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High grade Sitka spruce lumber 1s in demand for airplane
construction (training planes),and as stained material is
belng discarded becauséyit 1s belleved to be of inferior
quality, a study was undertaken to determine the cause of
stalns and thelr effect on the wood.

Sitka spruce lumber with stailned areas was collected at
S mills in Oregon and Washington. Cultures were made and the

following fungl were obtained: Fomes Pini, Fomes Pinicola,

Polyporus sulphureus, and 3 others as yet undetermined. The

first two listed were found the greatest number of times.
Ten of the boards with stailned areas gave negative resﬁlts
when cultured. As many of these boards were fresh from the
mill saw, the mycellum should have grown, had any been

present. As it did not, it 1s assumed that the stain was

caused by some other agent than a fungus.




Examination of 5 boards, each of which was stained

with a different fungus (Fomes Pini, Fomes Pinicola,

Polyporus sulphureus, Unknown "A", and Unknown "B") were

made by varlous methods to determine the extent of actual
incipient decay beyond apparent incipient decay. Apparent
inciplent decay means incipient decay which may be distin-
gulshed by microscopic examination; that is, the area of
discoloration. Actual inciplient decay is determined by the
presence of mycellum 1n the wood and may extend bgzgnd the
apparent inciplent decay.

Determinations of extent of actual incipient decay
were made by tests by microscopic examination, ultra-violet
light, acldity indicators, a combination of ultra=violet
light and acidity indlcators, and a combination of ultra-
violet light and hydrogen peroxide. The first method listed,
microscopic examination, was the only one which gave sat=-
isfactory results.

The actual and apparent incipient decay of Fomes Pini

and Unknown "B", both of which are white rots, were the same.
That 1s, the mycelium did not extend beyond the limits of
discoloration. The actual incipient decay of Fomes Pinicola

extended 3 inches longitudinally and 2.3 inches transversely
beyond the apparent incipient decay. The actual incipient
decay of Polyporus sulphureus extended 9 inches longitudinally
and 2.5 1inches transversely beyond the apparent incipient

decaye.




From this data 1t may be concluded that for the samples
tested, the hyphae does not extend beyond the limits of
discoloration in the white rots, but does in the brown rots.

In sawing logs infected with these rots, it will be necessary
to cull those with white rots to the limit of discoloration,
and those wlth brown rot 9 inches longltudinally and 2.5 inches
radially beyond the discoloration.

An examination of the Morrow Brothers (Cook Creek) timber

sale at Quinalt, Washington showed Polyporus Schweinitzii

to be the most important rot in Sitka spruce. Conks and decay

of Fomes Pini and F. Pinicola were also found.

Recession of discoloration both longitudinally and
transversely was tested. None was noted transversely, but
2 of the 4 samples tested longlitudinally showed a recession
as the boards became dry.

The boards which had been stalned by some other agent
than a fungus could not be separated microscopically from
those having stain caused by fungl.




DECAY OF SITKA SPRUCE
WITH REFERENCE TO DETECTION OF EXTENT OF
ACTUAL INCIPIENT DECAY BEYOND APPARENT
INCIPIENT DECAY

by
EARL HAVEN TRYON

A THESIS
submitted to the

OREGON STATE COLLEGE

in partial fulfillment of
the requirements for the
degree of

MASTER OF SCIENCE

June 1940




APPROVED:

Redacted for privacy

Professor of Botany and Plant Pathology

In Charge of Major

Redacted for privacy

Head of Department of Botany

Redacted for privacy

4

Chairman of School Graduate Committee

Rgdacted for privacy

«‘-F_..;—fw-——'fhi :
Chairman of State College Graduate Council




Acknowledgements

The writer 1s indebted to the following men:

Dr. J. L. Bedwell of the Portland branch of the Divi=-
sion of Forest Pathology for suggestions and for mak-
ing available laboratory facilities for work on this

problem.

Dr. Te We Childs of the same office for suggestions in
planning the problem and for help in the preparation of
the papere.

Mr. G. He Englerth of the same office for help in
ldentifylng cultures, and for photographing decays in
Sitka spruce.

Mr. Ross W. Davidson of the Washington office of Forest

Pathology for verifying the identification of cultures.

Dr. Ce A. Richards of the Madlson branch of the Divi-
sion of Forest Pathology for suggestions as to the use
of ultra-violet light and indicators for detection of

decay in wood.

Dr. E. E. Hubert for help in planning the problem.

Dr. Ds P. Rogers for criticisms of manuscript.

Dr. Co E. Owens for suggestions and help.



CONTENTS

Page

INTRODUCTION . - . L . . . - . Ll Ld - - - . . . ks l

PROCEDURE. el L . L] . L] . L . . . - . . . . L] Ll L] 5

COllection of Materialo S g le. ‘e e . kel Ve i 5

Cultwing Ll L . . . . L L . . . . . . . L . 7

Microscoplc Examination « « o o o o o o o . y |
Tests with Ultra-violet Light and Chemiecal

Indicators 85 0 COFNSIESIE 8.7 B8 e 9 WlE e e e 8

Ultra-violet Light SPE S lwi e e e e e Ve 9

Acldity Indicators « . « . Y TR 9

Ultra-violet Light and Acidity
Indicators e o 078N e e e e e 1
Ultra-viclet Light and Hydroge

POPBEING s o o b el e e i N
Fieldstudy................14
RESULTS AND CONCLUSIONSe ¢ o o o o o o o o o o o 15
Fungl Isolated from Sitka Spruce Lumber . . 15
Fungi Observed in the Field 00 18 9 re ey el L 20

Descriptions of Principal Fungi Occurring
R BLEER SPPREE s s o v 4 Vel % o . w miie ol e

