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Chapter 13 - Growing Douglas-fir

The Douglas-fir Region
As mentioned in the introductory chapter, the heart of the Douglas-fir region lies
between the coastal fog belt and the Cascade Mountains in Washington. Fire occurred
at regular intervals in the region prior to the arrival of white men. Pollen counts from lake
bed mud deposits show that after the last ice age, lodgepole pine was abundant for the
first 100 years after glacial disturbance. Following this period of lodgepole pine, the
forest was made up of Douglas-fir, followed by lesser amounts of western red cedar,
grand fir, silver fir, western hemlock, and noble fir.
The species mix is very different in the damp fog belt of the Washington coast where
fire is uncommon and other species that are shade tolerant may seed in and outgrow
Douglas-fir.
You may not care about its historical distribution and only want to know “Why should I
plant Douglas-fir now, instead of other species?”
 It is one of the strongest softwoods in the lumber market.
 It is a preferred species for construction work.
 For the reasons above, many milling and exporting options are available for small
forest landowners.
 It is a very forgiving species to plant and raise.
On David Douglas’ first trip to the New World from 1823-1827, he collected bark, wood,
needles, and cones of the various trees and plants he found. One species of tree he
called Pinus taxifolia, a tree with needles like a yew, bark like a hemlock, the pendulant
cones of a spruce, and the dense reddish wood of a larch. Two 20 foot logs of the
species were shipped home to England in the hold of the British ship Dryad. Soon
thereafter the British Horticultural Society recognized the potential of the tree today
known worldwide as Douglas-fir, Pseudotsuga menziesii. Douglas’ part is recognized
by the common name of Douglas-fir, but the honor of the species name was given to
Archibald Menzies who first recorded it in 1791.

Natural Seeding Is Not Considered Practical






Most stands today (potential seed sources) are too young and lack the height of an
older stand for good seed dispersal.
Douglas-fir has a good seed crop about every 7 years, thus it cannot be relied on for
prompt regeneration every year.
A good seed source needs to be on the prevailing side of winter winds.
Natural seedlings are very erratic; one area will seed in at 10,000 stems per acre
while a short distance away there is nothing.
Mice and voles eat large amounts of the natural seed, which will create additional
large areas of no seedlings.
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Natural seeding takes an extra amount of time (years) to grow above the competing
vegetation (Free-To-Grow stage). If chemicals are not used to control the competing
vegetation. then there will likely be more areas of plantation failure.
Because of these issues with natural seedlings, I do not recommend it as a form of
regeneration (getting a stand of trees started). Prior to the availability of quality
seedlings, direct seeding with helicopters was tried. I am familiar with many of the
companies and at least one tree farmer that did apply seed with helicopters in the late
1960s and early 1970s and none were satisfied.

Early Plantation Development – 0 to 10 Years
Individual Seedling Planting and Growth
Planting: Stand development begins at planting time. The decisions you make at this
point will affect the stand for the rest of its life. If you plant 300 TPA (12 x 12 feet
spacing) there will be more holes in the stand (areas of no trees) which will lead to
open-grown trees and more trees of lower quality. On the other hand, if you plant 538
TPA (9 X 9 feet spacing) and you do intensive manage management you will have a
more uniform size and very high quality wood to sell at harvest time. (Read Chapter 5,
“Planting” for more on how many seedlings to plant per acre.)

Healthy 3 year old seedling

Chlorotic 3 year old seedling

Should you fertilize young seedlings? Two answers:
 No, you generally do not need to fertilize very young seedlings. The seedlings can
normally find plenty of nutrients available in the soil to be healthy; a dark green color
of the needles is proof of its health. Some of these seedlings may be chlorotic at the
end of the growing season (yellowish green in color) but they will generally outgrow
this stage in normal Douglas-fir soils.
 Yes, sometimes. In very adverse soil conditions or soils that are very heavy or
compacted, the seedlings will have the following symptoms:
o Short terminal and lateral growth.
o Short needle length.
o A general unhealthy look.
Forest Management for Small Landowners
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o And most important ,a chlorotic color (may not be so in the first growing
season).
In these situations a fertilization may really help those seedling that are chlorotic.
 At the end of the first growing season or during the following winter/early
spring, a very small handful of urea fertilizer (either 46% or 48% nitrogen)
can be spread around the roots and close to the seedling.
 At the end of the second season the plant has more root development and
can tolerate a bit more fertilizer. It’s hard to quantify but if you apply a
normal handful you probably won’t go wrong.

Death of seedlings: For the first 10 years, each seedling will have its own struggle just
to stay alive. It is a fight because of vegetative competition, lack of water and nutrients,
and the environmental effects of unusual weather. This all happens before the stand
reaches the point of trees competing with each other.
Seedlings will die for no apparent reason and some trees will outgrow their neighbors,
again for no apparent reason. Near the tenth growing season, the plantation will begin
to develop characteristics of a stand. In a very short period of time you go from the
euphoria of planting your seedlings to the disappointment of early mortality or other
growth reductions, then to the super-high you get when you view your stand of trees
growing beyond most of the competition and starting to look like a forest.

Young Juvenile Growth
On high site land and in the absence of wildlife browse and environmental factors like
competition, wind, snow, and freezing, the following approximate height numbers can
be reached.
 Plant a 1+1 seedling that is 14-18 inches tall.
 20-24 total inches at the end of the first growing season.
 30-36 total inches at the end of the second growing season.
 66-72 total inches at the end of the third growing season.
The B&D Tree Farm has a goal of a 6 foot tall seedling at the end of the third growing
season and we consistently reached that goal until our deer population got to the point
that they browsed all our seedlings. If you reach 6 feet in 3 years, you will not have very
many competition problems – the trees will outgrow it! On high site ground, a terminal
growth rate in the early juvenile years of 3-4 feet per year is not unreasonable.

