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ON THE COVERDouglas-fir,
monarch of forests in the
Pacific Northwest and the
state tree of Oregon. Growing
from a seed shed by a cone,
this sprouting tree still bears
a and its seedcoat.
From its height of one inch,
the germinant will grow into
a seedling (above) that, in
about 15 years, will be a tree
producing its own cones. On
better sites in the Pacific
Northwest, Douglas-fir can
live more than 750 years,
reaching heights near 400 feet.
Today Douglas-fir comprise
more than half of the total
volume of standing timber in
Oregon.



"Here in Oregon,
forests affect
every one of us.

Not only scenery,
but also our pay-
checks, schools,
public services,
and recreation all
reflect the health
and productivity
of our forests.
How to make
these forests even
more productive
is what scientists
at Oregon State
University's For-
est Research Lab-
oratory are,,
seeking...

,
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". . .better infor-
mation about
resource trends
and who will be
affected. . . conse-
quences ofpro-
posed policies...
forestry costs and
benefits or who
receives, ,and who
pays...

Efficient use of forest land sets
the tone for forest management--
that is, getting the most prod-
ucts and other social benefits
from forestry investments. Basic
to this process are measurement
and framework for decisions.
Mensurationists work with forest
biologists to develop techniques
for measuring timber and other
natural resources. Economists
and other social scientists work
on means to measure supply,
demand, and other ways of
evaluating human preferences
and predicting behavior. All
are working toward developing
a framework and providing the
information vital for making
better forestry decisions.

TREES model
The computer model known as
TREES, used for the analyses
detailed in Timber for Oregon's
Tomorrow, will soon be avail-
able to others.

That 1976 report, issued as
Research Bulletin 19 of the
Forest Research Laboratory,
analyzed the present and
future supply of timber in
Oregon.

Since September, Philip Tedder
has been documenting the
TREES model so that other
states, public agencies, and
private companies will be able
to use it for harvest flow
analyses. Those potential users
have expressed interest in the
model because of its flexibility
for analyzing the effects of
different forest policies.

The model allows harvest con-
trol based on area, volume, or
economic criteria. Minimum
harvest ages can be varied, as
well as the desired condition
of the forest at the end of
the projection period. The
model provides a unique cap-
ability for regional timber
flow analysis, but it is also
useful for determining har-
vest flow strategies on small
properties.



Once he has completed the
documentation, Tedder will
prepare manuals aimed at
model users and computer
specialists.

Oregon's forests
and economy
Assessing the contribution of
Oregon's forest resources to the
State's economy will soon be
easier.

J. Douglas Brodie and Robert
McMahon, forest management
and forest products specialists,
have compiled the data that
link Oregon's forest resources
to production and employment
in the wood products industry
of Oregon.

This comprehensive report, now
in press as a bulletin of the
Forest Research Laboratory,
enhances etensive tables with
numerous graphs and narrative
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text for easier interpretation of
the data. Extensively reviewed
by experts in forest resource
and regional analysis, the report
also discusses some major eco-
nomic and environmental issues.

Many Oregonians should find
this report useful. It will
provide easy access to diverse
information that will help
policymakersforest managers,
legislators, forestry professionals
as well as students and the gen-
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Computers are indispensable for
analyzing complex forest manage-

ment systems made up of many
interacting variables.

eral public to be better informed
about the role that Oregon's
most important resource plays
in the State's economy.

assessing national
timber markets
Darius Adams, cooperating with
the U.S. Forest Service, has con-
structed a computer model he is
now testing to project price,
consumption, and production of
wood products in the United
States.

Much more comprehensive and
realistic than previous models,
this spatial equilibrium model
considers, in detail, regional
market activity for wood prod-
ucts and timber. These features
are particularly significant to
Oregonians because they enable
Oregon's prospective competitive
position in national and inter-
national lumber and plywood

markets to be assessed in
relation to its southern and
Canadian competitors.

The model also provides a way
to determine how alternative
timber flow policies by the U.S.
Forest Servicehow much tim-
ber will be harvested each
year from national forests
affect Oregon's comparative
advantage in national markets
for wood products.

This model, to be used in the
1980 national timber assessment
by the U.S. Forest Service, can
be applied to regional analyses
in the Pacific Northwest and
elsewhere as well.

appraising
animal damage
Should costly animal control
be undertaken on regenerated
stands? Should a damaged stand



be grown through to rotation?
Or should it be replaced with
a new stand and tighter control
to prevent more animal damage?

These are the kinds of ques-
tions that J. Douglas Brodie,
with support from the forest
industries, has addressed to
develop a sequential model
that will enable a land owner
to look at a lot of alternatives
when faced with possible animal
damage in young stands. From
these alternatives determined
by the particular circumstances,
the land owner will be able to
select the most cost-effective
strategy.

For example, Brodie found that
animal control measures will be
worthwhile on Site Ill land
stocked with Douglas-fir if anti-
cipated animal damage will re-
duce the stocking to less than
800 cubic feet per acre by the
time the stand is 20 years old.
If damage will be less severe,
the cost of control measures
will outweigh the benefits.

Of course, any alternatives
posed by the model will depend
on current costs, prices, and
the discount rate, making this a
dynamic model that can be
used in a variety of circum-
stances. A publication will
explain the model and show
how these factors influence the
strategies of land managers.
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". . .better ways
ofassuring
prompt regenera-
tion of vigorous
forests. . .prac-
tices that will
accelerate tree
growth.. .and
reduce losses and
use impacts..."

genetic variation
in Douglas-fir
A long-term growth study of
Douglas-fir has documented
how seed from diverse locations
responds to different environ-
mentsinformation that will
warn nursery operators and
forest managers that the proper
seed source must be selected for
good growth and adaptability.

In 1954, the Forest Research
Laboratory and several cooper-
ators began collecting Douglas-
fir seed from 16 locations
throughout the west side of the
Cascade Mountains. In 1959, 2-
year-old seedlings of these prov-
enances were out-planted at or
near each collection site so
researchers, led by Kim Ching,
could detect genetic variation
and observe how the different
provenances responded to each
site. Plantations at 10 locations
survived 20 years.

Ching reports that average
heights and average diameter at
breast height (dbh) differed
significantly among seed sources.
Although the interaction be-
tween seed sources and the out-
planting locations was significant,
that provenance x environment
interaction was primarily due
to seed from the Olympic
Peninsula. Discounting that
seed source, the others fell
into a rankingby average
height and average dbhthat
generally held true at all
plantations. This indicates
that natural selection had been
active in causing genetic differ-
entiation among geographical
seed sources of Douglas-fir.

These rows of Douglas-fir, now
20 years old, are being studied to
determine how seeds from diverse
locations throughout the Pacific
Northwest respond to outplanting
in other environments.
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Elevation and latitude where a
provenance originated did not
appear related to its subsequent
height growth averaged over all
the plantations. However, for
the 20-year-old trees, average
height decreased about 100
inches as the elevation of
plantations increased 1000 feet.

For most of the provenances,
average height at 2, 5, 9, and
20 years correlated closely, in-
dicating that juvenile growth of
Douglas-fir can be used to screen
provenances or genotypes for
growth potential at age 20 and,
probably, for later years as well.
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dormancy in
western hemlock
Studies of seedling adaptation
reduce the need for intensive
site preparation and also in-
crease the supplies of raw
material resulting from success-
ful reforestation.

Eric Nelson and Denis Lavender
studied how environment affects
the initiation of dormancy in
seedlings of western hemlock.

A short photoperiod, coupled
with a warm thermoperiod and
moderate moisture stress, most

effectively stimulate the initi-
ation of dormancy in seedlings
of western hemlock. They also
found that hemlock seedlings,
like Douglas-fir, lose substantial
vigor and more die if they are
subjected to cold, dark storage
in the early fall.

These results should help both
bare root and container nurs-
eries provide landowners with
more vigorous planting stock.

Differing environments will
influence the growth of these
western hemlock seedlings.



recovering
high-site forests
High-site forest land can be
recovered from brush if the
vegetation is properly con-
trolled and if the prepared site
then is planted with the most
suitable type of seedlings.

site preparation

In an effort to control brush
while disturbing soils and wild-
life as little as possible,
Michael Newton and Bruce
Kelpsasin cooperation with

Starker Forests of Corvallis
studied what happens to the
populations and competitive
ability of brush species treated
with herbicides or with herbi-
cides combined with scarifica-
tion or burning.

Apparently several methods will
sufficiently prepare even a site
originally covered with the
dense coastal variety of brush
so that planted conifers will
grow satisfactorily. However,
the cost of planting and subse-
quent maintenance differs
considerably for each method.

Least expensive and easiest to
maintain was a single applica-
tion of glyphosate to control
many brush species; large trees
had to be felled. Except where
salmonberry was very dense,
the sites were easily planted
with 435 seedlings per acre.

Although scarification simplified
planting, it was expensive and
enough grass cover subsequently
developed to threaten seedlings
from both moisture competition
and pasture-like attraction to
wildlife. Application of 2,4,5-1
and picloram, combined with
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tractor-crushing of brush, con-
trolled brush and prepared sites
for burning; however, smoke
control restrictions sometimes
prohibited burning during favor-
able weather.

Such research with herbicides
has led to registration of
several new products that land
owners can use to control brush
and herbaceous weeds and, thus,
reforest lands now out of pro-
duction. Because herbicides use
little energy without damaging
soils and watersheds, their use
will benefit society, as well as
the land owners.

proper planting

Once a site is prepared, the
type of seedling planted there
will determine the success of
the effort.

Newton and Kerry Howard
found that large transplants of
Douglas-fir and western hemlock
proved superior to small seed-
lings planted on favorable sites
in the Coast Range. Smaller
seedlings were vulnerable to
animal damage, encroaching
weeds, and falling vegetation
and litter. Sitka spruce in con-
tainers performed well, but
they were vulnerable to weevils
and girdling by deer antlers.
Although grand fir grew more
slowly at first, it was not in-
jured by wildlife.

In the foothills of the Willamette
Valley, the largest seedlings were

less successful than well-balanced
stock with large root systems
adapted to droughty conditions.
Surprisingly, Sitka spruce did
nearly as well as ponderosa pine
during the first 3 years, and
Sitka spruce planted in the
valley has had no weevil dam-
age yet. Douglas-fir was se-
verely browsed, but grand fir,
Sitka spruce, and noble fir were
not browsed. Despite poor first-
year survival, grand fir grows
very well in the foothills. It
experienced minimal damage
from deer in all areas.

overlapping
harvest and
regeneration
Even under dense canopies,
occasional Douglas-fir seed-
lings can become established
and live for 2 to 3 years.

However, if the plot is
thinned, more seedlings will
become established and continue
growing for at least 14 years
in response to the increased
light.

For example, at Black Rock in
western Oregon, Ernest Del Rio
and Alan Berg studied naturally-
established seedlings of Douglas-
fir under three thinning inten-
sities: light, medium, and heavy
(basal areas of 160-190, 130-
160, and 100-130 square feet
per acre). Lightly thinned plots
yielded 208 to 2963 seedlings
per acre, compared with 435 to

6667 and 882 to 5680 seedlings
per acre on plots receiving
medium and heavy thinnirg.

However, other factorsdensity
of ground vegetation, soil tem-
perature, and soil moisture
apparently influenced seedling
establishment too.

Leaf area was measured on 38
sample trees in thinned plots
and in the open. The ratio
of leaf area to dry weight de-
creased as light increased from
about 1 percent to full sun-
light, indicating that Douglas-fir
can respond to a wide range of
light conditions with leaf mod-
ifications that help it survive.

This study suggests that new
forests may be established be-
fore final harvest of the prev-
ious stand. This may alleviate
some regeneration problems as-
sociated with clearcutting, and it
could eliminate planting while
maintaining the local gene pool.
However, if these findings are
to be fully used, more efficient
harvesting methods that do not
damage advance reproduction
must be developed.
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fine roots To characterize the seasonal dy-

forests
namics of fine-root growth, to

in relate seasonal and spatial
Although no aspect of silvicul- patterns to environmental condi-
ture is independent of the role tions, and to compare the
of fine roots, little research has seasonal dynamics of foliage to
focused on the belowground por- those of roots, Santantonio is
tions of forest communities, collecting soil and root samples
Consequently, Daniel Santantonio in three stands of mature
is leading one of the first Douglas-fir in soils ranging from
studies of fine-root dynamics in moist to dry.
forest ecosystems of the western
United States. Early results show a pattern of
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root growin tnat corresponas to
rainfall, with low soil tempera-
tures a limiting factor during
the winter.

Even modest breakthroughs in
understanding fine-root relations
may have considerable impact
on current management prac-
tices and future experimental
research.

Half of what is happening in this
stand can't be seen. Dynamic pro-
cesses underground may consume as
much as 50 percent of the energy
and materials that these trees are
producing through photosynthesis



hormones and
conifer growth
A new procedure that measures
a growth hormone in conifers
may be the first step toward
understanding how the hormone
functions in the plant and,
thereby, how it may be manip-
ulated to influence tree growth.

Gibberellin, a type of growth
hormone in forest trees, is
believed to regulate dormancy,
flowering, and some other
physiological processes. However,
no good method to measure
gibberellins has been available.

Consequently, Joe Zaerr and
Roy Morris developed a method
to
conifers. Following a new chem-
ical procedure, they developed
a derivative containing bromine,
then successfully tested this
process on some standard
gibberellins. The quantitative
reaction allowed very low quan-
tities of gibberellins to be
measured using very simple
cleanup procedures and high
performance liquid chroma-
tography (HPLC).

The procedure was tested on a
plant (Marah sp) known to con-
tain gibberellins, and the
hormone was indeed identified
in that plant. The next step will
be to identify the gibberellins
in the xylem sap and in pollen
of Douglas-fir.

The derivative is particularly
useful with HPLC because it is

'.

highly absorbant in the ultra-
violet region of the spectrum.
It also promises to be highly
sensitive with gas-liquid
chromatography because that
technique is particularly sensi-
tive to the bromine molecule.

Forest tree physiologists
working with growth hormones
will be particularly interested in
this new technique that will
help them better understand
how trees function so, ul-
timately, they can regulate
growth and flowering.

By injecting only a few milliliters
of xylem sap into this high-
performance liquid chromatograph,
scientists are able to analyze
hormones in the sap.

13
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water use in
thinned forests
Although a thinned forest may
have fewer trees to use water,
the individual trees that remain
use more water than before.

In northern Scotland, Richard
Waring participated in a study
of how Scots pine trees, main-
tained at different spacings, use
water and respond to evapora-
tion. Supported by the Univer-
sity of Edinburgh and the
British Institute of Hydrology,
the study focused on a 40-year-
old plantation varying in density
from 250 to more than 1400
trees per acre.

There the researchers installed
towers and catwalks adjacent to
the trees so they could measure
climatic variables and the action
of the stomata at different
layers in the foliage. Water up-
take by the trees was moni-
tored by the movement of iso-
topes injected into the stems.

In dense forest, light appeared
to limit the opening of stomata
and, therefore, inhibit transpir-
ation, so the canopy used less
water per surface area of fo-
liage. That means that opening
up a forest increases the water
use by each tree, although a
dense forest may use more
water in total.

Some conifers, particularly
pine, have a large amount of
sapwood. Because that is where

trees store water, a large amount
of sapwood suggests that such
species might be able to draw
on that internal source.

The results in Scotland showed
that a 1 0-percent change in
relative water content of the
sapwood (0.08 inches of stored
water) represented as much as
50 percent of the stand's daily
water use.

If studies of succession show
that replacement trees have less
sapwood and more foliage, then
this adaptation hints that forest
managers may have to consider
those factors when selecting the
most appropriate species. For
example, trees with much sap-
wood less foliage should be
better suited for water-limited
areas.

