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The Effect of Certain Heart Rot Fungi on the 

Specific Gravity and Strength of Sitka 


Spruce and Douglas-Fir l 
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Bureau of Plant Industry; T. H. C. 'YrLHoN and IL F. LUXFORD, senior engineers, 
Forest Products Laboratory, Forest Service, allel CARl, HARTLEY, principal 
pathologist, Division of Forest Pathology, BllrealL of Plant Industry 
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INTRODUCTION 

DuriI1g~the first World \Yar one of the most important problems in 
the prod.llction of military aircmft was the proper selection of airplane 
timb~r:' Methods of selecting and grading employed for ordinary 

.. .[ I 

L.,R.e1eived for publication Dec. 2, 1940• 
.6"l'his bulletin is based on data collected by R. IT. ('olley, formerly patholo~ist, Division of Forest Pa

,"V1ology, T. R. C. Wilson, R. )'. Luxford, IIncl Carl Hartley. It is a condensation of the following reports 
\( which cover the respective data more fully thlln the present discussion and iC desired can he made availahle: 

COLLEY, R. H.,liAItTLEY, CARl., WILSON, 'I'. R. C.,and LUXFORD, R. F. THE EFFECT OF II EMtT-1I0TTIlHl 
FUNGI ON CERTAIN P[[YSICAI.AND MECHANICAl. l'UOPEttTIEs 0" st rEA SPttUCE AND !'OUGLAS Fill. Bnr_ Plant 
IndllS. and Forest Sen'. Rpt., 99 pp., i11l1s. 1\1;16. (TnlCwritten.] 

COLLEY, R. H., Wrr.soN, T. R. C'., and LUXFORD, R. 1<'. TilE EFFECT OF POLYPORUSOCHWEINIT7.11 AND 
11lAMETES PINION TilE SHOCK: RESISTANCE, CO~fI'R£SSJON PAUAI.I.EL TO GUAIN STHENGTII. A:SO SPECIFIC 
GRAVITY OF SITKA SPU UCE. (Series 11 £) J'n.j. 1,-243-J I, 211 JlP., iIIus. 1925. ['1'ypewritten.] 
.: E. P. Meinecke, princ:ipal pathologist, formerly of the Division of Forest PatholoJ!;y, initiated and super
vised the field work and the general plan of the laboratory work of tho early part of thustudy. In addition, 
the following Coollllfllted or assisted in the study: C. Audrey Richards and Alma M. Waterman, of the 
Division of Forest Pathology; E. E. Hubert, N. R. liunt, A. S. Rhoads, W. H. Snell, and lI{innie W. York, 
fonnerly of the Division vf Forest Pathology; and L. J. Markwardt and J. A. Newlin, of the Forest l'roducts 
Laboratory.

31n cooperation with the Forest Products Laboratr;ry, maintained by the Foresl; Service, 'Fnited States 
Dlipartment of Agriculture, at Madison, Wis., in cooperation with the l'niversi!;' of Wisconsin. 
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lumber were not sufficiently exacting, The significance of stains 
and discolorations in wood, such as Sitka E;iJruce (Picea, sitchensi.<; 
(Bongard) Carriere) was practically unknown, and this fact was 
particulurly disturbing since some of the dli3colomtionR wl're 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 Laborntory, undertook in lUIS a study of the 
specific grayity und strength in the heartwood of infectrd Sitka spl'Uce 
and Douglas-fir (Psnulat81LfJa ta,l'ijolia, (Ln~Inr('k) Britton) trl'rs, in 
l'rlnJioll to the zonrs of drcn:y und their visible clta l'flctt'ristics. Dt'cavs 
srlocted for drtailed study ~wrre those cHusrd by POIIII'8 pini (ThOl~e) 
Lloyd (formerly kllown ns Tramd(:s 7)ini (TllOn') Fr.) Hnd Po/ypol'us 
sclnveinitzii Fr., the two most importnnt brHrt rot fungi attacking 
westrl'l1 conifNs (4),4 A smull amount of work prl'mitting limited 
conclusions was nls(; dOlll' on drcuy in Douglas-fir CHUSNI by Fames 
[arid."! (,IHek.) l\furI'. 

The tlnul efl't'et of t'llch of thrsr fungi W!lS known to hr tll(' complrte 
or almost compll'tc drstl'uction of tlIP wood structure, Howr\"('r, their 
effect in en.d··,: or incipit'nt stn~('s in which the only 'dsnnl ryidt'llee of 
the pl'rsrncc of drcny is a sli~ht stnin or discolorntion, wns not known, 
Objectives of the study included qU:ll1titnti\'e e\'nluutiol1 of the efl'ects 
on vnrious strl'n~Lh properties of dl'eay in its YUl'iolls stngrs and some 
('xplorlltio!l of the corn'hltioll hpt\n'('11 stl'rll~th pl'Oprrtil's nnd dt'grpes 
of deel1,y ns Jl1l'n:;llrNI by yiSlI:ll criteria 01' otherw1s(', 