Forest Management for Small Landowners

Page 4

Chapter 13 - Growing Douglas-fir

Should We Stake Trees?
Should we stake fallen juvenile trees that fell over in winter storms? Yes, if you have
the time and interest to do so. If your new stand is on the north side of an older stand,
or has been seriously browsed, then the stem caliper (diameter) is likely so small that it
won’t adequately support the tree or seedling during high wind or winter snow events.
Ordinarily, you should not be able to pull over a 6-7 year old seedling without a lot of
effort. On the other hand, the tree described above will have a small enough diameter
you will be able to pull it over with one finger. Staking them upright will often give them
just enough time to recover and you can remove the stakes in a year or two.

Snow and wind damage

Staking wind damaged trees

Early Seedling Mortality – Environmental
Getting a plantation to its final harvest age at a tree stocking you want can be tough for
a lot of reasons. Most of them are due to survival issues in the first ten years. The
following are some of the reasons for early mortality that will affect final stocking.
 Due to unusual weather conditions, the seedlings may be dead from the nursery. In
November 2013 many nurseries in Washington experienced 18˚ Fahrenheit
temperatures for several days. In the nurseries, water is pumped on the seedlings
during cold spells to prevent freeze damage. (As water freezes, it gives off heat and
as the ice builds up it insulates the
seedlings.) However in 2013 the freeze
came on so fast that pumps and hose
lines froze in many nurseries, eliminating
any kind of frost protection. That spring
the trees looked healthy when lifted in the
nursery, but turned brown and were dead
shortly after planting. The B&D Tree
Farm suffered 50% mortality from the
seedlings planted in the spring of 2014.
Freeze damage
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Trees may not be frost hardy from the
nursery. The nurseries like to get 450
hours of temperatures under 40˚
Fahrenheit to consider them as frost
hardy. Seedlings purchased prior to midDecember and in some years early
January may be more prone to spring
frost damage, especially if purchased
from a small nursery that does not
understand the process of being frost
hardy. An exception to this is if you can
Excess moisture
plant container seedlings (plugs) in the fall
into an area with a winter snow pack that will cover and protect the seedlings.
Seedlings may have been planted in undesirable sites such as water, duff, or lack of
soil. Green slash can hide the best planting locations, leading to poorly planted
seedlings.
Seedlings may have been planted with the roots not in a normal alignment, such as
“L”, “J” or balled roots

Normal, J-rooted, L-rooted, and balled roots





Shallow planting

Seedlings may have been planted too
shallow or too deep. In one case the rain
washes the soil away and the seedling
falls over, and in the other the tree may
be too deep to take early advantage of
soil temperatures to begin its spring
growth.
A frost spell after planting can push the
seedlings out of the soil. Repeated frost
spells can heave the seedlings 2-3 inches
out of the ground. Then when the
Deep planting
weather turns warm, the seedling quickly
dies from exposed roots. This happens most often in November or December
plantings.
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Seedlings can be stored too long in a
refrigerated storage unit. Seedlings
stored more than 4-6 weeks can have
problems with a seedling fungus that can
lead to early mortality. After lifting and
packing many nurseries freeze the bags
of seedlings under very controlled
conditions to prolong the storage life. A
seedling lifted in early January can be put
in the freezer and stored 2-3 months, then
slowly thawed and planted very safely
Freeze damage
(Don’t do this in your home freezer!!!).
Summer drought conditions can have a
big impact on seedlings planted late in the planting season and even those planted
in January or February if weather conditions are not good for seedling growth. Trees
planted in March 2015 on the B&D Tree Farm suffered 50% mortality because of the
hot and dry spring and summer. (There was little rain from March through
September.) For several years we had additional mortality of the weaker seedlings.
Lack of vegetation control is a major issue that many landowners do not address. If
sunlight and water are stolen by competing vegetation, then mortality is often the
result or at the very least it reduces growth.
Unknown causes: There are always seedlings that seem to die for no reason what
so ever.

Lack of vegetation control
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Early Stand Mortality – Animal Damage
A wide variety of animals can cause light to
heavy damage. (See Chapter 10, “Wildlife
Issues” for more information.)
 Elk: Browsing the seedlings, pulling the
seedlings out of the ground, and antler
rubbing.
 Deer: Browsing and later antler rubbing.
 Bear: From a tree’s teen years until the
early 30s, bears like to girdle the trees in
the spring, looking for the sweet sap that
is headed from the roots to the buds in the
tree crowns. They sometimes will climb
older trees and girdle the tops of the
trees.

Elk

Deer

Deer browse

Deer rubbing

Bear damage
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Rabbits: Clipping the tops out of young seedlings.
Mountain Beaver: Clipping damage to
young seedlings and girdling of the bole
and roots into the late teens.
Mice and Voles: Clipping and girdling
damage. Heaviest in areas of heavy
grass cover, especially if under a layer of
snow. These critters can cause huge
mortality issues if heavy grass and snow
are present.
Porcupine: Will climb a tree and girdle
the tree at any age.
Mountain beaver

Mouse or vole damage

Mouse or vole damage
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The Beginning of a Stand - 11-20 Years
Crown Closure
Crown closure is when the lateral branches of adjacent trees have overlapped enough
to restrict light to the forest floor. Light is reduced enough to limit, or totally eliminate,
forest floor vegetation.
It also is the time that trees begin to lose their lower limbs, again due to light reduction.
Within a few years, a person can walk through the stand with most of the lower limbs
beginning to decay and fall from the tree. Three plants that may still be there and a
concern are the two evergreen blackberry species, wild cherry and big leaf maple.
This also is when a disorganized bunch of seedlings becomes a stand of trees, each
competing with the trees around it. Due to the competition, limbs remain small the
stand if managed correctly will produce a high quality log.