Furthermore, because trees can
store water for use in dry
periods, hydrologists may have
to consider that storage ca-
pacity when assessing the water
needs of a site.

thinning vs.
productivity
The productivity of a young for-
est does not necessarily corres-
pond to the amount of growing
stock.

Results of 1 2 years of measure-
ments suggest that other factors,
such as stand structure and time,
also may affect productivity.

To study how thinning affects
tree size, production of wood,
and growing stock ratios, Alan
Berg and John Bell have been
measuring growth in a stand of
Douglas-fir thinned according to
eight different schedules.

In 1963, the 20-year-old stand
growing near Hoskins in western
Oregonreceived a preparatory
cut. That is, the groups on the
eight schedules were thinned
back to the same growing stock
level, and one group remained
unthinned as a control. After the
stand had grown 10 feet in
height (the criterion for a
thinning interval), Berg and Bell
began applying the different
thinning regimes to the thinned
plots.

Every time the trees grew 10 feet
(approximately every 3 years),
the trees were measured for di-
ameter (for calculating basal
area) and height. From this data,
Berg and Bell determined cubic-
foot volumes of the trees.

At first the unthinned stand pro-
duced more growth (in terms of
cubic feet). However, after 12
years, thinned stands with higher
levels of growing stock are pro-
ducing as much volume as the
unthinned stand. Based on these
results, Berg expects the thinned
stands with adequate levels of
growing stock to eventually pro-
duce as much or more growth
(that is, volume) than the
unthinned stands.

The project is part of a coopera-
tive program involving the Forest
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controlling
bark beetles
Low dosages of two natural,
nontoxic compounds that affect
only the Douglas-fir beetle have
successfully and inexpensively
curbed a severe infestation of
that insect in northern Idaho.

Three years ago, a major
timberland owner sought help
for an outbreakin progress
since 1970of Douglas-fir
beetles in stands that had never
been thinned or logged.

Such infestations usually last 1

to 7 years, as long as suscep-
tible trees are prevalent, then
the epidemic declines. Infesta-
tions commonly begin with
single trees, spreading to others
nearby, then expanding into
"hot spots" where large num-
bers of trees are infected and
killed.

Gary Pitman, a forest entomol-
ogist for Boyce Thompson

Institute, proposed that
those hot spots were groups of
susceptible trees and that not
all trees in and near hot spots
were vulnerable to the beetle.
With that in mind, he decided
to
mones, chemical messengers
that animals naturally produce,
to disrupt the beetle's ability to
select and kill susceptible
Douglas-fir. How?

Douglas-fir beetles emerge in
early spring from trees killed
the preceding year. During a
2-to 3-week period of flight,
the beetles select new trees to
attack, and there they lay eggs
of the next beetle generation.
Large numbers of the insect
must attack the green tree to
overcome its natural resistance.
Therein lies the weak link in
the beetle's life cycle.

Pitman combined a known
repellent-pheromone and a new
pheromone in a slow-release
system. Sprayed by helicopter

over 2 acres of hot spots in the
early spring, the system re-
leased the pheromones at
approximately 2 milligrams per
hour per acre for about 2
months, well beyond the usual

period beetles.
The two chemicals forced the
beetles to disperse, as well as
to attack nearby resistant trees
that, in effect, became lethal
traps.

During the first year after
treatment, tree mortality de-
creased very significantly in
and around the hot spots. The
next year, no mortality was de-
tected. Thus, these two phero-
mones in a slow-release system
effectively blocked the spread
of the infestation.

In 1977, bark beetles killed
nearly 0.5 billion board feet
of timber in Oregon. If the
U.S. Environmental Protection
Agency approves and registers
this pheromone treatment, it
will be a new approach to con-



trol other types of beetles. Such
a technique will help minimize
premature logging and mar-
keting of infected trees, salvage
efforts that seriously disrupt
sound schedules of forest
management.

However, Pitman cautions that
this technique is only one of
several interim solutions. The
long-term solution to beetle
infestations remains in better
silvicultural practices that
promote stand vigor.

herbicides in
reforestation
Reforestation problems caused
by pocket gophers, moisture
stress, or both can be alle-
viated by vegetation manage-
ment with herbicides.

In southern Oregon near
Medford, efforts to reforest
unstocked, 10-year-old clear-
cuttings occupied by dense

herbaceous vegetation had
repeatedly failed, primarily
because of damage by pocket
gophers (Thomomys sp.) and
summer drought. In that pine
and mixed conifer region, the
pocket gophers bark seedlings,
remove whole seedlings, and
clip roots, stems, and foliage.
The herbaceous vegetation not
only provides habitat for the
gophers, but it also competes
with the seedlings for moisture.

Although gopher populations
can be directly reduced by
hand- or machine-baiting and
by trapping, these methods are
expensive, time consuming,
and often ineffective. Usually
treatments must be repeated
because the pocket gophers
can repopulate an area in a
year.

Because vegetation management
seemed to offer the most po-
tential for long-term control of
gopher damage as well as mois-
ture stress on forest plantations,
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Because pocket gophers destroy
newly planted seedlings, the animal's
populations must be controlled during
reforestation.
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Hugh Black, Edward Hooven,
and Michael Newton used her-
bicides to see if changes in
habitat would improve tree
survival.

In cooperation with the Bureau
of Land Management, the three
Oregon State University scien-
tists used a mixture of atrazine
and simazine (A+S) to control
grasses; 2,4-D to control forbs
and shrubs; and the three her-
bicides combined (A+S+2,4-D)
to control all vegetation. After
the herbicides were sprayed by
helicopter, experimental planta-
tions with several species of
conifers were planted.

Vegetation decreased most on
clearcuts treated with all three
herbicides and least on those
treated only with 2,4-D. Within
3 years of treatment, herbaceous
vegetation recovered although
invading weeds dominated areas
treated with A+S.

As vegetation decreased on
those areas treated with A+S
or A+S+2,4-D, so did gopher
activity although it lagged
about a year behind herbicide
application. Gopher activity re-
mained low on those areas, but
additional spraying with
A+S or A+S+2,4-D would be
desirable to curb revege-
tation.

After a year, seedling survival
on these clearcuts was less than
20 percent on untreated and
2,4- D-treated areas. In contrast,
seedlings on areas treated with

A+S or A+S+2,4-D had about
70-percent survival, good refor-
estation success for this severe
site. These results reflect the
reduced gopher damage and the
reduced moisture stress, both
the result of the herbicide
treatments.

How pocket gophers respond to
herbicides will vary with condi-
tions of herbicide application
and the composition and den-
sity of the vegetation. There-
fore, controlling damage by
pocket gophers also may require
hand-baiting or other measures,
in addition to vegetation man-
agement, to reduce tree damage
to an acceptable level.

Already private and public
forest managers in southwestern
Oregon and other parts of the
pine and mixed conifer region
are applying these results to
improve regeneration.

brown and burn
Brown and burn, a technique
to prepare logged sites for re-
forestation, also reduces popu-
lations of mountain beavers
that otherwise browse on, clip,
and uproot newly planted
seedlings.

After logging, a site is aerially
sprayed with a chemical desic-
cant such as dinoseb to dry out
the remaining vegetation for sub-
sequent burning.

Because brown and burn re-
moves considerable amounts of

slash and brush, it makes an
area easier and more economical
to aerial seed or plant with
seedlings. The young trees
have a better chance of survival
because brown and burn elim-
inates or reduces moisture com-
petition from other vegetation
and allows better access for
putting protective vexar tubes
around individual seedlings.

Furthermore, brown and burn,
if properly done, removes both
cover and food for mountain
beavers, hares, and rabbitsall
animals that could damage seed-
lings. The remaining animals are
easier to spot, and therefore
bait and trap, after brown
and burn.

For the past several decades,
the mountain beaver has been
classified as a reforestation pest
in the Coast Range, particu-
larly on those logged areas that
have failed to regenerate and
that have reverted to brush.

Consequently, Edward Hooven
and Hugh Black evaluated how
a brown-and-burn treatment in
August 1975 affected about
360 acres owned by Publishers
Paper Company. Another 300
acres were treated in 1976.

Within 30 days after burning,
the populations of mountain
beaver had decreased 50 percent,
then another 25 percent before
December. The animals also
were baited with strychnine-
treated apples and caught in
conibear traps so that their pop-
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Vexar tubing protects seedlings from
animal damage.

ulations were almost completely
controlled by January.

Although the fire temporarily
reduced the number of small
mammals, populations of deer
mice and creeping voles re-
covered rapidly.

During the first year after
burning, mountain beaver did not
severely damage three conifer
species (Douglas-fir, hemlock,

Seedlings planted on this site
browned with a desiccant, then burned
to eliminate slash and brushare more
ikeIy to survive.

and spruce). However, the trees
were damaged considerably
during the fall and winter of
1977, particularly where brush
patches had escaped burning
and continued to provide both
food and vegetative cover for
mountain beaver.

Despite the immediate results
with brown and burn, vegetation
controlcoupled with trapping
and baiting to control mountain

beaversmust be continued
vigorously for several years to
be successful.

Public and private forest man-
agers can follow these tech-
niques for better site prepara-
tion and more successful refor-
estation. The reduced damage
and loss of seedlings will
improve overall stocking and
thus benefit Oregon's forestry
future.
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"...loggingsys-
tems that provide
better protection
for streams and
soil. . .svstems to
use rather than
lose crowded-out
trees

Two of the problems facing the
managers of Oregon's forests
are how to increase timber pro-
duction yet reduce the poten-
tially negative effects that
harvesting poses for soil and
water resources. During 1937
research in forest engineering
made significant progress to-
ward providing managers with
better information to help
them solve both problems.

better buffer strips

To protect streams during and
after harvest, foresters com-
monly leave a strip of trees, a
"buffer strip," along stream
banks to keep logs and other
debris from rolling into the
stream. Buffer strips also shade
the streams, thus preventing
warmer water temperatures
that would harm Oregon's valu-
able fisheries resources.

Tops, boles, and root wads
blown into streams can act as
dams diverting a stream's flow
and destroying its banks, effects
more severe than caused by care-
ful removal of the trees during
logging.

The best solution is to design
buffer strips that will not blow
down. Consequently, Henry
Froehlich leads a project to
develop design criteria for
buffer strips. To determine
what factors affect the stability
of a buffer strip, Froehlich
examined 91 strips that had
been standing 1 to 15 years.
He found that many trees may
be lost at first, with the most
resistant trees surviving but de-
teriorating over time. For
example, six buffer strips left
during the past 2 years lost 52
percent of their trees during
relatively mild winter conditions.

Froehlich also found that
Despite these environmental ad- topographic protection is the
vantages, however, buffer strips single most important factor
that blow downand many do determining survivallosses in-
can be hazardous to streams. crease with height and density.
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The most wind-resistant species
is western redcedar, followed by
western hemlock, Douglas-fir,
and true firs.

Future results of this ongoing
research will provide valuable
criteria to help forest managers
protect streams.

stream sediment
During 1977, one of the most
important issues in forestry was
nonpoint water pollution, partic-
ularly sediment, from forest
practices. Because sediment also
occurs in forest streams as a re-
suit of natural erosion, detecting
the contributions by forestry
operations and identifying their
impact on aquatic ecosystems
are difficult.

Robert Beschta leads a project
to identify the natural vari-
ability of sediment transported
in forest streams and to deter-
mine how fine sediment is de-
posited in stream gravels. The
sediment transport process
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appears very complex. Beschta
has found that levels of sus-
pended sediment and turbidity
depend on several factors in-
cluding stream flow, the rate at
which streams rise and fall
during storms, and the sequence
of high flow events.

For example, even if the stream
flow is the same, sediment con-
centrations usually are much
greater when a stream is rising
rather than falling. Storms in
early fall produce more sedi-
ment than comparable storms
that occur in the winter or
spring. Such factors collectively
contribute to the high variability
of sediment concentrations in
small streams.

Other results show that fine
sediments settle rapidly into
porous spawning gravel, and the
finer the sediment, the more
rapidly it is deposited. For
example, when average particle
size decreased from 0.5 to
0.25 mm, the rate of deposit
increased four-fold. Further-
more, fine sediment will be
cleaned from the gravel only
with a major disturbance of the
streambed like that which hap-
pens during large winter storms.

These background studies,
done in cooperation with
Weyerhaeuser Company and the
U.S. Department of the Interior,
will provide information impor-
tant for developing water
quality standards and monitoring
stream quality. Because the com-
position of sediment and gravel
affects the spawning success of
salmon, steelhead, and trout, this
information also will be useful
to fisheries biologists.

The amount of sediment in forest
streams can reflect the effects of
logging and other land uses.

blowdown
Another project focuses on
wind, the culprit responsible for
blowdown in buffer strips
and thinned stands. If the
forces of those winds can be
defined, harvest design can be
altered to reduce such environ-
mental impacts. To do this,
Richard Holbo erected and
instrumented a 115-foot tower i

a thinned stand of second-growt
timber so he could measure win
forces and other meteorologic
variables above the trees. Other
instruments attached to a group
of trees measured their
movement.

So far Holbo has found that
trees are most sensitive to
wind gusts with a periodicity
of about 4 seconds. Apparently
trees tend to vibrate like a
tuning fork rather than gently
bend in the wind. Furthermore,
the magnitude of the wind
force on the tree is proportional
to its crown area.

These early measurements sug-
gest that thinning can shift the
wind pattern to increase the
periodicity of gusts to intervals
longer than 4 seconds; however,
the increased exposure of the
crowns after thinning will more
than offset this benefit. Next
Holbo will combine estimates of
wind force and crown exposure
to develop methods to predict
the windthrow probability asso-
ciated with alternative levels of
thinning.



Meteorological instruments on this
120-foot tower can be moved up and
down to monitor at different heights
within or above the forest canopy.

Different harvest patterns may
counter wind gusts that blow down

trees in buffer zones and thinned
areas.
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thinning remote technology specially designed

stands for yarding small logs on steep
slopes.

Can remote stands be econom-
ically thinned by helicopter?
Because cost data for helicopter
thinning have not been available
to loggers and timber sale ap-
praisers, Dennis Dykstra and Ed
Aulerich monitored a medium-
weight helicopter that thinned
remote stands in the Siskiyou
National Forests. Because of
extremely difficult environ-
mental and aesthetic constraints,
the U.S. Forest Service specified
that horses be used to prebunch
the felled trees which then were
flown about 2400 feet across a
steep canyon.

of yarding alone
totaled almost twice the ap-
praised value of the stumpage,
and they would have been even
higher if the logs had not been
prebunched. These costs provide
one more important link in
the information needed by
forest managers who are seeking
an appropriate yarding system
for difficult environmental
situations.

harvesting on
steep terrain
How can several million acres of
young forests growing on steep
terrain in Oregon be harvested
by economical yet environment-
ally sound methods?

That difficult problem is being
answered by several projects
evaluating new timber harvest

Ed Aulerich and Penn Peters
have completed initial mechan-
ical and production tests of
the Igland-Jones Trailer Alp
yarding system that uses inter-
mediate supports to extend
yarding reach over difficult-to-
log terrain. Imported from
Scotland, the machine is smaller
and less expensive than any

cable system presently manu-
factured in the United States.

To evaluate how efficiently this
very light equipment can thin
Oregon's forests, Aulerich's
crew measured production on
more than 1000 yarding cycles.
Thinning production averaged
about 10,000 board feet per day
with a crew of three. That pro-
ductivity, coupled with the low
initial investment in the system,
proved the Igland-Jones Trailer



Alp to be an economical method
for thinning young Douglas-fir.

Peters found that very low
forces developed in the inter-
mediate supports and guylines
during yarding. Consequently,
small lines can be used safely
for rigging which, in turn,
speeds operations. By matching
line sizes to the forces measured
during yarding, Peters' crew
safely used a relatively light
5/8-inch skyline and a 7/8-inch
mainline.

