in 
August before seedfall (112). When a good cone crop 
is projected, a spring bum is best. Usually, the cone 
crop fails or is poor immediately preceding a good 
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Figure  8.16: Factors influencing seedling establishment for 
natural regeneration (96). 

crop year. Consequently, there is little or no seed 
and few seedlings to be destroyed by slash burning 
in spring before a good crop. Furthermore, a spring 
bum generally causes the least damage to the 
seedbed. 

Preparing the Seedbed 
As a general rule, exposing mineral soil by 

disturbing the forest floor (scarification) results in 
more established seedlings than leaving undisturbed 
duff Mineral soil is a better seedbed for most 
conifers (except western hemlock) than organic mate- 
rials. A heavy concentration of slash should be 
eliminated before seeding because it intercepts too 
much light, prevents seeds from reaching the 
ground, and may crush or smother young seedlings 
(9,72,81). A light or medium cover of slash creates 
enough shade to modify temperature extremes with- 
out interfering with seedling growth. 

The decision as to whether or not to remove 
logging debris often determines the success of 
natural regeneration. Benefits derived from leaving 
residues depend mainly on (81): presence of 
advanced regeneration; composition of commercial 
species; anticipated natural seedfall; types, 
amounts, and distribution of seedbeds; kinds and 
amounts of residual competing vegetation;   and 

likelihood of wildfire. When disposal of logging 
debris is desirable or necessary, the principal 
methods are burning, chipping, or mechanical re- 
moval from the site (see Chapter 7). 

Burning is the most common method for dispos- 
ing of logging debris. Slash burning and wildfire 
create a considerable variety of seedbeds, all gener- 
ally suitable for seeding (57). Burning reduces fire 
hazard, exposes mineral soil, removes diseased 
advanced reproduction where present, and usually 
reduces vegetative competition for several years 
(65). Generally, burning also increases amount of 
available nutrients in the surface soil, with the 
possible exception of nitrogen (84). 

The benefits of burning, however, have to be 
weighed against its adverse effects on reforestation. 
Broadcast burning destroys both advanced regener- 
ation and seed from any recent seedfall. Destruction 
of seed and seedlings can be reduced by piling 
logging debris before burning it. Burning piled 
residues, however, produces a hot fire that results in 
severely burned soil underneath the pile, and equip- 
ment necessary for piling the debris may cause soil 
compaction. Hot fires tend to reduce the moisture 
holing capacity of the soil (32) and often leave a 
nonwettable soil (99). 

On steep slopes with shallow soil, burning con- 
sumes most of the organic matter in the surface soil 
(91) and can significantly increase erosion (79,105), 
or lead to burial of seedlinqs by soil and debris 
moving downhill. Burning should not be considered 
an alternative, or supplement, to mechanical dis- 
turbance on sites containing long-lived seeds of 
brush species whose germination is stimulated by 
heat from fire (48). 

Mineral soil exposed by mechanical means gen- 
erally results in higher stocking after seeding than 
mineral soil exposed by burning (122). Removing 
logging debris by chipping avoids many of the 
drawbacks of burning, but germination and initial 
survival of most species are generally poor in 
organic seedbeds. Windrowing slash creates a favor- 
able mineral seedbed if surface soil is not removed. 
Seedling growth may be reduced if too much fertile 
top soil is removed. Mechanical treatment of slash, 
other than chipping or windrowing, is not practiced 
much in the Pacific Northwest (22). 

Choice of logging method permits considerable 
control over the amount of ground disturbance and 
exposure of mineral soil. Typical high-lead systems 
normally remove duff and brush on more than half 
of the logged area. Little scarification results from 
skyline yarding systems. Dragging logs on the 
ground, or use of tractors with scarification blades 
after logging may be necessary to stir the soil. 

Timber sale contracts that require seedbed 
preparation often do not stipulate that the opera- 
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tions coincide with an adequate seed crop. When 
possible, timber sale contracts should incorporate 
flexibility in logging plans, scarification, or burn- 
ing, in order to take advantage of seed crop condi- 
tion. Other means of funding and accomplishing 
necessary seedbed preparation also must be 
planned. 

Competing Vegetation 
Seeding should take place as quickly as possible 

after logging or burning. Delay encourages natural 
succession of competing vegetation. Once the site 
becomes occupied by grasses or shrub species, 
chances for successful seedling establishment di- 
minish rapidly. Whether originating from sown or 
naturally fallen seed, first-year seedlings are poor 
competitors for light and moisture under a substan- 
tial cover of herbaceous vegetation or brush (62,72). 

A succession of poor seed crops is one of the 
primary reasons that invading shrubs take over 
sites where natural regeneration is expected. Re- 
sidual vegetation, in contrast to species invading the 
site after clearcutting, usually spreads slowly after 
logging and is unlikely to hinder successful refor- 
estation of conifers that are established concurrent- 
ly. However, salmonberry communities, characteris- 
tic of open Douglas-fir stands in the Coast Range, 
and swordfem—Oregon oxalis communities on 
moist sites in the western Cascades are examples of 
communities that tend to increase rapidly in vigor 
after clearcutting (81). Site preparation is manda- 
tory for seeming coniferous reproduction on these 

types of sites. Resprouting species can be trouble- 
some, especially if seedlings are not established soon 
after harvest. 

Attempts to create favorable conditions for seed- 
ling establishment on adverse sites with a nurse 
crop (for example, brown mustard) have generally 
been disappointing (15). All nurse crops have trade- 
offs. Whatever is gained from shade usually is lost 
by increased competition for moisture. Retaining 
the benefits of dead shade and eliminating moisture 
competition by spraying with herbicides (77) are 
difficult because of the problems of properly timing 
spray applications. Chapter 2 has a more complete 
discussion on competing vegetation. 

Effects of Slope and Aspect 
TTie best prospects for successful seeding opera- 

tions generally occur on flat ground or gentle north- 
erly aspects. Prospects become successively poorer 
on east, west, and south exposures because the 
microclimate becomes increasingly adverse for seed 
germination and seedling estabhshment. Fur- 
thermore, south exposures are often preferred 
habitats of small mammals, so animal depredations 
of seed and seedlings tend to be severe on these sites. 

On steep slopes seeds often are washed to the 
bottom, causing clumping of germinants. Downhill 
movement of soil, rocks, and debris often smothers 
and kills seedlings, especially young germinants. 
Chances for successful seeding (adequate stocking 
of well distributed seedlings) decreases as slope 
increases. 

Natural Regeneration 
Relying on natural regeneration for reforesting 

cutover lands has decreased sharply since the early 
1950's. Natural regeneration accounted for only 
about 13 percent of the total area reforested on 
national forest lands in Oregon in 1975 (135). 
Statistics on total acreage restocked by natural 
regeneration for all forest ownerships in Oregon are 
not available, but the proportion of artificial to 
natural regeneration is probably similar to that 
reported for national forest lands. 

• Legal requirements for restocking cutover forest 
lands within a specified length of time (Oregon 
Forest Practices Act) and the growing pressure for 
increased wood production, are probably the prin- 
cipal reasons that artificial regeneration predomi- 
nates at present. Totally abandoning natural regen- 
eration as a silvicultural tool, however, would be 
unwise and unjustified. Natural regeneration has a 
definite place in some situations and may become 
more important if we place increasing reliance on 
harvesting methods other than clearcutting. More 

consideration should be given to utilizing natural 
regeneration in combination with artificial 
reforestation. 

Douglas-fir Type 
Reforestation by natural reproduction is less 

common at present in the Douglas-fir type than in 
any other forest type in the Pacific Northwest. 

Clearcutting 
Establishment of natural reproduction after 

clearcutting in the Douglas-fir type is erratic. Fail- 
ures have occurred especially on hot, dry south 
slopes, where frost is a hazard, or where seed source 
is inadequate. New germinants are moderately sus- 
ceptible to climatic extremes. Natural reproduction 
following clearcutting should be relied on only on 
favorable sites (generally north, northeast or north- 
west aspects) in this forest type. Sites with west and 
east exposures may be suitable if clearcuts are small 
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(5 acres maximum), and if the site has relatively 
deep soil and good water-holding capacity (9,63,72). 

Stands of seed bearing trees along the edges of 
clearcuts probably provide the most reliable seed 
source. Cuttings should be laid out so that no bare 
ground is farther than 3 tree heights, from the edge 
of a seed source. 

Seed tree cutting 
Seed trees do not assure adequate natural regen- 

eration in this forest type. The problem of erratic 
success of the system, combined with high value in 
the leave trees and expense of later harvest, have all 
but eliminated this practice in the Pacific 
Northwest. 

Shelterwood cutting 
Shelterwood cuts in the Douglas-fir type usually 

provide more favorable conditions for establishment 
of natural reproduction than clearcuts. A study in 
the Cascade Mountains of Oregon recommended 
leaving 100 to 180 square feet of basal area per acre 
to protect seedlings from severe environmental con- 
ditions (142). The amount of residual basal area 
should increase as the average diameter of residual 
trees increases to provide enough ground shade. 

If the overstory contains other species in addition 
to Douglas-fir, the percentage of Douglas-fir seed- 
lings tends to be higher on mineral soil seedbeds 
than on undisturbed duff. Inadequate site prepara- 
tion on such sites can produce a new stand with 
different species composition. The combined effects 
of residual basal area and seedbed characteristics 
are summarized in Figure 8.17, based on studies in 
the Cascade Mountains in Oregon (142). 
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Figure 8.17: Stocking percent in a shelterwood is related to 
residual basal area and amount of disturbance in the seed bed. 
Heavy disturbance was defined as 75 to 50 percent exposed to 
mineral soil; light disturbance equals about 50 to 25 percent 
exposed mineral soil (145). 

Pure Ponderosa Pine Type 
Advance multiaged reproduction in stands of 

pure ponderosa pine may give the faulty impression 
that many seedlings become established almost 
every year. Actually, establishment of appreciable 
amounts of natural regeneration occurs at rather 
infrequent intervals. Ponderosa pine is a variable 
producer of seed and a good cone crop in conjunction 
with favorable climatic conditions for seedling es- 
tablishment seldom occurs. Advance reproduction is 
usually the result of a slow accumulation of surviv- 
ing seedlings from good and fair seed years. 

As a rule, formation of a new stand of ponderosa 
pine through natural regeneration takes many 
years. For this reason, relying on natural regenera- 
tion should be limited to stands with a substantial 
amount of advance reproduction. This advance re- 
production will form the nucleus of the new stand 
and will be augmented gradually by more seedlings 
after harvest cuttings. 

Clearcutting 
Clearcutting is usually the least desirable har- 

vest system for establishing a new stand of ponder- 
osa pine by natural regeneration. Most sites in the 
ponderosa pine region have harsh conditions in the 
seedling environment; clearcutting can magnify 
unfavorable conditions for germination and seed- 
ling establishment. Furthermore, advance schedul- 
ing of cuts for natural regeneration is difficult 
because crops do not occur at regular intervals and 
absolutely reliable methods of cone crop forecasting 
are not available. 

If natural regeneration is desired after clearcut- 
ting, clearcuts must be small. Open sites larger than 
2 acres generally are understocked (117). Clearcut- 
ting in central Oregon should be done in small 
patches or narrow strips less than about 300 feet 
wide, because seedfall decreases rapidly with in- 
creasing distance from the seed source (8). 

Seed tree cutting 
The seed tree method has been recommended for 

natural regeneration of cutting areas wider than 
260 feet (36). The seed tree method was used 
extensively for regenerating ponderosa pine forests 
in Oregon before World War n, but has resulted in 
more f ailures than successes in the pine region of 
central Oregon. 

The number of seed trees required to provide an 
adequate seed supply varies according to site differ- 
ences. Three or four ponderosa pines from 20 to 26 
inches in diameter produce enough seed for ade- 
quate reproduction if rodent control and ground 
preparation have prepared the site for regeneration 
(37). Another study estimated 8 to 12 dominant 
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trees per acre from 16 to 24 inches in diameter 
provide enough seed in an average seed year (36). 

Shelterwood cutting 
Shelterwood cutting is well suited for harvesting 

even-aged stands of ponderosa pine (11,36). The 
shelterwood should be done in two stages. The first 
cut should remove about 30 percent of the stand. 
After 20 to 25 years of regeneration establishment, 
a second cut should remove the residual overstory. 

A shelterwood probably will be successful if the 
first cut is followed by a good or fair seed crop. 
Residual trees should be vigorous, full-crowned 
dominants, because these are the best seed produc- 
ers. Almost 90 percent of the ponderosa pine seed in 
one stand was produced by dominant trees (37). 
Restocking by the shelterwood system requires a 
good seed year, combined with a good seedbed and a 
favorable weather condition. On some sites the 
length of time between years when these occur 
together make use of this system impractical. 

Group selection cutting 
The group selection method is usually the best 

silvicultural system for renewing pure ponderosa 
pine stands by natural reproduction. Group selection 
guarantees both a permanent supply of seed and 
better chances for gradual establishment of repro- 
duction, even in parts of the pine region with an 
arid, continental climate. The canopy of remaining 
trees provides a more favorable microclimate than 
open ground and protects seedlings when they are 
most vulnerable to environmental stress. The selec- 
tion method requires very careful logging (7,141) 
and slash disposal (89,110) to avoid damaging estab- 
lished reproduction. The increased number of en- 
tries into the stand and the extra care involved 
make group selection cutting a relatively expensive 
option. 

Lodgepole Pine Type 
In the past foresters have rehed almost exclu- 

sively on natural reproduction for regenerating 
lodgepole pine. Lodgepole pine has relatively low 
value and low volume per acre, so large investments 
in artificial regeneration were unattractive. Fur- 
thermore, suitable planting stock has been limited 
because there are problems associated with seed 
procurement and nursery production of lodgepole 
pine. Artificial regeneration of this species is becom- 
ing more common with changing economic condi- 
tions and progress in nursery technology. Mean- 
time, natural regeneration will probably remain the 
principal mode of stand establishment for lodgepole 
pine. 

On most lodgepole pines in Oregon, the cones 

discharge most seed in the fall, and all seeds are 
released within a year of cone ripening. Logging 
slash contributes only the current year's seed pro- 
duction. Seeds in slash are not viable if timber 
harvest precedes seed ripening. Lodgepole pine 
seeds usually begin to fall in early October. Timber 
harvest after this time does not decrease the viable 
seed supply. 

Clearcutting 
Clearcutting is probably the best suited silvicul- 

tural system for natural reproduction of lodgepole 
pine in Oregon. For consistent and prompt reforesta- 
tion, clearcuts in the lodgepole pine type must be 
kept small, however, because lodgepole pine seed 
dispersal distance is short. Less than 2 percent of 
the total seed dispersed falls beyond about 130 to 
200 feet from stand boundaries (26). A maximum 
width of 400 feet is recommended for clearcut strips, 
patches, or blocks (25,131). On severe sites, harvest 
cuts should be narrow strips, less than 2 tree heights 
wide (19). 

Some natural-regeneration failures following 
clearcutting in lodgepole pine may have occurred 
because clearcuts were too large (21,131). Seed trees 
on large, cutover areas may aid in obtaining ade- 
quate regeneration. For northeastern Oregon, a 
spacing of seed trees at about 130- to 200-foot 
intervals has been suggested (131). Trees with long 
crowns and a diameter at breast height of 6 to 12 
inches are the best seed trees because they are the 
most windfirm. Trees infected with dwarf mistletoe 
are unsuitable as seed trees. 

In central Oregon, inadequate seed supply is less 
of a problem than severe microclimates on exposed 
pumice soils. A light cover of slash on the ground 
improves chances for obtaining natural regenera- 
tion under these conditions (21). 

Overstocking is common where conditions are 
favorable for estabUshment of natural reproduction. 
Overstocked young stands will stagnate unless thin- 
ned. Roughly circular cuts containing seed trees 
may reduce this problem, at least in northeastern 
Oregon (131). Circular cuts probably will minimize 
the need for thinning because overstocking is less 
likely away from edges of the cut. 

Partial cutting 
There is little experience with shelterwood and 

selection cuttings in stands of lodgepole pine in 
Oregon. Partial cutting systems should be consid- 
ered for lodgepole pine only where multiple-use 
considerations preclude clearcutting, or in areas 
difficult to regenerate after clearcutting. 

The presence of advance regeneration in 
lodgepole pine stands is common, particularly in 
northeastern Oregon (132), and is an indication that 
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partial cuts are feasible in this forest type. Seed- 
lings grow slower under shelter than in the open, 
but will respond quickly to release and are undam- 
aged by logging if less than 3 feet tall. Slash 
disposal aids natural reproduction of lodgepole pine 
in northeastern Oregon (131). In the pumice region 
of central Oregon, a light slash cover is essential, 
even under shelterwoods, for obtaining natural 
regeneration (21). 

Mixed Pine—Fir Type 
Silvicultural treatment of stands in this forest 

type must be flexible because each stand has varied 
structure and composition. Natural regeneration 
may be successful in stands with a well-established 
understory—if the overstory can be removed with- 
out excessive damage to remaining trees. Small 
clearcuts, seedtree cuts, or shelterwood cuts, in 
combination with site preparation, permit natural 
reproduction of light-demanding pines and larch. To 
favor establishment of Douglas-fir or true fir, re- 
sidual stand density must be increased. 

Although the presence of dwarf mistletoe visual- 
ly limits available options, limitations often are less 
severe in the mixed pine-fir type than in other 
timber types. Natural regeneration can be 
attempted in the mixed pine-fir forests by employ- 
ing a cutting method that favors disease-free 
species. If all species in the stand Eire infected, 
natural regeneration is a poor choice. 

True Fir—Mountain Hemlock Type 
Artificial regeneration in the subalpine forests 

of the true fir-mountain hemlock type often poses 
serious problems. Problems include the short and 
undependable planting season, heavy winter kill of 
planted seedlings that are not properly conditioned, 
a limited supply of suitable planting stock, and slow 
growth of surviving seedlings (38). Relying on 
natural regeneration minimizes some of these obsta- 
cles, while creating a different set of considerations 
that are important for establishing a new stand. 

Seed production usually is not a problem in this 
type. Most upper-slope species produce good cone 
crops at intervals of about three years, and light-to- 
intermediate cone crops almost every year (39,40). 
Advance reproduction often is present and should be 
retained whenever possible. Advance reproduction 
of most species responds favorably to release 
(51,106). Pathogens and insects dictate, to some 
extent, species selection and cutting procedures. 

Clearcutting 

Experience with silvicultural systems in the true 
f ir-mountain hemlock type has been limited mainly 
to clearcutting. Adequate natural regeneration has 
been obtained after clearcutting in some cases (47), 
but often fails, especially on large clearcuts and 
near the upper limits of continuous forests (38,44). 
Considering this record, clearcutting with natural 
regeneration appears to be the least desirable sil- 
vicultural system in this forest type, unless advance 
regeneration is present and can be preserved during 
logging and slash disposal. If clearcutting is neces- 
sary because of terrain or stand conditions, keep 
clearcuts as small as possible. Even small clearcuts, 
however, do not necessarily ensure natural regener- 
ation. Small-patch cuttings on gentle topography 
sometimes create frost pockets that prevent seedling 
establishment (41). 

Partial cutting 
Experience with partial cutting systems in the 

true fir-mountain hemlock type is limited; recom- 
mendations are based mainly on theoretical consid- 
erations. The choice between shelterwood and selec- 
tion cutting depends on species composition and 
stand health. The shelterwood system is preferable 
when more light-demanding species predominate. If 
the balance is toward more shade-tolerant species, 
then selection cutting becomes an option. 

Preliminary guidelines are available for deter- 
mining density of shelterwoods in upper-slope fir- 
hemlock stands (111). The residual stand should be 
reduced to the minimum density at which an accept- 
able amount of regeneration will be obtained so that 
removal of the shelterwood will not significantly 
damage reproduction. Grand fir and mountain hem- 
lock require a large amount of overstory protection 
for survival during the first two years after germi- 
nation. Basal area of the residual stand should be at 
cleast 80 square feet per acre for grand fir and more 
than 100 square feet per acre for mountain hemlock. 

The balsam woolly aphid is a serious insect pest 
on subalpine fir and Pacific silver fir. This aphid 
often kills, or seriously damages these species. 
There is no effective control for this insect at 
present. Therefore, regeneration of subalpine fir 
and Pacific silver fir is not recommended. In stands 
that contain subalpine fir and Pacific silver fir, 
scarification and a low density shelterwood should 
be used to favor other species that are not suscep- 
tible to the balsam woolly aphid. Suggested densi- 
ties for residual overstory in the central Cascades of 
Oregon are presented in Table 8.3. 
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Table 8.3. Estimated Sheiterwood Requirements for 
Adequate Regeneration in the True Fir- 
Mountain Hemlock Zone. (Density of re- 
sidual stand indicated in square feet of 
basal area per acre1). 

Site condition 

Anticipated species dominance Favorable Severe 

With 30 percent or more area in 
mineral seedbed and a seed 
source present, noble fir, Doug- 
las-fir, white pine, other true fir 
species, and Engelmann spruce 
will regenerate. Without a 
seedbed the true firs, except no- 
ble fir, and Engelmann spruce 
will predominate. 

Hemlock and true fir, except 
noble fir, will predominate. 

Square feet 
80-100 

Square feet 
100-140 

100 + 140 + 

'Source: R. Jaszkowski, Forester, USFS, Eugene, Oregon, personal com- 
munication, 1975. 

Mixed Conifer Type 
The mixed conifer forests of southwestern Ore- 

gon are quite variable in species mixture, climate, 
soils, and topography. The difficulties of obtaining 
successful regeneration in this region are indicated 
by a relatively high rate of reforestation failures. 
With proper planning and execution of silvicultural 
procedvires, natural regeneration can be a valuable 
supplement to artificial reforestation. At high ele- 
vations where planting seasons are short and access 
is often difficult, natural regeneration may provide 
an alternative to planting. 

Clearcutting 
Avoid clearcutting in the interior sections of 

southwest Oregon if natural regeneration is 
planned. Extremes of temperature and drought are 
common in much of southwestern Oregon. Complete 
removal of the tree cover tends to make an already 
severe microclimate worse. Chances for timely es- 
tablishment from seed after clearcutting are poor. 

Seed tree cutting 
The seed tree system is not suitable in many 

areas because residual trees do not provide enough 
protective cover and frequently are subject to 
windthrow. 

Sheiterwood cutting 
Sheiterwood cutting generally is the most pro- 

mising method of achieving natural reproduction in 
this forest type where topography and stand condi- 

tions permit its use. Little information exists about 
required density for shelterwoods, but basal areas of 
at least 80 square feet per acre should be main- 
tained in the overstory until regeneration is estab- 
Ushed (83). This basal-area estimate may have to be 
revised upward considerably, depending on species 
mixture and site. If stands are heavily infected with 
dwarf mistletoe, a sheiterwood still can be used, but 
the residual overstory must be removed as soon as 
regeneration is established. 

Selection cutting 
Selection cutting is generally undesirable be- 

cause few stands are truly all-aged. Selection cuts 
can be employed, however, where mixtures of 
species with different degrees of shade tolerance 
occur and an all-age structure of stands is desired. 

Western Siskiyou Mountains and coastal areas 
The western Siskiyou Mountains and the south- 

em Oregon Coast Range have a more favorable 
climate for natural regeneration than the interior 
portions of sourthem Oregon. Natural regeneration 
sometimes is more abundant on clearcuts than on 
partially-cut areas in these regions (64). Douglas-fir 
is an aggressive competitor and is favored by clear- 
cutting on high site lands in the mountains. More 
shade-tolerant species, such as cedars, western hem- 
lock, and true firs, are favored by partial cuts on 
such sites. 

On coastal terraces, where site index is much 
lower for Douglas-fir than in the mountains, cedars 
and western hemlock seem to have accompetitive 
advantage, even on clearcuts. Sheiterwood cutting 
in old-growth stands is undesirable because residual 
trees are highly vulnerable to blowdown. 

Western Hemlock—Sitka Spruce Type 
Conditions in the western hemlock-Sitka spruce 

type are favorable for natural regeneration 
(102,103). The climate is mild and seed supply is 
abundant. Western hemlock and Sitka spruce are 
both prolific seed producers. Both species have light 
seeds that are wind-disseminated over considerable 
distances. 

Clearcutting 
Clearcutting is generally preferable to partial 

cutting in this forest type. Natural regeneration 
appears rapidly after clearcutting. Seed is dispersed 
from surrounding stands. The problem usually is 
overstocking rather than understocking. Under 
these circumstances, little is gained by leaving seed 
trees on the cutover area. 



Planting and Seeding 155 

Shelterwood cutting 
Although the shelterwood method can be 

employed, usually it has more disadvantages than 
advantages. Partial cuttings in this forest type often 
result in invasion by salmonberry and other brush 
species. Blowdown can be a serious problem in 
stands opened by partial cutting. Shelterwood cut- 

tings tend to favor western hemlock over less 
shade-tolerant Sitka spruce and Douglas-fir. 
Growth rate of western hemlock and Sitka spruce is 
considerably less under shelterwoods than in the 
open (35). Mature hemlock is frequently infected by 
dwarf mistletoe. Given these constraints, clearcut- 
ting is preferable to shelterwood cutting. 

Direct Seeding 
About 1 million acres have been seeded artifi- 

cially in Oregon since 1945 (135). Most of this 
acreage was on Douglas-fir lands in western Oregon 
in the 1950's and 1960's. Attempts to reforest the 
pine region of central and eastern Oregon by seed- 
ing failed in most cases (20). Even in western 
Oregon seeding success often was poor because 
vigorous seed from the proper source was not always 
matched with a suitably prepared seedbed, and the 
environment (including seed predators, frost, and so 
forth) frequently was not favorable for germination 
and establishment. Nevertheless, direct seeding ap- 
pealed to forest managers then, because of the 
potential for rapid reforestation of large areas at 
low cost. 

The amount of acreage being seeded is steadily 
declining (Figure 1.1, Chapter 1.) for the following 
reasons: 

• Erratic stocking results because the combina- 
tion of high-quahty seed, a favorable and 
suitably-prepared environment, and a lack 
of seed predators, insects, and frost is dif- 
ficult to achieve. 

• The Oregon Forest Practices Act requires cer- 
tain stocking levels within 3 to 6 years after 
harvest (see Appendix A). 

• Recent restrictions by federal agencies on the 
use of protective chemicals severely limits 
animal control measures to protect seeds 
and young seedlings. 

• New germinants and first-year seedlings are 
more susceptible to environmental stress 
than properly-adapted planting stock that is 
handled correctly (see Chapter 6). 

• Correctly-planted seedlings provide as much as 
3 years headstart in growth on the site over 
seeding. This headstart may be critical in 
escaping from competing vegetation. 

• Broadcast seeding is an inefficient use of seed 
in terms of seedlings produced from a given 
quantity of seed (often 1 seedling per 100 
seeds sown). Growing demand for seed to 
produce planting stock, limited seed supply 
from certain areas, and rising costs for 
collection and processing of certified seed 

make direct seeding an unattractive alter- 
native for seed usuage. 

Direct seeding may be a viable option in any of 
the following situations: 

• When bare-root stock is not available for refor- 
esting large areas quickly (for example, after a 
fire) 

• Sites with limited access during the planting 
season (for example, high elevation) 

• Rocky soils or talus slopes where planting is 
difficult. Container-grown seedlings, however, 
are being used more frequently to provide 
planting stock for emergency situations and to 
lengthen the planting season on high elevation 
sites (see Chapter 6). 

The two basic methods of direct seeding are 
broadcast (from the air or ground) and spot seeding. 
In either case, proper choice, treatment, and han- 
dling of seed are all essential for success (see 
Chapter 5). 

Tuning of Direct Seeding 
Seeding date effects both germination and sur- 

vival of seedlings. 77ie best period for seeding Doug- 
las-fir, ponderosa pine, and western red cedar is 
between early November and mid-January (14,28, 
34,36,69,107,126). Seed sown before that time is 
exposed unnecessarily long to attacks by mammals, 
insects, and fungi. Furthermore, favorable weather 
may stimulate undersirable fall germination. On 
the other hand, seeding after mid-January results in 
insufficient natural stratification and delayed ger- 
mination. This effect becomes more pronounced the 
longer seeding is postponed after mid-January. 
Later germination usually results in increased mor- 
tality from heat damage to succulent seedling 
stems, or drought-related mortality, because roots 
are too short to provide seedlings with enough 
moisture. Artificial stratification is as effective as 
natural stratification (70), but spring seeding with 
either stratified or non-stratified seed is unsatisfac- 
tory (46). Results of seeding on snow are erratic. 
True firs germinate on snow (43), but few seedlings 
become established (118). 
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Populations of white-footed deermouse 
(Peromyscus maniculatus) rise significantly the 
year following a good cone crop (61). A sharp 
population increase after a good cone crop nullifies 
any control efforts because seed eaters migrate from 
surrounding areas. Seeding is not advisable the year 
following a good cone crop. Instead, estimate the size 
of the coming cone crop; prepare the site; and seed 
either the winter of the good cone crop year, or the 
second year after. 

Direct Seeding Rate 
Seeding rate depends on site conditions and 

anticipated weather. Severe sites and droughty 
weather dictate higher seeding rates than favorable 
sites or good weather. On the average, between 1 
and 2 pounds of seed (at least 70 percent viable) per 
acre is recommended for direct seeding of Douglas- 
fir and ponderosa pine. For example, in one study, 1 
pound of ponderosa pine seed per acre, in combina- 
tion with site preparation and rodent control, re- 
sulted in about 400 seedlings per acre (90). Species 
with small, light seeds, such as western hemlock, 
Sitka spruce and western redcedar, require less 
poundage because they have significantly more 
seeds per pound. 

Broadcast Seeding 
Aerial application 

Aerial application from helicopters is the most 
common form of direct seeding. As many as 2,000 
acres per day can be seeded aerially if weather 
conditions are favorable and equipment breakdowns 
do not occur. Helicopters are best for aerial distribu- 
tion of tree seed because they can be loaded and 
operated from any reasonably flat location in the 
project area; they fly at relatively slow speeds for 
seed distribution; and they are capable of safe flight 
just above tree tops. 

Delineation of seeding area 
Proper identification of the area to be seeded is 

very important. Otherwise, portions of the target 
area may be missed by the pilot. If the total 
contiguous area is 1,000 acres or more, the seeding 
unit should be divided into seeding blocks of approx- 
imately 500 acres. Dividing a large unit into smaller 
ones makes it easier to apportion seed and control 
distribution. 

Ground reconnaissance usually is necessary to 
determine seeding boundaries. A landing area for 
the helicopter can be selected at the same time. The 
ideal area is a ridge that permits landings or 
take-offs from at least two directions. Prevailing 
winds at seeding time should be considered. The 

area should be free of any obstructions that might 
interfere with helicopter take-offs or landings. 

Recent aerial photographs are valuable in laying 
out a seeding operation. An accurate map or an 
aerial photograph mosaic should be used to desig- 
nate seeding and block boundaries. Pilots can study 
the road and drainage systems of each block on 
mosaics before flying over the area with a guide. 

If possible, boundaries should be stream drain- 
ages, prominent ridges, and well-defined roads. In 
many cases, such delineations are not possible 
because of land ownership boundaries. Where 
natural boundaries are not distinct or land owner- 
ship boundaries are used, the seeding unit and 
component blocks should be flagged. Markers made 
of aluminum foil (3 feet wide and 10 feet long) are 
visible from the altitide at which helicopters oper- 
ate. As markers are set out, they should be recorded 
on the map or mosaic. 

Dissemination 
Most helicopters used in aerial seeding are 

equipped with centrifugal-type seed disseminators. 
The disseminators utilize either hydraulic or electri- 
cal systems. The seed is carried in hoppers on either 
side of the ship. Seed passes through a metering 
device at the base of the hopper, and is transported 
through tubes to the centrifugal disseminator, or 
slinger. The slinger is lowered in flight beneath the 
landing gear so that seed does not hit any part of the 
helicopter. Some types of systems are more efficient 
than others and some may damage the seed as it is 
distributed (123). 

Before applying seed, the aircraft's disseminat- 
ing mechanism should be tested to determine swath 
width. Variations in swath width may occur even 
between helicopters using the same kind of equip- 
ment. Swath width also depends on the weight and 
size of seed. The effective swath width is used to 
calculate the rate of application. The determination 
is made by a test flight at the same altitude and 
speed as the project. The test flight should be 
conducted on a hard surface road, landing strip, or 
level field, so that the seed can be identified easily. 
After the total distance at which seed is found is 
determined, an overlap allowance is made, resulting 
in a net effective swath width. Knowing the effec- 
tive swath width, it is relatively simple to calibrate 
the individual metering devices for the hoppers. 

The acres covered can be computed by expressing 
swath widths in terms of the 66-foot surveyor's 
chain. A helicopter usually flies at 60 miles per 
hour, or 80 chains per minute. If the effective swath 
width is 2 chains, the machine will distribute seed 
on 2 x 80 = 160 square chains per minute, or 16 
acres per minute. (Ten square chains equal one 
acre.) To distribute one pound of seed per acre in one 
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flight, the metering device for both hoppers should 
be adjusted to deliver 8 pounds per minute, for a 
total of 16 pounds of seed per minute. 

Seed may be damaged when it passes through 
the disseminator, but the degree of damage, and 
subsequent reduction in germination, varies widely 
between machines (31). It is possible to run samples 
through the seeding device before actual seeding to 
check germination of disseminated seed against 
controls from the same seedlot. If the desired appli- 
cation rate is one pound per acre, it would take 1.4 
pounds of 70 percent viable seed to meet the effective 
application rate (1.4 x 0.70 = 0.98 : 1.0). 

To monitor coverage of the area, distribute seed 
traps along helicopter flight lines. Cardboard coated 
with a sticky material is a satisfactory seed trap. 
Traps should be set out just before seeding and 
should be checked as soon as possible afterwards. 

For seeding Douglas-fir, wind velocity should be 
less than 5 miles per hour. For light-seeded species, 
such as western hemlock or western redcedar, there 
should be no wind. The period from daybreak until 
late morning is most likely to be windstill and the 
best time for aerial seeding. 

Broadcast Seeding 
Broadcast seeding on the ground is done on areas 

too small for aerial seeding. The simplest form is 
broadcasting by hand. One man can cover from 1.5 
to 3 acres of ground a day, depending on terrain and 
weather. A cyclone seeder, however, is more effi- 
cient. This device consists of a seed-storage compart- 
ment above an agitator and metering slot. As the 
seed drops through the slot, it falls on a ribbed, 
rotating plate. The rotating action of the plate, in 
conjunction with the ribs, slings the seed in a fan 
shape to one side of the line of travel. The agitator 
and rotating plate are operated by turning a crank. 

Spot Seeding 
Spot seeding involves placing one or more seeds 

by hand into a prepared hole on the site. Spot 
seeding is used very little now, but has been used on 
sites where soil was too rocky for planting, where 
snow blocked sites early and late in the planting 
season, and for establishing tree species with dif- 
ficult-to-produce planting stock. Just as with broad- 
cast seeding, success depends on good seed, effective 
rodent control, and satisfactory site preparation. 

A dibble stick or a %-inch iron pipe with the 
lower end cut on a 45-degree bevel, are satisfactory 
for preparing the hole. Com planters and the Soper- 
Wheeler "seeding gun" permit slightly  faster 

Spot seeding has been successful for sugar pine, 
western white pine, ponderosa pine, and Jeffrey 
pine in southwestern Oregon (119,120) and with the 
latter two species in central and northeastern Ore- 
gon (120,137). Other studies show mixed results 
(42,68,120,134). Seed spots in one study were pro- 
tected with small, wire cone enclosures, 2 inches in 
diameter and open on top. These screen enclosures 
apparently protected young germinants, but rusted 
out before they encumbered the seedling's growth. 

Procedures for insuring seed quality, site prepa- 
ration, rodent control, and season of sowing are the 
same as for broadcast seeding. Care must be taken 
that seeds are not placed too deep into the soil. Seeds 
should not be covered by more than %-inch of soil for 
large seeds, and Vie-inch for small seeds. Placing 
seeds too deep is a common mistake that greatly 
reduces germination. For large-seeded species, such 
as sugar or western white pine, usually 2 seeds are 
sown per spot. For species with relatively small 
seeds, such as Douglas-fir, 8 to 10 seeds per spot are 
advisable. 
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Abstract 
A comprehensive reforestation plan increases the likelihood of achieving 

your reforestation goal. Reforestation planning involves four steps: describing 
the site, interpreting the seedling environment, identifying administrative 
and operational constraints, and prescribing reforestation operations. The 
reforestation plan should be formulated before harvesting and should be 
integrated with all operations in the overall management plan for the site. The 
plan should be flexible to allow for unexpected occurrences. 
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Reforestation plans are essential for achieving 
consistent reforestation success. A reforestation 

plan is part of the overall management plan and 
should be formulated before harvest. The reforesta- 
tion plan may dictate harvest methods. The plan 
should integrate all necessary management opera- 
tions to create a favorable environment for seedling 
establishment, including post-planting operations 
that promote seedling establishment, such as re- 
lease from vegetative competition. 

Formal reforestation plans help a forester, and 
his firm or agency, accumulate more useful, 
documented experience to draw upon for future 
operations. Written plans provide a permanent re- 
cord that can be reviewed and evaluated as the 
plantation progresses. This way, successful opera- 
tions  in each basic environmental type can be 

repeated and poor or unsuccessful operations can be 
modified or eliminated. Reforestation plans will not 
eliminate reforestation failures, because unex- 
pected occurrences, miscalculations, or poor execu- 
tion of some operations are bound to happen. How- 
ever, planning makes doing the appropriate opera- 
tion, at the right time, and in the correct manner, 
much more likely; hence, reforestation success be- 
comes more consistent. 

This chapter provides a sample format for refor- 
estation planning. This format demonstrates key 
planning elements and their interrelationships. 
Modifications of this format may better suit your 
needs. Two field examples at the end of this chapter 
illustrate how reforestation planning works in gen- 
eral and, more specifically, how to use the format 
presented in this chapter. 

The Reforestation Process 

The broad goal of reforestation is prompt natural 
or artificial reforestation of cutover lands, at an 
acceptable stocking level, with desirable species, at 
a reasonable cost. The basic steps for achieving this 
goal by planting or seeding are shown in Figure 9.1. 
Specific techniques employed at each step depend on 

REGENERATION  SYSTEM 

REGENERATION PLAN 

I. 
II. 

III. 
IV. 

SITE DESCRIPTION 
INTERPRETING 
SEEDLING ENVIRONMENT 

MANAGEMENT CONSTRAINTS 
PRESCRIBING OPERATIONS 

Figure 9.1: Sequence of basic steps in the regeneration system 
for either planting or seeding operations. 

species to be reforested, conditions in the seedling 
environment, and budget and administrative 
constraints. 

The dependability of reforestation is tied closely 
to the planning and timing of harvest and other 
reforestation operations. The longer the reforesta- 
tion process is drawn out, the more likely it is that 
problems will occur during establishment of a new 
forest stand. The best way to shorten the transition 
period is to develop a carefully timed and integrated 
plan for the sequence of steps in the reforestation 
process. 