Pre-Commercial Thinning (PCT)
When an area is planted we have no idea which trees will live and which will die during
the juvenile stages. As a result we plant more trees than needed so we can properly
adjust the spacing in future thinnings. The first opportunity
is the pre-commercial thinning operation (PCT) between
10-20 years of age (the average PCT age is around 12-16
for most tree farmers). This is the only thinning where the
trees have no market value when they are cut, thus the
name “pre” commercial thinning. (See Chapter 11,
“Thinning”, for more information on PCT and other thinning
operations.)
Over the years there has been an increase in the two
evergreen blackberries and wild cherry. These two plants
can still be major competitors at this point in the stand
development and if you do not do a PCT, then you may
need to hire a crew to do a slashing to eliminate the
problem.

Pruning

Pre-commercial thinning

Many landowners like to prune their stands because the view after pruning is pleasing
and it is a job where you can see what has been accomplished. The wood that is laid
down in the years following pruning will be knot-free and theoretically should be more
valuable. However, don’t expect to make more money from your pruned trees at
harvest time since most purchasers will not pay extra for pruned wood. The mills will
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separate your knot-free lumber and sell for molding or
higher prices items to other mills, but will not pay the
landowner more for it.
Even if you don’t plan to prune large acreages, you
probably will prune some trees along roads and trails as
your plantation begins to close in. Here are some tips that
may help you.
 Go to a saw shop or a place that sells forestry
equipment and ask for a pruning saw that has teeth
sharpened on both sides for a cutting edge in both
directions. Blades are 10-14 inches long, either straight
or slightly curved. Felco and Stihl are two companies
that make them.
 When you get ready to cut your first branch, take a
close look at where the branch meets the tree trunk.
You will see a slightly raised collar (about 1/16 inch
wide and the same depth) where they meet. You don’t
want to cut into this collar! If you do, the cut limb
diameter will be greatly increased and the healing time
will be just that much longer. Cut at the outer edge of
the raised collar.

Pruning ladder collar






Custom made pruning ladder

Pruning ladder base

If you are cutting dead branches, the collar may not be present since the tree grew
in diameter since the limb died.
If you are pruning during the sap flow stage (early spring until early July), it is
important to support the limb as you cut it. If you don’t, the bark on the underside of
the branch will often tear as it falls away. The weight of the limb is heavy enough to
begin to pull away from the tree before you can finish your cut. This is not
necessary during the winter months when most people do their pruning.
Because Douglas-fir is very resinous, pitch will build up on the saw blade. Carry a
can of WD-40 (or kerosene or white gas) to clean the blade occasionally to make the
job easier.
Forest Management for Small Landowners
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If you want to prune for a possible increase in value, you will need to prune to 18
feet (1.5 foot stump and a 16.5 foot log). This should be done in several lifts as the
tree grows. The first lift can be done from the ground. The second and third lifts will
require ladders. A typical ladder does not work well because it will twist when
leaned against a tree and you will slide down the trunk with your bare arms gripping
the tree for all you are worth (personal experience). In the 1980s when a large
amount of pruning was being done, custom-built pruning ladders were built with a
rounded collar that goes around the tree trunk and prongs on the legs that can be
pushed into the ground. It is best to have two lengths – 6 and 12 feet –for the 2 lifts.
A back, neck, and arm-breaking alternative (not recommended for more than
minimal pruning) is a pole pruning saw.

Juvenile Wood:
Juvenile wood is a column of wood, approximately 10-20 years old, which runs up the
center of the tree. It has a cellular structure that makes it less than desirable for lumber
and pulp products. It was of very little consequence when the industry was logging “old
growth” due to vast percentage of mature wood in the tree. The main characteristics of
juvenile wood are:
 The wood has a short cell length and a high microfibril angle.
 The wood has a lower specific gravity than mature wood, which is preferred for wood
quality reasons.
 These characteristics are strongly controlled by growth regulators from the crown.
Compression wood is formed on limb joints and where a tree will bend. The
compression wood is also very weak in terms of wood quality and has many of the
same characteristics as juvenile wood.
 Higher in the crown of the tree the wood is still a type of juvenile but slightly better in
terms of wood quality and called “crown formed wood”.
 Lower cellulose content.
 Lower percentage of latewood.
So what does this mean to you?
 Juvenile wood has poor timber strength. Douglas-fir is noted for having high timber
strength but not so the juvenile wood.
 There is an increase in warping of the wood upon drying (increase in longitudinal
shrinkage).
 And it is unsuitable for many kinds of paper production.
Will this affect you?
 Probably not as much as you might think. The paper people don’t like it but they
have found ways to mix in other wood to compensate.
 It is only the very core of a log that concerns the experts, so the larger the log the
higher the amount of mature wood there is, and the greater the chance for higher
specific gravity wood.
Forest Management for Small Landowners
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Mature Wood
Mature is laid down after the juvenile stage of tree growth, general sometime after the
first 10-20 years in Douglas-fir.
 It has a higher specific gravity content, so it makes a high quality construction wood.
 The lumber will bend further than juvenile wood.
 And it will take greater pressure to make it break.
 There probably will come a day that the tree improvement programs will select for
specific gravity and grow seedlings and then young trees with a very high test rating.
Even now it is possible to mount equipment on logging shovels to test for the
individual log specific gravity. Probably the only reason this technology is not used
is the lack of extra payment for the logs.

1% Annual Average Mortality Over Life of Stand
A common rule followed by foresters is to assume a mortality of 1% each year over the
life of the stand. If you thin a stand, the mortality drops to near 0% for 5-10 years.
Theoretically it’s possible but in practicality it is very difficult to thin on a regular interval
and not have any mortality. However, all arguments aside, the 1% rule is a very
realistic rule to use to calculate the number of trees you will likely lose over a period of
years.
It is hard to imagine 1% mortality every year, but after logging it can be a surprise to see
how many dead and wind-blown trees are left on the ground in a managed stand.