The earlirst; ]'('slll ts or tltr study Wl'l'P mudc ilYlliln blp to tlJr illspectors 
of the Buren II of Aircrn ft Prod uctiOIl, Hild SOUl{' of thell1 hn n" brrl1 
publishl'd (J, 3, 7). Subsrqlll'llt results, rmphasizin~ tll(' gl'!1ernl 
l'O'rcts of dpcny on the sppeific gnl\'it,Y and stl'rll~tli of hr:l1twood, nrc 
prrsrllkd L\{'l'r. 'fhis stlld~', ~'.J J:ll liS is known, WliS the fir:;t illtensi\'e 
utt('mpt to 11It':lSU1'C the effect:; of d('('n~' on str't'ngth, HlllL is pcdwps 
the most COll1pl'l,jl('n:;i Ye ~ trpngth annl~'sis t11:1t has bt'rn nwde on 
wood, dpcnyed undpl'll:tt,urtlL ('ollditiolls. Onr of till' Illo;;t illuminnt.ing 
or its unique frlltul'l'S wns n, s,Yst(,lll:l tic nnd ('xtt'1lsin' ;;ampling 01' some 
of the jnfl'('tl'd tl'ullks, 1)( l'llIiLti1l~ eOlllp:ll'nti\,t'I~' dptnilrd graphic 
nnnlyst's of til(> distribution of the dt'l':lyrd :lnd sound wood nnd 
Ilssocintrll spr('ific gl':l\-itr nnd strt'ngth ynfurs through(wt rh(' :drt'cted 
portion of the trl'l'. ., 

The main vnhlt' of a study of (}Pcnwd mntNinl tnkt'll from the 
standing tret' lies in the fnet ~thnt llutl.lrnl conditiolls nrr rlenlt with. 
In recent yenrs Hnnlysrs of strrngth ehnnges h:we hrt'J] ('ondueted on 
wooclartificially ilJf('etrd illlll dr('nyrd in the Inhorntory (1, 5, 6, 9), 
usually following ]l{'nt sterilization, This method pro\'ides n. wnyof 
nsccl'tllining the stl'rngtli-I'('(Jucing potrntinlities of n pl1l'ticulnr fungus, 
lind it CtUl be designed to giye l'rlinblc dntl1 on eertnin progressive 
effects of the decay, Howewr, only by denling with wood infected 
in the trt'e is it possible to show tlle typicnl disprrsiOll of heart rot 
and of its effrcts nbout the zones of infection nnd in relation to the 
sound wood. 

TYPES OF DECAY STUDIED 

Fomes pini produces n. so-cnlled white pocket rot, in the finnl stages 
of which the henrtwood chnmcteristicuUy is riddled with spindle
shnped pockets that nre lined with strands of nenrly pure cellulose 

• Italic numbers in pllrentheses refer to Literature Cited, p. 24. 
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extend ycrtically from 10 to 20 feet in advance of the development of 
pockets, although 3,5 feet wns found to be the avernge, The rndial 

LOAD APPLIED ON TANHNTlAL SURFACE LOAD APPlIED ON RADIAL SURfACE 

FIGUlm 2,-Tou~hlleHs-te"t failul't'H of Hit ka :<prllce ~pecilll(,ll>i infected with 
Poll/porus schu'/'im'lzN, Specilllcm; are ~rouped in order of relative toughness, 
with ,'alne" for uninfccted control "pecimcns taken as 100, 

ad\'ance of the dis('olorntioll upparently is limited to 2 to 3 illclit's (4.), 
On the ends of the 10f;S the areas of infected wood commonly nrc 
cresc('ut-shnped 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, especially 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 8 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 area 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 accompanied by a bmwnish discoloration that usually is 
scarcely discernible. The incipient stage commonly extends more than 
3 feet longitudinally beyond the typical decay and is itself preceded 
by several inches of invisible infection. On the ends of logs the rot 
is essentially circular in outline. 

METHODS 

Three series of tests were made in all, each having the same general 
objective but approaching the problem from somew.hat different 
angles. More attention is given to series 3 than to the others, be
cause it was the most extensive and was so designed as 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 description of methods IS given 
with the presentation of results. 

TABLE I.-Essential charactedstics of the 3 series of decay studies 
.~~'" ---.-~--------, 

Moisture 
Test ;, condition 
series Wood species - Decay fungus I :\-[alching of specimens Kinds of lest of speci-
No. mens when 

tested
f ! 

Controls taken from ap- Static bending, im- Green and; 0111'.' PI'I" ____ : __ proximately the same pact bending, com- !lir-dr~-. 

1 {Sitka spm!'e growth rings and at pression parallel W 
, DO:lglns·tlr __ the same height as the grain, and specific

infected specimens. gn....ity. 
I Polyporu& schu-el7l- Controls taken from ap

r .. 
i ilzii. 	 proximately the sume 

growth rings, in holts 
a bove the infected 
specimens.

Controls taken from ap- Tou~hness and spe· Green. 
, P~IVp'oru.. 8chwein- proximately the same eifie gravity. 

,1:11. growth rings, in bolt.s 
21 Dougl,s·fir nbo\'e the Infected

t··,,", 

specimens. 
Fnllltw laTicis~ Controls taken from 

sound out~r wood at 
the Slime hei~ht n~ in
fected specimens;
hence not from sume 

I growth rings. 
Toughness, eompres- Alr-dry. 

, 

r'"" ,,", C,",m',,"'" ""m0,proximately the same sian parallel to grain, 
' growth rin~s and lit ond specific Itnl\'lty. 

3 Ritkn spruce the same height as the 
infected specimens. 

P01YPOTll., ... hll'ein- Controls tllken from op-
I itzii. proximately the same i j!rowth rines. in holts 

nhove the infected 
spe('jmeD~.

i f 
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A summary of the principnl characteristics of the three series IS 
given in table 1. 

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

SELECTION A:l'\':O PREPARATION OF :MATERJAL 

The trees sell'cted for study were obtainl'd from coastal timber 
stands of California and Oregon. All wPre felled with the greatest 
care, not only to avoid brcakage but also to minimize the chnnces of 
any incipient failure'S whosc effeet might be confused with that of the 
organisms being studied. 