Properly planned and executed reforestation 
projects require the cooperation of foresters 
involved in other phases of forest management 
(harvesting and nursery operations). As a regenera- 
tion forester, you must be aware of the timing and 
interrelationships of all operations in the reforesta- 
tion process. 

Each operation in the reforestation process is 
important, but there are tradeoffs. Changes in the 
management of one component may influence the 
management of other components. For example, 
each combination of silvicultural system and type of 
reforestation (planting or seeding) may require 
different types or intensities of site preparation to 
create an acceptable seedling environment. For 
instance, site preparation for seeding is relatively 
intense because it must reduce slash and create a 
mineral-soil seedbed (see Chapter 8). If the same 
site is planted, however, less site preparation may 
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be required, provided larger and more vigorous 
seedling stock is substituted for the seed. Likewise, 
species selection influences the type and intensity of 
management operations, including site preparation. 

Thus, reforestation planning involves evaluating 
operational alternatives and managing the total 
effect of all operations to achieve a specified 
objective. 

Four Steps to Reforestation Planning 
Reforestation planning involves four basic steps. 

Each step logically leads to the next and the process 
culminates in a workable prescription for any unit 
within a site, or group of sites with similar environ- 
mental characteristics. The four steps are: 

1. Describing the Site; 
2. Interpreting the Seedling Environment; 
3. Identifying Management and Operational 

Constraints; 
4. Prescribing Reforestation Operations. 

Conscientiously planning for reforestation with- 
out the aid of a simplified technique of analysis 
would be difficult at best, because of the maze of 
environmental interactions and management 
tradeoffs. When more than one prescription is suit- 
able, management options should be evaluated 
economically (Chapter 4). 

Step 1: Describing the Site 
Step 1 is a listing or cataloging of environmental 

characteristics that will be used in Steps 2 and 3. A 
site description should include characteristics of 
vegetation, soil, topography, climate, seed source, 
animals, disease, and insects that will influence 
reforestation. A sample form is provided for this 
purpose (Table 9.1). 

Information should be complied from an on-the- 
ground-survey and an office search for available 
information about the site. Maps or aerial photo- 
graphs are helpful. Record as much detail as pos- 
sible about site characteristics. 

During the survey, stratify the site into units that 
have similar environmental characteristics. Depend- 
ing on size of harvest and environmental diversity 
in the area, some sites will have only one unit; other 
sites may have several units. Large differences in 
environmental characteristics among units, such as 
aspect or soil type, influence the reforestation pre- 
scription for each unit in Step 4. As the survey 
progresses, continually refine your classification of 
areas that seem likely to respond to similar manage- 
ment prescriptions. Be careful to preserve basic 

differences because correct management decisions, 
ultimately, will depend on the validity of your 
stratification. Questionable areas or units should be 
kept separate until the prescription is formulated. If 
prescriptions for questionable units are the same, 
the units can be treated similarly. 

Different sites within an area can be stratified 
and similar units can be handled together. Usually 
this decreases the number of prescriptions that need 
to be written for an area, but it still means a careful 
site description will have to be made for each site. 
Additional information about environmental clas- 
sification and stratification can be found in Chapter 
2 and literature citations (1,3,4,5,9). Soil conserva- 
tion service surveys also are helpful for stratifying 
-sites. 

Step 2: 
Interpreting the Seedling Environment 
Seedling environment 

Site characteristics gathered in Step 1 must be 
interpreted in terms of the seedling environment, 
namely moisture, temperature, light? nutrients and 
physical influences (see Chapter 2). Each site 
characteristic influences one or more components in 
the seedling environment (Table 2.2, Chapter 2.). 
Thus, the numerous characteristics in Step 1 can be 
evaluated in terms of the five factors that affect 
seedling establishment. For example, the moisture 
regime of a site is influenced by site characteristics 
that affect availability of water (for example, soil 
depth and texture) and demand for water (for 
example, temperature, wind, and vegetation). 

An aid for estimating and recording conditions in 
the seedUng environment is presented in Table 9.2. 
Some of the site characteristics that affect each 
component of the seedling environment are listed in 
this table, but the information gathered in Step 1 
does not need to be transferred to Table 9.2 unless it 
will help you make your evaluation. The site charac- 
teristics are listed as a reminder of the interrela- 
tionships between site characteristics and compo- 
nents of the seedling environment. 
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Table 9.1. Step 1: Suggested Format for Collecting and Recording Site -Description Data. 

VEGETATION 
Habitat Type Trees Brush and grasses 

Species 
% Composition 
% Overstory 
Age 
Size 
Productivity 

(BA, VOL, SD 

Species and % cover 

SOIL 
Parent material 
Texture (sand, silt, 

clay, org. matter) 
Depth 
Rock content 

BIOTIC 
Animals 
Disease 
Insects 

TOPOGRAPHY 
Slope 
Aspect 
Elevation 
Major features 

CLIMATE 
Precipitation 
Temperature 
Snowpack 
Growing season 

SEED SOURCE 
Zone 
Availability 

ACCESS 
Roads 
Timing (weather, other operations) 

As your interpretations become refined through 
experience, chances for reforestation success in- 
crease because the number of unanticipated en- 
vironmental problems decreases. Carefully study 
Chapters 2 and 6 before attempting this critical step 
in reforestation planning. After interpreting the 
seedling environment, identify special potential 
reforestation problems, such as animals, insects, 
and competing vegetation. 

Disease potential 
Identifying existing and potential disease prob- 

lems during reforestation planning is necessary for 
estimating effects of disease on future site produc- 
tivity and for developing possible control operations. 
The two most serious disease groups in Oregon, 
dwarf mistletoes and root rots, typically reinfect 
succeeding tree generations on an infected site and 

spread slowly to surrounding areas. Reforestation 
plans that ignore these problems on infected sites 
probably will result in future losses at least as great 
as in the previous stand, and there may be increas- 
ing losses if natural controls are disrupted. Losses 
can be reduced by silvicmtural practices if the 
situation is recognized in advance (see Chapter 10). 

In addition to the persistent problems of root rot 
and dwarf mistletoe, some sporadic diseases can 
cause serious losses to trees under exceptional 
stress. Planting a tree species beyond its range, or 
using the wrong seed source, frequently results in 
chronic stress. This predisposes stressed trees to 
certain diseases. If appropriate stock is not availa- 
ble, it may be better to delay reforestation temporari- 
ly than to use available, but improper planting stock. 

Two introduced diseases now prevalent in the 
Northwest are especially dangerous because natural 
controls are lacking. White pine blister rust and 
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Table 9.2. Step 2: Suggested format for estimating and recording conditions in the seedling environment. 

Components of the 
seedling environment Site characteristics affecting the seedling environment 

Overall rating of impact 
on seedling 

Survival1 and Growth2 

Moisture 

Temperature 

Light 

Nutrients 

Physical damage 

Capacity 
Soil depth 
Rockiness 
Soil type 
Precipitation: 

Amount, type, timing 
Demand 

Competing vegetation 
Amount, type 

Temperature 
Wind 

Average 
Extremes 
Slope 
Aspect 
Elevation 
Vegetation 

Amount, type 

Vegetation 
Density 
Height 

Aspect 

Soil depth 
Limiting conditions 

(e.g. serpentine soil) 

Vegetation 
Animals 
Insects 
Disease 
Fire potential 
Snow or Ice 
Erosion 

Potential problems 
Vegetation 
Animals 
Disease/Insects 
Other 

1 Specify extreme environmental conditions likely to affect seedling survival. Note conditions contributing to extremes (e.g. moisture 
stress because of vegetative competition, or low precipitation, or coarse soil). 
2 Rate the average growing conditions for each component by its level or intensity: Excellent, Average, or Poor. See Table 2.3 for 
generahzed adaptation of major conifers in Oregon to environmental stress. 
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Port Orford cedar root rot must be given special 
consideration in reforestation planning in affected 
areas (see Chapter 10). 

Animals 
The forest manager should be aware of the 

effects imposed by habitat change through logging 
and site preparation on all types of wildlife. If he is, 
he can determine in advance which animals may 
become prevalent and what measures will be neces- 
sary to reduce their impact upon seeding or planting 
operations. Chapter 10 has a section on animals and 
animal damage control. 

Competing vegetation 
The change in environmental conditions after 

overstory removal promotes the development of 
residual vegetation or pioneer "weed" species. De- 
termining probable species composition and intensi- 
ty of competition after harvest and site preparation 
enables the forester to begin planning necessary 
release operations so that money and equipment 
will be available at the appropriate time in the 
future. Several references (2,6,7,10) and habitat 
classification studies (see Chapter 2) help document 
probable plant succession after logging in several 
forest types. For further discussion of vegetation 
control see Chapters 7 and 10. 

Step 3: Identifying Management 
and Operational Constraints 

Administrative constraints and management 
guidelines dictated by management policy, or legal 
requirements, may limit your reforestation opera- 
tion options, or require specific operations. Oregon 
foresters must follow the legal directives and con- 
straints in the Oregon Forest Practices Act (see 
Appendix A.) In addition, federal and state agencies 
ban the use of some pesticides on their lands. Listing 
these constraints at this point will help you deter- 
mine acceptable management alternatives in the 
next step. 

We often accept management guidelines without 
critically examining their appropriateness or impact 
on reforestation. Putting these guidelines on paper 
helps focus our attention on possible conflicts and 
indicates where exceptions to the guidelines may be 

needed before operations begin. This allows time for 
exceptions to be evaluated and approved or, if your 
plans are rejected, time to plot another course of 
action. 

At this point in the planning process, you should 
identify operational constraints imposed by site 
characteristics. Moisture and temperature ex- 
tremes, high erosion potential, or established land 
use patterns, for example, may limit certain types of 
harvesting or site preparation. Other site charac- 
teristics influence site access, planting method, and 
stocking density. 

Any assumptions you have made describing site 
characteristics, interpreting the seeding environ- 
ment, or noting operational constraints should be 
recorded now to keep the record and your memory 
straight. For example, if you assume the potential 
for deer damage is low, based on Steps 1 and 2, write 
down this assumption. Later, if deer damage turns 
out to be very high, you might prevent this mistake 
from recurring by reviewing your assumptions. This 
is one way of gaining and recording useful experi- 
ence in environmental interpretation. A sample 
form for recording this information is presented in 
Table 9.3. 

Step 4: 
Prescribing Reforestation Operations 

After completing the first three steps, you should 
have all the pertinent information necessary for 
formulating a reforestation prescription. If any 
important information is missing, get it before 
making a prescription, not after you have made an 
irrevocable decision. 

Stratifying sites: 
Stratifying an area to be reforested into 

homogeneous management units, based on environ- 
mental similarities and differences (Step 1), deter- 
mines the number of prescriptions to be written. A 
management district with 150,000 acres and an 
annual reforestation effort of 2,500 acres might 
have 5 to 10 basic prescriptions. The actual number 
of basic prescriptions depends on the environmental 
diversity of the areas to be reforested. Some owner- 
ships cover a much broader range of environmental 
conditions than others. 
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Table 9.3. Step 3: Suggested format for listing operational and administrative constraints and assumptions. 

OPERATIONAL CONSTRAINTS 

Harvest (logging restrictions) 

Site preparation 

Plantability 

Erosion 

Other (e.g. aesthetics, land use patterns) 

ADMINISTRATIVE CONSTRAINTS 

Oregon Forest Practices Act 

ASSUMPTIONS 
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Each basic prescription is written for acres with- 
in a unit or equivalent units among sites that have 
essentially similar environments and, therefore, 
require the same basic operations to achieve refor- 
estation. The major benefit of stratifying sites is 
that new prescriptions do not have to be written 
each time new acreage is added to the harvest plan. 
Simply evaluate the new site, review past efforts, 
and select the proper basic prescription. Then refine 
the basic prescription, based on success of past 
efforts on similar sites and specific localized differ- 
ences that need specialized treatment, such as 
specific prevention or control measures. This per- 
petuates successful operations for a given type of 
unit and gradually eliminates unsuccessful 
operations. 

Techniques for prescribing operations 
Begin the prescription process by deciding 

whether the area will be reforested by seeding or 

planting and what species will be reforested (Chap- 
ters 2, 6 and 8). Chapter 8 evaluates natural 
reforestation in conjunction with different silvicul- 
tural systems in each major forest type in Oregon. 
After choosing the general type of reforestation 
method (planting, artificial seeding, natural seed- 
ing), select appropriate management operations, 
such as harvesting and site preparation. Sample 
forms for planning planting or seeding operations 
are given in Tables 9.4 and 9.5, respectively. 

The key to successful planning is learning to 
integrate the information compiled in Steps 1, 2, 
and 3 into the prescription. Principles outlined in 
this manual will help you understand how some site 
or seedling characteristics or management 
guidehnes influence the choice of reforestation oper- 
ations. Experience, however, is the best aid for 
writing successful prescriptions. Use experience, 
new information, or new technology to improve 
prescriptions each year. 

Table 9.4. Step 4: Checklist for Selecting and Jiastifying a Reforestation Prescription for Planting. 

Step or operation 
Chapter 
reference Selection and justification 

1. Select species 
Douglas-fir 
Ponderosa pine 
Western hemlock 
Noble fir 
Other 
Combination spp. 

2,6 

2. Select stock characteristics 
Bare-root 
Container 
Seed source 
Height 
Diameter 
Shoot/Root 
Dormancy 
Frost hardy 

5,6 

3. Select target and initial stocking density 
Initial planting density 
Target density at 3 to 7 years 

4. Order seedlings 
When to place order 
Date of lifting 
Date of planting 
Length of storage 
Other (special packing, etc.) 
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Table 9.4—Continued 

Chapter 
Step or operation reference Selection and justification 

5. Harvest specifications 3 
Shelterwood (percent overstory removal 

and basal area left) 
Clearcut (design and size) 
Falling 
Skidding or yarding 
Slash disposal 
Compaction 
Soil disturbance 
Erosion protection 
Timing 

6. Site preparation 7 
Mechanical 
Chemical 
Fire 
Combination 
Timing 
Specific technique or 

chemical formulation 

7. Stock handling 6,8 
Cold storage conditions 
Stock shipment—how and when 
Local storage conditions 
Special treatments 

8. Planting 8 
Date 
Method 
Supervision 
Specifications 
Replanting criteria 
Special techniques— 

mulching 
shading 
other 

9. Regeneration evaluation 11 
When 
Method 
Standards of success 
Replanting specifications 

10. Plantation maintenance 7,10 
Vegetation control 
Animal control 
Disease and insect control 

or prevention 
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Table 9.5. Step 4: Checklist for Selecting and Justifying a Reforestation Prescription for Seeding. 

Step or operation 
Chapter 
reference Selection and justification 

1. Harvest 3,8 
Desired species 
Degree of overstory removal 
Leave tree standards 
Falling 
Skidding and yarding 
Slash disposal 
Compaction 
Soil disturbance 
Erosion protection 
Timing 

2. Site preparation 7 
Mechanical 
Chemical 
Fire 
Combinations 
Specific technique or chemical 

formulation 
Timing 

3. Seeding 5,8 
Natural 

cone crop characteristics 
anticipated time for stocking 

Artificial 
species and seed zone 
rate 
method 
timing 

4. Final harvest (When necessary) 3,8 
Falling 
Skidding and yarding 
Slash disposal 
Compaction 
Soil disturbance 
Timing 
Regeneration protection 

5. Regeneration survey 11 
When 
Method 
Standards 

6. Plantation maintenance 10 
Animal control 
Vegetation control 
Disease or insect control or prevention 
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During the prescription process, justify each 
selection with a few sentences describing your 
reasons. Justifying or explaining each step or opera- 
tion enables you to reexamine the criteria for 
selecting a combination of operations. In the future 
you can evaluate results and modify your proce- 
dures based on this evaluation. For example, if a 
plantation failed because of competing vegetation, 
review your criteria for site preparation, species and 
stock characteristics, and plantation maintenance. 
Your criteria may indicate your selection was based 
on a faulty assumption about brush competition on 
this type of land. In this case, you should reevaluate 
your site description and environmental stratifica- 
tion. If your criteria indicate you expected a brush 
problem, but failed to control it, selection, intensity, 
or timing of treatments probably need revision. 
Thus, specifying criteria for selection of a treatment 
can be a valuable guide to trouble-shooting in the 
future. 

Stocking density 
Initial planting density and target stocking 

density 3 to 6 years after planting must be deter- 
mined at this point in planning if they are not 
determined already by administrative guidelines. 
The more trees you plant initially, the more likely it 
is that you will achieve your target stocking density. 
Some general considerations involved in choosing 
spacing will be outlined briefly. 

Table 9.6 lists a range of spacing and corre- 
sponding stocking densities. The Oregon Forest 
Practices Act requires 100 to 150 trees per acre at 3 
to 6 years after harvest, depending upon geographic 
region (see Appendix A). This legally required 
minimum level, however, does not reflect stocking 
levels that are consistent with contemporary forest 
management. At present, planting densities in the 
Pacific Northwest range from 200 to 900 trees per 
acre. 

Specific planting density depends on forest man- 
agement objectives, anticipated survival rate, and 
biological capacity of the site to support trees (site 
quality). Generally, when young-growth manage- 
ment includes early thinning(s), the initial planting 

Table 9.6. Range of Spacing and Stocking Densities 
(8). 

Spacing 
Feet 

English     - to -     Metric 
Trees Trees 

per acre       per hectare 

Based on conversions: 
(a) 1 tree per acre = 2.4710 trees per hectare 

(b) 1 tree per hectare = 0.4047 trees per acre 

(c) Spacing (feet) = V43,560/trees per acre 

Spacing 
meters 

20.9 x 20.9 100 247 6.4 x 6.4 
17.0 x 17.0 150 371 5.2 x 5.2 
14.8 x 14.8 200 494 4.5 x 4.5 
13.2 x 13.2 250 618 4.0 x 4.0 
12.0 x 12.0 300 741 3.7 x 3.7 
11.2 x 11.2 350 865 3.4 x 3.4 
10.4 x 10.4 400 988 3.2 x 3.2 

9.8 x 9.8 450 1,112 3.0 x 3.0 
9.3 x 9.3 500 1,236 2.8 x 2.8 
8.9 x 8.9 550 1,359 2.7 x 2.7 
8.5 x 8.5 600 1,483 2.6 x 2.6 
8.2 x 8.2 650 1,606 2.5 x 2.5 
7.9 x 7.9 700 1,730 2.4 x 2.4 
7.6 x 7.6 750 1,853 2.3 x 2.3 
7.4 x 7.4 800 1,977 2.2 x 2.2 
7.2 x 7.2 850 2,100 2.2 x 2.2 
7.0 x 7.0 900 2,224 2.1 x 2.1 
6.8 x 6.8 950 2,347 2.1 x 2.1 
6.6 x 6.6 1,000 2,471 2.0 x 2.0 
5.4 x 5.4 1,500 3,706 1.6 x 1.6 
4.7 x 4.7 2,000 4,942 1.4 x 1.4 
4.2 x 4.2 2,500 6,178 1.3 x 1.3 
3.8 x 3.8 3,000 7,413 1.2 x 1.2 
3.5 x 3.5 3,500 8,648 1.1 x 1.1 
3.3 x 3.3 4,000 9,884 1.0 x 1.0 
3.0 x 3.0 4,500 11,120 0.9 x 0.9 
3.1 x 3.1 5,000 12,355 0.9 x 0.9 

(d) Spacing (metres) = V 10,000/trees per hectare. 

density and the target density will be at the higher 
end of the range. When wood or fibre production are 
not the primary management objectives, or if site 
quality is low, stocking densities will be at the lower 
end of the range. In general, as spacing becomes 
closer, planting costs and cubic volume of stems per 
acre increase, and crown size and stem diameter 
tend to decrease. Costs and returns of various 
stocking densities are usually the primary concerns 
in selecting a stocking level (see Chapter 4). 
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General Considerations 

Time Element 
Timing and integration of all steps and opera- 

tions in the reforestation process are critical. There 
is an urgency in planning and execution that is 
created by the changes in climate and vegetation 
that occur after harvest. The opportunity to manage 
the site in favor of the new crop decreases drastical- 
ly in time. Therefore, prompt reforestation after 
harvest is most effective, and has the lowest cost. 
Any delays will not only lengthen the rotation, but 
also increase reforestation costs such as site prepa- 
ration and follow-up treatments for vegetation or 
animal control. An effective method for minimizing 
the reforestation period is through use of the plan- 
ning techniques described earher. 

When the plan is written be sure stock will be 
available at the appropriate time. Stock production 
takes from 1 to 4 years from initiation of the plan to 
planting, depending on desired size, species, growth 
characteristics, and nursery cultural practices. If 
stock with desired characteristics will not be avail- 
able at the proper time, either harvest and site 
preparation should be delayed, or different but 
acceptable stock characteristics should be chosen. 
Containerized seedhngs, for example, can be grown 
in a shorter period of time than bare-root seedlings. 
Be sure to get an early commitment from the 
nursery to produce stock with desired morphological 
and physiological characteristics at the desired 
time. Proper seed source should be taken into ac- 
count before ordering seedlings. 

Harvest and site preparation operations also 
must be planned and coordinated. Logging and 
mechanical site preparation often can be done at the 
same time and with the same equipment if planned 
ahead of time and if timing fits the overall refor- 
estation schedule. Site preparation is less expensive 
this way. 

schedules with the nursery is an important way of 
introducing flexibility into the plan. Work closely 
with nurserymen to insure that they are aware of 
your lifting and storage schedules. Changes in 
storage time, or a change in the size or type of 
planting stock can be made, if necessary, to shorten 
or lengthen the production schedule. These changes 
may have other impacts that must be taken into 
consideration, however, such as the physiological 
condition of the planting stock, and the adaptability 
of particular stock characteristics to the site. 

A constant evaluation of progress in the refor- 
estation process is necessary if modifications are to 
be initiated as soon as the need for change becomes 
apparent. The better the initial planning and the 
more flexible the plan, the more likely it is that 
changes can be made to accommodate unexpected 
events. 

Each change you make in operations should be 
recorded, and its impact on other aspects of the 
reforestation process carefully evaluated. A slight 
change in technique or timing often affects the 
timing or intensity of other operations. For example, 
if late spring snows delay the onset of planting, 
more planters can be hired to complete planting 
within the planting season, but this may decrease 
funding for other projects. Another possibility is to 
have seedlings transplanted and used the following 
year, but this may require additional site prepara- 
tion. Special treatments to modify the seedling 
environment, such as mulching or shading, might 
improve the chances for success of a late planting. 
Each of the options for a change must be considered 
for its total impact on your operations. Too many 
reforestation problems have been created by ignoring 
seedling priorities that cannot be changed and favor- 
ing our own priorities, which can be changed. 

Flexibility in Plan 
There must be some flexibility in a reforestation 

plan to allow for unexpected events in weather, 
manpower or equipment availability, or execution of 
an operation. For example, an early fall snow may 
limit access to a site unexpectedly until the follow- 
ing spring, after seedhngs have been lifted. Mur- 
phy's Law, 'Tf anything can go wrong, it will!," is 
always at work. Anticipate and plan for the unex- 
pected and it will not be a problem. 

Coordinating seedling selection and production 

Approval of Plan 
When you formulate reforestation plans, allow 

enough time to have the plan reviewed and ap- 
proved before harvesting. This increases your flexi- 
bility by allowing modifications to be made before 
any operations are initiated. Even if you have the 
authority to carry out the harvest, site preparation, 
and reforestation operations without formal review 
or approval, tentative plans should be set aside 
temporarily. Delaying implementation of a plan for 
a reasonable time may help you recall some aspects 
or alternatives omitted during the first attempt. 
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Examples of Reforestation Planning 
In the following examples, sample plans are 

given to help you understand the planning process. 
They are given for that purpose only and should not 
be taken as a prescription for any specific site. 
Although only one prescription is presented for each 
example, several may be equally suitable. In reality, 
different sets of prescriptions would be evaluated 
economically according to the procedures specified 
in Chapter 4. 

Example #1 
A map of this unit is shown in Figure 9.2. Two 

clearcuts, have been laid out in this section of 
ownership. In addition to topographic differences, a 
preliminary survey of each site has shown that both 
soils and vegetation of the north slope unit are 
significantly different from the south slope unit; 
hence, planning for each unit should be done sepa- 
rately. A plan for the 40-acre south slope unit will be 
described here. See Sample Tables 1 to 4 for an 
example plan. 

PLOT  MAP 

Figure 9.2: Plot map of unit in Example  1. Shaded areas 
represent parts to be clearcut. 

SAMPLE TABLE 1. 
Table 9.1. Step 1: Suggested Format for Collecting and Recording Site Description Data. 

DEEP CREEK UNIT 1 

VEGETATION 
Habitat type  Trees Brush and grasses 

Species 
% Composition 
% Overstory 
Age 
Size 
Productivity 

(BA, VOL, SI) 

VF WH 5P VOGMOOP MPtDPiOME 
60 <I0 5 mnce jRftC£ 
70 zo S 

Z50 i 100 
W + t#-30 " W-t 
61 150 

Species and % cover 
RHOPODENDedK}   +10% 

BeAR.(i&h&   I (Wo 
OL£P)M t>pmu  7   _„ 

SOIL 
Parent material UOLdftiJKL, (qLPiClftL. TILL. 
Texture (sand, silt, clay, org. matter)5/VAj Oil   UOftM 
Depth 30-5(o" 
Rock content ^^ ^ _. #) 

Bionc 
Animals>e/?6e/r 

Insects   NDMB 

/hO/7   VEEg   5/^AJ 
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Sample Table 9—Continued 

Habitat type Trees Brush and grasses 

SEED SOURCE 
Zone   ^02 
Availability £#£££-     (X* IfH     fOU£5^if 

TOPOGRAPHY^ 
Slope    VO -50*)o 
Aspect   <5n/ 
Elevation   ZJSOO   FT 
Major fa«to»/r   e)SeaTED     Bif   CFiEZXS 

UJlMPLj    PftPiW. 

SO '/*//*•       2-" M^Lf  1° 
CLIMATE 
Precipitation 
Temperature   JPik).   HlU.   22 
Snowpack   /KJTBRMITTENT 
Growing season 

ftPftIL    70   K)OvErtBEF(. 

TO 
dULLf 
3 FT- 

OCT. 
rlPiX-    &20 F 

QOME   BLf / nftFtcH 
50° F 

ACCESS 
Roads   APFQUATF- 
Timing (weather, other operations) AJO   F^OBLEM 

SAMPLE TABLE 2. 
Table 9.2. Step 2: Suggested format for estimating and recording conditions in the seedling environment. 

Components of the 
seedling environment 

Indirect 
factors affecting the seedling environment 

Overall rating of impact 
on seedling 

Survival1 and Growth2 

MOISTURE Capacity 
Soil depth  } 
Rockiness   [LflKCte   ^OlSfURE 
Soil type  J   HOLDltJQ   CftPACfflf 

Precipitation:  — LQUQ nOrbTURZ IVPUf PiFTZF,   rtftU 
Amount, type, timing 

demand rConpEVTlOM   HIGH  UULE^ 
Competing vegetation f      £  )Tunij jm 

Amount, type  J        <~OkJTnOLLED_ 
| Temperature 

Tind   MOD£mTE   EUPfFOPiPrni/E   57^5355   PU&AJC)   (jgOLO/JOt? 
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Sample Table 2—Continued 

Components of the 
seedling environment 

Indirect 
factors affecting the seedling environment 

Overall rating of impact 
on seedling 

Survival1 and Growth2 

TEMPERATURE 
Extremes^'77^  CHhfOCB,  Op   eXjetME  HI QMS  O*.  LOWS 
Slope PU-GlMC)   CjODUdifOC) SZfiSOlO 

^^ Elevation QOOP    RlQ.   PMWU/^S -A)0   FROST   pOCKefS 

MT0ei00PQI&(A)lti<3^^e!^£tvx*noP£e*^y   WHF1M    PU£J!OQ   GeouoiMQ 
vrriovs AFtze esTftGusuntxri L-J^ SeasoN 

LIGHT ^DeS-^ pieoBten IF GiM^euxr FOK SMDE. MTOL- 
Height     ezn^r oe. mTLeHEDm-fE.   SfEJOIES - EKPOSUL&E 

Aspect       ezcuipes  rteVLOCX. 
-±rAuegJ}<5£ FO£  sueviuftL. PiUD (JQOWTH 

NUTRIENTS Soil Depth ? ^ ._     ^__        >^ A „t~0as r-■   c:r>0 
Limiting conditions      > fiDEQUftTt   —?-* veKAQe     FOZ 

(ex. serpentine-soil)J SU£U/UrtL-     ^/UP   Q/SOUOjl 

PHYSICAL DAMAGE l^^POtt/BLB.   BROWSE    V»M*6iE 
Insects 
Disease — SOM&     VOMSLOPE 
Debris 
Fire potential 
Snow or Ice     ,       ^_ _ _ 
Erosion   — lOO   OTTiBe 

DEBRIS 

POTENTIAL PROBLEMS 

VEGETATION    */  rtDl5V+££     ^T^^55 

ANIMALS i/ ^oo;   ^OFULfiJlOfO^- SUdjHT  P^OBLZn 

DISEASE/INSECTS 

OTHER   ^ERDStOV-EXFtCr   * F&V SeEPUKJQy/mE   lb   BE 
TzfinPiQEiD 

1 Specify extreme environmental conditions likely to affect seedling survival. Note conditions contributing to extremes (e.g. moisture 
stress because of vegetative competition, or-low precipitation, or coarse soil). 
2 Rate the average growing conditions for each component by its level or intensity: Excellent, Average, or Poor. See Table 2.3 for 
generalized adaptation of major conifers in Oregon to environmental stress. 
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SAMPLE TABLE 3. 
Table 9.3. Step 3: Suggested format for listing operational and administrative constraints and assumptions. 

OPERATIONAL CONSTRAINTS 

Harvest aoggi^ricdons^^^     ^^p    0A>   SUtPi*    ^     ^% 

^ P^Sr   STKTt^T ££QuiQ6D    FOR   HERBICIDE5    /F USED 

Pla^ili%>C£y  /WUP ^£ny   ^t^?^ ourctors nPfij   &£   ZLAIAJEV 
■31/ uue  oe ven-p    SPIMP/M$ ueQe-mjioti. 

Erosion 
■3uFF££    ojfcips ZzquiezD - un/our   OK. 

Other (e.g. aesthetics, land use patterns) 
gsaejefiVDid USE  u)uo /o THIS   ft£en   - 

ADMINISTRATIVE CONSTRAINTS ,_      ^/^^o/K/^-r?-^   -rictee-^     r^-^ cxynp/mL/ poucAJ TO ^/H^ 3^  ^£z^ D/spei&ureo T^£ES   pez 

Oregon Forest Practices Act 

ASSUMPTIONS 

—   LDUO pOpUL/)V0M5     OF    T^ftBa/JS   /f/UZ?   PEEFi. 
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SAMPLE TABLE 4. 

Table 9.4. Step 4: Checklist for selecting and justifying a planting reforestation prescription. 

Step or operation                                                                    Chapter reference                           Selection and justification 

1. SELECT SPECIES 2,6 

^llllPLe        'g-IF suazje&iouftu $reeA&*FV& Dtsrug&itice-, 
Western hemlock     ConPfiP &<-£-    SEBDUN^   EAJU//^OA).   VuRlHO   ESJftBUSH' HEMT 
Noble fir FOft THIS     SpEClES. TOO   Wften   Vfil/ ft/VD EXPOSED  FOZ. 
^l «        Kje^jEem  HemoeK ftrrEZ cta^ebum^^. ALSO   TOO 
Combmatxonspp.^^^    ^^   ^^     ^^     ^^   ^    ^^   OOCukz  UfSU)^ 

2. SELECT STOCK 5,6 
CHARACTERISTICS 
Bare-root 

M^OB        
B ~30'5'2-5-n&q' uMGe- U0£LL--e^LA/ucep ZTVCX 

Height rtfo   pE^FOFinEP   iAJCLU o/U   SiMiUte 5/7E5   /A)   AZEP). 

aStSSt       Toon   yE^ro^nh^cjE   MIJH snnLL&z  STQCIC. 
Donnacy 
Frost hardy 

3. SELECT TARGET & INITIAL      ^^Ff    00^5//V    /JT   ^^  G—^00~T/fi 
STOCKING DENSITY 'PUflOyM^ UEfOSlfl/- (oOO  -f/Pi 
Initial planting density MEED     2-^ M   SEED^^J^S     FO£   UtOlT 
Target density at 3 to 7 years   _ _ 

cony/\A)i/ pouoi/- pREconnE£c/AL y-tik) m' ft<5£ /< 

Date of lifting ^^    m   ^0LL/    UMZO  FAPEft    3A6,   \Aj/peftT   M055.   tl/hJ- 
Date of planting nun   (LOLD?T()&£lE    ftf ^UESueu - SEJEDUKJ6 5    lAJILL   Bi 
Length of storage        ST^^eP     //U    LOOftL     e£fei^G&Whl<i    umil    meJ^HnP 
Other (special packing, etc.) p^/^y/S    pumVM, ,   T^T   m^ u!^^D. 

5. HARVEST SPECIFICATIONS 3 
Shelterwood (percent overstory removal 

and basal area left) CLefiFiCUf-   SUtiriElZ   /RVd.     CLEn/O  LO(q ) pi(_£ 

F^S* 
(desi8n ^size)     ujonEec/iMTftBLE  nftv&iPiL mv OLP&H . cjeeajz 

Skidding or yarding 600        pLAMVNCj   SpOfS /Pldg^     COMpfiCpON 

^mpaS8"1 C0U^   B*  "JFtoBW--IJOGMC, TO Miumize 
Soil disturbance SOIL      / Mp^Cf 
Erosion protection 
Timing 

6. SITE PREPARATION 7 
Mechanical MECHWICPiL. - I K)   0)^uUCTIO/V     uj,^    ^euSST 
^enncal 3^   ^ ^    p,^   ^     ^^    ^^ ^^ 

Combination POLLOW     Uf    VOlJH     CHEMlCPtL.     Cf^TH^I       UFTHP Ar-rtt> 

KXtechni.ueor     MW"*.    >F   ^CE^ZU.    A)0    C^^,   ^^^ 
chemical formulation   gZpOf^E       pLf)h}JIK)Cf. COAJJKJDL^ 
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Sample Table 4—Continued 

Step or operation Chapter reference Selection and justification 

7. STOCK HANDLING 6,8 
Cold storage conditions SfCffE    ^JDCK   110 LOCAL    PiLf^JCfEH^T^O    COOLER   fiff 
Sto^ shipment-how and whery^^/^    ^/UP   50%-*   ftH.    5JOF\E     r^O^\    MlO- 

StedJt5Sn«te U/Wa/?^   DELIVER   U/O/TL     UJePrTHE^ HOP  SiJB PERMIT 
FLftKJT'Mfi — LJfn OftV. ID mD-FEB.   /MSPECT   I&BES  fTJ-/ 

8. PLANTING ^^     lMJ&lVPtLS,  if 9U£Ge55/>?©t/ 
Date / 
Method 

s^SStions^£m^56 op'voehjH^' M-vp pLAur uoffH amveLs /a 
Replanting criteria£7U5^^c      hPEgUfifB   S/Z£   HOLES.    35    /WAJ   DALfS    JO 

shading 
other 

tti0H   miOFVJT/   FWMVMt?^fjE- FLWr'tiQ   L^TE FLEXIBLE 

9. REGENERATION EVALUATION^Y,/^^^^    5LieUEl/   *plSft   0M&   60^/AJ^ Z&FfSbM. 

ST11!1!^ coHPuefE dueuBif* fir ^e? a ^D O USIAJQ ft &>M- 
iSXds of success -afOftTM   op sm&D IHEEL AAJP zm^D quHDRmlr Mm- 
Replanting specification^-    ^^T—^OD  T/Sf.     FfEFt/IAJr   MJU   J^plH   0MB *&& 

10. PLANTATION MAINTENANCE 7,10 / 

Disease and insect con&tfOStE^S     ffT ErtCH    Pf&SOK).   fUffUEl/.   ^f^JJCjf^T^ 
or prevention                  ChteMlC^U    CDVpSOL   Dp   L&5epfp6AJ   ^T    *$&   £0/6 

      .5. 
1 Bare-root seedlings about 30 cm. tall, 5 mm diameter, S/R-2.5, ready for 1978-79 planting season. 

Example #2 
This unit in northeastern Oregon was moderate- 

ly defoliated by Douglas-fir tussock moth in 1974. 
Figure 9.3 is a map of this unit. Reduced tree vigor 
and some secondary mortality dictates silvicultural 
treatment of the entire 300 acres. Concentrations of 
mortality and low vigor or diseased trees will need 
to be clearcut; the remainder of the stand will be 
partial cut on a salvage basis to create either a 
vigorous stand (thinning), or an environment suit- 
able for natural seeding by the leave trees. A 
preliminary survey indicates that a total of 90 acres 
will have to be clearcut and planted. The 90 acres 
consists of three blocks of clearcuts, 14, 34, and 42 
acres, as indicated in Figure 9.3. Sample Tables 5 to 
8 show an example plan for this unit. 

Figure 9.3: Plot map of unit in Example 2. Entire unit was 
damaged by Douglas-fir tussock moth. Unshaded areas represent 
acres that must be clearcut. 
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Table 9.1. Step 
SAMPLE TABLE 5 

1: Suggested format for collection of site description data. 

VEGETATION 
Habitat type 

HIQH FllVQE   -dzb 
Trees Brush and grasses 

Species PF UJf \AJL VP 
% Composition ZJO 50 10 ZO 
% Overstory ao HO 10 <30 
Age /HO aotmo /too /to Size 30 "t 2" -ZH 3U>"t 3b "i~ 

(BA, VOL, SI) SI&O •5: ZIO 

Species and % cover 

SVOUdBZFtFKU    /6'7o 
ELDERBEflRy   7 ^ m 
HEP)PlTL~mF     Y 5 <o 

SOIL 
Parent Material       5EVI MEAJjfff^U 
Texture (sand, silt, clay, org. matter)    ' SfiNDU  LbftM 
Depth      l<b-30" 
Rock Content   ^Q —XJQ ^7, 

Bionc 
Animals   EIX  R/OP     (^Of^HER   S/QK)      S\3UtiPPih)J- 
0186386     MlSfLE. -pe.      /AJ   UF 
Insects 

juiiock; nofH   VAnPidE   PflevFiLeAJT Tn^ouaHour zmvo ■ 
Httvy StCDVDAeu  -BEETUL   K/UU   ,>0 FATZHES > 

SEED SOURCE 
Zone 

Availability ^ ctfECJC     uOlTH    MUZSCeU 

TOPOGRAPHY 
Slope    S-Zooje, 
A5?6*   UOESf   TO   tiOF^TH 
Elevation     ^^    ^ 
Major Features 

QeiOfUZ   F{OLOIV(/    BtTOCH 

CLIMATE 
Precipitation 2.^-/qfr -nD^fLlj    F&M     UOU.    TV  MPrU. 
Temperature^ ^ npx   t>^0 f  ^ 
Snowpack  -,.      '.« /./   _       ^^ " " 
Growing S^fenHb 'H*   ^  ^    "*&*    OfL    EKZUj    ftr&C 

/5 Hftc/    jo  J5   ocf. 

