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Technical Bulletin No. 779 May 1941

The Effect of Certain Heart Rot Fungi on the
Specific Gravity and Strength of Sitka
Spruce and Douglas-Fir’

By Tueopone (. ScHErrER,! associale pathologist, Division of Forest Pathology3
Bureaw of Plant Indusiry; T, R. C. WiLsox and R, ). L.txrorb, senior engineers,
Fgrest Products Laborutory, Forest Sceroice, and Carn Harrtuey, principal
pathologist, Division of Forest Pethology, Burean of Plant [ndustry
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INTRODUCTION

During:¢he first World War one of the most important problems in
the production of military aireralt was the proper selection of airplane
timber: Methods of selecting and grading employed for ordinary
_"—.J'-_-—

reeived for pubticalion Dee. 2, 140,
’f his buliclin i3 based on data collected by R, T Colley, formerly pathologist, Division of Forest Pa-
l:hulogy, T, R. C. Wilson, R. P, Luxford, and Carl Hartley. 1L is & eandensntion of the following reports
¥ whith cover the ree.pu.l.we datn more fuliy than tie present diseussion and if desired ean he made availabla:

Coreey, R, H,, HarTLey, CarL, Wikgox, T. R. O, and Luxrorn, R, F.  THE EFFECT OF HEART-ROTTING
FUNGT O CERTAIN PIITSICAL AND M ECIANICAL FROPERTIES OF SLK A SPRUCE AND DOUGLAS FiI#.  Bur. Plant
Indus. and Forest Serv. Rpt., % pp., dlus, s, [Typewritien.]

CoLLky, I, H,, Wisox, T. K, O, and Luxrokp, R. ¥. TIHE EFFECT OF FOLYFORUS ECNWEINITZH AND
TRAMETES FINI ON THE SUOCK HESISTANCE, COMIRESSION FARALLEL TO GRAIN STHENGTI, AND SPECIFIG
GRAVITY OF 5ITKA SPRUCE.  (Series 111} Pre]. 1,-243-01, 20 p, Hilug. 1925, [Typewritten |
. E. P, Meinecke, principal pathologist, formerly of the Division of Forest Pathology, initialed and super-
vized the field work gnd the general plnn of the laboratory work of the esrly part of thestudy.  In addition,
the following cooperated o nssisted in the study: €, Audeey Richards snd Alma AL, Waterman, of the
Division of Forest Patholory; B, E, Tubere, M. R. Hunt, A. 5. Rhoads, W. 1, 8ncll, and Minnie W, York,
%‘rﬁmr]y of the Division uf Forest Pntlmlo;y. and L. J. Matkwardesod J, £, New lin1, of the Forest Products

ahorator

3In coogaratlon with the Forest Products Lehoratcry, muiniuined hy the Forest Service, United States
Dfpartment of Agricwlture, ol Mudisen, Wis,, in eooperation with the Universicy of Wisconsio.
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lumber were not sufficiently exacting. The significance of stuins
and discolorations in wood, sueh as Sitka spruce (Picew sitchensis
(Bongard) Carriére) was practically unknown, and this fact was
particularly disturbing since some of the discolorations ware recognized
as manifestations of incipient infection by certain decay fungi. Be-
cause of this situation the Division of Forest Pathology, with the help
of the Forest Products Laboratory, undertool in 1918 g, study of the
specific gravity and strength in the heartwood of infectod Sitka spruce
and Douglas-fir (Pseudotruge tarifolic (LaMarck) Britton) trees, in
relation o the zones of decay and their visible characteristics, Deenys
selacted for detailed study were those caused by Fomes pind (Thore)
Lloyd (formerly known as Trametes pint (Thore) Fr.) and Folyporus
schweinitzit Fr., the two most important heart rot fungi attacking
western comifers (4} A small amount of work permitting Ihnited
conclusions was alse done on deeny in Douglas-fir caused by Fomes
larieis {Jack.) Murr,

The final effect of each of these fungi was known to be the complete
or almost complete destruction of the wood strueture. However, their
effect in earts or incipient stages in which the only visual evidence of
the presence of deeay is a slight stain or discoloration. was not known.,
Objectives of the study included quantitative evaluation of the effects
on various strength properties of decay in its various stages and some
exploration of the correlation between strength propertios and degrees
of decay as measured by visual eriterin or otherwise.

The earfiest results of the study were made available to the inspectors
of the Bureau of Aircralt Production, and some of them have boen
published (2, 8, 7). Subsequent resalts, emphusizing the general
effeets of decay on the specific gravity and strength of henrtwood. nre
presented love,  This study, w5 fay as is known, was the first intensive
nttemapt to measure the elects of decax on strength, and is perba ps
the most comprehiensive strength analvsis that has been made on
woud deeayed under natural conditions. ™ One of the most iluminating
of its unique features was a syatematic and extensive sampling of some
of the infected trunks, pormitting comparatively detniled graphice
analyses of the distribution of the decayed and sound wood and
associnted specifie gravity and strength values throughout the affected
portion of the tree. “

The main value of a study of decaved material taken from the
stending tree lies in the fuct that natural conditions are dealt witle
In recent years analyses of strength changes have been condueted o
wood artificially infected and deeayed in the taboratory (1. 5, 6, 9,
usually following hent sterilization. This method provides a way of
ascertaining tho strength-reducing potentialities of & particular fungus,
and it can be designed to give relinble data on certain progressive
effects of the decay. However, only by dealing with wood infected
in the tree is it possible to show the typical dispersion of heart rot
and of its effects about the zones of infection and in relation to the
sound wood.

