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FOREWORD

Over the past two decades many silvicultural prescriptions for southwest
Oregon forests, as well as in many other parts of the western United
States, have called for use of the shelterwood regeneration system.
Throughout the National Forest System in Oregon and Washington, artificial
and naturally regenerated stands awaiting overwood removal cover an
estimated 607,000 hectares. On Bureau of Land Management property, the
Medford District alone estimates 60,700 hectares received an initial
shelterwood management entry during the 1970's. Additional shelterwood
areas occur on other federal, state, and private land in our regiom.

Despite technological advances in forest regeneration that may make
shelterwood management unnecessary on many of the sites treated with this
system in the past, the method is still an important regeneration
alternative for southwest Oregon. On extremely hot, dry sites, in frost-
prone areas, and on sites where priorities are placed on resources other
‘than maximum timber production, the shelterwood system will continue to be
a viable management tool.

Shelterwood management is here to stay; however, it must be recognized as a
complex silvicultural system that involves more planning, more expense, and
a higher level of forestry skill. The purpose of this workshop was to
bring together the best available information pertinent to the use of
shelterwood management in southwest Oregon. Much of the information
contained in this proceedings will also apply to other areas of the western
United States.

We have made significant improvements in the cost-effective and efficient
use of the shelterwood method over the past few years, but much remains to
be accomplished. Current research and continuing field trials hold great
promise for increasing our management skills. 1In the meantime, this
proceedings represents an attempt by the Oregon State University FIR
Program to provide up-to-date information on the shelterwood management
svstem.

John W. Mann Steven D. Tesch
Forest Engineering Specialist Silviculture Specialist
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SHELTERWOOD CUTTING IN MODERN MULTIPLE-USE MANAGEMENT
oy S
Robert J. Devlin

ABSTRACT-~Shelterwood cutting is one of many
silvieultural techniques that land managers should
consider when dealing with timber harvesting. History
of shelterwood cutting in southwestern Oregon describes
both successful resulis and problem areas to consider.
Stand prescription alternatives should be based on
sound silvicultural principles that can, in turn, be .
used by land managers making decisions. Land managers
need to have all silvicultural systems available to
them for sound decision-making purposes.

Introduction

John Mann and Steve Tesch approached me last winter to
see if I would speak to you at this workshop. As the
program states, the subject of my address is
"Shelterwood Cutting in Modern Multiple-Use
Management." I was also informed that the intent of
this workshop was not to be a clearcut-shelterwood
debate, With that in mind, I have attempted to limit
my address to how I have viewed the shelterwood issue
in southwestern Oregon for five years, This is not
really a long time compared to scme of you, but enough
time tc make some observations and reach some biased
conclusions., I want to share some of those thoughts

-with yeu this morning.

Main Body

My first thought is, why even discuss shelterwood
management in a workshop at this time, let alone
discuss the subject as it relates to modern
multiple~-use manegement? My assumption is that it is a
current issue which is giving someone some problems.

As I examine it closer, it becomes apparent that one of
the reasons that it's important to discuss shelterwood
managenent is Decause the clearcutting issue is still
evident in southwestern COregon. Recent reaction to the
Medford BLM District Timber Management Plan revision
indicates that certain segments of the public are still
very interested in the silvicultural system planned for
the District. I would alsc suspect that these same
interests will be present when the Rogue River National
Forest's Land Management Plan is presented in the Draft

_Envirormental Statement. So whether we want to debate

clearcutting vs shelterwood or not, we will probably
nave no cheice but to look at both silvicultural
systems.

My second thought was, what does history tell us about
shelterwood management in southwestern Oregon? Here I
had to depend on personal observations, conversaticns
with people in all aspects of land management, and some



Forest Service documents. The history is iimited_to
the Rogue River National Forest, but undoubtedly fits
other areas. . :

In the late '60's, the Rogue River made a management
decision to shift the emphasis from a clearcutting
system to a shelterwood system. When I searched
through records and interviews for the reason for this
decision, I found that it was driven strietly by the
unsatisfactory regeneraticn results which the Forest
was experiencing with the existing systems. Since that
management decision was made, the Rogue River has
applied the shelterwood silvicultural system to
thousands of acres. Overall, I would say that the
decision has resulted in a marked improvement in
regeneration survival on the Forest. The resulis of
the decision needs to be examined in a broader arena
than just regeneration survival. There are many more
issues involved than just silvieultural systems.

As I review the 196G's, I find a dry-weather cycle in
the mid-to-later part of the decade. I also find many
plantation problems with not recognizing local frost
conditions. I also gquestion such things as adequate
seed source, inadequate nursery production, fall
planting problems, late lifting of nursery stock for
spring planting, non-existent storage facilities at the
subunits, questionable seedling handling and protection
once planted, and inadequate vegetation release
measures. No wonder regeneration resulis were less
+han acceptable, I also found that, while we changed
silvicultural systems to shelterwood cutting, we alsc
worked on these cther problems. The J. Herbert Stone
Mursery is a good example. Tree coclers constructed on
the Butte Falls and Prospect Districts is another.
Genetically-improved stock and superior seed-source
selection is another. Not only recognizing frost
problems, but also designing our harvest units to

prevent frost problems is another. The FIR program and

this workshop is another, The list goes on and on, and
T can honestly say that I feel preity comfortable with
the regeneraztion success in the last five years cn the
Rogue River National Forest.

T then have to ask the next question. Why are we still
emphasizing shelterwood management? If the
regeneration problems are well on their way to being
solved, why are we still using a silvicultfure system
that results in a different set of management problems,
higher costs of logging, higher costs of fuel
reducticn, multiple entries on the same tract of
ground, pre-designated skid trails, blow-down potential
and limited vegetative manzgement opportunities. ‘Some
of our managers are asking these questions. Some of
the FIR project scientists are asking these questions,
T believe some of you will ask these gquestions during
this workshop.

Tt might be helpful to refer to a section of the
National Forest Management Act passed in 1976. Section
6 restates the Church Guidelines of 1971 and says that
the Ferest Service will insure that clearcutting,

- seed-tree cutting, shelterwced cutting and other cuts
designed to regenerate an even-aged stand of timber
will be used as a cutting method on Naticnal Forest
system lands only; where, for clearcutting, it is
determined to be the optimum method; and, for other
such cuts it is determined to be appropriate, to meet
the objectives and requirements of the relevani land
management plan.

The Church Guidelines of 1971 still apply to our timber
harvest activities as the recent Mapleton court case
decision pointed out.

When reviewing the Church Guidelines, I find these
words:

2, Harvesting limitations.
Clearcutting should not be used as a cutting
method on Federal land areas where:

a. Soil, slope or other watershed conditions
are fragile and subject to major injury.

. b, There is no assurance that the area can be
adequately restocked within five years after
harvest.

c. Aesthetic velues cutweigh other
considerations.

d. The method is preferred only because it
will give the greatest dollar return or the
greatest unit output.

3, Clearcutting should be used only where:

a. It is determined to be silviculturally
essential to accomplish the relevant forest
management objectives.”

With all of the additiomal legal and legislative
assistance, I find that when deseribing "Shelterwood
Cutting in Modern Multiple-Use Management™, the
original 1960 decision based on regeneration problems
looks pretty simple. &lthough we have the regeneration
problems sclved, it isn't quite as simple to return to
some other silvicultural system. Things are much more
complex in 1985 than in 1967.

Conclusion

The advice I offer is twofold. First silviculturists
should prescribe treatments for stands of timber on the
basis of silvicultural alfernatives, predicted results
and estimated costs. These prescriptions should be
presented to the decision maker in a format that allows
that person to measure the results of his/her decision
and trade-offs.

Secondly, the decision maker may or may not accept the
preseription as presented because of the many
non-silvicultural reasons we face today. If the
prescription meets my first advice, the decision maker
will know the effects of the decision.