To orient the logs in the cutting-up process, guide lines were marked 
the full length of each. Th<.'sc lines were so drawn that tlH'Y would be 
continuous if the bolts cut from the logs w<.'re placed togl'til('l' in th<.'ir 
original positions. By similar appropriate marking, as the logs were 
cut up, it was possible to reconstruct schematically the rl'lative po
sitions of the individual test specimens and of the decay zones. In 
all cases the boards were quarter-sawed so as to provide specim<.'ns 
with faces as nearly Tadical and tangential as possible. 

Effort was made to select material and to group data in such a 
mnnn<.'r that infected wood would be compared with such sound wood 
as could be assumed 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 comparisons were lim
ited insofar as possible to sound and infect('(1. material from the snme 
growth rings. But, owing to diffl'rencesin the location and distribution 
of the d<.'cays, the soun'e of the controls varied. For example, Fomes 
p·ini infect<.'d regions from which t<.'st 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, a circumstance that made it possible to 
use for controls sound "..-ood 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. pini 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. echweinitzii, and the controls were, therefore, 
obtained in a similar manner. 

One or more of three methods were used to determilll~ infection 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 limits and either 
examined microscopically or cultured on malt-extrnct agar. The re
sults of the cultures were recorded as posith'e or negative, depending 
on whether the fungus did or did not grow from the wood. 

Specimens to be test<.'d green, that could not be handled promptly, 
were submerged in ,vatl'[' until need('d. Sp('cimens to be tested air 
dry were stack('d in a sl'micit,C'tIlar arrangl'ml'nt on the floor in front 
of two electric fans (series 1) or in OP(,1l pill'S in a spl'cial conditioning 
room (series 3) until an equilibrium condition was reached. The 
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moisture content of the specimens was determined from 2-inch sections 
taken from near the region of failure in each stick, as soon us possible 
after testjng. 

TESTL."<G PROCEDURE AND DEFINITION OF PROPERTIES STUDIED 

STATIC-BENDING TESTS 

For the sliatic-bending tests, which were made only in series 1, the 
specimens were 1 inch square and 23 inches long. These were tested 
with equo:lloads applied at the third points on a span of 21 inches, the 
rate of deflection at those points being 0.15 inch per minute. The test 
was discontinued when, after reaching a ma::dmum, the load had 
decreased to one-half its maximum value. Properties computed from 
these tests amI considere(t in evaluating the effect of decay are: 

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 
rnpture 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 speciiied small detlection, such as 0.1 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 a span of 21 inches by dropping a 25-pound weight or hammer so 
shaped as 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 increased by I-inch increments until complete failure of the 
specimen occurred. The final height of drop was the value used in 
evaluating the effect of decay. 

COMPRESSION-PARALLEL-TO-GRAIN TESTS 

In the compression-parallel-to-grain tests, which were made in 
series 1 and 3, specimens were subjected to longitudinal compresl'ion 
until a maxinlUm 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 3% 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 actual maximum loads were 
taken as the basis. 

TOUGHNESS TESTS 

In tIll' toughness h'st the spl'cimen is broken in b('nding by a single 
impact applied by a pendulum type of machine as shown in figure 3. 
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Bearing blocks or rollers attach(>d to a yoke> around the spl'cinwll 
applipd the forc(' at the third points of th(' span ill sPI'ips 3 in which 
thl' span was 13~ indH's with sp!'ciml'l1s %inch square by 17 inehes 

FIGUUE 3.-Fore,;t, Product.s Laboratory toughne;;s-testing lllucLll1c fitted with 
third-point loudill~ apparatu;;: A, Close-up of apparatus for applyill:': 'oad; B, 
view of complete machine. 

101lg. In sPl'ics 2 tbe force was appli('d at the C('l1tl'r of a lO-inch span, 
thc spc·eimcns bping %of an inch squarc by 12 in('hes long. The 
p('ll(lulum is l'pkased from a Plwlctl'I'miIlPd angle and the angular 
position to wilieh it swings ufter the spl'dmcll is broken is rend from 
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a graduated arc. From th('se known angles the heights of the center 
of gravity of the pendulum assembly bl'fore release and after breaking 
the specimen are found. The difi'('r('nce between these heights multi
plied by the weight of the assl'mbly is the energy absorbed by the 
specimen and is the value on which the eomparisons between sound 
and infected specimens are based. 

SPECIFIC-GRAVITY D ETEIL"\IIN A TIONS 

Specific-gravity determinations w('re made on each specimen sub
jected to mechanical test in series 1, 2, and 3 and on specimens for 
special studies of specific gravity in seri('s l. 

In all instances the weight used in computing specific gravity was 
that of th(' oven-dry wood. For seri('s 1 the volume was that of the 
oven-dry wood and in series 2 and 3 the volume as measured when the 
mechanical tests were made. 

CORHELA.TION A~IONG PROPERTIES 

Attention may be ca.ll('d to the fn.et that "total work" as found from 
static-bending tests, height of drop in impact bending, and the 
values from the toughness h'st are all Jl1<'aSllr('s of "shock r('sistnnce" 
or of the energy or work required to cause failut'e. This d('pends not 
only on the load required to bn'ak the specimen bllt on how far the 
piece can bend or deflect before bl'caking, 

REDUCTION OF DATA TO PERCENTAGE BASIS 

To simplify the comparison of the prop('rties of infectrd sp('cim('ns 
with tho!3e of sOllnd material, the t('st value for each "infet'ted piece 
was expressed as a percentnge of the average value for the pl'op('r 
control group. This principle of reduction to a p('rc('ntng(' basis was 
uppl~ed in all cases presented ht,l'l' ('xcept in Ct'rtl1illllnalys('s of specific 
graVIty.