TYPES OF DECAY STUDIED

Fomes pini produces a so-called white pocket rot, in the final stages
of which the heartwood characteristically is riddled with spindle-
shaped pockets that are lined with strands of nearly pure cellulose

{ Halie numbers in porentheses refer to Liferature Citesl, oM.
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extend vertically from 10 to 20 feet in advance of the development of
pockets, although 3.5 fect was found to be the average. The radial

L0AR £PPLIES QR RADIAL SURFACE

T

/

# <INFECTED
ALL SPECINENS 32 F 17 INCHES: SPAN 133 INCHES. THIRD FOINT LOACING

e v e LI

Fieons 2.--—-Toughness-test failures of Ritka spruce =pecimens infeeted with
Polyporus schureinitzii.  Speeiniens are grouped in order of relative {oughness,
with values for uninfected control speeimens taken as 100,

advance of the discoloration apparently is limited to 2 to 3 inchoes {4).
On the ends of the logs the arens of infected woud commonly are
crescent-shaped or circular.
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Polyporus schweinitzii produces a brown, crumbly rot, the wood
ultimately shrinking and cracking to form rough cubes that may
readily be crushed between the fingers (fig. 2). The incipient stage
is first denoted by a pale-yellow or brown discoloration that is often
difficult to detect, especiaﬁy after the wood is dry. In Douglas-fir
the incipient stage commonly extends longitudinally about 2 feet
beyond the typical stage, and sometimes as much as & feet (4). The
visibly infected wood is preceded for some distance by an invisible
zone of infection. On the ends of the logs the infected ares is circular
In outline, and in vertical section the rot column is roughly in the shape
of a cone, with the base at the butt of the tree.

Fomes laricis also produces a brown, crumbly rot. The incipient
stage is sccompanied by & brownish discolorstion that ususlly is
scarcely discernible. 'The incipient stage commonly extends more than
3 fest f:mgit.udinally beyond the typical decay and is itself preceded
by several inches of invisible infection. On the ends of logs the Tot
is essentially circular in outline.

METHODS

Three series of tests were made in all, each having the same general
objective but approsching the problem from somewhat different
angles. More attention is given to series 3 than to the others, be-
cause it was the most extensive and was so designed gs to give more
information and to permit a better presentation and interpretation
of the results. Where necessary, more detailed information than is
contained in the following general deseription of methods is given
with the presentation of results.

TasLe 1.—Essential characteristics of the 3 serics of decay studies

Moistura
. ) condition
Wood species Decay funpus | Maiching of specimens Kinds of test of spect-

1 mens whel
i tested

_‘ Fowrs piai ... . | Controls taken from ap- | Statie hending, im- ! Green and

; proximately the snme pack bendiog, com- nirdry.
itkn spruce | growth rings and st pression purzlie] to

Dougles-fir. - the same height a= the gmin, and specific

) ! infepted specimens. FTRVILY.
"\ Poluporus schirein- | Controls taken from ap-
iz, proximately the same

growth rings, in holts

above the infected

| specimens.

[ Fomea pini . | Controls taken irom ap- | Toughness and  spe-

i1 Pofyporus schiwein- ]zroxi?ntieiy the ?:ine cifle gravity,

. H=ii, growth rinms, in bolis

2 { Doughsfir above the infected

H ’ specimens.

! Fames lyricia Cantrols token from
sounsd outer wood at
the snme heieht oy in-
[ecied specimans,
henca not from same
. growth rincs.

‘[ Fnmex pini Caontrols taken from ap- | Toughness, eompres-
proximately the same sion parailel to grain,
mowth rings and g and sperific ervity,
the snme height os the
infected sprecimens.

Polyporus ackuein- | Controls taken from ap-

o, proximately the skme
growth rings, in halis
nhove the infected
speriniens.

Sitka spritee
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A summary of the principal charscteristics of the three series is
given in table 1,

In addition to the tests enumerated in table 1, tests of shearing
strength and hardness were included in series 3. Because these
tests were few in number and the resulting data inconclusive, they are
omitted from consideration in this bulletin.

SELECTION AND PREPARATION OF MATERIATL

The trees selected for study were obtained from coastal timber
stands of California and Oregon. All were felled with the greatest
care, not only to avoid breakage but also to minimize the chaneces of
any incipient failures whose effect might be confused with that of the
organisms being studied.

o orient the logs in the eutting-up process, guide lines weore marked
the full length of each. These lines were so drawn that they would be
continuous if the bolts cut from the logs were placed together in their
original positions. By similar appropriate marking, as the logs were
cub up, 1t was possibie to reconstruct schematically the relative po-
sitions of the individual test specimens and of the decay zones. In
all cases the boards were guarter-sawed so as to provide specimens
with faces as nearly radical and tangential as possible.