Stand Mortality
Mortality of young stands is from different causes than in young seedlings. (See
Chapter 8, “Disease and Insect Damage” and Chapter 10, “Wildlife Issues” for more
detail.)
 Elk and deer rubbings: Deer prefer cedar and pines to almost any other species in
the Pacific Northwest, so if you plant these, then count on it. They probably go to
Douglas-fir because there are so many and very few other choices. You can count
on losing some every year from ages 4-15 (can also be before and after).
 Disease: Two common native tree diseases may affect your stand.
o Phellinus root rot usually affects the roots first and then if the tree has not
fallen, it will affect the bole. In order to sell the logs, the logger will have to
long buck the logs (cut 2-10 foot segments out of the butt log). About 80% of
the value of your trees is in the first log, so if you have to long buck the tree
then you are losing value fast!
o Armillaria root rot is similar to Phellinus and affects many species. Its spores
are found world-wide.
 Insects: Fortunately insect damage is uncommon in western Washington, however
in the past the tussock moth killed vast acreages of Douglas-fir.
 Wind: Our normal winter winds and the major storms that seem to arrive on a 10
year cycle are made worse because they occur in the winter when soils are
Forest Management for Small Landowners
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saturated and root stability is at its worst. In Lewis County, our heavy winds are
generally from the south, southwest, or west, but may be different elsewhere
because of geography and topography.

Wind damage








Snow, ice and wind damage

Snow and Ice: Extreme snow and ice
events are fairly unusual in western
Washington, but when they occur, they
can cause top breakage and when in
conjunction with wind, the entire tree can
fall over.
Shade: If Douglas-fir is planted and gets
overtopped, it will first suffer growth loss.
Eventually the seedling or tree will die.
This is what happens naturally when the
stand has too many stems and those that
Tree in shade of adjacent stand
are overtopped lose their needles and die.
An important point to remember: those
needles are the factory to produce the food the tree needs to live and grow. When
you lose the needles from shade, the tree dies! Remember this when you consider
replanting in a 3 year or older plantation and your new seedlings will almost
immediately be overtopped by something.
Summer Weather: Like in young plantations, the stand is still susceptible to
mortality from increased summer temperatures and/or lack of rain.
Vegetative Competition: Because the stand has grown enough for the crowns to
begin restricting light to the forest floor, the level of plant competition is much
reduced. Rarely is there a problem at this point in the stand other than big leaf
maple, wild cherry, and the two evergreen blackberry species.
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Midterm Stand Harvest - 21-35 Years
Crown Class:
By their early 20’s, trees will have grown enough in height that they will also have
developed into their canopy position based on adjacent competition, corresponding
available light, and in some cases a genetic advantage. The crown positions are
described as follows:
 Dominant: Trees with crowns that extend above the general crown level, enough
that they receive light from above and to the sides of the crown. These trees
capture the majority of the light and will be able to produce more food than their
neighbors. At the ground level these trees are the larger diameter trees.
 Codominant: Trees still in the upper reaches of the crown but receive less light from
above but much reduced lateral light. At the ground level these trees will still have
larger diameters than the remaining stand but less than the dominant trees.
 Intermediate: Trees shorter than dominant and codominant trees but having crowns
that extend into the canopy enough to receive a little light from above but virtually no
light from the sides. On the forest floor these are the much smaller diameter trees of
the stand that still have some merchantable value.
 Suppressed or Overtopped: Trees with crowns entirely below the general level of
the crown cover. These trees receive very little light and reflect that by their very
small diameter growth and normally not a merchantable tree. In the case of a light
sensitive tree like Douglas-fir, the suppressed tree may hang on a long time but it
ultimately will die. A shade tolerant tree like western hemlock, if suppressed, may
be able to live long enough to respond to a downed tree creating a hole in the
canopy, leaving enough light for the hemlock to respond and take over as an
intermediate or codominant tree.

Early Commercial Thinning (ECT)
(See Chapter 11, “Thinning” for more detail on all the thinning operations.) In the late
1980s industry began to do an early thinning operation using light-weight processors.
These were originally built in Finland and Sweden and are much lighter than our logging

23 year old stand after ECT
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shovels but able to easily get around a forested stand. The early thinning is done as
soon as the stand has any merchantable value, generally between 20-25 years of age.
A stand at this age normally produces equal amounts of chip-n-saw and pulp loads.

Commercial Thinning (CT)
Traditional commercial thinning is conducted on forest stands in the Pacific Northwest
around 30 years of age. If a PCT was done at age 12-17, then the stand would qualify
for this kind of thinning. The equipment is generally a bit larger than for ECT but still not
as heavily-built as machinery for final harvest. If an ECT is conducted, then the CT age
will be closer to 35 years. Thinning a stand that has had one thinning at this age will
normally produce 2 loads of chip-n-saw logs for each one of pulp.

Processor thinning 30 year old stand

Forwarded picking up 30 year old trees

Root Damage
In Douglas-fir many of the microscopic root hairs that absorb water and nutrients are
located in the upper 6-8 inches of the soil. For this reason many foresters do not like
the use of heavy equipment, or any equipment, on the forest floor of a live stand. A D-8
dozer will do some amount of soil disturbance (damage in many cases). You would
think a small tractor would never match the dozer damage, but with enough passes over
the ground, the small tractor can equal one pass of the dozer. As a result, most
commercial thinning is now done with processors and forwarders developed in the
Scandinavian countries. They are relatively lightweight, have wide tracks to disperse
what weight they do have, and the processors (machine that does the falling, bucking,
and sorting) will lay down a bed of branches in front to act as a cushion as they walk the
equipment forward. A good thinning operator will leave few, if any, damaged trees or
roots. This is much harder to do in a dozer- or skidder-thinned operation. The level of
damage or mortality 5-10 years later is often hard to determine, but we do know that
damaged roots and trees give off different pheromones that many insects can detect
and home in on. Is one pass with a dozer enough to be the reason the tree dies 10
years later? We may never know but it behooves you to know the risk.
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Final Harvest - 36-50+ Years
Harvest Age – Industry
Companies generally harvest their timber around 40 years of age because they are
trying to recover their investment in as few years as possible. Some of the smaller
family-owned industrial tree farms will hold them for 60 years but not much more. What
limits longer rotations is the size of the wood. Most mills today are designed for small
logs, and the few that can handle wood over 30 inches in diameter (largest end) offer a
discounted value, partially because they are the only ones in the area, and also
because it is more expensive to handle larger wood.

