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Clearcutting is a sound silvicultural practice when exercised
in the proper environmental location.

Foresters have learned through

bitter experience that clearcutting Douglas-fir forests, located on
droughty south-facing slopes, often leaves uncorrectable regeneration
problems.

Thousands of acres of unproductive grass and brush through-

out the Douglas-fir region are unavoidable reminders of inappropriate
sites for clearcutting,

Underplanting, as demonstrated in this study, is an alternative to regeneration problems commonly associated with c].earcutting

in arid portions of the Douglas-fir region.

This technique of plant-

ing Douglas-fir seedlings under the overstory of a mature Douglas-fir
forest before removal of the entire canopy, was tested in the dry,
arid portion of the interior Coast Range near Corvallis, Oregon.

On

a typically droughty south-slope, consisting of an old growth stand,
a recently thinned Douglas-fir stand, and an old unsuccessfully regenerated clearcut, 1200 seedlings were planted.

An attempt was made to evaluate survival as a function of
three parameters:

light, moisture stress, and vegetative competition.

Ozalid light integrators measured light at each seedling on the

forest floor.

Seedling moisture stress was evaluated with a pressure

bomb, while a measure of vegetative cover surrounding each tree indicated competition.
Contrary to generally recognized supposition, this study indi-

cates that Douglas-fir seedlings can survive, become established, and
grow in the shade of a mature forest.

After one growing season, stir-

viva], was highest in the old growth stand with 614 percent, and lowest

in the clearcut with 38 percent.

In addition, Douglas-fir does not

require full sunlight for survival

Less than 30 percent of full sun-

light provides the best survival conditions.

Further experiments will be conducted to investigate survival
at the end of two growing seasons and ultimately test seedling re-

sponse when the overstory is removed.
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Slide-Tape Script

Figure No.
1

Beneath this stand,

2

in the shade of its overstory, a question is being asked:

3

Can this seedling survive?

TITLE SLIDE: An Alternative to Clearcutting by Robert S.
Logan
THE PROBLEM
6

Clearcutting is a sound silvicultura]. method for harvest-

ing trees in the Pacific Northwest.

an area is clearcut, a new forest is begun

7

Once

8

by planting nursery stock,

9

or by seed from trees adjoining the clearcut.

10

In certain areas however, removal of all standing timber
creates results which are contrary to forest management
objectives.

U

The successful establishment of a new forest is the most
important of these objectives.

12

Success in reforesting clearcut lands has varied widely
throughout Oregon.

In some areas, such as the Siakiyou

Mtns. of Southern Oregon,
13

clearcutting without regeneration has left forest lands
for extended periods with grass and brush cover.

1I

Throughout much of the arid portions of the Douglas-fir
region, satisfactory regeneration of Douglas-fir on south-

a,

facing clearcuta 18 often difficult to achieve.

The hot,

dry summer months pose a serious threat to a seedling's
struggle for survival.

Most seedlings eventually succumb to the stress imposed
by long sunny days and droughty soils.
16

HISTORY OF THE PROBLEM

17

From the Cascade crest westward into Washington and Oregon,, the dominant forest species is Douglas-fir.

distinct characteristics and requirements.

It has

As these

trees mature and begin to die of old age, the space left
by a dead tree is filled by Grand fir, hemlock, cedar or
others - but usually not Douglas-fir.
18

Scientists believe that many Douglas-fir forests originated following destruction of existing vegetation by fire

19

or large b1ow-doins.

20

Since this species is one of the regions most valuable
trees from a commercial standpoint, forest managers
strive to maintain this sub-climax forest of Douglas-flr
on a continuing basis.

21

They feel clearcutting is the answer, that it approximates
the effects of forest fires and wind storms which originally cleared large areas and led to the present oldgrowth stands.

Not only is it the most economically

feasible method, but its use is also defended on the supposition that Douglas-fir requires great amounts of sun-

light when young
22

and cannot grow in a mature forest's heavily shaded floor.

23

Yet the widespread and Indiscriminate application of
clearcutting throughout the Douglas-fir region baa left
forest managers with thousands of acres of unproductive
brush fields.

2L

Forest research has indicated that clearcutting Is not
a biological necessity for the Douglas-fir forest.

Con-

siderable research effort has been directed at solving
the reforestation problems resilting from the misapplication of clearcutting.

