
ABSTRACT OF THE THESIS OF

James Michael Cahill for the degree of Master of Science

in Botany and Plant Pathology presented on May 1, 1981

Title: Decay Caused by Infection of Fomes cajanderi Karst. In

Top-Broken, Young-Growth Douglas-fir Trees

Abstract approved:

Redacted for Privacy

Dr. L. Roth

A glaze storm of exceptional severity was seen in the Corvallis

area, January, 1942. The weight of ice that accumulated in the

crowns of young-growth Douglas-fir trees caused widespread top

breakage in many stands lying in the broad path of this storm.

Early research on this phenomenon showed the majority of trees

damaged in 1942 became infected with the wood rotting fungus,

Fomes cajanderi Karst.



Measurements of incipient decay extension made in 1978 were

combined with similar measurements taken in 1953 and 1963. Analysis

of these data indicated that the fungal growth rate from the point

of break downward slowed over the 36-year interval since breakage.

Only small amounts of decay from the point of break upward were

observed.

Relationships between tree characteristics and the level of

incipient decay were also investigated. Diameter of the stem broken

in 1942 was found to be correlated with the extent of incipient

decay. Trees with larger breaks were consistently associated with

greater amounts of decay in all three data groups.

Foresters should find this information useful in developing

management strategies for young Douglas-fir stands containing high

percentages of top-broken trees.
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DECAY CAUSED BY INFECTION OF FOMES CAJANDERI KARST.
IN TOP-BROKEN, YOUNG-GROWTH DOUGLAS-FIR TREES

INTRODUCTION

Top breakage is an endemic process in natural forest stands.

Heavy snowloads, ice, and wind all cause the occasional broken-top

tree seen in stands of young-growth timber. These trees are usually

a minor component of the stand and do not represent a management

problem. Periodically, however, severe ice or glaze storms result

in extensive damage to large numbers of trees within a stand.

Damage of this magnitude causes many problems and should concern the

forest manager.

Such a storm occurred in the Willamette Valley in January of

1942. Warm, moist air moved over cold air trapped in the valley

below, causing freezing rain to develop. The local Corvallis

newspaper called it the "million dollar storm" and documented the

extensive property damage the valley residents received (15).

Great damage was also done to the forests of young-growth

Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco var. Menziesii).

The weight of ice on crowns caused severe top breakage in many of

the stands lying in the broad path of this storm.
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In a Masters Thesis, Fulcher (20) described the destruction in

stands around the Corvallis area. Writing ten years after the

storm, he noted the forest floor was still covered with broken tops

and uprooted trees. Roth (25) stated the frequency of damage was as

high as 95 percent in some stands.

Badly broken trees with little or no crown remaining never

recovered, and dropped out of stand dynamics. However, the majority

of trees recovered by forming a new crown from a lateral branch

below the point of break. Often more than one branch turned upward

and formed multiple top trees. Today, 36 years after the storm,

most broken trees are easily distinguished from healthy neighbors.

Most now have one dominant leader, noticeably offset from the main

stem (figure 1).

Fulcher (20) found that broken tops greater than 1-inch in

diameter quickly became infected with the wood rotting fungus Fomes

cajanderi Karst. Measurements of the downward progress of decay

made in 1953 by Fulcher (20), in 1963 by Roth1./ , and in 1978 by

1/. Unpublished data supplied by L. Roth, Professor of
Forest Pathology, Oregon State University.



3

Figure 1. Photo showing the offset produced by a lateral

branch forming the new crown. Healthy, straight

stemmed neighbors are seen in the background.
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myself offered an excellent opportunity to study not only the rate

of decay over the 36-year period, but also management problems

associated with the presence of F. cajanderi.

The main objective of this research was to combine decay

measurements from the three studies to provide information for the

forester faced with managing a stand containing high percentages of

top-broken trees. The organization of the results are as follows:

First, the relationship between easily recognized tree
characteristics and the extent of incipient decay is
examined.

Second, the feasibility of using existing volume
estimating systems to measure the gross volume of a
standing, broken-top tree is examined.

Third, the methods and deductions for cull caused
by decay are presented.

Fourth, the time interval between the occurrence of
injury in 1942 and the eventual loss to decay is
investigated.

Finally, compartmentalization of decay is discussed.
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LITERATURE REVIEW

By far the most important document dealing with ice damage

caused by the 1942 storm and subsequent infection by F. cajanderi is

a Masters Thesis by Aron Fulcher (20). Fulcher's was one of the

first written reports of the 1942 storm and the damage it caused in

the young-growth forests. He investigated tree and stand

characteristics and their relationship to breakage and infection by

F. cajanderi. Some of his more important findings are summarized

below.

The percentage of broken stems was not influenced by stand age

or degree of slope. Breakage was most common on east and northeast

aspects, presumably the result of prevailing winds in the area.

There was a relationship between crown class and probability of

breakage. Dominants were less frequently broken than codominants,

intermediates, and suppressed trees. He suggested the more

symmetrical crowns in the dominants allowed an even distribution of

ice to build up. The asymmetrical crowns in the codominants,

intermediates, and suppressed trees caused a one-sided ice buildup

resulting in the increased numbers of breaks seen in these crown

classes.



6

Infection of the broken tops was correlated with the break

diameter. The larger the diameter of the top broken, the greater

was the probability of infection by F. cajanderi. Fifty-nine

percent of the breaks less than 1-inch in diameter became infected,

while all breaks greater than 3 inches were infected.

The lineal extent of decay, 10 years after the storm, was 7.4

feet below the break and .43 feet above. Thus, for the first 10

years, the fungus moved an average of .74 feet down and .043 feet

upward per year. Size of the break influenced the extent of decay

found in the tree in that larger breaks were consistently associated

with increasing amounts of decay. Six-inch breaks, for instance,

had five times the decay column as did 1-inch breaks.

Several other studies are cited in the literature dealing with

top damage and infection by wood rotting fungi. Campbell and

Davidson (12) working with black cherry (Prunus serotina Ehrh.),

glaze damaged in 1936, found a high proportion of trees infected by

Polyporus versicolor Fr. and Stereum rameale Schw. Roth (24) found

92 percent of damaged yellow poplar (Lirodendron tulipirfa L.) to be

infected by Collybia velutipes (Curt.)Fr. More recently, Davidson

and Etheridge (18) established that broken tops should be included

with trunk wounds as possible points of infection by Stereum

sanguinolentum (Alb. and Schw. ex Fr.)Fr. in Abies balsamea

(L.)Mill. Wickman and Scharpf (27) reported little decay to be
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associated with dead white fir (Abies concolor (Gord & Glend)Lindl.

ex Hildebr.) tops, killed by the Douglas-fir tussock moth (Orgyia

pseudotsugata McDonnough). They attributed the absence of decay to

the high, dry climate of the Sierra Nevada in northern California.

Aho, Wickman, and Roe investigated decay associated with tops of

Douglas-fir and grand fir (Abies grandis (Dougl. ex D.Don)Lindl.),

also killed by the Douglas-fir tussock moth (4). They found the

frequency and the extent of decay to increase with the occurrence of

secondary insect attack. Fomes pinicola (Swartz ex Fries) Karst.

was found to be causing the most extensive decay columns.