Toc often, I find the siivicultural prescription tries
to seccnd-guess the decision maker and- does. not present
the true silvicultural alternatives. This tends to not
only limit the range of the decision space, but in some
cases has also resulted in poor decisions.

In my mind, if we are to be. successful in modern
multiple-use management, we need all the silvicultural
tools available to us. That's why it isn't shelterwood
cutting vs clearcutLing &as much as it is shelterwood
cutting and/or clearcutting. We need both tocls and we
need to use them in conjunction with the direction
given to the Forest Service in the Church Guidelines
and the National Forest Management Act.



I believe this workshop will foeus this issue, will
expand on the biological, physical and operational
considerations of shelterwcod management, and should
make it easier to fit this silvicultural system into
modern multiple-use management.
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SOIL AND MICROCLIMATE CONSIDERATIONS
by

Stuart Childs

ABSTRACT—-The decision to use a2 shelterwood harvest
system to ameliorate harsh environmental conditions
should be made after considering microclimate, site
properties, and the ameliorating effects of shelterwood
overstories. Site microclimate and soil properties can
be assessed using conventional wisdom regarding slope,
aspect, elevation, soil water supply, and competition
for water. This must be combined with knowledge of
effects of shelterwood systems on microclimate. In
this paper, current knrowledge about shelterwood effects
on below canopy radiation, seoll and air temperatures,
and s0il water use are reviewed.

KEYWORDS-~~Energy balance, soll temperature, soil
moisture, vegetative competition.

The shelterwood harvest system is a valuable technique
for improving timely reforestation in areas of the
Pacific Northwest where environmental conditions are
harsh. This conclusion can be drawn from survey
studies of operational trials in the region {McDonald,
1976; Williamson, 1973; Williamson and Minore,1978)
which show that stocking and survival both increase
with increasing overstory density. These studies also
show that growth is decreased beneath canopies. This
observation is in agreement with those from studies
under more dense stands (Del Rio and Berg, 1979; Spurr
and Barnes, 198() and is probably caused by competition
for site resources. Use of shelterwood harvest systems
is complicated by these opposing factors. On some
sites, environmental protection afforded by sparse
overstory canopies can enhance seedling establishment
and reforestation, If, however, too much overstory is
present, growth is adversely affected. Selection of
appropriate overstory density is therefore important to
the performance of the shelterwood system.

The decision to use a shelterwood harvest system should
be preceded by an znalysis of site and envircommental
factors which affect seedling growth and survival. The
factors of primary importance are those which influence
temperature and moisture. Factors affecting solar
radiation and soil and air temperatures can be conven
iently presented using the energy balance equation for
a site. This equation states that the net solar energy
which arrives at the soil surface goes to heat the
soil, heat the air and plants near the soil surface, or
evaporate water:

Rn = G + LE + § (1)

where En is net solar radiation, G 1s heat flux into
the soil, LE is latent heat of vaporization, and S is
sensible heat flux, the energy which heats the air.
The equation is useful because it contains terms which
contribute directly to the heat and moisture stresses
at a given site. For example, if avoiding high soil

_and gir temperatures is important, the terms G and S

should be kept small, The equation shows that this can
only be done if there is less net radiation or if
evaporation is very large. In the next section, data
will be presented to show that shelterwcod systems are
effective primarily because they decrease radiation
loads.

Site factors which must be considered in addition to
the components of the energy budget include slope,

aspect, elevation, scil water supply, rainfall pat-
terns, and water use bv competing vegetation. These



factors are related to either the amount of solar radi-
ation a site receives or the amount of water available
for transpiration by seedlings. These factors can be
used with empirical guidelines to estimate the like-
1ihood of seedling survival {e.g. Graham et al, 1982;
Lewis and Abbey, 1981; Stage, 1976) or they can be used
with simulation models (e.g. Giles et al, 1984) to
determine when water stress is likely to occur.

These techniques of site analysis for heat and water
stress are necessary to determine whether any manage-~
ment to reduce stress Is required. This determination
must then be coupled with knowledge of the effects
shelterwoods will have on heat and moisture environ-
ments to assess whether a shelterwood system will
provide adequate protection.

In this paper, data are presented to demonstrate
various effects of shelterwood overstorles. These
results are part of a paired clearcur-shelterwood study
in which soil water, soil temperature, and environ=
mental variables were measured in order to compare the

twoe harvest systems. The sites are near Cave Junction,

OR at an elevation of 1371 m. Slope 1s 27 percent,
aspect is 191 degrees, and the shelterwood had an
-overstory basal area of 24.} m?/ha. Both sites were
scalped and planted in the year of study.

EFFECTS OF SHELTERWOCD CANOPIES ON ENVIRONMENT

The major reporcted effects of shelterwood overstories
are reduced solar radiation beneath the canopy, lower
soil and air temperatures, and a smaller range in soll
surface temperatures {Childs et al, 1985; Dunlap and
Helms, 1982; Holbo et azl, 1985). Twe of these points
are well illustrated in Figure 1. - The overstory effect
on solar radiation delivery is quite pronounced except
on cloudy or rainy days when radiation is scattered and
blocking direct beam radiation is less important.
Note, however, that clearcut solar radiation levels are
. always higher than those in the shelterwood. The
decrease in solar radiation beneath the canopy is
directly reflected in the average soil temperature data
at the site. In May, there were already differences in
deep scil temperature indicating that the shelterwood
was cooler. This difference persisted throughout the
summer at both the 2 and 32 cm depths.
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FIGURE 1. . Shelterwood cverstory effect on solar -
radiatien and scil temperature.

A second major effect of shelterwoods on solar radia-
tion is the introduction of a large variation in radia-
tion beneath the canopy. ©n a given day and time,
there will be locations below the canopy which are in
full sun or in full shade. The microclimate at such
locations will be quite different at that time, but
except for extreme conditions (such as a location
directly to the north of a shelter tree stem), the
pericds of sun and shade will average out. The overall
effects of the canopy will be a reduction in daily
solar radiation {Fig. 1) and a reduction in time spent
in full sun {Holbo et al., 1985). On the ground,
operations such as planting should make use of pro—
tected mlicrosites even though the understory daily
radiation load is reduced.

Cancpy density effects on solar radiation delivery.

Shelterwocod canopy density affects radiatien beiow the
canopy according to Beer's law (Figure 2y. This figure
shows an exponential decrease in below canopy radiation
as overstory basal area incresses. This relationship
has been established for dens: stands (Del Rio and
Berg, 1979) and can serve as & puideline for appro-
priate shelterwood densities.
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FIGURE 2. Effect of overstory basal area on radiation
delivery below the canopy. Frattienal
radiation = 1.029 x exp(-0,0271 x Basal
area), r? = 0.95.

Canopv effects on other environmental variables.
Differences in air temperature and humidity beneath
canopies are difficult to measure because shelterwood
units are often too small to establish uniform condi-
tioms. In a practical sense, then, it could be stated
that shelterwood canopies do not affect summertime air
temperature regimes because air flow is too rapid to
allow a shelterwcod to alter conditions compared to
those surrounding it. Exceptions te this statement
occur in cases where there is not good 2ir mixing.
This can ocecur when a shelterwood is cut from am area
where all adjacent sites are left unharvested or when a
topographic low spot with stagnant air is cut. Topo-
graphic lows are common lecations where frost damage




occurs; this topic will be covered in some detail later
in these proceedings,

Shelterwoods do increase windspeed below the canopy.
When compared with adjacent clearcuts or dense stands,
increased turbulence beneath the overstory occcurs
during daylight hours (Holbe, 1983). It is this
increase in air mixing that makes air temperatures
similar to adjacent stands. Nighttime drainage flows
which are common in clearcuts are less pronounced
beneath shelterwoods. This effect is of importance in
situations where frost dawige may be a2 problem.