Except in the series 1 studi('s of Fome8 pini decay, no att('mpt was 
made to combine the results from dift'ert-nt tret'S, In the case of F. 
pini it was possible to combine the l'('sults for the respective stages of 
decay, which were comparatively well d('fined. But the d('cays by 
Polyporus schweinitzii and F. laricis are essentially uniformly pro
gressive and no pockets are fOlm~d; consequently, they fU11Iish nO 
common basis for grouping of vnIues. 

RESUT"TS 

EFFECT OF FOMES PINION SPECIFIC GRAVITY AND STRENGTH AT DIF
FERENT STAGES OF DECAY ANI) POCKET ];~ORMATION (BASED ON 

SERIES 1) 

TIl(' ('fi'l'('t of Fomes pini on strength in b('nding a.nd compr('ssion a.t 
different stag('s of d('cay, as found from the tl'sts of s{'ril's 1, is summa
rizl'd in figure 4,6 Th('se dahl. are bus{'d on an analysis of one Douglas

• In combining the percentn!(cs, since they nresimple mUos, the weighted geometric mean (8) is nsed. In 
averaging, a pert'Cntage based on 10 infected and 10 cont.rol sticks would have a weight o( 10 by ordinary pro· 
cedure. But, to take nn extreme case, it is obvious that. a comparison hased on 2 il)(ec·ted sticks lind 18 con
trols, the aritllmetieal mean of which would he )0, is not. lIS reliable as a cOIJlPllrison bel ween the first 2 set$ 
mentioned, In sUlUlUing up the dntlllhe sceon!1 percenta~c, thllt hased on the 2 in(fleted sticks nn,1 18 con
troJ;;, must be given a lower weight. 'I'he hnrmonic menn, the rccipnWll1 of the melln of the reciprocals, in 

this case 1[2(1';+I/IS)or 3.6, gives a weight proportion"l to the reliuhillty of the cOlllparison. 

29i705°--11-2 
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fir und two Sitka spruce trees. However, it should be pointed out in 
this cOJUlcction that here and in the remainder of the study the trees 
are not complt"tl'ly represented in the zones sampled because of the 
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FIGUIUJ 4.-Mcan rclativc strcngth and spccific-gravity vruues for specimens 
takcn from Sitka sprucc (dots connectcd by solid lines) and Dou/!Ias-fir (circlcs 
conncctcd by brokcn linelS) trees infcctcd with FOllles pini. Yalucs based on 
tcsts of grccn specimcns arc dcsignated by lctter G. Stages of infcction desig
nated by lettcrs arc: A, Early incipient dccay; B, laic incipicnt dceay; 0, decay 
with few pockets; D, dccay with lllany pockcts; and E, dccay with very many 
pockcts. The llumbcrs below each graph are thc SUIllS of thc harmonic means 
(see footnotc 6) of thc numbcrs of sound and infectcd spccimcns on which the 
respcctivc valuclS wcre bascd, and arc arranged in thc salllC vertical ordcr as the 
points to which thcy pertain. 
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necessity of cliscarding n. large llumb('l' of sp('ciul('lls having knots, 
irregular gmin, or some other dl'fpct thn.t would pr('dudc flo satisfactory 
test. 

Aside from a fl'w inconsistl'nC'lrs, no dl'fmitr cxplanation of 'which 
is avn.ilablp, the g('nprn.l trl'nd of the specific gl'fl.Yity and strpngth 
})roprl'tips of Sitka SPl'UC'(' is llownwanl with im'l'N1sing s(wc'rity of the 
f~Ulgus attack. It may be notpcl pn,rticularly that this downward 
b·end is most abrupt for total work in static bpnding and hcight of 
drop ill impaC't bl'nding, both of whkh arc nwn.sUl"PS of shock resistance. 
It is least appal'('nt in Sl)('cific gravity anli mn.ximum Cl"ushi.llg strength 
in C'ompr('ssion paraU('l to tho grain. 

In Doug1n.s-fir, which is l'('pn'sl'ntNl only in tIl(' two pn.rliest Rtages 
of d('cn.y, the trpnci is in s('v('l"nl instanc('s the ]"t'Vl'l"SC of that ('xpl'ctcci, 
and in some instn.ncl's vahws higll('r than for sound mutm'ial are 
indicuted. The l"l'ason for this allomn.ly is not knowll. 

The l'('sults of a s('ri('s of dl'tPl·miuat"ions of spcC'ifie gravity in a dif
ferent Sitka spruce tr('o jnfl'dl'd with Fomfs pilli am sttmmarizpd in 
figure 5. Thl' 22 blocks 011 which Ihe dl'tl'llllillfl.t ions wore lIUtdc WP/·C 

0$0 FOMES PIN! 
).. .. . . • • 
~ 045 	 • •--- . • • • ••~ I:l 0.40 

-y--". v '"'--...r~ 0.35 POCKETS INCIPIENT DECRY SOUIYD 
\l AVERAGE IlV£RIlG£AVER/IGE 0.443~ 0.:30 0.426 	 0.440 
"> 

0.25 I 	 L-.J 
0 	 t!! <; 6 8 10 Ii! 14 16 1t3 cO 

VERTICAL DISTANCE (FEET) 

l'IGURE 5.-Sppcific-grnsil.y valueR of 1-'ound Sitka Rpruce wood und i.hut infpctp.rI 
with Fomes pini; progreHsing \'('I'tieally in t.he lJ"lJllk {rum wood showing lYl)ical 
rot to sound wood. 

taken cOllsecu tiYl'ly along the tl'unk at in tf'l"Vll\S of approximatl'ly 1 
foot. The smnplC's )"ppn'sellt lllatl'l"ini hom tho sllme gl'owth rings. 