Polyporus Schweinitzii . . . . . . . . 21

ome s ni KR . L ] Ll L] L] L] L] . ks . L . L] 22
DR PIRTGOLE o s s 5 Fain oo pedes
Polyporus SUIDhUreuS « « « o o & o« « « 26

Extent of Actual Incipient Decay Beyond
Apparent Incipient Decay « « « « « o « o 28

Microscopic Examinations « « ¢« «.. . . 28
Tests with Ultra-violet Light an
Chemical Indlcators « « ¢« « s« « o« « 31




Page

Ultra-v1016t Light o ‘e e 6" o o @ e 32

Acldity Indicators . . . . e o« 32

Ultra-violet Light and Acidity
Indicators « . . e e o B4

Ultra-violet Light and HydrOgen
Peroxide « « . . R S R R |

Recesslon of Apparent Incipient Decay . « « 35
SUMIMRY . < - - . . . L . . . . . . . . . . * L ] 37
LITERATURE CITED - . . . . L . - K L] ks . . e . . 59




DECAY OF SITKA SPRUCE
WITH REFERENCE TO DETECTION OF EXTENT OF
ACTUAL INCIPIENT DECAY BEYOND APPARENT INCIPIENT DECAY

INTRODUCTION

Sitka spruce, Picea sitchenis (Bongard) Carriere,

is one of the important forest trees of North America.
It extends in a narrow strip down the Pacific coast
from southern Alaska to about 300 miles south of the
Oregon-California line. It usually extends less than
100 miles inland from the ocean. Its range is shown

in Plate I. This tree is the largest of its genus, and
the mature trees sometimes attain a dlameter as large
as 12 feet at the stump (8). The bark is thin and scaly.
The tree 1s fast growing and because of its size pro-
duces much clear lumber. As the wood 1s light in
welght and strong, it 1s excellent for use in airplane
construction (2). Although the percentage of spruce
used in airplane construction is not so high as a few
years ago, because of the new metal planes, there is
stlll a heavy demand in the world markets for airplane
spruce to be used iIn the construction of training
planes. However, only a small percentage of the high-
est quallty materlal conforms to the very exacting

specifications for airplane stock.
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Wood which 1s to be used for airplane construction
must be stralght-grained, and its specifiec gravity and
number of rings per inch must fall within certain
limits. It must be free from shakes, pitch pockets,
worm holes, and decay. It must also be free from any
discoloration which might indicate the presence of an
early stage of decay. If 1t can be shown that certain
discolorations are not at all indicative of the presence
of decay, or that material taken from apparently sound
portlons of partly decayed logs is entirely satisfactory
for use 1n alrplanes, then a much larger percentage of
the lumber manufactured from this specles can be placed
in the higher grades. This will result not only in
Increased profits to the lumberman, but also in an
urgently needed increase in the supply of high-quality
stock.

No extenslve study has been carried on to determine
the relative importance of fungl attacking Sitka spruce,
such as has been made for Douglas fir by Boyce (1) and
for western hemlock by Englerth (9).

During the World War, when Sitka spruce was in
great demand for airplane construction, a study was
carrled on to determine the effect of various decays on

the strength of the wood, the extent of decay beyond the




furthest conspicuous signs of its presence, and the im=
portant associated fungi, but the results have not been

published. However, Polyporus Schwelnitzli Fr. and

Fomes Pini (Brot. ex. Fr.) Lloyd were listed as 2 of the

important fungl present.
Hubert (13) and Boyce (2) describe the appearance

of Polyporus Schweinitzii in Sitka spruce. ZEades (8)

mentions several fungl that occur in Sitka spruce, and

lists P. Schwelnitzil and Fomes Pini as important.

Hubert (14) summarizes the information available
In 1924 on the extent of mycelium iIn the wood beyond
the last visible signs of inciplent decay, and in Table
II of that publication shows the extent of actual in-
ciplent decay beyond the apparent incipient decayl/

Y 1n this paper "apparent incipient decay" means in-
cipient decay which may be dlstinguished by microscopic
examination; that 1s, the area of discoloration.
"Actual incipient decay" is determined by the extent

of the mycellum in the wood, and may extend beyond the
apparent Incipient decay.

"Actuel incipient decay" although determined in
this paper by extent of mycellum 1n the wood, may ex=-
tend beyond the mycelium because of enzyme action in
advance of the hyphae. Possibly no such action occurs
beyond the furthest mycellum, but tests of the breaking
strength of the wood might give an indication of this.
It should be looked for especlally in the brown cubical
rots, such as that caused by Polyporus Schweinitzll,
as tests have shown that these brown cubical rots
affect the strength of the wood a great deal, even in
the early stages of decaye.




for 8 of the 19 different fungl discussed. The results
were based on microscoplc examinations. In Table III
of the same publication he shows quite similer results
obtained by cultural methodse.

Other workers who have studled wood-destroying
fungi by cultural methods are Cartwright (5), Fritz
(10), Mounce (17), Campbell (4) and Davidson (7).

No material could be found on detection of decay
in wood by means of chemical indicators or ultra-violet
light, but the heartwood and sapwood of pine have
been differentiated by chémical indicators (15). An-
other method of differentlation of heartwood and sap-
wood is by the use of ultra-violet light. Such work
is now belng done by Dr. C. A. Richards of the Division
of Forest Pathology at the Forest Products Laboratory
at Wisconsin. In view of these findings it 1s belleved
that there may be a difference in color reaction of de-
cayed and normal wood when tested wlth indicators or
with ultra-violet light. This difference 1is due to the
change in the wood structure brought about by the
presence of the fungus. If this proves to be true, it
may be possible to determine the extent of the actual
incipient decay by either or both of these methods or

by a combination of the two.