Effort was made to select material and to group data in such a
manner that infected wood would be compared with such sound wood
as could be sssumed to have the same average properties as the in-
fected wood possessed before the fungus attack. Thus, in order to
minimize the effect of natural differences, the comparisous were lim-
ited insofar as possible to sound and infected material from the same
growthrings. But, owing to differencesin the location and distribution
of the decays, the source of the controls varied. For example, Fomes
ping infected regions from which test specimens for series 1 and 3 were
taken tended toward a crescent shape in cross section and were situ-
ated to one side of the tree, & circumstance that made it possible to
use for contrels sound wood from approximately the same height in
the tree and from the same annual rings. On the other hand, the
Polyporus schweinitzii infection zones and those of F, pint in series 2
were circular in cross section and centrally located: hence it was
necessary to take the controls from sound wood above the infected
zones but, nevertheless, in approximately the same growth rings.  In
decay caused by F. laricis the distribution of the infection was es-
sentially like that of P. gschweinitzit, and the controls were, therefore,
obtained in a similar manner,

One or more of three methods were used Lo determine infeetion in
the bolts, boards, and specimens: Visual inspection, culture tests,
and microscopical examination. In tracing the boundaries of in-
fection small sections were taken from the estimated imits and either
examined microscopically or cultured on malt-extract agar. The re-
sults of the cultures were recorded as positive or negative, depending
on whether the fungus did or did not grow from the wood.

Specimens to be tested green, that eould not be handled promptly,
were submerged in water until needed. Specimens to be tested air
dry were stacked in & semicivcular arrangement on the floor in front
of two electric fans (series 1) or in open piles in & special conditioning
room {series 3) until an equilibrium condifion was reached. The
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moisture content of the specimens was determined from 2-inch sections
taken from near the region of {ailure in each stick, as soon as possible
after testing,

TesTiNe PROCEDURE AND IJEFINITION OF PRrOPERTIES STUDIED
STATIC-BENDING TESTS

For the static-bending tests, which were made only in series 1, the
specimens were 1 inch square and 23 inches long. These were tested
with equsl loads applied at the third points on a span of 21 inches, the
rate of deflection at thoss points being 0.15 inch per minute. The test
was discontinued when, after reaching a maximum, the load had
decreased to one-half its maximum velue. Properties computed {rom
these tests and considered in evaluating the effect of decay ave:

Modulus of rupture, which is a measure of the bending strength
under the particular conditions of test. Because infected and control
specimens were of the same size, the comparisons based on modulus of
rapture are, in effect, comparisons of the loads required to cause
failure.

Modulus of elasticity, which is a measure of the stiffness of the
wood, and which for specimens of the same size is proportional to the
load required to cause a specified small detlection, such as 6.1 inch for
specimens of the size used.

“Total work,” which is the work or energy (in units of inch-
pounds) absorbed by the specimen up to the point where the test
was discontinued.

IMPACT-BENDING TESTS

For the impact-bending tests, which were made only in series 1, the
specimens were 1 inch square and 23 inches long. They were tested
on & span of 21 inches by dropping & 25-pound weight or hammer so
shaped s to strike the specimen at both third points of the span.
Following an initial drop from a height of 1 inch the height was suc-
cessively increesed by I-inch inercments until complete failure of the
specimen occurred. The final height of drop was the value used in
eveluating the effect of decay.

COMPRESSION-PARALLEL-TQO-GRAIN TESTS

In the compression-parallel-tograin tests, which were made in
series 1 and 3, specimens were subjected to longitudinal compression
until & maximum load was reached. The specimens in series 1 were 1
inch square and 4 inches long and were compressed at the rate of
0.018 inch per minute. In series 3 the specimens were % of an inch
square and 31 inches long and were compressed at a rate of 0.10 inch
per minute. Maximum crushing strength, which is the maximum
load divided by the cross sectional area of the specimen, is the value
on which comparisons of sound and infected specimens are based.
The same comparisons would result if aetual maximum loads were
taken as the basis.

TOUGHNESS TESTS

In the toughness test the specimen is broken in bending by a single
impaet applied by a pendulum type of machine as shown in figure 3.
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Bearing blocks or rollers attached to a yoke around the specimen
applied the foree at the third points of the span in series 3 in which
the span was 134 inches with specimens % inch square by 17 inches

b

Fraurs 3-—Forest, Producis Laboratory toughness-testing maclane fitted with
Lhird-point loading apparatus: A, Close-up of apparatus for applying ‘oad; B,
view of complete maehine.

long.  Inseries 2 the force was applied at the center of a 10-ineh span,
the speemmens being % of an inch square by 12 inches Jong. The
pendulum is released from a predetermined angle and the angular
posilion 1o which it swings after the specimen is broken is vead from
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a graduated arc. From these known angles the heights of the center
of gravity of the pendulum assembly before release and after breaking
the specimen are found. The difference between these heights mults-
plied by the weight of the assembly is the energy absorbed by the
specimen and is the value on which the comparisons between sound
and infected specimens are based.

SPECIFIC-GRAVITY DETERMINATIONS

Specific-gravity determinations were made on each specimen sub-
jected to mechanical test in series 1, 2, and 3 and on spetimens for
special studies of specific gravity in. series 1.

In all instances the weight used in computing specific gravity was
that of the oven-dry wood. TFor series 1 the volume was that of the
oven-dry wood a2nd in series 2 and 3 the volume as measured when the
mechanical tests were made.