Harvest Age - Small Non-Industrial Landowners
Many small forest landowners log their land as soon as the timber is merchantable,
generally around 40 years of age, so that they can receive a return on their investment
in their lifetime. However, a 50-60 year old tree is still putting on a lot of wood every
year and some small forest landowners like to take advantage of this. They often are
less concerned about return on investment, if the timber can be kept in the family and
passed to another generation.

Even-Aged Final Harvest Methods






Clearcut Method: Clearcutting, the removal of all the merchantable trees on a unit,
is the most common harvest method on the west side of Washington. However,
Washington State law requires that some trees be left even in clearcut units.
o Harvesting is restricted in riparian areas (along streams, lakes, ponds,
wetlands). The width of the restricted area varies by stream width, and is
different in western and eastern Washington.
o Even if the land has no water on it, a certain number of leave trees must be
left per acre. They can be left as a clump or scattered, but it does not leave
enough scattered trees to be considered uneven-aged, single tree selection.
o Most small landowners own property in the lowlands where there are more
fish-bearing streams. The riparian requirements can easily occupy 20% of
the land base and 20% of any future revenue. A state program (Forest
Riparian Easement Program) was set up to partially compensate small
landowners for their losses, but it is inadequately funded to pay in a timely
manner.
Seed Tree Method: Mature timber is removed in one cut while leaving a sufficient
number of scattered trees for natural seeding of the next plantation. Because of
irregularities of natural seeding and infrequent seed years, combined with the state
requirements for reforestation, this method has virtually disappeared in Washington.
Shelterwood Method: Mature timber is removed in a series of cuttings which will
extend the rotation age by a short period of time. This is rarely used in western
Washington, because of increased logging cost, damage to the residual stand, and
the problem of regenerating Douglas-fir under shade.
Forest Management for Small Landowners
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Uneven-Aged Final Harvest


Selection Method: In this method, individually scattered trees or trees in small
clumps are removed in repeated harvest entries, eventually resulting in a multilayered stand of various ages. Typically the oldest, largest timber is harvested in
each entry:
o This process is used in eastern Washington where the stands are a mixture of
different species, some of which are shade tolerant.

Clearcut or Selective Cut?
Many environmentalists and people unfamiliar with the origins of our Douglas-fir forests
urge us not to clearcut, and instead manage with a selection harvest system. They are
overlooking several important points.
 Douglas-fir needs full sunlight for best growth. With the reduced sunlight in selective
cuts, trees will have undersized canopies and slow growth. Shade tolerant species
will replace Douglas-fir in the understory.
 The selection system works best with long rotations, not the 40 year rotations that
are common with Douglas-fir today. If trees are grown to older ages and larger
sizes, they will become too large to be milled at the small log sawmills that now
make up the majority of the markets.
 Repeated logging entries drive up costs and also are destructive to any young
seedlings that have become established since the previous entry. Also equipment
damage to residual trees is inevitable and will reduce their value because rot and
decay will enter them before the next entry.
 History has shown that selectively cut stands are frequently poorly managed
because of man’s tendency to cut the best and leave the worst.
 It is possible to enter the stand with a series of thinnings that can mimic some of the
selective cut prescription, but somewhere down the line there will have to be a
clearcut if the landowner wants a Douglas-fir forest and not a stand of hemlock or
mixed species of shade tolerant trees.
 In the absence of fire or a clearcut prescription, the Douglas-fir region would over
time revert to shade tolerant species such as what is found along the coast.

Minimum Size
A number of years ago, Washington Department of Natural Resources research
foresters put in trials with clearcuts of various sizes. They found 5 acres to be about the
minimum size clearcut to successfully regenerate Douglas-fir, due to the shade effects
of the surrounding timber. If the unit is narrow and oblong and lays north to south, then
it may not matter what the acreage is – the shade will reduce the growth capacity and
set all the planted Douglas-fir back. On the other hand if the planted unit runs east to
west (the track the sun follows) the landowner may be able to plant it to Douglas-fir.
During the winter on relatively flat ground the height of an adjacent stand to the south
will produce a shade line that runs 200-300 feet into the young plantation, and a lot
more if a downward north-slope is involved.
Forest Management for Small Landowners
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Tree Form
Douglas-fir is one of the most genetically variable species in the Pacific Northwest. It is
partially for this reason that geneticists like the species for tree improvement programs.
However along with that high diversity comes a lot of what we consider as tree defects
when we want to sell the logs. Some of these tree defects that the mills or exporters will
look for include:
 Double topped trees (schoolmarm)
 Multiple directional changes in the log (similar to sinuosity but longer lengths)
 Multiple limbs per whorl
 Multiple tops
 Off Center Heart
 Oversize Limbs
 Sinuosity (snake-like curvy growth)
 Shake (cracks in the wood)
 Sweep
 Pitch seams
 Ramicorn branching (high angle limbs), sometimes called spike knots.
If you enter the stand one or more times with a thinning, then a lot of this defect can be
eliminated before final harvest.

Multiple limbs per whorl
Schoolmarm

Directional
Sweep
changes in log
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Density Management Diagram (DMD)
The following two studies should be of interest to small forest landowners. The first
study can have a direct impact on your knowledge of how and when to conduct some of
the management options on your forest land. The second study tells a lot about how
light effects seedling growth.