PROCEDURE

COLLECTION OF MATERIAL

Sitka spruce lumber showing discolorations apparent=
ly associated with inciplent decay was collected from
the Multnomah Box and Lumber Company in Portland, Oregon;
the Johnson Lumber Company at Toledo, Oregon; and the
Crown-Willamette Mill at Cathlamet, Washington. The
collections at the first mill named were from stacks of
freshly sawed lumber in the yard, and from the chain
which carried rejected boards and sawdust to the hog.

At the time the second mill listed above was visited,
Douglas fir was belng sawed, but spruce had been going
through the mill a few weeks before. Permission was
glven by the mill superintendent to take any desired
lumber from the stacks of spruce in the yard. The Crown-
Willamette mill at Cathlamet, Washington offered the best
opportunity for a mill study of the decay in Sitka spruce.
Permission from Mr. Shull of the Crown-Willamette office
in Portland, Oregon, enabled the writer to follow logs
from the pond through the mill to the final production
of lumber and box shooks. By this method, a log show=-
ing decay could be spotted as it came up to the head-
rig, and the decayed boards could be followed from the

head-saw through the gang-saw to the cut off saws. Here
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the decayed boards were cut into short lengths and sent
on belts to the hog. Some of the larger slizes that
got by the cut off saws but still had decay went to the
chipper, while other material showing some stain went on
to the final operation of the mill, in which cilrcular
saws cut out defects including stalns suspected of belng
caused by fungi. As the deslred boards could be taken
at any place beyond the cut off saws, there was no
difficulty in obtaining material showing stain, although
i1t was difficult for one person to follow a desired
piece of decayed wood after 1t had gone through the cut
off saws. In selecting decayed lumber, preference was
given to boards showing the termination of longitudinal
spires thought to indicate decay. It was, however, very
difficult to get such material.

The slze of the boards varied a great deal. The
lengths varied from 2 to 12 feet, the wldths from 4
to 16 inches, and the thickness from 1 to 6 1nches.

The smallest piece of lumber (by volume) measured 4 feet
by 16 inches by 6 inches.

The collected material was taken to the laboratory
and the spires which terminated in the boards were
marked with pencll at the outer limits of discoloration.
Such marking is shown in Plate IV. The reason for

marking the limits of decay (if a fungus is respons-



ible for the discoloration) is to discover whether a
recession of the discoloration becomes evident as the
wood dries.

All the lumber collected and worked with was from
the heartwood of the tree.

CULTURING.

After the wood had been collected and marked,
cultures were made to determine whether a fungus was
responsible for the stain, and if so, to discover the
ldentity of the fungus. Malt agar was the growth medium
most commonly used, but a more acid medium, prune agar,
was used occaslonally when working with specimens which
showed bacterial growth on malt agar. An acid medium
cuts down the amount of bacterial growth. Chisel for-
ceps as developed by Hubert (1l) were used in making
cultures. Both petri dishes and test tubes were used

for culturinge.

MICROSCOPIC EXAMINATION.

Squares from a board in which the spires of incip-
lent decay terminated were cut at half-inch intervals
in longitudinal and transverse directions away from the

outer edge of the apparent lncipient decay. This is




shown in Plate II. Similar examinations were carried
on in only transverse directions for boards having
stain running the entire length of one side, and appear-
ing normal on the other.

Each half-inch square was sectioned on a sliding
microtome and then examined under the microscope for the
presence of mycelium. Where the mycelium was scanty,
several sectlons of the same block were often examined
before any hyphae were found. In sections where mycelium
was plentiful, a single stain of safranin would show up
the mycelium satlsfactorily, but where hyphae were rare
& double staln was needed. The most satisfactory method
of stalning was with Bismark brown and methyl violet.
Hyphae, contents of rays, and bordered pits stain violet
by thils method, and the rest of the wood stains brown or
brown-violet. This technique was worked out by Hubert
(14). Squares éf wood were examined from the edge of the
staln into the normal-appearing wood until several

successlve negative results were obtained.

TESTS WITH ULTRA-VIOLET LIGHT AND CHEMICAL INDICATORS.

These tests include application to the wood of
ultra-violet light, acldity indicators, ultra-violet




light and aclidity indicators together, and ultra-violet
light and hydrogen peroxide together.
Flve pleces of lumber, each having a stained area

caused by a different fungus (Fomes Pini, Fomes Pinicola,

Polyporus sulphureus, Unknown "A", and Unknown "B")

were used for the tests. These boards had been in the
laboratory several days before the tests were made and
were consequently well dried out. With one exception,
each board had both inciplent decay and normal wood
present. The single exception consisted of the board
which was infected with the fungus determined as Unknown
A", and which had no normal wood. The boards with the

rot caused by Fomes Pinl and Unknown "A" showed the ad-

vanced stage of thelr respective decays.

Ultra=-violet Light

To test the boards for extent of decay by
ultra-violet light it was necessary to apply the
lamp to the surface of the stailned and normal
appearing éreas of each plece and observe the

color reactione.

Acldity Indicators

Five acidity indicators (Meta Nitro Phenol,

Neutral Red, Benzo-purpurin 4 B, Chrysoldin Y,
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and Chrysoldin R) were used to test differences
between decayed and normal wood. These were
selected at random, as the writer was unable to
obtain any information about such tests. Some work
has been done on this subject by Dr. York of the
University of Pennsylvanla, but his work has never
been publishede.

With what little information could be gathered
from work with indicators by Kolthoff and Furman
(16), Clark (6), and literature from the Hartmane
Leddon Company of Philadelphia, Table I was con=
structed. As the data in the table are used for
determinations of the pH of solutions, thls may not
be the best means of approaching the problem, but
no other information was available.