Decay rates have generated much interest in the study of wood

rotting fungi, as this information has a direct influence on forest

management practices. All of the studies mentioned included average

decay rates in their results, but direct comparisons between studies

are not meaningful without careful consideration of all the factors

influencing such averages. Types of organisms, environmental

factors, types of wounds, and the host species are a few of the

variables affecting average decay rates.
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Wagener and Davidson (28) suggest that the interval between

entrance of the fungus and the time of measurement is critical when

considering average decay rates. They indicate decay rates are

probably not constant over time, but rather are rapid immediately

after infection, and decline over time. With the exception of the

study by Aho et al. (4), our data is unique in that the progress of

F. cajanderi is followed over the relatively long time span of 36

years. Aho et al. (4) included tops dead up to 63 years, but found

no significant relationship between time-since-death and extent of

decay. They suggest salvage operations in the area had removed the

more badly damaged trees.

Several reports support Fulcher's observed relationship between

break size and extent of decay. Campbell and Davidson (12) showed

greater amounts of decay were associated with the larger breaks in

top-damaged black cherry. Break diameters of 2 inches had an

average decay column of 15 inches, whereas 5-inch breaks had an

average column of 30 inches. Davidson and Etheridge (16) saw a

similar occurrence in balsam fir and infection by Stereum

sanguinolentum. Breaks of average size 1.2 inches had only half the

decay as compared to 2-inch breaks. Aho et al. (4) found the

diameter at the base of dead tops to correlate with percentage of

cull in the tree. The relationship was strong enough to suggest

using it as a method to estimate defect volume.
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The body of literature is immense on the subject of wood rotting

organisms, but narrows considerably when dealing specifically with

the occurrence of F. cajanderi in living trees. Boyce (5) reports

on Fomes subroseus (Weir) Overholts, an older name for F.

cajanderi. He describes the thin shelf-like sporophores as having a

rose colored undersurface. Boyce et al. (6) studying conk rot in

old growth Douglas-fir, observed low frequencies of Fomes

subroseus. Their data showed less than 1-percent of the total board

foot volume was lost to decay by this fungus. This is in contrast

to an observation made by Childs and Wright (13). Studying pruning

wounds and the occurrence of heart rot in young-growth Douglas-fir,

they noted Fomes subroseus causing extensive damage. Dilworth (17),

recognizing the potential cull caused by F. cajanderi suggests

culling 8 feet above and below the point of break. Fulcher (20)

notes the apparent confusing results cited in the literature between

the amount of damage caused by F. cajanderi in young and old-growth

Douglas-fir timber. He states the lesser amounts of damage seen in

the older stands can be attributed to the infected trees being

removed by natural agents.

Other studies have shown there is little threat of infection by

F. cajanderi in basal scars of young-growth Douglas-fir. Craig (14)

noted only a minor occurrence of F. cajanderi in logging wounds in

the dry belt region of British Columbia. Hunt and Krueger (22)
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isolated no F. cajanderi in their study of thinning wounds in

western Washington State.

Summarizing the work of Lowe, Etheridge (18) lists the following

as potential hosts for F. cajanderi: Douglas-fir, Engelmann spruce

(Picea engelmannii Parry ex Engelm.), lodgepole pine (Pinus contorta

Dougl. ex Loud.), western hemlock (Tsuga heterophylla (Raf.)Sarg.),

and white spruce (Picea glauca (Moench)Voss).

Adams and Roth (2) showed that genetically distinct mycelia of

F. cajanderi can be distinguished in vivo and in vitro by the dark

lines of demarcation that form at the interface of paired colonies.

The presence and intensity of the line depended upon the genetic

similarities of the paired cultures. The closer the relationship

the more distinct the line.

The biology of the decay process has recently been studied by

Shigo and Marx (26). Their studies indicate that decay fungi are

often associated with a succession of organisms. They also point

out the highly compartmentalized nature of trees acts to limit the

spread of decay.

Calculation of decay volumes is of major interest to researchers

studying decay fungi. Decay volumes can be used as an index of the

destructiveness of the fungi, and are of interest to forest managers

as a basis for cull factors for the host. Foster (19) became

concerned with the inconsistent methods used to calculate decay
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volumes, and attempted to standardize the procedure. He suggested

ways to best represent decay shapes, and also presented formulas for

calculating the cubic foot volumes of decay columns. Aho (3) gives

examples of how he calculated board foot cull in Abies concolor in

southwestern Oregon using the squared defect formula, described in

the Forest Service Scaling Handbook (1). He notes in some cases the

board footage of decay may exceed the volume of the log containing

it.

Estimating tree board and cubic foot volume has recently been

examined by the State of Washington's Department of Natural

Resources. Volumes, either board or cubic foot, are presented in

"Comprehensive Log and Tree Volume Tarif Tables" by Chambers and

Jenkins (11). Brackett (10) has summarized much of the work done in

the tarif tables. In Resource Report Number 24, he cites formulas

used to calculate tarifs and their associated volumes.

Brackett (10) also reviews three commonly used formulas that

predict cubic foot volumes of standing young-growth Douglas-fir

trees. Bruce and DeMars (8) use dbh and total height as independent

variables to predict gross cubic foot volumes of small diameter

Douglas-fir trees.
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METHODOLOGY

Trees from four stands of young-growth Douglas-fir were

selected in 1978 to measure the growth of the fungus. The main

basis for stand selection was the presence of large numbers of

surviving trees broken in the 1942 storm, and their availability

for destructive sampling.

Individual trees within stands were sampled to include a wide

range of break diameters. Sampling in this manner was based on

Fulcher's research showing the amount of decay would predictably

vary with the size of the stem originally broken in 1942. A

reliable estimate of the fungal growth should take this variability

into account. All four of the stands were located on the east

slope of the Coast Mountains, within 50 miles of Corvallis,

Oregon. Figure 2 is a map of west central Oregon locating the

sample areas. A brief description of the stands appears below.

Thirty-eight trees were selected in the Spaulding Tract. The

tract is located in Benton County within the Corvallis city

watershed. The stand had been well managed and was currently

receiving its third commercial thinning. The stand was situated on

flat topography, and was about 80 years old.
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Figure 2. Map of central western Oregon, showing the
location of 1978 sample areas.
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Thirteen trees were selected from Blackrock Mountain, west of

the town of Falls City in Polk County. This stand was currently

receiving its fourth commercial thinning. Terrain varied from flat

to slopes of 10 percent. Age of the stand was about 55 years.

Eighteen trees were selected from two half-acre plots owned by

the Bureau of Land Management. The plots were located in the

Beaver Creek Drainage, Benton County. The trees within the plot

were in a natural state. Terrain sloped at about 10 percent and

had a southerly exposure. Stand age was approximately 75 years.

Finally, 24 trees were selected from a State of Oregon tract

near the town of Eddyville in Lincoln County. The stand had

recently received extensive wind damage, as over 75 percent of the

trees were blown over. Sampling was along an existing road

traversing Barber Ridge. Stand age was about 55 years and had no

previous cuttings.