This study Investigates an alternative method of reforeating timberlands

THE ALTERNATIVE TO CLEARCUTTING

Survive], on south-slope clearcuts often occurs only where

a seedling is afforded protective shade of one form or
another.

Unfortunately most clearcuts do not provide

such luxury.
27

Experts report that Douglas-fir can survive at low light
intensities, and while growth may not be optimum, 8urvival is of primary importance.

28

If Douglas-fir seedlings were planted before a timber
stand is completely harvested, the environment beneath

a mature stand might provide the necessary protection for
establishment

This practice might provide the time

needed for a seedling to develop a root system deep e-

'4

nough to obtain sufficient water once the overstory trees
were removed.
29

"Underplanting" is the term used to describe this practice, and while the term is not new, its application to
the Douglas-fir forest is unusual because of the longstanding philosophy that Douglas-fir seedlings require
considerable sunlight.

30

What were the objectives of this study?
1

TO ESTABLISH THE LIGHT REQUIREXENT FOR DOUGLA.S$IR

If underplanting is to offer an alternative to the regeneration problems associated with clearcutting, the amount
of light necessary for survival must be known.
2,

ASSESS MOISTURE STRESS AND VEGETATIVE COI'IPETITION

3.

DETERMINE SURVIVAL AS A FUNCTION OF LIGHT, MOISTURE

STRESS, AND COMPETITION
31

Underplanting was tested near Corvallis, Oregon, in Mc
Donald forest, operated by the School of Forestry, Oregon
The forest is r.pres.ntative of the dry

State University.

interior Coast Range and demonstrates an area where clearcutting may have adverse results.
32

The results of earlier south-slope clearcuts - ]$ year
old brush fields - are graphic illustrations of regeneration difficulties.

33

A hot, dry, south-slope stand was selected to provide a
severe test for underplanting.

If underplanted trees

5
survived these conditions, they would most likely survive
elsewhere.
3I

Three separate teat sites were located on the south
slope.

The Old Growth stand of approximately lO year old trees,
had an average basal area of 31i0 sq.ft./acre.

36

It provided an undisturbed planting site with dense shade
and well established understory vegetation.

37

The second test site had been thinned to 6ci of its ongina). volume six months before underplanting.

38

With an average basal area of 180 aq.ft./acre, this
thinned stand provided a well-disturbed environment with
scarified areas and areas of exposed mineral soil after
logging operations.

39

An old clearcut unsuccessfully regenerated, and its adjoining forest was the third test site.

The caearcut consisted of dense brush,

11

while the adjoining forest had been thinned in 196? and
had an average basal area of 190 aq.ft./acre.

This site

provided serious competition for seedlings from well
established vegetation in both the clearcut and adjoining forest.
Douglas-fir seedlings were underplanted in as rnarr micro-

environments as possible.
L3

1414

For example, areas of very dense shade,
no shade and intermediate levels of shade.

146

Sites with thick understory

147

and areas relatively free of vegetation were also underplanted.

148

In order to follow the progress of the 1200 planted seedlings, each was clearly identified.

149

A stake marked the planting site of each group of four

seedlings. Each group consisted of two 2-0 and two 3-0
seedlings.

Planting both 2-0 and 3-0 seedlings provided a means of
comparing the suitability of different-aged planting
stock to underplanting.

A control area in the nursery provided a check on survival in the field.

At the end of each planting day, 2S

trees of each age were replanted In the control area.

Therefore, the control trees were subjected to the same
trauma of lifting, bagging, transporting and replanting
Incurred by seedlings in the field.

Intermittent cultivation eliminated competitive vegetation, thus giving an indication of nursery seedling vitality and transplanting shock.

Given a healthy seedling and uniform soil conditions to
begin with, light, moisture stress, and vegetative competition are considered to be the major factors responsi-

7

ble for its success or failure after planting.

A major

objective of this study was to obtain accurate measurements of these three factors for each seedling and relate
them to its survival or death.

55

Ozalid light integrators were used to measure the light
environment of each seedling.

56

This inexpensive instrument enables an investigator to
measure the total amount of sunlight

striking the forest

floor for an entire day.
5?

A booklet of light sensitive ozalid paper is sandwiched
between black paper.

58

When developed, the booklet changes color and the number
of exposed sheets is easily counted and converted to
light energy.

59

By utilizing hundreds of these instruments in conjunction
with a solarimeter, and recording device,

60

one can obtain an Index of the tots]. light reaching each

of the seedlings on a given day during the growing season.