S0il temperature. The major shelterwcod effect on soil
temperature is shown in Figure I. This marked cooling
effect is directly related to the radiation environment
and has important implications for shelterwood manage=-
ment (Figure 3). If soil temperatures remain between
the cold-soil growth limiting line and the stress or
damage threshcld, optimum growth will not be decreased
due to temperature. 3Soil temperature can be maintained
between these lines by changing either the seascnal or
daily soil temperature pattern. Shelterwocds modify
soil temperatures primarily by decreasing soil tempera-
ture throughout the season. This is quite effective in
decreasing the likelihood of problems related to high
soll temperatures but it may cause problems related to
low scil temperatures. These include delayed bud burst
(Sorensen and Camphell, 1978), decreased root growth
{Lopushinsky and Kaufmann, 1984), increased root resis—

. tance to water uptake (Running and Reid, 1980), and
decreased mycorrhizal activity (Parke and Trappe,
1983). Decreased seedling growth under shelterwood
canopies may, therefore, be attributable to suboptimum
temperatures, particularly during the early summer when
soil water is readily available. Delay in growth
caused by low soil temperatures may cause seedlings to
.begin growth at a time when moisture is in short
supply, '
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FIGURE 3.
: geedling growth.

Most artifieial shading techniques for seedlings do not
tave large seasonal effects on soil or air temperatures
{Childs er al, 1985; Ryker and Porter, 1970; Strothman,
1972} and none has the pronounced effect caused by
shelrervood cancpies. Both shelterwoods and arrificial
ghading techniques do have noticeable effects on daily
soil temperature patterns (FiguFe 4). These data show
thet the dinrnal effect of shelterwood shading is to
lower temperitures more than either shaded or unshaded

11
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‘clearcut temperatures. The 32 cm data reflect the
seasonal lowering of soil temperature while the 2 cm
data show short term effects. The shadecard treatment
(placed to the southwest) shows a midafternoon decrease
in soil temperature when direct beam radiation is
blocked while shelterwood temperatures are lower during
most of the day. Both the shelterwood and shadecard
data show slight nighttime increases In soil tempera-—
ture. In related work, Childs et al. (1985) found that
shadecards have the potential to decrease heat loads
for pericds of time up to several days. This sort of
environmental modification would be beneficial in
situations such as heat waves, Dobbs and McMinn (1977)
found that mechanical scarificatjon increased midafter-
neon soil temperatures 2 C. at 20 cm depth., Similar
changes in maximum temperatures for mulches and shade-
cards were reported by Miller et al. (1983).
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FIGURE 4. Diurnal soil temperature pattern for shade-
carded, unshaded, and shelterwood sites.
Shadecards were placed on the southwest

side of seeding and soil thermometer.
SHELTERWOOD EFFECTS ON WATER USE

Shelterwood systems are used in situations where envir-
onmental stresses are severe enough to require modifi-
cation of the seedling growth environment in order to
ensure survival. The energy balance for a site (Eqg. 1)
shows that a shelterwood overstory will decrease the
energy available for evapotranspiration by decreasing
the net radiation zvailable below the camopy. In fact,
this logic has proven to be difficult to substantiate
in field studies. The shading studies of Dunlap and
Helms (1982) and Strothman (1972) showed the expected
trend of decreasing scil water use with increasing
shaade but treatment differences were not statistically
different. Tt is likely that soil water measurements
do not adequately demonstrate differences in below
canopy environment because the coverstory also uses soil
water. This point will be addressed in more dectail
shortly.



Beneficial effects of overstory canopy on seedling
water status have been documented (Flint and Childs,
1984; Dunlap and Helms, 1982; Lindquist, 1977). These
studies show that seedlings are under less stress and
maintzin open stomates for longer periods of the grow-
ing season when there is an overstory canopy tec protect
them. This is corroborated by the water use data in
Figure 5 which contrast water use patterns in an adja-
cent clearcut—-shelterwood pair. The figure is based on
daily electrical resistance block measurements of soil
water in the seedling root zome. The major peints to
recognize are 1) water use in the shelterwocd is
delayed and 2) all the available water in the root zomne
.is used by the end of the season, The delay in water
use in the seedling root zone is likely to be the
reasen for better seedling water status because the
delay conserves water until seedlings are actively
growing.
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FIGURE 5. Seasonal water use in a clearcut-shelterwood
pair.

The fact that all available root zome soll water is
used in most years (Fig. 5) must be considered when
planning site treatments. Since there is only a f£inite
amount of water availlable to seedlings, care must be
taken so that the seedling receives an adequate amount.
The primary issues involved in partitiening water in
the seedling root zome are vegetation management and

~ disturbance of the soil surface. Vegetation management
must inclode consideration of both understory species
and the overstory cancpy itself. Although the over-
story has a deeper roct zome than seedlings, there are
also roots near the surface which compete for water
(¥nyamsh and Black, 1977). Soil surface evaporation
can be a substantial water loss te the seedling root
zone, particularly if the surface is disturbed by
_scalping {(Ginter et al, 1979} .

An example of the effect of vegetative competiticn and
surface evaporation is shown in Figure 6. This figure
was constructed using water use estimates from a spil
water balance model currently under -Jevelopment
(Childs, 1984). Calculations were made for shelterwood
conditions on a site with a 60 cm deep secil, ten per-
cent ground cover of grass and forbs, and scalps around
400 seedlings per acre. The figure shows estimates of
total seasenal water use by the various components for
conditions ranging from noc overstory te a shelterwood
density of 40 m?/ha. In this simulation, it is clear
that the overstory is a strong competitor at high
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FIGURE 6. GSimulation of the effect of overstory carnopy
density on water use by seedlings, evapora-
tion, overstory, and grasses and forbs.

density. Because the simulation includes scalping,
evaporation 1s a major water use compenent at all
shelterwood densities, Seedling water use is always
the smallest water use component because the cover
percentage of seedlings planted at 400 per acre is very
low.

The predictions shown in Figure 6 must be incorporated
with knowledge of soil, site and environmental factors
in order to assess the overall effect of a shelterwood
system on a specific site. An overstory density must
be selected so that the below canopy emviromment is not
too harsh for seedling survival but so that competition
of the overstory for soil water is not excessive.

SUMMARY

When shelterwood canopies are used to ameliorate harsh
envirenmental condirions, it must be remembered that
overstory canoples have both detrimental and beneficial
effects.; Beneficial effects are related to the reduc—
tion in solar radiation below the overstory. This
results in less potential evapotranspiration and
improved seedling water status has been documented . A
second canopy effect 1s the reduction in soil tempera-

ture. This is beneficial in situations where heat

stress due to high temperature is a likely problem but
way be detrimental if soil conditions become too ¢ocl
for cptimum seedling growth. A second detrimental
effect of shelterwood canopies is increased competition
for root zome soil water. The net result of the
benefits and detriments of shelterwood canvpies has
been shown to be increased seedling survival and stock-—
ing with decreased growtd, Care must be exercised when
prescribing shelterwoods so that the maximum benefit is
cbtained. This necessitates consideration of soil
water supply, site characteristics, environmental con-
ditions, and vegetative competition for water.
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ABSTRACT -~ Shelterwood management is prescribed for a
wide range of Douglas-fir sites in scuthwest Oregonm.
These prescriptions are based on the assumption that
overstory shade ameliorates understory microclimate
thus improving the performance of underplanted
seedlings. However, competition for available soil
molsture from overstory and understory vegetation, as
well as decreased light, may nepate the beneficial
effects of lower soil temperatures, It is also noted
that the development of understory competitors appears
to be related to the amount of overstory cover. The
importance of minimizing competition in shelterwood
systems In the first 2-4 years after underplanting is
discussed, .

