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Decay Following Liogging Injury
to Western Hemlock, Sitka
Spruce, and True Firs’

By Ernest Wright, pathologist, and Lec A. Isaac, forester, Pacific Northwest
Forest and Range Experimeny Yeusrion, Forest Service

INTRODUCTION

Wounds on Lrees are well-known entry ports for wood-decay Tungi.
Little has been known, however, about the frequeney and amount of
decay associated with logeing mjury on western homlock (Tsuga
:";r?(m}}ia ylle (Rall) Sarg). Sitlea spruce [(Picea sitchensis (Bong.)
Carr.), and the (rpe fum, wrnnd fiv (Abies grandis (Dougly FLindly and
Pacifie silver fir (1. amabilis {BDougt.) Forbes).  Beeause these species
are thin barked, they are frequently injured and are highly suscepiible
Lo deeny

Hemloek, spruce, snd {rue firs make up 31 percent of the timber
volume in western Oregon and Washington.  This represents a volume
i qt.mdmv {iraber 01 168 billion hoarl-foot Scribnor seale, according
to the latest U, 8. Forest Service figures.  Oecasionally they are
found as ('\('il-{lg{(‘d pure slands. More Trequently they oecur in
mixture with Douglas-fir (Pscudotsuge menziesii {(Mieh.) Franco) as
uneven-aged undersiory frees. They are being harvested al an ever-
increasing rate, often by partial cutting.?  Purtial cutiing was for-
merly recommended Tor old-growth Douglas-fiv and was widely used
in overmalture slands, but now is on the deeline in old growti.
Thinning and stand improvement, however, are mpidly Increasing n
younyg wrowth and makure fimber.

All (vpes of partial cutting result in some injury to the irees of the
vesidual stand.  The mjury includes mechanical wounding of the
tree truanks, broken tops, and sunsenld of the exposed trunks.  Wind-
fall 1 often ncceleraled. To plan cullings and mwodily logging
practices, foresters and timber operalors need (o know the probability
of vecwrrence wasd the rate of penetsation of decay followmyg loguing
injury. This bulletin reports the results of 2 study that p:oudﬂq
such wformation, 1 s not g stud\' of total deeax volume in any
one stand but does show how volume losses Iollowing logging injury
may he determined. Fhe im,ults apply dircetly to western hemlock,
Sitka spruee, and true firs in weslern Oregon and Washington, but
thev should be uselul in estimating deeny following logeing iy stunds
of these species in other localitivs.

' Bubmitied for publication Juauary 1956, )
2 Partind cubling as wsed here menns any form of partial removal, either as
single trees or stonll groups of trees, in stands of the Douglas-fir region,

1
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I 1942 Englerth (52 reported the oceurrence of rob in virgin stunds
of western hemlock v western Ovegon and Washington. e found
that scars made by falling trees were imporiant infection ports for
wood-deeay fungi. O a total of 304 scars, 52.9 percent coptained
rot. Of 36 trees with broken tops, 44.4 percent were decaved.  Many
fungi were recorded as entering through the scars.  I'he most common
woere fomes annosus (Fries) Cooke, f. pind (Fries) Karst, and
pinicola {Fries) Coole.

Two vears lanter Englerth and lIsaae (6) veporicd the occurrence
of deeay enteving logging Injuries in a mixed stand of weslern hem-
lock, Douglas-fir, and western white pine (Pinus monticole Dougl.)
on the Wind River Experimental Forest in south-central Washington.
This area had been partially cut 12 vears previously and more than
hatl of the remaining trees had beeu damaged. A total of 46 trunk
scars, 10 broken tops, and 4 sunscald injuries were recorded on 26
western hiemlock treees felled for examinalion.  Adl but 4 of the trunk
sears wnd 1 sunseald lesion showed decay.  Fomes onnosus was the
most frequent cause of the deeays encountered.