61

As the summer season progresses, soil moisture is diminished, and those trees with shallow or inadequate root
systems begin to die.

Seedlings with roots not deep e-

nough to reach available moisture or an insufficient amount of fine roots, begin to suffer high plant moisture
stress.

62

As soil moisture becomes less available, seedlings must

8

exert greater force to draw moisture from the soil.
63

The "Pressure Bomb" enables a researcher to measure this
force as pressure or atmospheres of tension, and thus
evaluate the condition of a seedling.

6,

A twig is cut from a seedling and placed in the pressurized chamber.

6

By applying pressure to the etomatal openings of the
needles, flow of stem water is reversed and forced out
through the cut end.

66

The amount of pressure required to reverse water flow
through the stem indicates the moisture stress of the
seedling.

Knowing the moisture stress of a tree in turn

indicates the relative amount of water available to the
roots, and the progression of summer drought.
6?

Evaluatirg the affect of coirpetitive vegetation on a par-

ticular seedling is a difficult task.
68

Certain grasses and woody shrubs such as poison oak and
trailing blackberry are fierce competitors for soil water,
but it is impossible to know the extent of each plant's
root system.

69

For purposes of this experiment a visual approximation
was used.

The percent of total vegetative cover within

a fixed distance around each seedling was recorded.

For

example, vegetative cover around this seedling was recorded as loQg.

70

These seedlings have a lcY4 cover.
were not distinguished.

Shrub and herb layers

Overhanging shrubs were included

in the estimate but only to a height of five feet.
71

THE RESULTS OF UNDERPLAWflNG

72

An unusually long, dry summer provided the experiment
with its most necessary component - severe drought.
Records indicate 98 days with virtually no effective rain.

73

A comparison of average moisture stress throughout the
growing season for the three test areas shows the Old

Growth stand reaching a sean high of 38 atme.

The

Clearcut site is not far behind with 3S atma., while the
maximum season average for the Thinned site was 28 atma.
As expected, the old growth stand represented an environment with a severe moisture stress, with both its overstory and dense understory vying for available moisture.
The clearcut, with its heavy brush cover was also a
severe environment.

The Thinned stand on the other hand

retained more moisture, reflecting less water use by the
recently thinned overstory and the disturbed understory.
71

While the Old Growth stand attained the highest moisture
stress value at the end of the growing season, it also
had the highest survival

Survival data are expressed in

percent for easy comparison between the three test sites
and the two kinds of planting stock.

Starting at the

left of the graph, the red bar represents 2-0 survival on

10

the Old Growth site, while the orange bar is 3-0 survival.
To the right is survival on other test sites, including
the control area.

In contrast to the Old Growth stand,

the Clearcut area had the poorest survival of all areas
tested.

The older stock survived considerably better,

however this should not be attributed only to age.

Dur-

ing its two years in the nursery, the 2-0 stock was never
watered, therefore it developed an unusiiall y deep root

system.

At the time of transplanting, lifting procedures

may have damaged the root systems of these trees to a
greater extent than the 3-0 trees which were watered in
the nursery- and had a more shallow and bushy root system.

Such damage is confirmed by survival obtained in the control area.
7

A more revealing graph is that of Old Growth survival
versus survival of those trees in just the Clearcut.
This comparison shows a dramatic difference

Survival of

2-0 seedlIngs drops from 142% in the Old Growth to a mere

1% in the Clearout,
from 86 to 62%.

Survival of 3-0 seedlings decreased

The black bars represent the average

survival of both ages.

There is half again as much sur-

vival in the dense shade of the Old Growth stand as in
the Clearcut.

These results question the supposed need

for full sunlight by Douglas-fir seedlings.
76

The next three graphs demonstrate the relationship be-

11

tween survival and the three parameters measured.

The

first demonstrates the kind of trend expected when survival at various moisture stress ranges is compared.

For

example, at the left-hand side of the graph, tho8e tree5
recovering to five to ten atms. of moisture stress at the
survival.

end of the summer displayed lOC

Following

across the graph to the right there is a decreasing rate
of survival as moisture stress ranges increase.

At the

extreme right only Il% of those tree 8 which reached a max-

imum l to 60 atma. of pressure at the end of the growing
season survived.

As expected, there is decreasing surviv-

al as moisture stress increases.
77

Survival at various ranges of full sunlight indicates an
unexpected trend.