All the 1978 study trees were felled, except the windthrown

Barber Ridge sample, and bucked repeatedly above and below the

break to determine the extent of decay. The diameter of the rot

column and the bole surrounding it were measured at each bucking

point. The limits of greenish incipient and brown cubical advanced

decay were recorded (figure 3). Figure 4 shows a sample tree with

successive bucking points below the break.
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Bucking was initiated at the point of offset, or break, so that

the diameter of the buried stem broken in 1942 could be measured.

The exact age of the break was also determined at this point by

counting the annual rings formed in the new leader. With the

exception of a few trees that were dropped from the analysis, all

trees sampled in 1978 were broken in the 1942 storm. In addition

to the rot column measurements, total height, height to

merchantability (6 inches), height to start of the break, diameter

at breast height (dbh), and stem diameters at various tree heights

were also measured. Any abnormalities such as the presence of

scars and conks were recorded.

Board foot volumes of decay were calculated by dividing the

decay column into small bolts ranging from 2 to 6 feet in length.

The actual board feet of decay was calculated for each individual

bolt by using the squared defect formula described in the Forest

Service Scaling Handbook (1). The squared defect formula is:

Bd. Ft. = width of decay x height of decay x length of decay
15
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Figure 3. Douglas-fir log end showing incipient and
advanced decay caused by F. cajanderi.
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Figure 4. Successive bucking of a Douglas-fir tree showing

the extent of rot caused by F. cajanderi.
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Dimensions of decay showing on each end were averaged and used

in the formula with 1-inch added to the measurement as described in

the Handbook (1). Because F. cajanderi is a brown rot, and the

incipient decay is thought to reduce the strength of sawn products,

the limits of decay are defined by the incipient stage.

The board footage of each bolt surrounding the decay column was

also calculated using the tabled values of Scribner scale and small

end diameter of the break. Many times the squared defect method

calculated defect volumes that were in excess of the log volume

containing the decay. This was rectified by never allowing the

defect volume to exceed log volume.

In an attempt to recognize potential products that might be

produced around the decay column, an adjusted decay column length

was calculated by comparing the volume of decay to the volume of the

bole surrounding it. For instance, a 20-foot column containing 25

board feet of decay volume, calculated as described above, would be

adjusted to 10 feet if the volume of the bole surrounding it

contained 50 board feet.

Both the adjusted decay column and the full incipient column

length were used to calculate the percentage of tree volume deducted

on a board and cubic foot basis. For the cubic foot estimate, a

stem diameter at the point of break and a length equal to either the
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full or adjusted decay column were used in Smalian's (23) formula to

represent the volume of decay. Only decay below the merchantable

height was considered in the calculation. If there was an 8 foot

log above the break, then a constant 3 foot length deduction was

assessed to account for decay and sweep present in the log. Decay

volumes were expressed as a percent of tree volume to a 6-inch top.

Scribner decay percentages were calculated similar to the cubic

volumes, except a formula rule described by Mason, Bruce, and

Girrard (9) was used to estimate the board feet lost to the

deduction. This also was expressed as a percent of total tree

volume.

Examples of the procedures described above should help to

clarify the methodology. Consider a 16 inch (dbh) tree with a stem

diameter of 9 inches at the point of break, and leader diameter

above the break of 8 inches. There is a 12-foot log above the

break. Board and cubic foot estimates of tree volumes (6-inch top)

are 200 and 80 feet, respectively. There is a 10 lineal foot decay

column containing 15 board feet. The column is surrounded by a bole

containing 30 board feet. Figure 5 shows these details.
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Figure 5. Drawing of broken-top Douglas-fir tree.
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Expressing the full length of the incipient column as a percent

of total tree volume was done in the following manner:

BOARD FOOT CALCULATION

Volume of decay by the formula rule:

Decay board feet = (9 x .79 -2 x 9 -4) x 10. = 26 board feet
16

Where 9 is the diameter of the stem at the point of break,
and 10 is the length of the rot column.

Since there is a merchantable log above the break, a constant

3-foot deduction was made to account for the presence of sweep and

rot in the log.

Decay board feet = (8 x .79 2 x 8 4) x 3 = 4 board feet
16

Total percent of the tree deducted would be:

26 + 4 = 15 percent
200
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CUBIC FOOT VOLUME

Decay in cubic feet using Smalian's formula (23):

Decay down = (92 + 92) X 10.0 X .0027274 = 4.4 cubic feet

Decay up = (82 + 82) X 3.0 X .0027274 = 1.0 cubic feet

Percent of the tree deducted = 4.4 + 1.0 = 6.8
80

The same process would be used to calculate the percentage of tree

volume deducted using the adjusted decay column length except the

length of the rot column would be reduced to:

15 X 10.0 = 5.0 feet
30

Merchantable tree cubic foot volume to a 6-inch top was

calculated from log diameters and lengths measured on down trees in

the field. All log volumes except the basal portion of the tree

were estimated using Smalian's formula (23). Due to potential butt

flare, an equation developed by Bruce (7) was used on the bottom

long log. Total tree volume was derived assuming a constant 1 foot

stump for all trees plus the volume contained in the top.
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Board foot volumes were also calculated to the 6-inch top using

log lengths and diameters measured in the field, and tabled Scribner

board foot volumes. Log lengths varied according to the position of

the break in that log lengths were stopped at the point of break and

started again just above it. In some cases the break height was

reached after scaling one long log and at other times 32 foot logs

and combinations of short logs were used.

The cubic volume estimates calculated in the field were compared

to three equations used to predict cubic foot volumes of

young-growth Douglas-fir trees. Two of the equations, one developed

by the British Columbia Forest Service and another by Turnbull and

King, were used as described in Brackett (10). The third was

developed by Bruce and DeMars (8). All use total height and tree

dbh as independent variables to predict total tree cubic foot volume.

Tarifs were calculated for each tree using the method described

by Brackett (10). Board foot volumes were then found in

"Comprehensive Log Scale Tree-Volume Tarif Tables for Douglas-Fir"

by Chambers and Jenkins (11). These tables offer several board foot

estimates depending on the log length and merchantability limits

specified. Scribner volumes accessed in the tarif tables were

compared to the board footage measured in the field.
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As mentioned earlier, the extent of decay on other trees broken

in the 1942 storm was measured by Fulcher (20) in 1953, and by Roth

in 1963. This data was used in conjunction with my measurements in

1978 to examine the growth rate of F. cajanderi over the 36-year

period since the storm. All data collected in the three samples

were taken from stands in the Corvallis area. I am indebted to

Dr. L. Roth for supplying me with this data and the effort he

expended in collecting the 1963 sample.
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EXTENT OF DECAY AND TREE CHARACTERISTICS

The extent of incipient decay below the break was found to vary

considerably from tree to tree. The length of the decay column

varied from a low of 5 feet to a high of over 20 feet for the trees

sampled in 1978. Relating the extent of decay to easily recognized

tree characteristics provides the forester with the tools he needs

to discriminate against the more badly decayed trees during normal

forest practices. These relationships can also be used to develop

culling procedures needed during timber cruises.