KEYWORDS ~- Regeneration systems, soil moisture,
limiting factor, partial cats,

For the last 20 years, shelterwood management has been
used in southwest Oregon on 2 wide range of Douglas-fir
sites, Most often, they have been prescribed for sites
where it was thought that overstories would reduce air

" and soil temperatures thereby fmproving the survival

and growth of underplanted seedlings. It has long been
recognized that Douglas-fir seedlings perform well in

. full sunlight in the heart of the Douglas-fir region
. {Isaac and Dimock 1985). Intuitively, however, many

foresters felt that in full sunlight in southwest
Oregon, high air and soil temperatures would either
k111 or severely reduce the growth of young seedlings.
Moreover, it was also a commom belief that evaporatiom,
the result of high temperatures and wind movement, were
the primary causes of soil moisture depletion on fully
exposed sites. -

A REEVATUATION

Research studies in southwest Oregon have confirmed
that soil temperatures are lower undex shelterwood
overstories (Childs and Flint 19B4) or in partial sun-
light (Hobbs, unpublished data), However, soil temp—
eratures will rarely be high enough tc be fatal to
planted Douglas-fir seedlings. For most forest sites,
full sunlight on mineral soil has less effect on soil
molsture depletion than does transpiring vegetation.
Hereln lies the basic error in the assumptions. On
many sites, scil moisture is the primary limiting
factor (see Hobbs 1982 or 1984 for az discussion of
primery limiting factors) -- not air and soil tempera-
tures, In fact, we now know that ambient air tempera-
tures may be very similar between adjacent shelterwoods
and clearcuts, particularly if shelterwood units are
relatively small or occupy topegraphic positions
similar to c¢learcuts (see Childs this proceedings), It
has also been learned that Douglas~fir leaf temperature
is related to air temperature and not necessarily to
the amount of light received (Vanderwzal and Holbo
1984).

For the majority of sites -- whether they be clearcuts
or shelterwoods, competing vegetation ig the major
influence on the rate and extent to which available
soll moisture is depleted. To rTecognize its



importance, we must realize that water is involved in
all physiological processes (Crafts 1968) and is prob-
ably the most significant environmental factor limiting
tree growth {Brown 1971). Minimizing competition for
available scil moisture while planted seedlings over-—
come transplant shock and develeop Toot systems capable
of meeting seedling moisture requirements is a basic '
eriterion for consistently successful reforestation.
For Douglas-fir this period usually lasts from 1-4
years depending upon individual site conditions and
annual weather patterns. That competition from asso~
ciated vegetation adversely affects conifers uader most
conditions is well-documented {Stewart et al. 1984} .

Shelterwood systems do not represent competition-free
environments. - Not only is there competition for avail-
able soil moisture, but for light as well. Unfertun-
ately, very little is known about the combined effects
of reduced light and transpirational water loss

from overstory trees on underplanted seedlings. A con-
founding factor is the additional competitiom of asso-
¢iated understory vegetation and its response to the
changing environment. Typically, most mature stands of
Douglas-fir have varying amounts of understory vegeta-
tion prior to harvest, depending upon crown cover,
stand history and other site factors. After stand
entry, understory vegetation development appears to be
negatively correlated with the overstory cover (Larson
and Wolters 1983). As overstory shade decreases, the
amount of understory vegetation increases. Io south-
west Oregon the vegetation may be broad leaved sclero-
phyll or deciduous brush specles, grasses, or forbs.
Such competitors almost always respond to increased
light by rapid growth (Fig. la through d), Most

often after the regeneration cut, the sire is prepared
for planting by underburning which slows recovery of
understory competitors. This effect is only temporary,
however, usually providing newly planted seedlings with

CROP TREE

] /\ UNDERSTORY COMPETITORS @ PLANTED SEEDLING

FICURE 1. Schematic illustration of probable vegetation dynamics in a Douglas—fir shelterwood with underburning and

pladting.
planting.
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(a) preharvest; (b) immediate post-planting; {¢) one year after planting; (d) three years after



a single growing season relatively free from umder-
story, but not overstory, competitiom.

INCREASING GROWTH ——=

NINCREASING GROWTHS

N\

FIGURE 2. Theoretical growth respomse of Dyuglas—fir
to changing light and available soil water
conditions (a) and.actual response (b),
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Based on experiments under natural conditions in
Washington, photosynthetic efficiency of Douglas-fir
seedlings is maximized in partial sunlight {Hodges and
Scott 1968). Theoretically, maximum growth would be
expected to be achieved under such conditions. In
actuaziity, Douglas-fir growth is probahly greater in
conditions of full sunlight and favorable soill moisture
(Fig. 2a and h). Fairbalrn and Neustein (1970) also
found Douglas-fir seedling weights were greatest when
grown in full sunlight. Emmingham aznd Waring (1973)
have suggested that in southwest Oregon this may be the
result of some advantage gained from year-round net
photosynthesis.

Del Rio and Berg (1979) found that Douglas~fir leader
growth increased with increasing light despite
corresponding increases in competing vegetation

(Pig. 3a and b). 1In the Sierra Nevadz of California,
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FIGURE 3. Mean annual leader growth of Douglas-fir in
relation to percent mean daily sunlight (a);
and (b) relationship between percent
~understory cover and percent mean daily
sunlight (adapted from Del Rio and Berg
1879).




Dunlap and Helms (1983) found essentially the same
relationship between increasing light and growth of
Douglas~fir seedlings when overstory basal areas were
reduced (Fig. 4).
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FIGURE 4. Effect of shelterwood overstory basal area

on mean biomass of planted Douplas-fir
seedlings after cne year and percentage of
full sunlight reaching the understory
(adapted from Dunlap and Helms 1983).

In a study east of Eugene, Oregon, Douglas-fir seedling
survival and growth were compared on a soyth-facing
¢learcut and shelterwood (12-16 treessha ). Owston
{unpublished data) found that eight years after
planting, seedlings in the clearcut avsraged 198 em in
height while those under the shelterwood averaged only
99 cm. Survival was 100 and 98 percent, respectively,
for seedlings in the clearcut and shelterweood units.
Preliminary results of another study comparing
regeneration in clearcuts and shelterwoods om droughty
sites in southwest Cregon (Owston and Hobbs, :
unpublished data) indicare slightly better seedling
perfoymance in conditions of full sunlight (Fig. 3a
and b).

CONCLUSIONS

Shelterwood management for Douglas-fir does not provide
underplanted seedlings with competition-free
environments and probably slows seedling development con
many sites (frost pockets are obvious exceptions). The
competitive effects of both overstory and understory
plants on the heat, light, and moisture regimes
experienced by Douglas-fir seedlings are complex,
interactive, and incompletely understood. When
shelterwood systems are prescribed for scuthwest Cregon
Douglas~fir sites, some form of site preparation is
esgential to slow understory competitor recovery. We
suggest, however, that for many sites any benefit to be
gained from lower soil temperatures under shelterwoods
may be lost to the effects of decreased light and soil
moisture.
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FIGURE 5. Mean second-year survival (a) and height

growth (b) of Douglas-fir seedlings in
adjacent clearcuts and shelterwoods on three
different aspects in southwest Oregon (Owston
and Hobbs, unpublished data}.

Admittedly, the reduced growth under shelterwoods may
be acceptable for the few years the overstory 1s
present if the shelter increases seedling survival,
The proglem comes, however, if the reduced growth of
Douglas~fir seedlings is combined with vigorous growth
of competing vegetationm to the point where ultimate
establishment of the crop trees is not adequate.

In the last few years, improved seedling quality
(physiological vigor), closer attention to proper
handling and planting, and an increased awareness of
the need to minimize competition for available soil
moisture during the first 2-4 years following planting
have increased the success rate of establishing new
Douglas-fir plantations in southwest Oregon under
conditions of full sunlight.
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- ABSTRACT--Shelterwood harvesting costs more than

clearcutting. Two logging methods were examined in
this paper: cable (skyline) and tractor. Cost
comparisons showed that shelterwood harvesting costs,
when compared to clearcutting costs, adds an additional
39% for skyline logging and 13% for tractor logging.
The difference is §1,249 per acre for skyline and 5363
per acre for tractor.