CORRELATION AMONG PROPERTIES

Attontion may be called to the fact that “total work’ as found {rom
static-bending tests, height of drop in impact bending, and the
values from the toughness test are all measures of “shock resistance”
or of the energy or work required to cause failure.  This depends not
only on the load required to break the specimen but on bow far the
piece can bend or defleet before breaking.

Repuction oF Data 1o PERCENTACE Basis

To simphfy the comparison of the properties of infected specimens

with those of sound material, the test value for cach infected picce

was expressed as a percentage of the average value for the proper

control grouF. This principle of reduction to a percentage hasis was
cas

applied in af
gravity.

Except in the series 1 studies of Fomes pint decay, no attempt was
made to combine the results from different trees. In the case of F.
pint it was possible to combine the results for the respective stages of
decay, which were comparatively well defined. But the decays by
Polyporus schweindtzii and F. laricis are essentially uniformly pro-
gressive and no pockets are formaod; consequently, they furnish no
common basis for grouping of values.

RESULTS

Errecr oF Fomes Pini o SPECIFIC GRAVITY aND StRENGTH AT DIF-
FERENT STacEs OoF DEcay anp Pocker Formation (Basep ox
Senies 1)

cs presented here exeept in certain analyses of specific

The effect of Fomes pini on strength in beneling and compression at
different stages of decay, as found from the tests of scries 1, is summa.-
rizod in figure 4.5 These data are based on an analysis of one Douglas-

& Ty enmbiting the percendnges, sinea they vra simpla rolies, the weighted geomelric mean (8) is used. In
avernging, a pereeninge based on 10 infected and 10 eontrol sticks would have s weight of 10 by ordinary pro-
cedure. Dut, o take it extreme ense, it is alvious thal n eomparkson based on 2 Infeeted sticks aml 18 eon-
trols, tho arithmetiea)l mean of which woild e 10, i no s relighle a8 8 compirison between the first 2 sels
mentioned, In samining up the data the seeond percentage, that based on the 2 infecied stieks am 8 con-
trols, must be yiven a lower weighl. T'he harmonic mean, the recipreeel of the nean of the reciprocals, in

this case B i—;—_—{_—lfmur 3.8, gives 8 weight proporlionul to the relinhility of the compdrisen,

27T05%—1—2
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fir and two Sitka spruce trees, However, it should be pointed out in
this conneetion that here and in the remainder of the study the trees
arc not completely represented in the zones sampled because of the
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connected by broken lines} trees infeoted with Fomes pini.  Values hased on
lesis of green speeimens are designated by letter &, Stages of infection desig-
nated by letters gre;: A, Early incipient decay; B, late incipient decay; €, deeay
with fow pockets; [, deeay with many pockels; and F, decay with very many
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necessity of disearding a large number of specimens having knots,
irregular grain, or some other defeet that would preclude » satisfactory
test,

Aside from a fvw neonsistencies, no definite explanation of which
is availabie, the general trend of the specific graviey and strength
properties of Sitka spruce is downward with inereasing severity of the
fungus attack. It may be noted particularly that this downward
trend is most abrupt for total work in statie bending and height of
drop in impact bending, both of which are measures of shoek resistance.
It is least apparent in specifie gravity and maximum crushing strength
in compression parallel to the grain.

In Douglns-fir, which is represented only in the two enrliest stages
of decay, the trend is in several instances the reverse of that expected,
and in some instances values hicher than for sound rmaterial are
indicated.  The reason for this anomaly is not known,

The results of a series of determinations of specific gravity in a dif-
ferent Sitka spruce tree infected with Fomes pind are summarized in
figure 3. The 22 blocks on which the determinations were made were

0350~ FOMES PINT
t: .
o485 - " - L] ..
T - il » - & -
T . »
s a90 }—
So3sf > g v
é ' POC;;ET.S‘ INCIPIENT DECAY Saurs
AVERAGE AVERAGE
¥ 00 L0426 AVERAGE 0.443 0440
In|
0235 1 1 1 1 ] I I ]

{ o
o £ g & 8 O l2 3 e 8 20
VERTICAL BISTANCE (FEET)
Fiovre 5—8pecific-gravily values of sound Sitka sprage wooel and that infeetnd
with Femes pini; progressing vertieally in the 1rank Mronn wood showing rypical
rot to sound woord,

taken consecutively along the frunk al intervals of approximately 1
foot. The samples represent matevial from the same growth rings.

There is no indication of a reduction in specific gravity until the
time of pocket formatlion.  After pecket formation the specific grav-
ity may decrease rapidly, although i the present ease this tendency
wis just becoming apparvent. In the ineipient stage of Fomes pini
decay, although not brought out by these specimens, one often finds
samples showing a greater density than the adjacent sound wood,
possibly beeause of an accumulation of exfractives in the ineipieni-
decay arcas,

EFFECT OF POLYPORUS ScHWEINITZIL 0N SPECIFIC GRAVITY AXD STRENGTH
AT Vanrtous Ihsrances LoNcrruniNanly 1v e TRUNK FROM THE
Zoxi oF Tyrcar, Dreay (Basep ox Series 1)