By experimentally buckling
young Douglas-fir, Peters found
that the forces required to fail
the trees were considerably more
than the loads measured during
yarding. This means that young
trees can be used safely as inter-
mediate supports during thinning
operations without special
guylines.

Aided by cooperative funding
from seven timber companies and
an equipment manufacturer, this

:
,

research will help contractors
or small woodland owners who
want to thin young forests.
Furthermore, the data will be
useful for developing safety
regulations for harvesting young
stands and for improving the
operational efficiency of yarding
systems designed for small logs.

weight limits
for log trucks
To protect bridges in Oregon's
highway system, the State's
1977 legislature had to consider
changing the weight limits for
log trucks. Yet the Legislature
found itself without sound in-
formation to help evaluate the
economic impact of such
changes.

One proposal would have in-
creased the spacing between
groups of axles on trucks to
a length that would have been
difficult or impossible for many
log trucks that primarily haul

shorter logs. Other proposed
changes in weight limits would
have cost Oregon's logging
operators about $14 million
per year.

Consequently, the Legislature
and the loggers asked the
School of Forestry to compile
information that would help
them develop equitable regu-
lations for weight limits on
log trucks.

Dennis Dykstra and John
Garland mailed questionnaires
to log-truck operators through-
out Oregon. The responses,
representing 24 percent of the
operators and trucks hauling
logs under state permit in
Oregon, provided the infor-
mation needed to help revise
the proposed legislation to
minimize its detrimental effects
on log truckers.

Just one of the many inter-
esting facts documented by the
survey is that about 600 of the
4,550 log trucks in Oregon are
owned by individuals with
only one truck.

Dykstra and Garland analyzed
the results of the survey to
show the economic conse-
quences and benefits of
changes in allowable weights
and axle spacings. Equipped
with this information, the
Legislature settled on axle
spacing and weight tables
that have much less economic
impact on the log truckers
and yet meet the require-
ments for protecting bridges.
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". . .more com-
plete and efficient
use of harvested
trees.. . incomes,
jobs, homes...
reducing air
pollution and fire
hazard. .

Research in forest products fo-
cuses on assuring the perform-
ance of forest products and
their consumer acceptance. It
also strives to improve processes,
products, and engineering de-
signs through the increased
understanding of the anatom-
ical, physical, chemical, and
engineering properties of wood
and bark.

waxes from bark
The anatomical structure and
chemical components of bark
must be better understood if
bark is to be better used.

Consequently, John Litvay
and Robert Krahmer thoroughly
investigated the cork cells in
Douglas-fir bark, known to con-
tain a relatively high percentage
of wax. The cork has certain
characteristics that make the
bark a good raw material for
commercial uses. Litvay and
Krahmer described the wall
layering of mature cork and
the chemical composition of

each layer, information useful
when extracting waxes from
bark and separating cork cells
from other bark components.

Their results help identify how
much wax can be extracted
from the bark or how to get
a high-value product from a
low-value raw material.

improving
processes
Douglas-fir chips can be pulped
by the green liquor semi-
chemical process to produce a
suitable corrugating medium.

W. Bublitz and Y.P. Fang investi-
gated five characteristics of that
pulping process to see which in-
fluenced the final product used
extensively in packaging. The
chemical charge of the pulping
liquor proved most important,
affecting pulp yield, tensile
strength, and bursting strength.
Although sulfidity did not affect
pulp yields, it influenced the
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strength properties. Cooking
temperature, bark content, and
chip size had far less significant
effects on pulp yields and
strength.

Because of the critical role of
the chemical charge, Bublitz and
Fang subsequently determined
the optimum charge to yield
the most and strongest corru-
gating medium from Douglas-fir
chips pulped by the green liquor
process.



28

-

preshredding
western hemlock
Should chips of western hemlock
be shredded prior to pulping by
the Magnefite process?

Walter Bublitz and Robert
McMahon teamed up to address
the technical and economic
aspects, respectively, of this
question. Although preshredding
shortened cooking times and
increased screen yields, they
found that this technique was
economically feasible only at
certain refiner-gap settings.

Evaluation of the "net present
value" concept showed that
bleached magnefite pulp can be
profitably produced from shred-
ded chips only if the resulting
lower strength of the pulp can
be tolerated.

kiln-drying poles
Poles and pilings can be kiln-
dried much faster and with

-

N

results comparable to those that highest temperature may
when air-dried, reduce strengththose tests

continue.
Treating plants usually have to
carry large inventories of poles
and pilings in air-drying yards.
Kiln-drying would reduce such
inventories and permit the
plants to meet consumers' de-
mands on short notice. Con-
sequently, Charles Kozlik and
Robert Graham compared the
drying rates and product char-
acteristics of pole sections air-
dried for one year or kiln-dried
at 1800 230° and 270°F for
10 days.

Checks, which affect preservative
penetration and pole strength,
developed in different ways.
Poles kiln-dried at 180° and
230° F, as well as air-dried
poles, developed checks that
deepened in service whereas
checks in poles kiln-dried at
270° F did not deepen.

However, tests in static bending
and compression parallel-to-the-
grain suggest that drying at

All temperatures of kiln-drying
offered the advantage of speed-
10 days compared with 6
months to a year for air-drying.

faster veneer
clippers
Recent characterization of
guillotine clippers may lead to
improved design that will speed
veneer production.

Because the speed of the clip-
pers trimming peeled veneer can
be a bottleneck, Carl Maxey co-
operated with the manufacturers
of veneer clippers to evaluate a
number of models. Using equip-
ment able to measure high
speeds, he determined how fast
the various guillotine clippers
completed the individual actions
of the clipping process. Based
on those observations, Maxey
developed standards that he
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then used to characterize some
of the models.

This evaluation should stimulate
future development of faster
clippers and, thus, increase
veneer production.

pulping dissimilar
wood species

may sometimes be desirable,
particularly in those regions
with heterogeneous forests.

M. D. McKimmy and P. H.
Wang investigated Kraft pulping
of Douglas-fir with bigleaf maple
and lodgepole pine. For com-
parison, they also pulped single
species.

properties of paper from mixed
species. Results indicate a
potential for pulping mixed
species.

Pulp mills use single or similar They evaluated fiber charac- The speed of the clipper trimming
wood species as feedstock. How- teristics and paper properties peeled veneer can be a production
ever, mixing dissimilar species from a single species to predict bottleneck.

___ I'



If properties of wood and its
derivatives are precisely known,
technologists and engineers can
develop even better materials
designed closer to ultimate
values. This would reduce the
amounts of wood needed for
various structural applications.

light-framed
dwellings
The design of light-framed
dwellings may be improved as a
result of the findings in several
projects at the Forest Research
Laboratory.

Anton Polensek developed a pro-
cedure to evaluate the load-
bearing capacities of wood-stud
walls, then applied this in sev-
eral sensitivity studies. He
found that the procedure re-
quires accurate estimates of
the properties of studs and
joints to predict the strength
and stiffness of walls, whereas
variations in the properties
of wall coverings are less
important.

Polensek also considered proof-
loading procedures which are
necessary to determine the stud
properties for the new rational
design procedure that trade
associations are proposing for
walls.
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-g' doorjambs
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In another study of light-framed
dwellings, Polensek developed a
procedure for determining the
required thickness of door
jambs. He found that jambs
thinner than 11/16 inch, the
current minimum thickness, can
be structurally safe if proper
wood species are used. The with-
drawal strength of hinge screws
seemed to be the single most
important property affecting
jamb thickness.

estimating
joint moduli
Jack Jenkins, a research engineer
visiting from Australia, co-
operated with Polensek and
Kenneth Bastendorff to de-
velop a procedure for estimating
the creep-dependent joint
modulus for any numerically
defined time-load function.
They developed the information
needed to estimate those moduli
for nailed joints between
Douglas-fir studs and wall
coverings of 3/8-inch plywod
sheathing and 1/2-inch gypsum
wallboard.

Regulatory agencies and trade
associations will consider these
results when revising design
specifications, resulting in
stronger, safer construction.

Static vertical loads applied to the
nailed joints attaching wall coverings
to studs will cause both immediate
slip and long-term creep in the
joint.
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edge-gluing
lumber
The strength properties of
Douglas-fir lumber can be im-
proved by edge-gluing.

Recognizing that the strength
and stiffness of structural lum-
ber vary greatly because of na-
tural growth characteristics such
as knots and grain deviations,
James Johnson fabricated 19
groups of 2-inch boards by
gluing a strip of clear wood
onto each edge or by gluing
two pieces so that edges were
clear.

Finished nominal sizes were
2 inches by 6 inches (2x6), 2

inches by 8 inches (2x8), and
2 inches by 10 inches (2x10),
all built up from combinations
of clear pieces and 2x4s and
2x6s of No. 3 structural grades
and Li, L2, and L3 laminating
grades. Johnson tested six
groups in bending and 13 groups
in tension parallel-to-the-grain.

Compared to nonglued speci-
mens, edge-glued pieces with
clear edges had moduli of
rupture (bending) that in-
creased from No. 3 grade to
select structural and dense
select structural grades. Edge-
glued specimens made from
L3-grade material and tested
in tension improved consider-
ably, but probably not enough
to warrant the extra manufac-

turing cost. Edge-glued pieces
from L2 boards were strong
enough to be used as critical
tension laminations in laminated
beams of 20F to 26F grade,
and most glued specimens
fabricated from Li grade were
strong enough for critical
laminations in the highest grade
beams of 24F and 26F.

verifying
design stress
The bending strength of lumber
for a particular grade can be
evaluated without destroying
the wood.

However, the amount of lumber
that must be tested destruc-
tively to confirm the results of
the nondestructive testing has
precluded ready acceptance of
the method.

For many years, industry tech-
nologists have been trying to
develop nondestructive tests to
select low-strength pieces from
a grade. James Johnson used
Douglas-fir and Hem-fir lumber
to test several promising meth-
ods, largely based on measuring
the modulus of elasticity. How-
ever, because he used a meas-
ure of stiffness to predict
strength, the nondestructive
methods require verification by
destructive methods to confirm
accuracy.

Bending and tension tests showed
that the strength properties improved
considerably for Douglas-fir lumber
edge-glued with clear strips.
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Shear clips or adhesive increase /7
%

the loading capacity of roof , , / 7 /
sections fabricated from deck-
ing made up of small pieces of -Y

/
lumber. / ;

ff'/ : r /

James Johnson tested the load / / -. U
capacities of four roof sections, f' / J _______ i

20 feet by 60 feet, that had - V L L

been sheathed with nominal . I r
2-inch decking panels fabricated 7 f
from small pieces of lodgepole /
pine. The rows of decking were / /
held together either by metal ' ___________________
shear clips stapled between the 1

rows or by elastomeric adhe- / *

sive. Johnson laterally loaded /
the sections as diaphragms,

r

/

then plotted the deflection 7/
curves. I

Results clearly indicated that I / / j
roof sections can withstand in-
creasing loads when increasing
amounts of shear clips or ad-
hesive are used. Compared with
deflection curves for a previ-
ously tested diaphragm of
nominal 3-inch decking held
together only by nails, the four
roof sections with shear clips
or adhesives were two to three
times stronger.

The more shear clips used to
fabricate roof sections, the greater
the loads the sections can withstand
before they fail.
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flakeboard
strength
Because flakeboard can be used
like plywood as a load-bearing
material in structures, researchers
have developed an analytical
model to help them better under-
stand the components of the
boards.

James Wilson and Young-kong
Lei evaluated the strength of
oriented flakeboard in terms of
interflake crack (interflake voids
and nonbonded areas), prop-
erties of the original solid
wood, spread rate of the resin
solids, board density, flake
dimensions, and loading speed.
Of these, interflake crack most
significantly affected the
strength of the flakeboard.

Consequently, Wilson and Lei
developed a two-dimensional
model to predict board strength
based on interflake crack and a
factor that accounts for flaws in
the original solid wood. Accurate
within 7 percent when tested on
laboratory-fabricated flakeboard,
the model should be useful to
determine how the strength of
flakeboard can be improved.

resin in
particleboard
Because the cost of resin com-
prises much of the total cost
of producing particleboard, re-
ducing the amount of resin
required will markedly reduce
costs.

Consequently, James Wilson
and Michael Hill studied resin
efficiency in relation to its dis-
tribution on the various sizes
of wood particles. First they
divided the furnish into four
groups of increasing particle
size, but no one fraction domi-
nated the performance of the
final board.

However, when the particles
were divided into fine and
coarse fractions, the fines sig-
nificantly influenced board
properties. Getting the resin
distributed on the fines, as well
as the coarse particles, proved
critical. When the fines received

no resin, board strength de-
creased more than when the
coarse fraction was not coated,
probably because the fines have
such a great amount of surface
area that must be bonded.

This counters the popular belief
that "fines rob resin" and sug-
gests that less resin could be
used in particleboard production.

This scanning electron micrograph
shows the distribution of resin
droplets on the surface of wood
particles for particleboard.



The width of the white ring sur-
rounding the block of treated wood
indicates the relative amount of
preservative in the wood.

With the increasing costs of
building materials, society can
hardly afford the high losses
of wood materials due to in-
sects and fungi.

bioassaying
preservatives
Window sashes, door frames,
and other molding products
exposed to the weather are
threatened by decay unless
protected by preservatives.
Now a new bioassay method
can be advantageously used to
appraise preservative protection
of such wood aboveground.

Theodore Scheffer and
Lawrence Gollob found that
a bioassay using the mold
fungus, Aspergi/lus niger,

gave results that correlated
with the amounts of penta-
chlorophenol and tributyltin
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oxide in pine sapwood treated
with solutions of various
strengths.

A small specimen of wood to
be assayed is placed on nutrient
agar seeded with fungal spores;
the amount of preservative in
the specimen is indicated by
the size of the surrounding area
where the fungus is unable to
develop its typical black spores.
This assay fungus was somewhat
more tolerant of the preservatives
than the two prominent decay
and stain fungi in comparably
conducted bioassays. This
simple procedure requires few
aseptic precautions and takes
only 7 to 10 days.

The bioassay should be particu-
larly useful to the manufac-
turers of such wood products
so that they can select the best
preservative and appropriate
level of treatment, as well as
ensure quality control in the
manufacturing process.

blue stain
Intermittently sprinkling pine
logs with water prevented a
fungal infection called blue
stain.

Blue stain discolors wood, par-
ticularly the sapwood of pines,
thereby reducing the market
value of lumber made from
those logs (even though the fun-
gus does not affect the lumber's
strength). Sprinkling retards
this fungus and also reduces
checking and fire hazards, so
even mills that produce lumber
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from other species sprinkle the
logs 24 hours a day.

Donald Miller sprinkled logs of
ponderosa pine according to
four different schedules ranging
from 6 minutes on, 6 minutes
off to 6 minutes on and 34
minutes off. After storage
during the summer and early fall
in central Oregon, even the
decks of logs sprinkled in-
frequently had no visible stain.

If tallying and grading of the
green and dried lumber show
no volume or value losses be-
cause of the stain or checking,
any one of the intermittent
sprinkling regimes could be
substituted for the 24-hour
sprinkling currently used.

post farm
Miller and Robert Graham also
continue to monitor the service
life of treated and untreated
fence posts. As expected,
pressure-treated posts have a
long service life, while un-
treated posts and those re-
ceiving other than pressure
treatments have failed, primarily
because of fungi. Termites and
other insects played only a
minor role in the failures.

Pressure-treated posts remain in
service after 48 years at the post
farm, established in 1928.

3*

fumigants
in wood
The challenge to stop the
annual multimillion dollar dete-
rioration of transmission poles,
piles, and laminated lumbers is
being answered.