ACCESS 
Roads AOBQUfr/Z 
TimingSz/E  f>K)OuJEP    /A) FFfOM     £>tXL.   jo Mft/QCH 
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Table 9.2. Step 2: 
SAMPLE TABT.tf 6 

Suggested format for estimating and recording conditions in the seedling environment. 

Components of the 
seedling environment 

Indirect 
factors affecting the seedling environment 

Overall rating of impact 
on seedling 

Survival1 and Growth2 

MOISTURE Capacity /apacity 
Soil depth MOISTU/SE    HOLPfAlQ   CA-^C/JV  &T '■ ^ "   H2P  '*> 
Rockiness-   zuefACS    ZV 
Soil type _   ^ , , _ 
Precipitation:A?027e^^rE    OU£FfrLL-  'WUT, ^Uf ALMOST   ^O £??- 

Amount, type, timing BCTIUE.    ppf   PuPffhJq    (qgOlOlUQ   Seftt>OlO. 
Demand 

Competing vegetation 
Amount, typeQefir*> + 5£D<iE-H-lGH CJOMpfrflZlOKJ   PePLgfE t>UeF^G€ 

Temperature      nO^lZOAJS     FlftFIPLLf 
Wind-LOW   jz)   r\ODEF(f\TE.    EUFtpDPtftJWE   STRESS — MODGRfilfE 

IS CO/OTZOLLSD.   QvEmCgE  QeDuir/UQ    doUPlVOUS    /J/TSP SEEDUUQ 
TEMPERATURE Average ~^aoU?  MIL  PPiRj/O^E   //U    DEPRESS,n*s^^JgO^ 

Extremes      f^p^-j-   yOCKET^ ~ E^ f^f^1^ ^ C^Rr^i> 

Elevati^" toVZ   E#eLL{   mUL    /VQD    LStTZ   SF&U$   FROSTS. 
Vegetation            ^CDOL    70   riDDtEfiTEUj iVfteM    GgD(jO/KS<5 

SEnSOh)   ■PrrrFftmAt1 t=f=t/-^.-r-  ^'.~* L» 

LIGHT 

er aecMitJti 5&£3>f  QeoLO/ue, couDrpofus. 

^Deisity11       KCZLL&JT    <^>^D'V0A)5   fOFj   <>UPiU/UP>U   + Q^DUfpf 
Height OF    FF     WD    ML,   FOLLOUdlfOQ   Q   dUEftgCUJ\ 

AUmqC   FOZ   P.F}   Fftm     FOK   w pr Aspect 

NUTRIENTS Soil Depth  ti FE.*J     SHftLLOU)    ft&EPl^i   BUf ^Of   EXPECTW  TO  BE 
Limiting conditions   ^     rr\03Ltf1. 

(ex. serpentine soil) — /fue^Cje     dOOP/pbm     f=0^ SU/^UW/ft^ 

PHYSICAL DAMAGE Vegetation— /JO 
Animals— SLtl PrUD    qOPHEFs    DftrtAQe;    F05$l3lE 
Insects- M   Ffto3LEn    AJOLO,   SUF COULD &£ LftT&R /XJ   eO/FfpOlQ. 
U1S63SG—      KJO • 

Fire Potential—///^//    Ul^FE /?£-/%?   77n&£f^   /$  5/fH/ff6£P 

Erosion-06- 'PX*/3LE    F^OBLeH   FOPI   p/fQZ 
100 ~~~^ poTEvnAc- reoBLEns FJDZ ^U/^U/UA-L. F&ri 
/W/fffiLS)  P095/3CI/   POO* (qeOLO/UQ   COUPtJlOtiS. 

'Specify extreme environmental conditions likely to affect seedling survival. Note conditions contributing to extremes (e.g. moisture 
stress because of vegetative competition, or low precipitation, or coarse soil). 
2 Rate the average growing conditions for each component by its level or intensity: Excellent, Average, or Poor. See Table 2.3 for 
generalized adaptation of major conifers in Oregon to environmental stress. 
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Sample Table 6.—Continued 

POTENTIAL PROBLEMS 

VEGETATION^ bW^   fttiD $£P3£ cjo^pEfi^ FOfi unijBp Motsjuj^e 

AMMALS^a^     ADD    QOPHEPI 

DISEASE/INSECTS1^ 7^ &>0 ^   ^0TH - ^EL£CT   AJO/0 'bUSC^T^TTR/^   &PEC1FS ■ 

OTHERS'        ^„   ^r 

SAMPLE TABLE 7. 

Table 9.3. Step 3: Suggested format for listing operational and administrative constraints and assumptions. 

OPERATIONAL CONSTRAINTS 

^cLmecurnvQ e^yiee #££& F^OH/B/TEP BECAUSE qr HIGH FxEFo/^es-rft 
Harvest (logging restrictions)770^ COSTS/ Vef&nEKlT JD eUZ rtftS/p^f AA)P /fQQfWlSE, 
FROST OAn^E. SOIL ^rWOU VlCrKTTEZ qmuuD WOUCP BE UOOF^m 
Site Preparation ' ' 

use   of piFfe   Di5coueF)6eT)- nu^r m   . 

Plantability 

Erosion Kkfr  „   Col0s7En/h)T 

Otber^e., —-J-« *?%£%«£    ^^f^mC^^^ 
ADMINISTRATIVE CONSTRAINTS 

BUDGET ZesjK/efs  C^F/T^L ourcm/  jo tf/nn/*    em^txrc^  « 

ASSUMPTIONS/^OSr   SZCOtiPfteu    KJLL   OF -nnntr**    /y»<  ^^1 

— —tfm-es. 



The Reforestation Plan 185 

SAMPLE TABLE 8 
Table 9.4. Step 4: Checklist for selecting and jsutifying a planting reforestation prescription. 

Step or operation                                              Chapter reference                                Selection and justification 

1. SELECT SPECIES 2,6     ^^^ ^ _      __   plrA)n    l/n   , 
Douglas-fir                  CUftZCurS     Ri/f^TW   TO    SQUftL   MfX Of    PI7   WU    l/0L- 

Noble fir ZEQLUQE    FPiOJECpOK]  fOf^ ESrftBuSHnOOT ^P 
Conation sp^    W^ ^^ suscepriBL£ io fu^ouc noT*. 

2. SELECT STOCK 5,6 
CHARACTERISTICS 
Bare-root 
Container 
Seed source 
Height 
Diameter 
Shoot/Root 

i^TKy'p££m/ur WP FHOST HPIRPL/. 

3. SELECT TARGET & INITIAL   7Wtf£74    VEAjSlpf    *T ^GE <"       ^l^T^^V *r, 
STOCKING DENSITY       Conf^fAJif    pOUCU POPj   F'F\ST  TW/HAJ/Mq    nf   n^E  OU.^ 
Initial planting density T^pLftUT       O^LU   If /^CERS   ffT LEPfrp   CA)E.    SKLFit 
Target density at 3 to 7 years /KJ   ^^  ^^£   gxpECpEl?   JO   Hfil/E.   LESS   pfftN 

4. ORDER SEEDLINGS ^O0 7/^6    ^T   ftfyE    0. 
When to place order  ofiDze.     '&n SEEPUAJQS   op  EffCH   SpBC/eS—lOTfiC 3(o^. SpECtpi/ 
Date of lifting     itfJZ 10/Mj^^    -ffr   &feuj   SpeUR) UFVKJ6    KEEP   /A)   UueSE&J 

ES^SSSSB*
00
^ 

UAiPL' Awupmep VP&L ptrnvioq. mac ^ f^^' 
Other (special packing, etc.) Utt££>      3AQS    Ud/PEftp   17056. 

5. HARVEST SPECIFICATIONS        „ ^2., ^ ^^^    ^^ ^        n       -ttPfiRmEJUf  ^0 

Shelterwood (% overstory removal CJJ&eCUF ft&fi^ SHOUW   H-WE   SLAtH  l*0^^'*, 
and basal area left)        ^CMtp/C^fTOU SUppiCjElOp 73   FHEpAPE   S/JE   FDft fiSMPMQ. 

Clearcut (design and size)IF^hdTOC    LD$0IIOQ   AQCEFTftBLE   CQnpflCPOM pftOBLEH   (AillH 

Compaction tfEf^UfHij    VOV mSpLEjDE  pSEES — pftUOR  P P/AJE   Y- D-Flft 
Soil disturbance        <cncnr r-^r*   ^s^r-,       «r-^^-^    -  ^ 
Erosion protection   ^^^^        P>^ G&P      &&>   pftODUCpQN.     nftHt:   KLU   LEPiUC 
Timing TfZEES. 

6. SITE PREPARATION 7 
Mechanical neAHftOlOPlL      /AJ      COfOjUfJCpOL)   QJipH   Hf^l/ESr   SpOp 
Chemical c^^/CPfL  POP $F\*^   * ?>&<$€   ^     BE   W^E    fklOR    JO 

Combination TLfiMTl tifj     IAJP€F{E    ftppF\D pRlP(TE   OQJP^JKJ  OtfEn/CAL 

SS technique or chSSiS   ^^     ^^>^EMD^VOAJS    FVOM     FfESErt^M. 
formulation 
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Sample Table 8.—Continued 

Step or operation Chapter reference Selection and justification 

7. 

10. 

STOCK HANDLING ^ 
Cold storage conditions     'Ji'-n~f^    iu 

Stock shipment—how and when^f/Jf) 
Local storage conditions      /JK)77L 
Special treatments 

s!8 

SOOfO   PtS   Geou/UD  THftW^).   COLD SjVFWCjE 
FLftAJVAJQ   /V 5/P^/AJ^ PfFT^ft    <5AJOIAJ   (qOKJC 

PUkUVUCi  /JO  MfiOlft OK *PFm-   VEFEAJD/Ud, upOKl  UJEBTH^   W* 
KITE:     />^. m.-n rune. /r>  /rV  /n  t / .'iPftPJAJ/b '    PtPPRL MPsN 

PLANTING 
])at£ . ...       .   _ 
Method      Sift   COIOD/TIOVS.    /0.5'X tO.S' 6PBCmCi'-)  ftPPPOX.   51 
Supervision   p/^s  pEQu/RED   JD  PLpfKlT Util75.    HfiMD  PLfiHT  lAJ/fti HOE. 

Sl^tingTriteriaT^^   *D\/PlNT*e>E    Of ™L/ HaTuftftL   MftDE CSTUMPS 
Special techniques—  Op    CHU/UICS).    MULCH   SEEDUM$6     UJ/JH   LDOS£   50/L   WD 

£adiSg   vupp.   awPiipLf zije: 3£fo^£ PLBHT/VG. 
other 

REGENERATION EVALUATION^^'T^ILL, 
When $i£>ijo"*MD "SIXTH   Q^OlO/Mtj   3EP)60AJ6 ■  HfifUR/0)/-   PILL-I 

Method fWTICipPiTEP, -THEF^EpDFiE  pEPLftUT  O/OU/   /P STDOOAJQ 
oX>£lXlCiaJrCLS  OI   SU.CC6SS _ 

Replanting specifications FALLS     3EU)Vj    2-00 T/A. 

PLANTATION MAINTENANCE 6^^7,10^A;P   5eP6)E    UJILL    BE COOl^OLLED    UVVL. 
Vegetation control    p^E  J o/? ^.   E)PA2/A)<1   &Lf   CftTTLE    PfiOhtf B/jED   UUWL   -JHfi 

^Si Steect control^7^    3"T   ^^URf) C^ED   7H0&   #FTEP.     <?OPHZPS - 
or prevention HEffVP T^f\P   UOHERE    COI^dEJ^lHAJED\ 
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Abstract 
The reforestation process is not complete until the plantation is fully 

established on the site with respect to competing vegetation, animals, disease 
and insects. Seedlings often must be released from competing vegetation at 
least once after seeding or planting. The timing and intensity of release 
operations depends on the comparative growth habits and growth rates of 
seedlings and their competitors, and the competitive influence exerted on the 
seedlings by the other vegetation. 

Frequent surveillance throughout the first 10 years of the plantation is 
necessary to detect damage caused by animals, insects, and disease. Any one of 
these agents may cause part or all of a plantation to fail. Prevention through 
carefully chosen silvicultural practices during reforestation planning greatly 
reduces or eliminates the need for most control operations. The regeneration 
forester should be familiar with conditions that are favorable for destructive 
animal, disease, and insect species and the damage each causes, so he can plan 
preventive measures and detect problems early. 
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Diagnosing Post-Planting Problems 

Plantation maintenance enters into the reforesta- 
tion process before planting in the choice of 

species, silvicultural system, and site preparation 
that will develop fewest problems, and again after 
planting, when problems develop. This chapter con- 
siders some of the basic problems that occur in 
plantations: competing vegetation, animals, disease, 
and insects. In many instances the best control for 
insects and diseases is prevention—by maintaining 
healthy stands. For both prevention and diagnosis of 
damage the forester must draw heavily on his 
knowledge of silviculture. Determining the cause of 
low vigor or mortality without obvious signs, such as 
pitch tubes or a conk, is difficult. Before placing the 
blame on any disease or insect, determine whether 
other environmental factors or non-parasitic agen- 
cies may have been at work. A listing of possible 
factors and agencies follows (17): 

• Low-quality site. 
a. Excessive exposure. 
b. Excessive or imperfect drainage. 
c. Soil thin, or with compacted lower horizons. 
d. Extremely high or low pH. 

• Species poorly adapted to site. 
a. Seed origin (plantations). 

1. Environment of parent stock differs too 
greatly from that of planting site. 
2. Inferior strain or geographic race. 

b. Species approaches Umits of range, or as a 
transient type in the course of succession. 

• Changes in habitat. 
a. Raising or lowering of water table. 
b. Exposure to increased light or wind movement, 
as from thinning or from cutting of an adjacent 
stand. 
c. Competing vegetation changes seedling envi- 
ronment after harvest. 

• Weather influences. 
a. Prolonged drought, or drought in successive 
growing seasons. 
b. Excessive spring rains, followed by period of 
subnormal rainfall and high temperatures. 
c. Unseasonable frost, especially in late spring. 
d. Winter injury. 

1. Wilting of foliage as a result of drying 
winds while the ground is frozen. 
2. Sudden alterations of temperature result- 
ing in foliage wilting, as in 1., or in injury 
to bark tissues ("sun scald"). 

e. Glaze (ice storm) or wet snow. 
f. Lightning. 
g. Hail. 

• Effect of human activities. 
a. Fire. 
b. Grazing by domestic animals. 
c. Leaks from gas mains or fumes from industrial 
plants. 
d. Leaching of calcium chloride or other salts 
applied to adjacent roadways. 
e. Careless use of herbicides or insecticides. 
f. Grading (along highways, in real estate de- 
velopments, etc.). 

• Feeding or mechanical damage by various forms 
of wildlife. 
a. Browsing. 
b. Girdling, rubbing, or other bark injury. 
c. Feeding on buds. 
d. Roosting (for example, starlings). 

• Overmaturity of tree or stand. 

• Stagnation as a result of overstocking. 

While it should be recognized that insects and 
disease may cause primary injury in the forest, 
often they are secondary, causing damage only after 
one of the environmental factors or non-parasitic 
agencies listed creates the proper environment for 
the organism. Therefore, both primary and second- 
ary causes must be identified before making changes 
in reforestation practice. 

Anticipating problems before they occur, espe- 
cially during the planning phase, reduces the need 
for plantation maintenance. A thorough initial-site- 
and-problem analysis will indicate certain 
strategies that reduce the need for intensive mainte- 
nance in the future. Trees planted on sites charac- 
terized by increasingly severe PMS (plant moisture 
stress), for example, need increasing relief from 
competition, especially selective weed control. 

Early post-planting maintenance usually in- 
volves controlling vegetation or animal problems, or 
both. If these potential problems are identified 
early, steps can be taken to alleviate stress and 
seedlings will become established sooner. Thus, 
surveillance should be frequent so problems can be 
minimized. 
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Competing Vegetation 
Both the degree of competition and the vigor of 

new tree seedlings should be evaluated periodically 
after reforestation operations are completed to de- 
termine if control measures will be needed to aid 
seedling estabhshment. An evaluation of vegetation 
control should include: age and growth of dominant 
cover types; growth of the vegetative cover relative 
to expected growth of new seedlings; potential litter 
fall that may physically damage seedlings; and 
density of cover with respect to each seedling's 
moisture, nutrition, and light and space require- 
ments (Chapter 2). 

Time (age) is critical in assessing vegetation 
problems. Woody plant communities change in com- 
position and structure with age. Growth rate of 
many weed species changes with age. New or re- 
sprouting growth often is a greater competitive 
threat to new conifer seedlings than damaged vege- 
tation left after site preparation. Juvenile growth 
rate of many weed species is faster than most 
conifers. If left uncontrolled, weed species may soon 
dominate the site (Figure 10.1). Thus, the ability of a 
tree seedling to outgrow its competitors depends upon 
the developmental stage of both the seedling and 
competing vegetation. 

Growth patterns of both the seedling and brush 
must be understood to project the need for control 
practices. The degree that tree seedlings are behind 
the development of competing species indicates the 
required intensity and duration of vegetation con- 
trol (43). Young conifers on most sites need 3 to 5 
years of improved light and moisture conditions to 
outgrow brush species and be permanently released 
(23). 

Seedling requirements also influence the 
amount and type of vegetation control needed. 
Lodgepole pine, ponderosa pine, western larch, and 
Douglas-fir seedlings are intermediate-to-intolerant 
of shade. Weed vegetation that shades these species 
reduces their survival and growth. Conversely, 
western hemlock and grand fir, more shade tolerant 
species, require partial protection from direct solar 
radiation and can survive and grow beneath the 
canopy of weed species, if moisture is not limiting. 
The relative shade tolerance of selected western 
conifers is listed in Table 10.1. Aspect and other site 
conditions also influence this relationship because 
the seedlings must be able to tolerate all conditions 
in their environment. 

Table 10.1. Relative Shade Tolerance of Selected 
Western Conifers (51). 

Degree of tolerance Conifer species 

Very tolerant Western hemlock, western redcedar. 
Pacific silver fir 

Tolerant Spruces, grand fir, redwood 

Intermediate Western white pine, sugar pine, Doug- 
las-fir, noble fir 

Intolerant Ponderosa pine,   lodgepole  pine. 
jumpers 

Very intolerant Western larch, digger pine 

Figure 10.1: The juvenile growth rate of red alder is much faster 
than Douglas-fir. If left uncontrolled, the red alder will dominate 
the site. 

Relative heat and drought tolerance of seedlings 
affects follow-up vegetation control in much the 
same manner as shade tolerance. Site conditions 
and seedling requirements must be coordinated as 
closely as possible throughout the seedling estab- 
lishment phase. Complete removal of vegetation 
around each seedling exposes the soil to direct solar 
radiation and changes air temperature gradients 
close to the soil (22). On some sites this can result in 
surface temperatures high enough to cause mortali- 
ty in small conifer seedlings. Douglas-fir and true 
fir seedlings are particularly heat sensitive, espe- 
cially on southerly exposures and on flat land in 
valley bottoms. Ponderosa pine and lodgepole pine 
seedlings are more heat tolerant than other com- 
monly used forest species. Large seedlings tend to be 
more heat-resistant than small seedlings (44). 

Large seedlings may be several years ahead of 
smaller, conventional nursery stock in competitive 
brush because large seedlings may grow faster 
relative to weed growth and reach a dominant or 
codominant position sooner. Thus, stock characteris- 
tics influence the need for site rehabilitation. 
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Release Operations 
The Oregon Forest Practices Act requires suc- 

cessful reforestation after logging (that is, a pre- 
scribed number of established seedhngs per acre 
within a designated period after logging). Reforesta- 
tion is successful only when seedlings are estab- 
lished with respect to competing vegetation. 

Many of the techniques for initial site prepara- 
tion, discussed in Chapter 7, are applicable for 
plantation maintenance as well; others may need 
modification, or are impractical for plantation 
maintenance. Prescribed burning, for example, can- 
not be used to control competing vegetation after 
small, susceptible seedlings are present on the site. 
Physical eradication by hand scalping can be 
employed, but it is time consuming and expensive 
for large plantations. Furthermore, scalping is mar- 
ginally effective, at best, for season-long relief from 
competing vegetation. Herbicides usually are the 
least expensive and most effective form of brush 
control. 

Herbicides 
Herbicides can provide selective weed control 

that does not physically damage the site. The objec- 
tives in releasing young conifers are to increase the 
amount of light reaching seedlings in the understory 
and to decrease brush competition for soil moisture 
and nutrients. Completely killing competing vegeta- 
tion is not necessary to achieve these objectives. A 
large percentage of defoliation, a fair amount of 
topkill, and minimum resprouting of weedy species 
achieves the objectives. Complete topkill actually 
may result in more rapid recovery and greater 
competition of some brush species (23). 

On some areas two or more applications of 
herbicide may be necessary to establish a planta- 
tion. Applications should be scheduled so most 
woody species are controlled shortly before planting. 
Usually from one to several years after planting, a 
spring dormant spray is recommended to renew 
relief from competing vegetation with minimum 
damage to conifers. Spring dormant sprays for 
controlling brush, however, are damaging to some 
pines. Chemical release of pines from brush compe- 
tition should be done in late summer. Herbaceous 
weeds usually are sprayed in winter or spring. 

Complete eradication of all competing vegetation 
can be as undesirable as no treatment of some sites. 
Voids on the unoccupied site may be occupied in 
time by species that are more competitive, or harder 
to control economically. Bare sites are more subject 
to environmental extremes of heat, cold, radiation, 
surface evaporation, and erosion. This is a bigger 
problem on cleared sites than on sites with standing 

dead cover left for protection. Caution must be used 
on weeding and release projects to avoid concentrat- 
ing animal-use pressure by habitat improvement. 
Choice of herbicide and timing can minimize these 
problems. 

An over-dosage of chemical or applying the 
chemical when desirable species are sensitive can 
damage or kill non-target species. Follow label 
directions, using only recommended application 
rates and times. 

Chemical release, when done correctly, has a 
positive effect on the growth rate of young seedlings 
stressed by competing vegetation. A study in the 
Cascade Range of western Oregon (36) compared 
height growth differences between unsprayed Doug- 
las-fir over-topped by snowbrush (Ceanothus 
velutinus) and an adjacent area treated with a 
dormant spray of 2,4,5-T in diesel oil. Six seasons 
after spraying the following results were achieved: 

• Trees 1- to 2-feet tall at the time of spraying 
grew 178 percent faster than unsprayed con- 
trol trees. 

• Trees 3- to 4-feet tall grew 95 percent faster 
than unsprayed control trees. 

• Trees 5- to 6- and 7- to 8-feet tall grew 75 
percent and 61 percent faster than unsprayed 
control trees, respectively. 

In another study (36), diameter growth of 
sprayed trees was 2 to 2.5 times the diameter of 
unsprayed trees 5 to 6 years after treatment. 
Moreover, seedlings growing in a higher state of 
vigor have better resistance to disease, better color, 
and a better chance to escape animal damage 
compared to slow-growing trees under competition 
(42). Frequently, the juvenile growth rate of planted 
seedlings is more a function of vegetation habitat 
than of genetics or planting method. 

Several points are important to remember when 
planning a vegetation control program (42). 

• Spray early; moisture cannot be conserved if 
competing vegetation has already depleted 
the moisture supply before the chemical is 
applied. There may be no need to conserve 
moisture in an area where summer rainfall 
is abundant. Growth may increase, however, 
from reduction of nutrient and light compe- 
tition, if weeds are controlled. 

• The amount of mortality caused by nutrient 
competition is unknown, but probably very 
low. Therefore, weed control for this purpose 
may not be justified. 

• Weed control reduces moisture stress within 
seedhngs more efficiently than irrigation 
and as an added benefit releases nutrients 
while moisture is available. 
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• Control of tall, woody vegetation is necessary in 
release operations, but understory plants 
may be of minor significance. 

• Decaying hardwoods  may crush Douglas-fir 
seedlings, but hemlock and western red- 
cedar are more tolerant of falling litter. 

• Reduction of cover modifies animal movements 
(5), and can be used to reduce animal 
damage. 

• Economic benefits of weed control must be 
measured in terms of cost-per-estabUshed- 
tree, reduced rotation age, improved spacing 
distribution, reduced risk of plantation fail- 
ure, and increased growth of seedlings by 
reduced animal damage. 

The keys to successful release operations include 
timing of application and chemical selectivity. Weed 
species should be controlled when they are sensitive, 
but when the seedlings are not susceptible. Applica- 
tion date varies by chemical, method of application, 

conifer species to be released, and weed species. The 
herbicide selected must be formulated and regis- 
tered for the intended purpose, and applied accord- 
ing to label instructions. 

Specific information and references on choice of 
herbicide, control of herbicidal drift, and environ- 
mental impact of herbicide usage are presented in 
Chapter 7 and in a review publication on the 
silvicultural uses of herbicides in Pacific Northwest 
Forests (23). 

The Oregon Weed Control Handbook (Oregon 
State University Extension Service), is revised an- 
nually as a reference for advisors and chemical 
applicators. It includes current herbicide registra- 
tions, physical characteristics of herbicides, and 
recommended herbicide uses. Because of the techni- 
cal nature of this field, the diversity of problems and 
crops in the Northwest, and changes in registra- 
tions, you should check these current recommenda- 
tions by calling your Extension agent, chemical 
sales representative, or applicator. 

Animal Damage 

Cut-over and partially stocked forest lands pro- 
vide excellent habitat for animals that clip or 
browse young seedlings. Although damage usually 
is localized, the problem is extensive enough to 
cause concern. A recent review of federal and state 
agencies and private companies reported that ani- 
mal damage occurred on about 10 to 20 percent of all 
plantations (12). Reseeding or replanting was re- 
quired on about one quarter of all reforested areas; 
animals were responsible for roughly one out of five 
reforestation failures. Animal damage costs the 
timber industry several million dollars each year in 
Oregon and Washington. 

Extent of Damage 
Plantations of Douglas-fir and ponderosa pine 

are most frequent targets of attack and most dam- 
age by animals occurs during initial stand develop- 
ment. Only a few species of animals cause important 
damage. The animals damaging to Douglas-fir seed- 
lings and saplings in western Oregon include deer, 
hare, elk, grouse, mountain beaver, and woodrats. 
Species most frequently damaging ponderosa pine 
in eastern and southwestern Oregon include deer, 
pocket gopher, domestic livestock, hare, elk, and 
porcupine (4). 

Animal damage frequently is severe locally, 
moderate over large areas, and completely lacking 

elsewhere. Thus, it should not be svirprising that 
assessments of the relative importance of each kind 
of animal damage, and of the animals chiefly 
responsible, vary considerably and reflect both a 
diversity of problems by locality and land owner- 
ship, and different approaches to appraising 
damage. 

The most comprehensive survey of animal dam- 
age on forest plantations in the Pacific Northwest 
region is the Cooperative Animal Damage Survey 
(CADS). The CADS was begun in 1963 to study the 
kind, amount, distribution, and importance of dam- 
age by mammals and birds to Douglas-fir and 
ponderosa pine plantations in Oregon and Washing- 
ton (4). Browsing and clipping of stems and foliage 
were the principal causes of seedling injury. Cutting 
of roots, budding, barking, trampling, and pulling of 
seedlings also occurred. Browsing by deer was the 
most common animal damage on all plots. 

The findings showed that significant damage to 
planted seedlings usually occurred in one of two 
ways. First, seedlings were killed by severing of 
stems or roots, or by pulling from the ground; and 
second, growth of seedlings was suppressed because 
of extensive and repeated browsing or clipping 
injuries—this latter source of damage was most 
important (4). 
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Types of Damage 
Animals that damage or eat conifer seeds are 

discussed in Chapter 5. Damage to planted or 
natural tree seedlings is discussed here, by type of 
injury. 

Clipping 
Clipping injuries are caused by rodents, hares, 

and rabbits. Damage is characterized by smooth, 
oblique cuts on woody shoots (Figure 10.2). Clipping 
of seedlings and saplings primarily damages stems, 
terminal or lateral shoots, or roots. Small seedlings 
are most vulnerable to clipping, and may be killed or 
suppressed by stem or root clipping. 

In western Oregon, clipping of seedlings and 
saplings is caused mainly by snowshoe hares, brush 
rabbits, and mountain beavers. Snowshoe hares are 
distributed widely throughout the state and may 
cause heavy losses to plantations. Mountain beavers 
are found in suitable habitats west of the Cascade 
Range summit. Brush rabbits occur only in western 
Oregon. Mountain beavers and, occasionally, brush 
rabbits cause serious damage to regeneration in 
some localities. 

In eastern Oregon, pocket gophers cause most 
clipping damage, and many plantations have been 
destroyed by pocket gophers in central Oregon (8). 
These rodents clip foliage or roots of seedlings 
(13,30,32). Feeding on conifers occurs mostly in 
winter, under snow. Also, porcupines often clip 
seedlings and small saplings (7,15). 

Browsing 
Terminal and lateral shoots of seedlings and 

saplings often are browsed by deer, elk, and domes- 
tic livestock. Browsing injuries typically appear 
roughened and torn and can be distinguished readi- 
ly from clipping in most instances, especially when 
observed soon after injury. Browsing occurs 
throughout the year, but peaks during the period of 
rapid growth in spring. 

Browsing reduces height growth of seedlings and 
may kill them. Repeated browsing severely checks 
height growth and produces a low, shrub-like tree 
with multiple leaders (Figure 10.3). Significant 
stand damage occurs when enough trees are 
browsed to bring stocking rates or stand densities 
below established standards, or when growth of the 
stand is suppressed significantly. 

Budding 
Removal of buds and needles by sooty grouse is 

termed budding (37). Budding is restricted mainly to 
western Oregon, and is significant only in Douglas- 
fir plantations. Heavy and repeated defoliation has 
been reported on Douglas-fir plantations on Van- 
couver Island (18), but decreases in importance 
southward. The chief impact of budding is growth 
suppression at early-stand ages. 

Figure 10.2: Rabbit, hare, or rodent damage is characterized by a 
smooth, oblique cut where the seedling's shoot is severed. 

Figure  10.3: This low, shrub-Uke tree has been browsed re- 
peatedly by deer or elk. 



194 Regenerating Oregon's Forests 

Barking 
There are two principal types of barking in- 

juries—gnawing and stripping. Gnawing is the 
more important type of barking injury. Bark strip- 
ping is caused mainly by black bears and woodrats, 
although tree squirrels (pine squirrel, red squirrel, 
and western gray squirrel) may strip bark from the 
upper stem and branches of Douglas-fir and other 
conifers. 

In Oregon, damage by black bears occurs primar- 
ily in spring and summer, and usually is confined to 
young-growth Douglas-fir. Basal girdling may be 
complete or partial. Complete girdling kills the 
trees; partial girdling causes reduced growth or 
increases the chance of fungal infection and wood 
decay. Bear damage is a serious problem in some 
localities of western Washington (47) and northwest 
Oregon. 

Dusky-footed woodrats may cause severe bark 
damage to Douglas-fir saplings. Bark stripping 
usually occurs on the upper bole and branches and 
causes top killing if bark removal is extensive (31). 

Mountain beavers girdle the basal stem of sap- 
ling-size Douglas-fir and western hemlock. Gnaw- 
ing injuries are caused by microtine rodents (voles), 
hares, rabbits, pocket gophers, and porcupines. Of 
this group, pocket gophers and porcupines are most 
damaging in the pine region. Pocket gophers gnaw 
the bark, stems, and roots of seedlings and saplings, 
usually under snow in winter. Lodgepole pines have 
been barked to a height of 5 feet by gophers under 
snow (41). 

Barking of seedlings and saplings in the pine 
region is caused by porcupines, hares, and rabbits. 

Porcupines seem to prefer pole-size ponderosa pine, 
although girdling of seedlings (Figure 10.4), sap- 
lings, and mature trees frequently occurs (11). 
Barking results in complete or partial girdling, 
which often kills seedlings and saplings, or suppres- 
ses growth of saplings and older trees. Barking also 
deforms the stem, increases exposure of the tree to 
infestation by insects or disease, and kills tops of 
older trees. 

Pulling, trampling, and rubbing 
Pulling and trampling injuries to small seedlings 

are caused almost exclusively by big game and 
livestock. Pulling usually occurs before the roots 
become established after planting. Ordinarily, these 
types of injuries are only a minor hazard to refor- 
estation, but there have been a few localized prob- 
lems. Rubbing (mainly antler polishing) is caused by 
deer, elk, and livestock, and is probably unimpor- 
tant, except for local damage to Christmas tree 
plantations and to large seedlings planted at wide 
spacings. 

A guide to wildlife feeding injuries to conifers in 
the Pacific Northwest (37) describes and illustrates 
the type of injuries caused by each group of animals 
and contains a key to damage identification. Infor- 
mation on life history and field signs of these 
animals is included. Life history information perti- 
nent to damage control, and control procedures for 
selected species can be found in literature citation 
(9). 

Other useful sources of information for identifi- 
cation of animal species are listed under recom- 
mended references at the end of this section. 

Figure 10.4: Ponderosa pine seedlings can 
be clipped and barked by a porcupine. 
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Animal Damage Control 
There are four basic approaches to preventing or 

controlling animal damage: population reduction, 
chemical deterrents, mechanical deterrents, and 
habitat manipulation. The last category is a loose 
grouping of silvicultural techniques including site 
preparation, and choice of species and stock 
characteristics. 

Population Reduction 
One method of reducing or preventing animal 

damage to young conifers is to directly reduce the 
population of potentially damaging animal species 
before reforestation operations begin. Population 
reduction can be done by hunting, trapping, 
applying chemical toxicants, and habitat 
manipulation. 

Regulated hunting in a specified area is most 
applicable for reducing populations of deer, elk, and 
bear. Controlled hunts are established in coopera- 
tion with the Oregon Department of Fish and 
Wildlife. Porcupines can be hunted with some suc- 
cess in winter on snow. 

Trapping is costly, time consuming, and requires 
a concentrated effort. Trapping and vegetation re- 
moval combined are useful for controlling pocket 
gophers in the pine region and mountain beavers in 
western Oregon. Macabee gopher traps (Figure 10.5) 
are used for pocket gophers and conibear traps 
(Figure 10.6) are used for mountain beavers. The 
largest conibear traps have been used in conjunction 
with strychnine-salt blocks to remove porcupines 
from some pine plantations. 

Baiting animals with chemical toxicants is the 
most effective technique of control for some species. 
Some toxicants, however, are not authorized for use 
on federal lands. Baiting can be done aerially, by 
hand, or by machine depending on site conditions 
and size of area. Steep terrain, rocky ground or 
heavy slash, and small areas are best suited for 
aerial baiting. 

Specific toxicants are not mentioned in this 
section because registration changes occur rapidly 
in this field. Check with the Oregon State Depart- 
ment of Agriculture in Salem, for current registration 
information before using any toxicants. A periodic 
publication by the federal government (53) also lists 
registered toxicants for the control of animal dam- 
age, but frequent changes between publications 
often outdates this reference. 

Figure 10.5: Pocket gopher traps. The center trap is a live-trap 
set upside-down to show construction. 

Figure 10.6: Conibear traps. The larger size is strong enough to 
kill a porcupine; the small trap is used for hares and mountain 
beaver. 

Chemical Deterrents 
Chemical repellents applied to the foliage and 

stems of seedlings form an external taste or odor 
barrier to feeding. Usually these repellents protect 
only part of the treated plant; new growth is 
unprotected (49). 

Deer and elk 
Two repellents are federally registered for pro- 

tecting conifer seedlings from deer browsing: TMTD 
(tetramethylthiuram disulfide), and BGR (big game 
repellent). 

TMTD is normally sprayed on seedlings in the 
nursery before lifting and outplanting. It can be 
applied by hand-dipping or hand spraying. TMTD is 
used primarily on Douglas-fir, but is not always 
successful in deterring deer and elk brouse. 

TMTD usually is applied in a 10 percent concen- 
tration in a water solution containing a latex adhe- 
sive and small amounts of thickening and defoam- 
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ing agents. Lower concentrations are recommended 
for treatment of new growth during dry weather for 
maximum effectiveness. Although comparatively 
nontoxic, caution should be exercised in handling 
this compound because it may irritate the skin of 
sensitive individuals (16,48). 

BGR is registered for use as a deer or elk 
repellent for both eastern and western Oregon. The 
active ingredient in BGR is putrified liquid egg. 
BGR should be applied to dormant seedlings as late 
as possible before bud burst. BGR should be used in 
dry weather. Planted seedlings can be retreated 
aerially each year until they are established. In 
tests with similar repellents frequency of big-game 
browsing on conifer seedlings was reduced markedly 
(50). The big drawback to BGR is that it has a short 
shelf-life and gives only short term (up to 2 months) 
protection after application to the seedling. A more 
stable form of BGR (BGR-W) with a longer shelf-life 
is being reviewed, but is not registered yet. 

Snowshoe hares and brush rabbits 
Repellent treatments are recommended before 

outplanting for seedlings that will be exposed to 
clipping by hares or rabbits. Nursery seedlings 
should be treated with a foliar repellent before 
planting and planted seedlings should be retreated 
to provide some protection for new growth against 
clipping. Treatments may need to be repeated if 
damage persists. TMTD is an effective repellent 
against rabbits and hares (14). The combination of 
large planting stock and a foliar repellent is one of 
the best control methods available for reducing 
damage by snowshoe hares (27). 

Mountain beavers 
TMTD treatments may reduce clipping damage 

by mountain beavers (28), but habitat manipulation 
is usually more successful. 

Mechanical Deterrents 
Mechanical deterrents to animal damage include 

caging, tubing, nets, and fencing. Each of these 
devices is designed to keep wildlife physically away 
from seedlings. 

Fences and netting are used to protect entire 
plantations or large contiguous areas. Animal-proof 
fences have been used primarily for protection from 
deer, elk, and some smaller animals, such as por- 
cupines or hares (Figure 10.7). Types of fences 
include: electric (52), overhanging deer enclosures 
(34,40), and standard deer fences (26). Fencing has a 
high initial cost and is economically feasible only 
when seedlings have an unusually high value (for 
example, seed orchards or progeny tests). 

Figure 10.7: A standard deer fence can be used to exclude deer 
from an entire plantation, but it is relatively expensive. 

Fencing requirements for elk damage control 
include: 

• 2 meter (6.5 foot) of stay woven wire 
• Posts every 3 to 5 meters (10-16 feet); 2.4 

meter    (8  feet)  tall  cedar posts  are 
acceptable 

• Build alongside roads or cat roads where 
possible 

• Wire on ground 
• No through roads or gates 
• No through streams with any major fluctua- 

tion 
• 100-400 acres maximum size 
• Patrol and maintain 3 days per week in peak 

browse season; once per week otherwise 
• Optional strand of barbed wire on top of fence. 