A preliminary report on the present study (19), in 1847, gave ad-
ditionad data on decay following logeing injury.  Fomes annosus was
found to be the principal wood-rolting fangus entering logeing scars
on western hemlock.  Growth sinee partial cutting was frequently
offset by deeay. . pinicala was the chicf eause of rob in searred Sitky
spruee.

In 1949, Buekland, Foster, and Novedin {4 reported that, in the
Franklin River ares of Vancouver Island, 15 fungi caused decay of
weatern hemfoel and 11 of {rue fir. 1n 39 pervent of the infections
sftudiedh, the deeay Tungl entered through wounds, No consistont dil-
ferenee was found in decay volume belween fast- and slow-growing
trees. Trae fir, up to 330 vears of age, appeared o be more deeay
resistaul than western hemlock.

Foster and Foster (8) in 1951 reported that more {fungus infections
entered through logging sears than any other avenue of entrance;
however, rool infections were more important beeause of higher rate
of deeny and moriality,

METHODS OF STUDY

Thirteen study areas were selegied v western Washington aud
Oregon (g, 1) Six aveas were chosen in the coastal zone where com-
paratively mild and wuilorm climatie conditions prevailed.  The re-
maining seven were Jarther inland on the east slope of the Cloast Ranwe
and the west slope of the Caseade Range and were sebjeet to greater
teraperature and motsture variation.  Pwo of Lhese areas, on the east
slope of the ('oust Range, ean be regavded as intermediate in elunatie
foatures. The arcas studied vanged i elevation from 100 1o 2,300 foct
{Lable 1),

Incach study area, the trees with logeing injuries were dissecied and
the extent of decay was braced. A total of 488 searred trees were felled
and dissected.  These had 1,218 logeing scars, 90 broken tops, and
37 sunscald lesions, the last being maindy on western hemloek, Sam-
ples were taken, cultures were made to idenlily the deeays, wid the
data were compiled,

¥ Ilalic numbers in pareutheses vefer o Dilerabmee Clied, page 33.
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Tanre 1.~ Description of study areas

COASTAL AREAS

SN CSEIT NLLATIAE TVOINHOAL

LA

TEALIADIYDV. J0

. ; . ¢ |
Arew Loeation ! x%p(,tnl clv‘l\f:]{i%on : Topography f Soil type Site 2 Original stanud composition
, !
‘ Years TFeet |
Grays Harbor No. 1. ... Westof U, & 101, 9 miles | 11 500 Gentle slope.aee.. | Sandy loam; clay subsoils| 1L Seattered  old-growlh “Douglas-fir- anid
norih of Raymond, L § : spritee,
) Wash, i i ;
Grays Harhor No. 2_.....05 aniles east of Arelie, 32 1,500 7 Rollingo.ooooil .. ¢ Sandy loam.. ool 1L ¢ Seattered old-growth Douglas-fir with
I YWash, ! : 4 £ gpruce and hemlock understory.
Youngs River Nos. 1anil © 10 miles souileast of As- -1t H00-1, 200 | Flat {o strepslope. | Deep loam; elay subsoil.] T,IL i Seaitered  old-growih " Douglas-ir and
2, . forl, Oreg. o ; spruee with spruce and hemiock under-
. E : ! i : story.
Cnseade Head . .- 3 miles north of Otis, Oreg.! 12 1,000 ¢ Robgho ... ... CBandy loama. e eiilin b ——— Typical 109-year-old spruce-hemloek.
Nelseott No, Io.ic.nnn eeen 134 miles nortl of Nel- | 1-16 100 | Gentle rolting... .. PAncient dune, sandy & I11 - Pypieal spruce-hemlock old growth.
Y seolt, Oreg. Co i - loam; hardpan . suh- ! .
‘ i | soil. i
Nelscoit No. 2cocomeanea Adjacent fo the cast side | 5-7 * 100 Gentle rolling..._. | Angient  dune, sandy ‘ 1T 1 Young stand of spruce and lemlock,
of Nelseott No, 1. i ‘ b lonm; hardpan siabe
E § i soil. 1 1
Toledo Nos. tand 2......7 Siletz River. drainage, 8 | 15 1,000 | Rough_......o_..c J Derpsandy lonm; heavy | 1L - Transition  belween  Dougls-fir and
miles northwest of To- | ! it ; U hemlock-sprace.
ledo, Oreg: ; i : ! j ;
: !
INTERTOR (INTERMEDIATEY AREAS
: o i | . [
Salmon Creck............0 1amilesnorthwest of Quil- | 10 1, 500 { Gentle slope.......; Sandy loam; deep du(l‘--; IL '} Douglos-fir and western redeedar over-
i cene, Wash, ﬁ ! H f ; 1 story; hemlock, true fits, and. wdstern
. | ; | i i redeedar undarstery.
China Flatovow.vrenn 10 miles soutly of Powers, 3 10-11 } 1,500 | Moderaie slope_..t Sandy loam.._.... e poIr i Pori-Orford-cedar nnd Donelas-fir mixed
. Oreg, J % i ,‘ with hemloek and troe firs,
| i | | ¥ i