Robert Graham and his co-
workers continue investigating
fumigants that can diffuse
through wood and virtually
eliminate the population of
decay fungi for at least 8
years. Originally focused on
poles and waterfront structures,
that work has been expanded
to laminated beams and arches
as well.

Recently Malcolm Corden, a
cooperator from the Department
of Botany and Plant Pathology,
found that another inexpensive
liquid chemical and a solid
chemical can control decay in
small wood blocks. Graham and
Corden have started a new series
of tests to evaluate the appli-
cation of these fumigants to
larger structures.

measuring
log conversion
Although the board-foot may
be a good unit for measuring
lumber, it is not a useful meas-
ure of veneer, chips, pulp, and
other forest products.

Consequently, Robert McMahon
cooperated with the School of
Business to consider the meas-



urement difficulties inherent
in the log conversion process.
Whereas board foot is a meas-
ure of one product's output,
other products require different
units of measurement; likewise,
used as a measurement of in-
put, it excludes portions of the
logfor example, parts with
defectsthat can be used for
other products. Such problems
have left managers with no easy
and accurate way to compare
output of products with input
of raw wood when measured in
board feet.

In a monograph available from
the Forest Research Laboratory,
McMahon and colleagues discuss
how standard log measurement
systems are or are not meeting
key management and accounting
objectives.

procedures that combine cubic
foot measurement for the input
portion with other measures of\ They recommend measurement

output that might include
board-foot for lumber.

Their recommendations will
enable volume and values of

cflrectly with the volume
of input.

Evaluating forest products
markets and facility perform-
ance can save significant
capital investment labor and
raw materials.

p
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.so decisions
about forest uses
and forestry prac-
tices will reflect
the very best
knowledge and
research avail-
able.

As forestry research at Oregon
State University and elsewhere
yields better information, our
extension program plays a vital
role, putting that information
in its most usable form and
then getting it into the hands
of those who need and use it.

Extension operates on the idea
of progress and constructive
changes through improved and
voluntary decisions of indi-
viduals. Its programs are
"problem" oriented, ever
changing according to the needs
of its clientele, the people of
Oregon. What are those needs7

During 1977, Forestry Extension
had more than 40,000 educational
contacts with Oregonians seeking
information for improved forestry
decisions. Those contacts, by
extension specialists conducting
state-wide programs and forestry
agents in county offices,
ranged from week-long short
courses to evening demonstrations
and answers to telephone in-
quiries.

Major attention focused on indi-
vidual owners of small forest
tracts. More than 500 forest
owners were introduced to fores
through a basic short course;
another 2,200 nonindustrial
landowners participated in
educational meetings, workshops,
and tours.

Other conferences, seminars,
and workshops bring Laboratory
and other research directly to
professional practitioners. Con-
ducted in Corvallis and at
various locations throughout
Oregon, this year's courses
were presented to 1,990
practitioners. Topics included:

logging debris in streams

planning log sort yards

forest engineering practices

forest practices act

aerial photo/remote sensing

peeling, drying, gluing veneers



pollen technology

Christmas tree production

chain and board skyline
calculations

slope stability

logging with the Mini-Alp

variable probability sampling

lumber quality control

lumber drying

vegetation management with
herbicides

reforestation.

Fact sheets and publications
also are helpful to get forestry
information to people who need
it. During 1977, 26,000 publi-
cations were distributed in re-
sponse to user requeststhe
most popular topics were forest
taxation, forestry practices and
regulations, and firewood.

Newsletters keep readers up-to-
date on current events and tech-
nical developments in forestry.
In addition to four local news-
letters started in 1977 for
landowners, Forestry Extension
issues "Forestry Update," a
quarterly newsletter. Available
on request, "Forestry Update"
informs readers of upcoming
extension conferences and short
courses, new publications and
slide-tapes, research being
planned and just completed, as
well as new forestry practices.

Appropriate use of forest chemi-
cals, harvesting practices, and
similar topics were studied during
the year by 42,000 individuals who
used slide-tape programs prepared
by extension and other forestry
faculty. New offerings are listed

1-- i.--+ ,c i-;.
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publication of "Regenerating
Oregon's Forests," a new manual
detailing the newest reforestation
practices

organization of two small-woodland
associations

increased involvement in land-use
planning regulations, allocations,
and processes

a survey of Oregon log-truck
owners to get sound economic
information that the State
Legislature considered in re-
vising axle spacing

media and legislative briefings
on controversial issues

more intensive use of radio and
television to get forestry infor-
mation to more people.

III LIl QL LIJuu LII LIII By developing relevant programs
report. and materials that bring our re-

Other activities highlighting search results to users who need

Forestry Extension during 1977 that information, Forestry

include:
Extension enhances the ongoing
dialogue between the Forest

workshops on forestry estates Research Laboratory and the
and income taxes people of Oregon.
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The Forest Research Laboratory
is the forestry research arm of
the State of Oregon and Oregon
State University. What is its
primary purpose?

To help Oregon's people to attai
the greatest benefits from their
forestsnow and in the future.
Information on improved forestry
practices clearly benefits both
forest industries and landowners.
But such information also enable5
Oregon's forests to become more
productive, thus benefiting
essentially everyone in the
State by strengthening State and
local economies, improving our
environment, and expanding
forest uses.

How do you decide what researci
to do?

As an interaction between what
we see as the most important
new-information needs of Oregon
people and our Laboratory's
areas of expertise and facilities.
The areas of available expertise
reflect both the past counsel
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under industry contracts, is
made available to the public.

Will research help resolve con-
troversies over forest uses and
forestry practices?

Help resolve them? Yes.
Resolve them? No, not usually.
The information provided by our
research improves the ability
of both sides to identify what
will happen as a result of
various forestry practices. It
identifies what the consequences
of actions will be for various
interest groups. It clarifies
the trade-offs between competing
uses. However, because the goals
of individuals differ, some con-
troversies will remain. But with
sound facts available to all, the
most beneficial solutions and
compromises become clearer.

How does the Laboratory get its
research results into use?

All significant results are pub-
lished in journals or bulletins.
However, we know that these pub-
lications don't reach enough
potential beneficiaries. As a
result, we offer numerous short
courses and symposia to hundreds
of potential users each year, as
described elsewhere in this
report. Research results are
also immediately incorporated in
forestry classes at the University.
And one of our most effective
ways has been to involve
potential users in the actual
conduct or financing of our
research. We recently tabulated
158 individuals, companies, and

agencies that cooperated in
specific laboratory research
projects in just one year.

What is the Laboratory's role
in the development of State
forestry policies? Forestry and
environmental regulations?

We seek to provide information
that enables citizens and policy-
makers to understand the conse-
quences of current policies and
prospective new policies. For
example, our research provided
the major factual basis for the
"Forestry Program for Oregon."
Our studies of the relationship
between forestry practices and
water quality of streams pro-
vided the key information for
designing logging and road-
building regulations of the
Forest Practices Act. And the
results of our regeneration
research have helped improve
the quality of nursery seedlings,
enabling faster and more certain
establishment of new forests
throughout Oregon.

Why should Portland taxpayers
support your research program?

Because they benefit from the
resulting increases in the pro-
ductivity of Oregon forests.
Forty-six percent of the State's
manufacturing labor force is
employed in processing forest
products, and a high proportion
of State and local revenues are
derived from taxes on forests
and forest-related incomes.

Portlanders also own forests: All
are co-owners of the one-fourth
of Oregon that is in public
forests; and many Portlanders
have small forests of their own.

All Oregonians have a significant
stake in clean forest streams,
continuing forest employment,
maintaining wildlife populations,
and perpetuating Oregon's un-
paralleled forest scenery and
its most valuable renewable
resource.

director -.J
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forestry
publications
Because research results are
more valuable when shared
with others who can apply
them in their own work, the
scientists at the Forest Re-
search Laboratory and their co-
operators publish their findings.

These forestry publications, is-
sued during 1977, have been
grouped by subject: forest en-
gineering, forest management,
forest products, and forest sci-
ence.

Reprints of many are available
from the Forest Research
Laboratory, the Department of
Entomology, or the Depart-
ment of Botany and Plant
Pathologyinquiries about a

publication available from one
of those should be directed to
that source at Oregon State
University, Corvallis, Oreg.
97331. Other sources of re-
prints also are identified. Re-
prints should be requested
only from the sources as listed
here.

forest
engineering
Brown, George W. 1977.
FOREST ENGINEERING
EDUCATION: WHERE THE
ACTION IS. J. For.
75(2):74-76. (Available from
For. Res. Lab.)

For foresters and general public.
This overview, for those considering
forest engineering as a profession,
provides general information about
educational programs in forest
engineering at undergraduate,
graduate, and professional levels.

Dykstra, Dennis P. 1977.
FUEL CONSUMPTION
ANALYSIS OF ALTER-
NATIVE LOGGING SYSTEMS.
Loggers Handb. 37:55-60.

For forest engineers and loggers.
Useful in assessing relative energy
efficiency of harvesting machines,
this article presents comparative fuel
consumption rates for skylines,
tractors, and helicopters.

Dykstra, Dennis P. 1977.
STREAM PROTECTION:
WHAT DOES IT COST? Pages
42-44 in Proc. Oreg. Logging
Conf., February 24-25, 1977.
Oreg. Logging Conf., P.O. Box
10069, Eugene, Oreg. 97401.

For forest engineers and loggers. The
author presents comparative costs
using stream cleanup, buffer strips,
and directional falling to achieve
stream protection goals.

Dykstra, D. P. and J. L. Riggs.
1977. AN APPLICATION OF

FACILITIES LOCATION
THEORY TO THE DESIGN
OF FOREST HARVESTING
AREAS. Am. Inst. Ind. Eng.
Trans. 9(3):270-277. (Available
from For. Res. Lab.)

For researchers in forest engineering
and industrial engineering. Those
planning harvest operations will be
interested in this theoretical
framework for optimizing the design
of forest harvesting units.

Dykstra, Dennis P. 1977. A
MATHEMATICAL PRO-
GRAMMING/HEURISTIC AP-
PROACH TO FOREST HAR-
VEST LAYOUT. in Proc. Joint
Nat. Meeting Inst. Manage. Sci.
Oper. Res. Soc. Am., May
9-11, 1977, San Francisco. In-
stitLjte of Management Sciences,
146 Westminster St., Provi-
dence, R.I. 02903. 10 p.

For forest engineers and operations
researchers. This mathematical
programming technique for
optimizing harvest design will be
useful in developing computer
programs for harvest planning.

Froehlich, Henry A. 1977.
MANAGING THE SOIL
WHILE MANAGING THE
TIMBER. Page 96 in Proc.
West For. Conf., November 30,
1976, Portland. West For.
Conserv. Assoc., Portland.

For foresters, forest engineers, and
loggers. The soil resources of a

forest must be protected during
harvest operations in order to
protect the growth potential of the
site.



Froehlich, Henry A. 1977.
SOIL COMPACTION: WHY
THE CONTROVERSY? Loggers
Handb. 37:20-22.

For forest engineers and loggers.

This explanation of the potential
problems that soil compaction can
cause for tree growth reviews what
is known and unknown about the
problem, providing useful
background information about this
recently-recognized harvesting
impact.

Harr, R. D. 1977. WATER
FLUX IN SOIL AND
SUBSOIL ON A STEEP,
FORESTED SLOPE. J. Hydrol.
33:37-58.

For hydrologists. The author
describes water flow through soil
during winter storms and illustrates
how subsurface flow dominates
during storm events. This will be

useful in developing methods for
predicting runoff from forest
watersheds.

Kellogg, L. and E. Aulerich.
1977. PREBUNCH AND
SWING TECHNIQUE MAY
REDUCE YOUR THINNING
COSTS. For. md.
104(2)30-32. (Available from
For. Res. Lab.)

For loggers and engineers. Operators
planning thinning operations will be
interested in the costs presented for
a new yarding technique that will
improve the efficiency of cable
systems for thinning young stands.

INFLUENCES OF RIPARIAN
VEGETATION ON AQUATIC
ECOSYSTEMS, WITH
PARTICULAR REFERENCE
TO SALMONIDS AND THEIR
FOOD SUPPLIES. Pages
137-145 in Proc. Symp. on
Importance, Preservation, and
Management of the Riparian
Habitat, July 9, 1977, Tucson,
Ariz. U.S. For. Serv., Rocky
Mount. For. Range Expt. Stn.,
Fort Collins, Cob. Gen. Tech.
Rpt. RM-43. (Available from
F red Swanson, Forestry
Sciences Laboratory, 3200
Jefferson Way, Corvallis, Oreg.
97330)

For foresters and forest owners.
Useful as general background for
forest managers, this article describes
the importance of vegetation
growing along streams as food for
aquatic organisms. It also discusses
protection of stream banks and the
channel, as well as the role of
woody debris in fish habitat.

Sessions, John. 1977.
CARRIAGE DESIGN
AFFECTS THE PAYLOAD OF
SKYLINE LOGGING
SYSTEMS. Oreg. State Univ.,
Corvallis. For. Res. Lab. Res.

Note 58. 2 p. (Available from
For. Res. Lab.)

For loggers and forest engineers. The
author provides a method for
calculating how different carriages

change the payload of a skyline,
information that will be useful for
maximizing production of skyline
yarding systems.
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MASS MOVEMENT
TERRAINS IN THE
WESTERN CASCADE RANGE,
OREGON. Pages 113-124 in D.

R. Coates, ed. Landslides
reviews in engineering geology,
volume III. Geol. Soc. Am;,
Boulder, Cob. (Available from
F red Swanson, Forestry
Sciences Laboratory, 3200
Jefferson Way, Corvallis, Oreg.
97330)
For geologists, forest engineers, and
h y d r ol ogists. Useful for
understanding the instability of
steep, forested terrain, this
description of mass-movement
processes common to the western
Cascade Mountains documents rates
of mass-movement and impact on
stream channels.

Yee, C. S. and R. D. Harr.
1977. EFFECT OF WETTING
MODE ON SHEAR
STRENGTH OF TWO
AGGREGATED SOILS. U.S.
For. Serv., Pac. Northwest For.
Range Expt. Stn., Portland.
PNW-303. 9 p.

For hydrologists, geologists, and
forest engineers. This technique for
wetting soil samples prior to testing
for shear strength will be useful for
developing laboratory techniques to
determine slope stability.

Yee, C. S. and R. D. Harr.
1977. INFLUENCE OF SOIL
AGGREGATION ON SLOPE
STABILITY IN THE OREGON
COAST RANGES. Environ.
Geol. 1:367, 377. (Available
from For. Res. Lab.)

Meehan, W. R., F. J. Swanson, Swanson, F. J. and D. N. For hydrologists, geologists, and

and J. R. Sedell. 1977. Swanston. 1977. COMPLEX forest engineers. The authors explain
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the relationship between soil
aggregation and soil strength in
cohesionless soils, information that
will be useful for developing erosion
hazard ratings for forest soils.

forest
management

Adams, Darius M. 1977. EF-
FECTS OF NATIONAL FOR-
EST TIMBER HARVEST ON
SOFTWOOD STUMPAGE,
LUMBER, AND PLYWOOD
MARKETS: AN ECONO-
METRIC ANALYSIS. Oreg.
State Univ., Corvallis. For. Res.
Lab. Bull. 15. 50 p. (Available
from For. Res. Lab.)

For researchers, as well as public
and private forest managers familiar
with econometric and market mod-
eling techniques. Present strong con-
cern about market impacts of alter-
native national forest harvest policies
will continue to grow as private har-
vest declines in the West. Conse-
quently, this study provides guide-
lines for policy evaluation by
decision-makers at state and national
levels. The au.Xhor analyzes price,
consumption, and production im-
pacts of shifts in national forest tim-
ber harvest on a regional and na-
tional basis, and he theoretically
evaluates anticipated market impact.
He describes a highly detailed model
of national softwood products and
stumpage markets and uses the mod-
el to simulate several alternative na-
tional forest harvest policies.