As a young forester, I was very fortunate to work for a man who encouraged me to try
new ideas and not get upset if I was wrong. His name was Alex Goedhard and he
applied the same process to his own career. In the mid-1970s some of the research
staff at the company’s research station had an idea of how to describe on one page the
maximum growth per acre and show major entry or decision points in the stand. Not
everyone agreed with their thoughts, and with a poor economy at the time, it looked like
the idea would go no-where. Alex and I were operational foresters, not research
foresters (we applied the latest research findings to “operationally” manage a 180,000
acre tract of company land) but he maintained a close working relationship with many of
the research staff. When the idea wasn’t funded by research, Alex found enough
money in our budget to get the project started, and additionally spent many weekends
helping plant the trees in the trials and gathering the data. The result was the Douglasfir Density Management Diagram (DMD), published in 1979 by John Drew and Jim
Flewelling. (Figure 13-1 page 23)
The research staff did not have the time to plant trees at 100, 200, 300 and 400 TPA
and wait 25-50 years to gather the data. To shorten the process, sheets of plywood
were used as templates, a grid of holes was drilled at very close spacings, and
seedlings were planted in the holes. The spacing was so close that growth and
mortality data could be gathered within 1-2 years and extrapolated from those high
stocking levels down to a low of 50 TPA.
Many universities and organizations have since created similar diagrams for other
species, and most computer growth models use the concepts. For the small forest
landowner, the original diagram is a good working tool to help you see when you should
do the next harvest entry. In the Density Management Diagram you will see lots of lines
and terms that initially may scare you off. Don’t give up! It is relatively easy to
understand and could help you immensely in the management and understanding of
your forest land.

Term Descriptions for Figure 13-1:
Figure 13-1 can be found on page 23.
 The top and bottom axis represent 50-5,000 trees per acre (TPA), running from 50
TPA on the left to 5,000 on the right.
 On the right side of the diagram are labels for groups of two different sloped lines.
 Height (average stand height) running from 20 feet to 160 feet.
Diameter (Average stand diameter) running from 2.5 inches to 24.0 inches.
Forest Management for Small Landowners
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On the left side are labels for:
o Mean Tree Volume (ft3) running from 1.0 cubic foot to 400 cubic feet. Most
small landowners will not use cubic volume, some companies use it instead of
MBF or board foot rules.
o Relative density index (RDI) running from 0.1 to 1.0. These numbers
correspond to the diagonal lines running from the upper left corner, towards the
lower right corner. Basically RDI 1.0 is the absolute maximum amount of growth
that can be expected per acre at different stocking levels. RDI 0.1 is the point
that a group of trees stop growing as individual seedling and begin to function as
a stand.
Three of the diagonal lines running from the upper left to the lower right are labeled
A, B, and C.
o A – Maximum size-density relationship. The bolded line on the right side of the
diagram represents RDI 1.0. This is the absolute average height, diameter, and
volume a stand can attain at different stocking levels. It is next to impossible to
grow your stand to a RDI of 1.0, because the line will continually shift to the left
as mortality takes place.
o B – Lower limit of zone of imminent competition mortality. This is the
_._._._ line located in the upper right 1/3 of the same diagonal lines and is
labeled RDI 0.55. It represents the time of a stand development that mortality
can be expected from adjacent competition. Up until this point the trees have
been competing with each other, but there has been enough light that the trees
did not die from lack of light.
o C – Approximate crown closure. This is near the bottom of the diagonal lines
and labeled RDI 0.15. It represents the point where tree crowns have grown
close enough to each other that ground vegetation has diminished, and individual
tree volume begins to decrease. Like everything else in the diagram, crown
closure comes at different stand ages, depending on tree spacing and tree
height.

Simplified description of the above:
Forget the complexities for a few moments and think in general terms of how a stand
develops.
 In the beginning 1-2 year old seedlings are planted at different stocking levels (TPA)
by different landowners. There is no competition between seedlings, rather each
seedlings engaged in an individual fight for survival from environmental issues (hot,
cold, wet, etc.) and competition for light, nutrients, and water from surrounding plants
(but not tree to tree competition at this point).
 Move forward in the stand life to when the seedlings are large enough that their
branches begin to reach out and almost touch each other. The stand is not yet to
the crown closure line but it has begun the process and there will be enough light
restriction to slow and even eliminate the competition near the base of the tree.
 Ultimately the lower stand branches will have overlapped enough to restrict light to the
plants on the ground, and the trees will have begun to lose their lower limbs for the
same reason. This is about as close as I can come to describing “crown closure”.
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Crown closure is a moving point in time and highly dependent on how far apart the
trees are spaced (TPA), along with height and diameter relationships.

Can you begin to see how you now can take a few measurements and determine your
stand is at RDI 0.15 or approximately what we call crown closure? Prior to the Density
Management Diagram, two landowners living 200 miles apart and meeting at a Farm
Forestry Association seminar would have had a really hard time verbally describing their
respective stands.




Moving forward in the life of your planted trees, they now have only a few plants that
will directly compete with them for soil, light, water, and nutrients. Their main worry
now is tree to tree competition. What foresters and landowners will now try to do is
to grow a stand as fast as possible and yet still have close enough stocking to
produce a valuable log.
o If there are too many trees, the landowner ends up with tall, small diameter
trees of marginal value.
o If there are too few trees, the landowner ends up with very tapered logs, with
lots of large diameter limbs (too much light) with restricted log value due to
taper and limb size.
A series of thinnings is used to control the stand growth and log quality that will be
realized at the future final harvest time.
PCT will be near RDI 0.15 “approximate crown closure” while a commercial thinning
RDI 0.55, will be just before “zone of imminent mortality”. Final harvest should be
just above “zone of imminent mortality”, yet not so far as to lose a lot of trees to
mortality.