One would expect increasing survival

as the amount of sunlight increases.

Instead, this shows

highest survival at approximately 18% of full sunlight
and decreasing survival on either side of 18%. Other fac-

tors, such as moisture and temperature may be a possible
explanation for this pattern.

These underlying factors

may be affecting survival in the higher light categories.
One exception to this almost bell-shaped curve is the sur-

vival at the 6O-8O range
in sunlight above 80%.

There were no trees measured

This indicates that two and three

year old Douglas-firs can survive at low light intensities.
78

A clear trend is not as apparent when survival is plotted

12

for the ten categories of competition.

This may reflect

inadequacies of the competitive vegetation measurement.

However, it does show that in 100% competition a seedling
has less chance of survival than those situated in a less
competitive area.
79

So Douglas-fir seedlings can survive under an overstory
of mature trees,

How well did they survive?

swered.

80

But an additional

question

must be an-

Or, did they grow?

To answer this question, the total height and leader elongation of each surviving tree was recorded.

Comparison

of leader elongation after one growing season, indicates
the growth rates on each test site.

There is some growth

advantage on the clearcut site, but is it worth the poor
survival?
81

Three-dimensional graphs provide further insight into the
interactions of these factors.

This one demonstrates the

affect competition and light have upon survival.

For ex-

ample, notice the front right-hand corner of the graph.

At high light intensity or 7% of full sunlight, and
heavy competition (8%) there is poor survival.

Now

trace the yellow line to the back right-hand corner of
the graph.

Continuing at high light intensity, there is

increasing survival at 6C% competition, while at 3%
there is a slight decrease.

But as competition reaches

10%, there is a marked decrease in survival

It may seem

13

strange that survival should decrease as competition decreases and light remains at its high level, but there is
a possible explanation.
82

Four seedlings were planted around this stake located in
the middle of a logging trail.

At the conclusion of the

growing season all were dead.

Mortality was possibly due

to soil compaction which reduced root growth, and high
light intensity which increased evaporation.
83

In the same graph, notice the blue and red lines.

They

are both higher than the right-hand line previous],y
traced.

This indicates greater survival at 3(1% or medium

light intensity and only a slight decrease in survival
at 7

of full sunlight.

Now trace these two lines to the

back of the graph and notice the gradual increase in survival as competition decreases.

Douglas-fir seedlings ap-

pear to survive best at low and medium light intensities.
814

Graphically presented here is the affect of competition
and maximum moisture stress on survival.

Looking at the

surface of the graph, it dips down in the lower right-

hand corner and rises in each of the others. W1? The
lower right-hand corner shows poor survival at high com-

petition of 8% and high moisture stress of

O atins.

Move along the high competition yellow line to the back
of the graph and notice that as moisture stress decreases
to six atme., survival increases significantly.

The same

is true at the other levels of competition.

The dotted

lines at the back of the graph indicate a lack of saffi-

dent data to make definitive points, instead average
values were used.

This graph shows that as competition

and moisture stress increase, survival decreases.

85

The

final three-dimensional graph shows the affect of moisture stress and light on survival.

The feature of pri-

mary importance is the consistent peak line that is found
in the middle of the graph.

at 30%

of full light.

This peak represents survival

Notice that it increases toward

the back of the graph, as moisture stress decreases.

This

demonstrates that medium light values of approximately
30% of full light result in better survival than high

light intensity.

Low light results In slightly less sur-

vival than medium light, but still better than high light
Intensity.
86

There are other reasons for seedling mortality.

For ex-

ample, rocky soil conditions,
87

animal browse,

88

compaction (as previously mentioned),

89

and seedling differences, noticeable when planted in
close proximity.

Yet, these are less important when

compared to light, moisture stress and competition.
90

CONCLUSIONS

91

Douglas-fir seedlings will survive for at least one grow-

ing season under the canopy of a mature Douglas-fir forest.
92

In fact, survival is better than those seedlings planted
in a clearcut.

93

Douglas-fir does not require full sunlight for survival.
Low to medium light or less than 3O

of full light pro-

vides the best survival conditions.
9I,.

Moisture stress and heavy competition influence adversely
chances for survival, but seedlings still may survive if

radiation is not too intense.

9

There are problems associated with underplanting still to
be solved.

The most serious is removal of the overstory

trees once seedlings become established.