Adams, D. M., R. W. Haynes,
and D. R. Darr. 1977. A WEL-
FARE ANALYSIS OF LONG-
TERM FOREST PRODUCTS
PRICE STABILIZATION. Am.
J. Agric. Econ. 59(4):662-673.
(Available from For. Res. Lab.)

For researchers and policy analysts.
Policymakers must evaluate impacts
of alternative timber flow policies
from national forests under current
Federal legislation. This report ex-
amines the prospective welfare and
market impacts of two hypothetical
Federal programs to stabilize the
real prices of softwood stumpage,
lumber, and plywood by manipula-
ting levels of national forest timber
harvest. For three maior softwood-
producing regions, it estimates im-
pacts on consumers and producers
of wood products; returns to the
Federal treasury, state and local
governments; nonstumpage factors of
production; and values of private
timber inventories.

Adams, D. M., A. W. Haynes,
and D. A. Darr. 1977. ALTER-
NATIVE TECHNIQUES FOR
ANALYSIS OF PRICE EF-

FECTS OF CHANGES IN NA-
TIONAL FOREST TIMBER
FLOWS: A BACKGROUND
REPORT. U.S. For. Serv., Pac.
Northwest For. Range Expt.
Stn., Portland. Gen Tech. Apt.
PNW-60. 18 p.

For general foresters and policy
makers. As for all other natural re-
sources, price changes affected by
public actions increasingly influence
harvest policies for the national for-
ests. This report summarizes
methods to evaluate these price link-
ages and outlines their impacts on

prices of stumpage and wood prod-
ucts.

Adams, D. M., A. W. Haynes,
and D. R. Darr. 1977. WOOD
PRODUCTS CONSUMERS,
PRODUCERS, AND NA-
TIONAL FOREST TIMBER
FLOW POLICY. J. For.
75(10): 648-649, 666. (Available
from For. Res. Lab.)

For economists and the general for-
estry profession. Recent national
legislation requires the U.S. Forest
Service to evaluate the alternative
timber flow policies. The authors
argue that the costs and benefits
identified in investment analyses of
the alternatives should be expanded
to include a broader range of im-
pacts. Calling for explicit recognition
of how such policies affect the dis-
tribution of economic welfare, the
authors give examples of these im-
pacts for one specific policy change.

Beuter, John H. 1977. TO-
DAY'S FORESTS AND TO-
MORROW'S. Pages 16-35 in
Making dollars & sense out of
forestry. Proc. Nat. Indian Tim-
ber Symp., February 23-25,
1977, Seattle, Wash. Steering
Comm. for Indian Reservation
Forests, Warm Springs, Oreg.

For Indian tribes owning forestland.
Because many tribes of American
Indians are trying to decide between
having the Bureau of Indian Affairs,
the tribes themselves, or others man-
age their lands, this paper discusses
some options open to any forest
manager, depending on objectives.

Downing, K. B., P. B.
Delucchi, and W. R. Williams.



1977. IMPACT OF THE
DOUGLAS-FIR TUSSOCK
MOTH ON FOREST RECRE-
ATION IN THE BLUE MOUN-
TAINS. U.S. For. Serv., Pac.
Northwest For. Range Expt.
Stn., Portland. Res. Pap.
PNW-224. 14 p.

For forest managers and insect con-
trol specialists. A survey of recrea-
tionists, resort owners, packer-guides,
motel operators, and employees of
natural resource agencies revealed
little evidence that a recent outbreak
of Douglas-fir tussock moth had
significant or widespread influence
on recreation in northeastern Ore-
gon.

Johnson, K. N. and J. H.
Beuter. 1977. LONG-RUN
SUSTAI NABLE TIMBER
YIELDFLOOR OR CEILING?
J. For. 75(11):707-709. (Avail-
able from For. Res. Lab.)

For policymakers and others inter-
ested in timber harvest scheduling in
national forests. The 1976 National
Forest Management Act focused on
the options for scheduling the har-
vest of timber in the national for-
ests. This article uses the Umpqua
National Forest as a case study to
show the consequences of two dif-
ferent interpretations of the Act.

Kahn, F. M., J. F. Bell, and A.
B. Berg. 1977. ESTIMATING
DIAMETERS INSIDE BARK
AT VARIOUS HEIGHTS (N
YOUNG DOUGLAS-FIR
TREES. Oreg. State Univ., Cor-
vallis. For. Res. Lab. Note 59.
2 p. (Available from For. Res.
Lab.)

For foresters and loggers. High-
performance optical dendrometers
accurately measure upper stem di-
ameters outside bark. Consequently,
the authors have developed regres-
sion equations that use those meas-
urements of outer diameters to pre-
dict the diameter inside bark of
Douglas-fir.

Keipi, Kari. 1977. TRANSFER
PRICING FOR LOG ALLO-
CATION IN A DECENTRAL-
IZED FOREST PRODUCTS
FIRM. Finn. For. Res. Inst.,
Helsinki. 114 p.

For business economists and man-
agers of wood-industry complexes.
Transfer pricing can significantly af-
fect the profitability of divisions
within a complex firm. This study
tested the hypothesis that transfer
prices of logs within a forest prod-
ucts company should be their com-
petitive open-market prices. Optimal
transfer price varied with the
amount of timber available relative
to need, as well as firm structure.
Although market price is not always
the optimal transfer price, it is for
typical forest products firms in the
Pacific Northwest.

Martin, R. E., D. D. Robinson,
and W. H. Schaeffer. 1976 (is-
sued in 1977). FIRE IN THE
PACIFIC NORTHWEST
PERSPECTIVES AND PROB-
LEMS. Pages 1-23 in Annu.
Proc. TaIl Timbers Fire Ecol.
Conf., 1974. U.S. For. Serv.,
Tall Timbers Res. Stn., Talla-
hassee. No. 15.

For forest managers. The authors
review fire history and differences in
the frequency and intensity of past
firesdifferences that imply the need
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for varied management strategies in
forest and range lands. To provide
better tools for management deci-
sions, they consider the energy base
for vegetative development, the type
of material produced by a forest,
and what happens to fuels in forest
stands. Other topics include fire as a
technique for modifying ecological
succession, its role in affecting in-
sects and pathogens, and problems
in fire management in the Pacific
Northwest.

Streeby, Larry L. 1977. ECO-
NOMIC ASPECTS OF REFOR-
ESTATION PLANNING ON
WOODLAND PROPERTIES.
Oreg. State. Univ., Corvallis.
Ext. Bull. 834. 12 p.

For woodland owners and reforesta-
tion planners. To ensure cost-
effective strategies, this bulletin gives
criteria for evaluating reforestation
alternatives (with examples). It ac-
counts for inflation in benefit pro-
jections and relates reforestation ac-
tivities to future stand-management
regimes.

forest products
Brian, G. A., D. 0. Knodell, D.
D. McFarlane, and R. 0.
McMahon. 1977. MEASURE-
MENT DIFFICULTIES IN THE
LOG CONVERSION PROCESS.
Oreg. State Univ., Corvallis.
Sch. Bus., Stud. Manage.
Accounting for For. Prod. Ind.
Monogr. 5. (Available from
For. Res. Lab.)
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For accountants and managers of
forest products enterprises. Because
of the recognized complexity and
inaccuracy of the practices industry
currently uses to measure resources
and products, this paper outlines
management and accounting
objectives of a measurement system
and analyzes the capability of two
standard log measurement systems
(Scribner and cubic) to meet these
objectives. Either system alone is
seriously deficient because of its
inability to relate input volumes and
cost to output yields in either
volume or value terms. Con-
sequently, the authors examine the
characteristics of a sequential
measurement system that tries to
take advantage of the strong points
of both systems and yet avoid un-
necessary duplication of effort.

Bublitz, W. J. and A. 0.
McMahon. 1977. SHREDDING
OF CHIPS FOR BISULFITE
PULPING IMPROVES
PULPING RATE BUT
LOWERS STRENGTH PRO-
PERTIES OF PULPS. TAPPI
60(8):105-106. (Available from
For. Res. Lab.)

For the pulp and paper industry.
Shredding of western hemlock chips
prior to pulping by the Magnefite
process can shorten cooking times
by 25 to 30 minutes and increase
screened yields by 3 to 4 percent.
The economic feasibility of this
technique is favorable at certain
refiner gap settings as evaluated by
the net present value concept.
Bleached Magnefite pulp can be
profitably produced from shredded
chips but will be acceptable only if
the inevitable losses in pulp strength
can be tolerated.

Bublitz, W. J. and Y. P. Fang.
1977. DOUGLAS-FIR GREEN
LIQUOR SEMICHEMICAL
PULP; HOW SUITABLE IS IT
FOR CORRUGATING
MEDIUM? TAPPI 60(4):90-93.
(Available from For. Res. Lab.)

For the pulp and paper industry.
Douglas-fir chips were pulped with
kraft green liquor to produce semi-
chemical pulps for corrugating
medium. The effects of five cooking
variables (chemical charge, chip size,
bark content of chips, pulping tem-
perature, and liquor sulfidity) were
studied in a statistically designed
experiment. Chemical charge was the
must important single variable affec-
ting pulp yield, tensile strength, and
bursting strength. Although sulfidity
does not affect pulp yield, it does
affect tensile and bursting strengths.
Cooking temperature, bark content,
and chip size have less significant
effects on pulp yields and pulp
strength properties.

Currier, Raymond A. 1977.
COMPOSITION BOARDS
CONTAINING BARK. Pages
247-257 in Irving S. Goldstein,
Ed. Wood technology: chemical
aspects. Am. Chem. Soc., Wash-
ington, D.C. ACS Symp. Ser.
43. (Available from For. Res.
Lab.)

For wood technologists and man-
agers of glued-laminated wood prod-
ucts. This literature review of past
efforts in North America to utilize
bark in composition boards assesses
potential needs and the possibilities
of producing saleable composition
boards wholly or partially from
bark.

Currier, Raymond A. 1977.
MANUFACTURING DEN-
SIFIED WOOD AND BARK
FUELS. Oreg. State Univ., Cor-
vallis, Exten. Serv. Spec. Apt.
490. 5 p. (Available from For.
Res. Lab.)

For forest products industry, as well
as manufacturers and users of wood
and bark residues for energy. Rap-
idly rising costs of conventional
fuels throughout the U.S. have
caused a renewed interest in the use
of wood and bark residues for fuel,
specifically in the densified form of
these residues. This paper defines
such products including the familiar
fuel logs, stoker fuel briquettes, and
pelletized residues; lists manufac-
turers of machines for densifying
wood residues; and gives a biblio-

graphy.

Graham, Robert D. 1977.
STOPPING INTERNAL
DECAY OF PRESSURE
TREATED DOUGLAS-FIR
POLES AND PILES. Holzfor-
schung 31(5):164-166. (Avail-
able from For. Res. Lab.)

For users and producers of poles
and piling. To stop decay, trans-
mission poles 17- to 26-rn long were
treated with the fumigants Vapam,
Vorlex, and chioropicrin. All effec-
tively controlled internal decay of
large wood products, and all can
provide long residual protection.

Graham, Robert D. 1977.
USEFUL INFORMATION FOR
THE HOME OWNER AND
BUILDER. For. Res. Lab.,
Oreg. State Univ., Corvallis.
(Available from For. Res. Lab.)



his brochure lists publications and
udio-visual materials, available from

several sources, that will help home
builders construct sound homes, help
buyers recognize good construction
practices, and help owners to main-
tain their homes more efficiently.

Graham, R. D. and M. E.

Corden. 1977. CONTROLLING
BIOLOGICAL DETERIORA-
TION OF WOOD WITH
VOLATILE CHEMICALS.
Electr. Power Res. Inst., Palo
Alto, Calif. Interim Rpt. 1,

EPRI EL-366. 61 p. (Available
from Research Reports Center,
P.O. Box 10090, Palo Alto,
Calif. 97303)

For users and producers of poles
and piling. Agricultural fumigants
poured into holes from which they
diffused through the wood as gases
proved to be the first successful
method for controlling internal de-
cay of poles. Biological procedures
were developed to culture source
fungi from Douglas-fir poles to dis-
tinguish between decay and non-
decay fungi and to detect preserv-
ative or fumigant depletion so that
supplemental treatments could be

applied. Eight decay and 23 non-
decay fungi were detected from
3,111 Douglas-fir poles in western
Oregon. One of the five most pre-
valent nondecay fungi in Douglas-fir
poles was quite resistant to chloro-
picrirt. Because this fungus inhibits
the growth of decay fungus in
wood, the potential exists for com-
bined chemical-biological control of
internal decay.

Graham, Robert D. 1977.
FUMIGANTS CONTROL DE-
CAY IN WOOD POLES. Electr.
World, April, Pages 53-54.

For users and producers of poles
and piling. This article reviews the
recent and continuing strides being
made to protect wood poles against
heart rot. The latest method involves
fumigants such as Vapam, Vorlex,
and chloropicrin, which are poured
or forced into holes cut into the
sides of the poles. Such treatment
apparently can control internal de-

cay for 5 years or more.

Johnson, James W. 1977.
SELECTION OF LOW-
STRENGTH PIECES BY NON-
DESTRUCTIVE TESTING:
DOUGLAS-FIR AND HEM-FIR
2 x 4s IN FLEXURE. For.
Prod. J. 27(8):53-56. (Available
from For. Res. Lab.)

For lumber manufacturers and

researchers working on lumber
tensions. For years, technical people
in the wood industry have wanted a
test that could be used to verify a
design stress for a particular grade
without havin.g to test a large sam-
ple to destruction. This paper de-
scribes several promising methods,
based largely on measurement of
modulus of elasticity (MOE), that
were applied to 2- by 4-inch dimen-
sion Douglas-fir and hem-fir to select
pieces low in modulus of rupture
(MOR). Edge loading over a three-
foot span, with the critical area di-
rectly under the load, was best, re-
quiring the destructive testing of
only one-third of the pieces to de-
termine which 20 percent of the
pieces were lowest in MOR.

Jordan, D. L. and J. D.
Wellons. 1977. WETTABILITY
OF DIPTEROCARP VENEERS.
Wood Sci. 1O(1):22-28. (Avail-
able from For. Res. Lab.)
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For wood scientists. The contact an-
gle of an aqueous NaOH solution
was used to determine if wettability
was related to gluability for South-
east Asian hardwood veneers of four
trade groups. Kapur was the most
wettable but least gluable, verifying
that wettability is not limiting the
gluability of this wood. Keruing was
difficult to wet and glue with phe-
nolic adhesives. The poor wettability
of keruing and other dipterocarp
veneers resulted from extractives
present in the veneer and from the
use of high temperatures for veneer
drying.

Layer, M. L., P. M. Loveland,
C-H. Chen, H. H-L Fang, J. V.
Zerrudo, and Y-C. L. Liu.
1977. CHEMICAL CONSTI-
TUENTS OF DOUGLAS-FIR
BARK: A REVIEW OF MORE
RECENT LITERATURE. Wood
Sci. 10(2):85-93. (Available
from For. Res. Lab.)

For wood scientists, organic chem-
ists. This review identifies, and quan-
tifies some of, the chemicals that
have been found in Douglas-fir bark.
The vast literature on utilization and
characterization of Douglas-fir bark
is not covered.

Litvay, J. D. and R. L.
Krahmer. 1977. WALL LAY-
ERING IN DOUGLAS-FIR
CORK CELLS. Wood Sci.
9(4):167-174. (Available from
For. Res. Lab.)