As was discovered, visual tree characteristics don't explain all

or even the majority of variability seen in decay columns. There

are many more subtle relationships existing between a fungus and its

host that may only be uncovered in more controlled biological and

physiological experiments in the laboratory.

The 1953, 1963, and 1978 data were used to examine the

correlation between the diameter of the original broken stem and the

extent of incipient decay. Only the 1978 data was used to examine

the effect dbh, leader size, height to start of break, and the

presence of scars had on the length of the incipient decay column.
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EXTENT OF DECAY AND BREAK DIAMETER

The relationship Fulcher (20) observed in 1953 between the

extent of incipient decay, from the point of break downward, and

break diameter was again seen in the 1963 and 1978 data. Larger

breaks were consistently associated with greater decay columns of

F. cajanderi.

A regression of incipient decay over break diameter was

formulated for each data group and is shown in figure 6. All

regressions were significant at the .01 level of probability.

Several models which included degree terms were tested, but none

were significant over just break diameter alone.

Covariance analysis was used to further examine the data. The

analysis indicated that one slope coefficient could be applied to

each data set without a significant increase in error, but different

intercepts should be included. The lines in figure 6 take this into

account and have common slopes and different intercepts.

The difference in intercepts reflect the increase in average

decay for the three data groups over time. Understandably, the line

for 1978 data had the highest average decay, since the trees in this

group had been infected the longest. The trees sampled in the three

measurement periods were close enough geographically and similar

enough in average break size to assume the passage of time was the

main factor contributing to the decay differences.
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Common slopes between the regression lines leads to some

interesting observations. The advantage the fungus had in the

5-inch breaks is exactly the same today as it was in either 1953 or

1963. There is about 9 feet of decay difference between 1 and

5-inch breaks no matter which data set.

The small amounts of incipient decay found in the new leader

above the break was not correlated with break diameter in any of the

three data sets.



Figure 6. Regression lines of incipient decay downward
over break diameter for the 1953, 1963, and

1978 data.
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PREDICTING BREAK SIZE

Knowing the approximate size of the stem broken in the 1942

storm would be a useful tool for forest managers. Thinning

decisions made in stands containing large numbers of top-broken

trees should concentrate on removing the larger breaks. Not only

are the larger breaks associated with greater amounts of decay, but

Fulcher (20) showed the probability of infection was greater as

break size increased. His data showed that only 41 percent of the

breaks less than 1-inch in diameter became infected, whereas nearly

all the breaks greater than 3 inches contained F. cajanderi.

Dr. L. Roth observed the break diameter of the broken top was

correlated with the amount of offset between the main stem below the

break and the new leader above it. He observed the greater this

distance, the larger was the diameter of top broken during the 1942

storm. His data collected in 1963 confirmed this relationship.

Table 1 is derived from this data and shows the average break size

associated with 2-inch offset groupings.

The relationship between break size and stem offset was again

seen in the data collected in 1978. Regression analysis indicated

that the leader offset was a significant predictor of the stem size

broken in 1942.
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Table 1. Diameter of the break as estimated from stem

offset. Data supplied by L. Roth, Oregon

State University.

OFFEST
(Inches)

DIAMETER OF BREAK
(Inches)

less than 3 .75 or less

3-4 1.0

4-6 2.0

6-9 3.0

9-12 4.0

13-18 5.0

18 + 6.0
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PRESENCE OF SCARS AND EXTENT OF DECAY

Data collected in 1978 revealed the presence of a scar,

extending from the point of break downward, through one and

sometimes two branch interwhorls, was consistently associated with

greater amounts of decay. A typical scar is shown in figure 7.

Twenty-four of the 93 trees sampled in 1978 had scars ranging in

condition from completely closed to open, exposing rotten wood.

Greatest damage caused by F. cajanderi was seen in trees

containing long, open scars. Typically, the section of the tree

containing the scar was almost completely decayed, and incipient rot

usually extended well below the scar. The average extent of

incipient decay was calculated for classes of scar lengths. Trees

with no scars had an average decay column of 11.1 feet, while those

with scars greater than 5 feet had columns of 18.4 feet. Regression

analysis indicated a significant relationship between the length of

scar and the amount of incipient rot present in the tree.

Fulcher (20) noticed three general types of breaks occurring,

one of which was a long tapering break, between branch whorls. It

seems likely the scars I found resulted from healing of this type of

break. The increased decay associated with scars is probably

related to the large surface area exposed by this kind of injury.

In these breaks, there was the possibility of multiple fungal

infections, and they also would have healed slower.

[
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Figure 7. Stem section showing a scar running from

the point of break downward. Sporophore

of F. cajanderi can be seen in the scar.
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RELATIONSHIP OF DBH AND LEADER SIZE TO INCIPIENT DECAY

The data collected in 1978 indicated that leader size, when used

in conjunction with tree dbh, was correlated with the amount of

incipient decay below the break. Leader size is defined as the

diameter of the new stem just above the point of break.

A multiple regression model was formulated using leader size and

tree dbh as independent variables to predict the amount of incipient

decay below the break. Although the total variation accounted for

around incipient decay was small, the two independent variables were

significant at the .01 level of probability.

Arithmatic signs of the coefficients indicate that if dbh is

held constant and leader size decreases, the amount of decay will

increase. This increase in decay columns may relate back to the

amount of damage the tree received in the 1942 storm. Within a dbh

class a tree with a smaller leader may have been broken more

extensively and healed slower, as compared to similar size tree with

a larger leader.

It should be emphasized that many factors control the size of

the leader measured in 1978, and quantifying all these was beyond

the scope of this study. Small sample size and large amounts of

unexplained variation preclude any strict interpretation of the

relationship between leader size, tree dbh, and the amount of

incipient decay.
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BREAK HEIGHTS AND EXTENT OF DECAY

Average break heights and stand age for the 1978 trees are

tabulated below. Height to start of the break was measured after

the trees were felled, and is the distance from the point of break

to the ground.

AREA STAND AGE AVERAGE BREAK HEIGHT

Spaulding Tract 80 80.0 feet

Beaver Creek 75 97.0 feet

Barber Ridge 55 45.0 feet

Black Rock 55 30.7 feet

Since the trees within all the sample areas tended to break at

about a 3-inch stem diameter, the distance to the start of the break

was influenced by the tree age. Taller trees in the older stands

(Spaulding Tract and Beaver Creek) would naturally break at greater

heights.

Regression analysis showed there was little relationship between

the height to start of the break and the extent of incipient decay

in the tree.



35

ESTIMATING GROSS CUBIC FOOT VOLUME OF

STANDING BROKEN-TOP TREES

Estimating cubic foot volumes of standing trees is a common

practice in forest management. Gross volumes estimated by cruisers

supply inventory data on which management decisions and volume

projections are based. Also, the process of buying and selling

timber will soon shift to a cubic foot basis. These transactions

start with gross volumes which are then reduced to account for

defect.