The resulis of & study of Polyperus selapeindtzil ave represented in
figure G,

From this figure it may be seen that the initial effcet of the decay on
strength in general tended to be somewhat greater than that by Fomes
pini (fig. 4). In the caseof the carliest decay, as represented by stage
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A for F. pini and by bolt 1 for Polyporus schweinitzii, the strength
changes were not greatly different except for shock resistance as meas-
ured by height of drop, which was considerably more affected by the
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Freure 6.—Mean relative sirength and specifie gravity values for specimens
taken from consecutive 28-inch bolts ranging from bolt 1 at the upper limits of
infection to bolt 4 having tylpical decuy &b its center, in Sitka spruce and Doug-
lns-Br trees decayed by Polyporus schweiniizii, The two graphs, the Jonger
one pertaining to air-dry and the shorter one to green specimens, represent a
spruce tree. The unattached dot opposite bolt 3 denotes the mean value for
air-dry specimens from bolts 2 and 4 of a second spruce. The cireles denote
mean value for specimens from bolts  and 4 of a Douglas-fir tree; the upper and
lower ones relate to air-dry and green specimens, respeetively, except that this
order is reversed for the impa.ct—henéing values, Control specimens were
from above the limit of the infeetion. 'The numbers near the bottom of each
section have the same significance as in figure 4.
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latter fungus. In the case of the Iate incipient decay, as represented
by stage B and possibly by bolt 2, the strength losses produced by
P, schaweinitzii were uniformly greater, though net slways very much
s0, than those produced by F. pini. Furgmr specific comparisons
cannot be attempied, and even the preceding ave made with some
hesttation as, even if the differences on the whole were more pronounced
and less variable, it is recognized that the assignment of analogous
stages of deeay to these two fungi, in o casc such as this one, where the
classification of specimens was on two different bases, is likely to be
a ¢uestionable procedure,

The results of a special set of specific-gravity deierminations on
specimens from n single Sithks spruce tree infeeted with Polyporus
schweinitzi are summarized i figure 7. Thirty-seven specimens were
tasken along the trunk, for the most part at intervals of 1 foot and
from the same growth rings.

The mean specific gravity for the infected picces ranged downward
to values, in wood that was typically rotted to & point whers it was
difficult to prepare specimens, about 19 pereent lower than those of

030 - POLYPORUS SCHWEINITZI
»

&
G

N v
INFECTED SOUND
RANGE 0.3¢ TG 042 I AVERAGE O.42¢
1 1 1 1 i I i ' L

(w3
s
o

>
s-..
%
&
8
2
X
8
g
Iq

|
G & B8 12 /6 20 24 28 32 36 ¢ 34
VERTICAL DISTANCE (FEET)

0258

Ticure 7.—Speeific-gravity values of Sitke spruce wood infected with Polyporus
schweinflzil; progressing veortically in the frunk from wood showing typical
rob Lo sound wood.

the sound wood. It is significant that reductions were found in the
most incipient stages of imfection, which is quite different from the
casc of Fomes pini as indieated in figure 5.

ErrecT or Foues Pmvi, Poryrorus Scrweinirzir, aNp Fomes Laricis
o SriciFic Gravery anp oN ToucHNESS AND ITs VARIABILITY AT
Various Ranrar Positions v Centranny Rorren TrRunks (Basep
ox Senics 2)

The mean relative toughness and specifie-gravity values obtained
in cach of four radially contiguous zones in infected Douglas-fiv trees
arc given in figure 8. Tach pair of curves represents a single log.

“Rot center’” signifies material from the typically rotted central
portion; *rot margin,”” material from just insule the boundary line
of the decayed portion; “scund margin is just cutside the margin of
infection and the material classified under this head includes enly
uninfected sticks; and “sound outer” cousists of sound pieces from &
iayer just outside the “sound margin.”

Controls for specimens from bolts infected with Fomes pind and
Polyporus schaveinitzii were takon m each case from an uninfected
bolt a short distance above the last infected bolt and from corres-
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ponding radial positions., Similar selection of controls was not possible
with F, laricis, since the logs were infected throughout their lengths,
Consequently, it was necessary fo take as controls pieces from the
“sound outer’” zone of log A and the “sound margin’ zone of log B.

Figure 8 indicates substantial reductions in toughness from “the
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Frounge 8.—Bpecific gravity gnd toughness and variation in toughness in Douglas-
fir logs, from the sound cuter wood to the infected centers at the same height.
Continuous lines connect toughness values and broken lines specific-gravity
values. All results expressed as percentage of the corresponding values for
sound wood, Diagrams A4, B, and ¢ represent logs attacked by Fomes pini,
Polyporus schweiniizii, and Fomes laricis, respectively.

_sound-~outer and sound-margin regions to the rot margin and exeept
for Fomes pini further decrease to the rot center. Specific gravity was
affected but slightly even at the rot center.