Eight cost centers are affected: 1) felling and
bucking, 2) skidding, 3) loading, 4) depreciation, 5)
slash, 6} erosion control, 7) temporary roads, and 8)
regenesration costs.

Key Words: Shelterwocd vs. clearcut costs,

Many of the timber stands on south to southwest aspects
in southwest Oregon are considered for shelterwood
harvesting. We now have the logging technology to make
shelterwood harvesting physically feasible on any site.
A major criteria necessary to decide what regeneration
gystem to use are the cost differences between
shelterwood and clearcut harvesting.

Harvesting cost variations were compared on typical
southwestern Oregon cutting units (figure 1}, The
units were 30 acres in size with a net volume of 35
MBF/acre and a gross volume of 42 MBF/acre. The ground
slope was 45% for the skyline unit and 20Z% for the
tractor unit. A Madill 071 yarder was used for
developing the skyline cost appraisals. This provided
lateral reach and one end suspension by using elevated
talltrees for skylime anchors. A Caterpillar D-7 size
tractor was used for the tractor cost appralsals.

 FIGURE !. Schematic view of basic logging units used

in appraisal of costs.
SEVIINE UNIT TRACTOR TNTT
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$ix cost appraisals were prepared comparing costs of
logging the 30 acre units by clearcutting, regeneratiocn
cit, and overwood removal for both tractor and skyline

metlieds. Eight cost centers weré identified as
variables depending on the logging system and harvest
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techunique. They are:

1. Felling and bucking: Cost varies based on
production per day and volume removed in each
harvest.



2. Skidding: Cost varies based on production per day
and volume removed in each harvest.

3. Loading: Cost varies depending on yarding
production.

4. Depreciation: Cost varies based on hours the
equipment is needed to yard the logging unit.

5. Slash disposal: This cost center varies depending
on the harvest system, volume removed and site
disturbance durimg the logging operation.

6. Erosion: Cost varies dependent on the amount and
type of soll disturbance. No cost allowance was
made for the skyline cperations, but erosion
contTol costs were included in the tractor
operations.

7. Temporary roads: Cost varles deﬁending on need;
e.g., the skyline alternative does not require a
temporary road and the tractor overwood removal

TABLE 1.

COS8T CENTER COMPARISON FCT. SKYLINE LOGGING.

will use the one constructed for the regemeration
cut.

8. Regeneration: These costs have a wide variation
based on percent ground slope, aspect, soll
disturbance, and damage to the reproduction from
logging.

These eight cost center variations are summarized in
tables 1 and 2.

Appraisal procedures used in developing these costs are '
deseribed in the Forest Service Timber Sale Appraisal
Handbook 2409.26. These cost appraisals can be
adjusted to fit site-specific conditions. The trend
established in this example should remain constant.

-The logging costs for shelterwood mznagement are

approximately 39% higher for skyline logging and
approximately 13% higher for tractor legging.
Clearcutting instead of shelrerwood cutting, in this
example, yilelded an additional §1,249 of income per
acre in areas requiring skyline and an additional $363
of income per acre in tractor logging areas,

1 2 3 4 5 6
Cost RC OR Wt AVE . cc ZCH
Center . 2& 3 4 & 5
. $/MBF $/MBF §/MBF $ /MBF z
F&B - 12.85 12,06 12.67 12,54 0
Skid 38.33 : 89.83 50,10 30.13 +66
Loading 9,81 Y. 22.90 12.80 7.63 +38
Depr. 9.15 14,89 10.46 7.75 +35
Slash 18.95 28.63 21.16 17.09 +24
Erosion 1} 0 0 0 N/a
Temp Rd. 0 0 0 0 N/&
Regen - 19.89 16.19 19,04 15,47 +23
Cost ’ '
Summary 108.98 184,48 126, 24% © o 90.73 +39
* WT AVE summary is not additive
RC = Regeneration cut :
OR = Qverwood removal ¢f seed or shade trees
CC = Clearfur harvest
TABLE 2.
COST CENTER COMPARISON FOR TRACTOR LOGGING.
1 2 3 4 5 6
Cost RC OR WT AVE CC %CH
. Center 2 &3 4 & 5
5 /MEF $/MBF $ /MBF $/MBF %
F&B 12,31 11.52 12.13 12,12 +0
Skid 15,58 156.66 16.28 15.23 47
Load 7.53 7.53 7.53 7.33 0
Depr. 2.16 Coz.16 2.16 2.16 0
Slash : 17.55 24,23 19.08 16.39 +16
Erosion G.69 2.54 1.11 G.58 +92
Temp Rd. 1.23 1.04 1.19 G.95 +25
Regen 29.63 26.04 28.81 22.97 +25
Cost
Summary 86.68 93.72 88.29% 77.93 +13

* WI AVE summary is not additive

RC = Regeneration cut
OR = Overwood removal of seed or shade trees
CC = Clearcut harvest
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ABSTRACT -— Economi¢ analysis of clearcut and
shelterwood alternatives are provided for an average
to good site and a poor site, and methods of
comparison are outlined. Poor sites tend to faver
regeneration methods such as shelterwood which pay the
regeneration costs through reduced revenues and delay,
rather than as a cash outlay. Impacts of adopting the
shelterwood system on the harvest scheduling and
planning system are also discussed.

Economic analysis of the shelterwood versus t¢learcut
decision presumes the availability of information on
yields, stumpage values, costs and precise
silvicultural prescription for either system applied
to the same unit of ground. Obtaining this
information s perhaps more difficult than the
analysis 1itself. Once it is obtained 4t can be
readily processed 1in economic versions of managed
yield simulators such as the one provided by Fight and
others (1984) using the DFSIM simulator (Curtis and
others, 1981). For purposes of comparison, this is
the method followed here, but you should keep in mind
that in  actual application, a silviculturist's
perception of subtle differences in the sites and his
oer her subjective hunches about the probability of
success with either system, will also play an
important role.

A Comparisbn Over a Full Rotation

four simulations were run +to compare shelterwood
assumptions versus clearcut assumptions for two sites
using DFSIM. Site 115 (mid site III} represents a
favorable growing opportunity fer Southern Oregon
while Site 70 {mid site V) represents a harsh marginal
site.

For each site, we specified a zero regeneration cost
on either system so that at the end of the analysis we
can draw an inference about the justified regeneration

‘expenditure on the clearcut site. Ffor  each

alternative, we assumed a precommercial ‘thinning to
360 trees per acre at age 15, recognizing the
necessity for juvenile stand management toc achieve
early wind firmness and spacing. A thinning te 100

-square feet of basal area at age 50 was taken in each

case, representing a profitable opportunity for
revenue in the good site case and a cost covering
wind-firming treatment in the case of the poor site.
The clear-cut rotation was 70 years on the good site
and 90 years omn the poor site with shelterwood and

"~ overstory removal conducted at 70 and B0 years or 8{
-and 100 years 1in each respective shelterwood. case.

Regeneration harvest stumpage values are assumed to be
$200 per thousand board feet Scribner for each
clearcut case and $180 for each shelterwood and
oversiory removal case, to refiect only slightly
higher costs. The complex value functions Jn the
simulation program were used to derive the vastiy
differing thinning revenues on the two sites. Note
the assumption that wup until the age of clearcut

“harvest, an identical stand can be produced by either

method. Many will quibble with this assemptios but at
this stage, it i§s best to preserve our analytic
neutrality. We have also been generous to the
shelterwood method in our differential - cost



assumptions as the engineers will demonstrate in these
proceedings.