For wood technologists. Cork from
the bark of Douglas-fir has certain
characteristics that make it a good
raw material for commercial utiliza-
tion. Because the anatomy of the
cell wall in Douglas-fir cork has not
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been described, this paper examines
the cell wall of mature cork (phel-
em cell) in Douglas-fir bark, with
regard to the number and thickness
of layers, the chemical composition
of each layer, and the type of pit-
ting present.

Maxey, Carl. 1977. VENEER
CLIPPER KNIFE SPEED. A
summary report to the Ply-
wood Research Foundation.
(Available from the American
Plywood Association, 1119
"A" St., Tacoma, Wash.
98402)

Because of past confusion over clip-
per speed, the author suggests a

standard no menclature for specifica-
tion of guillotine clipper speed. He
also characterizes some of the more
popular veneer clippers according to
these standards.

Miller, Donald J. 1977. LOSS
OF CREOSOTE FROM
DOUGLAS-FIR MARINE
PILES. For. Prod. J.
27(11):28-34. (Available from
For. Res. Lab.)

For builders and users of wooden
waterfront structures. Butt and tip
sections of three Douglas-fir marine
piles (six sections) were sampled
periodically during 8 years of im-
mersion in cool estuarine waters.
The piles varied in their ability to
retain creosote; two had no apparent
loss, but the third lost as much as
20 percent from the outer 1/2-inch.
The ability of butt and tip sections
to retain creosote did not differ,
and creosote did not migrate down-
ward in piles. Loss was directly re-

lated to density of the wood.

Miller, D. J. and R. D.
Graham. 1977. DURABILITY
OF DOUGLAS-FIR HEART-
WOOD FROM COASTAL AND
INTERIOR SOURCES. For.
Prod. J. 27(12):29-30. (Avail-
able from For. Res. Lab.)
For wood technologists and farmers.
Using the standard American Wood
Preservers Association stake test, the
earliest failures for coastal and in-
land varieties of Douglas-fir occurred
after 2 to 3 years of exposure. The
average life was 7 and 81/2 years,
respectively, for wood from the
coast and wood from the interior.

Miller, D. J. and R. D.
Graham. 1977. SERVICE LIFE
OF TREATED AND UN-
TREATED FENCE POSTS-
1976 PROGRESS REPORT ON
THE POST FARM. Oreg. State
Univ., Corvallis. For. Res. Lab.,
Res. Pap. 37. 18 p. (Available
from For. Res. Lab.)

For farmers and ranchers. Eight
series of untreated posts (including
five series of steel), 18 series of
non pressure-treated posts, and 11
series of pressure-treated posts re-
main in test at the Oregon State
University post farm in western
Oregon. So far all posts have failed
in 36 untreated series, 33 non-
pressure-treated series, and 2
pressure-treated series. Causes of
failures since 1949 have been: fungi,
75 percent of failures; fungi and
termites, 16 percent; fungi and in-
sects other than termites, 6 percent;
and termites, 2 percent. Some steel
posts have failed because of corro-
sion.

Overholser, James L. 1977.
OREGON HARDWOOD TIM-

BER. Oreg. State Univ., Cor-
vallis. For. Res. Lab., Res.
Bull. 16. 43 p. (Available from
For. Res. Lab.)

This report summarizes published in-
formation on Oregon hardwoods.
Discussions of the trees and their
woods include strength properties,
appearance, gluability, machinability,
steam bending, seasoning, treatability
and durability, and special products.

Polensek, Anton. 1977.
STRENGTH AND STIFFNESS
OF WALLS WITH WOOD
AND STEEL STUDS. For.
Prod. J. 27(2):45-53. (Available
from For. Res. Lab.)

For builders, architects, timber en-
gineers, wood technologists, and re-
gulatory agencies. Maximum deflec-
tions, stresses, and connector slips at
service loads and ultimate loads of
wood-stud walls were compared to
those of steel-stud walls. Steel walls
failed suddenly because of buckling
and yielding of flanges. Wood walls
failed gradually and sustained addi-
tional load after the first stud failed.
Although steel-stud walls deflected
more uniformly, the load-sharing in
wood-stud walls was superior. Re-
sults thus suggest that improved con-
struction and design procedures
would benefit wood-stud more than
steel-stud walls.

Resch, H. and H. L.
Scheurman. 1977. COMPUTER
SIMULATION OF THE SOFT-
WOOD VENEER-DRYING
OPERATION. For. Prod. J.
27(2):32-36. (Available from
For. Res. Lab.)

For managers of plywood plants. To
reduce experiment costs and mini-



mally disrupt the actual process in
the mill, a computer model simula-
ting the drying of veneer in veneer
dryers was developed as a tool for
studying that process under various
circumstances.

Wang, P. H. and M. D.
McKimmy. 1977. THE EF-
FECT OF PULPING MIXED
SPECIES ON PAPER PROP-
ERTIES. TAPPI 60(7):140-143.
(Available from For. Res. Lab.)

For the pulp and paper industry. A
kraft pulping study was conducted
on Douglas-fir, bigleaf maple, and
lodgepole pine to develop a mathe-
matical model for predicting prop-
erties of paper pulped from mixed
species. This was done by measuring
paper properties from single species
pulping, evaluating the relationships
among paper strength properties and
fiber characteristics, and studying
the effect of pulping mixed species
on paper properties.

Wellons, J. D. 1977. ADHE-
SION TO WOOD SUB-
STRAT.ES. Pages 150-167 in

Irving S. Goldstein, Ed. Wood
technology: chemical aspects.
Am. Chem. Soc., Washington,
D.C. ACS Symp. Ser. 43.
(Available from For. Res. Lab.)

For wood scientists. Glued wood
products continue to capture an in-
creasing proportion of the market.
This paper reviews the state-of-the-
art of adhesion to wood, primarily
focusing on solid wood with selected
reference to wood fiber or fiberwall
components. Topics considered in

detail are: mechanisms of adhesion
to wood; techniques for predicting
whether or not adequate adhesion
will occur or has occurred; wood

properties affecting adhesion; and
techniques for enhancing adhesion.

Wellons, J. D., R. L. Krahmer,
R. Raymond, and G. Sleet.
1977. DURABILITY OF EX-
TERIOR SIDING PLYWOOD
WITH SOUTHEAST ASIAN
HARDWOOD VENEERS. For.
Prod. J. 27(2):38-44. (Available
from For. Res. Lab.)

For plywood industry and wood
technologists. Gluing difficulties re-
sulted when keruing and kapur ye-
neers were used in lieu of meranti
for face veneers over Douglas-fir in
exterior siding plywood. Kapur-faced
plywood consistently is not durable
in exterior plywood bonded with
phenolic adhesives, whereas keruing-
faced plywood generally passes

standard tests for exterior gluebonds.
As a result, most manufacturers are
limiting the use of keruing veneer in
exterior plywood to those panels
designed for use in applications less
demanding than siding.

Wellons, J. D., G. Wilkie, and
A. L. Krahmer. 1977. GLUING
S.E. ASIAN HARDWOOD
VENEERS TO DOUGLAS-FIR.
A Summary Report to the
Plywood Research Foundation,
Tacoma, Wash. 13 p. (Available
from American Plywood Asso-
ciation, 1119 'IA" St., Tacoma,
Wash. 98402)

For wood scientists. Ten cycles of
the standard boil method (10 days)
or 40 cycles of the automatic boil
method (2 days) detected non-
durable exterior plywood bonds
between the imported hardwood and
Douglas-fir. Keruing-faced plywood
was as durable as red meranti
plywood when made with a low
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mole cu ar-weight resin with
40-percent solids. Of veneers exam-
ined (yellow lauans, Philippine
apitongs and merantis), only meran-
tis proved difficult to glue with phe-
nolic plywood adhesives.

Wilson, J. B. and M. D. Hill.
1977. RESIN EFFICIENCY OF
COMMERCIAL BLENDERS
FOR PARTICLEBOARD
MANUFACTURE. Pages
193-208 in Proc. Tenth Wash.
State Univ. Symp. on Particle-
board, March, 1976, Pullman.
(Available from For. Res. Lab.)

For particleboard producers. To
determine why a major difference in
performance occurs between com-
mercial and laboratory blenders, the
resin efficiencies of four blender
systems, in terms of internal bond
(IB) and modulus of rupture (MOR)
values of their boards, were com-
pared with those obtained with a
laboratory blender assumed to be
100 percent efficient. Also compared
were resin distribution, spread rate,
and particle breakdown for the
blenders.

forest science

Berg, Alan B. 1977. LOW
STAND DENSITY SUM-
MATION. Page 91/n Executive
summaries of the Proc. West.
For. Conf., December 2, 1976,
Portland, Oreg. (Complete
copies of the 23-page paper
summarized in the proceedings
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are available from Steele
Barnett, Forest Counsel,
Western Forestry Conservation
Association, 1326 American
Bank Building, Portland, Oreg.
97205)

For foresters. The author reviews
and discusses six papers presented at
the conference, as well as his own
additional research data, to support
the low stand-density concept in
stand management. With this infor-
mation, forest managers can better
understand the relationship of stand
density to their management objec-
tives.

Black, H. C. and E. F. Hooven.
1977. ANIMAL DAMAGE
AND ANIMAL DAMAGE
CONTROL Pages 192-197 in

B. Cleary, R. Greaves, and R.
Hermann, eds. Regenerating
Oregon's forests. Oreg. State
Univ., Exten. Serv., Corvallis.

For forest managers. Cutover and
partially stocked forest lands provide
excellent habitat for animals that
feed on conifer seed or that clip
and browse young seedlings. The
authors explain the type and extent
of damage by various animals, as

well as methods to protect seedlings
or control animal damage
information useful to shorten rota-
tion time.

Black, H. C. and E. F. Hooven.
1977. EFFECTS OF
HERBICIDE-INDUCED HABI-
TAT CHANGES ON POCKET
GOPHERS IN SOUTH-
WESTERN OREGON. Pages
119-127 in Proc. Calif. Weed
Conf., Jan. 17-19, 1977,
Sacramento.

For forest managers and regeneration
specialists. Removal of grasses and
forbs sharply reduced vegetative
ground cover which, in turn, re-
duced pocket gopher activity; how-
ever, that decline lagged by at least
a year behind the decline of the
vegetation. The reduced density of
pocket gophers resulted in 86-
percent survival of ponderosa pine
and lodgepole pine 3 years after
planting.

Blake, J. and W. K. Ferrell.
1977. THE ASSOCIATION
BETWEEN SOIL AND XYLEM
WATER POTENTIAL, LEAF
RESISTANCE, AND ABSCISIC
ACID CONTENT IN
DROUGHTED SEEDLINGS OF
DOUG LAS-Fl A (PSEUDOTSU-
GA MENZIES/I). Physiol.
Plant. 39:106-109. (Available
from For. Res. Lab.)

For physiologists, ecologists, silvi-
culturists, and regeneration special-
ists. During progressive stages of
drought and subsequent recovery
through rewatering, foliage of 2-year-
old seedlings of Douglas-fir was
sampled for water potential, stoma-
tal resistance, and abscisic acid con-
tent (ABA). Soil matrix potential,
measured simultaneously, seemed
more closely associated with ABA
increase than did plant water poten-
tial. After rewatering, seedlings re-

turned to normal ABA levels within
6 days.

Ching, K. K. and R. K.
Hermann. 1977. INTRA-
SPECIFIC VARIATIONS IN
DOUGLAS-FIR. Genet. Lect.
5:19-32. (Available from For.
Res. Lab.)

For geneticists, biochemists, genecol-
ogists, physiologists, and foresters.
The article describes the evolu-
tionary history, current classification
and distribution, geographic varia-
tions in morphology, cytology,
chemotaxonomy, enzyme systems,
and growth characteristics of
Douglas-fir in North America. This
will help foresters and other investi-
gators to understand the consider-
able variations exhibited by various
populations of Douglas-fir.

Cleary, B., R. Greaves, and R.
Hermann (eds.). 1977. REGEN-
ERATING OREGON'S FOR-
ESTS. Oreg. State Univ.,
Exten. Serv., Corvallis. 300 p.
(Available for $10 postpaid
from Extension Business Office,
Extension Hall, Oregon State
University, Corvallis, Oreg.
97331)

For foresters, forest managers, small
woodland owners, and regeneration
specialists. More than 4 years in pre-
paration, this "benchmark" manual
should be a valuable tool for anyone
making reforestation decisions or
carrying out reforestation practices.
Particularly applicable to the entire
Pacific Northwest, many sections of
the manual apply to any forest
lands. It covers the whys and hows,
the physiology, and the ecology of
forest regeneration.

Cromack, K., Jr., P. Sollins, R.
L. Todd, D. A. Crossley, Jr.,
W. M. Fender, R. Fogel, and
A. W. Todd. 1977. SOIL
MICROORGANISM-
ARTHROPOD INTERAC-
TIONS: FUNGI AS MAJOR
CALCIUM AND SODIUM
SOURCES. Pages 78-84 in W.



J. Mattson, ed. The role of
arthropods in forest ecosystems.
Springer-Verlag, New York.
(Available from For. Res. Lab.)

For forest entomologists, ecologists,
invertebrate zoologists, and mycolo-
gists. Fungi and soil arthropods play
dual roles in cycling Ca, Na, and
other nutrients in forest ecosystems.
Terrestrial fungi are important po-

tential sources of nutrients for sa-

prophagous arthropods and other
soil animals. Apparently all the ex-
tant soil fauna, evolutionarily quite
diverse, use substantial Ca. Insects,
which concentrate Ca less than other
saprophagous arthropods, may proc-
ess substantial quantities in certain
ecosystems. Both mycorrhizal and
nonmycorrhizal fungi share some
mechanisms for cycling nutrients in
forest ecosystems. Fungi may serve
as a critical food chain transfer of
Na to animals because Na is essen-
tial to animals but not most plants
or microorganisms.

Dilworth, John R. 1977. LOG
SCALING AND TIMBER
CRUISING. Revised. OSU
Bookstores, Inc., Corvallis,
Oreg. 468 p.

For foresters, mensurationists,
scalers, and timber cruisers. This
basic textbook provides rules and

guidelines on all aspects of log

scaling and timber cruising in the
Pacific Northwest.

Dilworth, J. R. and J. F. Bell.
1977. VARIABLE PROBA-
BILITY SAMPLING. Revised.
OSU Bookstores, Inc., Corvallis,
Oreg. 130 p.

For foresters, mensuration ists, and
timber cruisers. This basic textbook

provides the basic principles and the
procedures for applying variable plot
and 3-P sampling methods in forest
inventory.

Drew, A. P. and W. K. Ferrell.
1977. MORPHOLOGICAL
ACCLIMATION TO LIGHT IN-
TENSITY IN DOUGLAS-FIR
SEEDLINGS. Can. J. Bot.
55:2033-2042. (Available from
For. Res. Lab.)

For physiologists, ecologists, slvicul-
wrists, and regeneration specialists.
Two experiments show how shading
affects seedling growth and how
light affects subsequent frost injury.
Douglas-fir seedlings, grown outdoors
for two seasons under three light
intensities, were periodically sampled
for stem, leaf, and root dry weights.
Needle density, surface area:dry
weight ratio of leaves, and maximum
seedling dry weight also were
assessed. Maximum growth occurred
under partial shade and moderate
temperatures. Acclimation is ex-

plained in terms of interactions
among light, temperature, and seed-
ling size. Other seedlings grown un-
der low light set a terminal bud
sooner, broke bud sooner, and
suffered more spring frost damage
than seedlings preconditioned to
high light. Other effects also are

discussed.