The 5 indicators were in the dry form (powder
or crystal) and had to be mixed in either water or
alcohol to the desired concentration as shown in
Table I. Wherever alcohol was the solvent, a 70
percent solution was used. The indicators were
applied with a glass rod; a band of each of the
5 solutions being palnted across a planed surface

of the board. The bands extended from well within

the reglon of apparent inciplent decay, through the




TABLE I. |

INDICATORS USED AND
THEIR ACIDITY REACTIONS

Name : Approximate : Acid ¢ Alkaline : Solvent : Concen-
: pH Range : Color : Color : stration %
Meta Nitro Phenol 6.6 = 846 :Colorless : Yellow f Water : 2.0
Neutral Red : 6.8 = 8.0 :Red : Yellow : Alcohol : 1.0
Benzopurpurin 4B : 1.3 - 4.0 :Violet ; Red f Alcohol : 0.5
Chrysoidin Y : 4.0 = 7.0 §Orange ; Yellow : Water : 1.0
Chrysoidin R v e Bl O :Orange  : Yellow 47 BR AN

=
[
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actual incipient decay (if this region extended
beyond the apparent incipient decay), and into
the normal wood.

It was hoped that there would be a difference
in the color reaction of the indicators according
to the amount of decay in the lumber. It was
thought best to use normal wood of each partly
decayed board to compare with the different decays,
as the color of normal wood varies in different
pleces of lumber and this might affect the reaction
of the lindicator.

Ultra-violet Light and Acidity Indicators

In order to test the extent of decay by means
of ultra-violet light and acidity indicators it was
necessary to apply the lamp to the acidity indica-
tors on the 5 different boards and observe the color

reaction of each band.

Ultra-violet Light and Hydrogen Peroxilde

Tests for determining the extent of decay by
ultra-violet light and hydrogen peroxide were

carried out on the 5 boards. Bands of the chemical
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were streaked on each board, extending from the
zone of visible incipient decay to the normal wood,
and then the ultra-violet lamp was turned on them
at intervals of 30 seconds, 1 minute, 5 minutes,
and 10 minutes following the application of the
hydrogen peroxide. The reason for making the exam-
inations at the above listed intervals of time was
to give the chemical time to react with the wood.

This test was suggested by Dr. C. A. Richards
of the Madison branch of the Division of Forest
Pathologye. It was believed that the hydrogen per-
oxide might act more rapidly on the wood which was
partly hydrolyzed by the fungl than on the normal
wood, and when observed under the light the normal
and decayed areas might reflect different colors.
This idea was based on work with insulating pins,
in which Dr. Richards found that a leakage of
electricity around wet insolating pins caused a
dlsintegration of the wood. This disintegrated
area showed a different color under the ultra=-

violet lamp than did the normal pins. Z/

3/ Letter from Dr. Richards to the writer.




It 1s hoped that one or more of these 4

methods (ultra-violet light, indicators, ultra-
violet light and indicators, and ultra-violet
light and hydrogen peroxide) may eventually be
developed into a satisfactory method for detectihg
the earliest stages of decay in wood. These
methods are rapld and fairly simple, and might be
put to a practical use at mills where high grade
material is involved. For experimental work in
determining the extent of actual inciplent decay
beyond apparent incipient decay, the above methods
would be several times faster than the use of
cultural and microscopic examlnations, which are

not highly accurate at best.

FIELD STUDY.

An examination was made of the Morrow Brothers

(Cook Creek) timber sale at Quinault, Washington, on the
Olympic National Forest. This area was of Sitka spruce =
western hemlock type and had been logged the preceding
year (1939). It proved to be an excellent place for
observations of fungi causing decay in Sitka spruce, as
the selective logging system employed took out many of
the overmature trees which had been infected with butt-

rot. No data were taken on relstive amounts and extent




of decay in 1logs, but general notes were taken on

specles of fungl observed in Sitka spruce.

RESULTS AND CONCLUSIONS

FUNGI ISOLATED FROM SITKA SPRUCE LUMBER

The various fungl isolated from the Sitka spruce
lumber collected at mills in Oregon and Washington are
shown in Table II. The only fungl identified were Fomes
Pini, F. Pinicola, and Polyporus sulphureus. Three other

fungi, which have not been identified as yet, are deslg-
nated as Unknown "A", Unknown "B", and Unknown "C".
These unknowns are included in the table because they
were used in tests to determine the extent of actual
incipient decay beyond apparent incipient decay.

Ten of the stalned boards, from which cultures were
made, gave negatiﬁe results. This seems to indicate
that those stains were not caused by fungl as most of
the samples were cultured within a day of belng sawed.
The few cultures listed in the table do not glve a
complete indication of the amount of culturing done
during the study, as between 200 and 300 cultures were
made, often 3 to 5 cultures were made from the area of
staln 1n a single board. Much of the stained lumber
had bacteria present along with the causal fungus. This



Name of Fungus

TABLE II

FUNGI CULTURED FROM

SPRUCE LUMBER

Mill from which
Lumber Obtalned

16

SITKA

Area from which
Logged

Fomes Pini
" n
" "

n n
n n

Fomes Pinicola

Polyporus sulphureus

Crown-Willamette
Mill
" n
" "

Johnson Lumber
Company

Multnomeh Box &
Lumser Comgany

Unknown "A"

Unknown "B"

Unknown "C"

Crown=-Willamette
Mill

Multnomah Box &
Lumber Coe.

Bear Creek, Wn.

Necanicum River,
Oregon

Oregon Coast Near
Depoe Bay

Oregon Coast

" "
n "
" "

Bear Creek, Wn.

Necanicum River,
Oregon

Oregon Coast
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was especlally true of the lumber collected at the
Johnson Lumber Company at Toledo, Oregon. The boards
had been standing in piles in the raln for several weeks
before being collected, and as none were over an inch
thick the bacteria were apparently able to penetrate in
to the center. Even cultures in which the sliver of
wood was taken from the center of the board usually
produced bacterlal growth which outgrew the causal fungus.
Another contaminant which was frequently present in
cultures from much of the lumber was an unidentified im=-
perfect which grew rapidly and formed a thin smooth mat
with an irregular margin.