There is no indication of a reduction hl sp('cifie gl'fl.vity until the 
time of pock(,t formil,lion. AftN' pock!.'t formation the speciJic gmv
ity may eleen'nsc rapidly, although in tho prps(,l1t ('fise this tmc\('/](:y 
was just becoming appnl"pnt. In the incipi<'nt stnge of Fomes 7Jini 
decay, although 1101. bl'ought out by tlwse s]w("iml'ns, one oftl'n finds 
snmples showing a grl'iLtpr dPllsity than tlw a<ija("Pllt sOl/nd wood, 
possibl.y because of fill nc('ulHulution of p:.traC'tiws in the i/wipi(·ni.
decay nreus. 

EFFECT OF POT.Yl'ORUS Sf;HWElNITZlI 0, SI>Ef;TFTC GRAYTTY AND STH1;;,CTII 

AT YAIUOUS DISTANCES LONGITCflINALLY I"'" TilE THL'NKFIlOU TJlIi: 
ZONE OF TYPICAl. DECAY (B,\SED 0"," SImms 1) 

The results of n, st.udy of POlypOT'lL,S .~c1I!u.l('i'llitZ'ii n\"e 1"Pprps(,lIted in 
figure 6. 

From this fignre it mn.y be sl'<'n thn,t the. initinl ('fi"P('t of the deeny on 
strength in general tpll(IPd to be sOllwwhu.t grpatl'l· tIlIln lhnt by Fornf8 
pini (fig. 4). In the case of t.he cnrliest dl'en.y, ns l·l'lH·I'Sented by stngn 

http:infpctp.rI
http:allomn.ly
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A for F. pini and by bolt 1 for Polyporu8 8chweinitzii, the strength 
changes were not greatly differell t except for shock resistance as meas
ured by height of drop, whieh was cOllsiderably more affected by the 
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FIGURE G.-Mean relative strengt,h and specific gravity values for specimens 
taken from consecutive 28-inch bolts rangillg from bolt 1 at the upper limits of 
infection to bolt 4 having typical decay at its center, in Sitka spruce and Doug
las-fir trees decayed by POlYPOTUS schweinilzii. The two graphs, the longer 
one pertaining to air-dry and the shorter one to green specimens, represent a 
spruce tree. The unattached not opposite bolt 3 denotes the mean value for 
air-dry specimens from bolts 2 and 4 of a second spruce. The circles denote 
mean value for specimens from bolts 3 and 4 of a Douglas-fir tree; the upper and 
lower ones relate to air-dry and green specimens, respectively, except that this 
order is reversed for the impact-bending values. Control specimens were 
from above the limit of the infection. 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 late incipient aecay, as represented 
by stage B and possibly by bolt 2, the strength losses produced by 
P. 8chweinitzii were uniformly greater, though not always very much 
so, than those produced by F. pini. Further specific comparisons 
camlOt be attempted, and even the preceding are made with some 
hesitation as, even if the differences on the whole were more pronounced 
and less variable, it is recognized that the assigmnent of analogous 
stages of decay to these two fungi, in a case such as this one, where the 
classification of specimens was on two different bases, is likely to be 
a questionable procedure. 

The results of a special set of specific-gravity determinations on 
specimens from a single Sitka spruce tree infected with Polyporu8 
8chweinitzii are summarized ill figure 7. Thirty-seven specimens were 
taken along the trunk, for the most part at intervals of 1 foot and 
from the same growth rings. 

The mean specific gravity for the infectt'd pieces ranged downward 
to values, in wood that was typically rotted to a point wher:~ it was 
difficult to prepare specimens, about 19 perct'nt lower than those of 

0 . .50 POLYPORUS SCHW£lNITZII 
').. • 
f,. 0.45 
:;;: •• _""._......-=.---=~.e!.:"'-_-.-= 
~ 0.40 
\ti 

~ 0.3.5 
~ I'----""'v"----/~---.,v~-~/
!-.l 
~ 0 . .30 INFECTED SOUND 
"l RflNGEO.,34 TO O.4l! I1V£R/lG£ 0.421 

0.2S '---L_.l.----L_.l.----L_.l.---L_.l.-......L._..l.-~ 
o 4- 8 Il! /6 cO ';:4 ';:8 3';: 36 40 44 

VERTlCIlL DISTIINCE (FEET) 

FIGUIm 7.-Specific-gravity values of Sitka spruce wood infected with POlYPOT118 
schwe£m:tzii; progressing vertically in the trunk from wood showing typical 
rot to sound wood. 

the sound wood. It is significant that reductions were found in the 
most incipient stages of infection, which is quite different from tbe 
case of Fome8 pini as indicated ill figure 5. 

EFFECT OJ<' FOMES PINI, POLYPORUS SCHWEINITZII, AND FOMES IJARICIS 

ON SPECIFIC GHAYITY AND ON TOUGHNESS AND ITS VARIABILITY AT 
VARIOUS RADIAL POSITIONS IN CENTHALLY ROTTED TRUNKS (BASED 

ON SERIES 2) 

The mean relative toughness and specific-gravity values obtained 
in en.ch of four mdially contiguous ZOI1PS in infected Douglas-fir tI'ees 
are given in figure 8. Each pn.ir of ('urn's represents a single Jog. 