Cubic foot volumes are usually calculated from previously

established general relationships. For instance, in young-growth

Douglas-fir transformations of dbh and total height have been found

to be reliable predictors of cubic foot volume. Several recent

studies have investigated these relationships and offer a variety of

equations predicting gross cubic volume. The question arises of how

well these equations work on a sample of trees whose tops were

broken at the same time. The formation of a new crown above the

point of break may have disturbed the dbh-total height relationship

enough to give erroneous results. To examine this, a comparison

between empirical volumes calculated in the field, by summing log

volumes, and estimates given by three equations were made. Only the

data collected in 1978 was used in this analysis.
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An equation developed by the Canadian Forest Service and another

by Turnbull and King were used as described in Brackett's Resource

Management Bulletin Number 12 (10). A third equation by Bruce and

DeMars of the Pacific Northwest Forest and Range Experiment Station

was also used (8). All three equations use dbh and total height as

independent variables to predict total cubic foot volumes of

standing trees.

The percentage difference between the empirical and estimated

volume was calculated on each tree and averaged over the entire 93

tree sample. The equation by Bruce and DeMars came the closest to

the empirical volume with underestimating bias of -3.8 percent. The

equation by Turnbull and King was the next closest, underestimating

the field volume by -4.6 percent, and the equation by the Canadian

Forest Service was the furthest, underestimating an average of -8.6

percent.

Figure 8 shows graphically how the equation estimate by Bruce

and DeMars compared to the volumes calculated in the field. The Y

axis is the percent difference between the two volumes and the X

axis is tree dbh. Any points lying on the 0 percent line would mean

there was no difference between the equation estimate and the
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volume calculated in the field. As the figure shows any single

comparison may vary as much as 20 percent, but the differences tend

to average themselves out. The majority of differences were within

plus or minus 10 percent of the empirical volume.

The averages show all the equations tested tended to

underestimate the cubic foot volume calculated in the field. This,

I think, is due to a difference in the shape of a broken-top tree as

compared to tree with a normal crown. For the same size dbh and

total height, the broken tree will have less taper to the point of

break than a normal tree of similar dimensions.

It's important to note that over half the trees sampled in 1978

came from well managed stands, where the more badly broken trees had

been removed through thinnings and intermediate harvest cuts. If

this same analysis were used on broken trees in an unmanaged state,

further deviations could be expected.
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Figure 8.
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ESTIMATING GROSS SCRIBNER BOARD FOOT VOLUMES

IN STANDING BROKEN-TOP TREES

The board foot volume of the trees in the 1978 sample was

determined using the field measurements of logs and tabled Scribner

volumes. These empirical volumes were then compared to the board

footages in "Comprehensive Log Scale Tree Volume Tarif Tables for

Douglas-Fir" (11).

Any comparisons of Scribner volumes is not without difficulty,

as the log lengths and differences in merchantable top limits used

in existing volume tables will influence the board footage

obtained. One problem with the volumes I calculated is that the log

lengths varied according to the height in the tree at which the

break occurred. Typically, 32-foot logs were used until the point

of break was reached. Here shorter logs above and below the break

were not uncommon. In some instances one long log would reach the

break and it would be scaled as a single piece. Contrasting total

tree board foot volumes calculated in this manner to volumes based

on only 16 or 32 foot logs makes exact comparisons impossible, but I

think general trends can be pointed out.

Using the tarif system, board footages are derived by first

estimating the cubic foot volume in the standing tree, then

calculating a tarif number based on this volume, and finally
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indexing the correct board footage with the tarif number. Since the

equation by Bruce and DeMars (8) seems to closely represent the

volume in standing broken-top trees, I used this estimate to arrive

at the tarif and the corresponding Scribner volume. The percentage

difference between the two volumes was calculated and is shown in

figure 9. As in figure 8, the Y axis is the percent difference, and

the X axis is tree dbh.

The wider variability in the Scribner estimates is evident in

figure 9. It's impossible to judge the portion of variability due

to inconsistent log lengths and that caused by error in estimating

cubic foot volumes with the equation. However, even though the

differences were sometimes great, they did tend to cancel each other

out and create a relative small -3.8 difference for the entire

sample.
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Figure 9. Percent difference between field calculated

Scribner volumes and tarif estimated volumes.
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PREDICTION OF CULL IN BROKEN-TOP TREES

One of the most useful pieces of information for forest managers

that is derived from the study of decay is the development of cull

factors needed for net volume estimates of standing trees. Gross

volumes have to be adjusted downward to account for the volume, or

portion, of the merchantable stem involved in decay. Although all

Government agencies and private concerns cruising timber will make

such adjustments, no standard method of arriving at net volumes is

used. With this in mind three methods of deducting for cull caused

by F. cajanderi will be presented.

The first method is a length deduction based on the total

incipient decay column from the point of break downward. It was

felt no deduction for the small amount of decay going upward was

needed, as the cruiser will normally account for this in a sweep

deduction made for the stem offset.

The next two methods will use the deducted stem volume expressed

as a percent of merchantable tree volume (6-inch top). In one case

the total incipient decay column is used and in the other case the

adjusted decay column is used. Recall, the adjusted decay column

length reduces the full incipient length by the proportion of
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decay volume to sound wood volume. It attempts to recognize

potential products that may be produced around the column of decay.

Regression analysis was used on all three of the methods to

provide cruisers with easily recognized tree characteristics that

would account for variability of either decay column length or the

decay volume percentages.
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PREDICTING THE LENGTH OF INCIPIENT

DECAY BELOW THE BREAK

From the discussion of tree characteristics that were related to

extent of decay it should be apparent what variables might prove to

be important in predicting the length of the incipient rot column.

Break size, tree dbh, leader size, and scar length are all

potentially valuable in helping cruisers estimate the amount of

decay in individual trees.

Break size was the single most important variable correlated

with the amount of incipient decay. Unfortunately, direct

measurements by the cruiser are not possible. The old stem is

encased in new wood and remains unseen from the ground. Indirectly,

the cruiser can measure the size of the old break using the amount

of offset between the stem and the new leader. Recall that Dr. Roth

discovered the greater this distance, the larger was the stem broken

in the 1942 storm. If break size is first estimated using this

technique, then the corresponding amount of incipient decay can be

estimated from the break size-decay relationship. Table 2 utilizes

this approach and presents stem offsets, their associated break

diameters, and the amount of incipient decay.
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Decay values were taken from the regressions of decay over break

size in figure 6. The stem offset-break diameter relationship is

taken from Dr. Roth's data collected in 1963.

If one tries to eliminate the intermediate step of this process

and predict decay directly from the amount of stem offset, no

significant relationship is fostered. Evidently there are

additional factors contributing to decay variability besides break

diameter alone.

Placing an error term, or risk, on this type estimation

procedure is impossible to do. In regression analysis the X, or

independent variable, is assumed to be measured without error, but

with this method there is some error associated with estimating the

break diameter from the amount of offset.