The cultures were ldentified by comparison with
other cultures maintained at the Portland branch of the
Division of Forest Pathology, and with the help of
G. H. Englerth of the same office. One culture, desig-
nated as Unknown "B", was obtained from wood in which
only the inclpient stage of decay was present, and was

thought to be Fomes Pinicola, but was sent to R. W.

Davidson, Associate Mycologist, of the Division of
Forest Pathology at Washington, D. C., for verification.
His reply stated that this fungus resembles F. Pinicola
microscopically, but that 1t glves a strong oxidase
reaction on media contalning tannic or gallic acid and

therefore must be a white-rot organism. F. Pinicola
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causes a brown rot and glves no oxldase reaction on
tannic or gallic acid media (7).

The rot caused by the fungus designated as Unknown
"A" hes white pockets in the advanced stage, much the

same as those of Fomes Pini, but it does not resemble

F. Pini in culture.

No uncontaminated culture could be obtained from
the wood stalned by the fungus deslignated as Unknown
"c", However, microscopic examination of the wood
clearly showed the presence of hyphae which had clamp
connections.

Table III shows the relative importance of the
different fungl obtained in culture from decayed Sitka
spruce lumber. The fungus 1isolated most frequently

was Fomes Pini, with F. Pinlicola next. Of course such

a small sample could not be expected to be representa-
tive. It should be noted here that not once was

Polyporus Schwelnitzll Fr. lsolated from the boardse.

This 1s undoubtedly also due to the smallness of the
sample. Of course, one or more of the boards from which
pure cultures could not be obtained might have shown

P. Schweinitzilil if the contaminants could have been

eliminated.



TABLE III

19

RELATIVE IMPORTANCE OF DIFFERENT FUNGI OBTAINED
IN CULTURES FROM DECAYED SITKA SPRUCE

LUMBER
Name of Fungus Number of Percentage of
Cultures Total Success=-
ful Cultures
Fomes Pini ) 38
Fomes Pinicola 3 23
Unknown "A" 2 15
Polyporus Schweinitzil 1 8
Unknown "B" 1 8
Unknown "C" L 8
Totals 13 100
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Untll recently, Fomes Pinicola has been considered

of importance principally as a scavenger fungus attacking
~ dead trees, Englerth (9) has shown, however, that it is
a common cause of heartrot 1n living western hemlock,
and the data in table III suggests that it may also
be of consliderable importance as a cause of heartrot in
living Sitka spruce.

Stalins caused by fungl could not be distinguished
microscopically from those with which no fungi could be

found associated.

FUNGI OBSERVED IN THE FIELD

The fungus fruiting most commonly on Sitka spruce
on the Cook Creek timber sale at Quinault, Washington,

was Polyporus Schweinitzii. The rot most prevalent in

the stumps and butt logs was caused by the same fungus
(Plate XIII), with a white pocket rot(perhaps caused by

Fomes Pinl or Polyporus Cirinatus Fr.) next. Three

Sltka spruces which had been felled on this area were

of speclal interest because of combination of fungil
attacking them. The first tree had a d.b.h. (digmeter
at breast height) of 8 feet. The butt cut was about

4 feet from the ground, and the first log had been long-
butted 8 feet further up. Throughout this long-butted
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section was a brown cubical rot which had destroyed
50 per cent of the cubic-foot volume. At the butt end

were three large P. Schwelnltzlli sporophores and at the

upper end of the long-butt were 2 Iimmature sporophores
which seemed to be F. Pinicola. Although it was impos-
sible to distingulish the two rots with certalnty, the
F. Pinicola seemed to be working around the periphery of
the region attacked by P. Schwelnitzii. The second tree

had a d.b.h. of 10 feet. The stump showed a brown
cubical rot in the center and bordering this was a whilte
pocket rot probably caused by F. Pinl. The third tree
had a d.b.h. of 6 feet. The center of the stump and
butt log had been rotted away, but between the hollow
and the sound wood at the periphery was an area decayed
by a white pocket rot. All 3 of these trees had old
scars at the butt through which infection had probably
occurred.

On a nearby area Dr. T. W. Chlilds of the Portland

office of Forest Pathology discovered Fomes Pinlcola

sporophores at the base of 2 overmature Sitka spruce.
In one instance, infection had occurred through a mechan-
ical injury. 1In the other instance the infection court

could not be determined.



Polyporus Schwelinltzil

Stages of Decay

Incipient Stage

Yellow spires extend from the advanced
decay several feet into the normal wood. This
wood 1s soft and loses much of its strength

after belng attacked by the fungus.
Advanced Stage

In thls stage the wood 1s reddish-brown
and broken up into cubes (Plate XIII) which
later become crumbly and brittle (13). Thin
mycelial mats may occasionally be formed in

the shrinkage cracks between the cubes.

Sporophores

The sporophores are annual and may be found on
the base of the tree or on the ground nearby. They
are bracket-shaped or circular (Plate VI, A). The
upper surface 1s reddish-brown and plush-like. The
under surface 1s green or brown and contains ir-

21
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regularly shaped pores, most of which are large.
l
|
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prhae

No data are avallable for this fungus, as it

was observed only in the field.

Fomes Pini

Stages of Decay

Incipient Stage

This stage 1s evident in lumber as reddish
or reddish-brown streaks extending in a longi-
tudinal direction. The streaks in the lumber
observed did not extend a great distance beyond
the advanced stage. When the advanced stage is
present, the reddish discoloration character-
1stic of the incipient stage characterizes it.
The discolored wood is hard; this indicates
that this fungus does not act rapldly in re-
ducing the strength of infected wood. In this
stage resin may infiltrate the wood (Boyce, 1938).