"Rot cent<.'r" signifies material from the typically rotted centml 
portion; "rot margin," material from just inside the boundary line 
of the decayed portion; "sound margin" is just outside the margin of 
infection and the material classified undct· this head includes only 
uninfected sticks; and "sound outer" consists of sound pieces from a 
layPl' just outside the "sound margin." 

Controls for specimens from bolts infectpd with Fome8 pini and 
Polyporu8 8chweinitzii were taken ill en.ch cnse from an uninfected 
bolt a short distance above tbe 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 to take as controls pieces from the 
"sound outer" zone of log A and the "sound margin" zone of log B. 

Figure 8 indicates substanti.al reductions in toughness from· the 
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FIGURE S.-Specific gravity and toughness and variation in toughness in Douglas
fir logs, from the sound outer 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 A, B, and (J represent logs attacked by Fornes pini, 
Polyporus schweinitzii, and Fomes laricis, respectively. 

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

A graphic study of the variability in toughness values within these 
same zones in the trunk also appears in figure 8. On a theoretical basis 
one might suppose that the presence of a fungus, acting as an addi
tional cause, would result in a greater variation in· strength. The 

http:substanti.al
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respective graphs indicate that this may commonly be the caso. It 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 grenter in the 
advanced-decay zone than it was in the marginal- or incipient-decay 
zone. 

EFFECT OF POLYPORUS SCHWEINITZII AND FOl\lES PINION SPECIFIC GR..'\v
ITY, :MAXIMIDI CRUSHING STRENGTH IN COMPRESSION PARALLEL TO 
GRAIN, AND TOUGHNESS OF 'WOOD BOTH IJONGITUDINALLY AND RAUI
ALLY LOCATED ABOUT THE 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 l)ini. The orientation and numbering of the boards that were 
sawed out and of the test specimens in the boards are shown by 
figure 9. Further details of the sizes of the trees and the parts used 
in the investigation are shown in figures accompanyillg the presentation 
of results. 

Because of space limitations, it is not pl'llcticable to show all the 
data on which the conclusions ",,-ill be based; the samples chosen are 
typical of the results us a whole. 

The circumference of the top diagram represents one annual growth 
ring that circumscribed all infected material as well as all sound 
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 section of the Sitka spruce tree infected with Polyporus 
8chweinitzii. The portion of the trunl( investigated was the central 
cylinder enclosing the portion of the rot column above the level a-b 
and extending above it into sound wood to the level c-d. This was 
divided longitudinally into sewn bolts, A-1 to A-4 and B-1 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-1 and A-2, furtlH'r illustrates the 
methods followed in analyzing and picturing the results. 

The following proceaure was used in preparing such diagrams. 
Test values for all specimens at the same distance from the outer 
boundfl.1'Y, guide ring, in each of the sound bolts B-1 to B-3 were 
averaged. These averages were then combined to giye a control 
value for specimens at that distflJ1ce from the boundary. The test 
value for each specimen, whether sound or infected, in bolts A-1 
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 tIle 
space imlicating the position of the specimen in the cross section. In 
each such diagram "contours" were then drawn to enclose all ratios 
with values less than the percentage by which the contour is desig
nated. 
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.[;JIAG/(I/M SHOYYlNG HOW TREES J ANI? 9 WERE CUT INTO 
BOARI?S ANI? SPECII'1ENS 

SAMPLE tJOARO, TREE .3 
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FIGURE 9.-Diagram showing how trees of test series 3 were eut into bolts, boards, 
and test specimens. At the top is a cross-sectional diagram of a trunk sho\\·ing 
positions and numbering of the test boards, from trees 3 and 9. The numerals 
1 to 6 outside the circumference mark the terminals of the three guide or refer
ence lines. The two lower diagrams show representative boards from each 
tree, 3 and 9, with distribution of specimens. A, B, C, and D designate the 
positions of bolts in the trunk and ...1-1, .1-2, .1-3, etc., sub-bolts in the respective 
bolts. The (x) blocks were used for cultural analysis of the presence of infection. 
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JECTIO/{ Z'S 

SPECIFIC CRIIVITY 

TOVGHNESS TOVGHNESS 
FIGURE lO.-Longitudinal-section diagrams of the tested parts of a. Sitka spruce 

tree infected with Polyporu8 8chweinitzii, showing location of infected 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 boards 12 and 36 
(diagrammed in fig. 9, top), the region of infection beins indicated by shading. 
The diagram at the lower cent.er represents a. cross section through the tree at 
a-b and indicates the positions of longitudinal sections shown in the uuter 
four figures. The heavy continuous line in each ease indicates definitely 
established limits of infection. The broken portion of these same lines and of 
the contour lines indicates the approximate limits, which could not be accurately
drawn because of lack of data. 
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+ TOUGHNESS 

" '11· 
MIlX/MUM CRUSHING STRENGTH -I.. ~ 

-I- SPECIFIC CRAVITY 

" .t? 

FIGURE H.-Cross-sectional diagrams of sub-bolts .11-1 and A-2 of a Sitka spruce 
tree infected with PolypOr1l8 8ciLweinitzii, showing contour lines delimiting 
approximate zones of equal-decay effects on toughness, maximum crushing 
strength, and specific gravity. Values are expressed as percentages of control 
values. The circumferences of these .diagrams represent the guide ring (fig. 
9, top). Dots mark the positions of specimens that contained infection. 
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In sub-bolt A-l (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 aren. within the 5-percent contour in sub-bolt 
A-2 is considerably smaller, and in sub-bolt A-4 (not represented in 
figure ll), which was near the limit of the infection, there were no 
values as low as 5 percent, the lowest being about 20 percent. 