A graphie study of the variability in toughness values within these
sgine zones in the trunk also appears in figure 8. On a theoretical basis
one mijght suppose that the presence of a fungus, acting as an addi-
tional csuse, would result in a2 greater variation in strength. The
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respective graphs indicate that this may commonly be the case. Tt is
interesting to note, however, that this trend is not necessarily main-
tained progressively through all the stages of decay represented. Only
in the case of Fomes pini was the coefficient of variation greater in the
advanced-decay zone than it was in the marginal- or incipient-decay
Zone,

ErrECT oF PoLyrorus ScAWEINITZII AND FoMEes Prvi ox SpECIFIC GrAV-
1Y, Maximum CrusEivg STRENGTH IN COMPRESSION PARALLEL ToO
Graix, anp Touenness oF Woobn Bora LONGITUDINALLY AND Rabi-
ALLY LocaTED ApouT TEE ZONE OF INFECTION (BASED ON SERIES 3)

Two Sitka spruce trees were used for this portion of the study.
One tree had been butt-rotted by Polyporus schweinitzii and the other
had been infected in the trunk, about 75 feet from the ground, with
Fomes pini. The orientation and numbering of the boards that were
sawed out and of the test specimens in the boards are shown by
figure 8. Further details of the sizes of the trees and the parts used
in the investigation are shown in figures accompanying the presentation
of results.

Because of space limitations, it is not practicable to show all the
data on which the conclusions will be based; the samples chosen are
typical of the results as o whole.

The circumference of the top dingram represents one annual growth
ring that circumscribed all infected material as well as all =ound
material supplying control specimens. This ring was used as a guide
ring from which the position of each specimen was measured,

POLYPORUS SCHWEINITZII

Figure 10 shows in its central portion a cross section and a longi-
tudinal scction of the Sitka spruce tree infected with Polyporus
schweinitzii. The portion of the frunk investigated was the central
cylinder enclosing the portion of the rot column above the level a—b
and extending sbove it into sound wood to the level ¢-d. This was
divided longitudinally into seven boits, A-1 to A-4 and B~ to B-3,
each of which was subdivided into boards and specimens as indicated
in figure 9. The bolt designations as placed in the diagram indicate
the midheights of the respective bolts. Figure 11, presenting cross-
sectional diagrams of bolts A-7 and A-2, further llustrates the
methods followed in analyzing and picturing the results,

The following procedure was used in preparing such disgrams.
Test vslues for all specimens at the same distance from the outer
boundary, guide ring, in each of the sound bolts B-1 to B-8 were
averaged. These averages were then combined to give a eontrol
value for specimnens st that distance from the boundary. The test
value for each specimen, whether sound or infected, in bolts A-f
to A-4 was then divided by the corresponding control value and the
resulting ratio entered in a diagram, like those of figure 11, in the
space indicating the position of the specimen in the cross section. In
each such disgram “contours” were then drawn to enclose all ratios
withdvalues less than the percentage by which the contour is desig-
nated,
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-DIAGRAM SHOYYING HOVY TREES 3 AND 9 WERE CUT INTD
BOARLS ANE SPECIIENS
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Fizore 9.—Diagram showing how trecs of fest series 3 weve cut into bolts, boards,
aad test specimmens. At the top is a cross-sectional dingram of a trunk showing
positions and numbering of the fest boards, from trees 3 and 9. The numersls
1 to 6 outside the cireumference mark the torminals of the Lhree guide ot refer-
ence lines. The two lower dizgrams show represcntasiive boards from each
tree, 3 and 9, with distribution of specimens. A, B, €, and 7 designate the
&sitions of bolts in the trunk and A-1, A-2, 4-8, ete., sub-bolts in the respoetive

1ts. The (z) blocks were used for cultural analvsis of the presence of infection.
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Fisore 10.—Longitudinal-section diagrams of the tested parts of a Sitka apruce

tree infected with Polyporus schweinitzi?, showing location of infeeted material
and sub-bolts, and contours of specific gravity and toughness, Toughness
values are expressed as percentages of control values, ‘The diagram at the
middle center represents a longitudinal plane passing through hoards 12 and 36
(disgrammed in fig. 9, top}, the region of infection beint indicated by shading,

he diagram at the lower center represents A crogs section through the tree at
e~b and indieates the positions of longitudinal seetions shown in the outer
four figures. The heavy continuous line in each ease indicates definitely
established limits of infeetion. The broken portion of these same Hies and of
the contour lines indicates the approximate limits, which could not be aceurately
drawn because of lack of data.




18 TECHNICAL BULLETIN 779, U. 5. DEPT. OF AGRICULTTRE

TOUGHNESS

SRR A
O L T

IGure 11.—Cross-sectional diagrans of sub-bolts A—f and 4-2 of a Sitka spruce
tree infected with Pelyperus schweinilzil, showing contour lines delimiting
approximate zones of equai-decay effects on toughness, maximum ecrushing
strength, and speeific gravity. Values are expressed as percentages of control
values, The circumferenees of these diagrams represent the guide ring (fig.
9, top). Dots mark the positions of spechnens that contained infection.
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In sub-bolt A—I (figs. 10 and 11), which contained the greatest
amount of decay in the material studied, it may be noted that a con-
siderable area of the cross section depicting toughness lies within the
contour bounding wood that retained no more than 5 percent of the
original value. The ares within the 5-percent contour in sub-bolt
A-2 is considerably smaller, and in sub-bolt 4-4 (not represented in
figure 11), which was nesar the limit of the infection, there were no
values as low as b percent, the lowest being about 20 percent.

Both the cross-seetional and the longitudinal disgrams indicate close
agreement between the limit of infection and the 80-percent contour
lines for toughness. Apparently a reduction of at least 20 percent in
toughness can be expected in Sitka spruce in which infection with
Polyporus schweinitzii has progressed only to the point where it can be
detected by microscope or culture.