Advanced Stage

In the advanced stage (Plate XII) the wood
1s about the same color as during the early in-
cilpient stage. The characteristic feature of

the decay caused by this fungus is the small
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pockets (Plate V, A) which run parallel to

the graln and are separated by normal-appear-
ing strips of wood. These pockets are usually
pointed at both ends and white in color, being
partially filled with cellulose, and they vary
in number from few where the incipient and
late stages of decay meet to numerous in the

typical advanced stage.

Sporophores

The conks (Plate XI, A) may be bracket- or
hoof-shaped. The upper surface ls rough and dark
brown to black; however, the margin where the new
pore-layer 1ls belng added is not so dark. Con=-
centric rings are prominent, showing the annual
growth of the conk. The under surface is light
brown in color and has rather large, irregularly

shaped pores. A sporophore is shown in Plate V, A.

Hyphae
In Culture é/

é/ The descriptions of the cultures in this paper are
not necessarlly typlcal for the species. They are based
entirely on the cultures listed in table II.
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Malt agar was used as the growth medium
and all cultures were kept at room temperature.
The mycelium grew 0.6 cm. in 5 days, and 3.2
cm. In 21 days. The mycelial mat was thick
and slightly zoned, being yellow and yellow=-
brown. The margin was colorless. Few clamp

connections were noted (Plate X, B).
In Wood

The hyphae in the infected wood may be
small or large (Plate III, A). The hyphae
branch frequently and readily penetrate the
bordered pits and other portions of the cell
walls (Plate III, A). Clamp connections are
shown in this same plate. In penetrating the
tracheld walls the hyphae may be constricted
(Plate III, A).

Fomes Pinicola

Stages of Decay

Incipient Stage

Narrow yellow or yellow-brown streaks ex-
tending longitudinally ahead of the advanced
stage are typical of the early or incipient
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stage. There may be only a slngle streak or
spire, or there may be 2 or 3 tips at the
termination of the stain. During this early
stage of decay the wood 1s weaker than during

the corresponding stage of the white rots.
Advanced Stage

The advanced stage of decay is brown and
cubical, becoming very dry and crumbly.

Mycelial felts are often present.

Sporophores

A typical Fomes Pinicola sporophore 1s shown

in Plate V, B« The upper surface 1s zoned, smooth,
and usually black or nearly black 1ln color, except
at the margin, which is frequently red or yellow-
red. The under surface (Plate XI, B) is pale
yellow to nearly white, and has many small circular

pores.
Hyphae
In Culture

Malt agar, kept at room temperature, was

used as the growth medium of all cultures. The
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mycelial mat grew 3.4 cm. in 10 days and in

14 days had reached the edge of the petri
dish (4.0 cm.). The texture of the mat was

at first thin and cottony, later becoming
fluffy. The color of the mat was white (Plate

VII, A and B). Clamp connections were numerous.
Ih Wood

The infected wood (Plate III, B) showed
penetration of the tracheid walls by constricted
hypha. This does not agree with Hubert (13,

p. 383), who found the boreholes larger than
the mycelium in many cases. Clamp connectlons

may be noted in Plate III, B.

Polyporus sulphureus

Stages of Decay

Incipient Stage

A narrow yellow-brown streak representing
the early stage of decay runs ahead of the ad-
vanced stage. This 1s shown in Plate VI. The
wood loses its strength properties quite rapidly
after the mycelium first attacks the cell walls.
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Advanced Stage

In the late stage of the decay the
wood takes on a dark brown or reddish-brown
color and breaks up into cubes which later
become crumbly. The cracks between the cubes

are filled with white mycellal mats.

Sporophores

These are annual, thin, and shelf-like (Plate
V, B); soft when fresh, and dry and crumbly when
old. The upper surface of the young sporophore
is orange-yellow and the under surface bright
yellow with many small pores; as the sporophores

age they become dirty grey in color.

Hyphae

In Culture

Malt agar was used for the culture
medium and all the cultures were kept at room
temperature. The mat extended 1.8 em. from
the point of inoculation at the end of 14 days.
It was soft, fine, fluffy, and yellow-brown to
orange-brown (Plate VIII). Clamp connections

were notede.
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In Wood

Hyphae growing in the tracheids are shown
in Plate III, C, where branching and presence
of clamp connections may be noted. Constrie-
tlon of the hyphae in pehetrating the cell
walls 1s shown in Plate III, C.

The 3 unknown fungl "A", "B", and "C" cannot be
completely described as only scattered information about

them is now available.

EXTENT OF ACTUAL INCIPIENT DECAY BEYOND APPARENT IN-
CIPIENT DECAY

Microscople Examination

S81x Sitka spruce boards having different species

of fungl (Fomes Pini,F. Pinicola, Polyporus sulphureus,

Unknown "A", Unknown "B", and Unknown "C") causing decay
were examined for the transverse extent of actual in-
clplent decay beyond apparent incipient decay. The
results of these tests are listed in table IV.

Fomes Pinl and Unknown "B" showed the actual and

apparent inclpient decay to be the same transversely;
that 1s, no hyphae were observed in any transverse

direction beyond the discoloration caused by elther of
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TABLE IV

EXTENT OF ACTUAL INCIPIENT DECAY BEYOND
APPARENT INCIPIENT DECAY AS DETERMINED BY MICROSCOPIC

EXAMINATION

Fungus Longitudinal Transverse Number of

Distance Distance Specimens

(inches) (inches) Tested
Fomes Pini 1/ 0 2
Fomes Pinicola 3.0 2.3 2
Polyporus sulphureus 9.0 2.5 1
Unknown "A" 2/ 2/ 0
Unknown "B" 1/ 0 1
Unknown "C" 5.5 1.5 1

1/ Data not avallable, since decay extended full
length of board.

g/ Boards were too badly decayed to permit accurate tests.
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these fungl. Material was not available for study of
longitudinal extent.