Regression analysis was also used to evaluate other models

directly predicting the extent of decay below the break for the 1978

data only. The analysis indicated that tree dbh, leader size, and

the length of a scar, if present, would be significant predictors of

incipient decay below the break. Scar length was dropped from

consideration due to problems seeing them 40 to 80 feet off the

ground. Transformations of the remaining variables, dbh and leader

size, were found to be statistically related to the length of the
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decay column. The model, its relevant statistics, and a table of

deductions derived from it are presented in table 3. As explained

in a previous section, the amount of decay increased as the leader

size decreased within a dbh class.

The deductions presented in these tables are valid only for the

total 36-year growth of the fungus. Not enough information was

available in the 1953 or 1963 data to adjust the decay column for

shorter time intervals.

Though statistically significant, the model still leaves much

variation unaccounted for. The low coefficent of determination

(r
2
= .17) indicate there are still other factors affecting the

decay column length not considered in the model. Variability in

predicting decay is not unique to this study, but rather, seems to

be common in other studies when cited in the literature. One can

only say better decay estimates will be realized using dbh and

leader size over a flat average applied to all trees. It cannot be

determined whether this is more accurate than the two step approach,

first predicting break size and then incipient decay.
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Table 2. Length of incipient decay column below the
break by break size - offset groupings for
the 1953, 1963, and 1978 data.

OFFSET DIAMETER OF BREAK

(Inches) (Inches)
1953

DECAY1
(Feet)

1963 1978

3 or less .75 3.6 5.5 6.4

3-4 1.0 4.1 6.0 6.9

4-6 2.0 6.3 8.2 9.1

6-9 3.0 8.5 10.4 11.3

9-12 4.0 10.7 12.6 13.5

13-18 5.0 12.9 14.8 15.7

18 + 6.0 15.1 17.0 17.9

1. Decay is taken from the regression lines in figure 6.
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Table 3. Extent of incipient decay below the break as predicted by
tree dbh and leader size, and statictics associated with
the model.

dbh

Leader Size

4 6 8 10 12 14 16 18

8 12.9 10.7

10 14.0 11.7 9.8

12 15.0 12.7 10.0 9.1

14 15.8 13.6 11.7 10.0 8.4

16 16.7 14.4 12.5 10.8 9.3 7.9

18 17.4 15.2 13.3 11.6 10.1 8.7 7.3

20 18.2 15.9 14.0 12.3 10.8 9.4 8.1 6.9

22 18.9 11.6 14.7 13.0 11.5 10.1 8.8 7.6

Statistics

Model: Decay = 13.97 - 5.05 X Leader**.5 + 3.2 X dbh**.5

r2 = 17.0% S.E. = 5.7

Coefficient of variation = 47%
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PREDICTING THE PERCENTAGE OF CULL

IN BROKEN-TOP TREES

Another method cruisers may want to utilize in making deductions

for the presence of F. cajanderi is by reducing the tree volume on a

percentage basis. To examine this, the stem volume containing

decay, for each tree measured in 1978, was expressed as a percent of

tree volume to a 6-inch top. Regression analysis was then used to

search for independent variables that might account for variability

in these percentages.

Although the same variables tested in the previous incipient

decay analysis were examined in this problem, different results were

obtained. Break height emerged as the single most important

variable associated with the percentage of tree involved in decay.

Break height accounted for more variation than even models

incorporating the original size of the broken stem. There was a

significant decrease in the percentage of decay volume as the height

to the start of break increased. The probable reason for this

correlation lies with the relationship between break height and tree

size. Breaks recorded at greater heights occurred in the larger

trees which, on a percentage basis, would be affected to a lesser

extent by the volume of decay.

III
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Regression analysis indicated the function (break height
.01

)

would best fit the data. The resulting curve is shown drawn through

the data on a cubic foot basis in figure 10, and on a board foot

basis in figure 11. Tables 4 and 5 present the relevant statistics

for the curves and tables of decay percentages derived from them.

The percentages shown in these tables are valid for the growth of

the fungus and the trees at 1978.



Figure 10. Data scatter and regression line of decay

expressed as a percent of tree cubic foot

volume over height to start of break. Tree

volume is to a sixinch top.
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Figure 11. Data scatter and regression line of decay

expressed as a percent of board foot tree

volume over height to start of break.

Tree volume is to a sixinch top.
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Table 4. Decay volume expressed as a percent of tree

cubic foot volume by 10 foot break height

classes. Tree volume is to a six-inch top.

HEIGHT TO START OF BREAK
(Feet)

PERCENT DECAY

(%)

40.0

50.0

60.0

70.0

80.0

90.0

100.0

110.0

24.2

19.9

16.4

13.5

10.9

8.7

6.7

4.8

STATISTICS

Model: Percent Decay = 19.25 - 18.32 x Break Ht.°1

r2 = .510 S.E. = .085

Coefficient of Variation = 54.5%
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Table 5. Decay volume expressed as a percent of tree

board foot volume by 10 foot break height

classes. Tree volume is to a six-inch top.

HEIGHT TO START OF BREAK
(Feet)

PERCENT DECAY

(70

40.0

50.0

60.0

70.0

80.0

90.0

100.0

110.0

31.4

25.6

20.8

16.8

13.3

10.2

7.4

4.9

STATISTICS

Model: Percent Decay = 26.42 - 25.16 x Break Ht.01

r2 = .440 S.E. = .14

Coefficient of Variation = 50.0 %
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EXPRESSING THE ADJUSTED DECAY COLUMN

AS A PERCENT OF TREE VOLUME

Break height was also correlated with the adjusted decay column

expressed as a percent of merchantable tree volume. Results similar

to the incipient decay analysis were found, in that the percentage

of decay decreased as the break height increased. Again the model

break height
.01

was found to best fit the data both on the cubic and board foot

basis. This model was used to generate the decay volume percentages

in tables 6 and 7.

The decay percentages for the adjusted decay column were less

than those for the total incipient column, and more variable. The

smaller percentages occurred because in almost every case the

adjusted column was shorter in length than the full incipient

column. Variability is introduced by the process of adjusting the

decay column length by the proportion of decayed wood to sound

wood. As with the percentages calculated using the full incipient

column, the deductions reflect the growth of the fungus up to 1978.
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Table 6. Decay volume expressed as a percent of tree

cubic foot volume by 10-foot break height X

classes. Tree volume is to a six-inch top.

Adjusted decay column length used in the

calculation.

HEIGHT TO START OF BREAK

(Feet)

PERCENT DECAY

(%)

40.0

50.0

60.0

70.0

80.0

90.0

100.0

110.0

15.3

12.7

10.6

8.8

7.2

5.9

4.7

3.6

STATISTICS

Model: Percent Decay = 11.67 11.10 x Break Ht.*01

r2 = .294 S.E. = .082

Coefficient of Variation = 84.6 %



57

Table 7. Decay volume expressed as a percent of tree

board foot volume for 10-foot break height

classes. Tree volume is to a six inch top.

Adjusted decay column length used in the

calculation.