A subsequent

experiment Is planned to te8t seedling survival on the
Old Growth stand after overstory removal by s1rline logging.
96

This will be a severe test due to the tremendous amounts
of slash that will accumulate, possibly destroying many
of the underplanted seedlings.

97

It should be pointed out that while removal of the overstory trees is being experimented with, this is not necessarily the recommended procedure.

To avoid this problem,

it is recommended that enough of the stand be removed

prior to underplanting, in order to obtain a basal area
of approximately 100-150 sq.ft./acre.

16

98

After this initial, cut the area should be underplanted.

Removal of the remaining timber should occur only after
seedlings have become established.

This is the procedure

being tested in the Thinned stand.
99
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Literature Review

Of major importance in leading to this investigation of under'planting DougLas-fir was the work of Emminghazn

Mountains of Southern Oregon.

(1971) in the Siskiyou

In hi8 study of light environments of

various species of true fir, he found that Douglas-fir (one to two
meters in height) ha8 the capability to grow competitively with true
firs in light environments of from seven to thirty-five percent full
light.

He compared growth of Douglas-fir with that of Shasta red fir

(&bies magnifica var Shastensis) and white fir (Abies concolor).

He

suggested that Douglas-fir regeneration might be assured by either
shelterwood silviculture or underplanting in order to avoid regeneration difficulties associated with clearcutting on dry sites.
Another researcher also reported on the ability of Douglasfir to grow at low light intensities.

Isaac (191i.3) demonstrated with

a shade frame study that Douglas-fir 2-0 planting stock could survive
at five percent of full light.

He reported that:

survival and growth of both planted trees and
seedlings were better than were obtained in the
open, and in fact, the best obtained on arr plot.
However, these seedlings are somewhat etiolated.
Their stems are slender and their foliage has an
unhealtlr color; if the: protection of the frame
were removed and they were subjected to the buffeting of wind and rain and to normal competition,
they would probably not survive."
It is unfortunate that Isaac never substantiated his supposition concerning these etiolated, but yet faster-growing, superior-survival

7

trees

Instead, he concluded that Douglas-fir cannot grow In less

than 0 percent of full over-head light.
Since that early work by Isaac, limitations involved in quantitatively measuring the natural light environment led researchers to
avoid this problem.

Therefore, the actual light requirements of Doug-

las-fir are poorly understood.
to vary greatly.

The light demands of this species seem

There seem to be a variety of factors which affect

the ability of Douglas-fir to grow in a restricted light regime.

For

example, moisture, soil condition, root influence, aspect, sl.ope,

species competition and stand age may all have an affect.

More recently, Hodges (l96), in studying the photosthetic
efficiency of various coniferous seedlings, found that at 800 footcandles Douglas-fir showed

O percent of maximum net assimilation.

This indicates that Douglas-fir may be able to carry on vital growth
in reduced light intensity, for llO0 foot-candles is approximately
lI percent of full light when 10,000 foot-candles are considered to
represent full sunlight.

If Douglas-fir seedlings are underplanted before the overstory
is removed, they may become established before encountering the harsh
arid south slope environment which is so often fatal to new seedlings.
Admittedly the idea is not new, but Its application to the Douglasfir forest is foreign.

However, European foresters have underplanted

Douglas-fir under various types of overstory canopies with varying
degrees of success

Etfeld (1970) reported underplanting Scota pine

stands in the Eifel Mountains of Germany.

He found that initial
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height growth was slow but accelerated as the pine canopy was opened
up.

Wagenknecht (l96) claimed that Douglas-fir can withstand sup-

pression under Scots pine and when released at ago 2O-2
take pine.

will over-

He further showed that Douglas-fir was able to recover

from long periods of suppression when released by overstory removal.
Doubler de 1'Ecluse (1967) described the successful

conversion of

Birch stands to Douglas-fir by underplanting Douglas-fir.

Urifortun-

ately these under-planting experiment8 were not designed to remove the

overstory after only one or two years of establishment, but were similar to a long-term shelter-wood cycle where the overstory trees were

removed during a 10-30 year period.

Nor were these studies con-

cerned with planting Douglas-fir seedlings under a Douglas-fir overstory.

Nevertheless, they demonstrate that Douglas-fir baa a certain

tolerance for overetory shade.
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Calibrating the Ozalid Light Meter

Introduction

Energy which makes possible growth and development of trees
and other plants comes either directly or indirectly from the sun.
T'ot onlr is germination and early development of tree seedlings de-

pendent on the amount of available solar radiation, but also the deTherefore, the nature and amount of solar

velopment of the overstory.

radiation received on the earth's surface will affect the distribution
and growth of the forest.