Emmingham, William H. 1977.
COMPARISON OF SELECTED
DOUGLAS-FIR -SEED
SOURCES FOR CAMBIAL
AND LEADER GROWTH
PATTERNS IN FOUR
WESTERN OREGON ENVI-
RONMENTS. Can. J. For. Res.
7(1):154-164. (Available from
For. Res. Lab.)
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For tree physiologists, geneticists,
and ecologists. Sapling Douglas-fir
from inland and coastal sources
showed similarities in growth
patterns. Generally, buds became
active first, followed by cambial
growth which continued into Octo-
ber although leader growth stopped
in August. Trees from coastal
sources behaved more similarly than
those from inland sources. The
greatest differences among popula-
tions were in growth rates; growth
periods were quite similar.

Emmingham, W. H. and R. H.
Waring. 1977. AN INDEX OF
PHOTOSYNTHESIS FOR
COMPARING FOREST SITES
IN WESTERN OREGON. Can.
J. For. Res. 7(1):165-174.
(Available from For. Res. Lab.)

For forest managers, physiologists,
biochemists, ecologists, and soil sci-
entists. An index, derived from daily
estimates of carbon assimilation
summed for an entire year, considers
how air temperature, soil tempera-
ture, light, and available soil mois-
ture interact to affect photosynthesis
by Douglas-fir. On four sites in
western Oregon, the index showed a
near perfect cQrrelation with forest
productivity Cr2 0.99). Much of
the annual carbon fixation occurs
during the mild winters characteristic
of the region. This index identifies
the limitations of climate and may
help foresters select the most likely
sites for intensive management.

Filip, G. M. and L. F. Roth.
1977. STUMP INJECTIONS
WITH SOIL FUMIGANTS TO
ERADICATE ARMILLARI-
ELLA MELLEA FROM
YOUNG-GROWTH PONDERO-



SA PINE KILLED BY ROOT
ROT. Can. J. For. Res.
7:226-231. (Available from
Dept. Bot. Plant Path.)

For forest botanists and pathologists.
Root rot caused by Armil/arie/la
me/lea creates unproductive disease
centers in young-growth ponderosa
pine after removal of the old-growth
timber. The fungus persists in
stumps in these centers, indefinitely
keeping the land unproductive. In
situ fumigation with methyl
bromide, Vorlex, chloropicrin, car-
bon disulfide, and Vapam effectively
eradicated the fungus from infected
stumps. However, the fungal antago-
nist Triclioderma appeared unaf-
fected by the fumigants except
methyl bromide, resulting in a signi-
ficant increase in the incidence of
Trichoderma.

Fogel, Robert. 1977. A NOTE
ON THE NOMENCLATURAL
PROBLEM ASSOCIATED
WITH THE NAME ALPOVA
LUTEUS (BASIDIOMYCETES,
ME LANOGASTRACEAE).
Mycologia 69(4):840-843.

For fungal taxonomists and mycor-
rhiza researchers. Confusion between
two species of hypogeous mycor-
rhizal fungi is resolved by naming a
new species. This will help re-
searchers communicate their findings
about this species and the two
others discussed in the text.

Fogel, Robert. 1977. ADDI-
TIONS TO TH HYPOGEOUS
MYCOFLORA OF COLO-
RADO II. SCLEROGASTER
XEROPH/LUM (BASIDIO-
MYCETES, HYMENOGAS-

TRALES). Mycologia
69(5): 980-986.

For fungal taxonomists and mycor-
rhiza researchers. Two hypogeous,
possibly mycorrhizal, species are
described for taxonomists. The new
species from Colorado, Scierogaster
xerophilum, might be a new mycor-
rhizal species for use in artificial
inoculation of planting stock for dry
sites. The other species, S. minor
from North Carolina, is similar.

Fogel, Robert. 1977. QUANTI-
FICATION OF SPOROCARP
PRODUCTION BY HYPO-
GEOUS FUNGI. Second Int.
Mycol. Cong. Abstr. 1: 199.

For mycologists, forest ecologists,
microbial ecologists, and system
analysts. From March 1972 to
March 1975, sporocarp phenology of
hypogeous or subterranean fruiting
fungi was studied in a stand of 40-
to 65-year-old Douglas-fir in western
Oregon. The author presents his
results and discusses methods for
quantifying sporocarp production.
Sporocarp data can be used to
determine the amount and time of
sporocarp availability to mycopha-
gists, contribution of sporocarps to
nutrient and carbon cycling, and
possible uses of sporocarps in in-
dexing other microbial processes.

Fogel, R. and K. Cromack Jr.
1977. EFFECT OF HABITAT
AND SUBSTRATE QUALITY
ON DOUGLAS-FIR LITTER
DECOMPOSITION IN
WESTERN OREGON. Can. J.
Bot. 55:1632-1640.

For forest ecologists, microbial
ecologists, and system analysts.
Linear regression models were de-

veloped for Douglas-fir needle,
female cone, branch, and bark de-
composition in seven stands,. repre-
senting four mature vegetation types
in western Oregon. These can be
used to calculate the contribution of
litter to carbon and nutrient cycling
and to estimate residence time of
wood residues in old-growth stands.
The decomposition constant (k) of
needles had a negative linear correla-
tion with maximum plant moisture
stress and temperature growth index.
Measurement of decomposition rate
can characterize habitat type. In
comparing substrate quality of
needle and woody litter components,
k more closely correlated with lignin
content than the carbon:nitrogen
ratio.

Graustein, W. C., K. Cromack,
Jr., and P. Sollins. 1977.
CALCIUM OXALATE: ITS
OCCURRENCE IN SOILS
AND EFFECT ON NUTRIENT
AND GEOCHEMICAL CY-
CLES. Science 198:1252-1254.

For mycologists, geologists, geo-
chemists, forest ecologists, and soil
scientists. Understanding soil forma-
tion and weathering, including solu-
bilization of essential elements such
as phosphorus, is important to
understanding general nutrient
cycling in forest ecosy.stems. Calcium
salts of oxalic acid in the litter layer
of several different soils indicate
oxalate as a major metabolic prod-
uct of fungi in natural environments.
Oxalate in soil solution speeds
weathering of soil minerals and in-
creases the availability of nutrients
to vegetation.

Grier, C. C. and R. S. Logan.
1977. OLD-GROWTH
PSEUDO TSUGA MENZIES//
COMMUNITIES OF A



WESTERN OREGON WATER-
SHED: BIOMASS DISTRIBU-
TION AND PRODUCTION
BUDGETS. Ecol. Monogr.
47:373-400.

Living biomass, as well as distribu-
tion and production budgets of
organic matter, were determined for
plant communities of small water-
shed dominated by forests of
450-year-old Douglas-fir. Dominant
trees in the communties were large,
up to 175 cm in diameter and 80 m
tall. Results indicate larger peak bio-
mass in seral Pseudo tsuga menziesii
than in climax Tsuga heterophylla
forests. These communities may be
declining from seral peak to steady-
state climax biomass.

Hansen, E. M. and A. F.

Patton. 1977. FACTORS IM-
PORTANT IN ARTIFICIAL
INOCULATION OF PINUS
STROBUS WITH CR0-
NARTIUM RIB/COLA. Phyto-
pathology 67:1108-1112.
(Available from Dept. Bot.
Plant Path.)

For forest botanists and pathologists.
Control of white pine blister rust
through genetic resistance requires
reliable inoculation techniques that
will enable researchers to compara-
tively study susceptible and resistant
selections. Consequently, the authors
inoculated primary needles of
eastern white pine with basidiospores
in an airstream apparatus, then in-

cubated the needles in controlled-
environment chambers to determine
optimum conditions for infection.
Their examination of the effect of
incubation conditions, germination
behavior on the needle surface, and
needle density showed that the

amount and distribution of water on
needle surfaces was critical to
successful infection.

Hooven, Edward F. 1977. THE
MOUNTAIN BEAVER iN
OREGON: ITS LIFE
HISTORY AND CONTROL.
Oreg. State Univ., For. Res.
Lab., Corvallis. Res. Pap. 30.
24 p. (Available from For. Res.

Lab.)

For forest managers and regeneration
specialists. Mountain beaver inhabit
the humid coast region of the
Pacific Northwest. Population densi-
ties of 0 to 1.4 animals per hectare
may increase to 15 to 20 per
hectare as logged or burned-over
lands revert to brush. These burrow-
ing animals prefer moist, deep, well-
drained soil dominated by hardwood
brush species with an understory of
sword-fern. Food consists of a vari-
ety of plant species, including coni-
fer seedlings. To reduce animal
damage to seedlings on reforested
lands, mountain beaver can be con-
trolled by baiting, trapping, site pre-
paration, or a combination of these.
Where necessary, a physical barrier
may be used around the individual
seedlings.

Newton, Michael. 1974 (issued
in 1977). FORESTS. Pages

77-92 in E. Mrak, ed. Herbi-
cide report. U.S. Environ. Prot.
Agency, Washington, D.C. Rpt.
EPA-SAB-74-001.

For government officials, legislators,
and other policylevel administrators.
This one short reference summarizes
the major resource and environ-

mental issues about herbicides in

forests. Recognizing weeds as a na-
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tional problem in forest manage-
ment, the author expresses the basic
management implications of herbi-
cide use and nonuse. He compares
how herbicides affect various re-
source values and the effects of non-
chemical alternatives. Herbicides
registered for forestry use are briefly
described.

Newton, M. and J. A. Norgren.
1977. SILVICULTURAL
CHEMICALS AND PRO-
TECTION OF WATER QUALI-
TY. U.S. Environ. Prot.
Agency, Seattle, Wash. Rpt.
EPA-910/9-77-036. 224 p.
(Available from For. Res. Lab.)

For foresters, soil scientists, hydrolo-
gists, chemical applicators, and regu-
latory agencies. This volume, out-
lining principles of chemical usages
in forests, relates procedure selection
to both management objectives and
a specific standard of water quality.
It explains biological activities of
herbicides, insecticides, and ferti-
lizers, relating their behavior in
forest ecosystems to water quality.
The authors propose water quality
criteria for various uses and stream
sizes, and they provide guidelines for
achieving both management and
water quality goals.

Ostrofsky, W. D., A. G. Pratt,
and L. F. Roth. 1977. DETEC-
TION OF PHYTOPHTHORA
LATERAL/S IN SOIL OR-
GANIC MATTER AND
FACTORS THAT AFFECT ITS
S U R Vi VA L. Phytopathology
67:79-84. (Available from
Dept. Bot. Plant Path.)

For forest botanists and pathologists.
Phytophthora late rails causes a fatal
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root disease in Port-Orford-cedar and
threatens most existing stands. The
authors developed and compared
methods for detecting and quanti-
fying inoculum of P. lateral/s in soil,
then used those methods to evaluate
the organism's survival in different
environments. Using baits of Port-
Orford-cedar tissue floated over soil,
they could not detect P. lateral/s in
most naturally and artificially in-
fested soils. However, detection
improved when baits were floated
over particles of organic matter sepa-
rated from the soil by wet sieving.
Results suggest that P. lateralis sur-
vives in soil, primarily within host
debris, and that trees frequently die
without most of the feeder roots
becoming infected.

Overton, W. Scott. 1977. A
STRATEGY OF MODEL CON-
STRUCTION. Pages 58-73 in
C. Hall and J. Day, eds. Eco-
system modeling in theory and
practice. John Wiley and Sons,
New York.

For ecological modellers, systems
ecologists, resource managers, and
students in general ecology and re-
source management. Addressing the
need for ecological modelling to be
based on good scientific principle,
this paper develops a general strat-
egy of model building that hierar-
chically decomposes model objectives
into subobjectives. General system
theory provides an expanded per-
spective of the scientific method.
The strategy prescribes achievement
of coarse model behavior through
structural change before attempts at
fine tuning. Based on a general
system theory as applied to ecologi-
cal modelling through the FLEX
paradigm, the strategy emphasizes
that good modelling depends on the
modeller's knowledge of the system.

Roth, L. F., C. G. Shaw III,
and L. Rolph. 1977.
MARKING PONDEROSA PINE
TO COMBINE COMMERCIAL
THINNING AND CONTROL
OF ARMILLARIA ROOT
ROT. J. For. 75:644-647.
(Available from Dept. Bot.
Plant Path.)

For forest botanists and pathologists.
Root rot caused by Arm/I/aria
me/lea in natural ponderosa pine can
be reduced by removing diseased
trees during commercial thinning,
thus creating root-free zones
between diseased and healthy stands.
Infected trees that are critically situ-
ated must be pushed out to inter-
rupt vegetative spread among the
roots and to kill the fungus through
exposure.

Rudinsky, J. A., M. E. Morgan,
L. M. Libbey, and 1. B.
Putnam. 1977. LIMONENE
RELEASED BY THE
SCOLYTID BEETLE DEN-
DROCTONUS PSEUDOTSU-
GAE. Z. Angew. Entomol.
82:376-380. (Available from
Dept. Entomol.)

For forest entomologists. The
authors report collection of the ter-
pene limonene from the volatiles of
living beetles, but not dead beetles,
under circumstances that indicate
that it is released by the beetle with
its pheromones. When stimulated by
stridulation of the opposite sex,
both sexes of the Douglas-fir beetle
released the monoterpene with
known pheromones. This compound
was previously known as a host tree
attractant and as a synergist of the
aggregative pheromone, but not as a
substance either received from the

host or biosynthesized by the beetle
and then released.

Rudinsky, J. A. and L. C.
Ryker. 1977. OLFACTORY
AND AUDITORY SIGNALS
MEDIATING BEHAVIORAL
PATTERNS OF BARK
BEETLES. Pages 195-209 in V.
Labeyrie, ed. Comportement
des insectes et milieu tro-
phique, September 13-17,
1976, Tours, France. Centre
National De La Recherche
Scientifique, Colloques Inter-
nationaux de C.N.R.S., Paris.
(Available from Dept. Ento-
mo I.)

For forest entomologists. Studies
with bark beetles have shown a def-
inite interaction between chemical
and acoustic stimuli. This review
article summarizes the author's
findings, as well as those of other
researchers, on chemoacoustic studies
of six species of Dendroctorius
beetles. Topics include phonore-
sponse to chemostimulus, chemore-
sponse to phoriostimulus, and
phonoresponse to phonostimulus.

St. Clair, R., R. L. Goulding,
and J. A. Rudinsky. 1977.
CONTROLLED-RELEASE
DISPENSING SYSTEM FOR
3,2-MCH, ANTIAGGREGA-
TIVE PHEROMONE OF THE
DOUG LAS-FIR BEETLE
(COL: SCOLYT.). Z. Angew.
Entomol. 83:297-300. (Avail-
able from Dept. Entomol.)

For forest entomologists. Polyeth-
ylene envelopes containing 3-
methylcyclohex-2-en- 1-one sorbed on
filter paper were tested as a deploy-
ment technique to prevent attack by



Dendroctonus pseudotsugae on single
trees or groups of trees of high

value. Test logs were protected by
all three release rates tested.

Santantonio, D., R. K.
Hermann, and W. S. Overton.
1977. ROOT BIOMASS
STUDIES IN FOREST ECO-
SYSTEMS. Pedobiologia
17:1-31. (Available from For.
Res. Lab.)

J For physiological and ecosystem
ecologists and for foresters interested
in complete tree utilization. This
paper tabulates the results of many
biomass studies in coniferous, decid-
uous, subtropical, and tropical for-
ests for which belowground com-
ponents were also estimated (to
1975). It also synthesizes much of
the available information about the
structure and magnitude of below-
ground biomass in forest ecosystems
and about the seasonal dynamics of
fine roots. This information can be
used to estimate woody material
contained in stumps and roots of
mature and old-growth forests.

Sollins, Phillip (project leader).
1977. CONIFER: A MODEL
OF CARBON AND WATER
FLOW THROUGH A
CONIFEROUS FOREST.
Report of the Coniferous For-
est Biome Modeling Group.
Univ. Wash., Seattle. Conif.
For. Biome Bull. 8. 160 p.