Actual inciplent decay caused by Fomes Pinicola,

Polyporus sulphureus, and Unknown "C" extended beyond

the apparent inciplent decay in both transverse and
longitudinal directions. These findings agree closely
with similar findings by Hubert (Diagnosis Table II),

except for the fungus P. sulphureus. He found that no

hyphae of thls fungus extended beyond the discoloration
radially, but shows no results for the extent of the
hyphae longltudinally. The results obtained for that
same fungus 1In the present study show the actual incip-
ient decay to extend 9.0 inches longltudinally and 2.3
inches transversely beyond the apparent incipient decay.
Only one of the tests shown in Table IV was checked

by culture, and that was for the fungus Fomes Pini.

All the cultures outside of the zone of discoloration
were negative, verifylng the results of the miecroscopic
examination which also showed no hyphae outside the dis-
colored area.

The white rots, Fomes Pinl and Unknown "B", showed

no hyphae beyond the limits of discoloration, whereas the

brown rots, F. Pinlcola and Polyporus sulphureus, showed

mycelium beyond the discoloration in both transverse and
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longitudinal directions. Hubert (14, table II) finds

that P. Schwelnitzil, which causes a brown rot, also

produces hyphae beyond the limits of discoloration. It
is not known whether Unknown "C" 1s a white or brown rot,
as only the inclplent stage of decay was present in the
board and no pure culture could be obtained.

From these data, although they are limited in
total number, in trials for each fungus, and in number
of different fungl tested, it appears that mycelium does
not extend beyond the limits of discoloration in the
white rots but does extend beyond the limits of discolor-
ation in the brown rots.

In sawing Sitka spruce logs with these rots present
it will be necessary to cull to the maximum extent of the
hyphae 1n both transverse and longitudinal directions
" In order to cut out all infected wood. For the white
rots culling need extend only to the edge of the discolor-
Aation; but for the brown rots culling must extend at
least 3 Inches transversely and 9 inches longitudinally
beyond the limits of discoloration.

Tests with Ultra-violet Light and Chemical Indicators

The results of the tests made with ultra-violet
light, acldity indicators, ultra-violet light and
acldity indicators, and ultra-violet light and hydrogen
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peroxide were unsatisfactory for determining the extent

of actual incipient decay beyond apparent incipient

decay.

Ultra-viclet Light

The results from the application of the ultra-
violet light tests to the 5 pieces of lumber in-
fected with § different fungi are given in table V.

This table shows that the normal wood and the regions

of apparent inciplent decay appeared red or reddish-
purple under the lamp, the only difference being
that the reglon of apparent inciplent decay showed
a darker color than did the normal wood adjacent.
This may be due to the naturally darker color of
the area of apparent inciplent decay. An inter-
esting observation made in connection with this
work 1s that the white cellulose-filled pockets of

Fomes Pini showed a light blue fluorescence under

the ultra-violet lamp, while & zone line around the
outer edge of the incipient decay was black with a
quarter-inch zone of bright green fluorescence on

each sidee.

Acldity Indicators

The 5 indicators (Meta Nitro Phenol, Neutral
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TABLE V

COLCR OF SITKA SPRUCE WOOD EXAMINED
BY ULTRA-VIOLET LIGHT

Name of Infect= :Apparent Incip-:Actual Incip-:Normal
ing Fungus tient Decay sient Decay Wood

Fomes Pini Dark reddish-
purple
one lime aroun
dge of decay
lack with %-

Z
o
b
inch 2zone of
g
c
s

1/

reen fluores-
ence on both
ides.

Dark reddish-
purple

Polyporus Dark red
suEpEureus :Natural dark
tline (not zone

:1line) around
tedge of decay
sappears deep

srede.

Reddish-
purple

Reddish-
purple

Fomes Pinicola

B0 S0 100 85 00 SR 140 B0 NP S0 B0 AF BB B8 %0 0

Red Red

Dark reddish-
purple

Unknown "A"

None None

SO 100 50 S0 S0 100 25 0 BB A8 8% B0 28 SR 100 B 40 20100 B0 B0 2% 26 e QJ.. "
SR IP0 S0 00 S0 100 40 20 25 50 5 20 25 20100 50 00 SU0B B0 B0 20 S0 B0 BB B0 40 2h e e

Unknown "B" Reddish-purple :Light red- :Light
¢dish-purple :reddish-

$ spurple

S0 50 20 P (% 20 0 e e

1/ Reglons of actual incipient decay and apparent in-
cipient decay identilcal.
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Red, Benzopurpurin 4B, Chryscidin Y, and Chrysoidin
R) were applied to the 5 pieces of lumber infected
by different fungl as deseribed under "Procedure,
Tests with Ultra-vioclet Light and Chemical Indi-
cators". The Meta Nitro Phenol gave no color
whatsoever. Neutral Red gave a deep violet color.
Benzopurpurin 4B gave a rose color. Chrysoidin Y
and Chrysoldin R both gave an orange color. Com=
parlsons were made between the apparent incip-

lent decay; actual incipient decay, where this
varled from the apparent; and the normal wood. The
results were identical for each reglon and for each
of the 5 pieces of lumber. All shades of the paint-
ed band of each of the indicators on each of the
samples of wood were the same except for a slight-
ly darker shade 1n the region of apparent incipient
decay. This was probably due to the color of the

wood belng darker in that area than in the others.

Ultra-violet Light and Acldity Indicators

No results were secured from ultra-violet
light irradiation of the wood treated with acldity
indlicators - that is, within the area treated with

each iIndicator there was no difference in color
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between the normal wood and any of the decayed wood.
On all 5 pleces, the Meta Nitro Phenol treatment
was a light rose color under the ultra-violet light,
Neutral Red was a deeper rose, Benzopurpurin 4B
was red, and both Chrysoidin Y and Chryscidin R

were reddish-orange.

Ultra-violet Light and Hydrogen Peroxide

Wood treated with hydrogen peroxide did not
differ in color from untreated wood when inspected

with ultra-violet light.