Example of How to use the Density Management Diagram (DMD)
The following is a hypothetical example on a high site II land using the diagram to
determine when to do pre-commercial thinning (PCT), a commercial thinning (CT) entry,
and final harvest in a stand that was planted at 538 TPA (9 X 9 feet spacing) and now is
at 500 TPA.
Determine Entry Point for Pre-Commercial Thinning
 To do this on your own, you should print a blank copy of the Density Management
Diagram (Figure 13-1, page 23). To follow these instructions, print Figure 13-2,
page 24.
 A ruler was used to draw a red line from 500 TPA on the bottom horizontal line to
500 TPA on the top horizontal line.
 Your stand will not stay on this projected growth line because mortality is always
taking place, causing stocking reduction and a drifting to the left on the stocking line.
To account for this mortality, foresters assume 1% average annual mortality.
 However, for the purposes of this exercise, we will not consider mortality.
 In this case we are going to assume that from your pre-PCT cruise, you found you
had 500 TPA, averaging 3.7 inches in diameter and 25 feet in height.
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The intersection of this data is indicated by the red dot on the red 500 TPA line.
From the diagram you can also see that you are below the RDI lines for a technical
crown closure. Although not a technical crown closure the stand is 10-14 years old
and the lower 7-10 feet of the stand limbs will have died back.
We will assume that you will do the PCT at this point with a goal of 300 leave trees
per acre and you will need another post cruise of the stand for more data after
thinning. Either mortality or harvest management entries will shift the position of the
stand, requiring more data to reposition it in on the DMD.
From your post-cruise data the stand now has 300 TPA, is 4 inches in average
diameter, and 27 feet tall. A blue vertical line on the 300 TPA and the lower red dot
marks this intersection. In a normal thinning situation with the stocking shift, will
come a slight diameter and height increase due to you removing the smaller
unwanted trees. You still are below the RDI line.

Determine Time of Entry for Commercial Thinning
 For commercial thinning (CT) a stocking of 300 TPA and average diameter 10
inches is just about perfect for maximizing log size and still leaving enough time to
reach a 40-45 final harvest age. At this age the stand will generally yield 2 loads of
Cut to Length loads to every load of pulp.
 Follow the 300 TPA line up to the intersection with the 10 inch diameter line. The
corresponding height will be 74 feet. Mark this spot and take the height difference
between the post-PCT and your expected CT. In this example it is 47 feet and if you
divide 47 by the average height growth of 2.5 feet you get 18.8 years before your
next entry of a commercial thinning. Remember: everything is made up and your
heights and diameters will be slightly different!
To estimate the time interval between entries points the difference in tree height is
the easiest to use. It is something that is very evident and easy to measure. You
can use diameter but the changes are very small and sometimes difficult to
measure.






In 15 years you will probably want to visit the stand again and take some new plots,
then plot them on the DMD. At this point you will need to evaluate what you want to
do:
o Where does the stand fit on the DMD in terms of your ideal point to
commercially thin?
o Do you need the cash now to send Suzy to college?
o Is the market hot or cold at this time and will it affect your decision to thin or
not thin?
There will be a variety of things to evaluate that are going to vary by the landowner.
The important point is that you know how to evaluate your stand and will know when
you are approaching an ideal thinning opportunity. If the markets are poor you can
always hold the stand for a final harvest at a sooner date assuming markets get
better.
A word of caution: with no thinning your stand is quickly going to go past the zone of
imminent mortality, begin to lose trees to death, and have major growth slow-downs,
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leaving your stand overstocked and of a small diameter for its age. From what you
now know about the DMD, you should be able to see how this could happen just by
looking at the diagram.
For each entry you need to measure the annual height growth. You will find it is going
to vary by the stand age. Pick what you think is fair and use it for your calculations. On
the average when seedlings are first planted they will probably only grow 2-4 inches the
first season. The second will be about 6 inches, 3rd about 10-12 inches, and 4th will be
over 30 +/- inches. By the 5th growing season the seedlings will, for a few years be
growing around 3 feet per year. This will slow down a bit by the mid-teens to 2.5
feet/year.
Time of Entry for Final Harvest
 Once a CT is done, you will again need to take plots to determine your post-cruise
results and carry the stand to RDI of 0.50 – 0.60. You can hold the stand as long as
you want but remember, like the commercial thinning example above, if you go
beyond the zone of imminent mortality, then without another thinning you are going
to be suffering diameter and growth loss.
 In Fig. 13-2, the stand was CT thinned to 180 TPA (green line). The intersecting
height of 70 feet, and diameter of 11.2 inches is shown with another red dot.
 To try and determine when to do a final harvest, follow the 180 TPA line to just
above the “zone of imminent mortality. For the example I picked 110 feet height,
and 16 inch diameter, with a RDI of 0.65.
 The 40 foot height difference (between 110 feet and 70 feet) divided by 2.5 feet of
height growth per year is 16 years to the next entry of final harvest, or another
commercial thinning at 10 years instead of 16 years.
 In about 10 years you should be back in your stand looking at it for final harvest (10
years so you have time to decide on final harvest or another thinning). If you decide
for final harvest then you can wait another 6 years to your planned harvest date. If
you can hold it for a longer period, then you could do another thinning down to 100
TPA. These are the kinds of options you can pick and choose from by using the
Density Management Diagram