Increasing attention is being given to the

measurement of solar radiation in the forest because radiation intercepted by trees plays a major role in the energy balance of forest
communities.

Most ecologists however, are not interested in measuring radiation at just one location, but rather, the variation of light throughout an entire forest community.

For example, separate light measure-

ments at individual Douglas-fir seedlings would provide a means of
correlating light variation over the forest floor with the growth and
development of the seedlings.

Others might be interested In relating

various mensuratiorial data with light conditiona.

Since the light regime within a forest canopy is an important
factor in plant growth, competition, and also reproduction, it is important to realize that although plants intercept solar energy from
all parts of the spectrum, the spectral range of IOO to 700 nanometers
(nillimicrons) is of particular importance because this light is used
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in photosynthesis.

Therefore, an ideal instrument for measuring

light would be one that integrates energy received in the 1400 to 700
rim, band.

While there are light sensors which will provide accurate

measurements in this spectral range, the expense of having a sufficient number of such instruments for simultaneous sampling of various
habitats is usually prohibitive.

For this reason, the Ozalid paper technique of integrating light
is especially suited for field use.

This technique was originally des-

cribed by Friend (1961), but has been used extensively by Emningham
(1971) in his research.

This photographic method is not only simple

and relatively inexpensive to use, but provides a means of measuring
light simultaneously at a variety of locations.

The process provides

a value representing the light energy received in the ultra-violet and
blue wave bands, and by means of calibration this value can be used
to predict the energy received in the 1400-700 nm. band.

The purpose

of this sequel is to describe the technique and its calibration procedure, then by means of regression analysis to determine Its accuracy when compared to standard radiation instruments.
bleached by energy in the 200-147

maximum sensitivity is between 3$

Ozalid paper is

run, wave-length band, while its

and 14$ rim.

Methods

The Ozalid paper light integrator consists of

iS

sheets of

Ozalid paper in the form of a booklet approximately three by three
centimeters.

These booklets are cut from sheets supplied from the
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manufacturer

This operation should be carried out in dim light and

the booklets stored in darkness until needed, in order to avoid exposure of the light sensitive paper.
exposure containers.

of the

Glass petri dishee are used as

A piece of foam rubber is placed in the bottom

dish with a disc of black paper on top of it.

paper disc

with a one

Another black

centimeter square hole in the middle is posi-

tioned over the Ozalid

booklet

which rests on the lower black disc.

When the lid of the petri dish is placed into position, the foam holds
the booklet in poiition under the hole and the black paper keeps the
edges of the Ozalid paper from being exposed.

The loaded dishes are

kept in boxes until time for exposure to radiation.

Upon exposure to

light the sheets are bleached (from yellow to white) according to the
intensity and the duration of the light.

After exposure the booklet

can be developed immediately in concentrated ainmoniuin hydroxide vapor

for 10 to 20 minutes.

The unexposed portion turns blue while the ex-

posed part remains white

The number of sheets bleached is easily de-

termined,

The calibration curve for the Ozalid meter is obtained by exposing a series of petri dishes to sunlight for various time intervals
and equating the number of bleached sheets with measurements made by

A

a standard light measuring instrument for the same time interval.

Kipp Solarimeter ws used for thIs purpose and recorded continuously
the short-wave global

radiation

for the entire day.

ExposureS were

made at logarithmically increasing time intervals from one minute to
an entire day.

Calibration was performed on a clear day with two
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Ozalid integrators used for each exposure tine.

Results

Table I shows the data collected for each time exposure.

Col-

uinn three indicates the total millivolt output by the Kipp Solarinieter

for the corresponding time interval as calculated from the solar radiation curve.

These values are corrected by the factory calibration for

this particular solarimeter and then converted to langleys per exposure interval (one langley - one gram-calorie/cm. /min.).
A calibration curve was fitted to these data using a straight
line regression with the formula:

]ogx-a+by
where log x is the common log of the light energy received by the solarimeter (langley-s per minute), and y 1

the number of Ozalid sheets

bleached. The constants, a and b, are the intercept and the slope
respectively-.

This

Figure 100 shows the calibration curve obtained.

curve bad a correlation coefficient (r) of .997.

The analysis of

variance indicated a coefficient of determination (R ) of .993
F test indicated that the regression was significant at the

An
level.