Hares and porcupines can be barred effectively 
with a galvanized chicken-wire fence 5-cm (2-inch) 
mesh, 0.9-meter (3-feet) high that is flush with the 
ground. Nylon netting has been used, but it entang- 
les deer and elk. A complete review of fencing is 
available in literature citation (38). 

Individual seedlings can be protected by plastic 
sleeves on tubes (39) and wire cylinders. Plastic 
tubing (Figure 10.8) is lightweight, portable, and 
biodegradable. Common tube sizes range from 5.1- 
to 7.6 cm (2 to 3 inches) in diameter and 0.6- to 0.9 
meter (2 to 3 feet) in height. Each tube is placed over 
a newly planted seedling and then tied to a stake for 
support. Although expensive to install, tubing pro- 
tects seedlings from deer, elk, hares, rabbits, and 
mountain beaver. Wire cylinders (Figure 10.9), usu- 
ally of about 2.5-cm (1-inch) mesh, must be sup- 
ported by stakes. They are expensive to use over 
large areas and difficult to transport in quantity. 
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Figure 10.8: Plastic, biodegradable tubing to protect seedlings 
from mammals. 

Figure 10.9: Cage to protect seedling from mammals. Wire is 
1-inch mesh, about 3-feet high. 

Habitat Manipulation 
Habitat manipulation modifies site conditions 

that are favorable for destructive animal species by 
changing the vegetative cover. Methods of habitat 
manipulation include burning, chemical, and 
mechanical site preparation (Chapter 7). 

In northwestern Oregon it is almost imperative 
that grasses be removed from old fields or pastures 
before planting conifers to remove the food and 
cover for animals, such as voles, that girdle or clip 
newly planted Douglas-fir (5). Herbicides, such as 
2,4-D and atrazine, or machinery can be used to 
remove brush, forbs, and grasses. 

Burning slash and cull logs after clearcutting 
releases chemical nutrients and results in an abun- 
dant cover of enriched pioneer forbs that attract 
animals, especially big-game animals. Burning has 
the advantage of removing food and protective cover 
from hares, mountain beavers, woodrats, por- 
cupines, and other small mammals. Burning also 
retards the development of woody vegetation for 
several years and lessens competition for light and 
moisture. Burning facilitates baiting and trapping 
because runways or burrows are easier to find. 

Damage by woodrats can be avoided by removing 
logging debris before regeneration becomes estab- 
lished. Pruning and thinning dense young stands 
reduces suitability of habitat for woodrats (31). 

Other silvicultural practices to reduce animal 
damage can be grouped under this heading. For 
example, planting with large seedlings reduces mor- 
tality by hares, mountain beavers, deer, and elk. 
Two-year-old Douglas-fir seedlings can be clipped 
completely or pulled out of the ground, but larger 
seedlings have more lateral branches or buds and 
can sustain more damage. Tree species less palat- 
able to animals, such as hemlock, true firs, spruce, 
and incense cedar, should be considered as planting 
alternatives, especially where wood fiber is the 
main consideration. 

Special Considerations 
Frequent and continued surveillance is essential 

for monitoring and controlling wildlife-related prob- 
lems. Preferably, the first animal damage survey 
should be done within 30 to 90 days, but occasional- 
ly, not even 30 days is soon enough. Surveillance 
should continue for the first 10 years of the 
plantation. 

Direct reduction of populations by chemical com- 
pounds should be practiced only if other control 
methods are not available, and only for regulating 
population levels to control damage to trees (or tree 
seeds). Alleviating reforestation damage is the objec- 
tive, not killing individual animals. In most 
instances, an effective damage-control program re- 
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quires a combination of control methods integrated 
with forest-management practices to modify habitat 
conditions. 

Some animals causing damage (including hares 
jand rabbits) may be classified as game animals, or 
as protected species. Permission must be obtained 
from Oregon Department of Fish and Wildlife be- 
fore initiating direct programs of control to alleviate 
damage caused by these animals. 

It should be emphasized that using rodenticides 
for control of forest mammals is both ecologically 
sensitive and potentially hazardous. Mistakes are 

costly in terms of killing nontarget species, and may 
cause possible restrictions on future use of pes- 
ticides. An analysis of past problems (of pesticide 
uses) invariably traces back to failure of the ap- 
plicator to follow label instructions, or to use com- 
mon sense; these are the most important aspects of 
any chemical-control program. All control pro- 
grams, chemical and others, must be planned and 
executed carefully to avoid undesirable responses. 
Some useful references on the identification and 
control of animals that damage trees are listed in 
citations (2,3,19,25,33,37,48). 

Seedling Diseases 
The first years of a seedling's life in a forest 

plantation are hard ones. The tree must establish its 
root system and above-ground growing space under 
often adverse temperature and moisture conditions 
and in competition with other vegetation. These 
stresses cause noninfectious, or physiological, dis- 
ease; when severe this may result in death. Infecti- 
ous, fungus-caused diseases are less frequently en- 
countered in very young plantations, although they 
assume increasing importance after seedlings are 
established. 

Diagnosing Seedling Diseases 
Diagnosis guidelines general enough to cover all 

the reforestation situations in Oregon are not avail- 
able. In a given area, however, either one or a few 
diseases will cause most of the problems, greatly 
simphfying diagnosis for an experienced person. A 
general guide to disease diagnosis follows. It is 
supplemented by more detailed disease descriptions 
in Appendix D. Professional help for diagnosis and 
control is available from Oregon State University, 
the State Department of Forestry, and the regional 
office of the U.S. Forest Service in Portland. 

Recognizing disease problems requires an ap- 
preciation of the appearance and growth of healthy 
trees. Dead or yellow trees indicate a problem, 
unless they are larch trees in the fall or winter. 
More subtle color changes, especially when accom- 
panied by growth loss are also important. Unusually 
short (or long) needle retention, branch death, or 
excessive branching (witches brooms) and distorted 
growth may be symptoms of disease. The essential 
tools for field diagnosis are a shovel, pocket knife, 
and keen observation. 

Disease during seedling establishment 
Determining the cause of seedling mortality is 

often difficult, but important for avoiding the same 
problem in the future. Diagnosis increases in diffi- 
culty with time after the onset of trouble and may be 

impossible after the tree is dead. Poor planting (too 
shallow or too deep, in rocks or rotten wood) may be 
the problem, but don't jump to that conclusion 
without careful examination of other possible 
causes. Look for a pattern to the mortality. For 
example, is it in a frost pocket, or next to a road that 
was herbicide-treated? 

Examine the tops. Sudden reddening of tops 
during the first warm weather may indicate winter 
injury, caused earlier in the year by cold and drying 
winds. Gradual fading of foliage from green to 
yellow to brown throughout the summer is symp- 
tomatic of water stress caused by drought or root 
disease. Lesions or cankers on the stem indicate 
frost damage, sunscald, or perhaps fungal infection. 
Swellings on the stem or branches usually are 
caused by rust or mistletoe infections. Sudden wilt- 
ing of new foliage often is caused by a late frost, but 
roots should be checked for injury or decay. 

Dig up the seedling and scrape the roots to expose 
inner tissues (Figure 10.10). Healthy roots are firm 
and white beneath the bark. Live roots should be in 
balance with the top, and should have good mycor- 
rhizal (structure formed by a symbiotic association 
between the rootlet and a fungus) development. 
Root-disease fungi may destroy fine feeder roots or 
girdle the tap or main-lateral roots. White fungus 
mycelium matting the roots of dead or dying seed- 
lings may be from saprophytic (feeds on dead or- 
ganic material) fungi or may be Rhizina sp. (root 
rot), especially if the site was recently burned. 
Rhizina sp. forms brown or black, irregularly cup- 
shaped fruiting bodies, 2 to 10 centimeters (0.08 to 
0.39 inch) across, on the soil near the seedling. Root 
problems other than Rhizina sp. often originate in 
the nursery. 

Still puzzled about the cause of death? Retracing 
the history of the stock from lifting through storage 
and planting may give a clue. If you must replant, 
demand healthy, dormant stock from the correct 
seed source. 



Plantation Maintenance 199 

Figure 10.10: You can check for damaging root fungi by digging 
up a seedling and scraping the roots to expose inner tissues. 
Healthy roots are firm and white beneath the bark. 

Disease in established plantations 
The most frequently encountered (and most 

damaging) diseases in established plantations usu- 
ally reappear in the same places where they were in 
the preceeding stand. If careful observations were 
recorded at the time of the previous harvest, then 
most problems should have been anticipated. 

Diseases in established trees often are easier to 
diagnose, if examined soon after a problem shows 
up, than those in younger trees. The presence of a 
particular pathogen often aids identification, and 
the larger trees exhibit more distinctive symptoms. 
It is important, however, to look at the forest before 
getting down to detailed symptoms on individual 
trees. 

Look for a pattern to the disorder within the 
plantation, or among other affected plantations. 
Some possibilities to check for include herbicide 
(look for twisted leaders) or fertilizer misapplica- 
tion, soil-nutrient deficiencies, or off-site trees. 
Where scattered individual trees or small groups of 

trees are affected, the problem is more likely to be of 
pathogenic origin. 

Chlorosis (yellowing) or fading of the entire 
crown usually indicates a problem originating at or 
below the ground line. If the loss of color is accom- 
panied by thinning foliage and a decline in growth 
in the past 1 to 3 years, the problem is likely a root 
rot. If death is sudden, without growth decline, it 
may be root rot, but check bark stripping by bears or 
mountain beavers, or girdling by sapsuckers. Vari- 
ous insects often attack disease-weakened trees, 
especially root-rotted trees. Their presence should 
be a clue to dig below ground for the source of the 
problem. 

If the tree is flagging (a dead or dying top or 
individual branches), look for cankers (localized, 
often sunken, areas of dead cambium), or swellings 
at the base of the affected portions. Swellings on 
pine stems or branches often are caused by rust 
infections, or young dwarf mistletoe infections. 
Bark is often gnawed from these areas by por- 
cupines or squirrels. Other cankers are caused by a 
variety of fungi, but usually are damaging only 
after trees have been weakened by some weather 
stress. Various boring insects may be associated 
with cankers. 

Needle disorders are difficult to diagnose, but 
usually do not cause significant damage to the tree. 
Twisted, distorted needles may indicate herbicide 
injury, or be caused by sucking-insects. Premature 
needle fall may result from root disease, or a 
needle-cast fungus. Various weather conditions, 
herbicide drift, air pollution, and insects can cause 
tip discoloration and spotting or flecking of needles, 
especially during the period of needle elongation. 
Fungus-caused needle casts have similar symptoms, 
but can be distinguished by black fruiting bodies 
that form on affected needles. These fruiting bodies 
may be only on dead needles, depending on the 
particular disease and time of year. 

Disease-control options are limited to the time 
after planting and before thinning. Chemical con- 
trol is impractical or unwarranted in most situa- 
tions. Selective thinning and pruning can reduce 
losses, especially to dwarf mistletoe and root rots, 
but disease prevention, initiated during reforesta- 
tion planning is the best practice. 

Disease Prevention 
Loss from disease in managed stands can be 

avoided on many sites, or anticipated and planned 
for on those sites where ecological or economic 
considerations prevent control. In many cases pre- 
vention, beginning at harvest of the preceeding 
stand, provides the best opportunity for disease 
control. Steps taken at harvest time will reduce or 
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prevent losses throughout the following rotation. 
Three evaluation steps are required before prescrib- 
ing treatment: 1) Examination of the existing stand 
for diseases likely to reoccur in the new stand. 2) 
Examination of the site for environmental condi- 
tions likely to lead to problems in the new stand. 3) 
Planning for protection of the new stand. 

Two of the damaging diseases in the Northwest, 
dwarf mistletoe and root rot, reoccur in succeeding 
generations unless steps are taken to break their 
respective disease cycles. In both cases there are 
more control options at harvest, even though dam- 
age may not be evident for ten or more years after 
reforestation. Dwarf mistletoe control at reforesta- 
tion time is based on the limited distance of seed 
dispersal and on the fact that each species of 
mistletoe usually infects only one tree species. 
Sanitation cuts (removal of infected overstory and 
destruction of infected advance regeneration), or a 
change of species are necessary. A shelterwood 
system (Chapter 3) can be used if the infected 
overstory is removed promptly after seedling estab- 
lishment (never later than ten years), or if an 
alternative, uninfected species is underplanted. The 
detailed prescription for a particular stand must 
incorporate considerations of site quality, species 
composition, and mistletoe distribution and 
behavior. 

The reoccurrence of root rot diseases caused by 
Phellinus (Poria) weirii and Armillaria mellea in 
succeeding stands results from the survival of these 
fungi in infected stumps and roots of the previous 
stand. On high-value sites direct control by removal 
of infected stumps and roots during site preparation, 
where such a procedure is possible, may be justified. 
Other control options involve species shifts if resist- 
ant or less susceptible conifers suited to the site are 
available. For. P. weirii, shifting to pines or cedar, 
and for Armillaria a shift towards Douglas-fir, will 
reduce losses and usually will allow harvest of 
future crops from infected sites. Root rot infection 
centers are identified by looking for "pockets" of 
windthrow, progressive mortality, and brush-filled 
openings. Bark-beetle activity is often a sign of an 
underlying root-rot problem. Information on diag- 
nosis and management of laminated root rot is 
available in a recent Forest Service publication (24). 

Certain soil and topographic conditions are like- 
ly to lead to disease problems in the new stand 
unless recognized and taken into account during 
planning. Poorly drained areas, frost pockets, and 
shallow or serpentine soils may cause physiological 
disease if planted with an inappropriate species. 
Trees growing under chronic stress also are suscept- 
ible to infectious canker and foliage diseases. 

Various rust diseases of pines have precise tem- 
perature and moisture requirements for infection. 

These are met infrequently in most situations, but 
in some localities topographic features produce a 
microclimate more favorable for rust infection with 
subsequent damage to susceptible species (refer to 
recommended references.). 

Detecting problem sites usually is easiest by 
stand examination before harvest. Soil problems 
often result in a different plant community. High 
rust hazard sites sometimes can be identified by rust 
on mature susceptible trees. Rust hazard in the 
seedling environment usually is greater than in the 
mature forest, and infections that cause slight 
damage to big trees can be lethal to seedlings. 
Future problems on these sites can be avoided by 
matching tree species to the site. Rust-resistant 
western white pine stock is available, and programs 
are underway to select rust-resistant lodgepole pine. 

Root rot, caused by the watermold Phytophthora 
lateralis, threatens the economic future of valuable 
Port Orford cedar in southwest Oregon. The fungus 
thrives in water and moist soil and is spread in road 
mud and logging equipment. Future growth of Port 
Orford cedar requires special protection of cedar 
sites from introduction of the fungus. 

A most crucial step in protecting the new forest 
from "unforseeable" disease is use of healthy 
planting stock from a proper seed source. Many 
indigenous canker and foliage diseases occur in the 
Northwest. They cause very little damage in most 
situations, but can be destructive on off-site trees. 
Harvest and reforestation should be delayed until 
proper, site-matched stock is available. Planting 
stock must be disease-free. There is an ever-present 
danger of introducing a new, destructive pathogen 
into our native forests from introduced planting 
stock. White pine blister rust was introduced on 
planting stock and Port Orford cedar root rot en- 
tered southwest Oregon on ornamental nursery 
stock. 

Regardless of the threat to surrounding trees, 
diseased trees have a lower survival rate than 
healthy ones. Unfortunately the regeneration for- 
ester cannot assume his stock is healthy when it 
comes from the nursery. Careful, critical examina- 
tion of the seedlings, preferably while still in the 
nursery bed, is advised. Seedlings should have good 
color, full crowns, and normal needle length. Stems 
should be free of lesions and cankers. Roots should 
be firm and bright (never dark brown or black) with 
good mycorrhizal development. Unhealthy trees 
should be rejected, even if it means delaying refor- 
estation for a year. 

Appendix D and the following citations have 
more information on forest diseases and disease 
control procedures (6,29,45,54,56). 
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Insect Damage To Seedlings 
Forest plantations may be attacked by one or 

more insect pests while they are growing from 
seedlings to maturity. Nonvigorous seedlings, in 
particular, are vulnerable to insect damage. Insects 
may further compound survival and growth prob- 
lems of poorly planted stock, or stock that is not well 
adapted to the site. 

Insects may cause either direct or indirect losses 
to plantations. Indirect losses include reduced 
growth, decreased timber quality, or weakened trees 
that are more susceptible to environmental stress or 
other insect damage. 

Plantation or nursery seedlings may be attacked 
first by root-feeding insects. As seedlings develop, 
another group of insects may feed on the rapidly 
growing twigs, terminal shoots, and buds. This type 
of damage seldom kills seedlings or saplings, but 
often deforms them or reduces growth. Table 10.2 
lists the basic types of insect damage to seedlings 
and the groups of insects that are responsible. 
Further information on these groups is in Appendix 
E (including a basic description of species, damage 
and hosts). More detailed information can be found 
in the entomology pubhcations listed at the end of 
this section. 

Direct control of insects affecting seedlings or 
young trees is rarely needed, especially if preventive 
measures are taken. Some insect damage is normal 
and, in fact, part of the natural thinning process. 
Specific control procedures for each insect species 

are Usted and updated yearly in the Oregon Insect 
Control Handbook (Oregon State University Exten- 
sion Service). See your county Extension agent, 
licensed applicator, or chemical representative. The 
timing and execution of control procedures is critical 
for effective control and should be done under the 
direction of an entomologist. 

Common prevention or control recommendations 
for insect damage to seedlings include (20): 

• Remove sources of infestation adjacent to nur- 
sery beds or plantations where foraging 
insects, such as adult root weevils, are 
sheltered. 

• Widen cleared areas around nursery beds to 
extend distance from woods or fields where 
weak-flying insects, such as June beetles, 
reside. 

• Establish mechanical or chemical barriers 
around seedbeds to exclude crawling insects, 
such as cutworms. 

• Use attractant, poison baits to divert some 
insects, such as adult root weevils or cut- 
worms, from seedlings. 

• Apply poison to seedlings to stop feeding (ae- 
rial or ground application). 

• Disinfect (fumigate) nursery soil containing 
subterranean insects, such as white grubs or 
cutworms. 

Table 10.2. Some Common and Basic Types of Insect Damage to Young Seedlings and the Types of Insects 
Responsible. 

Part of seedling Type of damage T^pes of insects Refer to 

Roots 

Stem 

Part or all of shoot 

Roots bitten off, or bark chewed, or 
injured1; primarily nursery pests. 

Stems bitten off, or injured1. 

Seedling appears sick, but foliage or 
stem not chewed; foliage yellowing 
with scales, tufts, incrustations, or 
small, soft-bodied insects. 

White grubs, root weevils, wire 
worms, cutworms, symphylids, 
maggots. 

Appendix E 

Cutworms, grasshoppers, earwigs.      Appendix E 

Sap-sucking insects or mites, 
including aphids, scales, chermes or 
spider mites. 

Appendix E 

Terminal shoots, laterals or tips 

Foliage 

Terminal shoots, laterals, or tips 
deformed, stunted, or killed. Trees 
weakened, but seldom killed. 

Foliage partially or wholly stripped 
from tree or discoloring. No insects 
on main trunk, branches, or roots. 

Twig weevils or beetles; shoot, tip, 
and twig moths; gall midges. 

Grasshoppers; other defoliators of 
mature trees2, such as Douglas-fir 
tussock moth. 

Appendix E 

Appendix  E;  en- 
tomology text 

1 Similar damage also done by animals, see text on animal damage. 
2Some insect species in this general category may attack young seedlings during larval dispersal from defoliated mature trees. 
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• Fallow-cultivate soil.that has just been turned 
from sod to control white  grubs,  root 
weevils, and wireworms. 

• Alter chemical tolerability of soil with lime to 
combat white grubs. 

• Plant less susceptible species where chronic 
problems exist. 

• Use poison bait in recently-logged areas to 
control adult root weevils emerging from 
stumps. 

Plant only vigorous, well-adapted stock to 
minimize insect damage. 

Selecting and breeding more-resistant seedling 
varieties may be feasible in areas chronically in- 
fested with certain insects. In some cases, site 
conditions can be controlled silviculturally to favor 
seedling establishment, but not insect development. 
For example, planting beneath a partial canopy, to 
establish seedlings under selected environmental 
conditions unfavorable to insects, or promoting 
growth characteristics of shoots unfavorable to in- 
sect oviposition or development, have been used to 
limit attack by Pissodes (weevils) (20). 

Practical or economic controls do not exist for 
some insect pests in new plantations. Sap-sucking 
insects, such as aphids, and root-damaging insects 
are hard to control. Control of bud, shoot, and twig 
insects should be attempted only in high-value areas 
because they are difficult to control and the insects 
often do not kill the trees. These insects can cause 
reduction in growth, malformation, or both. Ground 
or helicopter applications of insecticides have been 
used in direct control programs for these insects. 
Essentially, when rapid increases in insect popula- 
tions threaten large economic losses, direct control 
should be considered. Otherwise, prevention tech- 
niques and small replantings are adequate during 
most years. 

Entomology texts or similar publications provide 
detailed information on all aspects of insect damage 
and control (1,10,21,35,46,54,56). Additional assist- 
ance can be obtained from the Oregon State Depart- 
ment of Forestry and the Oregon State University 
Extension Service. 
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Abstract 
Reforestation evaluation is required by law in many states, and prudent 

managers systematically monitor seedling establishment as a vital part of 
their reforestation efforts. Timely use of reconnaissance and systematic 
surveys can help direct and make reforestation efforts more effective. The 
concepts, applications, strengths, and weaknesses of four commonly used 
intensive evaluation methods are described. Features such as survey objec- 
tives, stocking goals, mortality, countable tree, stockable plot, sample size, 
time requirements, and summaries that apply to all evaluation systems are 
discussed individually. The information presented will help a forester choose 
wisely among existing reforestation survey methods or devise one that fits his 
specific needs. 
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Ensuring prompt reforestation of areas cleared by 
harvest or natural events is a key part of 

modem forest management. Tree establishment 
usually requires a minimum of two years and often 
a much longer period. It is necessary to evaluate 
seedling stocking one or more times during this 
period to determine that reforestation is progressing 
satisfactorily. Reforestation evaluation is required 
by law in Oregon, and prudent managers systemati- 
cally monitor seedling establishment as a vital part 
of their reforestation efforts. 

In older forest stands, stocking is generally 
evaluated by determining such stand characteristics 
as number of stems per acre of specific diameter or 
larger, average diameter and height, basal area, 
crown width, bole area, and cubic- or board-foot 
volume. These yardsticks are not well suited for 
measuring the content of seedling and sapling 
stands. Thus, other techniques have been developed 
for evaluating the adequacy of stocking in young 
stands. 

Stocking Evaluation 
Purposes 

The main concern in evaluating a reforesting 
area is to determine the current status and future 
potential of the tree stocking present. Primary 
attention centers on the presence or absence of 
young trees—their numbers, distribution and qual- 
ity, but associated conditions such as competing 
vegetation, seedling growth rate, and stand compo- 
sition also may be evaluated. 

Different levels of information are needed for 
specific purposes. For example, a survey conducted 
to determine whether a tract meets minimum stock- 
ing under a state forest conservation law requires 
less information and precision than one used to 
insure full stocking for intensive timber manage- 
ment. Thus, clear identification of the evaluation 
objectives is a prerequisite to choosing the evaluation 
method and field examination procedures. The 
method and procedures should be chosen carefully 
so they produce the kind of information needed. 

Types 
Reforestation surveys are information-gathering 

techniques. The information obtained is needed to 
choose wisely and plan efficient, successive actions 
to reforest nonstocked or understocked areas suc- 
cessfully. A wise choice of evaluation method and 
careful timing of information gathering can help 
make reforestation efforts more effective. 

Actual examination of the area is the central 
feature of all reforestation evaluations. Field ex- 
aminations may have many different features and 
variations, but they can be grouped roughly into two 
types—extensive and intensive. Extensive evalua- 
tions, whatever their precise form, are in the nature 
of a reconnaissance. Intensive surveys generally 
involve the systematic collection of specif led data on 
carefully located sample plots. 

Extensive Methods 
An extensive, cursory look is taken at the area of 

interest by the most efficient means available. 
When young stands are tall enough, reconnaissance 
may start with a look at recent aerial photographs 
or a low-level flight across the area. Good views of 
young stands often may be obtained from roadside 
or other vantage points (Figure 11.1). 

A short, observant walk through parts of an area 
may be made to check initial impressions gained 
from overviews. Some casually-located sample plots 
may be searched during a reconnaissance to test 
impressions gained during ocular (visual) examina- 
tion of the area. If reforestation status is still in 
doubt, the reconnaissance provides planning infor- 
mation for stratifying the area, locating sample 
lines, and choosing observations to be made in a 
more intensive follow-up survey. 

In past years, when reliance was primarily on 

natural reforestation, only a single survey was 
made on many restocking areas. This survey, made 
after natural regeneration established over a period 
of years, determined the level of stocking reached. If 
stocking met minimum standards set by the state 
and landowner, no follow-up surveys were made. 

Preharvest Reconnaissance 
Today's emphasis on rapid and intensive refor- 

estation has increased the number and widened the 
scope of reforestation surveys. Some form of recon- 
naissance is used to evaluate the seedling environ- 
ment (Chapter 2), competing vegetation, species and 
amount of advance regeneration, and other factors 
bearing on the reforestation job. Often such recon- 
naissances are a formal part of planning and work 
done before timber harvest. Based on the informa- 
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Figure 11.1: Only photographic or limited field reconnaissance is needed to confirm that this area is well stocked with vigorous young 
trees. 

tion gathered, a reforestation plan showing acreage, 
species, amount of stock required, and other perti- 
nent information may be prepared. If a reforestation 
reconnaissance was not made in preparation for 
timber harvest, it may be made after timber remov- 
al or after slash burning, when the physical condi- 
tions under which regeneration must be established 
are most starkly evident. In shelterwood and seed 
tree areas, the initial survey may be made to 
confirm that sufficient regeneration has established 
to permit timely removal of the remaining 
overstory. 

Post-Harvest Monitoring 
Though omitted all too often, it is highly impor- 

tant to monitor the results of planting or seeding 

efforts. Results need to be determined promptly so 
that knowledgeable decisions can be made about 
continuance or termination of further reforestation 
efforts. Planting or seed spotting results can be 
monitored readily by staking enough planted trees 
or seed spots. Monitoring the result^ of broadcast 
seeding generally requires sample plots. 

Several years after sufficient seedlings have 
been started on a reforestation area, confirmation of 
adequate stocking generally is required. In such 
follow-up surveys, data are gathered to demonstrate 
that the kind, amount, and distribution of regenera- 
tion present meets both the minimum required by 
law and the standard set by the landowner. Supple- 
mental information necessary for guiding subse- 
quent tending of the established stand—release 
from brush, protection from animals, and thinning 
— is often gathered during compliance surveys. 
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Intensive Methods 
In addition to species mix, three stand charac- 

teristics are important—stocking, stand density, 
and spatial arrangement of stems (25). In modem 
terminology, these terms have specific meanings. 
Stocking is precisely defined as a measure of the 
proportion of the area actually occupied by trees, 
expressed in terms of stocked quadrats or percent 
canopy closure (13). Stand density is a measure of 
the degree of crowding of trees within stocked areas. 
Spatial arrangement refers to the placement pat- 
tern of trees over an area. Determining the propor- 
tion of the total area that is stocked is the primary 
concern in all reforestation surveys. Some survey 
methods also measure stand density, but the collec- 
tion and interpretation of spatial arrangement data 
are not generally attempted. 

Intensive reforestation surveys are formally pre- 
scribed methods for evaluating stocking, or stand 
density, or some combination of the two. The survey 
necessarily involves sampling, because a complete 
examination of the whole area or of all trees planted 
usually is not practical. Planning a reforestation 
survey involves designating the data to be collected, 
choosing the survey method and sample size, and 
fitting survey requirements within time, manpower, 
and money constraints. Usually, a balance must be 
struck between the amount of information wanted 
and the cost of obtaining it. Observational tech- 
niques are generally streamlined enough to allow 
examination of many plots per day. 

Survey results are normally judged against ex- 
plicitly stated or implied stocking standards. Gener- 
ally, minimum stocking standards and perhaps even 
the survey methods to use are stated explicitly in 
the state's forest conservation law. Standards just as 
explicit should be set by the forest manager for 
deciding when replanting is necessary or when an 
area is adequately or fully stocked. Identifying the 
standards in advance of field work usually is neces- 
sary so that the most appropriate survey method 
may be selected. 

Basically, there are four intensive evaluation 
schemes to choose from: staked-point, plot-count, 
stocked-quadrat, and distance. Each method has its 
strengths and weaknesses, yet might be the most 
suitable in given circumstances. 

Staked-Point Method 
If individual trees, seed spots, or plots are 

marked for easy locating, the fate of trees, seeds, or 
specific areas can be learned through repeated 
examinations. The staked-point method usually 
does not serve the same purposes as the one-visit 
examination of other methods, but it can provide 
highly informative evaluation data. 

The outcome of planting or seed spotting efforts 
can be determined most directly by repeatedly ex- 
amining a representative sample of staked trees or 
marked spots (Figure 11.2). The choice of sample 
trees or spots to stake varies slightly, depending on 
the evaluation objective. If the primary objective is 
to evaluate the reforestation method itself, stakes 
might be placed at trees planted or spots sown by 
one individual. Uniformly good planting or seeding 
would be done so that survival and growth results 
would reflect truly what the reforestation method 
could produce. Care should be taken to get sufficient 
samples, perhaps a hundred or more, on different 
aspects, slopes, and other environmental situations 
so that the reforestation method is tested over a 
sufficiently wide range of conditions. 

Where the objective is to determine average 
results for an area or crew, a sample that represents 
the work of the crew should be staked. One common 
way is to work with the crew, staking perhaps 10 
samples behind one crew member, then shifting to 
the adjacent row to stake 10 samples behind the 

Figure 11.2: Planting trials can be evaluated readily by staking 
a representative sample of trees. 
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next crew member, and so on until an equal number 
of samples has been staked behind each member of 
the crew. If this staking procedure is followed when 
the crew is working in various parts of the area and 
on different days, a representative sample of the 
crew's work will be staked. Later examination of the 
staked trees or spots should yield a good estimate of 
results for the reforested area. 

If planting or seeding is done at precise spacing 
and with few skips, plantation evaluation based on 
the staked-point approach is possible without 
actually staking trees or spots. A simple way is to 
count the number of points where trees are present, 
or have failed, in specified lengths of sample row 
(Figure 11.3). Reforestation success is expressed 
directly as the percent of the total number of points 
in the samples that are occupied by countable trees. 
Results also can be determined on temporary sample 
plots. The theoretical number of trees planted or 
spots sown on each sample plot would be known and 
could be compared with the number actually found. 

Use of evaluations based on precision spacing is 
common practice in New Zealand. A plot size one 
planting row wide and 10 or more planting spaces 
long is used for survival assessment. One hundred 
percent effective stocking equals the number of 
trees originally planted (23). Several schemes for 
offsetting successive plots to avoid sampling the 
same rows across the tract are employed, and up to 
10 percent of the total area may be part of the 
sample. If more than three trees are missing con- 
secutively, in one variation of the method, the 
location of an undesirable gap is recorded. 

Insight gained from repeated examination of the 
same trees or plots is the chief reason for using the 
staked-point method. It is the most direct method of 
evaluating the results of a reforestation practice or 
comparing results between practices in small plot, 
pilot scale, or full field trials. It is also the best 
means for learning about tree or vegetative changes 
that take place at a given location over a period of 
time. 

Figure 11.3: When trees are planted at precise spacing and survival is high, gaps in the rows are easily seen. 
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Staking trees and making repeated examina- 
tions requires costly and protracted effort, including 
replacement of missing stakes. Furthermore, with- 
out some supplemental sampling, staked-point 
methods evaluate only the results for marked trees. 
A comprehensive stocking evaluation that includes 
marked trees and natural regeneration usually is 
needed before the close of the reforestation period. 

Plot-Count Method 
Making a total count of trees on a series of sample 

plots, determining average number of trees per plot, 
and expanding this average to an acre basis is an 
old and familiar method of evaluating tree stocking. 
If enough random or systematically located samples 
are taken, a reliable figure for average number of 
trees per acre can be obtained. Knowing the average 
number of stems per acre is more informative for an 
older stand where natural competition has already 
produced some uniformity of distribution, however. 

than in young stands where, even in dense clumps, 
few seedlings have been suppressed. In young 
stands, an average for number per acre tells us little 
about area occupied, stand density, or spatial dis- 
tribution. The seedlings on a given acre may be 
distributed evenly or clumped so that half or less of 
the area is crowded and the rest is sparsely stocked 
or nonstocked. 

Counting all trees on a sufficient number of plots 
is tedious and time consuming (Figure 11.4), but for 
certain purposes, this may be the best evaluation 
method. For example, the sensitivity of a total tree 
count may be required to reveal the effects of 
microsite differences on seedling establishment, or 
relative effects of different kinds of competing 
vegetation. To shorten the work required, only the 
first 10 trees found on a plot may be counted; if the 
count goes any higher, the plot is entered in the 
records as 10 +. There is logic in this approach, since 
numbers above 10 trees per small plot hardly 
change management implications. Use of 10 + in a 

Figure 11.4: Counting all trees on a plot is very time consuming if trees are numerous or vegetation is dense. 



212 Regenerating Oregon's Forests 

tree count makes it impossible to calculate a true 
average for trees per acre. Furthermore, a partial 
count is still tedious and time consuming if trees are 
so sparse that much of each plot must be searched 
before enough seedlings are found. 

An interesting variable-size plot method for 
determining premerchantable number of trees per 
acre has been used by one company in recent years. 
If necessary, the plot radius is extended beyond a 
6-foot minimum until it includes four countable 
trees. Plot radivis is then recorded to the nearest 
foot. Trees per acre are calculated for each plot by 
converting plot area for four trees to an acre basis, 
and an average value is determined by averaging 
per-acre data for all plots sampled. By this system, 
well-stocked stands are sampled quickly, and more 
time is spent and area searched where decisions 
about stocking adequacy are critical. Depending on 
the summary techniques used, the system may 
reveal more information than just average number 
of trees per acre. For example, the range of plot sizes 
indicates the variability of stand density on the area 
sampled. As plots increase in size, however, the 
search for small trees becomes increasingly lengthy. 
Furthermore, by setting both a minimum (6 feet) 
and a practical maximum (perhaps 25 feet) plot 
radius, the possibility of estimating a valid mean 
number of trees per acre is eliminated. The calcu- 
lated mean is likely to give a high estimate of trees 
per acre when plots larger than minimum size are 
part of the sample, since these include all borderline 
trees. 

Stocked-Quadrat Method 
Years ago, foresters recognized that good dis- 

tribution of trees rather than the total number 
present was of prime importance in seedling stock- 
ing. The stocked-quadrat method was developed to 
place primary evaluation emphasis on tree distribu- 
tion. This method, or variations of it, is the most used 
reforestation evaluation system in the western 
United States and Canada (36). 

Emphasis is placed on a unit of area, rather than 
the tree, as a unit of Mocking. To quote one source 
(17): 

. . . the stocked-quadrat method, is based on the 
assumption that if a given area is divided into 
squares of such a size that one established seedling 
or tree per square will fully stock the square at 
maturity, then the percentage of units so stocked, 
regardless of total number of seedhngs per acre, 
indicates the proportion of land being utilized by 
tree growth. 

To insure proper application and use of the 
method, it is important to recognize: 1. that the 
system was designed to automatically compare 

actual stocking against a defined full stocking of 
older trees; and 2. that the sample plot size used 
must be related to the full stocking objective. 

When the stocked-quadrat method was first de- 
veloped, actual stocking was compared against uni- 
form stocking reasonable in mature white pine or 
Douglas-fir stands. Full stocking was based on yield 
table values—the normal number of well- 
distributed trees per acre found at rotation age in 
natural stands. Full stocking need not be tied to 
yield table data, however, nor to number of trees at 
rotation age. Full stocking can be based as readily 
on the maximum number of well-spaced trees de- 
sired before the first commercial thinning. In fact, 
full stocking need not be defined in terms of the 
future stand at all. It could be simply the number of 
well-distributed trees required per acre at the end of 
the reforestation period. Whatever the basis, a 
definition of full stocking must be identified clearly 
in terms of well-spaced trees per unit area. 

Sample plot size should be tied directly to the full 
stocking objective if the stocked-quadrat method is 
to be utilized to its fullest potential. A square 
4-milacre* size was recommended originally be- 
cause the 250 uniformly distributed trees per acre 
required for full stocking by 4-milacre plots approxi- 
mated the yield table number of white pine stems 
contributing to board-foot volume at rotation age on 
"average good" sites. This plot size and the smaller 
1-milacre plot have proved to be convenient and 
practical in many surveys. They have been used too 
uncritically, however, without consideration for how 
well they were comparing actual stocking against 
the full stocking required for a specific tract. A 
different size of sample plot should be used for 
different stocking objectives if actual and full stock- 
ing are to be compared precisely (Table 11.1). 

If the plot size used in the stocked-quadrat 
survey is not consistent with the full stocking 
objective, one of two types of estimating error will 
occur. If too large a plot is used, the estimate of 
stocking is likely to be high, for 100-percent stock- 
ing is more likely with large plots than with small. 
Yet the assured number of trees remains the same. 
For example, 100-percent stocking of 4-niilacre plots 
only assures 250 well-distributed trees per acre 
whether the full stocking goal is 250 trees per acre 
or 500. If too small a plot is used, the number of plots 
stocked may prove adequate but tree distribution 
may still be in doubt. For example, 50-percent 
stocking of 1-milacre plots assures 500 trees per 
acre, but large gaps may occur in their distribution 
with stocking present, on the average, on only one 
plot in two. 

*A milacre is 1/1000 of an. acre. 



Reforestation Evaluation 213 

Table 11.1. Dimension of Stocked Plot Representing 
Different Numbers of Uniformly Distributed 
Trees per Acre. 

Number of Plot dimension 
uniformly distributed Area per Radius Side of 

trees per acre plot of circle square 

Milacres Feet Feet 

100   . 10 11.78 20.87 
125   .   8 10.53 18.67 
200   .   5 8.33 14.76 
250   .   4 7.45 13.20 
300   .   3.33 6.80 12.05 
400   .   2.50 5.89 10.44 
500   .   2 5.27 9.33 
600   .   1.67 4.81 8.52 
700  ;  .    1.43 4.45 7.89 
800   .   1.25 4.16 7.38 
900   .   1.11 3.93 6.96 

1,000   .   1 3.72 6.60 

The stocked-quadrat method was based original- 
ly on square plots that are subunits of an acre. 
Currently, circular plots containing the same 
amount of area are often used. Delineation of plot 
boundaries is more practical for a circular plot, and 
subdivision into quadrants is easier. Fewer circular 
plots than square plots can be fitted on an acre, 
however, raising a question about the comparability 

of survey data from square and round plots. Results 
of direct comparisons are not available. We must 
recognize that trees usually do not occupy either 
round or square areas precisely. In effect, the 
average area allocated per tree is searched for the 
presence of a tree by either method. Either shape of 
plot should do until we know much more than we 
know now about optimum spatial arrangements in 
stands. 