Both the cross-sectional and the longitudinal diagrams indicat.e close 
agreement between the limit of infection and the 80-percent contour 
lines for touglmess. Apparently a reduetion of at least 20 percent in 
toughness can be e:ll.-pected in Sitka spruce in which il1fection with 
Polyporu,s schweinitzii has progressed only to the point where it can be 
detected by microscope or culture. 

The reduction in maximum crushing strength caused by Polyporus 
schweinitzii, sho,,,;~ 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 touglmess contours, a striking 
difference between these two properties with respect to the amount of 
decrease caused by the fungus is nevertheless indicated. Although in 
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 speclfic 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 1 percent of their original values, respectively. 

FOMES PINI 

Longitudinal and cross-sectional diagrams of the Sitka spruce tree 
infected with Fomes pini are shown in figure 12. Because the dis
tribution of this decay differed from that of Polyporus schweinitzii, a 
different procedure was followed in studying and picturing the results. 
Each bolt tested contained sound and infected wood and was treated 
as a unit in the analysis. The average of all sound specimens at 
approximately the same distance from the guide ring was first deter
mined and then the test value for each specimen at this distance, 
whether sound or infected, was divided by the average to give a ratio 
which, as in the case of P. schweinitzii, was entered in the proper 
position in a cross-sectional diagram. All such ratios lying on the 
same radius were then averaged, 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 tne basis just described 
and by contours, as with Polyporus schweinitzii, should be clearly 
kept in mind in interpreting the results. To avoid confusion it is 
further pointed out that intensity of Fomes pini decay with respect 
to sub-boltnumber happens to be the reverse of that for P. schweinitzii, 
because the portion of the F. pini decay studied was developin/?i down
ward toward the butt of the tree whereas the P. schweinitzti decay 
was developing upward from the butt. 
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The diagrams of figure 13 indieate that in the early stages of in
fection (sub-bolt A-3) the losses in toughness on the whole were about 
20 to 30 percent, losses in maximum crushing strength about 10 to 20 
percent, and reductions in specifie gravity did not exceed about 10 
percent. In view of the fact that the values for uninfected material 
within the same region were on the whole considerably' lower than the 
control values, the apparent deficiency in toughness is probably not 
due to the decay alone. 

SPECIFIC (;/!AJI'ITY 
P -f 

COI'I,P/!£,fSIIJN PARAU£J. 111 £;2.4111 
/UrIIfUH CRUSH/Nt; ST'RENGrH 
. P-I 

TOUGNN£SS 
0 ., 

1 
I \ 

c-J c-J c 
I I 
I 

I 
I 

c., 
I 
I 

c-l , c-1 

". 

.. 
I 
I 

I 
I 

c-, 

"-J 

8 

11-1 

I 
I 
I 

, 
I 
I 

I 
I 
I 

c./ 

" 

"·z 

"-, 

I 
I 

I 
I 
I 

I 
I 

c-, 

" 

" 

"-/ 

I I 
I 

z.- I "-J 

I 
A .J 

I 
A -z "·z -I 

I 

" 
A ./ 

, > -,,,,
~q,~~~" ~"."'Q oI''b...". 

I 

"'.. ~~~ t:J ~."."O~ b~
-, 

PfRCFhTACE OF CONTROL VALUE 

, -/ 
~~.,.o-t"."b..,.~co., 

.-INFECTED 
O-UNINFECTED 

FIGURE 12.-Longitudinal-section diagrams showing mean values (expressed as 
percentages of control values) of toughness, maximum crushing strength, and 
specific gravity for infected and uninfected specimens from the parts of boards 
6 and 30 in all sub-bolts tested in the Fome.s pini infected spruce. The orienta
tion of boards 6 and 30 with respect to the region of decay is shown at the lower 
left, in the circular cross-sectional diagram representing the point of maximum 
area of decay. The boundary of this diagram is the guide ring (fig. 9, top). 

The strenoth of the wood in the maximum stage of decay tested is 
represented by board 4 in sub-bolt 0-3 (fig. 13). The avera~e losses 
found here amounted to 95 percent in toughness, 67 percent ill maxi
mum crushing strength, and 33 percent in specific gravity. Tough
ness in the most severely decayed wood, specimens of which could be 
broken by hand, was virtually zero, and maximum crushing strength 
was only about 2 percent of the control value. 

A graphic summary of the relation of relative toughness, maximum 
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 not for complete cross 
sections of the tree. 
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FIGURE l3.-Effect of Fomes pini on Sitka spruce. Polar diagrams, showing 
mean relative values (percentages of control) for sub-bolts A-S and C-S. Dots 
refer to the infected specimens and circles to the ullillfected specimens. Ex
terns:! numbers designate individual boards, as outlined in figure 9, top. The 
positilon of the sub-bolts with respect to the region of decay may be seen in 
figum 12, left. 
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The toughness and maximum crushing-strength values representing 
bolt 0-3 disclose decided reductions, whereas the specific gravity value 
indicates little reduction. Howeyer, if a single specimen containing 
a large quantity of resin had been omitted, as was done in the case-of 
the cross-sectionnl analysis of this sub-bolt (fig. 13) the reduction in 
specific gravity would appear to have been about 30 percent. 