Discussion

Accuracy In reading the Oza].id light meter is improved by de-

termining the degree to which the final sheet (following the
fully bleached sheet) is exposed.

la8t

Emmingham (1971) devised a method

of distinguishing between three-quarters, one-half, and one-quarter
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Table I

Exposure
Time
Interval

Data Collected for Each Time Exposure

Number
of Pages
Exposed

Millivolt
Reading

Correction

mV/89
ca1/cmm1n

Langleys
Per Exposure
Interval

1 hr.

7.50

11.5

1.292

77.52

2 hrs.

8.75

11,3

1.270

152.140

9.25 & 9.50

10.8

1 213

221.79

I

hrs.

8 hrB.

10.25 & 10.75

9.1

1.022

1i53.03

AU Day

10.50

5.8

0.652

593.97

1 mm.

2,75

U.LL

1.281

1.28

2 miii.

3.50

11.3

1.270

2.514

mm.

L.50

11.3

1.270

5.08

8 mm.

5.25

11.3

1 270

10.16

16 mm.

6.25

1.281

20.50

32 miii.

6.75

1.281

140.99

1

11.1.
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10.0

r

.997

1.0

Log of
Langloye

0.1

I

I

I

6

8

10

Number of Sheets Bleached

Figure 100. Log of Langleys vs Number of Sheets Bleached
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bleached sheet..

This method avoids some of the subjective estima-

tion involved in determining the number of sheets bleached.

Others

have used a densiometer (Caldwell, 1969) or a method described by
Friend (1961) using back lighting.
Criticism of the technique has been reported, some of which is
Important.

First It should be remembered that Ozalid paper is sensi-

tive to only a portion of the light spectrum (200 to L7

rim.), and

errors will result if the energy distribution is changed from that of
the calibration conditions.

Anderson (19614) also pointed out that

each layer of paper will act as a spectrally selective filter for the
layer below, thus adding a further complication.

Federer and Tanner

(1966a) draw attention to the narrow sensitivity of the paper and dismiss the technique as being useful only for order-of-magnitude estimates.

In addition, this technique might prove to be less accurate in

measuring light under a hardwood stand as opposed to a conifer stand,
because conifer stands have relatively more blue light than hardwoods
(Federer and Tanner l966b).

This method can be used despite these limitations as long as
the user is aware of them and realizes that this technique is not de-

signed to provide the accuracy obtained by sophisticated radiation
equipment such as radiometers, spectro-radiometers, etc.

Instead, it

provides a means of measuring energy values which can be used as an
index of the light received by a large area.
lies in it

Its greatest utility

simplicity, its low cost, arid its advantage of providing

a large number of replicates for adequate sampling of a habitat
tainly this calibration test has confirmed its accuracy while its

Cer-
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extensive use in field research will support Its importance as a va]uable tool for radiation measurement.

8

Evaluating Vegetative Competition

Quantitatively measuring the competitive influence of plants
surrounding a Douglas-fir seedling is a complex task.

The primary

influences of herbaccous and woody vegetation have been categorized
by Newton (l961.) as essentially four:

(1) moIsture consumption, (2)

influence on soil and air temperatures near the surface, (3) light interception, and (li) phenology and growth habits.

Admittedly, no sin-

gle measurement could combine all of these influences.

Therefore,

for purposes of simplification and to overcome a lack of taxonomic
experience, a measure of vegetative cover was used.
Somewhat artitrarily, but yet realizing the importance of this
measurement, a standardized method of examining the amount of vegeta-

tive competition surrounding each seedling was developed.
seedling as center, a circle with a radius of

With the

6 cm. was visualized.

Looking down on the seedling from eye level, a percentage estimate of
vegetative cover versus exposed mineral soil was recorded using a
scale of one to ten.

Vegetation above eye level was excluded from the

estimate.

When these competitive vegetation measurements were averaged
and used to compare the three test sites on the basis of ground cover,
they provided a reasonably accurate comparison.

The Clearcut had the

Old Growth stand
Thinned stand
C].earcut

80%

Forest adjoining clearcut

60%
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heaviest cover, while the Thinned stand had the lightest.

The forest

adjoining the clearcut, which had been thinned ten years ago haI a
slightly more dense ground cover than the Old Growth stand, undoubtedJy due to Its more open overatory.

However, when correlated direct-

ly with a seedling's survival or mortality, the vegetation measure-

ments revealed only- a small portion of the variability in seedling
survival.