Arrangement of plots and sample lines has 
received a limited study. Chain-length intervals 
between sample plots and close spacing of sample 
lines produced the most accurate estimates in Idaho 
(16). In a comparison of four methods in British 
Columbia, sampling a single 4-milacre quadrat at 
each point was cheapest, and results compared 
favorably with those produced by four quadrats per 
sampling point (1). In general practice, plots are 
taken at Vz- to 2-chain intervals along lines sys- 
tematically spaced 5 or more chains apart across the 
contours on the area sampled. Percent of area 
examined is low, perhaps too low; usually less than 1 
percent of an area is examined. 

A plot is classified as stocked if one or more 
countable trees are found, nonstocked if no countable 
tree is found (Figure 11.5). A single stocking percent 
is calculated for a sampled area by dividing the 
number of plots stocked by the total number 
sampled. 

Figure 11.5: Even in difficult 
conditions, one countable tree 
can usually be observed quickly 
on a plot. 
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Over the years various stocking classes and 
stocking standards have been used. Table 11.2 
shows classes adopted by the Pacific Northwest 
Seeding and Planting Committee in 1953 (29): 

Table 11.2. Stocking Classes Adopted by Pacific 
Northwest Seeding and Planting Committee. 

Stocking class 

Range in stocking level 

4 milacres 1 milacre 

Percent Percent 
0 - 9 0 - 4 

10 - 39 5 -19 
40 - 69 20 - 49 
70 - 100 50 - 100 

Nonstocked   
Poor stocking   
Medium stocking 
Good stocking   

At present, there is no consensus on the percent of 
stocked 1- or 4-milacre plots required to constitute 
satisfactory stocking. At times in the past, 65- to 
70-percent stocking of 4-milacre plots or 30 to 40 
percent of 1-milacre plots was considered 
satisfactory. 

It is common in many stocking surveys to do 
more than simply rate individual plots as stocked or 
nonstocked. Often, microsite conditions are listed by 
category. Sometimes, a second desirable tree, an 
alternate, is observed and recorded, or the plot is 
rated as stocked or nonstocked by each of several 
species. Plots also can be rated as stocked with one 
tree, one to three trees, three or more, or by some 
other numerical scheme. Such refinements or mod- 
ifications can yield valuable supplemental informa- 
tion on stand potential, stand composition, and tree 
competition if the recorded data are correctly sum- 
med and interpreted. (See Appendix F for informa- 
tion collected by the U.S. Forest Service in reforesta- 
tion surveys made in Region 6.) 

Care must be exercised not to violate the basic 
logic of the stocked-quadrat system. For instance, in 
one application some years ago, sampled quadrats 
were recorded as nonstocked or stocked with one, 
two, or three trees. The formula used for determin- 
ing stocking percent weighted stocked plots by the 
number of trees they contained. This procedure 
counterbalanced the effect of nonstocked plots, 
raised the stocking percent, and neatly circum- 
vented a valid expression of tree distribution that 
the field sampling was supposed to measure! 

Considerable effort has been expended in deter- 
mining relationships between percent stocking of 
4-milacre or 1-milacre plots and number of natural- 
ly established trees per acre. The curves produced 
show that many trees are present on well-stocked 
plots. For example, data from 4-milacre plots indi- 
cate that 75-percent stocking represents 900 or more 
trees per acre (6,39). Contrast this to the 188 that 
are a certainty at 75-percent stocking of 4-milacre 
plots. Knowing that a sizable reserve of trees is 

present on an area over and above those counted for 
stocking is certainly reassuring. Investment of more 
time in determining such relationships is not likely 
to be rewarding, however, considering the limited 
usefulness that total number per acre has as a 
meaningful reforestation statistic. 

When used correctly, the stocked-quadrat 
method can produce useful, informative results 
quickly. Many plots can be examined in a day if 
searching on each plot stops as soon as the first 
countable tree of any species is found. Searching for 
a separate countable tree of each species likely to be 
present is a sure way to slow plot examination and 
cause a 100-percent search of every plot. Making 
many observations of environmental variables per 
plot also slows survey rate drastically and produces 
many subjective data that are burdensome to sum- 
marize and difficult to interpret. ExpUcit presurvey 
planning for use of all data collected will insure that 
field work is not slowed and encumbered by low- 
value observations. 

The stocked-quadrat method is flexible from the 
standpoint that one size of plot will accommodate all 
sizes of trees on an area, from the smallest count- 
able seedling to the largest tree included in the 
full-stocking definition. Trees larger than those on 
which full stocking is based, cause minor complica- 
tions, however, which have not been solved in a 
standard manner. An old-growth tree may occupy 
more space than any future tree will be allotted. If 
plot size represents the future space per tree, the 
present tree dominates plots not occupied by its 
stem. One way of handling such occurrences has 
been suggested (12), and others can be devised. 

Though informative, the stocking percent esti- 
mated by the stocked-quadrat method has one obvi- 
ous limitation. It is a composite value; it does not 
show the pattern of stocking on the area sampled. 
For example, 50-percent stocking may mean that a 
given area is moderately stocked all over, that the 
stocked plots are all located on half the area and the 
other half is nonstocked, or something in between. A 
percent figure that expresses average stocking is 
satisfactory for some purposes, but it does not 
provide enough information for deciding on a choice 
of follow-up actions. Some in-place information on 
distribution of stocking is needed. 

Simply plotting the location of stocked and non- 
stocked plots on a map of the surveyed area will 
reveal the stocking pattern to some extent. As he 
travels between plots and along adjacent survey 
lines, a good examiner can also make valuable 
observations on the uniformity of stocking and the 
follow-up needed. Definition of the number of con- 
secutive nonstocked plots that constitute an unde- 
sirable gap might be used to sharpen gap identifica- 
tion by the stocked-quadrat method. 
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Distance Method 
During the past two decades, substantial effort 

has gone into developing distance methods for es- 
timating plant density. Distance methods involve 
measurement of the distance from a designated 
sample point to the nearest plant, or measurement of 
the distance between a plant and its nearest neigh- 
bor. Ecologists have been particularly interested in 
these methods of estimating plant cover, and several 
investigators have tested them for evaluating tree 
stocking (2,19,27). Distance methods permit calcula- 
tion of average number of plants per unit area, 
including statistical estimates of reliability. To 
calculate plant density, the nature of the population 
distribution must be known or determined by 
sampling. 

Distance methods have particular appeal for 
determining the adequacy of stocking, since the 
sizes of open spaces are actually measured. The 
distance from a sample point to the nearest tree can 
be regarded as the radius of an unoccupied circle. By 
measuring distance to the nearest tree at many 
sample points, a population of open spaces will be 
determined. This population can be summed or 
plotted to show the proportion of all openings 
greater than a designated size. If the analysis 
reveals too many large openings, stocking is not 
satisfactory. 

The reforestation survey method now used to 
determine compliance with requirements of the 
Oregon Forest Practices Act involves distance meas- 
urements (31). In brief, obviously stocked and ques- 
tionable areas are first identified by visual observa- 
tion. Questionable areas are then stratified into 
homogeneous units, minimum size of 10 acres, based 
on existing information about the tract or on pre- 
liminary reconnaissance. At regular intervals along 
a predetermined line across such a homogeneous 
unit, sample points are located short random dis- 
tances to the right or left. Distance to the nearest 
seedling up to 15 feet away is measured at each 
sampling point. By sequential analysis, made ini- 
tially after 10 observations and then after each 
succeeding observation, the observer determines 
when sampling is sufficient. Collected distance data 
are used to determine number of trees per acre and 
the portions of the units stocked at various levels. 
(See Appendix F for the directive detailing com- 
pliance survey procedures.) 

An investigator in New Zealand tested distance 
methods on 10 theoretical populations and 3 pine 
plantations and reviewed other studies before con- 
cluding that (2): 

• An estimate of stand density based on point-to- 
nearest-tree data is unbiased if the popula- 
tion of trees sampled is distributed 
randomly. 

• If the population sampled is distributed rather 
uniformly, the estimate of stand density will 
be high. 

• If the population sampled has a clustered 
distribution, the estimate of stand density 
will be low. 

Since many naturally established and planted 
tree populations are not randomly distributed, un- 
corrected density estimates based on distance meas- 
urements often might be biased. The biases can be 
corrected if enough supplemental data are collected 
on nearest or second-nearest neighbor distances 
from the first plant or by other meane. Substantial 
effort sometimes may be required to develop the 
data needed to make the adjustments. 

Stratification of areas into homogeneous popula- 
tions and identification of the kind of population 
being sampled are key requirements in use of dis- 
tance methods. Also, the nearest countable tree 
must be identified before the distance to it can be 
measured. When seedhngs are sparse, large areas 
must be searched to find the nearest seedling. In 
dense vegetation, particularly, it is more time con- 
suming to search a full circle to definitely identify 
the nearest tree and measure to it, than to just find 
a tree in an equal-sized area (Figure 11.6). 

Combination Methods 
One or more of the reforestation survey methods 

described generally are suitable for evaluating seed- 
ling and saphng stands, but increasingly there is 
need to survey areas where larger trees are inter- 
mixed with seedhngs and saphngs. Such conditions 
must be surveyed for compliance with a state's 
conservation law, as well as for predicting future 
yields and prescribing stand management. Various 
survey combinations have been used to meet par- 
ticular evaluation objectives. Some combinations 
are sound in concept and application; others leave 
room for improvement. 

Current forest practice rules in Oregon prescribe 
a combination of crown closure, basal area, and 
reforestation stocking criteria applicable on lands 
having a residual of older trees after harvest. 
Reforestation is not required if crown closure of the 
residual stand has not been reduced below 25 
percent or basal area lowered below 80 square feet 
per acre in trees 11 inches d.b.h. (diameter at breast 
height) and larger. If both crown closure and basal 
area fall below the prescribed minimum, a stated 
minimum number per acre of seedlings and saplings 
up to 11 inches d.b.h. must be present by the end of a 
stipulated  period following harvest.  In practice. 
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Figure 11.6: Confirming that the tree found is the nearest one can be difficult in dense brush. 

crown closure, basal area, and reforestation stock- 
ing are rated concurrently on the same set of sample 
points. At the end of the survey data for each 
criterion are summed to determine if the area meets 
conservation standards under any one of them (see 
Appendix F). 

A combination of basal area and point-count 
criteria were fitted within the stocked-quadrat con- 
cept in standardized sampling procedures adopted 
by the State of California in 1975. If basal area at a 
sampling point meets or exceeds a minimum of 50 
square feet per acre (85 for site I), the plot is 
recorded as stocked. If basal area is not sufficient, 
three sizes of plots are searched in succession for 
trees of three successively larger size classes (point 

counts). If a tree of the size class designated for the 
plot is found, the plot is recorded as stocked. Mini- 
mum stocking standards are met if 55 percent of the 
sample plots are stocked, provided no more than five 
nonstocked plots are contiguous. 

Many other survey combinations have been used. 
The stocked-quadrat method has been combined 
with a total count of seedlings on every nth. plot 
when an estimate of both stocking and total trees 
per acre was needed. Sometimes quadrats are 
sampled in clusters or in combinations of 1- and 
4-milacre plots. Not all innovations yield stocking 
data that are conceptually more sound or precise 
than data obtained by straightforward use of 
simpler methods. 
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Features in Common 
Such features as objectives, mortality allow- 

ances, countable tree, stockable plot, sample size, 
time required, records, and summaries must be 
considered in using any evaluation method. Defined 
limits for some features are incorporated into exist- 
ing stocked-quadrat and distance methods. In plan- 
ning a survey, the limits or scope of every feature 
needs definition. General discussion of these fea- 
tures rather than specifics for each survey method 
follows. 

Objectives 
The need to define a stocking objective for each 

area has been emphasized earlier. Stocking is gener- 
ally thought of in terms of the total number of 
uniformly spaced (square pattern) trees that can be 
fitted onto an acre, that is, perfect distribution. This 
ideal is rarely, if ever, attained. It is not unusual to 
have good stocking that is less than 100percent. How 
low and how uneven can the stocking be and still be 
acceptable? What size of unstocked opening is toler- 
able? The minimum acceptable standards are de- 
fined by law in the Oregon Forest Practices Act. 
Stocking on all lands subject to this Act must meet 
these minimums. In addition, individual forest 
managers need to set their minimum standards or a 
range of values that trigger certain follow-up ac- 
tions. For example, 70-percent stocking and above 
might be considered sufficient to terminate the 
reforestation period; 30- to 70-percent stocking 
might be cause for selective fill-in planting; and less 
than 30-percent stocking might call for a full re- 
planting effort. Each forest manager needs to set 
stocking minimums consistent with his objectives 
and particular circumstances. 

The need to define survey objectives also has 
been stressed. Once these objectives have been 
defined clearly and the strengths and weaknesses of 
available survey systems are well understood, 
choosing the method that best will produce the data 
needed should be relatively simple. By knowing 
survey system limitations, the overextended in- 
terpretation of survey results can be avoided. Pub- 
lished accounts and other sources indicate that 
emphasis has been misplaced in use of trees-per- 
acre and stocked-quadrat data. Particularly for the 
stocked-quadrat method, a lack of understanding of 
the concepts involved has led to extra field work and 
misuse of the data collected. 

Mortality Allowances 
Allowing for future mortality is a key considera- 

tion in choosing the present stocking objective for an 
area. Making a reasonable allowance for mortality 
that might occur between the time of the reforesta- 

tion survey and the future date when the stand 
should attain projected full stocking is difficult. The 
farther the estimate is projected, the less certain it 
is. Yet, such an allowance must be made whether 
the full stocking objective is defined in terms of 
seedlings, saplings, or rotation-age trees. 

Mortality often does not occur randomly, so gaps 
can occur in the stand even with a low level of 
mortality. In addition, the effect of mortality does 
not average out. A sizable gap at one location may 
not affect growth or stand development only a short 
distance away. Information on the amount of mor- 
tality you might expect in seedling and sapling 
stands of different ages, composition, location, and 
circumstances is very scarce. More investigation is 
needed to develop reliable bases for making mortali- 
ty estimates. 

An interim choice is to start an abundance of 
trees, so future sufficiency and flexibility are as- 
sured. Yet, a balance must be achieved between tree 
abundance and the price such abundance exacts in 
planting costs, precommercial thinning costs, and 
slower stand growth. 

Countable Tree 
What constitutes a countable tree is the foremost 

decision that must be made in planning data collec- 
tion. All trees present on an area of land are not 
equally suitable as components of the developing 
stand. Some trees are not well established; others 
are too old, decrepit, or damaged; and others are 
undesirable because of species or location. Manage- 
ment objectives and forest-practice regulations nor- 
mally dictate acceptable species, age range, and 
general condition of countable trees. Trees larger 
than seedling or sapling size may be countable as 
part of stocking if the purpose of the survey is to 
evaluate the entire present stand; they are not 
countable if the intent is to evaluate only the 
regeneration present. 

The projected dominance, or level of staying 
power, a tree must demonstrate is an important and 
subjective aspect of the countable tree criteria. In 
many surveys all natural conifer regeneration 2 
years and older is counted as acceptable. Three or 
more 1-year-old seedlings on a plot frequently is 
considered the equivalent of one 2-year-old seedling. 
Such equivalencies may be reasonable to use in a 
survey conducted on an area that is available for 
reforestation for only a short time, but not nearly so 
reasonable in a later survey where the primary 
question involves adequate stocking with estab- 
lished seedlings. Similar questions arise regarding 
the countability of 2-year and older seedlings or 
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planted trees that show little growth, of advanced 
reproduction that has been scarred and damaged in 
logging, and of trees of any size that are markedly 
off-color or seriously overtopped by neighboring 
trees or competing vegetation. In all such instances, 
the tree must be judged critically on its prosects of 
becoming a normal tree in the developing stand. 

Stocking standards recommended in the past for 
use with the stocked-quadrat system were based on 
data from stands 5 to 25 or more years old. In such 
stands, heavy initial seedling mortality was over, 
advance reproduction showed response to release, 
and residual overstory had stabilized. How much 
should minimum acceptable stocking be raised or 
the definition of an established tree tightened to 
compensate for greater expected mortality when 
areas are surveyed soon after logging or reforesta- 
tion? What adjustments are needed for planted 
stands where alternate trees are sparse on stocked 
plots? Though explicitly stated in terms of the 
stocked-quadrat system, the same questions pertain 
to the evaluation standards for all survey systems. 

Stockable Plot 
On many areas surveyed, some sample plots or 

points will locate on sites where trees normally do 
not grow. Examples include rock outcrops, talus 
slopes, swampy ground, streambeds, very shallow 
soil, and deep, unweathered wood debris or stumps. 
In other situations, sample plots may locate in areas 
temporarily not available for seedling estabUsh- 
ment (for example, compacted skidroads, landings, 
and heavy slash). These may be recognized and 
tallied separately, depending on survey objectives. 

Recording the location and cause of nonstockable 
plots is useful. Percent of area that is nonstockable 
can be determined and possible improvements iden- 
tified. Percent stocking can be calculated then on 
the basis of total plots or stockable plots sampled. 

To be classed as nonstockable, either more than 
half of the plot area or the entire plot area must be 
nonstockable. Either criterion can be vised; the 
choice may hinge on how close to nonstockable areas 
regeneration establishment can be expected, and on 
size of the sample plot used. 

Sites of low productivity that do not support 
normal numbers of trees per acre present special 
evaluation problems. If uniform distribution of a 
limited number of trees is likely, use of a different 
plot size may suffice. If tree numbers are low and 
distribution non-uniform, means for recognizing 
stockable areas and the number of trees that should 
be present must be devised. One suggested tech- 
nique involves examining a transect one-tenth of a 
chain wide across the area to be surveyed and 

tallying stumps, reproduction, and percent plant- 
able area found along each chain of transect. Repro- 
duction is interpreted as good to excellent if 3 to 4 
times as many established seedlings as stumps are 
found (David C. Burwell, Forester, Rosboro Lumber 
Company, personal communication, 1976). Tying 
required stocking to past performance on the site 
seems reasonable provided that the former stand 
truly reflected what the site could sustain and not 
happenstances of establishment. Stump size also 
should be taken into account; substantially more 
stems might be grown to future commercial sizes 
than indicated by a few large stumps. 

Sample Size 
Sampling techniques and sampling intensities 

have been mentioned only briefly under individual 
survey-system descriptions, and for good reason. 
Little has been published about the number or 
distribution of survey plots needed to sample an 
area adequately. Some knowledgeable reforestation 
specialists harbor the suspicion that field coverage 
often is much too skimpy. 

A reasonable approximation of the number of 
samples required for a chosen error of estimate can 
be determined readily. For the staked-point and 
stocked-quadrat sampling methods, which involve 
attribute data, the formula is: 

n = im 
E2 

where n is the required sample size, p is an advanced 
estimate of stocking percent, q is 100 minus p, and E 
is the margin of error that will be tolerated in the 
final estimate of p. The factor 4 provides for a 
95-percent confidence interval around the final 
estimate of p. For the plot-count method, sample size 
can be determined from the formula: 

n = 4 s2 

E2 

where s is an advance estimate or preliminary 
calculation of the population standard deviation. 
For a closer estimate of sample size required, a 
correction factor must be included in these formulas 
when the size of the population being sampled is 
small. Further explanation of the required tech- 
niques can be found in modem texts on sampling 
methods (14,34). 

Sequential sampling, which involves calculation 
of the reliability of the estimate while field sam- 
pling is still in progress, has been suggested for use 
in reforestation surveys. In conventional use, it 
assumes that the next sample can come from any- 
where in the population being sampled, that is, a 
random sample. Statisticians hold different views 
on how validly or liberally this technique can be 



Reforestation Evaluation 219 

used with the systematic sampling arrangements 
that are generally used. 

A manager practicing intensive forestry needs a 
reconnaissance or intensive survey system that will 
locate openings that need further reforestation ef- 
fort. Those openings may be less than an acre in 
size. Clearly, present sampling schemes and survey 
intensities will not locate these places; they may or 
may not be adequately reflected in the average 
stocking determined for the area. Sample for two 
objectives: 1. To determine average stocking on the 
area; and 2. to discover where the areas requiring 
intensive follow-up are located. Some careful 
thought and field testing are needed to put sampling 
techniques for all survey systems on a firmer 
statistical foundation. 

Time Required 
Many factors influence the time required to 

conduct an intensive evaluation of regeneration. 
Traversing rough terrain is strenuous and slow, so 
travel between plots requires a substantial portion 
of total time, regardless of survey method and data 
taken at each sample point. Thus, topography, 
impeding vegetation, weather conditions, and other 
physical factors have a prominent role in governing 
rate of progress. Season of the year is important for 
more than its association with weather conditions. 
Plots can be searched more speedily and thoroughly 
for conifer seedlings during the dormant season 
than during the main part of the growing season 
when all vegetation is lush and green. Even the 
leaves of broadleaf evergreens seem to provide 
somewhat less coverage during the dormant season. 
Dormant season examinations also permit easier 
classification of small trees as countable or not 
countable since continued well-being of a small tree 
need not be judged during midseason growth. How- 
ever, density of competing vegetation is easily under- 
rated during the dormant season. 

Area to be searched, abundance of seedlings, and 
observations to be made at each sample point are 
major influences on rate of progress. The larger the 
plot the greater the time needed to search the area 
completely for all seedlings. On the other hand, the 
larger the plot, the less likely a complete search is 
necessary if searching stops when the first count- 
able seedling is spotted. Certainly, the smaller the 
seedlings and the more dense the competing vegeta- 
tion, the longer the time required to search a plot 
thoroughly. Even when environmental information 
is obtained visually, estimating the level for each of 
several variables materially increases examination 
time required per plot. 

Clearly, the plot-count method requires a com- 
plete search of every plot and thus is slowest for any 

given size of plot. The staked-point method is fast, 
for it only requires observation of one or more 
seedlings in a specifically designated small area. 
The stocked-quadrat method is fast when seedlings 
are prominently present on plots, but approaches 
the plot-count method in time required when seed- 
lings are scarce and hidden. The distance method is 
fast when seedhngs are prominently and closely 
spaced, but slow for those plots where a large circle 
must be searched to confirm which tree is nearest 
the sample point. 

Some study results and experiences illustrate the 
amount of time required for different survey 
methods. In comparing four methods tested concur- 
rently on cutover land in British Columbia, one 
study (1) showed that the cheapest and fastest for a 
given plot and strip interval was the single 4- 
milacre stocked-quadrat method and the slowest 
was a modified plot-count (list) method. The stock- 
ed-quadrat method was about twice as fast. Inter- 
mediate in cost and time were methods where 
1-milacre or 4-milacre quadrats were examined in 
clusters of 4 at each sample point. Travel time 
between plots averaged nearly 3 hours per mile of 
line. 

On cutovers in western Oregon, a total count of 
seedlings can be made on about 100 1-milacre plots 
per day, spaced 1 or 2 chains apart. A complete 
search to determine stocking separately for each 
species plus detailed ocular observations can be 
made on about 50 4-milacre plots per day, spaced 1 
chain apart. Point-counts can be made on about 1 to 
1.5 miles of line per day when staked trees are 
located about 8 feet apart. Similar distances are 
covered per day when using the stocked-quadrat 
method with 4-milacre plots spaced at 1 chain 
intervals. Preliminary field tests indicate that an 
hour or less is required to take the 10 to 30 plots of 
one unit in the Oregon State Department of For- 
estry adaptation of the distance method. Some 
additional time is required to stratify the tract being 
sampled into homogeneous units. 

Records and Summaries 
With a choice of four evaluation methods, plus 

several combinations and variations of each, it is not 
surprising that many different field sheets and 
office record forms are used. State forestry organiza- 
tions either furnish forms to be used in making 
conservation compliance surveys or prescribe the 
information that must be developed (Appendix F). 
Large public and private forestry organizations also 
vise their own forms, devised to fit in with computer 
summary and total record-keeping systems (Appen- 
dix F). 

Plotting the location of survey lines and stocking 
on a map of the sampled area is a very useful part of 
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summarization. The mapped location of lines pro- 
vides insight on how the area was sampled and 
permits reasonably close resurveys without use of 
staked plots. Plotting the location of live staked 
trees, number of trees found on sample plots, or 
staked plots reveals information about the tree 
establishment pattern on the area—where trees are 
abundant or sparse in relation to aspect, slope, etc. 
The plotting may also serve as the first step in 
reforestation follow-up. 

Anyone devising a complex field sampling and 
summarization system would be well advised to 
enlist the aid of a statistician and computer pro- 
grammer. These specialists can help design efficient 
techniques for obtaining and processing the data 
required to meet survey and management 
objectives. 

You can find more information on reforestation 
evaluation in the following references (3 to 5, 7 to 
11,15,18, 20 to 22, 24, 26, 28, 30, 32, 33, 35, 37, 38, 
40). 
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Appendix A. 

The Oregon Forest Practices Act—An Interpretation1 

Why Regulate Forest Operations? 
Our common interest in Oregon's forests is obvi- 

ous. Once considered an inexhaustible timber sup- 
ply, our forests gradually have come to be recog- 
nized as not only exhaustible, but as an important 
influence on other vital resources, such as soil, air, 
water, and habitat for wildlife and aquatic life. 

Recognition of the forests' importance on the 
National level led to establishment of the National 
Forest System. In the early part of this century the 
National Forest System withdrew more than half of 
Oregon's forests from the possibility of private 
ownership. These lands, together with the 3.6 mil- 
lion acres now managed by the Bureau of Land 
Management, the Bureau of Indian Affairs, the 
State of Oregon, counties, and municipalities are 
managed with an increasing consideration for pro- 
tection of these resources. 

More than 10 million acres of Oregon's commer- 
cial forest land are privately owned. The earlier 
tradition of "ownership" regarded owners as being 
free to do as they wished on their land without 
regard to its effect on others. Gradually, however, 
this concept has been replaced by the "stewardship" 
principle. 

The 1941 Oregon Legislature gave expression to 
this principle by enacting the Oregon Forest Conser- 
vation Act. It required certain harvesting and refor- 
estation practices deemed adequate to ". . . preserve 
the forest and conserve its resources for the equal 
and guaranteed use of future generations." Al- 
though this policy statement was considered broad 
in scope, specific practices required for compliance 
were oriented primarily toward prompt reforesta- 
tion of cutover lands. The effectiveness of this law 
was limited because it specified a maximum refor- 
estation expenditure. CompUance was often based 
on expenditures incurred, rather than on results 
achieved. 

In 1968, the Oregon State Board of Forestry 
(OSBF) began a thorough review of the Forest 
Conservation Act to determine its effectiveness with 
respect to reforestation and with the broader con- 
cerns of environmental protection. As a consequence 
new legislation, the Oregon Forest Practices Act, 
was proposed and enacted in 1971. The new Act 
recognizes that the forest makes a "vital contribu- 
tion to Oregon by providing jobs, products, tax base, 
and other social and economic benefits, by helping to 
1 Prepared by C. Smith, Oregon State Department of Forestry, 
Salem. 

maintain forest tree species, soil, air and water 
resources and by providing a habitat for wildlife and 
aquatic life." The Act declares as public policy the 
encouragement of forest practices that maintain 
and enhance such benefits and resources. 

Main Features of the 
Forest Practices Act 

The Act deals with "operations" on "forest land." 
An "operation" is defined as "any commercial activi- 
ty relating to the growing, harvesting or processing 
of forest tree species." "Forest land" means land for 
which a primary use is the growing and harvesting 
of forest tree species. 

To encourage good forest practices and to provide 
a "single agency" approach rather than a multiplici- 
ty of agencies acting independently, the OSBF is 
authorized and directed to develop and enforce 
regional rules designed to: assure a continuous 
timber supply; protect soil, air and water resources; 
and achieve coordination among state agencies con- 
cerned with the forest environment. 

The OSBF has established three Forest 
Regions—Northwest, Southwest and Eastern—and 
has appointed a 9-member Forest Practice Commit- 
tee for each region to act in an advisory capacity in 
recommending rules relating to: 

• reforestation of forest lands economically suit- 
able therefore, 

• road construction and maintenance, 
• harvesting of forest tree species, 
• application of chemicals, and 
• disposal of slash. 
The Act became effective on July 1, 1972. Ad- 

ministrative rules adopted by the OSBF also took 
effect on that date. The Forest Practice Committees 
are permanent. They meet regularly to review the 
effectiveness of existing rules and recommend 
changes where needed. 

Forest Practice Rules 
Relating to Reforestation 

The purpose of administrative rules relating to 
"reforestation of lands economically suitable there- 
for" is identical for all three Forest Regions: 

• "Economically suitable" is defined; 
• conditions under which reforestation will be 

required are described; 
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• minimum density of stocking, and maximum 
time  allowed  for  establishment  are 
specified; and 

• stabilization of soils that have become exposed 
as a result of operations is required. 

Within the Eastern Forest Region, all Class 1 
and 2 forest lands classified under the County 
Forest Land Classification Act are considered 
economically suitable for reforestation. Within the 
Northwest and Southwest Regions, lands capable of 
a mean (average) annual production of at least 50 
cubic feet per acre are considered economically 
suitable. 

Table A.l outlines reforestation requirements by 
regions within the state. Note that the new rules 
emphasize results, not methods, as was the case 
with the old Forest Conservation Act. 

Table A.1 Outline of Stocking and Time Allowed 
After Harvest to Meet the Requirements of the 
Oregon Forest Practices Act.1 

Stocking        Time allowed for 
Region required establishment 

Northwest (trees/acre) Years 
Coastal          150 3 
Interior         150 5 

Southwest 
Coastal          100 4 
Interior         100 6 

Eastern          100 6 

'The landowner must meet these requirements whenever, as the result of 
an operation, the stocking is reduced below 25 percent estimated crown 
closure or 80 square feet basal area per acre of trees 11" DBH and larger. 

Certain exemptions and variance procedures are 
provided. In the Eastern Region, ownerships smaller 
than 11 acres in one contiguous tract are exempt 
from the reforestation requirements. In the South- 
west Region, contiguous areas smaller than 5 acres, 
which have not become restocked by the end of the 
specified reforestation period, may be excepted, but 
at least 70 percent of the area must meet the 
standard. 

Lists of acceptable species for restocking are 
maintained by the State Department of Forestry for 
all three Forest Regions. Each list consists of those 
species normally marketable in the region. Certain 
exceptions are made (incense cedar and juniper in 
eastern Oregon and hardwood species in western 
Oregon) on lands that formerly supported other 
conifer species. Hardwoods can be considered accept- 
able in western Oregon under an approved prior 
plan. 

Anticipated Enforcement Procedures; 
Administration of Regeneration Rules 

The State Department of Forestry emphasizes 
prevention of violations as a more positive means of 
achieving desired goals than attempting to correct 
damage or unsatisfactory conditions resulting from 
violations. Forest Practices Officers give priority to 
pre-operation evaluations, with operators and forest 
landowners, to develop plans that will achieve 
objectives of the Act. 

When violations occur, both criminal penalties 
and civil remedies may be involved. Violations are 
classed as misdemeanors, and can subject operators 
to fines or imprisonment. In addition, the State 
Department of Forestry may require operators to 
correct unsatisfactory conditions caused by viola- 
tions. Violations of reforestation rules, for example, 
may result both in the imposition of fines by the 
courts, and in issuance of an order by the State 
Department of Forestry requiring the operator to 
complete specific additional reforestation within a 
specified time. Operators who do not comply face the 
possibility that tfye State Department of Forestry 
may do the required reforestation and collect costs 
incurred from either the operator or landowner. The 
expenditures constitute a general lien upon the real 
and personal property of the operator, timber owner, 
and landowner within the county in which the 
violation occurred. 

The distance method survey procedure outlined 
in Chapter 11 is used for applying reforestation 
rules. "Established" seedlings must have survived 
at least 2 years on the site. Planting 2-year old 
nursery stock does not satisfy requirements; seed- 
lings must have been growingon the site for at least 
2 years after planting. This requirement is particu- 
larly important in portions of the state where brush 
encroachment is rapid. The coastal sub-region with- 
in the Northwest Region, which includes the area 
west of the Coast Range summit north of Douglas 
County, requires 150 estabhshed seedlings per acre 
at the end of 3 years following the harvest opera- 
tion. This means planting must be done within 1 
year, in order to establish seedlings on the site by 
the end of the third year. Reforestation periods for 
other portions of the state are in Table A.l. 

Two other requirements in the reforestation 
rules need special consideration during planning: 
trees must be an "acceptable" species; and "some 
form of vegetative cover" sufficient to provide con- 
tinuing soil productivity and stabilization will be 
required on certain areas not subject to reforesta- 
tion requirements and on which reforestation is not 
being planned. In the Eastern Region plants suit- 
able for wildlife habitat, or domestic livestock must 
be considered. 



Appendix B. 
Seeds, Cone Collection, Processing, and Storage1 

Douglas-fir 
Seed morphology 

Physical characteristics of Douglas-fir seed vary 
with location of seed source (5,7). Coastal seed 
sources (var. menziesii) characteristically yield 
seeds with long, pointed tips and long, narrow 
bodies. These seeds have a rough, dark outer sur- 
face. In contrast, seeds collected from interior stands 
(var. glaucd) have blunt tips and roughly triangular 
bodies. These seeds have a definite sheen to their 
dark, outer surfaces. 

Cone collection 
Proper identification of mature seed and cones is 

important for Douglas-fir because the cones often 
open and shed seed just a few days after seeds are 
mature. Cone maturity may vary by more than a 
month between low and high elevations, and as 
much as 3 weeks between adjacent trees. It has been 
suggested that the cone collection period in any one 
location should be no more than 2 to 3 weeks (79), 
but there are reports of top-quality seed collected 
more than a month after maturity. Weather pat- 
terns govern the speed that cones open on the tree, 
and greatly influence time of cone collection. 

Apparently the only reliable characteristic of 
Douglas-fir seed maturity is embryo length as a 
percentage of seed cavity length (42).. When the 
embryo is 90 percent of the seed cavity length, seeds 
are mature (28). As the embryo grows the endo- 
sperm loses the "milky" appearance characteristic of 
immature seed and develops into firm tissue. 

The specific gravity of Douglas-fir cones is not 
related to seed maturity (42). Likewise, seed weight, 
cone weight, and cone color are not correlated with 
maturity (42). 

The intensity of cone harvest by squirrels, espe- 
cially Sciurus douglasii, also indicates seed maturi- 
ty. One study noted a strong correlation between the 
main harvest period of squirrels and maximum seed 
germination (68). Before cone maturity squirrels 
only sample cones by cutting a few and tearing them 
open. 

The only other parameter correlated with Doug- 
las-fir seed maturity is seed sugar content (74). This 
type of determination, however, generally is not 
feasible for the field forester. 

1 Prepared by D. P. Lavender, Forest Science Department, Oregon 
State University 

The cone collection period can be lengthened by 
collecting cones one to two weeks before anticipated 
seed maturity. Cones should be stored in a cool, 
moist environment until seed maturity. There is no 
reduction in seed germination with up to 3 months 
storage in cones if storage conditions are monitored 
carefully and the growth of fungi is prevented 
(20,21,66). In fact, with proper conditions, immature 
seed may acquire increased viability during cone 
storage (74,75). Cones should be kept in burlap 
sacks with good air circulation for slow drying. 
Temperatures should not exceed 130C (SST). 

Seed processing and injury 
Seed extraction equipment and dewinging ap- 

paratus can damage seed (4,13). Cracks in seed 
coats, or discolored coats and radicles, indicate 
damage. Carefully handled mature seed is bright, 
compared to the dull and often dusty appearance of 
seed damaged by mechanical processing. Subtle 
damage may be evident only after storage. 

Kiln drying of seed in green, uncured cones in 
late August or early September greatly reduces seed 
viability (4). Cones that are precured can be dried at 
50oC (1220F) without loss of seed viability. 

Careful laboratory processing of sound Douglas- 
fir seed results in more than 90 percent germination 
in the laboratory, and more than 85 percent in the 
nursery (4). Laboratory standards of cone and seed 
processing may appear uneconomical for commer- 
cial seed processing without a substantial increase 
in seed cost, but there is a tradeoff. Greater ex- 
penses involved in increasing the quality of the seed 
resource result in much greater benefits; nursery 
space is used more efficiently because the yield of 
seedlings from high-quality seed is more predict- 
able, and the quality of planting stock increases. 

Seed storage 
The irregular nature of Douglas-fir seed crops 

necessitates storing viable seed for use during years 
of poor cone crops. A seed-moisture content between 
6 and 8 percent and sealed containers help maintain 
high viability (2,8,15,16,57). Temperatures between 
0° and 4.50C (32° and 40oF) will maintain seed 
viability for up to 7 years. If the projected period of 
storage is longer, temperatures should be kept below 
freezing (23). Temperatures as low as - 18°C (0oF) 
are reported, but — 50C (230F) probably is adequate 
for long-term storage (23). 

Seed for direct seeding projects often is held in 
temporary storage where absolute temperature and 
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moisture control are not practical. In one test (64), 
the only reported exposure that significantly re- 
duced seed viability in this situation, however, was 
a combination of high temperature, 30°C (86°F), and 
high relative humidity, 93 percent, for two weeks. 
Seeds maintained at high temperatures, 30°C 
(86°F), and low relative humidity, 30 percent, suc- 
cessfully withstood exposure for up to eleven weeks. 
Another study (67) demonstrated equal germination 
of seeds kept at -180C (-0.4°^, at 0oC (32D, at 
fluctuating natural winter temperatures (all at 6.4 
percent seed moisture), or under field conditions for 
6 months. Thus, field storage of seed in the Pacific 
Northwest between October and May presents no 
threat to seed viabiUty. No studies have measured 
the effect of short-term field storage followed by 
long-term controlled storage on seed viability. 

Stratification 
Douglas-fir seed dormancy can be broken by 

exposing the seed to long photoperiods (11), or 
certain chemicals (19,26). More commonly, however, 
seeds receive a moist "pre-chill" treatment to speed 
germination. Requirements for this treatment differ 
by seed lot. Coastal variety Douglas-fir requires a 
longer stratification period than the interior 
variety. Coastal seed from below 1,500 feet requires 
longer stratification than seeds collected between 
3,000 and 4,000 feet. Vigorous, healthy seed lots 
demonstrate a stronger positive response to stratifi- 
cation than weak or damaged seed lots. Weak or 
damaged seed may be harmed by stratification. 
Response to stratification is conditioned by the 
temperature of the germination media (6). 

Stratification of Douglas-fir seed is commonly 
accomplished through a process of soaking seeds in 
water, followed by storage at 20C (360F). The volume 
of fresh water should be at least twenty times 
greater than the seed volume. Water and seeds 
should be kept at room temperature for 24 to 48 
hours, or until the seed has a moisture content of 60 
to 70 percent. Water not taken up by the seeds 
should be drained from seeds before storage. Seeds 
should be stored in plastic bags at 0° to 4.50C (32° to 
401?). The storage period varies from 3 weeks for 
laboratory germination tests to 6 to 8 weeks in 
nursery operations. After stratification periods of 80 
days or more, the most rapid germination occurs at 
10 to 15.50C (50° to 60oF) (6). Longer stratification 
periods encourage rapid, early germination in seed- 
beds. In turn, this procedure stimulates develop- 
ment of good-sized, first-year seedlings without 
extending the period of active growth beyond early 
August. 