HEIGHT TO START OF BREAK
(Feet)

PERCENT DECAY

(%)

40.0

50.0

60.0

70.0

80.0

90.0

100.0

110.0

21.0

17.4

14.4

11.9

9.7

7.7

6.0

4.4

STATISTICS

Model: Percent Decay = 16.5 - 15.7 x Break Ht.°1

r2 = .292 S.E. = .116

Coefficient of Variation = 95.4 %
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MOVEMENT OF THE FUNGUS INTO THE MERCHANTABLE BOLE

The majority of the trees damaged in 1942 had their tops broken

above the 6-inch, or merchantable top. Since cull damage is only

realized when the fungus extends below this point, the time interval

between injury and extension of the rot column below upper log

merchantability is important. In other cases where the date of

breakage is known, the forester can use this information as a

general indicator as to the length of time he has before loss due to

decay will occur in the stand.

Three factors, listed below, play an important role in

determining the time interval between injury and loss to cull.

1. The growth rate of the fungus.

2. The radial stem growth rate of the tree.

3. The beginning distance between the break and
merchantability.

The distance between the fungus and merchantability closes from

above as the fungus moves downward, and from below as the 6-inch top

moves upward as the tree continues to add wood radially on the stem.
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The time interval it took the fungus to move into the

merchantable bole was computed for the trees sampled in 1978 by the

following method:

1. Define the growth rate of the fungus by using the data
collected in all three of the measurement periods.

2. Calculate the average yearly stem radial growth rate
from the stem measurements made on the trees sampled
in 1978.

3. Apply both the fungal growth rate and the radial stem
growth rate to the 1978 sample on a year by year basis.

4. Using an average taper factor calculate the decreasing
distance between the break and merchantability year by
year.

5. Determine when the distance between the fungus and the
6-inch top is zero.

The next two sections of this paper cover methods of making

these calculations and provide an average time interval for the

trees sampled in 1978.
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AVERAGE DECAY RATE OVER TIME

The data revealed the average growth of incipient decay varied

over time. The average extent of incipient decay downward was 7.4

feet in 1953, 10.4 feet in 1963, and 12.2 feet in 1978. The fungus

grew downward at the fastest rate during the first 10 years, slowed

considerably by 1963, and had about stopped by 1978. In the 36-year

period since the storm, the growth rate went from an average of .74

feet per year to .12 feet per year.

Figure 12 shows this trend, and presents the average decay

(Y axis) over time since the storm. The curve was generated by

fitting a second degree polynomial to the three decay averages. It

was conditioned to pass through the origin (0,0) corresponding to

the absence of decay in 1942. The curve graphically shows how a

decay projection based on the early growth rate of the fungus would

overestimate the length of the incipient decay column in the later

years.

The curve in figure 12 is an average of all the break sizes

sampled in the three measurement periods and a further refinement of

the average growth rate can be made. Recall that the amount of

incipient decay increased as the diameter of the stem broken in the
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1942 storm increased. Using the regression equations from figure 6

(incipient decay vs. break diameter) separate decay rates were

generated for 1-inch break diameter classes. For instance, from

these equations, one can calculate that a 1-inch break had 4.1, 6.0,

and 6.9 feet of decay associated with them in 1953, 1963, and 1978,

respectively. This was done for break size classes 1 through 6

inches and the values regressed over time since the storm. A

function of time that came close to the averages while still passing

through the origin was selected to represent the growth for each

diameter class. Figure 13 presents the growth of incipient decay

for the 1-inch break diameter classes. The functions selected and

their regression coefficients are listed below.

Break Diameter Function

1 Decay = 1.673 x Age4°
2 Decay = 3.063 x Age31
3 Decay = 4.707 x Age25
4 Decay = 7.114 x Age18
5 Decay = 8.914 x Age16
6 Decay = 10.91 x Age14



Figure 12. Average extent of incipient decay below the

break over time since breakage.
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Figure 13. Average extent of incipient decay below the

break for break diameter classes over time

since the breakage.
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TIME INTERVAL BETWEEN INJURY AND CULL LOSS

FOR THE TREES SAMPLED IN 1978

The radial stem growth rate of the tree at the point of break

and the distance above merchantability the break occurred are the

final elements needed to estimate the time interval between

infection and loss due to cull.

The radial stem growth rate for each tree measured in 1978 was

calculated by dividing the net stem growth at the point of break by

the number of years since the storm. For example, consider a tree

with a stem diameter at the point of break of 10.0 inches in 1978,

and a break size of 3.0 inches. During the 36-year period since the

storm the tree increased at the point of break by 10.0 3.0, or 7

inches. This amounts to a yearly growth rate of (7/36) .194 inches

per year.

Continuing with this example, the distance between the 3 inch

break and the merchantable top (6 inches) was estimated using an

average taper factor for tops of young-growth Douglas-fir trees.

Paul Aho and Tom Fahey of the Pacfic Northwest Forest and Range

Experiment Station supplied me with stem diameter and height

measurements for 137 young-growth Douglas-fir trees.
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An examination of this data showed the average taper from a

6-inch top to total tree height was .193 inches per foot. li This

would place the 3-inch broken top about 15.5 feet above

merchantability.

(6-3)/.193 = 15.5 feet

Where 6 is the merchantable top size,

and 3 is the size of the stem broken in 1942,

and .193 is the average taper factor calculated from Aho's
and Fahey's data

The 15.5 feet can be used as the beginning distance between the

fungus and merchantability. Then, if the average growth rate of the

stem and the downward growth rate of the fungus is applied, one can

increment along a time axis and estimate the changing distance

between the fungus and upper log merchantability.

Continuing with the 3-inch broken-top example, the distance

between the fungus and the 6-inch top eleven years after the storm

would be calculated in the following manner:

1/. This average is based on unpublished research from
portions of Aho's and Fahey's data. Average age of
the trees measured was 43 years. The sample trees
were located on several sites in Oregon and
Washington.
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The diameter at the point of break, 11 years after the storm,
would be 5.1 inches.

3.0 + (.194 x 11) = 5.1 inches

Where 3 is the size of the stem broken in 1942,

.194 is the average growth rate of the stem at
the point of break,

and 11 is the number of years after the storm.

This diameter (5.1) would be 4.7 feet above the 6-inch top.

(6.0 -5.1)/.193 = 4.7 feet

Where 6 is the merchantable top,

5.1 is the stem diameter calculated at 11
years,

and .193 is the average taper in Douglas-fir
tops

From the 3-inch break diameter curve shown in figure 13 it can

be calculated that the fungus extended downward about 8.6 feet,

thus 8.6 4.7, or 3.9 feet of the merchantable bole would have

decay in it.

Figure 14 shows this relationship graphically. The 3-inch break

diameter curve from figure 13 is shown, along with a straight line

representing the distance from the point of break to merchantability.



Figure 14. Extent of incipient decay below the break

for a 3-Inch break and the decreasing

distance to merchantability (6 inches),

versus time since breakage.
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Any point along the straight line can be generated by evaluating

the following expression:

Distance = 6.0 (3.0 + AGE x .194)
.193

Where 6 is the tree merchantability,

3 is the diameter of the stem broken in 1942,

AGE is the time interval since the storm,

.194 is the growth rate per year of the tree
at the point of break,

and .193 is the average taper in Douglas-fir tops.