In figurl's 1 and 2 typical test speciml'ns are grouped according to 
the percentages of original toughnl'ss strength that they retained. 
It is apparent from figure 2 that although there is a progressh-e in
crease of brittle appearnnec of the fnilmes in passing from the sound 
mnterinl to that whieh is most decayed by PolypoT'uS schweinitzii and 
of lowest toughness, there is little correlation between the appl'arance 
of the unbroken parts and the degree of deeay or loss of toughness. 
Howev('l', in the casp of the FO'TllP8 7)ini spC'cimens (fig. 1), it may bC' 
notl'd that the PxtPllt of pocket Jormntion definitely parallels the re
duction in toughnpss. 

CONCLUSIONS AND SFMMARY 

The only visual indieatiolls of the pr'l'scnce of POlyp07'US schweim'tzii 
arc yellowish longitudinal streaks in the wood in the very early stnges 
of decay n11(1 light brownish discolorations in somewhat later stug('s. 
Finnlly th(' inf('ckd wood brC'uks up into eubical masses. In the 
ell1'ly stnges of Fome8 pini infcction Douglns-fir and Sitkn spruce b('
('ome ]'('dclish brown, whilc thc later stnges are characterized by the 
presenec of the ·white pockcts typical for this fungus. 

The progress of strength }'('{luctioll by Polyporus schweinit:di is not 
marked by any definite chang('s in the appcarance of the "Tood. 
There nr(', of course, marked difi'<'l'('nces between slightly inf('cted and 
bndly <lc\cnyed mnterinl, but einssificntion into definite str(,l1gth groups 
on thl' bnsis of npp('arnnce would be quite lmeertnin and subj('ct to 
Itll'ge 01'1'01'. In other words, th('re arc llO sharp breaks or signposts 
in the grndntion of color or other yisunl ehari1ct<'l'istics from per.-feetly 
sound to deC'nyed wood. These stntellwnts also apply to Fo'Tlll's 
laricis, which resembl('s P. 8ch7Ni'llitzl:i 111 its efi'ect on wood. On the 
other hand, the beginning of the formation of white pockets mnrks n 
f:lirly definite stng(' in the progrrss of strength reduetion by F. pini 
and can be used as n guide. 

Although there is n progressi\'e increase of brittle appearance of 
the faillll'es in pnssing from the sound materinl to thnt which is most 
decayed by Polyporus 8chweinHzii and of lowcst toughness, there is 
little correlation between thc appearance of the wood and the degree 
of decny or loss of toughness. However, in the ease of the Fomes 
pini speeimens, 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 touglmess of the wood. 
At the outer limit of P. schweinitzii infection a reduction in the tough
ness of Sitka spruce of approximntely 20 percent was found, whereas 
a similar reduction in toughness due to F. pini would not be eJo..-pected 
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, cnn be expected in Sitka spruce in which infection 
by P. schweinitzii hns 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, will 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 a 10 to 25 percent loss in impact bending up to < he time the 
pockets are fonned. 

Specific gravity was not greatly affected in the inc.ipient stages of 
decay by Fornes pini, whereas there "lUS e,·idence of un essentially 
uniform decrease in specific gravity from the zone of earliest decay 
to the zone of greatest decay by Polyporus schweinitzii. HoweY(~r, it 
is doubtful whether anyone, if limited strictly to a study or the specific 
gravity data, in the light of available information on the normal 
variations of specific gravity, would suspect the presence of P. 
8chweinitzii decay in the upper 6 feet of the infected portion of the 
trunk or would be able to detennine the boundaries of infections. 

Judging from the more extensive results of the tests of series 3, 
average reductions by Polyporus 8chweinitz1~i 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 
parallel to grain, and 95 percent in toughness, as compared with 
reductions by Fome8 pini in the late pocket stage of about 30 percent, 
70 percent, and 95 percent, respectively. Thus it is evident that under 
the action of the same fungus the several mechanical properties suffer 
different percentage reductions and that the relation beb\'een any two 
strength properties with respect to loss from fungus action varies 
,,,ith 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 J>roperty 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 fungi than when they were made on dry wootI, although 
the differences were not large. 

Although Fome8 pini and Polyporu8 8chweinitzii both cause large 
reductions in strength in advanced stages of their development, sound 
wood close to an infected area is normal in strength properties. This 
indicates that a large part of the material from somewhat deca:red 
trees is of as high quality as material from perfectly sound trees and 
can be safely used eyen where strength is of high importance, pro
vided that the limits of decay are established. 

From the analysis of variability it seems safe to conclude that there 
was a tendency, although not a consistent one, toward greater coeffi
cient of variation in touglmess as a result of decay by all three fungi 
studied. In the case of Fome8larici8, 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 considerably less than in the marginal decay. 

The large reductions in strength and, particularly, shock resistance 
caused by Polyporus schweinitzii even in its eady E"tages, 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 de8irable thu.t a 
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comprehensive search be made for reagents that mil!ht serve such a 
purpose, dealing not only with P. schweinitzii but with other decay 
fungi as well. 

Some method which call be J"l'lied upon to select suitable material 
where mltximuITl strength is essential is most urgently needed. On 
the bnsis of present knowledge some meehunir"ll test using representa
tive samples 7 of the stock under consideration seems to offer the 
most promist'. Because siwek J"l'sistnnce is the mechanical property 
which is afl'l'eted first and to till' largest extent by fungus nttnck, It 

test that will giYC n, measure of this property is the most desirable. 
The tonglmess test previously mentioned in this bulletin (p. 7) has 
been found to be the simplest and the most rnpid test of this kind, and 
it is l'eeomnwnded liS n. most impol'tnnt nid in select ion. It is impor
tnl1t, ho\\,('\"('I', thnt the t('st be nc('ompanied by n cUI'('ful visnnl 
exnmin:ltiotl of the nmt('rial and supplementNI h.\' specific gravity 
determinat ions. 
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