For hydrologists, tree physiologists,
and forest ecologists. CONIFER
simulates water, carbon, and energy
dynamics of a coniferous forest.
Driving variables include air tempera-
ture, dew point temperature, preci-
pitation, solar radiation, and wind
speed. Water and energy variables

are updated daily; carbon variables
are updated weekly. This detailed
description of the model includes all
equations, parameter values, and
initial conditions. Information
sources and model behavior are dis-
cussed elsewhere. With modification
and careful estimation of parameter
values, CONI FER can be a general-
purpose hydrologic model parti-
cularly suitable for investigating

interactions between biological and
hydological processes.

Tucker, G. F. and W. H.
Emmingham. 1977. MORPHO-
LOGICAL CHANGES IN
LEAVES OF RESIDUAL
WESTERN HEMLOCK AFTER
CLEAR AND SHELTERWOOD
CUTTING. For. Sci.
23(2):195-203. (Available from
For. Res. Lab.)

For physiologists, botanists, and

ecologists. Changes in microclimate
associated with cutting markedly
affected the. ability of leaves of
residual western hemlock trees to
utilize water and light. These results
will be useful for planning silvicul-
tural treatments.

Waring, R. H., H. L. Gholz, C.
C. Grier, and M. L. Plummer.
1977. EVALUATING STEM
CONDUCTING TISSUE AS AN
ESTIMATOR OF LEAF AREA
IN FOUR WOOD - ANGlO-
SPERMS. Can. J. Bot.
55(11 ):1474-1477.

For sil vi cu I tu r i sts, me nsu ration i sts,

and ecologists. Leaf area is a key
factor in controlling plant growth,
the amount of light-filtering through
a forest, and the amount of leaf
fall. One can predict a plant's leaf
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area by measuring its conducting
area of sapwood.

Webb, Warren L. 1977.
SEASONAL ALLOCATION OF
PHOTOASSIMILATED CAR-
BON IN DOUGLAS-FIR SEED-
LI NGS. Plant Physiol.
60:320-322. (Available from
For. Res. Lab.)

For physiologists, biochemists, and
foresters. The uptake of CO2 by
Douglas-fir seedlings and the alloca-
tion of photoassimilated carbon
among five vegetative tissues were

closely related to seedling pheno-
logy. The data, obtained with long-
term labeling with 14CO2, were
analyzed with a compartment model
representing the dynamic flux of
carbon through the seedlings. This
article will help those interested in
tree tissue maturation processes to
understand how and where the
current photosynthates are used and
to quantify growth dynamics of
vegetative organs in different stages
of growth.

Webb, W. L. and J. J.
Karchesy. 1977. STARCH
CONTENT OF DOUGLAS-FIR
DEFOLIATED BY THE
TUSSOCK MOTH. Can. J. For.
Res. 7(1):186-188. (Available
from For. Res. Lab.)

For foresters, physiologists, ento-
mologists, and biochemists. Defol ia-
tion by the Douglas-fir tussock moth
reduced total tree reserve, in the
form of starch, proportional to the
intensity of defoliation. This re-

duction was significantly less on a
site with faster growing trees.

Webb, W. L. and K. Kilpatrick.
1977. DEFOLIATION OF



DOUGLAS-FIR IN A
TUSSOCK MOTH OUTBREAK
NEAR KAMLOOPS, B.C. Pages
135-143 in Proc. Symp. Terr.
Aquat. Ecol. Stud. Northwest,
March 26-27, 1976, Cheney,
Wash. Eastern Washington State
College, EWSC Press, Cheney.

For foresters, physiologists, ecolo-
gists, and entomologists. Refol iation
of trees defoliated by the Douglas-fir
tussock moth probably is related to
bud incidence and reserve energy
available in the trees. Data on the
variation of bud incidence and
starch content for both defoliated
and undefoliated Douglas-fir show
(1) bud incidence declines as defolia-
tion increases, and (2) starch de-
clines linearly with increased defolia-
tion.

Yang, J.-Ch., T. M. Ching, and
K. K. Ching. 1977. ISOEN-
ZYME VARIATION OF
COASTAL DOUGLAS-FIR. I.
A STUDY OF GEOGRAPHIC
VARIATION IN THREE
ENZYME SYSTEMS. Silvae
Genet. 26(1):1O-18. (Available
from For. Res. Lab.)

For foresters, geneticists, bio-
chemists, and genecologists. Disc gel
electrophoresis and biochemical
staining were used to study genetic
variability at the enzymatic level in
natural popu'ations of Douglas-fir
from Vancouver Island, Washington,
Oregon, and California. This new
information, relating the genetic
variability of different Douglas-fir
populations to some selective
pressure imposed by edaphic or
climatic factors, also provided inter-
pretations of genetic differentiation
between proverlances of Douglas-fir.

______________ -
- I

/



forestry
related
publications
In 1977, other departments at
Oregon State University also
published materials, compiled
here, pertinent to forestry
readers. Inquiries about a pub-
lication should be directed to
the author's department or
school (enclosed in parentheses
at the end of each citation) at
Oregon State University, Cor-
vallis, Oreg. 97331.

Ambler, J. R. and J. L. Young.
1977. TECHNIQUE FOR DE-
TERMINING ROOT LENGTH
INFECTED BY VESICULAR-
ARBUSCULAR MYCORRHI-
ZAE. Soil Sd. Soc. J.
41:551-556. (Dept. Soil Sci.)

Bell, J. R. and D. R. Green-
way, and W. Vischer. 1977.
CONSTRUCTION AND ANAL-
YSIS OF A FABRIC REIN-
FORCED LOW EMBANK-
MENT. Pages 71-75 in Proc.
Int. Conf. Use of Fabric in
Geotechnics, April 20-22, 1 977,
Paris. Ecole Nationale des
Pontes et Chaussees, Paris.
(Sch. Eng.)

Bell, J. R. and J. E. Steward.
1977. CONSTRUCTION AND
OBSERVATIONS OF FABRIC
RETAINED SOIL WALLS.
Pages 123-128 in Proc. Int.
Conf. Use of Fabrics in Geo-
technics. April 20-22, 1977,
Paris. Ecole Nationale des
Pontes et Chaussees, Paris.
(Sch. Eng.)

Bull, E. L. and E. C. Meslow.
1977. HABITAT REQUIRE-
MENTS OF THE PILEATED
WOODPECKER IN NORTH-
EASTERN OREGON. J. For.
75:335-337. (Dept. Fish.
Wild I.)

Buongiorno, J. and R. A.
Oliveira. 1977. GROWTH OF
THE PARTICLE BOARD
SHARE OF PRODUCTION OF
WOOD-BASED PANELS IN
INDUSTRIALIZED COUN-
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TRIES. Can. J. For. Res.

7:383-391. (Dept. Agric. Res.

Econ.)

Buongiorno, J. and R. A.
Oliveira. 1977. INTERNA-
TIONAL DIFFUSION OF
TECHNOLOGICAL CHANGE
WITHIN THE WOOD PROD-
UCTS INDUSTRYTHE CASE
OF PARTICLEBOARD. West.
J. Agron. Econ. 1:166-170.
(Dept. Agric. Res. Econ.)

Ervin, D. E., J. B. Fitch, R. K.
Godwin, A. B. Shepard, and H.
H. Stoevener. 1977. LAND
USE CONTROL: EVALU-
ATING ECONOMIC AND
POLITICAL EFFECTS.
Ballinger Publishing Co.,
Cambridge, Mass. 184 p. (Dept.
Agric. Res. Econ.)

Forsman, E. D., E. C. Meslow,
and M. J. Strub. 1977. SPOT-
TED OWL ABUNDANCE IN
YOUNG VERSUS OLD-
GROWTH FORESTS,
OREGON. Wildl. Soc. Bull.
5:43-47. (Dept. Fish. Wildl.)

Fuchigami, L. H., M. Hotze,
and C. J. Weiser. 1977. THE
RELATIONSHIP OF VEGETA-
TIVE MATURITY TO REST
DEVELOPMENt AND SPRING
BUD-BREAK. J. Am. Soc.
Hort. Sci. 102:450-452. (Dept.
Hortic.)

Linderman, R. G. 1977. EN-
HANCED ROOTING OF
WOODY PLANTS BY MYCOR-
RHIZAL FUNGI. J. Am. Soc.
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Hortic. Sci. 102:629-632.
(Dept. Hortic.)

Lindzey, F. G. and E. C.
Meslow. 1977. HOME RANGE
AND HABITAT USE BY
BLACK BEARS IN SOUTH-
WESTERN WASHINGTON. J.
WildI. Manage. 41:413-425.
(Dept. Fish. Wild!.)

Lindzey, F. G. and E. C.
Meslow. 1977. POPULATION
CHARACTER ISTICS OF
BLACK BEARS ON AN
ISLAND IN WASHINGTON. J.
WildI. Manage. 41:408-412.
(Dept. Fish. WildI.)

Lindzey, F. G., S. K.
Thompson, and J. I. Hodges.
1977. SCENT STATION IN-
DEX OF BLACK BEAR
ABUNDANCE. J. Wild!. Man-
age. 41:151-153. (Dept. Fish.
Wild!.)

O!iveira, R. A., J. Buongiorno,
A.

TIME SERIES FORECASTING
MODELS OF LUMBER CASH,
FUTURES, AND BASIS
PRICES. For. Sci. 23:268-280.
(Dept. Agric. Res. Econ.)

Rei!ing, S. and H. H.
Stoevener. 1977. COMMER-
CIAL CAMPGROUNDS ON
THE OREGON COAST:
CHARACTERISTICS AND
FINANCIAL STATUS. Oreg.
State Univ., Sea Grant Co!!ege
Program, Corvallis. Pub.
ORESU-T-77-002. 17 p. (Dept.
Agric. Res. Econ.)

Roberts, H. B. and G. S. Lind.
1977. STATUS OF THE
AMERICAN OSPREY IN
OREGON. Pages 215-222 in
Trans. North Am. Osprey Res.
Conf. U.S. Dept. Interior. Trans.

and Proc. Series No. 2. (Dept.
Fish. WildI.)

Sorensen, D. M. and H. H.
Stoevener. 1977. ECONOMIC
ISSUES IN LAND USE PLAN-
NING. Oreg. State Univ., Agric.
Expt. Stn., Corval!is. 160 p.
(Dept. Agric. Res. Econ.)

Weiser, C. J. 1977. DOES
WASHING FROST FROM
PLANTS REDUCE COLD
DAMAGE? A POSTAL SYM-
POSIUM. Hortic. Sci. 12:101.
(Dept. Hortic.)

Youmans, R., W. Rompa, and
E. Ives. 1977. THE TILLA-
MOOK COUNTY ECONOMY:
A WORKING MODEL FOR
EVALUATING ECONOMIC
CHANGE. Oreg. State Univ.,
Exten. Serv., Corvallis. 17 p.
(Dept. Agric. Res. Econ.)



audio-visual
packages
Audio-visual learning packages
from the Forestry Media Cen-
ter combine illustrated slides
and taped narration as a con-
venient instructional tool for
individuals or groups interested
i n specific forestry topics.
Since 1972, the packages have
been used by more than
150,000 "students" in educa-
tional institutions, government
agencies, and private industry
in the United States and for-
eign countries.

This year specialists from the
School of Forestry and cooper-
ating agencies completed 9 new
packages, so the School's For-
estry Media Center now offers
51 audio-visual packages for
rent or purchase. A $12 rental
fee covers the first 3 days of
use (excluding weekends and
holidays), and each additional
3 days costs $6. Purchase pri-
ces are quoted in the following
package descriptions.

For more information or a

complete list describing the 51
audio-visual packages, write or
call:

Forestry Media Center
School of Forestry
Oregon State University
Corvallis OR 97331

ENVIRONMENTAL CHANGES
DUE TO WEED CONTROL
ON FOREST AND BRUSH
LANDS
18 minutes, 44 slides, $65 774

Uses a unique system of charting to
summarize environmental changes
from various release and site prepar-
ration treatments. Each type of
brush control changes environmental
conditions at the planting site, and
the success of regeneration depends
on how well those conditions are
matched to the needs of the desired
trees. By Hank Gratkowski, Forestry
Sciences Laboratory, U.S. Forest
Service, COrvallis, OR.

ENVIRONMENTAL IMPACTS
OF BRUSH CONTROL
15 minutes, 59 slides, $65 705.6

Compares environmental impacts of
three brush control techniques
mechanical removal, fires, and

herbicides. Gives guidelines to
minimize their adverse effects. By
Michael Newton, Department of
Forest Science, Oregon State Univer-
sity.

FERTILIZING DOUGLAS-FIR
FORESTSPART I
28 minutes, 75 slides 772.1

Shows the effects of nitrogen
fertilization on Douglas-fir in

western Oregon and Washington
based on research by the U.S.

Forest Service's Pacific Northwest
Forest and Range Experiment
Station, Olympia WA. Explains the
biological bases of forest
fertilization. Describes current ferti-
lizer practices, their reliability, and
environmental impacts.
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FERTILIZING DOUGLAS-FIR
FORESTSPART II
28 minutes, 71 slides 772.2

Gives a break-even economic analysis
of forest fertilization. Covers factors
that influence economic returns:
initial costs, interest, inflation, in-

creases in the price of wood, cash
flow, and the allowable-cut effect.

Both Parts I and II are by Richard
E. Miller and Roger D. Fight, U.S.
Forest Service, Olympia WA. NOTE:
Parts I and II can only be purchased
as a single package for $90.

LEGISLATIVE HEARINGS
KEY TO PUBLIC PARTIC-
IPATION
7 minutes, 35 slides, $65 780

Tells how to prepare and give

testimony at legislative hearings in

Oregon. Made specifically for a

one-day training session for profes-
sional foresters, but may be appro-
priate for many audiences. By Mike
Prouty and Larry Streeby, School of
Forestry, Oregon State University.

REGENERATION OF CON-
TROLLED BRUSH FIELDS
15 minutes, 59 slides, $65 705.7

Outlines a regeneration management
plan to reforest controlled brush-
fields. Such a plan describes present
brushfield conditions, alternative
methods for vegetation control,
environmental effects of control
techniques, and adaptive require-
ments of seedlings. By Michael
Newton, Department of Forest
Science, Oregon State University.
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REPAINTING WOOD HOUSES
20 minutes, 27 slides, $60 708.5 ':.
Shows how to recognize, correct,
and prevent problems with exterior
wood finishes. Discusses the proper ____________ -

application and maintenance of exte- _____________ .
nor finishes after problems have . ' --

been corrected. By M. D. McKimmy, -
Department of Forest Products, -'
Oregon State University.

SHRUB COMMUNITIES OF
WESTERN OREGON ____________
21 minutes, 63 slides, $70 773 --.,.

red rgut
Oregon. Discusses shrub community
origins, species composition, succes-

,,,sional stages, and adaptations to
. . . , -.particular environments. By Hank

Gratkowski, Forestry Sciences
Laboratory, U.S. Forest Service, ..
Corvallis OR.

___i. .

SILVICULTURAL USE OF
_____ In_'_

HERBICIDES IN PACIFIC -i
NORTHWEST FORESTS .

.',____
30 minutes, 80 slides $70 775

________.
. .

.s . '2,. ... -.

Based on U.S. Forest Service general ___________-.' .:
tech nical report of the same name.

'Briefly describes forest and brush . -".t;
communities of the region. Based on

-

five key factors, tells how to pre-
scribe herbicidal aerial sprays in '' . -Pacific Northwest forests and gives

.;
:guidelines for minimizing spray drift ______ ______and evaporation. By Hank ______ _____ _________Gratkowski, Forestry Sciences

.

Laboratory, U.S. Forest Service,
Corvallis OR.

, ..
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