The reduction in maximum erushing strength caused by Polyporus
schweinifzii, shown in figure 11, was much less than the reduction in
toughness. Although the contours are bused on fewer tests and are
therefore not so accurately placed as the toughness contours, a striking
difference between these two properties with respect to the amount of
decrease caused by the fungus is nevertheless indicated. Although m
exceptional cases a reduction to 40 or 50 percent of the original com-
pression value was found. most of the values are outside the 70-percent
contour lines.

The average specific gravity of the heavily decayed wood was
approximately 90 percent of its original value, and the average tough-
ness in the same region only about 5 percent of its original value. In
the most severely decayed wood specific gravity and toughness were
about 80 percent and I percent of their original values, respectively.

FOMES PINI

Longitudinal and cross-sectional diagrams of the Sitka spruce tree
infected with Fomes pind are shown in figure 12. DBecause the dis-
tribution of this decay differed from that of Polyporus schweiniteis, a
different procedure was followed in studying and picturing the results.
Each bolt tested contained sound and infected wood and was treated
a3 & unit in the analysis. The average of all sound specimens at
approximately the same distance from the guide ring was first deter-
mined snd then the test value for each specimen et this distance,
whether sound or infected, was divided by the average to give a ratio
which, as in the case of P. schweinitzis, was entercd in the praper
position in a cross-sectional diagram_ All such ratios lying on the
same radius weve then aversged, separately for sound and infected
specimens, to provide values such as are plotted in figure 11, where
the value of each average ratio is indicated by distance from the
center of the diagram.

The difference between the presentation on the basis just described
and by contours, as with Polyporus schweinitzii, should be clearly
kept in mind in interpreting the results. To avoid confusion it 1s
further pointed out that intensity of Fomes pint decay with respect
to sub-bolt number happens to be the reverse of that for P, schweinitzii,
because the portion of the F. pini decay studied was developing down-
ward toward the butt of the tree whereas the P. schweinitzin decay
was developing upward from the buit,
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The diagrams of figure 13 indicate that in the ecarly stages of in-
fection (sub-bolt A-8) the losses in toughness on the whole were about
20 to 30 percent, losses in maximum crushing strength about 10 to 20
percent, snd reductions in specific gravity did not exceed about 10
pereent, In view of the fact that the values for uninfected material
within the same region were on the whole considerablylower than the
control values, the apparent deficiency in toughness is probably not
due to the decay slone.
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Fraore 12.—Longitudinal-section disgrams showing mean values (expressed as
percentages of control values) of toughness, maximum crushing strength, and
specific gravity for infected and uninfected speciinens from the parts of boards
6 and 30 in sll sub-bolts tested in the Fomes pini infected spruce.  The orienta-
tion of hoards 6 and 30 with respect fo the region of deeay is shown at the lower
left, in the circular cross-sectional diagram representing the poind of maximum
area of decay. The boundary of this diagram is the guide ring (fig. 9, top).

The strength of the wood in the maximum stage of decay tested is
represented %y board 4 in sub-bolt C-3 {fig. 13). The average losses
found here amounted to 95 percent in toughness, 67 percent 1n maxi-
mum crushing strength, and 33 percent in specific gravity. Tough-
ness in the most severcly decayed wood, specimens of which could be
broken by hand, was virtually zcro, and maximum crushing strength
was only about 2 percent of the contrel value.

A graphic summary of the relation of relative toughness, maximuin
crushing strength, and specific gravity in the region of greatest in-
fection at different heights in the tree is given by the longitudinal-
section diagram of figure 12, The plotted values are averages only
for the portions of boards represented and mot for complete cross
sections of the tree.




Figune 13.—DLiffect of Fomes pini on Sitks spruce. Polar
mean relative values {(percentages of control) for sub-bolts
refer to the infected specimens and circles to the uninfected spe
terna! numbers designsate individual boards, as outlined in figure

' e
position of the sub-bolts with respeet to the region of deca; 2y € seen in
figura 12, left.




22 TECHNICAL BULLETIN 779, U. 8 DEPT. OF AGRICULTURE

The toughness and maximum crushing-strength values representing
bolt (-3 disciose decided reductions, whereas the specific gravity value
indicates little reduction. However, if a single specimen containing
 large quantily of resin had been omitted, as was done in the case-of
the cross-scetionsl analysis of this sub-bolt (fig. 13) the reduction in
specific gravity would appear to have been about 30 percent.

In figures 1 and 2 typical test specimens are grouped according to
the pereentages of original toughness strength that they retained.
Tt is apparent from figure 2 that although there is a progressive in-
crease of brittle appearance of the failures in passing from the sound
maicerial to that which is most decaved by Polyporus schweinitzii and
of lowest toughness, there is liltle correlation between the appearance
of the unbreken parts and the degree of deeny or loss of toughness.
However, in the case of the Fomes pint specimens (fig, 1), it may be
noted that the extent of pocket formation definitely parallels the re-
duction in toughness,

CONCLI’SIONS AND SUMMARY

The only visual mdications of the presence of Polyporus schweinilzii
are yellowish longitudinal streaks in the wood in the very early stages
of decay and light brownish discolorations in somewhat later stages.
Finally the infected wood breaks up into cubical masses. In the
early stages of Fumes pini infection Douglas-fir and Sitka spruce be-
come reddish brown, while the later stages are charncterized by the
presence of the white pockets typical for this fungus.