There wore weaknesses discovered in this method of measuring
subordinate vegetation.

For example, the measurement lumps both the

herb and shrub layers together, it includes overhanging shrubs of a

certain fid height (eye level), but excludes all advanced regeneration (ie. anything greater than 2.1j, cm. at d.b.h.).

In addition,

there is no attempt to distinguish the types of competitors on a taxonomic basis, for it is known that certain plants such as poison oak
(Rhus diversiloba), trailing blackberry (Ftubua vitifolius), and

thimbleberry (Rubuø parviflorus) are fierce competitors for soil

moisture. This points out that estimates of vegetative cover are
inadequate for analyzing vegetative competition.

Unfortunately, any

attempts to correct these weaknesses would have been beyond the scope
of this study.
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Additional Considerations

Soil Types

The three test sites are classified as Nekia soils over basic
igneous rock with basalt bedrock.

According to the Reconnaissance

Soil Survey of the Willamette Basin (1969), this series consists of
moderately deep, well drained soils formed in colluvium.

The topog-

raphy on which Nekia soils occur is represented by gently sloping,
broad ridges.

The soil characteristics include:

good drainage, medium runoff and moderate infiltration,
moderately slow permeability (ability to transmit water

or air) of .]. to 16 cm. per hour,
moderate available water holding capacity (water available
for plant growth that is stored in the effective root zone,

or upper l0 cm. of the soil profile at field capacity),
(14) and an effective root zone of

0 to 100 cm.

Even though the three sites consisted of the same soil type,
interspersed throughout the area were sizable rock outcrops, and the
planted seedlings responded to the rocky soil condition.

For example,

the first trees to break bud were found in the rocky soil.

The

presence of rocks in soil are conducive to increased soil temperatures
because of their higher thermal conductivity.

Moisture loss from the

soil is the result of higher temperatures, since water concentration
in the soil usually governs its temperature.

Saturated soil remains

at lower temperatures because water warms slowly, while soil with less
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water warms more rapidly.

For the same reasons however, these trees

were the first to attaim critics]. moisture stress readings and eventually succumb.

Planting Conditions

The nursery control area not only provided a check on seedling
survival in the forest, but also provided valuable insight into the
effect of climatic conditions on transplanted seedlings.

At the end

of each planting day, 25 trees of each age were replanted in the
control area.

The 25 2-0 seedlings planted on the second day of the

planting operation (January 23, 1972) showed an alarmingly low sur-

vival rate when compared to the other control seedlings.

A July stir-

viva), count indicated only 214 percent survival, while in September
only

14

percent of the original 25 trees had survived.

Only one other

group of 25 seedlings had less than 80 percent survival in September
and that was the 3-0 seedlings planted the preceeding day (January
22, 1972) with 56 percent survival.
A.ftor planting was completed and July survival had been

computed, some reasons for the poor survival of the 2-0 seedlings
became apparent.

A study by Cleary (1971) indicates weather guide.,

lines that should be followed at the time of planting.

Unfortunately

this study was not available until the spring of 1972.

However, the

study did indicate possible reasons for the failure of these seed-

lings, such as

climatic conditions.

One of the critical climatic features of the day in question
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(January 23rd) was snow.

As planting crews arrived at the site snow

was falling with a slight accumulation and the temperature was 32
degrees F.

By midday, temperatures had reached a high of 39, snow

had stopped, and the sun was shining brightly.

This combination of

climatic conditions plus the fact that bagged seedlings waiting to be
planted in the afternoon were probably exposed to the clear and sunny
conditions in the bed of a pick-up truck, may have contributed to the
resultant poor survival.
Cleary points out that:
"bagged seedlings improperly stored can by their
collective respiratory activity reach a damaging
or lethally high temperature in a few hours.
on a sunny day solar radiation when combined with
heat from the air can cause bag temperatures to
rapidly reach a critical level. Shading storage
bags to minimize heat input will pay off in maintaining seedling vigor.'

It is interesting to note that 2-0 seedlings in general did not
survive well in this study, by reason of supposed root damage.

How-

ever, of the three planting days, 2-0 seedlings planted on the day in
question had the lowest survival rate.

It is probably safe to say

that January 23rd was not a day conducive to planting seedlings, and
furthermore, when planting, the guidelines proposed by Cleary are
valuable to keep in mind.

IV.
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