The intersection of the curve and the straight line indicate the

year in which the fungus goes below the 6-inch merchantable top. In

this example loss due to cull would occur about 8 years after the

storm.

This process was repeated for each tree sampled in 1978 and the

average time was found to be 7.4 years. At 14 years the stem

diameter at the point of break reached 6 inches, thus the entire rot

column would be below the 6-inch merchantable top.

Once again the reader is reminded that the data represents

individuals from many stands. Stem growth measurements used in the

calculations can be influenced by many factors such as sites, levels

of stocking, management practices, stand age, and crown class of the
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individuals measured. The lineal application of the growth is

probably too simplistic in that the growth would have varied over

the 36-year period. Also, no published information exists regarding

the expression of taper in Douglas-fir tops, but many of the same

variables mentioned above can be envisioned having an effect. The

validity of assuming the average taper to be constant over the time

interval is also not proven.

Rather than specific numbers, the analysis should point out the

general relationships coming into focus. By decreasing the break

size of the example shown in figure 11, the time interval between

infection and decay loss will increase. Smaller breaks not only

occur higher in the tree, but also have slower decay rates

associated with them.
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COMPARTMENTALIZATION OF DECAY

The decay columns of F. cajanderi seen in 1978 generally fit the

CODIT system described by Shigo and Marx (26) in that the decay

hasn't gone much beyond the diameter of the original broken stem.

The typical decay column, examined in 1978, would be outside the

original broken stem cylinder at the point of break, but would

quickly taper below it. If one considers the entire column length,

a good average diameter for the rot would be equivelent to the

diameter of the old broken stem. The exact mechanisms which inhibit

the fungus from moving beyond the old break diameter is not known.

There is some evidence that suggests the rot will eventually

begin to increase beyond the old break diameter. Roth
1./

observed

this while studying conk rot in old-growth Douglas-fir. The top-rot

he observed had gone well beyond the diameter of the original

break. The exact time sequence in which this might take place is

not known.

1. Unpublished data on file with Dr. L. Roth,
Oregon State University.
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SUMMARY

This paper combines incipient decay measurements of F. cajanderi

taken in 1953 by Arron Fulcher, in 1963 by Dr. L. Roth and in 1978

by myself. All measurements were made on young-growth Douglas-fir

trees broken during a glaze storm in 1942. The important findings

are summarized below.

The amount of decay in individual trees varied according to the

size of the broken stem. The three data sets showed the incipient

decay column, below the point of break, increased as the diameter of

the stem broken in 1942 increased. The majority of breaks recorded

in all three of the measurement periods ranged from less than 1-inch

to 6 inches in diameter.

Little growth of the fungus from the point of break upward was

found. For the 36-year period between 1942 and 1978, the incipient

column had extended only 2.8 feet upward. No significant

relationship was found between break size and decay extent upward.

The size of the old break can be estimated from the ground using

the amount of offset between the new leader and main stem. The data

collected by Dr. L. Roth established this relationship.
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The data collected in 1978 indicated that the presence of a scar

running from the offset downward was correlated with increased decay

columns. Leader size, when used in conjunction with tree dbh was

also correlated with the amount of decay. Within a dbh class, the

amount of decay increased as the leader size decreased.

Total tree cubic foot volume of the 1978 sample trees was

estimated using three existing equations and compared to an

empirical volume calculated from field measurements. An equation by

Bruce and Demars (8) came the closest to the field estimate.

Although individual differences were sometimes great, the average

difference for the 93 tree sample was -3.8 percent. Scribner

volumes estimated by tarif tables (11) compared to Scribner volumes

computed from field measurements showed the same pattern, but

individual differences were more variable.

For cruising purposes, predicting the incipient decay column

length below the point of break can be accomplished in a two-step

approach. First, the size of the broken stem can be estimated using

the amount of offset between the new leader and the main stem. Then

the length of the decay column can be predicted from the break

diameter-decay column relationship. Using only the 1978 data models

directly predicting the amount of incipient decay were investigated.
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Tree dbh and leader size were statistically correlated with the

amount of decay present in the tree. However, the large proportions

of variation unaccounted for by this model means low levels of

accuracy.

Length deductions expressed as a percent of the merchantable

tree volume are another method cruisers may want to use in

accounting for decay in top-broken trees. For the data collected in

1978 height to the start of break was an important variable

correlated with these percentages.

The average growth rate of the fungus varied over time. The

fungus grew downward 7.4 feet by 1953, 10.4 feet by 1963, and 12.2

feet by 1978. Curves of decay column extension over time are

presented.

The majority of stems broken in the 1942 storm were less than

6-inches, and hence above merchantable height. The distance between

the fungus and upper log merchantability closes from above as the

fungus grows downward, and from below as the tree continues to add

wood on the stem. For the trees measured in 1978 it took the fungus

an average of 7.4 years to reach the merchantable bole.

Diameter increase of the rot column seems to fit the CODIT

system, in that considering the entire rot columnm length, the rot

has not gone beyond the original stem diameter damaged in 1942.
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FOREST MANAGEMENT DISCUSSION

Many problems arise when managing stands containing high

percentages of top-broken trees. Overall productivity of the site

is reduced through losses caused by cull from decay, irregular

shaped stems, reduced growth, and potentially lower-than-optimum

levels of growing stock. The forester will need to consider all of

these in formulating a management policy that maintains a productive

forest.

From a decay standpoint, it makes good sense to remove trees

containing larger breaks when entering a stand for thinnings or

intermediate harvest cuts. The results presented in this report

clearly indicate that this type of strategy will help minimize the

loss from cull caused by F. cajanderi. One can also assume the

potential for growth loss would be reduced, in that the trees with

the larger breaks would have lost a greater proportion of their

crown, or "photosynthetic factory."

To fully utilize the site, some broken-top trees will have to be

left on the stump in stands containing high frequencies of breakage.

Further losses in trees selected for continued growth may be

influenced by the length of rotation. The extent of decay in the 50

to 80-year old stands I sampled in 1978 had stabilized. At this
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point in time the tree would seem to be gaining on the fungus, since

wood is still being added on the stem radially, while the lineal

extension of the fungus has slowed and little movement radially was

observed.

Longer rotations may increase the chances for losses in

top-broken trees. There is some evidence indicating that the decay

will eventually break out beyond the original diameter of the broken

stem and decay a greater proportion of the bole. This presents not

only a potential product loss, but may also weaken the stem,

inviting chronic breakage.

Age of the stand when breakage occurs is another important

consideration the forester should keep in mind. This study showed

the majority of stems broke out at a diameter of 2 to 3 inches,

placing the breakage lower in the tree as age of the stand

decreases. Thus, stem deformities and decay in younger stands will

occur lower in the bole, possibly affecting the highest value

portion of the tree.

Finally, as a note of prevention, the forester should remember

that Fulcher's data (20) showed the majority of breakage was

recorded in the intermediate trees with asymmetrical crowns.

Thinning perscriptions in areas that have a history of past breakage

should reflect this.
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