Preferably seed for direct seeding of westside 
Douglas-fir should be sown before January 1st and 

definitely before February 1st. This allows enough 
time for the seed's chilling period to be satisfied 
naturally before soils become warm and dry in the 
spring. Although such procedure obviously extends 
the period seeds are subject to animal depredation, 
seed treatment with a proper chemical will permit 
some seed to survive and germinate normally. In 
contrast, late sowing may reduce losses to seed- 
eating mammals, birds, and insects, but seed germi- 
nation will be delayed greatly and few resultant 
seedlings will survive. 

Ponderosa Pine 
Seed morphology 

Several studies have shown that size of ponder- 
osa pine seed had little effect on germinative vigor 
or resultant seedling size and survival (35,43,62,63). 
Seed from sources in the eastern Rocky Mountains 
and plains states (var. scopulorurri) is generally 
lighter than seed from the coastal states (var. 
ponderosd). Compared to other variables in a field 
environment, such as light, temperature and mois- 
ture, the effect of seed size is minor. Germination 
date is more important (63). 

Cone collection 
Good crops of ponderosa pine cones are infre- 

quent, occurring on the average only every 2 to 5 
years (79,82,83,93). Ponderosa pine cones ripen 
between mid-August and mid-September 
(36,69,81,86,96). The best field guide of seed maturi- 
ty is the specific gravity of cones (69,81,82). Seeds 
are ripe when the specific gravity of the cone drops 
to between 0.84 to 0.86. Cones just float in SAE30 
motor oil in this range (82). Cones should be 
evaluated within one half hour of picking. 

Not all cones in an area, or even on a single tree, 
ripen at the same rate. Early in the collection 
period, cones should be gathered only from individ- 
ual trees where most of the cones are ripe. Later in 
the season cones can be collected from localized 
areas where most trees have mature cones. 

Ponderosa pine cones must dry to between 0.60 
and 0.65 specific gravity before opening. It is better 
to collect cones slightly late in the collection period 
if seed viability is questionable. 

Storage 
Ponderosa pine seed must be stored for several 

years to insure a continuous supply for reforestation 
projects, because good crops are infrequent. Under 
proper storage conditions, ponderosa pine seed re- 
mains viable (2,15,34,57,60,70,80,90). Storage tem- 
peratures around 0oC (320F) are generally recom- 
mended in this literature. Viability is slightly re- 
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duced at - 18°C (0oF). The control of seed moisture 
content is more critical-for storage. Optimum mois- 
ture content is about 8 percent (57). In one study, 
almost half the sound seed germinated after 27 
years of storage above freezing (51). 

For short-term storage periods, there is no loss of 
vitahty at any temperature, if humidity is low. In 
contrast, relative humidity of 93 percent and a 
temperature of 30oC (SBT) reduced seed viability 
after only 5 weeks in one study (65). 

Stratification 
Although fresh ponderosa pine seed does not 

benefit from stratification (79), stored seed gener- 
ally does. The embryo of most ponderosa pine seed 
requires stratification to break dormancy (29). In 
past studies, some seed gave most prompt germina- 
tion after a 2-month stratification period (17), but 
other lots of seed did not require this treatment (15). 
Stratification usually is not needed, but stratifica- 
tion hastens and improves germination of some lots, 
particularly of the coastal variety (79). 

Germination can be stimulated by soaking seed 
in hydrogen peroxide solutions (30,77,88,91). Soak- 
ing or washing in water also stimulates germination 
(15,77), because it removes natural chemical 
inhibitors. 

Lodgepole Pine 
Lodgepole pine has four distinct subspecies or 

races (31) as follows: 
• Coastal  region.  Pinus contorta Douglas ex 

London ssp. contorta. 
• Rocky Mountain and Eastern Oregon. Pinus 

contorta ssp.  latifolia (Engelm. ex Wats.) 
stat. nov. 

• Sierra Nevada and Oregon Cascades. Pinus 
contorta ssp. murrayara (Balf.) stat. nov. 

• Mendocino white plains. Pinus contorta ssp. 
bolanderi (Parl.) stat. nov. 

Seed morphology 
Lodgepole pine seed from southern sources gen- 

erally is heavier than seed collected from northern 
sources (12). Inland species (latifolia) have heavier 
seed than coastal sources (contorta) (89). 

Storage 
Lodgepole pines produce seed regularly and fre- 

quently (18,32,71,89,92). Good cone crops often 
occur every other year and long storage generally is 
not needed. Should storage be necessary, seed re- 
mains viable for up to 20 years (33,89,92). Storage at 
50C WIT) preserves viability for at least 10 years 

(80). In one study, seed stored under noncontrolled 
conditions remained viable for 20 years. The seeds 
of "hard cone" pines such as P. attenuata and P. 
contorta probably do not need cold temperatures for 
storage, as long as the moisture content is kept at 
about 8 percent (57). 

Cone collection 
Cones of ssp. latifolia ripen in August and 

September; ssp. contorta cones ripen slightly later in 
September and October (89). Most seed is released 
before November (32,37,71). Thus, cone collections 
must be made in a relatively short time in areas 
with nonserotinous cones. 

Serotinous cones that remain on the tree for a 
year or more after maturing, remain closed until 
subjected to heat. Although lodgepole pine cones 
were originally classed as serotinuous, it is not a 
universal characteristic of this species (31,32,37,71). 
In fact, most lodgepole pine trees in Oregon bear 
noh-serotinuous cones, which open promptly after 
ripening. 

Germination 
The embryo of lodgepole pine seed undergoes a 

period of dormancy, but the depth of this dormancy 
varies between seed lots. This has led to conflicting 
results concerning the effect of stratification on 
germination. 

Either a constant 210C (70°F) thermoperiod, or 
temperature fluctuation around 21°C (70oF)—for 
example, between 15 to 270C (59 to SIT)—results in 
maximum germination of lodgepole pine seed (1,18). 
Some studies have shown that germination behavior 
is strongly correlated with location of seed source 
(31,49). Seed from high elevations germinates more 
rapidly than seed from low elevations when the 
incubation temperature is low. The reverse is true 
for high incubation temperatures. Germination of 
seed from ssp. latifolia is more rapid than seed from 
ssp. contorta up to 20oC (GST), but not at 30oC 
(SeT). Another study noted that exposure to white 
light after seed reaches a moisture content of at 
least 20 percent helps germination (1). 

Germination must occur in a relatively short 
period if the seed is to produce successful seedlings. 
Early germinating seedlings often are killed by 
frost; late germinating seedlings are small and 
subject to more drought stress. A strong interaction 
between temperature and seed source for the germi- 
nation of lodgepole pine seed indicates the necessity 
of using native stock. 
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Abies 
The most important Abies species for reforesta- 

tion in Oregon are grand fir and noble fir. 

Cone collection 
Abies cones disintegrate when the seeds ripen. 

The collection period is short, generally from late 
August or early September to late September. The 
viability of grand fir seed is related to its maturity 
at the time of processing (26). Grand fir cones should 
not be collected until their specific gravity is less 
than 0.90 (73). Cones just float in SAE30 motor oil 
when their specific gravity is 0.84 to 0.86. Seeds of 
cones picked 2 to 4 weeks earlier than this time can 
still achieve full maturity if cones are stored with 
their bases in a nutrient solution (72). 

Noble fir cones and seed do not have a similar 
field index of maturity. Noble fir seeds are fully 
mature when the crude fat concentration (deter- 
mined in laboratories) in the seed reaches 25 percent 
(45,76). Storing noble fir cones in a cool location for 
several weeks before drying and processing has a 
beneficial effect on seed vitality (45,76). 

Grand fir may have good cone crops as often as 
every 2 or 3 years (40,46,93). The noble fir cone crop 
is more variable. Good seed crops are infrequent, but 
some seed is produced each year (44,93). 

The germination of ;4&esseed is sharply reduced 
by damage to the resin vesicles (membranous 
cavaties filled with resin) in the seed coats (48,61). 
Therefore, extreme care in cone and seed handling is 
necessary to achieve maximum germination. 

Storage 
The vigor of Abies seed declines rapidly under 

improper storage conditions. Abies seed retain their 
viability longer at temperatures of 0oC (320F) or 
less, than at room temperature (2,10,14,58,60). 

Seed moisture can strongly affect the vigor of 
stored Abies seed. Recommendations for moisture 
content during storage range from 6 to 12 percent 
(14,22,57,79). For short-term storage (2 years or 
less), noble fir seed maintained between 4 and 8 
percent moisture content remained equally viable at 
20oC (680F) and - 190C (20F). Noble fir seed stored at 
20oC (68°F) and at a seed moisture content above 9 
percent died after 2 years (38). Thus, a moisture 
content range between 4 and 8 percent apparently is 
safest. 

Germination 
The germination of Abies seed lots often is low 

and erratic. Reports on germination of fir seed 
indicate a range from 2 to 86 percent 
(27,38,47,73,76). The relatively low standard for 

commercial seed transactions with Abies species, 35 
percent viable seed, reflects the generally low ger- 
mination rates. No consistent laboratory tests have 
been found for predicting field germination (38,41). 

Maximum germination of noble fir seed occurs at 
a constant 50C (410F) (38). Germination can occur at 
lower temperatures, but it takes from 6 to 8 months 
(87). Thus, germination tests are normally run 
between 3 to 50C (37° to AIT). 

Western Hemlock 
Western hemlock is a prohfic seed producer. As 

many as 25 to 30 million hemlock seeds per acre 
have been reported under a stand of old growth 
composed of 74 percent western hemlock and 26 
percent sitka spruce by volume in southeast Alaska 
(50). Reports from a 100 year-old hemlock-spruce 
stand (52 and 48 percent, respectively) noted about 5 
million hemlock seeds per acre, while the center of 
adjacent clearcuts had about 0.3 million seeds per 
acre (78). 

Hemlock seeds are small in comparison with 
other conifers. Mean seed weight increases with 
decreasing latitude (24). Hemlock seed falls rela- 
tively slowly compared to other conifer seeds (85). 
Hemlock seeds can travel great distances because 
they are small and easily windblown (44,54,78). 

Cone collection 
Hemlock cones may begin to open as early as 

September, but seed fall takes place from late 
October through the winter (44,47,50,54,78). Hem- 
lock cones are sensitive to humidity; most seed falls 
during cool, dry weather. Seed that falls either early 
or very late has low viability (54). 

Location, heredity, and weather affect the time 
of seed ripening (3). Hemlock seeds ripen between 
late September and late October in southeastern 
Alaska (50), and by mid-September in southern 
British Columbia (3). British scientists warn that 
much of the seed crop may be lost through rapid 
shedding once the cones open (84). Workers in North 
America feel, however, there is a longer period for 
hemlock cone collection after the seeds are ripe than 
for any other conifers with which it grows. 

Good-to-abundant seed crops for hemlock have 
been reported as frequently as 3 out of 4 years (78), 
or once every 2 to 5 years (44,93). Some seed is 
produced every year. In contrast, only one good seed 
crop occurred during a 5-year study on Vancouver 
Island, B.C. (54). Thus, hemlock may have sporadic 
seed production, at least in some areas. 
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Storage 
Hemlock seed does not maintain high viability in 

storage (2,15,16,80). Knowledge about factors that 
affect viability of stored seed are fragmentary. 
Temperatures below freezing (23) and seed moisture 
contents between 7 and 9 percent should preserve 
vitality for at least 5 years. Hemlock seed is rela- 
tively more sensitive to high humidity than either 
Douglas-fir or ponderosa pine. Storage for 5 weeks 
at either 20oC (68°F) or 30oC (860F) and 93 percent 
relative humidity reduced seed viability (66). 

Germination 
Western hemlock seeds germinate slowly. Field 

germination and survival tend to be low and erratic 
(24). The seed germinates best at a constant 20oC 
(680F) (9,16,24,25). Stratification apparently in- 
creases the germination rate, but not the final 
number of germinants (39). The recommended 
stratification period is 2 months before nursery 
seeding (95). Stratification, however, may reduce 
germination of immature, damaged, or weakened 
seed lots (3). Laboratory germination values usually 
are greater than field germination. This discrepancy 
is smallest for rapidly germinating, high-quality 
seed lots. 

Sitka Spruce 
Sitka spruce is a prohfic seed producer. One 

study noted more than 13 pounds of sound seed fell 
per acre under an old growth stand of sitka spruce 
(64 square feet of basal area per acre). A good seed 
crop may occur as often as every 3 to 4 years (93). 
Some seed was produced every year in an Alaskan 
study and there was a good cone crop every 5 to 8 
years (50). 

Even though spruce seed is relatively small and 
has a correspondingly slow rate of fall (85), the 
majority of the seed falls within the stand (78). 

There is little correlation between spruce seed 
weight and latitude. Seed from northern stands 
tends to be slightly heavier than seed from southern 
sources. 

Cone collection 
Sitka spruce is the most rapid seed shedder in the 

genus Picea. Cones change color and the scales 
harden during ripening, but these changes are 
difficult to measure precisely. Seed fall in Alaska 
and Oregon begins in mid-October (50,78). There- 
fore, cones should be collected in September and 
early October in the Northwest. No collection should 
be planned after the cones have opened because the 
most vigorous seeds are shed early. 

Storage 
Spruce seed may retain its viability from 5 to 10 

years with careful control of storage temperature 
and seed moisture content (2,15,57,80). Spruce seed 
is more sensitive to adverse storage conditions and 
aging than most pines (52). A storage temperature 
of - 50C (23^) (57) and a seed moisture content of 8 
percent (53) are the optimum conditions for success- 
ful storage. 

Stratification 
Spruce seed is less dormant than pine seed (52) 

and has been tentatively classed as non-dormant 
(94). Such classification would indicate that spruce 
seed germination is not stimulated by stratification. 
Several studies (17,55,59) have shown that stratifi- 
cation for 3-4 weeks stimulates germination. Other 
techniques that have speeded the germination rate 
include exposure to a daily photoperiod (52) and 
soaking seeds in a large volume of cold (20C) (35.50F) 
water for up to four weeks (56). 
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Appendix C. 
Weather Guidelines for Lifting and Planting1 

Weather guidelines for lifting and planting are 
based on both physical laws and certain as- 

sumptions. It is important to understand how these 
guidelines were generated and why certain condi- 
tions are less favorable than others. The discussion 
on weather guidelines in Chapter 8 should be read 
before using these tables. These tables Eire meant to 
be only general guidelines for safe lifting or plant- 
ing; they are not hard and fast rules. The tables 
need to be tested and improved, based on experience 
and experimental data. 

Lifting and planting may proceed when: 
• The upper 10 to 12 inches of soil are moist. 

Soil is not frozen more than one half inch deep. 
Snow cover is less than 2 inches. 
Air temperature is between about 0° and 180C 

(32 and GST). 
Wind velocity is less than 20 miles per hour 

(disregarding occasional higher gusts). 
Tables C.l and C.2 identify weather combina- 

tions favorable for lifting and planting. 

'Prepared by B. D. Cleary, Extension reforestation specialist, 
Oregon State University. 

Table C.l. Weather guidelines for Lifting and Planting Douglas-fir. (Table gives maximum allowable wind 
velocity for a given air temperature-wet bulb depression combination.) 

Air 
Temp. 
CF.)     1.0  2.0  3.0  4.0 5.0 5.5 

Wet bulb depression ("F)1 

6.0  6.5  7.0  7.5  8.0 8.5 9.0 9.5 10.0 10.5 11.0 >11.0 

30 18 18 16 14 12 
31 
32 

1 Q 18 
16 

16 
14 

12 
12 

10 
10 18  18 

33 * 18  18 16 14 12 10 
34 18  18 16 12 10 9 
35 
36 

18  16 
18  16 

16 
14 

12 
12 

10 
10 

9 
8 

37 18 18  16 14 12 10 8 
38 18 18  16 12 10 9 7 
39 18 18  16 12 10 9 7 
40 
41 

18 
18 

18  16 
16  14 

12 
12 

10 
10 

8 
8 

6 
5 

42 18 18 16  12 10 9 7 5 
43 18 18 16  12 10 8 6 4 
44 18 18 14  12 10 8 6 4 
45 
46 
47 
48 

Plants 
If wind velocity is 
less than 20 MPH. 

18 
18 
18 

18 
18 
18 
16 

16 
16 
14 
14 

14  10 
12  10 
12  10 
10   9 

9 
8 
7 
6 

7 
6 
5 
4 

5 
4 
4 
3 

4 
3 
2 
1 

49 18 18 16 12 10   8 6 4 2 1 
50 18 18 16 12 10   7 5 3 2 ■ 

51 
52 

18 
18 

16 
16 

14 
12 

10 
10 

9   6 
8   5 

4 
4 

2 
2 

1 
1 

53 18 18 16 12 9 7   4 3 1 
54 18 18 14 10 9 6   4 2 1 
55 
56 

18 
18 

16 
16 

12 
12 

10 
10 

8 
7 

5   3 
4   2 

2 
1 

57 18 18 14 12 9 6 4   2 
58 18 18 14 10 8 5 3   1 
59 18 

18 
18 
18 

16 
16 
14 
12 

12 
12 
10 
10 

10 
9 
8 
7 

7 
6 
5 
4 

4 
4 
3 
2 

2 1 No 
win 

planti 
d vela 

ng regardless of 
60 
61 
62 
63 

2 
1 
1 

city. 

18 
18 16 12 9 6 4 1 

64 18 16 12 9 5 3 1 
65 18 14 10 7 4 2 1 

Plant Conditional zone2 Do not plant 

1Dry bulb temperature reading minus wet bulb. 
2Planting allowed if wind velocity is less than value in table for a given air temperature-wet bulb combination. 
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Follow these steps to use the tables. 
1. Measure wind velocity (with an inexpensive 

wind meter); air temperature (with a psy- 
chrometer); and wet bulb depression (with a 
psychrometer). 

2. Find point in table corresponding to measured 
air temperature and wet bulb depression. 

If point is outside the conditional zone, plant- 
ing may proceed. 
If point is inside the conditional zone, plant- 
ing may proceed only when wind speed does 
not exceed the value appearing in the table. 

Table C.2. Weather Guidelines for Lifting and Planting Ponderosa Pine. (Table gives maximum allowable 
wind velocity for a given air temperature-wet bulb depression combination.) 

Air 
Temp.                               Wet bulb dep 
CF)     1.0   2.0   3.0   4.0   5.0   6.0   7.0 

ression 
8.0 

CD1 

9.0 10.0 11.0 12.0 13.0 14.0 15.0 

30 20 
31 19 
32 19 
33 18 
34 19 18 
35 19 17 
36 19 17 
37 18 16 
38 20 18 16 
39 19 18 15 
40 0 19 16 15 
41 19 16 14 
42 18 16 13 
43 20 18 15 13 
44 19 17 15 13 
45 19 17 15 12 
46 18 16 14 12 
47 18 15 13 11 
48 19 17 15 12 10 
49 19 16 14 12 9 
50 
51 
52 

Plant if wind velocity is less than 20 MPH. 
18 
18 
17 

16 
15 
15 

13 
13 
12 

11 
10 
9 

9 
7 
7 20 

53 19 16 13 11 9 5 
54 18 16 13 10 7 5 
55 18 15 12 9 7 4 
56 17 14 11 9 5 3 
57 19 16 13 10 7 5 2 
58 19 16 13 10 7 4 1 
59 18 15 12 9 5 3 
60 18 14 11 8 5 2 
61 16 

16 
15 
15 
13 

13 
12 
12 
11 
10 

10 
9 
8 
7 
7 

7 
6 
5 
4 
3 

4 
3 
2 
1 

1 
62 
63 
64 
65 

19 
19 
18 
18 

1 No pla 
regard] 

1 wind v 

nting— 

ess of 
plrvitv 

J  
J 

Plant Conditional zone2 

lDiy bulb temperature reading minus wet bulb. 
2Planting allowed if wind velocity is less than value in table for a given air temperature-wet bulb combination. 



Appendix D. Disease Organisms1 

Table D.l lists most common diseases that can 
affect conifers in Pacific Northwest plantations. For 

more information, read the section on Diseases in 
Chapter 10. 

Table D.l. Some Diseases that Affect Conifers in Pacific Northwest Plantations. 

Disease Causal agent Description Damage Host Comments 

Non-infectious 
diseases 

Winter injury 

Frost damage 

Herbicide damage 

Dry wind Seedlings  turn red sud-  Death of individual  All conifers 
denly, but often not until  needles, shoots, or 
first warm days of spring,  entire seedling. 

Late frosts New foliage curls and dies  Causes  a  growth  All conifers 
suddenly. loss rather  than 

complete death. 

2,4,5-T and other  Twisted, distorted growth Growth loss 
brush   control  of needles or leaders; yel- 
chemicals lowing of needles. 

All conifers 

Especially damaging to 
seedlings in exposed 
places when soil is frozen. 

Can be a recurring prob- 
lem in off-site planta- 
tions. 

Damage can be avoided 
with proper timing of 
application and drift 
control. 

Root rots 
Rhizina root rot Rhizina undulata    Brown to black fruiting  Root disease, as-  All conifers 

bodies, cup shaped or con- 
voluted, 2-10 cm across, 
on soil near dead seedling. 
Infected  roots matted  sites, 
with white mycelium 

Phytophthora root 
rot of seedlings 

Laminated root rot 

Phytophthora spp. 

Phellinus (Poria) 
weirii 

Armillaria root rot, 
shoestring, crown, or 
mushroom root rot, 
or honey fungus 

Armillaria mellea 

sociated with seed- 
ling mortality on 
recently  burned 

First   symptoms  are Root rot;  sudden  All trees 
foliage discoloration  or death may  result 
fading; reddish stain in from   drought 
infected roots. stress. 

May kill isolated patches 
of seedlings up to 5 years 
old within 1 year; local 
problem in Washington 
and British Columbia. 

Worst in moist, water- 
retentive nursery soils; 
out-planted diseased trees 
have poor survival 
chances. 

Fungus mycehum on root  Root  rot;  infected  Doug-fir  and  Fungus  spreads by root 
bark surface; mycelium is trees show reduc- 
buff-colored with  red- tion  in  twig and 
dish-brown whiskers un- leader growth, yel- 
der hand  lens.  Causes lowing of crown, 
soft, light colored pocket "tipped" leader, 
rot. 

true firs esp. contact, starting from old, 
susceptible; infected roots, continues 
pines and cedar to spread through life of 
tolerant. stand;  succeeding crops 

infected. 

No surface mycelium; Root rot; crown Most damaging An aiggressive pathogen 
fungus fan beneath bark symptoms similar to ponderosa in ponderosa pine and 
near soil lines. May be to laminated root pine and tree true fir, causes scattered 
abnormal resin flow from  rot. firs. mortality in Douglas-fir. 
root collar; wood turns 
light in color, soft and 
spongy; occasionally pro- 
duces honey-colored 
mushrooms in fall at 
base of infected trees. 

Annosus root rot Fames annosus Small   conks  (fruiting  Root rot or butt rot; 
bodies) at base of tree or  crown  symptoms 
stump vary in shape from  similar to  lami- 
bracket-like to flat layers;  nated root rot. 
brown above,  white be- 
low; rotted roots are spon- 
gy or stringy and light 
colored. 

All conifers, 
esp. ponderosa 
pine. 

Infection by aerial-borne 
spores or root graft; occa- 
sionally kills Douglas-fir, 
but may be more serious 
in thinned ponderosa pine 
stands. 

1 Prepared by E.  Hansen,  Department of Botany and Plant 
Pathology, Oregon State University. 
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Disease Causal agent Description Damage Host Comments 

Black stain root 
disease 

Verticicladiella 
spp. 

No visible mycelium in- 
side or outside bark; cres- 
cent shapes of blue-black 
or brown-black stain in 
outer wood layers (not 
pie-shaped sectors). 

Kills roots and 
eventually whole 
tree. Crown symp- 
toms similar to 
laminated root rot. 

Douglas-fir Spreads from root to root 
and probably by insects; 
recently described dis- 
ease, potential not known. 

Cankers and stem 
rusts 
Phomopsis canker      Phomopsis sp. Annual canker, sunken Dieback; some- Douglas-fir and Can cause extensive flag- 

lesion on stem or base of times serves as in- other conifers, ging and dieback after se- 
branch, with flagging if fection court for de- vere weather conditions, 
canker girdles stem. cay fungi. especially freezes. 

Atropellis canker        Atropellis piniphila Perennial canker causes  Growth  loss;  in-  Lodgepole pine    A severe problem in some 
flat, resinous lesion with 
blue black stain in under- 
lying wood. 

fected portions of 
stem degraded 
from resin-soaking 
and stain; mortah- 
ty in densely 
stocked stands with 
multiple infections. 

localities, especially over- 
stocked sites. 

White  pine blister   Cronartium 
rust ribicola 

Cankers with slight swel-  Flagging and death  White pine and  RibesanAPedicularis&pP- 
ling; bark yellowish  at of  white  pines,  sugar pine 
first, later roughened as Cankers gradually 
yellow spore masses (blis- encircle main stem 
ters) break through. and kill tree. 

are alternate hosts. Fun- 
gus spores enter tree 
through stomata of nee- 
dles of all ages. Rust- 
resistant stock is avail- 
able for many areas. 

Comandra rust Cronartium               Slight swelling of infected Causes progressive Ponderosa pine,  Main  stem  infections 
comandrae               twigs  and branches fol- dieback  of older lodgepole pine     slowly  fatal;   cankers 

lowed by development of trees.   May  kill often gnawed by rodents, 
cankers; whitish blisters seedlings   and Alternate host is false 
appear on active cinkers, saphngs. toadflax.  Use sanitation 
later rupture,  exposing cuts, 
orange spores. 

Gall rust Peridermium            Globose, or club-like swel- Branch  galls and  Lodgepole pine, 
harknessii                 lings   on   stems   and stem cankers, with  ponderosa pine 

branches; small white or consequent break- 
yellow sacks of spores un- age,   fatal   to 
der bark scales on galls, seedhngs. 
or cankers in spring or 
early summer. 

No alternate host, spreads 
directly. Heavy infections 
on young trees may be 
damaging, and can cause 
heavy mortahty to seed- 
lings in high infection 
areas. 

Stalactiform rust Cronartium Very elongated cankers,  Stem  cankers kill  Lodgepole pine,  Cankers often gnawed by 
stalactiforme with little swelling. seedlings,  deform  ponderosa pine    rodents.  Indian  paint 

larger trees. brush  and relatives are 
alternate hosts. 

Foliage diseases 
Douglas-fir needle  Rhabdocline 
cast pseudotsugae 

Yellow-colored spots on 
needles, turning reddish- 
brown; mottled appear- 
ance. Tree appears 
scorched in severe cases. 
Boat-shaped fruiting 
bodies on underside of 
needles in May. 

Needle cast kills 
needles; when se- 
vere, kills all but 
youngest needles. 
Needles drop off. 
Persistent infec- 
tions cause growth 
loss. 

Douglas-fir Scattered patterns of in- 
fection; essentially a dis- 
ease of young trees up to 
about 30 years old. May 
be damaging to Christ- 
mas trees. 



Appendix D 237 

Table D.l — Continued 

Disease Causal Agent Description Damage Host Comments 

Ponderosa pine 
needle cast 

Dwarf mistletoe 
Common features 

Lophodermella 
morbida 

Arceutkobium spp. 

Needles  turn reddish  Growth loss, slow Ponderosa pine 
brown; elongate fruiting  mortality, 
bodies appear in spring. 

A spectacular disease on 
off-site ponderosa pine. 
Seldom seen in tree's na- 
tive range. 

Mistletoe plants embed-  Parasitic; reduced Most conifers; Spread  by  seed forcibly 
ded in wood; flowering  growth and vigor of various species ejected from aerial parts 
shoots grow through bark.  tree.   May  cause and forms con- of mistletoe plants; most 
Young infections  cause  mortality,  spike- fined to a defi- spread in radius of  20 
swelling of branch, but no  top, stem canker, or nite   host   or feet;  greatest mortality 
aerial shoots. lead to  attack by group of hosts, among seedlings or sap- 

bark beetles. Seed 
crop smaller and 
less vigorous. 

lings. Host specificity al- 
lows silvicultural control 
in many situations. 

Ponderosa  pine  A. campylododum    Older  infections may  Chronic  growth  Ponderosa and A widespread disease that 
dwarf form witches'brooms.        loss;   death   of Jeffrey pines       can be controlled in many 
mistletoe seedlings. situations. 

Douglas-fir dwarf 
mistletoe 

A. douglasii Causes large  witches'  Growth  loss  and  Douglas-fir 
brooms with long pendant mortality, 
branches. 

A serious problem in SW 
Oregon and east of the 
Cascades. 

Hemlock dwarf 
mistletoe 

A. tsugense Western  and  Found in the coast and 
mountain hem-  Cascade ranges, 
lock, true firs 





Appendix E. Insect Damage to Seedlings 

Table E.l lists some common insect groups that 
damage young seedlings and some of their charac- 
teristics including host, damage, and basic mor- 
phological description. For positive identification of 
insects, or more detailed information, such as life 
cycles and control procedures, consult an entomolo- 

gy text, or an entomologist. Entomologists should be 
consulted about the feasibility of direct control 
procedures when insect pests are present, and the 
timing and type of control, if needed. Chapter 10 
lists some basic types of prevention or control 
techniques and sources for additional information. 

Table E.l. Some common insect pests that damage young seedlings (including a basic description of the insect, 
damage, host and other comments; some important individual species are listed).1 

Insect group or species 

Common name Latin name Basic description Damage Host Comments 

Root Insects 
White grubs 

Boot weevils 

Wireworms 

Cutworms 

Symphylan 

Phyllophaga spp.   Curled, white grubs; 3 
Polyphylla spp. re-  pairs prominent legs; 
lated genera brown head. 

Feed on roots; may  All trees 
sever stem under- 
ground. 

Brachyrhinus spp. 

Elateridae 

Noctuidae 

Scutigerella 
immaculata 
(Newport) 

Larvae are small, curled, 
white grubs with no legs 
and a brown head. Adults 
are small, brown, wing- 
less beetles with a snout. 

Larvae feed on fine  All trees 
roots; later on cam- 
bium of large roots. 
Adults feed in the 

Long,  slender,  hard- Feed on roots and  All trees 
shelled, yellow or brown undecayed  plant 
worms with feebly de- material, 
veloped legs. 

Larvae are nearly hair-  Feed on roots, may  All trees 
less, soft, sluggish, dark-  clip  stem  above 
colored caterpillars below  ground or feed on 
surface of ground. Adults  fohage at night. 
are  dull-colored, yellow, 
tan,  or  brown  moths 
(millers). 

Small, white, slender cen-  Feed on roots, 
tipede-like; about & inch 
long; in moist soils. 

All trees 

Larvae of June beetle; 
adult beetles feed on 
foliage; associated with 
old field grass and weeds; 
use preventive cultured 
practices. 

Use preventive cultural 
practices; encircle infesta- 
tions with barriers and/or 
poison; most injury in 
spring. 

Larvae of click beetle; 
troublesome in nurseries 
with heavy, moist soil; 
fumigant control. 

Use preventive cultural 
practices; larvae feed in 
late spring or early sum- 
mer, usually at night. 

Not insects; conifers not 
seriously affected; most 
damage in early spring; 
thrive in damp soil with 
abundant humus. 

Seed-corn maggot 

Earwigs 

Hylemya platura 
(Meigen) 

Dermaptera 

Adults are ash-gray flies  Maggots  burrow  Douglas-fir and  Maximum  damage in 
about 3/16 inch long. beneath thin bark  spruce. spring on cold, wet sites 
Larvae are soft-bodied, and feed on roots 
yellowish-white, legless, and a short dis- 
about Vt inch long when tance on stem 
full grown. above ground. 

Elongate, flattened insec- Sever stem, 
ts with strong movable 
forceps at rear end; short 
hardened outer wings; 
membraneous inner 
wings. 

where soil has abundance 
of organic matter; com- 
paratively rare in forest 
nurseries or plantations. 

All trees May clip small seedhngs, 
but also beneficial be- 
cause it preys on other 
insects. 

'Material adapted primarily from F. P. Keen. 1952. Insect enemies of Western Forests, USDA Misc. Pub. No. 273, 280 p.; and R. F. Anderson. 1960. Forest 
and state tree entomology. John Wiley and Sons, Inc., New York. 428 p. 
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Common name Latin name Basic description                       Damage Host Comments 

Sapsucking insects 
Spruce aphid Elatobium Dull green, up to 3/16  Sap sucker 

abietinum inch length; wingless. 
(Walker) 

Monterey pine aphid  Essigella califomi- Light-green, pear-shaped  Sap sucker- 
ca Essig. up to % inch; long hind  needles 

Sitka spruce Prevalent in Oregon and 
Wash.; causes heavy 
damage. 

Monterey  and 
ponderosa 
pines, Doug- • 
las-fir 

Other aphids Cinara spp. Large, long-legged, dark  Sap sucker— 
colored; naked bodies or  terminal twigs 
covered with powdery 

All conifers Copious flow of honeydew 
causes dense smutting; 
can cause heavy damage. 

Cooley spruce gall 
aphid 

Adelges cooleyi 
(Gillette) 

Balsam woolly aphid   Adelges piceae 
(Ratz.) 

Wingless,  covered with Sap sucker—forms  Blue, sitka, 
white waxy coating; ap- galls at base  of  engelmann 
pear as  small,  cottony needles. spruces, 
tufts on underside of nee- Douglas-fir 
die in Douglas-fir. 

Less than 1/32 inch long, 
purplish-black, long slen- 
der threads of wax. 

Sap sucker—forms  All  firs,  espe- 
galls on main cially grand fir 
trunk, or at termi- 
nals. Can thin 
foliage. 

Form cone-shaped galls 
on terminal twigs; galls 1- 
2 inches long, light green 
to purple. On Douglas-fir 
needles turn yellow and 
may cause browning or 
shedding. Galls turn dry, 
brown and hard on trees 
after aphids leave. 

Galls bark on main trunk; 
covers it with dirty white 
encrustation. Swelling at 
terminals makes twigs 
appear to end in solid 
knobs. Can weaken or kill 
tree and thin foUage of 
lower crown. 

Soft scale insects        Coccidae Small, circular, oval, or  Sap suckers 
elongated shells or scales 
on leaves or twigs, hard 
epidermis,  thick  waxy 
covering. 

All trees Insects remain fixed in 
one position for life; usu- 
ally not serious enough to 
merit control; associated 
with dusty or smoky 
conditions. 

Pine needle scale Phenacaspis Mature scales are small,  Sap sucker 
pinifoliae (Eitch) nearly pure white, elon- 

gated, and about V6 inch 
long. 

Pines; occasion- Most common scale on 
ally Douglas- foliage of western coni- 
fir, spruce and fers; found especially 
cedar along dusty roads; may 

kill trees. 

Black pine-leaf scale  Nuculaspis califor- Mature scales are circu-  Sap sucker 
nica (Coleman) lar, 1/16 inch in diameter, 

and yellowish-brown to 
black. 

Pines, Douglas-  Often  associated with 
fir, hemlock pine needle scale. 

Woolly aphid Adelges tsugae White, cottony, incrusta-  Sap sucker Western 
tion on bark and white hemlock 
tufts on needles. 

Seriously weakens and 
kill trees. 

Spider mites 

Gall midges 

Tetranychidae, Fet- Tiny,  2-segmented body,  Sap suckers, 
ranychus spp. four pairs of legs,  and  foliage 
Paratetranychus      piercing mouth parts. 

All trees 

spp. 

Cecidomyiidae Adults are tiny; pink flies Sap sucker—forms  All trees 
like  mosquitoes;  larvae galls  on  foliage, 
are  small, pink or red bark of twigs, cones 
maggots; no legs or defi- or seeds. 
nite head; a dark 
"breastbone". 

Not insects; sometimes 
leaves covered with sil- 
very webs, or turn brown 
and rusty. 

May deform or kill tree in 
some years. 
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Bud, shodPand 
twig insects 

Twig weevils Magdalis spp. 
Cylindrocopturus 
spp. 
Pissodes spp. 

Larvae are white, curled 
legless grubs; 
Adults are weevils with 
curved beaks; 
Cylindrocopturus— 
singular, covered with sil- 
very-white  or  bronze 
scales. 
Magdalis—oval, smooth, 
bright blue, green or 
black. 

Larvae tunnel 
between bark and 
wood; terminal 
shoot dies. 

Most  conifers, 
some hardwoods 

Less pitch or resin exuded 
than twig moths; no web- 
bing or larval castings; 
tunnels filled with boring 
dust. 

Sitka spruce weevil Pissodes strobi Adults are light to dark  Same as above 
(Peck) brown weevils, 3/16 inch 

long,  curved beak; oval 
shaped. 
Larvae are same as above. 

Primarily sitka 
spruce 

Prevalent; serious injury; 
difficult to control; trees 
2-8 inches in diameter 
and 5 to 25 feet tall most 
susceptible. 

Lodgepole terminal  Pissodes terminalis See twig weevils above 
weevil Hopping 

Same as above Lodgepole pine Particularly destructive 
in open grown stands of 
young lodgepole pine in 
California. 

Pitch moths Dioryctria spp. Adults are blackish-gray, Larvae  bore  into  Pines, Douglas-  Entrance to tunnel has 
golden brown,  or gray cambium of trunk,  fir,  true  firs,  webbed larval castings; 
moths; branches,   twigs  spruce 
Larvae are brown,  red- and fresh  green 
dish or pinkish cones, 
caterpillars. 

often a large flow of pitch. 
Serious injury or death of 
affected parts or entire 
tree. 

Pine shoot or cone 
moths 

Eucosma spp. Larvae are small caterpil- Larvae   bore  Pines  and en- 
lars about % inch long at through pith of ter-  gelmann spruce 
maturity; European pine minal  shoots and 
shoot moth larvae is red- leaders and  into 
dish-brown with a black cones and seeds of 
head. Adult moths of vari- various conifers, 
ous colors. 

Dead lateral shoots droop; 
terminal leaders short- 
ened but seldom killed; 
may bore through cones 
and seeds. 

Twig-infesting bark 
beetles 

Scolytidae 

Pine tip moths Rhyacionia spp. 

Adults are small brown to  Mine  new or old  All trees 
black beetles; Larvae are  twigs, branches, or 
small, white, curled. shoots. 

Adults are small, yellow,   Caterpillars start  Pines 
gray, or reddish-brown  feeding at tips of 
moths.   Larvae   are  shoots, burrow into 
caterpillars. buds and down into 

new growth. 

Attack on living trees in- 
dicated by small pitch 
tube or exudation of fine 
boring dust at point of 
attack on twig. Small, 
uniform width egg tun- 
nels, free from boring 
dust; larval tunnels 
packed with boring dust. 