The progress of strength reduction by Pelyporus schaceinit=ii is not
marked by any definite changes in the appearance of the wood.
There are, of course, marked differences between slightly infected and
badly decaved material, but elassification into definite strength groups
on the basis of appearance would be guite uncertain and subject to
large error.  In ather words, there are no sharp breaks or signposts
in the gradation of color or other visual characteristies from perfectly
sound to decaved wood. These statements also apply to Fomes
laricis, which resembles P, schweinitzid i its offect on wood. Onthe
other hand, the beginning of the formation of white pocliets marks a
fairly definite stage in the progress of strength reduction by F. pind
and can be used as a guide.

Although there is a progressive increase of brittle appearance of
the failures in passing {from the sound material to that which is most
decayed by Polyporus schweinitzid and of lowest toughness, there is
little correlation between the appearance of the wood and the degree
of decay or loss of toughness. However, in the case of the Fomes
pini specimens, the extent of pocket formation definitely parallels
the reduction in toughness,

The initial effects of decay by Polyporus schweinitzii were greater
than those by Fomes pini, particularly on the toughness of the wood.
At the outer limit of P, schweinitziz infection a reductionin the tough-
ness of Sitka spruce of approximately 20 percent was found, whereas
a similar reduetion in toughness due to F. pint would not be expected
ordinarily before the formation of the white pockets. It is concluded
that a reduction of at least 20 percent in toughness, as measured by
shock resistance, ean be expected in Sitka spruce in which infection
by P. schweinitzii has progressed no more than to the point where it
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can be detected by microscope or culture; furthermore, that, in general,
wood showing the incipient stage of F. pini decay, known commercially
as firm red heart, Wiﬁ3 show losses in maximum crushing strength in
compression parallel to grain and modulus of rupture in static bending
not much greater than 10 or 15 percent and, at least when dry, no
more than & 10 to 25 percent loss in impact bending up te¢ “he time the
pockets are formed.

Specific gravity was not, greatly affected in the incipient stages of
decey by Fomes pini, whereas there was evidence of an essentiully
uniferm decrease in specific gravity from the zone of earliest decay
to the zone of greatest decay by Polyporus schiweinitzii. However, 1t
is doubtful whether anyone, if limited strictly to a study of the specific
gravity data, in the light of awvailable information on the normal
variations of specific gravity, would suspect the presence of P.
schweinitzii decay in the upper 6 feet of the infected portion of the
trunk or would be able to determine the boundaries of infections.

Judging from the more extensive results of the tests of series 3,
average reductions by Polyporus schweinilzii in the most severely
attacked wood included in the tests were about 10 percent in specific
gravity, 30 percent in maximum crushing strength in compression
paraile] to grain, and 95 percent in toughness, as compared with
reductions by Fomes pini in the late pocket stage of about 30 percent,
70 percent, and 95 percent, respectively. Thusitis evident that under
the action of the same fungus the several mechanical properties suffer
different percentage reductions and that the relation between any two
strength properties with respect to loss from fungus action varies
with the fungus in question. Consequently a study of the effect of
one fungus on the several properties and the effect of a second fungus
on a single property does not form a reliable basis for estimating the
effect of the latter fungus on the other properties.

Tests made on wood in the green condition seemed to show more
effect by the fungt than when they were made on dry woed, although
the differences were not large.

Although Fomes pini and Polyporus schwetnitzii both cause large
Teductions in strength in advanced stages of their development, sound
wood close to an infected ares is normal in strength properties. This
indicates that a large part of the material from somewhat decayed
trees is of as high quality as material from perfectly sound trees and
can be safely used even where strength is of high importance, pro-
vided that the limits of decay are esta.b%ish ed.

From the analysis of variability it seems safe to conclude that there
was 8 tendency, aithough not a consistent one, toward greater coeffi-
cient of variation in toughness as & result of decay by all three fungi
studied. In the case of Fomes laricis, however, this tendency was not
apparent further than the outermost zone of decay, the variability in
the deeper rotted portions, although greater than in the sound wood,
being cansiderably less than in the marginal decay.

The large reductions in strength and, particularly, shock resistance
caused by Polyporus schweinilziy even in its early ctages, and with no
appreciable reduction in specific gravity or change in appearance illus-
trate the necessity of some test by which the very earliest stages of
decay can be detected. Some staining method would be the most
useful from a practical standpoint. It is therefore desirable thut a
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comprehensive search he made for reagents that might serve such o
purpose, dealing not only with P. schweinilzit but with other decay
fungi as well.

Some method which ean be relied upon to select suitable material
where maximutn strength is essentinl is most urgently needed. On
the basis of present knowledge some mechanieal test using representa-
tive samples * of the stock under consideration seems to offer the
most promise. Because shock resistance is the mechanieal property
whicl is affocted first and (o the largest extent by fungus attack, a
test that will give a measure of this property is the most desirable.
The toughness test previously mentioned in this bulletin {p. 7) has
been found 1o he the simplest and the most rapid test of this kind, and
it is recommended as a most important aid in selection. It is impor-
{ant, however, that the test be accompanied by a careful visual
examination of the material and supplemented by specific gravity
determinations.
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