The comparisons are finstructive in both physical and
economic terms. The productivity difference is only
17 board feet per acre per year in the case of the
poor site and B85 board feet per acre in the case of
the good site. We have tabeled the difference in
present net worth a “planting bonus™. By using zero

as the regeneration cost at the beginning of the
analysis we can treat this difference as a fund
available to pay for regeneration in the clearcut

case. This fund is $91.85 on the good site and $22.31
on the poor. It seems to indicate that shelterwood is
the preferable method on both sites since the fund,
aithough four times greater omn the good site, s
dnsufficient to regenerate. On the poor site, in
particular where only $22.31 is available, we would
seem to prefer shelterwood. This is the correct
conclusion if our value and yield projections over
many decades in the future are precise but we should
look at several other aspects of the two systems and
some more numerical analysis before whole-heartedly
embracing the shelterwood methed.

TABLE 1.

COMPARISON OF SHELTERWOOD AND CLEARCUT ON A GOOD SITE.

Site 115
Age ~ Clearcut Shelterwood
0 J— J——
15 . Precommercial Thin Precommercial Thin
i to 300 Trees to 300 Trees
Cost $30 Cost $80
50 Commercial Thin Commercial Thin
20.3 M Scribner 20.3 M Scribner
Diameter: 12" Diameter: 12*
Net Stumpage: 32043 Net Stumpage: $2043
70 . Final Harvest Shelterwood
46.9 M Scribner 37.5 M Scribner
Diameter: 29" Diameter: 29"
Net Stumpage: $9380 Net Stumpage: $6750
80 -- Overstory Removal

. $B839.80 ) $764.65
Soil Expectation (4¥%): Soil Expectation (4%):
$897.52 $799.37
Land Value Difference: $98.15
Planting Bonus: $491.85

Mean Annual Harvest:
841 BF/ac/yr

Present Net Worth (4%):

12 K Scribner
Net Stumpage: $2160

Mean Annual Harvest:
766 BF/ac/yr

Present net Worth (4%}:

Productivity Difference: B5 BF/ac/yr

30

TABLE 2.

COMPARISON OF SHELTERWOOD AND CLEARCUT ON A POOR SITE.

Site 70

Age Clearcut Sheliterwood

0 — -

Precommercial Thinr
to 300 Trees
Cost $90

15 Precommercial Thin
to 300 Trees
Cost 390

Commercial Thin
2.2 M Scribner
Diameter: 8"

Net Stumpage: $19

50 Commercial Thin
2.2 M Scribner
Piameter: 8
Net Stumpage: $19

Shelterwood

26.9 M Scribner
Diameter: 16"

Net Stumpage: $4842

90 Final Harvest
23.6 M Scribner
Diameter: 16"
Net Stumpage: $6720
00 — Overstory Removal
19 M Scribner
Net Stumpage: $1620

Mean Annual Harvest:
381 BF/ac/yr
Present net Worth (4%):

Mean Annual Harvest:
398 BF/ac/yr
Present Net Worth (4%):

$149.66 $126.69
Soil1 Expectation (4%): Soil Expectation (4%):
$154.17 $129.22

Land Value Difference: $24.95
Planting Bonus: $22.3
Productivity Difference: 17 BF/ac/yr

Comparison Beyond Raw Capital Efficiency

Table 3 analyses the financial data from the
comparisons in Tables 1 and 2 from the perspective of
the point in time that the harvest decision is made
and compares the present net worth of the cash flow
over the shelterwood decade (2 harvests) with the
sipgle  immediate harvest from clearcut. The
difference which alse represents a fund available at
the start of a rotation is $1171 for the good site
and $784 for the poor. Either sum is clearly enough
to generate visions of shade-cards, paper mulch or
manual vegetation management or  perhaps more
parsimonious practices and a well-earned bonus for
the manager. Clearly we have changed the rules for
this analysis by failing to recognize the full
rotation waiting periods. We clearly will not earn 4
percent interest on our investment if we spend any
more than was indicated in our previous analysis.
But even for the economically sophisticated, this
near term cash-flow analysis s & convincing argument
for considering clearcut and regeneration even in the
poor site case.

Another approach for comparing the two systems is
breakeven analysis. The equations for breakeven
analysis are presented in Table 4 for two examples
using Site 115. Because of the 10 year difference in
rotation, they are set up in scil expectation form.



For the yield example question, we take the values as
given and the shelterwood yields as given and answer
the question, "How far could the clearcut yields fall
before shelterwood was superior?', The answer is
from 46.90 MBF to 40.15 MBF or .86 of our original
estimate.

In the second example we answer the question, "What
would the net stumpage and logging cost for
shelterwood he if clearcut regeneration required $300
additiocnal expense?". The answer is that stumpage
could fatl from $200 clearcut to $105.54 shelterwood
and logging cost could therefore rise from $100
clearcut to $194.46 shelterwood.

It is instructive to look at the forest-wide
allowable-cut impacts of the two systems.
Fortunately, detailed harvest scheduling analysis

such as those shown by Beil and others (1875) is not

necessary as the allowabie cut effects (ACE) are not
massive and foliow from the stand-level impacts
anatyses. The reason, there is little impact is that
the two systems shift harvest only between adjacent
decades. Overstory not harvested in the first decade
can be made up by slight increases in acres harvested
and the volumes foregone become availabie 1in the
second decade and so forth. The sustained yield
harvest drop from shelterwood in our example is 4
percent for the poor site and 9 percent for the good
site.

At egquilibrium on the poor site forest with a 100
year rotation 1 percent of the area will be disturbed
anpwally by overstory removal and 1 percent will be
disturbed by shelterwood harvest. The comparable
disturbance on the clear-cut 80 year alternative is
1.1 percent. Annual disturbance for the clear cut
alternative is only 55 percent of that for the
shelterwood. The judgment call hinges on weights to
be provided by watershed and landscape specialists.
The above figures suggest that shelierwood be
restricted to areas of high sediment and scenic
concern.

The comparable numbers for the good site forest are
2.5 percent annual disturbance for shelterwood and
1.42 percent for clearcut, a disturbance ratio of 56
percent.

Rates of rpading access on puyblic lands are currently
receiving media attention. In the early stages of
shelterwood application, greater areas of forest will
have to be accessed. This rate of accelerated roading
will slow, however, 1in later decades as overstory
removal is metered in the cut. Earlier access has a
higher road cost. associated and in some regions a
pubiic relations chore for the manager.

Clearly, the ‘analysis presented 4in this paper is
infiuenced by the input to the analysis. We have
assumed similtar yields under the two svstems with
reduced yield in shelterwood due to delay with the
site only partially occupied. Clearly, &vge
differences in yields or changes in delay will affect
the answer. The discount rate used will change the
size of the dollar values and the ¢ifferences between
the twe methods. The analytic technicues used are
becoming incrsasingly available as software packages
and can be performed by recent forestry graduates of
both .regular and short-course curricula.

TABLE 3.

COMPARISON OF PRESENT NET WORTH CASK FLOW OVER ONE
DECADE FOR SHELTERWOOD VERSUS CLEARCUT ON A GOOD AND
A POOR SITE.

Site 115
. Clearcut Shelterwood
Time Scale Stand Age Revenue Revenue
+] 70 $9380 $6750
10 BO/10 -— 2160
PNW Clearcut = $9380
PNW {4%) Shelterwood = $8209
Difference = $11 7N
Site 70
Clearcut Shetterwood
Time Scale Stand Age Revenue Revenue
0 90 $6720 34842
10 100/10 -— 1630
PNW Clearcut = 36720
PNl (4%) Shelterwood = $5936
Difference = 3 784
TABLE 4.
BREAKEVEN EQUATIONS.
Site 115
For Yield:
le
[(37.5 BBF){3$180)(1.04}) + (12 MBF){$180)]
g0
(1.04) -1
Yieid {$200}
= 7Q
(1.04) -1

Yield = 40.15 MBF

For Net Stumpage and Logging €ost to Cover a $300
Regeneration Cost:

10
46.9 MBF x $200 _ [(37.5 MBF)(1.04) £ 12 MBF]%P
R 80
(1.04) -1 (1.04}) -1
1o
= 300 _(1.04)
70
(1.04) -1

P = $105.54 net stumpage for shelterwood

$330 Pond Value - $200 net clearcut stumpage
= 3100 logging cost for clearcut

$300 Pond Value - 3$105.54 net stumpage for shelterwood
= $194.45 logging cost for shelterwood
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PLANNING FOR SHELTERWOOD MANAGEMENT IN SOUTBWEST OREGON
by

Steven D. Tesch
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ABSTRACT—-Interdiscipiinary planning and consideration
of all activities from pre-harvest inventories through
future stand management are imperative for successfully
regenerating stands by shelterwood management. This
paper presents an overview of important factors to
consider in planning, and discusses leave tree marking
guidelines and seedling size-overwood removal legging
damage relationships. Generalized basal area or number
of trees per acre guidelines for residual overwcod
density are mot adequate to achieve specific canopy
cover objectives. Seedlings between 60-100 cm tall
appear most suitable to withstand overwood removal.