Resinous exudation at 
point of attack; do not 
form pitch nodule on 
stem; trees seldom killed 
but often deformed or 
retarded. 

Grasshoppers Acrididae Defoliators All trees Can seriously damage a 
plantation; most trouble- 
some near grassy or agri- 
cultural fields. 
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Reproduction weevils 
Douglas-fir twig Cylindrocopturus     Small  angular,  1/16-1/8  Attacks and kills     Douglas-fir 
weevil fumissi Buchanan   inch long; see twig scattered small 

weevils above. branches on open- 
grown Douglas-fir 
reproduction. 

Kills trees less than 5 feet 
tall; deforms or retards 
larger trees. Natural con- 
trols include host resist- 
ance, competition for 
food, abundant parasit- 
ism. No artificial control. 

Pine reproduction 
weevil 

Cylindrocopturus 
eatoni Buchanan 

See twig weevils above Adults puncture 
needles and thin 
bark on stems. 
Larvae mine sub- 
cortical area, caus- 
ing tree to die. 

Pines Some individual pines are 
resistant; resistant hy- 
brids being developed. 



Appendix F. Sample Regeneration Stocking Forms 

The U. S. Forest Service, Region 6 (Portland), 
reforestation stocking survey form and its in- 

structions are pictured on pages 244 and 245. The 
form itself is available from the Forest Service. 

The Oregon State Department of Forestry uses 
the stocking survey format beginning on page 246 to 
determine effective stocking levels on State Forest 
Lands. This technique is an adaptation of the 
distance survey method described in Chapter 11. 

"The stocking survey technique described in 
State Department of Forestry Directive 6-1-1-316, 
page 265, is used by the State Department of 
Forestry to determine if private-owner forest lands 
meet the minimum stocking criteria after harvest as 
set forth in the Oregon Forest Practices Act (see 
Appendix A). This technique is one form of the 
distance survey method described in Chapter 11." 



INSTRUCTIONS - Reforestation Stocking Survey Form 

Survey data should be recorded on the Reforestation Stocking Survey, 
Form R6-2470-105.  It may be necessary to make a distinction between 
trees of planted, seeded, and natural origin, or between tree species. 
Therefore, a space is provided to make these distinctions.  A map should 
be made on all Systematic Surveys. 

1. Head of Form - Self explanatory. 

2. Column 1 - Line or plot number or both example: 1-4 would be 
line 1, plot 4. 

3. Column 2 - The total number of trees on the plot. 

4. Column 3 - The tree specie on the plot.  You can list the tree 
species by groups (TF = true firs) or you can iuse more than one line 
to list the different species.  The main species to list are those 
considered as crop trees. 

5. Column 4 - Record only the number of planted trees; the rest 
will be considered as natural. 

6. Column 5 - Record the number of acceptable crop trees on the plot. 

7. Column 6 - Record the number of crop trees deficient or needed 
to stock the plot to the recommended level.  This considers the stock- 
ability of the plot and reduces the number of crop trees required for 
the plot to what the plot will actually support. 

8. Column 7 - Record the number of trees that are excess or cull 
on the plot. 

9. Column 8 - Record the stocking class for each plot.  A nap 
should be drawn on the back showing the location of each stocking 
class.  This will also be used to determine the acreage for each class. 

10.  Columns 9, 10, 11, and 12 - These columns are for recording 
the results of animal impacts.  Assign an animal to each column A, B, 
C, and D.  Example: A = deer, B = porcupine, C = mice, and D ■ rabbits. 

The number of crop trees damaged will be recorded in the column. 
The damage will be considered only when it is unacceptable. An 

A will be entered when there is use but at an acceptable Level. 

When a tree is found with more than one type of animal damage, It will 
be entered only for the animal that Is most significant.  Damage will 
be considered unacceptable when there is danger of reducing the crop 
trees per acre below the recommended stocking level. 

Gopher activity will be tallied by the presence of active mounds and 
by crop tree damage.  A "C" will be put in the column when there are 
active mounds on the plot followed by the number of crop trees damaged. 
A "C in the column means active mounds but no crop trees damaged. 

11. Columns 13, 14, and 15 - Assign a vegetation specie or specie 
group to each column and record the number of crop trees being sup- 
pressed by each species or specie group of vegetation.  The trees 
will be considered suppressed when the growth is less than minimum 
acceptable established for the Forest.  Cull and excess trees are not 
tallied even though suppressed by vegetation.  Enter an "A" when there 
is vegetation competing but no crop trees are suppressed.  This will 
aid in preparing a map for vegetation control. 

12. Column 16 - This column can be used to record disease on crop 
trees.  The crop trees affected should be recorded in either case. 
This column may also be used for recording average tree heights or 
another brush species. 

The identification of an animal, rodent, climatic, vegetative, disease, 
or any other agent causing unacceptable delay in establishing a new 
stand is essential to developing suitable corrective measures.  Dif- 
ficult identification problems should be referred to the Regional 
Office, Division of Timber Management.  In some cases, when damage 
cannot be traced to a specific causative agent, detailed or refined 
studies or surveys may be required. 

13. Unit Summaries - 

Stocking - Summarize plot data for acreages within project 
areas, or for mapped out portions, and determine classification and 
trees per acre of each area.  Use the same stocking symbols as were 
used for each plot.  This will pinpoint the areas needing work. 

18 1 
ft 

1 
en 

The following animal codes are recommended, but additional ones may be 
used and identified on the card. 

B = Bear 
D = Deer 
E = Elk 

GK = Gopher Mounds 
Lc = Livestock (cattle) 

Ls = Sheep and goats 
M = V.lce 

Hb = Mountain Beaver 
P = Porcupine 
R ■» Rabbits 

Animal Impacts - Summarize for each animal showing the number 
and percentage of crop trees damaged.  A recommendation for the necessary 
action should be made along with the necessary plans for control. 

Vegetation - Summarize for each vegetation specie or specie 
group showing the number and percentage of crop trees being suppressed. 
This is the basis for brush or vegetation control. 
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Directive 
STATE FOREST STOCKING SURVEYS 3-2-2-505 

OBJECTIVE 

To establish a uniform stocking survey system for State Forests. 

SITUATION 

Directive 3-2-2-504, Conifer Stocking Levels for Reforestation 
and Rehabilitation Operations on State Forests, approved use of 
nearest tree sampling for State Forests and noted that other 
methods such as stocked quadrants, fixed radius plots, zig-zag 
transects etc. are no longer authorized for final stocking surveys. 
This directive outlines the procedure for such nearest tree sampling. 

Planting contracts calling for other methods.of plantation survival 
checks should continue to be checked by those methods.  These methods 
are valid and should be continued.  Also, quick checks of animal 
damage should be made by present methods. 

Forest Practices Act regeneration checks use a nearest tree sampling 
method.  That procedure is modified in this directive to simplify 
the procedure and to generate statistics of direct relevance to 
State Forest reforestation practices and operations. 

The statistics generated by this procedure will correctly portray 
effective stocking and distribution.  These statistics will be 
specifically referred to in a future revision of Directive 3-2-2-504. 

This procedure will not work for measuring overstocking as an index 
of precommercial thinning need.  A separate procedure will be 
developed for that in the future.  In the meantime, nonquantitative 
walk-thrus or any type of fixed plot sampling, may be used to determine 
precommercial thinning need. 

STANDARDS 

Stocking surveys are to be carried out on each sale area and rehab 
area until satisfactory stocking with established conifers is 
assured.  The procedure described in this directive is to be used. 
Stocking will be measured by the percent of area satisfactorily 
stocked and effective trees per acre.  Stocking surveys should also 
be carried out on areas of questionable stocking which may be candidates 
for rehabilitation and interplanting. 

Each stocking survey should result in (1) an indication of assured 
stocking, (2) a planned date for resurvey or (3) a project or projects 
to be followed by resurvey.  Normally, more than one stocking survey 
will be needed on each area. 

RESPONSIBILITY 

Schedules for stocking surveys and analysis of results are the 
responsibility of reforestation foresters or management unit foresters 
depending on the District's organization. 
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Reforestation foresters or management unit foresters should review 
each completed stocking survey within one week of its completion. 

Reforestation foresters or management unit foresters should also 
insure that any status changes are entered into OSCUR records. 

THEORY 

Note:  The following theory is provided for background information. 
It's not necessary to understand the theory to carry out the procedure. 

Dr. Scott Overton of Oregon State University has developed a mathe- 
matical theory of stocking and tree distribution.  This theory lends 
itself to random point to nearest tree distance sampling.  Dr. Overton 
has shown that this type of sampling is considerably less biased than 
methods relying on quandrants, plots, or transects. 

The theory requires the choice of an assumed tree distribution 
pattern - random, rectangular, square or triangular.  Either square 
or rectangular is suitable for plantations, and can also be used on 
natural stands.  Research with British Columbia Douglas-fir has 
shown that plantation distributions of up to 2:1 rectangles will 
fully utilize the site.  Therefore we have chosen a 2:1 rectangular 
distribution for application in the State Forest system.  Such a 
choice gives a plantation the benefit of the doubt, but does not 
count all of the crowded trees in a natural stand. 

The theory measures "effective trees" only.  By counting only effec- 
tive trees the theory produces a minimum estimate.  This is suf- 
ficient for decidina whether a stand is satisfactorily stocked but 
does not allow an estimate of total overstocking. 

Basic mathematical theory 

If trees are rectangularly distributed with a distance of 2x between 
rows and 4x between columns, 

* •     •     •     • 
3 
Jr • • •    • 

we can show:  (a) that each tree occupies an area of 8x2 

(b) that the maximum distance from any point to the nearest tree is 
i5   x 

&  •     •     • 

•     •     •     • 

•     •     • 

«<§ 
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and (c) that the median distance from a series of points is 1.16564 x. 
(This latter distance is calculated by calculus and statistics and is 
intuitively acceptable) . 

•^ 
r/ \ 

We can add units to these relationships by noting that the area 
occupied by each tree is: 

43560 square feet per acre 
n trees per acre 

2 
Setting this equal to 8x  and solving for x we have 

43560 ■U4356 
¥  Sn 

And using x we have the median distance as 

1.16564  "1/^43560 V 8n 

and  the  maxi*M/M distance   as 

•\/4 3 56( 
i       Sn 

These distances are given for various trees per acre values in the 
tables attached to this directive. 

Nonstocked Theory 

If we define a given number of well distributed trees as a standard 
(e.g. 150 trees per acre, the FPA standard for most State Forest land) 
and further define this to mean on a 2:1 distribution or better, we 
can compute the percent of the area that is nonstocked.  Note that 
any random point that falls further than -JIT l] 4 3560 (13*5 feet for 150 

V  8n 
trees per acre) is in an opening of 27 feet or more in diameter. 

The portion of such an opening that is farther than 13^ feet from 
the nearest tree is nonstocked by our standard.  The percent of all 
points beyond the maxium distance represents the percent of the area 
that is nonstocked.  This percentage can be directly converted to 
acreage. 

/ non-stocked area 

/ 
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Effective Tree Theory 

A fully effective tree is one which is at the center of a rectangle 
formed by the four nearest trees.  Effective trees are fully counted 
by nearest tree sampling. 

effective tree 

A completely non-effective tree is one which is immediately adjacent 
to another effective tree.  Such trees are not counted by nearest 
tree sampling since they do not affect the median distance. 

- ^. one of these two trees is 
• •  effective; the other is 

non-effective 

A partially effective tree is one located between the two extremes 
noted above.  Such partially effective trees affect the median in 
proportion to the square of their relative distance from an effective 
tree.  As such they are partially counted. 

partially effective trees 

The estimate of effective trees given by nearest tree sampling is 
the sum of effective trees (each counts one) and partially effective 
trees (each counts as a fraction from 0.01 to 0.99 depending on 
location). 

Effective tree theory means that crowded trees are counted only if 
they are on a regular pattern. 

e.g. desired: •  •  •  • 
(effective trees = total trees) •  •  •  • 

•  •  •  • 

crowded in a regular pattern 
(effective trees  = total trees) 
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crowded off a regular pattern       • • • • • 
(effective trees < total trees) 

• • • • • • 

•• • • • • • 

This means that the effective tree per acre estimate will be either 
equal to or lower than the total trees per acre.  A high estimate will' 
signal a need for precommercial thinning, but a low estimate does not 
necessarily mean that precommercial thinning is not needed. 

Conversely, crowded trees out of pattern will not substitute for 
unstocked openings to yield an erroneous average. 

Statistical Error and Sample Size 

Dr. Overton has indicated that the estimate of the percentage non- 
stocked and stocked is more sensitive to sample size than the estimate 
of effective trees per acre.  The standard deviation of this estimate 
is: . —. — 

-i / (percentage nonstocked)  (percentage stocked 
S.D.= y number of points 

The standard deviation is maximized when percent nonstocked is 50%. 
The standard deviation is zero when percent nonstocked is zero or 
100%. 

A sample of 50 points will give a standard deviation of 5% in 15% 
nonstocked stands and 7% in 50% nonstocked stands. 

5)  (.85) 
S.D. 1=  y     50 

S.D. 

S.D. 2= 

S.D.       7% 

The 95% confidence level calls for a range of plus and minus two 
standard deviations. 

This means that a sample of 50 points will give an estimate that is 
within + 14% at the worst case and within + 10% at the more normal 
15% nonstocked level.  Therefore this sample size is adopted in the 
procedure described here.  (Note that the abbve percents are percent 
nonstocked, not a percent of the estimate). 

PROCEDURE 

Refer to form number 320-205 (Attachment 1), form number 320-205a 
(Attachment 2), tatum aid (Attachment 3).  An example form and 
sketch map is shown in attachment 5. 
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Note:  Formal stocking surveys are not needed where stocking is 
obviously satisfactory or obviously non-satisfactory.  For record 
keeping, the front page of Form 320-205 can be directly filled out in 
these cases. 

1. Stratification 

Areas which are distinctly non-homogeneous should be stratified 
into two or more homogeneous sub-areas.  Where this is necessary 
perform the following steps and fill out a form for each sub- 
area.  Also make a sketch map showing the sub-areas and estimate 
the acreages of each.  This sketch map can be on an Exhibit A, on 
form 320-205a or on a blank sheet of paper.  Hardwood stringers 
that are typed as OSCUR other cover and were not targets for 
conversion should not be surveyed.  Indicate these on a sketch 
map and skip them in sequencing points. 

Stratification depends on individual judgment.  Unnecessary 
stratification will increase workload.  A failure to properly 
stratify will result in an incorrect estimate of effective trees 
per acre but will not change the estimate of unsatisfactorily 
stocked area. 

2. Field Measurements 

Work back and forth across the stratified area on lines along a 
cardinal compass direction or perpendicular to a slope.  Stop 
at intervals,  offset according to the tatum aid table, and measure 
the distance to the nearest established conifer.  Do not measure 
hardwoods!  Record distances by distance class and as to whether 
the established tree is overtopped or free to grow.  Use the 
following procedure to determine free to grow.  If there is no tree 
within 13 1/2 feet record it as 13 1/2 feet +.  Double check the 
point before doing thisl  On nonstocked points, record the point as 
either stockable or nonstockable.  Nonstockable points are those 
in which the entire 27 foot diameter circle is rock or dense slash 
prohibiting planting.  Do not record situations which can be 
changed i.e. dense brush as nonstockable. 

Carefully search each point.  Failing to find and measure the nearest 
tree will introduce serious error.  Most field time and work will 
be spent on traveling to the points.  Therefore take all the time 
needed on the points themselves. 

A 5 or 6 foot stock, marked at 1 foot intervals, a loggers tape, 
or a clothesline with knots or tape at one foot intervals will 
be helpful.  If "eyeballing" distances check your eyeball at 
frequent intervals. 
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Determining Overtopped vs* 
Free to Grow Trees 

Project a cone upward from the tree 

If 2/3 of the cone is blocked by shrubs, the tree is overtopped. 
Otherwise it is free to grow. 

If 1/3 of the cone is blocked by hardwood canopy, the tree is 
overtopped.  Otherwise it is free to grow. 

If the nearest tree is overtopped, but there is a free to grow tree 
within several feet and within the 13 1/2 foot distance, ignore the 
overtopped tree and measure the distance to the nearest free to grow 
tree. 

The following table gives acceptable grid patterns.  Start pattern 
one half of the distance between lines and 1/2 of the interval 
distance in from a corner of the area to be stratified.  Any alterna- 
tive pattern is acceptable provided that it covers the area and gives 
50 points or more for the area. 

Table 1.  Acceptable Grid Patterns 

Strata of less than 4 acres: 

lines 1 chain apart 
intervals of 1/2 chain 
(will give 0 to 80 points) 

Strata of 4 to 6 acres: 

lines 2 chains apart 
intervals of 1/2 chain 
(will give 40 to 60 points) 

Strata of 6 to 12 acres: 

lines 2 1/2 chains apart 
intervals of 1/2 chain 
(will give 48 to 96 points) 

*Procedure suggested by Professor Michael Newton, Oregon State Univer- 
sity; personal communication, 1976.  This procedure should only be 
applied to Douglas-fir.  Almost all western hemlock can be considered 
free to grow. 
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Strata of 12  to 25 acres: 

lines 5 chains apart 
intervals of 1/2 chain 
(will give 48 to 100 points) 

or 
lines 2 1/2 chains apart 
intervals of 1 chain 
(also will give 48 to 100 points) 

Strata of more than 25 acres: 

lines 5 chains apart 
intervals of 1 chain 
(will give you 50 points) 

3. Sketch Mapping (Optional) 

A sketch of stratified areas, as discussed under number 1 above, 
is always required.  A sketch of conditions within a strata 
or area is not needed to carry out the survey.  However, such 
a map may be desired to guide follow-up work.  If desired such 
a map should be prepared as the field measurements are made. 

An Exhibit A map, a photo, a blank sheet of paper or form 320- 
205a may be used as a sketch map base.  Form 320-205a has dots 
for the points visited on any of the following grid patterns: 
2 1/2 chains x 1/2 chain, 2 1/2 chains x 1 chain, 5 chains x 1/2 
chain, and 5 chains x 1 chain.  Thus it is not necessary to draw 
travel lines on from 320-205a.  If another map base is used 
indicate the grid of points used. 

Sketch mapping instructions are summarized on the Stocking Survey 
Tatum Aid.  These same instructions can be used on other map bases. 

It is also possible to use form 320-205a in the field and then 
transfer the information to an Exhibit A map, photo or other base 
in the office.  This will allow editing after the full survey 
information is gathered. 

4. Calculations 

A. Total the number of tally marks in each row. 

B. Sum the subtotals of the rows above the line. 

C. The total of tally marks in the 13 1/2 plus row is also a 
subtotal. 

D. Add the three subtotals for a grand total. 
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Calculate the percentages by dividing the subtotals by the 
grand total.  Enter these percentages on the front page. 

Calculate the median in feet.  Convert this to trees per acre 
by using the tatum aid table and enter the trees per acre value 
on the form.  Note that the median is calculated from the 
distances less than 13 1/2 feet only! 

It is difficult to explain how to calculate the median.  However, 
once the procedure is understood it is easy to quickly calculate 
the median. 

The median is defined as the central number of a series of 
numbers arranged from smallest to largest.  Only by accident is 
is it equal to the mean or average. 

Where n is even this will be a fraction signaling using the 
average of the number in front of it and the number behind it. 

Usually this will only isolate the median to a range e.g. 4' 
to 5'.  Calculate a decimal equivalent by noting the position, 
of the median in the range and the number of samples in the 
range and fractioning. 

example 
range pc dnts 

O'^' 2 

2,-3, 3 

S'-^' 5 

4-_5» 2 

s'-e- 1 

etc. 
subtotal" 13 

range points 

O'^' 3 

2,-3, 4 

S'^' 3 

4>_5. 7 

5'-6' 1 

etc. 

13 + 1 
median is the     2  = 7th number 
this is in the 3* to 4* range 
and is the second of five, hence 
the median is 3 2/5 or 3.4. 

18 + 1 
median is the    2   =9 1/2 
number; this is the average of 
the 9th and 10th number and is 
in the 3' to 4' range and is the 
average of the second and third 
of the three numbers.  As a frac- 
tion this is 3 and 5/6 or 3.8. 

subtotal  ig 
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G.  Fill in the remainder of the form including heading and remarks. 
Age and average height is a general estimate based on what you 
have seen.  Animal damage, competing vegetation plantable area 
and other remarks are non-quantitative estimates.  Treatment 
recommended is based on the survey.  In many cases the survey 
will only identify and quantify the problem and further investiga- 
tion will be needed to determine the treatment recommended.  In 
these cases indicate the need for such a check.  Resurvey 
recommended depends on the degree of establishment.  If it should be 
resurveyed in 1, 2, or 3 years so state.  If it is the final survey, 
so state. 

4. Optional Procedures 

A. Calculating total effective trees per acre 

The preceding procedure calculates trees per acre for the 
satisfactorily stocked area only.  If an estimate of trees 
per acre on the total area - satisfactorily stocked and un- 
satisfactorily stocked - is desired calculate the median 
from all the rows instead of just those below 13 1/2 feet. 

B. Calculating the area unsatisfactorily stocked at a different 
standard than 150 trees per acre. 

The preceding procedure will calculate the percent of the 
area satisfactorily and unsatisfactorily stocked at any 
trees per acre standard.  To use a different standard: 

1. Refer to table of maximum distances (attachment 4); 
read the distance for the desired standard. 

2. Ignore the horizontal line on the form between values 
less than 13 1/2 feet and 13 1/2 feet plus.  Redraw this line 
at the new maximum distance.  Then calculate the percents 
above and below the line. 

3. If the desired standard is less than 150 trees per acre 
it will be necessary to tally tree distances up to the 
new maximum distance.  Add to the form distance ranges 
of 13 1/2', to 15', 15' to 16 l^', 16 1/2' to 19', 19' to 
23 1/2' and 23 1/2+ as necessary. 

C. Making a quantitative estimate of animal damage and/or competing 
vegetation 

The nearest trees are a quasi-random sample.  If each is 
recorded as damaged or not or as in the presence of competing 
vegetation or not, percents can be calculated. 
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D.  Providing species breakdown. 

Instead of tally marks in the rows, species can be recorded 
by letter symbols.  Percent of each will give a species 
breakdown. 

OSCUR Updating 

Stocking survey results should be directly entered into OSCUR 
records. 

A. OSCUR cover type islands may not match strata.  If signific- 
antly different strata were encountered redraw the OSCUR 
boundaries to match the strata. 

B. Strata with 40% or more satisfactory stocking contain main 
cover conifer.  The main cover conifer, percent is equal to 
the percent with free to grow trees plus the percent with 
overtopped trees, if a release operation is planned.  The 
percent nonstocked is other cover brush, grass, hardwood 
or rock.  To enter these in OSCUR round to the nearest 10%. 

C. Strata with less than 40% satisfactory stocking are main 
cover brush, grass or hardwood.  In these stands the percent 
satisfactory stocking is other cover conifer.  Again, round 
to the nearest 10%. 

D. Record effective tree per acre estimates in OSCUR.  Put 
a capital E in front of the estimate to distinguish effec- 
tive trees per acre from total trees per acre e.g. E350. 
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Attachment   1  p   1 
Form  3-2-0-205 

STOCKING  SURVEY 

Sale or Rehab Area Number: 

Portion if Stratified  

Acreage  Location  Section Twp R 

Survey Date Surveyed by:_ 

Summary Report: 

 %  of area is satisfactorily stocked with free to 
grow trees; 

 %  of area is stocked with overtopped trees 
needing release; 

%   is not stocked and is stockable; 

%  is not stocked and is nonstockable. 

The stocked area averages effective trees per acre. 

Average age is ; average height is . 

Treatment recomnended: 

Re-survey recocmnended: 

Comments: Animal damage: 

Competing vegetation: 

Other remarks: 

6Z9'. Form 3-Z-0-205 



258 Regenerating Oregon's Forests 

Attachment   1  p.   2 

Portion(s) if Stratified: 

Distance to 
Nearest Tree Free to Grow Over-topped 

0-2 

2-3 

3 - <• 

i* -  5 

5 - 6 

6 - 7 

7 - 8 

8 - 9 

9 -  10 

10 -   11 

11   -  12 

12 -  13.1/2 

Subtotals: 

%  satisfactory ^satisfactory 

Stocked/free to Grow.   Stocked but overtopped 

13.1/2 + 

Subtotals: 

%  non-stocked 

but stockable 

Total: 

Median distance to nearest tree: ft= 

_£ not-stockable 

 4rooG— 

trees/acre 
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Attachment 2 
Form 3-2-0-205a 
Op tional<-Stocking 
Survey Sketch Map 

STOCKING SURVEY  MAP 

Sale or Rehab Area & Number 

Scale: 

I—I" 

6 29: Form 3-ZO-20 5 a 



260 Regenerating Oregon's Forests 

STOCKING SURVEY  1ATUM AID 

Attachment 3 
Form 3-2-0-205 
Stocking Survey 
Tatum Aid 

Random Number List 

Offset distance (ft) to right (R) or left (L) of line, of 
travel to establish sample point.   If more than 20 points 
are needed,  repeat beginnings with point No. 1 for Numbers 
21,  1)1,  61,  81,  et cetera. 

Point 
No. 

Offset P°int  Offset 
No. 

Po i n t   „ . , 
Offset 

No. 
Point 
No. 

16 

Offset 

1 R5 6      Ll II     R5 Ll) 

2 Ll) 7     R6 12     Ll 17 R10 

3 RIO 8     L8 13    R3 18 L7 

1) L9 9     R3 14    L9 19 R2 

5 R7 10    L2 15    R6 20 L8 

SKETCH MAP INSTRUCTIONS 

Indicate North direction 
and landmarks 

Sketch boundary of area 
and strata 

Outline non-stocked areas 
Slash points (/) to keep 

track of location 

Circle non-stocked points 
Leave blank if plantable 
Cross-hatch for brush/alder/ 

heavy grass 
Shade for heavy slash that 

would prevent planting 

Con version  of Median to 

_ Effective Trees Per Ac re 

Median Tr./Ac re Median Tr./Acre Median Tr./Acre 

12.2 50 5. <> 250 3.8 500 

9-9 75 5.2 275 3-5 600 

8.6 too 5.0 300 3.3 700 

7.7 125 i).8 328 3.0 800 

7.0 150 4.6 350 2.9 900 

6.5 175 4.1) 375 2.7 1,000 

6.1 200 4.3 400 2.2 1.500 

5-7 225 4.1 450 
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ALTERNATE BREAKING POINTS 

Attachment 4 
Form 3-2-0-205 

maximum distance 

23. .5' 
19. .0' 
16. .5' 
15. .0' 
13. .5' 
12. .5' 
11. .5' 
10. .5' 

9, .5' 
9. .0' 
8. .0' 

effective trees per acre 

50 
75 

100 
125 
150 
175 
200 
250 
300 
350 
400 
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EXAMPLE Attachment   5  p.   1 
Form   3-2-0-205 

STOCKING     SURVEY 

Sale or  Rehab Area   /ty///rf/^f?/tSzr'^/Number:  /%>-/ 

Portion   if Stratified     •^^'7^    /-%&**/     

Acreage     /fip       Location A/M/yftSeztion /£o   Twp 7S R ^?M/ 

Survey  Date a-/&'7£> Surveyed by:    ^\A   rftfr/   £ fi>  

Summary Report: 

£\-£*        % of area   is  satisfactorily stocked with  free  to 
grow trees; 

/ £f       % of area   is  stocked with overtopped  trees 
needing  release; 

Jfc /       %   is  not  stocked and   is  stockable; 

——        %   is  not  stocked and   is nonstockable. 

The stocked area averages ^fifoLS     effective trees per acre. 

Average age  is jj /l~   ;  average height  is    jLs . 

Treatment   recommended:    /^^^^a.nf"^^^&U 

Re-survey   recommended: ^fj^^^     <=^>imtf   &**</ 

 /v^/^/y/"  
Comments:   Animal   damage:       ^^/pJttf&-  

Competing  vegetation:    yQ^/fcg/g    3-/cr^'** 

Other   remarks:   

629 : Form  3-2.-0-205 
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EXAMPLE Attachment   5  p.   2 

Portion(s)   if Stratified: 

Distance to 
Nearest Tree Free  to Grow Over -topped 

0 -  2 
*& 5" // ^ 

2 -  3 &r/ 6> /// 3 
3 -  it /#f r & 

>* -  5 // z // Z 
5 - 6 /J&/// J 
6 -  7 / / /// 3 
7 - 8 // & 

8 - 9 // 2~ / / 

9-10 / / 

10 -   11 

11   -   12 / / / / 

12 -   13.1/2 // z. 
Subtotals: 3Ce /z. 

STS    % satisfactory    /<g    ^satisfactory 

Stocked/free  to Grow.       Stocked but overtopped 

13-1/2 + /0/Aaf4W/// 
Subtotals: /& 

** f       %  non-stocked 

but stockable 

Total: &>£> 

% not-stockable 

&*6 
Median distance to nearest tree: "^.S"      ft=j^>£> trees/acre 
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Attachment 6 
Form 3-2-0-205 

STOCKING  SURVEY     MAP 

Sf Aff/J/ta/Sktr*/ 
Scale 

/        Sale or Rehab Area 6 Number 

6 29'. Form 3-ZO-20 5 a 
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DIRECTIVE 

OREGON FOREST PRACTICES ACT -1-1- 
REGENERATION SURVEYS 

PURPOSE. 

This directive establishes a uniform survey system for determining com- 
pliance with FPA rules relating to reforestation. 

AUTHORITY. 

Oregon Forest Practices Act (FPA), ORS 527.680; 
Forest Practice Rules, OAR 24-400 through -404 (Eastern Region) 

OAR 24-500 through -504 (Northwest Region) 
OAR 24-600 through -604 (Southwest Region) 

THE SURVEY SYSTEM. 

The system involves two basic procedures:  1) an ocular estimation of 
stocking to eliminate obviously stocked areas from further examination; 
2) a further examination of questionable areas employing a uniform sam- 
pling system developed for use in homogenous areas having either regular 
(plantation) spacing or random stocking distributions. The two 
procedures are described in this directive. 

I. Ocular Stratification 

A. As a means of minimizing field time, use the best current mapping 
available to delineate boundaries of each operation area, and the 
boundaries of all areas which are obviously stocked. Such areas 
will include: 

\.    Partial cut areas in all regions, where stands,of trees 11" 
DBH and larger are equal to at least -- 

a.  25% crown closure, or 
ft.  80 square feet of basal area per acre; 

2. Partial cut areas within the Southwest Interior Subregion, 
where with prior approval, not more than 40% of the basal 
area has been removed in any previous five-year period, 
residual stands of trees 11" DBH and larger are equal to 
at least -- • 

a. 15% crown closure, or 
b. 40 square feet of basal area per acre. 

3. Any areas on which residual stands of trees 11" DBH and lar- 
ger are below the levels specified in (1) and (2) above, where 
the stocking of established seedlings, saplings, and in the 
Southwest Region, larger trees equals or exceeds -- 

a.  150 per acre in the Northwest Region; or 
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b.  100 per acre in the Eastern and Southwest Regions. 

B. Stratify those areas which are not obviously stocked into units 
which appear to be homogenous in stocking. The sampling system 
is strongly dependent on careful stratification into such units. 
Ten acres is a practical minimum size unit for such stratification. 

C. Exemptions of "forest land" from stocking requirements vary among 
regions. 

i. Eastern Region; None (except those ownerships smaller 
than 11 acres in one contiguous tract are exempt). 

2. Northwest Region: None 

3. Southwest Region: Exempts areas smaller than 5 acres in 
one contiguous unit, with the limitation that at least 
70% of an operation must meet the stocking standard. 

TI. Sampling within units which are not obviously stocked 

A. Sampling must be done in each area which is not obviously stocked. 
Two situations are possible in classifying an area as not obviously 
stocked-*either the crown closure or basal area is in question, or 
the number of seedlings and saplings. For this reason a sampling 
system has been designed to permit determination of (1) the % crown 
closure or basal area per acre of residual trees 11" DBH and larger, 
and (2) the number of established seedlings and saplings per acre. 

R. Estimating the number of seedlings and saplings per acre 

1. Number of sample points required. A sequential sampling system 
is used to estimate density of seedlings and saplings.  It may 
be used in regular (plantation) spacing, or in random distri- 
butions such as is found in naturally or artificially seeded 
areas.  Sequential sampling allows the examiner to stop after 
each field observation and determine, on the basis of the 
accumulated results, whether or not to continue sampling. 

2. Reliability of results 

The system requires that: 

a. Each area to be examined must be homogenous with regard to 
density of stocking, to use this sampling system effectively. 
Too much variation among samples will produce meaningless 
results. 
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b. Observations must be made from randomly selected points 
A procedure built into the system provides the degree of 
randomization needed to overcome personal bias in sample 
point selection. 

Steps in the sampling procedure are: 

a. Select a route to travel across the area to be 
examined --a compass course, or a landmark 
visible from any point along the route. 

b. Choose a predetermined distance between sample points 
To permit maximum use of time in observations rather 
than in travelling between sample points, this distance 
should ordinarily not exceed 1/2 chain (33 feet). 

c. Select a starting point near the edge of the area to 
be sampled.  Using the random number table provided, 
offset from the line of travel the distance in feet 
indicated by the first random number to establish the 
first sample point. 

d. Determine and record the distance to the closest established 
seedling or tree of acceptable species.  Keep in mind 
regional variations: 

Eastern Region:  Count seedlings or saplings 
of "acceptable" species (exclude Incense 
Cedar and Juniper). 

Northwest Region:  Count seedlings on saplings 
of "acceptable" species (exclude hardwoods on 
conifer sites unless an alternate plan is approved). 

Southwest Region: Count seedlings, saplings or 
larger trees (exclude hardwoods on conifer sites 
unless an alternate plan is approved). 

Accurate measurements are essential.  Mark the sample 
point, and measure the distance to the closest tree by 
use of a tape. For simplicity the survey report form 
provides for recording only at 1-foot intervals. 
Example:  A "Closest tree" measured to be 5.3 feet 
should be tallied as "within 6 feet."  (This is not 
the same as the "nearest" foot, which in this case 
would have been 5 feet.) 
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The number of trees per acre is derived 
from the "distance to closest tree" 
measurements. The 100 tree per acre 
standard corresponds to a 13.0 foot distance 
to closest tree; for 150 trees per acre, the 
distance is 10.62 feet. 

"Distribution" is determined on the basis of the 
percentage of the area that is estimated to have 
at least 100 or 150 trees per acre.  To be "well 
distributed," the minimum required number of 
trees per acre must occupy at least 70% of the-area. 

The system can be adapted to other stocking standards 
by using the "limiting distance" which corresponds 
to a given number of trees per acre. Assuming 
optimal spacing, the limiting distance for a given 
number of trees per acre may be computed by the 
formula: 

(1) area per tree = 43,560/trees per acre = (sq. ft. per tree) 

(2) limiting distance = (1.16)-t/area per tree  _ 
V 3.464     = teet 

Example: 

for 50 trees per acre, 

(1) area per tree = 43,560/50 = 871.2 sq. ft. 

(2) limiting distance = (1.16)-i/871.2 . jg 4 fge^ 
V 3.464 

Limiting Distances for Various Stocking Levels 

For 100 tree/acre stocking, all trees within 13.0 feet 
150 
200 
250 
300 
400 
500 

10.62 
9.20 
8.23 
7.50 
6.60 
5.80 



270 Regenerating Oregon's Forests 

Where stocking information is desired in terms of 
average density of trees per acre, an estimate can 
be made in the field. The minimum number of sample 
points, which is set at ten (10) for measuring 
Forest Practices Act compliance, must be increased 
to at least thirty (30) for this purpose. 

Read the median, r, the number of feet corresponding 
to 50% on the "distribution" curve. This number 
translates into density of trees per acre in a 
different ratio for different distributions, using 
the formula, (d = trees per acre) 

Optimum Spacing  Square Spacing  Random Spacing 

d = 6932-5 d =    6934.8 d _ 9610.89 
r2 r2 r2 

A compromise between natural seeding and regular 
plantation spacing, accounting for realities of 
stocking, is the formula, 

d = 8000 

For greater precision, however, the numberator should 
be adjusted to correspond to actual distribution. 

Estimating crown closure and basal area of trees 11" DBH and larger 
In partial cut areas.  Where partial cuts leave residual stands 
which equal or exceed specified densities of stocking, no additional 
stocking of smaller trees, is required. These minimum stocking 
levels are: 

25%, based on estimated crown closure; or 80 square feet 
of basal area per acre, of trees 11 inches DBH and larger. 

Exception: within the Southwest interior subregion, 
subject to prior approval by the State Forester, if 
not more than 40% of the basal area per acre is 
removed during any one period of five successive 
years, the stocking may be reduced to 15% crown closure 
or 40 square feet of basal area per acre of trees 11" 
DBH and larger before the minimum of 100 well distributed 
seedlings, saplings or larger trees must be established. 

1.  Estimating Crown Closure 

A spherical densiometer is used for estimating overstory 
density.  The instrument consists of a spherically shaped 
reflector, which has a grid engraved on the surface. 
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Two models are available--the Model A, which uses the 
convex side, and the Model C, which uses the concave 
side of the reflector.  Similar results are possible 
from either model, but some differences in use must be 
observed. 

The convex surface has the limitation that measurements 
cannot be taken directly overhead since the reflection of 
the user's head appears on a portion of the grid. This 
model can be adapted to measure a wedge-shaped portion 
of the grid,  (see illustration). Seventeen observation 
points are within the wedge; each point has a value of 
approximately 6%.  (If all 17 points show crown cover, 
the crown closure would equal 17 x 6% = 102% -- a 2% error.) 

\ 
\ 

Observation, point 

\ 
\ 

v 
\ 
V* 

E        Standard position of eye 
reflection 

\ / 
\     /    Limit of wedge-shaped area 

*<- 

^* 

/' 

*-*- 

/ 

/ 

For most accurate results, four readings should be taken 
at each sample point, at 90° intervals.  It is important 
to keep the instrument level when in use, and to maintain 
the standard position of eye reflection. 
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The model C, with concave reflector, inverts the image 
of the overstory and thus the reflection of the 
observer appears on the far side of the grid. This 
makes possible a single measurement of crown closure 
directly over a sample point. 

In any case, crown closure is to be estimated on 
partial cut areas by using a densiometer whenever 
crown closure is not obviously above 25%. 

The regeneration survey sheet provides space for 
recording up to ten crown closure measurements. These 
can be taken from sample points established to measure 
stocking of established seedlings.  Provision is made 
on the survey form for computing the average crown 
closure for the area being sampled. 

2.  Estimating Basal Area 

For all three regions, 80 square feet of basal area per 
acre in trees 11" DBH and larger, is equivalent to 25% 
crown closure.  (The divergence varies with diameters, 
increasing from 4% at 24" DBH, to 33% at 12" DBH.) 

A wedge prism is to be used to determine basal area. 
The simple procedure described here, if carefully 
followed, will give accurate results. 