Additional Comments
 RDI is a stand average! Conditions within the stand may be such that a small area
will have trees closer together or further apart than the stand average and if sampled
would have different stocking, height, diameter, and RDI. This is why it is important
to do a pre-cruise on the whole stand, not just a small sample.
 The vertical lines for TPA are only vertical at that one point in time. Diameter and
height will increase and mortality will cause the line will drift to lower stocking.
 Stand mortality from disease, breakage, and windfall is continual. The thinning
entries should slow the rate because theoretically you are removing the future
mortality by thinning, but theoretical is not what actually happens.
 Why should you use the Density Management Diagram? The DMD allows foresters
and small landowners to understand when to schedule PCT, ECT, CT, second or
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third CT, and final harvest. Before this diagram was available, it was next to
impossible for a forester to give any kind of advice unless he was on the spot and
then it was only good for that moment of time. Now you can contact your consulting
forester and tell them your plot results, and you and the forester can look at copies
of the DMD while talking over the phone and have a comfortable feeling with your
conversation results.
For tree diameters, measure the tree at 4.5 feet height on the uphill side of the tree.
For most men that is at their sternum. You need to measure 4.5 feet from a
horizontal surface and determine where that point is on you.
Tree heights are a bit more difficult to calculate and are covered in a separate
chapter on cruising.
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Figure 13-1
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Figure 13-2
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Variable Planting Density Study
For years foresters have argued about how many trees to plant and the effect of each
different stocking level. Some have felt 500 TPA would be too many and others felt that
an initial lower stocking of Douglas-fir at 190-300 trees/acre would be best. Most felt
height growth was related to site quality. No one did anything to prove or disprove the
above beliefs until 1985 when Weyerhaeuser Company Research established a series
of variable density plantations of seven commercial species over the range of soil and
climate conditions that were common on company lands.
 Douglas-fir plantations were established at 60 locations.
 Each site had test plots, each approximately 5 acres in size, with 120 TPA, 240 TPA,
360 TPA, 550 TPA, 750 TPA, and 1200 TPA.
 Each 5 acre block was randomly assigned a position in the test site.
What surprised everyone was the
accelerated growth of the 1200 TPA blocks
over the lowest planting level of 120 TPA,
which was not supposed to be the case! By
plantation age 3, the growth differences were
very evident. Discussion among the foresters
and researchers about the causes went on
for years. Hypotheses to explain larger trees
at closer spacings included:
 Improved microclimate of seedlings being
closer together thus reducing wind.
 Less animal damage.
Variable density plots from the air
 Earlier crown closure, resulting in less
competition for nutrients and water.
 Enhanced interactions in the rhizosphere among trees and other vegetation.
 Favorable interactions such as root grafting and mycorrhizal interconnections.
 Alterations in red: far red light reflected from foliage.

At age 4, 12- TPA on left, 1200 on right
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The plots were measured in their 5th and 6th growing seasons to capture hard data of
what was visually obvious.
Fifth year exam averages:
 Overall survival
o 95% survival for 1200 TPA plots
o 82 % survival for 120 TPA plots
 Mean tree height
o Tallest trees were in the 1200 TPA plots
o Shortest trees were in the 120 TPA plots
 Mean tree diameter
o Largest trees were in the 1200 TPA plots
o Shortest trees were in the 120 TPA plots
The hypothesis that is now accepted is that density alters the far-red light reflected from
foliage. In the 120 TPA stand, light strikes the tree seedling and some of it is utilized by
the seedling while the rest is reflected back toward the sky. At 1200 TPA, the trees are
close enough that reflected light strikes neighboring trees, which grow faster because of
the additional light. The results are maintained through at least the mid-teens. At
higher stocking levels, a release cut (PCT or ECT) will eventually be needed to reduce
stocking.
Conclusions that were drawn from this information:
 In the highest stocking (1200 TPA), the 100 largest trees were considerably larger in
diameter and height over all other stocking levels.
 The lowest growth response was in the lowest stocking levels (120 TPA).
 Planting trees at close spacing shortens green-up time (the time needed to reach a
target height sometimes specified by forest practice regulations). This can be
important for a company if the DNR does not want any more harvesting nearby until
the surrounding trees reach a designated height.
 Rapid height growth shortens the time that seedlings are vulnerable to animal
browsing of their terminals and to competing vegetation, which can save the
landowner money by avoiding the need for browse control and release spray.
 Establishing higher density stands may also improve stem quality because branch
diameters will be smaller.
 At higher stocking levels more trees will be available at thinning time for tree
selection. (With more choices it is easier to remove the low-quality seedlings and
leave the higher-quality seedlings.)
What does this mean for the small forest landowner? (Read Chapter 5, “Planting” for
more details on these options.)
 The above information has very little meaning for the landowner who plants Option I
(258 TPA, 13 x 13 feet spacing). The tree spacings will be far enough apart to not
receive any reflected light.
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It will mean the most to those planting Option III (538 TPA, 9 x 9 feet spacing). You
won’t get the same growth response as the 1200 TPA did, but there will be a
response.
For Option III it means your trees will grow both taller and have greater diameter for
the first 10 or more years over the other 2 options.
Your stand will likely outgrow many of the more serious competitors (if you have
done a site preparation spray as a pre-plant operation).
Your stand canopy will close faster and that means almost no need for a second
spray of the stand to release the competition.
And if the stand is released through a PCT operation, the trees will most likely
maintain that accelerated growth through the entire rotation (larger trees in a shorter
time period).

References
For the Density Management Diagram
Drew, T. John and J.W. Flewelling. Stand Density Management: an Alternative
Approach and Its Application to Douglas-fir Plantations. Forest Science 25(3):518-522.
1979.

For the Variable Density Study
Ritchie, Gary A. Evidence for red: far red signaling and photomorphogenic growth
response in Douglas-fir (Pseudotsuga menziesii) seedlings. Tree Physiology 17:161-16.
1997.
Scott, William; Meade, Rodney; Leon, Richard; Hyink, David; Miller, Richard. Planting
density and tree-size relations in coast Douglas-fir. Canadian Journal of Forest
Research, 1998, Vol. 28(1): 74-77.
Woodruff, David; Bond, Barbara J.; Ritchie, Gary A.; Scott, William. Effects of stand
density on the growth of young Douglas-fir trees. Canadian Journal of Forest Research
32(3):420-427. 2011.

Forest Management for Small Landowners

Page 30