KEYWORDS—-Interdisciplinary planning, overwood density,

logging damage. .

Over the last 20 years, shelterwood management has been
viewed with mixed emotioms, particularly in the western -
United States. Some land managers have practiced 1t
successfully and endorse it, while others avoid it at
all costs. As practiced in southwest Oregon, suc-
cessful shelterwood management requires more planning,
is more expensive, and is at least as risky, if not
more 50, than clearcutting. At least two entries must
be planned for, with commensurate logging and
reforestation plans and surveys. Vegetarion
competition and slash management problems may offset
the advantages the shelterwood canopy creates, and
regeneration must survive a final overwood removal.

There are, however, many reasons why shelterwood
management has been and will continue to be performed
in southwest Oregon. One is to minimize referestation
investments, another to ensure a local seed source by
relying on natural regemeration. Others include dif-
ficult-to-plant soils, frost pockets, and predictable
moisture deficit areas because of slope, aspect,
elevation, precipitation, or soil. Shelterwood
management 1s alsc practiced to protect scenic views
and by administrative mandate.

The purpose of this paper is to outline a framework for
integrated planning of shelterwood management, Two
aspects of shelterwood management, determining the
amount of shelter to leave and identifying the optimum
size of seedlings at overwood removal, will be examined
in detail. By considering the issues presented here,
foresters can develop a bisclogically sound and
relatively cost-effective management strategy leading
to successful regeneration.

DESCRIPTION OF SHELTERWOOD MANAGEMENT

The goal of shelterwcod management is to rTegenerate an
area under the protection cf an coverstory canopy. 4
new even—aged stand is produced by harvesting portions
of the original stand at intervals over a period not to
exceed 25% of the anticipated rotation. For rvxample,
with 100-yr rotations, the overwood may remain in place
for up to 25 yrs after the seed cut. However, this
definition may sometimes be misleading to the public,’



since forest managers usually seek to regenerate a
stand within 5 yrs and remove the overwood to minimize
regeneration damage and growth loss,

The classic shelterwood system consists of three cuts:
preparatory cut, seed cut, and overwood removal {Smith
1962). Commonly, the preparatory and seed cuts are
combined and natural or artificial regenmeration methods
are applied. However, in old-growth stands it 1s
possible to foster advance regeneration which may be
distributed uniformly or in irn clumps. When it is
uniformly distributed, a one-step shelterwood
(clearcut) may be applied to save regeneration grown
unintentionally under the old-growth canopy, Where the
advance regeneration is clumpy, a group shelterwood may
be applied to save existing regeneration and to promote
subsequent regeneration in other portioms of the stand,

For the most part, shelterwood management invelves
maintalning a one-story stand., However, sometimes
forest managers choose to leave some overstory trees
until the second story is merchantable, This is called
an irregular shelterwood. By definitjom, anything more
than a two-storied stand is uneven-aged (Smith 1962).

PLANNING FOR SHELTERWOOD MANAGEMEMT

Interdisciplinary Thinking

.Shelterwood management requires interdisciplinary
planning, not only for consideratien of multiple uses
but for reforestation success. Whether planning is
done. by a team or by one person, shelterwood management
is truly a regeneration system, with many possible
reasons for system failure. The following subject
areas must be considered during planning:

. Silviculture

. Reforestation

. Civii engineering (particularly on
} steep slopes)

. Harvest planning

. Sale administration

. .Logging engineering

° Fuels management

. Geology/hydrology
. Wildlife

The significance of individual elements may vary from
one preject to another, but failure to recognize each

one can lead to system failure.

Essential Considerations

The entire plan must be constructed before any entry
intc 2 stand 1s made. During discussions of events
‘from preharvest inventory through future stand
management, consideracion of the important subject
areas will help prevent potential problems.

Risk Analysis--

This is not really a separate subject area, but part of
the decision process for each issue that follows.
However, it is important ro recognize the element of
:tisk and the costs we are willing to incur to minimize
it. Being straightforward about risk may help jusrify
some practices that would otherwise appear unwarranted.
When we select the shelterwood method on harsh sites,
we feel there is a risk of reforestation problems after
ciearcutting in an average year; therefore, additioval
investments in shelterwood management are
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cost-effective. Predicting extremes in temperature and
precipitation are much more difficult, however, and the
¢osts associated with protecting plantations from such
unusual events are much more difficult to justify.
Where do we draw the line?

Silviculture/Reforestation—-

Silvicultural considerations should have a high
pricrity in the planning process, although not in
isolation from other considerations, because the goal
of the shelterwood process is regeneration. Some
specific questions to be discussed are:

. How do present stand conditions and stand
location fit with priorities, opportunities,
and constraints for other stands in the
drainage and ownership? Will this ranking
change in the future?

. What 1s the reforestation plan? Depending cn
regeneration method and the species selected
for management, what are the site
preparation, vegetation management, and
overstory cover requirements? What is the
best timing of operations? Can site
preparation and vegetation management needs
be met without causing unacceptable erosien
or ravelling?

Roads—=

Virtually all timber sales require some rocad
construction. Road specifications and location can
significantly affect harvesting cptions now and
silvicultural opportunities in the next rotation,
particularly on steep terrain.

Logging=—-

Planners must consider the availability of logging
machinery and the logging plan for all entries before
any entry Is made. If equipment Is not available as
anticipated, silvicultural goals may be compromised.

It is paramount that the logging and silvicultural
plans be coordinated to ensure logging can be completed
safely and cost-effectively and that silvicultural
objectives can be met.

Slash treatment--—

Particularly in old-growth stands where considerzble
defect is found, it 1is important to develop a slash

treatment strategy before overwocd removal. During

final harvest, seedling damage can result from slash
removal or movement of slash remaining from the seed
cut.

Protection of scenery—-

Under intensive management where the shelterwood
overstory is left in place only long enough to ensure
seecdling establishment, protection of scenery is
short—term and the site raverts to the characteristic
appearance of a clearcut after the overwood 1s removed.
If long-term protection is required, the overwood must
be left in place until regeneration is quite large and
visible, Cests in reduced growth rate of the
understory trees must, therefore, be anticipated and
greater damage to the regeneration expected when the
overwood is finally removed. This may be a situation
in which an early compromise in number of overwood
trees left could result in an irregular shelterwocd.
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FIGURE 1. Stocking according to residual basal area and
kind of seed bed for 21 naturally regenerated
shelterwood units in western Oregon Cascades
(Williamson 1973).

For simplicity, assume 50% shade is required om flat
terrain at noon on June 21 (Table 1). The stand
contains Douglas-fir, ponderosa pine, and white fir.
Equations for predicting maximum crown width of
southwest Oregon trees as a function of diameter were
published by Paine and Hann (1982), Tree height and
erown ratio can be used to estimate a reduction in
maximum crown width for densely stocked, self-pruned
stands. Williamson (1973) provided empirical data for
stand-grown trees in several shelterwood stands.