Size of Prism to use:  An average tree count of from 
four to eight trees per sample point is needed to assure 
accurate results. The more open the stand, the smaller 
the diopter prism will be reeded. For most residual 
stands which are not obviously above the 80 square feet 
per acre minimum, the 10, 15, or 20 Basal Area Factor 
(BAF) prism will give best results. 

Use of Prism: Measurements can be taken from sample 
points established for determining stocking of 
seedlings. 

a.  Hold the prism directly over the sample point. 
(As the observer turns, he should move around 
the point, making certain that the prism (not 
the observer) stays over the sample point. 
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b. Hold the prism at a height over the sample point 
that will measure each tree at its DBH.  The flat 
side of the prism should be at right angles, both 
vertically and horizontally, to the line of sight 
to each tree. 

c. Check each tree 11" DBH and larger, in a full 
circle around each sample point, (see illustration). 
Record the number of "in" trees at each point. 
Where brush or other object obscures a tree to be 
checked, the observer may move away from the 
sample point as long as the distance between the 
point and the tree is maintained. 

d. Check doubtful trees with a tape, using the table 
of limiting distances for the basal area factor 
prism being used. 

e. Computationof basal area per acre is to be completed 
„ on the regeneration survey report form.  It is the 

product of the average number of "in" trees per 
point multiplied by the Basal Area Factor. 

Incomplete offset 
(record this tree) 

 /;■ 

Borderline tree 
(check with tape) 

Complete offset 
(do not record) 

III. Determination of Results; follow-up on areas not in compliance 

A.  Areas which meet or exceed the following standards are in compliance: 
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1. Except in the Southwest Interior Subregion, where 
average stocking of trees 11" DBH and larger 
equals or exceeds (a) 25% crown closure; or 
(b) 80 square feet of basal area per acre; or 

2. Under certain conditions in the Southwest Interior 
Subregion, and subject to prior approval by the 
State Forester, where average stocking of trees 
11" DBH and larger equals or exceeds (a) 15% 
crown closure; or (b) 40 square feet of basal 
area per acre; or^ 

3. The minimum required number of seedlings and 
saplings (and, in the Southwest Region, larger 
trees) are found on at least 70% of the area. 

Areas which do not meet minimum stocking requirements are subject 
to legal actions as outlined on pages 2 and 3 of Directive 
6-1-1-316.  It is essential to include in the field survey a 
careful analysis of causes or reasons for the inadequate stocking, 
as a basis for determining regeneration treatments suited to 
specific situations. 
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STATE OF OREGON 
DEPARTMENT OF FORESTRY 

Examiner  
Date Examined 
Operation No.  
Sec.        Twp. 
Subd. '_ 
Acres 

Rge. 

1. TREES 
(a) 
Sample 
point 
no. 

» 11" § 
(b) 

BAF 
prism 
tree 
count 

LARGER 
Cc) 
Percent 
crown 
closure 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 

" 
(a) (b)    (c) 
(b) 4 (a) x BAF 
(c) ♦ (a) =    Average 

DISTR.   OP~5EED- 
LINGS   &   SAPLINGS 
Trees per acre 

oo o   oo o OO O    O to   o 
o m tO    fS> i-H   .-< 

100 

-.*_     r    ■J-T—\ J-»-    •, 

rt v u rt 

o 
4-> 
c 
a> 
u 
U 

a. 

75 

50 

-ft- 
mi e; 

-~i—«  -Jrt— -tit--— 

^ 

Form 6-1-1-106 
REGENERATION SURVEY 

2.  TRE 
(a) 
First 
tree 
within 

ft. 

ES LESS 
(b) 
No. of 
sample 
points 

THAN 11" DBH 
(c) 
Cumulative 
totals 

No. of 
sample 
points 

% of 
sample 
points 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
10-62 
11 
12 
13 
14 
15+ 

Sq. Ft. Basal Area per acre 
percent crown closure 

RANDOM NUMBER LIST 
Offset distance (ft) to right 
(R) or left (L) of line of 
travel to establish sample 
point.  If more than 20 points 
are needed, repeat beginnings 
with point no. 1 for nos. 21, 
41, 61, 81, etc.  
Pt.No. Offset  Pt.No. Offset 

1 R5 11 R5 
2 L4 12 LI 
3 R10 13 R3 
4 L9 14 L9 
5 R7 15 R6 
6 LI 16 L4 
7 R6 17 R10 
8 L8 18 L7 
9 R3 19 R2 

10 L2 20 L8 
Dist (ft) to closest tree 



276 Regenerating Oregon's Forests 

NOTES 

TREATMENT NEEDED: 

10   15   20   25   30 
No. of sample points 



Appendix G. Mycorrhizae1 

In nature, many kinds of beneficial dual organism 
partnerships exist among the plant and animal 

kingdoms. One of these beneficial relationships is 
between tree roots and specialized root-inhabiting 
fungi. The resulting structures which mutually 
benefit each organism are called mycorrhizae. The 
fungi alone are not mycorrhizae, but must be in 
combination with roots. The Greek word mycor- 
rhizae literally means "fungus-roots." In the nur- 
sery, trees may survive without mycorrhizae pro- 
vided pathogens are controlled and nutrients are 
adequate. In the forest, however, mycorrhizae are 
essential and indispensible for good root growth. 
Identification of mycorrhizae is based on the pattern 
of hyphae within cortical root tissue, and these 
patterns fall into three distinct classes. 

Most research with mycorrhizae on western for- 
est trees has been with the class called ectomycor- 
rhizae. The "outer" (ecto) mycorrhizae fungi grow 
internally only in and between the cortical cells of 
root tissue, where they form a mycelial network 
called the Hartig net. Externally, the mycelium 
forms a hyphal mantle around the feeder rootlet. 
Ectomycorrhizae come in a great variety of shapes 
and colors. The fungus mantle may be thick and 
cottony or nearly lacking and difficult to see. Mantle 
colors include shades of blue, yellow, black, white 
and brown. 

Many of the common mushrooms and puffballs 
that fruit in Northwest conifer forests in the fall are 
mycorrhizal-forming fungi. These mycorrhizae re- 
produce and reinfect soil by airborne spores when 
the mushrooms or puffballs fruit. 

Other species of mycorrhizae, such as truffles, 
reproduce underground. Small mammals may eat 
the truffles and spread the undigested spores over 
longer distances through excreted fecal pellets. 
Newly planted seedlings may benefit in this way. 

Ectomycorrhizal roots are often referred to as 
"short roots" and are multicellular. They arise from 
outer layers of root tissue, have no root hairs, root 
cap or region of elongation. "Long roots" arise from 
deeper tissue than short roots and have convention- 
al root hairs, root caps and a region of elongation. 

The other two classes of mycorrhizae are known 
as endomycorrhizae (inner) and ectendomycorrhizae 
(partially each type). The endomycorrhizae grow 
into the cortical cells where they form arbuscules or 
special absorbing hyphae. They "may also form 
vesicles and may be referred to as vesicular- 
arbuscular mycorrhizae, or VA for short. The Hartig 
net and mantle are absent in this group. The hyphae 

'Prepared by K. Russell, State of Washington, Department of Natural 
Resources. 

must be examined microscopically within the tissue 
to verify their presence. Occasional large spores 
may be produced and are useful aides in identifica- 
tion under the microscope. These mycorrhizae do not 
reproduce by airborne spores. They are'produced 
underground. 

The ectendomycorrhizae produce a Hartig net 
and mantle and grow into the cortical cells in a 
different manner than the endomycorrhizae. They 
have been observed in Pacific Northwest nurseries, 
but their significance, as well as species identifica- 
tion, is unknown (1). 

Benefits of Mycorrhizae 
Foresters are becoming aware of the importance 

and value of mycorrhizae on nursery seedlings. Most 
research has been done on ectomycorrhizae and the 
benefits described apply primarily to them. Mycor- 
rhizae benefit trees by (1): 

• Increasing the surface absorbing area of roots 
many fold, which improves water and nutri- 
ent uptake. Mycorrhizae serve as a trap, 
collecting nutrients and moisture and me- 
tering them to the tree seedling on demand. 

• Providing more selective ion absorption and 
accumulation. 

• Increasing the ability to select and accumulate 
ions, particularly phosphorus. 

• Increasing uptake and solubilization of low 
soluble minerals. 

• Increasing longevity of the feeder roots by 
producing specific growth regulators. 

• Providing barriers against pathogens which 
otherwise might reduce root quality or kill 
seedlings, especially in the nursery. 

• Increasing tree tolerance to soil toxins, ex- 
tremes of pH, and high temperature. 

Mycorrhizal fungi are extremely valuable in the 
nursery. Pythiums, Phytophthoras and other patho- 
gens may be kept in check by ectomycorrhizal roots 
with their protective mantle and Hartig net. These 
root-disease fungi tend to be "root nibblers," or 
fine-root feeders. Fibrous seedling root masses are 
best because they have more surface absorbing area 
than coarse root masses of similar weight. Ample 
mycorrhizae in fibrous root systems give a tremen- 
dous boost in surface absorbing area over non- 
mycorrhizal root systems. The mycorrhizae also 
keep root mortality down. 

Soil fumigation, a common nursery practice, not 
only kills weed seed, nematodes, and pathogens, but 
also kills beneficial mycorrhizal fungi. Fortunately, 
most Northwest nurseries have good populations of 
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ectomycorrhizal fungi and natural repopulation of 
fumigated soil by airborne spores normally occurs 
over a growing season. 

Endomycorrhizae do not reproduce from aerial 
spores, and are, therefore, slow to reinfect newly 
fumigated soil. Reinfection must depend on viable 
spores remaining in deeper parts of fumigated soil 
or from windblown infected soils and water trans- 
port of spores. The full impact of these mycorrhizae 
to forest nurseries is not completely understood. 

Occasionally, new nurseries are established on 
agricultural soils following bean, com, or similar 
crops. These soils, when fumigated, apparently be- 
come populated with mycorrhizae naturally, but 
there are cases where natural infection was not as 
good as desired. 

Researchers are interested in developing 
methods to inoculate forest nurseries deficient in 
mycorrhizae. Eventually, mycorrhizal forming fun- 
gus inoculum may be available for purchase for 
direct application to nursery soil. 

Observing Mycorrhizae 
Observation of masses of mushrooms or puffballs 

in the nursery blocks provides clues that ectomycor- 
rhizae are present. 

Occasional fruiting bodies (mushrooms) may ap- 
pear to be growing from a few trees near or even 

attached to the root crown. Careful examination 
may reveal a fine white sheen of fungus mycelium 
extending down the seedling stem and to the roots. 
Slicing the bark and root shows only healthy tissue; 
no disease is present because no tissue is stained. 
Root examination should show mycorrhizae. 

Ectomycorrhizae usually are easy to detect. 
Their dichotomous or peculiar branching habits and 
color help. Often, vigorous washing under a tap 
reveals mycorrhizal roots that are easy to see with 
the naked eye. 

When ectomycorrhizae are hard to see, a washed 
mass of roots from several seedlings may be placed 
in a wetted paper sack and loosely sealed to prevent 
excessive moisture loss. After 24 hours, a definite 
fungal bloom grows from certain roots. When these 
roots are black and diseased looking, the bloom may 
be from Fythiums or other pathogens. When the 
roots under the bloom are white and healthy, they 
are usually ectomycorrhizal roots. Microsopic ex- 
amination of root sections will reveal Hartig net 
formation and the fungus mantle. 

LITERATURE CITED 
1. Peterson, G. W. and R. S. Smith, Jr. 1975. Forest Nursery 

Diseases in the United States. U.S. Dept. Agric, For. Ser., 
Agric. Handbook No. 470. 125 p. 



Appendix H. Glossary 
Most terms in this glossary were adapted from: 

Society of American Foresters. 1971. Terminology of 
forest science, technology, practice and products. 
(F.C. Ford-Robertson, Ed.). Multilingual For. Ter- 
minol. Ser. No. 1. Washington, D.C. 349 p. Words 
are defined in terms of their forest application, as 
vised in this book. 

ACID EQUIVALENT (ae)—Amount of active ingre- 
dient in an herbicide, expressed in terms of the 
parent acid. 

ACTIVE INGREDIENT—An ingredient in pes- 
ticides that provides stimulating, killing, or re- 
pelling action. 

ADAPTATION—The process of evolutionary (gene- 
tic) adjustments fitting individuals or groups to 
their environment. Also, the changed structure 
or function itself. 

AERIAL SPRAY—Broadcast aerial application of 
an herbicide as a solution, emulsion, or wettable 
powder; applied as a spray from helicopters or 
fixed-wing aircraft. 

ALL-AGED—A forest stand that contains trees of 
all or almost all age classes, including those of 
exploitable (useable) age. 

ARTIFICIAL REGENERATION—Renewal of a tree 
crop by direct seeding or planting. 

BASAL AREA—The area, usually expressed in 
square feet, of the cross section at breast height 
of a single tree or of all trees in a stand. 
Measurement is inside bark unless otherwise 
indicated. 

BIOMASS—Total quantity, at a given time, of 
living plants of one or more species per unit area, 
or of all species in a community. 

BROADCAST BURNING—Allowing a controlled 
fire to bum over a designated area within well- 
defined boundaries, for reduction of fuel hazard, 
as a silvicultural treatment, or both. 

BROWSING—Livestock or wildlife feeding on the 
buds, shoots, and leaves of woody growth. 
BROWSE is any material that is browsed or fit 
for browsing. 

CANDLE—The growing terminal shoot of certain 
conifers, notably pines. Silvery-white bud scales 
or secretion of waxy white cuticle (non-cellular, 
thin, waterproof film secreted by epidermal and 
other external cells) that gives the terminal 
shoot the appearance of a white candle. 

CANKER—A definite, relatively localized area of 
dead or dying tissue, primarily of the bark and 
cambium. 

CARRIER—A liquid or solid material added to a 
herbicidal chemical or formulation to allow 
easier mixing, storage, shipment, and applica- 
tion in the field. Oil, water, or both, are added to 
commercial formulations frequently to increase 
the volume and allow uniform application of 
small amounts of active ingredient over a large 
area. 

CHLOROTIC—An abnormal yellowing of foliage, 
often a symptom of some mineral deficiency, a 
virus infection, root or stem girdling, or extreme- 
ly reduced light. 

CLIMAX—The terminal plant community of a suc- 
cession; it remains relatively unchanged 
(dynamic stability) unless the environment 
changes. Species are capable of reproducing 
themselves within the community and of exclud- 
ing new species, especially potential dominants. 

CORTICAL (CORTEX) TISSUE—The outer prim- 
ary tissues of the stem or root. 

COMMUNITY (PLANT)—Assembly of plants liv- 
ing together. Plant community types are not 
restricted to climax vegetation, nor are they 
limited in description to vegetation; soil charac- 
teristics or other site features may be included in 
the classification scheme. 

COMPOSITION—Representation of tree species in 
a forest stand, usually expressed as percent by 
volume or basal area of each species, or as 
percent by number at the seedling stage. 

CONK—Visible fruiting body of a tree fungus. 

CONTACT HERBICIDE—One that kills primarily 
by contact with plant tissue, rather than as a 
result of translocation. Only that portion of a 
plant contacted is affected directly. Perennials 
may recover from uninjured parts below ground. 

CYTOPLASM—The living matter within a cell, 
excluding the nucleus. 

DISCOUNTING—Process of estimating the present 
worth of an anticipated item of income or ex- 
penditure by determining the amount of money 
which, if presently invested and allowed to ac- 
cumulate at compound interest, will exactly 
equal the expected item of income or expenditure 
at the time it becomes due. 

DOMINANCE—The influence of a dominant 
species over a plant community, measured, for 
example, by its mass or basal area per unit area 
of ground surface, or by the proportion it forms of 
the total cover, mass, or basal area of the 
community. 
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DOMINANT—Component of a plant community, 
usually one species, that exerts the greatest 
influence on the character of the community 
because of its life-form and/or abundance. Gener- 
ally, an individual or species of the upper layer(s) 
of the canopy. 

DORMANCY—A period of inactivity in bulbs, buds, 
seeds, and other plant organs. Dormancy in 
plants may be imposed by unfavorable environ- 
mental conditions (for example, drought or frost) 
or may result from internal physiological condi- 
tions. There are different stages or depths of 
dormancy. 

DRIFT—Movement of airborne particles as dust, 
fine droplets, mists, aerosols, or vapors from the 
intended target area to other areas. 

DROUGHT—Moisture unbalance when loss of 
water through foliage exceeds uptake of water, 
predominately by roots. May arise from one or 
more of the following: inadequate soil moisture, 
excessive transpiration, restrictive rooting, or 
deficient root activity. 

EMBRYO—The rudimentary plant formed in a 
seed. 

EMULSION—A mixture in which one liquid is 
suspended as minute globules in another liquid; 
for example, oil droplets in water. 

ENDOSPERM—Storage tissue for the embryo. 

ESTABLISHMENT—Growing trees until they may 
be considered established; that is, trees are safe 
from normal adverse influences such as frost, 
drought, weeds or browsing. Trees no longer need 
special protection. 

EVAPORATION—Conversion of water, either open 
or as soil moisture, into water vapor that is 
released to the atmosphere. Within plants the 
process is termed transpiration. 

EVEN-AGED—Forest stand composed of trees hav- 
ing no, or relatively small, differences in age. By 
convention the maximvun differences admissible 
are generally 10 to 20 years. 

FIELD (MOISTURE) CAPACITY—The water that 
a soil retains when drainage has become negli- 
gible after application of sufficient water to 
produce drainage. 

FIELD SURVIVAL POTENTIALr-The probability 
or likelihood that a seedling will survive for one 
growing season after it is planted into average 
field conditions. 

FLUSH—A fresh growth of foliage. 
FROST HEAVING—Upward displacement of nor- 

mal soil levels as a result of expansion due to ice 
formation in frozen soil; may cause partial or 
total extrusion of seedlings. 

GALL—Modified tissue structure (for example, 
swelling) arising on plants in response to irrita- 
tion by a foreign organism, commonly an insect. 

GENETIC IMPROVEMENT (GAIN)—Average im- 
provement in progeny over the mean of the 
parents. Gain is achieved by selection in the 
parental generation; the amount depends on 
selection intensity, parental variation, and 
heritability. 

GENOTYPE—An individual's hereditary constitu- 
tion, with or without phenotypic expression of 
the characters) it underlies. The genotype is 
determined chiefly from performance of progeny. 
Genotype interacts with the environment to 
produce the phenotype. Also means individual(s) 
characterized by a certain genetic constitution. 

GERMINATION—The beginning of growth of a 
mature, generally dormant, seed. Generally 
characterized by rupture of the seed coat and the 
emergence of a radicle. 

HABITAT—The place where a plant or animal 
species lives and grows, particularly in relation 
to all environmental influences. 

HABITAT TYPE—Land units with equivalent envi- 
ronments where plant succession leads to the 
same climax species. 

HARDENING OFF—The natural process of adapta- 
tion by plants to cold or drought. Preparing 
seedlings in a nursery for transplanting or plant- 
ing out by gradually reducing watering and/or 
shade and/or shelter and thus inducing changes 
making the s edling more resistant to desiccation 
or cold. 

HARDPAN—Any hard and/or compact(ed) layer in 
the soil. 

HERBACEOUS VEGETATION-^Seed-producing 
plants that do not develop persistent woody 
tissue above ground, including forbs and grasses. 

HORMONE—A growth regulating substance 
occurring naturally in plants that controls 
growth or other physiological processes. 

HYPHA(E)—Filamentous elements of microscopic 
size that form the mycelium of a fungus. 

INOCULUM—Spores or tissues of a pathogen that 
serve to initiate disease, or mycorrhizae, in a 
plant. 

INSOLATION—Solar radiation as received by the 
earth. May cause damage to trees and other 
plant growth under certain conditions; for 
example, sunscald. Also termed solarization. 
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LARVA(E)—An immature insect that emerges from 
the egg in an early stage of morphological 
development, differing fundamentally in form 
from the adult, into which it develops via the 
pupal instar (an immobile form or stage). 

LESION—An abnormal change in structure of an 
organ or part due to injury or disease; affected 
area is generally circumscribed and well defined. 

LOPPING—Chopping branches, top(s), and small 
trees after felling, into lengths so that the 
resultant slash will lie close to the ground. 

MATURITY—Physiologically, a loose term for the 
stage at which a tree has attained full develop- 
ment, particularly height, and is in full seed 
production; this concept is applicable to a stand 
provided the stand is narrowly even-aged. There- 
after a decline in vigor, health, and soundness 
marks the stage of overmaturity. 

In management, the stage at which a tree or 
stand best fulfills the (main) purpose for which it 
was maintained; for example, produces the best 
possible supply of specified products, or earns a 
specified interest rate. 

MESIC—Sites or habitats characterized by inter- 
mediate moisture conditions; that is, neither 
very wet or very dry. 

MICROCLIMATE—The climate of small areas, 
especially in regards to significant differences 
from the general climate of the region. For 
example, the climate under a plant or other 
cover, differing in extremes of temperature, and 
moisture from the climate outside that cover. 

MICROSITE—The immediate environment of a 
specific habitat as opposed to the general envi- 
ronment of a broad region or area. For example, 
climatic, topographic, and soil characteristics 
may change drastically within a few feet or 
yards on any given area, creating several 
microsites. 

MORPHOLOGY—External and internal form and 
structure of whole plants or parts of plants, 
includes characteristics such as seedling size, 
color and shoot-to-root ratio. 

MYCELIUM—The vegetative part of a fungus, 
composed of hyphae (filamentous elements). 

MYCORRHIZA(E)—A symbiotic or non-parasitic 
association between the root or rhizome of a 
green plant and a fungus. Also, the structure 
produced by the combination of the modified 
rootlet with fungal tissue. 

NATURAL REGENERATION—Renewal of a tree 
crop by self-sown seed; tree crop is self-grown. 

NONSELECTIVE HERBICIDE—Formulations of 
herbicides that destroy or prevent plant life in 
general, without regard to species. 

NURSE CROP—A crop of trees, shrubs, or other 
plants introduced to foster another generally 
more important crop during its youth by protect- 
ing the important crop from frost, insolation, or 
wind. 

OVERSTORY—Trees or other vegetation that form 
the upper layer of the canopy in a multi-layered 
plant community. 

PARTIAL CUTTING—Tree removal other than 
clearcutting; that is, taking only part of the 
stand. 

PATHOGEN—An organism, essentially micro- 
scopic, or a virus, directly capable of causing 
disease. 

pH—A notation designating acidity and alkalinity. 
It stands for the negative logarithm to base 10 of 
the H-ion concentration in a solution. A pH of 7 
is neutral; higher values are alkaline and lower 
values acid. 

PHENOTYPE—The plant or physical character as 
we see it; the state, description, or degree of 
expression of a character. It is the product of the 
interaction between an organism's genes 
(genotype) and the environment. Similar 
phenotypes do not necessarily breed alike. 

PHOTOPERIOB—Length of day or light period. 

PHYSIOLOGY—Life processes and functions of 
seedlings, their cells, tissues and organs. 
Physiological character often is not discernible 
except by the seedling's performance (for 
example, growth rate or resistance to stress). 
Physiological processes include photosynthesis, 
respiration and transpiration. 

PHYTOTOXIC—Substances that are poisonous or 
injurious to plants. 

PITCH TUBE—A tubular mass of resin that forms 
on the surface of the bark at bark beetle entrance 
holes. 

PLANTATION—A forest stand raised as a crop, 
either by seeding or planting. 

PLANT MOISTURE STRESS (PMS)—A measure of 
water availability for plant processes; generally 
expressed in bars of pressure. Estimates water 
status of a plant; high levels indicate the plant is 
deficient in water. 

PROGENY—Offspring or descendents of plants. 
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PROVENANCE—Geographical area and environ- 
ment to which parent trees are native and within 
which their genetic constitution has been de- 
veloped through natural selection. 

PROVENANCE TEST—Progeny test of individuals 
from the same species but different provenances 
to determine: performance of a provenance under 
a range of conditions; the most desirable prove- 
nances for silvicultural use; distribution of 
selected progeny characters in relation to 
provenance. 

PSYCHROMETER^-A type of hygrometer (instru- 
ment for measuring atmospheric humidity) hav- 
ing two thermometers, one with a dry bulb and 
the other with a wet bulb. 

RADICLE—The root of the seed embryo, from 
which the primary plant root develops. 

REFORESTATION—Re-establishment of a tree 
crop. Synonymous with regeneration. 

REGENERATION—The renewal of a tree crop by 
natural or artificial means. Synonymous with 
reforestation. Also can mean the young crop 
itself. 

REGENERATION (REPRODUCTION) CUT—Any 
removal of trees intended to assist regeneration 
already present or to make regeneration 
possible. 

RELATIVE HUMIDITY—The ratio, generally 
expressed as a percentage, of the vapor pressure 
of water present in the atmosphere compared to 
the amount the air can hold at the same 
temperature. 

RELEASE]—EVeeing a tree or group of trees from 
immediate competition by eliminating over top- 
ping or closely surrounding vegetation. 

REPRODUCTION METHOD—Orderly procedure 
for removal of the old stand and establishment of 
a new crop either artificially or naturally. 

RESISTANCE (CHEMICAL)—The abUity of an 
organism to withstand, reduce, or suppress the 
injurious effects of a pesticide. 

RESPIRATION—An intracellular process in which 
food is oxidized with release of energy. 

RHIZOME—A stem that grows along, but below, 
the ground surface and produces adventitious 
(produced in an unusual place) roots, scale 
leaves, and suckers irregularly along its length, 
not just at nodes. 

ROOTING ZONE—The part of the soil invaded 
(occupied) by plant roots. 

SAPROPHYTE—A plant organism that is incap- 
able of synthesizing its nutrient requirements 
from purely inorganic sources, and feeds on and 
commonly assists in decay of dead organic 
material. 

SCARIFICATION—Loosening the top soil of open 
areas, or breaking up the forest floor in prepara- 
tion for regeneration. 

SEEDLING—A young tree grown from seed from its 
germination up to the sapling stage. The bound- 
ary between seedling and sapling stages is in- 
definite, but may be fixed arbitrarily (for 
example, up to 0.5 inch diameter at breast height 
or more than 6 feet in height). 

In nursery practice, a young tree that has not 
been transplanted. Seedling is growing where it 
germinated in the seedbed. 

SEEDLING ENVIRONMENT—Level or intensity 
of moisture, temperature, light, chemical, and 
physical factors that directly influence seedling 
survival and growth. 

SEED SOURCE—The locality where a seed lot was 
collected. If the stand from which collections 
were made was from non-native ancestors, the 
original seed source also should be recorded and 
designated as provenance. 

SELECTION—Artificial selection is the choice by 
the breeder of individuals for propagation from a 
larger population. The desired characteristicKs) 
may be based on the tree itself (phenotypic), or 
on the tree's progeny (genotypic). 

Natural selection is part of the evolutionary 
process resulting in the survival and reproduc- 
tion of the best adapted individuals. 

SELECTIVE HERBICIDE—One which is more tox- 
ic to some species of plants than others. 

SEROTINOUS—Cones that remain on the tree 
without opening for one or more years after 
maturing. 

SILVICULTURE—The theory and practice of con- 
trolling the establishment, composition, con- 
stitution, and growth of forests. 

SLASH—The residue left on the ground after fel- 
ling, thinning, or other accumulations that re- 
sult from storms, fire, girdling, or poisoning. It 
includes unutilized logs, uprooted stumps, bro- 
ken or uprooted stems, and the heavier branch 
wood, tops, twigs, leaves, bark, and chips. 

SPECIFIC GRAVITY—The ratio of the mass of a 
body to the mass of an equal volume of water at 
40C or other specified temperature. 

STAND DENSITY—A measure of the degree of 
crowding of trees within stocked areas. 
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STEM CALIPER—Diameter of a seedling's stem, 
generally measured within one inch of the 
groundline where the stem is round, but not at 
the intemodal swelling. 

STOCKING LEVEL—A measure of the proportion 
of the area actually occupied by trees, expressed 
in terms of stocked quadrats or percent canopy 
closure. 

STOLON (STOLONIFEROUS)—A stem or branch 
that grows along the ground surface, taking root 
at its nodes; or else a stem that grows down to the 
ground surface and roots at contact there. 

STRATIFICATION (OF SEEDS)—The storing of 
seeds in layers with a moistened medium (for 
example, peat or sand), so as to maintain viabili- 
ty and overcome dormancy. When done in con- 
junction with near-freezing temperatures, it is 
termed cold stratification even if no medium is 
used. 

STRATIFICATION (OF SITES)—Process of divid- 
ing or arranging sites or areas within a site into 
classes based on major environmental charac- 
teristics, or according to an evaluation of refor- 
estation success. Sites or areas in the same 
category usually receive the same basic manage- 
ment treatments). 

STROBILUS (STROBILI)—The cone of conifers; 
strobili contain the reproductive organs of one or 
both sexes. Before and during pollination they 
are often called flowers and, for a period there- 
after, conelets. 

STRUCTURE—The distribution and representation 
of age and/or size (particularly diameter) classes 
of a forest stand, or of crown or other tree classes. 

SUCCESSION—The gradual replacement of one 
community of plants by another. Succession is 
termed primary (by pioneer species) on sites that 
have not previously borne vegetation and second- 
ary after all or part of the original vegetation has 
been replaced. 

SUNSCALD—Localized injury to bark and cam- 
bium caused, for example, by high temperatures 
from intense sunlight. 

TOLERANCE—Ability of an organism or biological 
process to exist under a given set of environmen- 
tal conditions. For trees, tolerance often is as- 
sociated with shade, or the ability of trees to 
grow satisfactorily in the shade of, and in com- 
petition with, other trees. 

TRANSLOCATION—Transfer of any compound 
(that is, food or an herbicide) from one part of a 
plant to another. 

TRANSPIRATION—Process by which water vapor 
passes from the foliage or other parts of a living 
plant to the atmosphere. 

TRANSPLANT—A seedling after it has been lifted 
and replanted one or more times in the nursery, 
as opposed to a seedling planted in the field 
directly from the seed bed. Nursery stock is 
"moved" from the seed bed to another bed at 
wider spacing to improve seedling development 
before planting in the field. Also a term used for 
the act of moving seedlings from one bed to 
another. 

TRANSPLANT SHOCK—An interruption in the 
normal growth rate of a seedling after being 
transplanted. Shock may range from a tempo- 
rary reduction or delay in growth to permanent 
growth reduction or death. Shock is more likely 
to be severe in nondormant seedlings or seed- 
lings that have been exposed to desiccating or 
freezing conditions. 

UNDERCUTTING—Root pruning of nursery stock 
in place, particularly by a horizontal cut of roots. 
A vertical cut is termed side cutting. 

UNEVEN-AGED—A forest stand composed of 
intermingling trees that differ markedly in age, 
usually by more than 10 to 20 years. 

VIABILITY—Capacity of a seed to germinate and 
develop under given conditions. Commonly esti- 
mated by germination tests or other tests. 

VOLATILE—A compound is volatile when it evapo- 
rates or vaporizes (changes from a liquid or a 
solid to a gas) at ordinary temperatures (visually 
"room temperature") when exposed to air. 

WEED TREE—Any tree of a species having little or 
no economic value on the site in question. 

WET-BULB DEPRESSION—The difference 
between the wet- and dry-bulb temperatures 
recorded by a psychrometer. 

WINDROW—Slash concentrated in a long pile, so as 
to clear the intervening ground between piles. 

WINDTHROW (BLOWDOWN)—Trees uprooted by 
wind. 

WITCHES' BROOM—An abnormally bushy, local 
growth of part of the branch on woody plants, 
characterized by shortening of the intemodes 
and excessive prohferation (rapid production of 
new cells); generally pathogenic in origin, from 
fungi. 

WRENCHING—Breaking both larger and finer 
roots of nursery stock without removing plaints 
from the soil. Soil is lifted up, usually by a 
machine, and then re-firmed around seedlings. 





Appendix I. 
Common and Scientific Names of Plants and Animals 

The primary source for the scientific names of 
trees and shrubs used in this manual is: Little, E. L., 
Jr. 1953. Check list of native and naturalized trees 
of the United States (including Alaska). U.S. Dep. 
Agric. Handbook 41. 472 p. Sources for other plants 
include: Hitchcock, C. L. and A. Cronquist. 1973. 
Flora of the Pacific Northwest. U. of Wash. Press, 
Seattle. 730 p., and Franklin, J. F. and C. T. 
Dymess. 1973. Natural vegetation of Oregon and 
Washington. U.S. Dep. Agric, For. Serv., General 
Tech. Rep. PNW-8. 417 p. 

The primary source for scientific names of ani- 
mals was: Ingles, L. G. 1965. Mammals of the 
Pacific states. Stanford University Press, Stanford, 
California. 506 p. 

Common and scientific names for insects are 
listed in Tables 5.6 and E.l (Appendix E) and for 
disease organisms in Table D.l (Appendix D). 

Plants 
Alder 

red  Alnus rubra Bong. 

Beargrass  Xerophyllum tenax (Pursh) Nutt. 

Bitterbrush  Purshia tridentata (Pursh) DC. 

Brownmustard  Brassica juncea (L.) Cass. 

Ceanothus 
Deerbrush 

ceanothus  Ceanothus integerrimus H. & A. 
Mountain whitethorn 

ceanothus   Ceanothus cordulatus Kell. 
Snowbrush    Ceanothus velutinus Dougl. 
Vamishleaf 

ceanothus  Ceanothus velutinus var. laevigatus 
T. & G. 

Cedar 
Incense cedar  Libocedrus decurrens Torr. 
Port-Orford-cedar    Chamaecyparis lawsoniana (A. Murr.) 

Parl. 
Western redcedar   Thuja plicata Donn. 

Chinkapin 
Golden chinkapin  Castanopsis chrysophylla (Dougl.) A. 

DC. 
Golden evergreen 

chinkapin (small 
golden chinkapin) ... Castanopsis chrysophylla var.  minor 

Benth 

Douglas-fir  Pseudotsuga memiesii (Mirb.) Franco 

Elderberry   Sambucus spp. 

Fir 
Grandfir   Abies grandis (Dougl.) Lindl. 
Noble fir   Abies procera Rehd. 
Pacific silver fir   Abies amabilis (Dougl.) Forbes 
Shastaredfir   Abiesmagnificavax. shastensis\jsaaa. 
Subalpinefir   Abies lasiocarpa (Hook.) Nutt. 
White fir  Abies concolor {.GorA. & Glend.) Lindl. 

Fireweed   Epilobium angustifolium L. 

Hazel 
CaUfomia hazel    Corylus cornuta Marsh, var. cali- 

fomica (DC.) charp 
Western hazel   Corylus cornuta Marsh. 

Hemlock 
Mountain hemlock   Tsuga mertensiana (Bong.) Carr. 
Western hemlock    Tsuga heterophylla (Raf.) Sarg. 

Indian-paintbrush   Castilleja spp. 

Juniper  Juniperus spp. 

Madrone (Pacific)   Arbutus memiesii Pursh 

Manzanita 
Hairy manzanita  Arctostaphylos columbiana Piper 
Hoary manzanita   Arctostaphylos canescens Eastw. 
Howell manzanita  Arctostaphylos hispidula How. 
Pine manzanita  Arctostaphylos nevadensis Gray 

Maple 
Bigleaf maple  Acer macrophyllum Pursh 
Vine maple   Acer circinatum Pursh 

Oak 
Canyon live    Quercus chrysolepis Liebm. 

Oceanspray (cream 
bush)  Holodiscus discolor (Pursh) Maxim. 

Oxalis (wood-sorrel)    Oxalis spp. 

Pine 
Digger pine  Pinus sabiniana Dougl. 
Jeffrey pine   Pinus jeffreyi Grev. & Balf. 
Lodgepole pine   Pinus contorta Dougl. 
Monterey pine   Pinus radiata D. Don 
Pinyonpine   Pinus edulis Engelm. 
Ponderosa pine  Pinus ponderosa Laws. 
Sugar pine   Pinus lambertiana Dougl. 
Western white 

pine   Pinus monticola Dougl. 
Whitebark pine   Pinus albicaulis Engelm. 

Pinegrass   Calamagrostis rubescens Buck! 

Redwood  Sequoia sempervirens (D. Don) Endl. 

Salal   Gaultheria shallon Pursh. 

Salmonberry   Rubus spectabilis Pursh. 

Serviceberry (Saska- 
toon)   Amelanchier alnifolia Nutt. 

Scotch broom  Cytisus scoparius (L.) Link 

Sedge 
Elk    Carex geyeri Boott 

Spruce 
Blue spruce  Picea pungens Engelm. 
Engelmann spruce   Picea engelmanniiVairy 
Sitka spruce   Picea sitchensis (Bong.) Carr. 

Swordfem   Polystichum munitum (Kaulf.) Presl 
Tanoak   Lithocarpus densiflorus (H. & A.) 

Rehd. 
Scrub (dwarf)   Lithocarpus densiflorus var. echinoides 

(R. Br.) Abrams. 
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Thimbleberry  Rubus parviflorus Nutt. 
Western larch   Larix occidentalis Nutt. 

Animals 
Bear (black)   Euarctos americanus Pal. 
Chipmunks   Eutamis spp. 
Deer  Odocoileus spp. 
.Elk  Cervus spp. 
Hares  Lepus spp. 

Snowshoe  Lepus americanus Erxl. 

Mountain beaver   Aplodontia rufa (Raf.) 
Pocket gopher    Thomomys spp. 
Rabbit 

Brush  Sylvilagus bachmani (Wat.) 
Shrews   Sorex spp. 
Sooty Grouse (blue)   Dendragapus obscurusvax. fuliginosus 
Squirrels   Sciurus, Glaucomys, Tamiasciurus, 

spp. 
Voles   Microtus spp. 
White-footed deer 

mouse   Peromyscus maniculatus (Wag.) 
Wood rat  Neotoma spp. 



Appendix J. Metric and English Equivalents 
English-to-Metric Metric-to-English 

1 inch 
1 inch3 

1 foot 
1 foot2 

1 chain 
1 acre 
1 foot2/acre 
1 gallon (U.S. liquid) 
1 pound 
Degrees Fahrenheit 

= 2.5400 cm 
= 15.3871 cm3 

= 0.3048 m 
= 0.0929 m2 

= 20.1207 meter 
= 0.4047 ha 
= 0.2296 m2/ha 
= 3.7853 1 
= 453.5924 gms 
= 9/5 CC) + 32 

1 centimeter 
1 centimeter3 

1 meter 
1 meter2 

1 meter 
1 hectare 
1 metei^/hectare 
1 liter 
1 gram 
Degrees Celsius 

= 0.3937 in 
= 0.0610 in3 

= 3.2808 ft 
= 10.7639 ft2 

= 0.0497 chain 
= 2.4710 ac 
= 4.3560 ft2/ac 
= 0.2642 gallon (U.S. liquid) 
= 0.0027 pound 
= 5/9 (°F — 32) 

1 meter = 100 centimeters 
1 meter = 1,000 millimeters 
1 hectare = 10,000 m2 