RECESSION OF APPARENT INCIPIENT DECAY

The boards ln which the boundaries of the discolored
areas had been marked immediately after collection were
tested about 3 weeks later for recession of the dis-
coloration in both transverse and longitudinal directions.
No determinations of moisture content were taken, but the
S-week period during which the boards were left in the
laboratory at room temperature had given them time to
dry out conslderably.

No transverse recession was observed in any of the

samples.
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Recesslon of discoloration in a longitudinal dir-
ection was definitely observed in 2 samples out of the
4 which were tested in this way. The discoloration in

one was caused by Fomes Pinicola, and terminated in 3

short spires. The recession of apparent decay in these
3 spires varied from 1 to 2% inches. The discoloration

in the other specimen was caused by Polyporus sulphur-

eus. This specimen is shown in Plate IV. The recession
of discoloration in this single spire was between 3
and S5 inches.

In an attempt to detect whatever relationship might
exist between the recession of the dlscoloration and the
moisture content of the board, the first specimen dis-

cussed, which was infected by Fomes pinicola, was sub-

merged in a tank of water for 12 hours and then taken
out to dry. At this time some of the color seemed to
have returned to the area from which it receded prior
to the submersal. A few hours later the discoloration
in this board had again receded to the point at which
it was before the board was soaked in water.

In this paper, all conclusions concerning extent
of actual inclplent decay beyond apparent incipient decay
are based on materiael in which the limits of the dis-

coloration were marked within a day or so after the
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lumber had been sawed. In all cases, the limit of
apparent inclpient decay was considered to be the pen-
cilled outline, and not the edge of the discoloration

if recession had taken place.

SUMMARY

High grade Sitka spruce lumber is now in demand
for airplane construction, and with this in mind a study
was undertaken to determine the important fungl attack-
ing thls tree and the extent of hyphal penetration be-
yond the limits of discolorations caused by incipient
decay. Lumber showing discolorations in the heartwood
was collected at 3 mills in Oregon and Washington,
taken to the laboratory, and cultured in order to deter-
mine what fungl, if any, were present. The most import-

ant fungl seemed to be Fomes Pini, and F. Pinicola.

Four other fungl were isolated: Polyporus sulphureus

and 3 unldentified specles. P. Schweinitzil as well as

E. Pinl and F. Pinicola were observed in the field.
Microscopic examination, ultra-violet light,

acldity indicators, a combination of ultra-violet light

and acldity indicators, and a combination of ultra-
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violet light and hydrogen peroxide were used in attempts
to determine the extent of actual incipient decay beyond
apparent inciplient decay. The first method mentioned,
microscopic examination, proved to be the only success~
ful method employed. Other workers have found cultural
methods to give good results. The results of this ex-

amination indicated that the 2 white rots, Fomes Pini

and Unknown "B", produce no mycelium beyond the limits

of discoloration, while the hyphae of the 2 brown rots,

~F. Pinicola, and Polyporus sulphureus, were found to
extend beyond the limits of discoloration both trans-

versely and longitudinally.




Plate I. Map showling distribution of Sitka spruce.

Taken from Munns (18) Map 34, page 38.
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Plate II.

Section of Sitka spruce board infected with

Fomes Pinicola. Heavy stippled area rep-

resents apparent Ilncipient decay. Less
heavily stippled area represents actual incip-
lent decay.

Squares extending 1longltudinally and
transversely from area of apparent incipient
decay represents sections examined micro-

scopically for hyphae.
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Plate III.

A.

Ce

Mycelium of Fomes Pini in radial section of

heartwood. Cut from area where the advanced
stage of decay ends and the incipient stage
begins. Shows penetration of tracheid wall

by hypha, large and small mycelial strands, and

clamp connections.

Mycelium of Fomes Pinicola in radial section of

heartwood. Cut from area of apparent incipient
decay. Shows clamp connections and penetration
of tracheid by hyphae. Note penetration of
walls by branched mycelia in lower left.

Mycelium of Polyporus sulphureus in tangential

section of heartwood, cut from area of the incip-
lent stage of decay. Shows branching mycelium

and clamp connections.




Plate III




Plate IV. Spruce lumber infected with Polyporus

sulphureus. Advanced stage at bottom and

apparent incipient stage (outlined in
pencil) at top.



Plate IV




Plate Vo A. Fomes Pinl sporophore and advanced stage

of decay in Sitka spruce.

Be Fomes Pilnicola sporophore.




Plate V




Plate VI.

A.

Polyporus Schweinitzii sporophore on

Sitka spruce.

Polyporus sulphureus sporophore on

Sitka spruce.



Plate IV




Plate VII. A. 7 day old culture of Fomes Pinicola.

Be 52 day old culture of Fomes Pinicola.




Plate VII




Plate VIII. 14 day old culture of Polyporus sulphureus.




Plate VIII




Plate IX. 16 day old culture of fungus designated as

Unknown "B".



Plate IX




Plate X. A. 21 day old culture of fungus designated
as Unknown "A",

Be 30 day old culture of Fomes Pini.




Plate X




Plate XI.

A.

Be

Fomes Pinl conks on living Sitka

spruce tree. Photo by Englerth.

Fomes Plnicola sporophore and advanced

stage of decay on dead Sitka spruce.

Photo by Englerth




Plate XI



Plate XII. A. Cross section of Sitka spruce log showing
advanced stage of decay by Fomes Pini.

Photo by Englerth

B. Longitudinal section of Sitka spruce log
showing advanced stage of decay by Fomes
Pini. Conks are present on log. Fhoto

by Englerth.




Plate XII




Plate XIIT. Cross section of Sitka spruce butt log show-

ing advanced and early stages of decay by
Polyporus Schweinitzii. Photo by Englerth.




Plate XIII
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