Table 1 fllustrates the complexity of selecting a magic
mumber for marking guidelines. As trees get larger,
fewer individuals are necessary, but the related amount
of basal arez increases. Such information may zlso be
helpful in pre-harvest planning to determine the size
of tree that is best to leave, if a range of diameters
is available.

‘

TABLE 1.

NUMEER OF LEAVE TREES AND BASAL AREA REQUIRED TO OBTAIN
.50% SHADE ON FLAT GROUND.

. Number of trees Basal area (ftz)

03K Dougias- Wiite Ponderesa Douglas- Wnite Fonderosa

{in.} fir fir pine fir fir pine
------------- BT ACTE = = = + = = = = » = = = = =

18 Kl 48 44 g = 53 86 77

24 20 31 29 61 96 91

30 l4 21 21 69 102 103

36 11 16 16 77 109 112

] 8 ¢ 12z 101 114 150

60 7 6 9 127 118 176

bouglgs-fir: mex. crown width {ft} = 4,6366 + 1.6078DBH - 0.0096250BKZ
Ponderpsa pine: max, crown width [£4} = 3;4835 + 1_34300BH - 0,008254DEx?
White fir: max, crown width [ft} = 6.1880° + 1,006S0BH

IBEH$IFYIN@'OPTiMUH SEEDLING SIZE FOR OVERWOOD REMGVAL

There .is little information available on the
relgtionship between size of regeneration at the time
of overwénd removal and amount of damage or mortality
durjng harvesting. Most "woods wisdom" recommends
removing the overwood before seedling height exceeds
mid-thigh, However, a case study conducted as part of
the FIR Program indicates that very small seedlings
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(less than 40 cm tall) suffer substantial mortality
when skyline logging with partial suspension 1s used to
remove the overwood { Fig. 2) (Lysne et al. 19813}.
Apparently, small seedlings, particularly planted cnes,
are not firmly rooted and are easily dislodged from the
soil during yarding. The flexibility of small
seedlings 1s an asser during timber felling, however.
Douglas-fir seedlings between 80 and 100 cm best
survived logging operations (Fig. 2). Seedlings this
size appear to be firmly rooted, yet remain flexible
enough to withstand rolling logs or falling trees.
Larger seedlings survive logging but are broken and
become deformed.

Additional research is being conducted by John Mann to
examine the relationship between seedling size and
logging damage on 35 shelterwood harvest units in
southwest Oregon. This work will also relate damage to
logging system, stand characteristics amd topography.
Predictive madels will enable planners to refine the
timing of overwood removal operations and to better
identify the risks assoclated with such issues as
contract extensions.
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FIGURE 2, Seedling mortality after uphill 1ogging, Grub
Gulch 1980. Number of sample seedlings
before logging indicated above bars.

SUMMARY

The objectives of this paper have been to review the
broad picture of shelterwood management and to examine
certain aspects in detail. Interdisciplimary planning
and consideration of zll activities from pre-harvest
inventories through future stand management are vital
for successful regeneration.

For productive shelterwood management, the following
points are essential.

. Silviculture, harvest plamning, and project
administration must be integrated.

. All entries must be planned before any
harvesting is dome.



Project adminmistration——

The best plans are no good if they canmot be carried
out. It is important that the objectives of the
operation are carefully spelled out in understandable
contract language and communicated effectively to a
purchaser or contracter. A commitment to careful
contract administration is also essential.

COORDINATING ENTRIES OVER TIME

More specific issues can be addressed when shelterwood
management is breken down into four phases, assuming
that the two-cut system iz being used. These phases
are project planning, regeneration cut, overwood
removal, and, very important, post-harvest evaluation
and treatment.

Project Planning

During the planning phase, the reason for using
shelterwood management on a particular site should be
made clear. Is a view being protected? Is a species
conversion to be attempted? Management strategy may be
quite different i1f the shelterwood method is utilized
for administrative reasons as oppaosed to biological
needs. For example, a politically motivated
shelterwood harvest on a north aspect may require less
shade but more vegetation management t¢ be successful.
Some additicnal questioms o consider are: What are
the stand and site characteristics of the area? Are
potential shelter trees of the correct specles and
sufficient vigor te provide seed? Are they ‘windfirm?
“What type of logging operation is needed to meet
silvicultural and other resource objectives? Will
necessary harvesting equipment be available in the
area? What vegetation management and site preparation
techniques will be available? )

Regeneration Cut

In this phase, considerations include whether the site
will be regenerated naturally or artificially; the
species, number, size, distribution, and phenotype of
shelter trees; and whether leave trees will have to
survive underburning. If the area will be artificially
regenerated and the site is not too harsh, uniform
shade may not be necessary. In such cases, the pattern
of the leave trees should be designed to ensure
efficient and cost-effective logging cperations and to
reduce logging damage to seedlings during overwood
removal. For example, leave trees could be arranged to
provide better access for aircraft applying herbicides.

How long should the overwood be left in place? With
intensive management, the goal should be to remove the
canopy as soon as regeneraticn is adequately
established, because the overwood reduces growth rates
of seedlings. Planning for overwood removal should be
a part of the initial planning phase and scheduling for
the removal should be underway when the regeneration
cut is compleced.

Overwood Removal

In this phase, accurate timing of the harvest is quite
important. We are beginning to identify the seedling
size that is least susceptible to logging damage and
the size with the greatrest potential for recovery from
certain types of damage. Poor timing or a poor logging
job, or both, can destroy everything that has been
accomplished. It is terribly important for all parties

to carefully consider, before any entry is made, 1f an
overwood removal has any chance of success, It is
equaliy important to have good preoject development,
contract administration, commupication with loggers,
and skiliful harvesting during overwood removal,

Post-Harvest Followup

Stocking surveys, competing vegetation evaluation, and
assessment of fuel loading are carried out after
harvesting, Surveys must be designed to account for
the heterogeneity in post-harvest conditions.
Interpretation of these surveys must be tied directly
to the original goals and risk analysis, Planning
should include consideration of minimum acceptable
stocking and definition of maximum opening size. For
example, 1f 50-ft.-wide openings are unacceptzable, this
should be decided before harvest.

Interplanting is a debatable issue. It is practiced
widely after overwood removal, at a cost of $50-5100
per acre. This is a rather high risk insurance policy,
if a shelterwood was truly necessary in the first
place. 1In general, interplanted seedlings are planted
without any site preparation except hand-scalping and,
of course, without shade from the overstory. Perhaps
if the same money was spent on special logging tech-
niques, unacceptable heles cculd be prevented and
seedlings established according te original objectives,

DETERMINING AMOUNT OF SHELTER TO LEAVE

How much shade is reguired? 1In shelterwood managment,
this question is probably asked more often than any
other. Ecologists tend to look at the answer in terms
of amount of canopy cover. This is probably the best
method, but the wost difficult for marking crews, who
prefer guidelines in terms such as number of trees or
basal area per acre,

Most of the literature reports the amount of canopy

necessary for natural regeneration. Values presented
integrate requirements for adequate seed distribution
as well as environmental modificarion. In general, for
intolerant sPeciés, the nature of the seedbed is more
important than the canopy cover. A site with a good
mineral soll seedbed may require very little shade,
unless the site is very severe (Williamson 1973)

(Fig. 1), As the gualiry of the mineral scil seedbed
decreases or the severity of the site increases, there
is a direct relationship between increasing seedling
establishment and i{increasing canopy density up to about
50%-60% cover (Willizmson 1973, Minore and Carkin 1978,
Williamson and Minore 1978}.

There is little documentation on the relationship
between the amount of canopy cover and the survival of
planted seedlings. FIR studies indicate that often
good quality stock, properly planted, will survive well
on very harsh sites withour any shade.

Even if the relationship between canopy cover and
survival were determined, the development of marking
guidelines would not be simple. A single basal area
value will not suffice; the species, height, diameter,
and crown length of trees likely to become leave

trees must be assessed. TFrom this information, amount
of shade provided under certain seasonal and
topographic cenditicns can be estimated.
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