INTERIOR (CASCADE SLOPE) AREAS
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Alineral C.ovsaecen

Wine River. . ooaveeaen

i

12 miles norili -of Con-
crete, Wash.

Divide helween Morion
and Riffe, Wash,

15 miles southeast of Min-
eral, Wash.

19 miles northeast of Car-
son, Wash,

25 miles northeast of West-
fir, Orea.

1,800
1,300-1, 800
2, 300
1, 800

2,000

¢
On benel. cacauas. t Sandy loam..o.oeenas -
|
{
Moderale slope___.; Sandy loam; clay siub-
I soil,
Goentle slope- ... ; Sandy 10amMe oen oo as ]
Moderate stope. -+ Shallow sandy Joam_....
. i
On bench. . oo.-...: Sandy loam; mixture of

i~ hroken rock.

{

i

Im

L

I

.
—

jiss

v

t Old-growlh Douglas-fir with hemlock and
true tirs unddrstory.

Old-growth Douglas-fir ilh hemlock:

understory.
0ld-growih Donglas-fir with high percent.
true firs and hemloek,
; Defeetive Douglas-fir overstory; hemlock
! and frue firs understory.
| Defeetive Douglas-fiv overstory; hemlock
and true firs understory.

P
b
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1 Age of sears ineludes the year of majority of Togging injurivs.

_ * 8ite elassification hased on U. 8. Dept, Agr, Tech. Bul. 20t (18),
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The types of injuries studied were as follows; (1) Senrs resalling
from injuries caused by falling trees, logs being skidded, {ractors,
cables, or other mechanical equipment, and the blazes and ax eliops
meidental (o logging: (2) hrolen tops, eaused by oither Jogeing or
wind; and (3) sunseald on the exposed holes of trees.

Falling-tree sears ranged frons vecastonal seattored wounds {lig.
2, A and £) (o long contineous Lrunk sears, which sometimes extended
for mony feet {fig. 3, .4 and By Falling-tree sears were most prevalent
on the lower hall of the bole and frequently extended (o the grouud.
Seratehes from sfubs of broken limbs of Talling trees made short,
mareew sears. Short wounds resulted from raked-off brancehoes,

F-478325, 478346

Frovnrg 2—Falling trees eaused (hese logeing ses 01 woeslorn liemlock, .1,
Tree 92 veurs old, 24.3 inches d. b W sears 8 veurs old, Fomes qunosus was
imolaled from this tree. B Tree 185 vears old, 3100 inches d. b, h.: sear 11
vewrs ok, Pofgporus abictinns war found fruiling at (he Dase of Chis troe,
bui eniy superfiein! deeay had developel,

Sears made during log skidding were confined o the bult of the
tree and (o surlace rools. In such injuries chuunks of bark and
sapwood usually were torn from the tree base (Gg. 4, A).  Mechanical
wounds made by crawler tractors were generally deeper and more
damaging than other Lypes of ground-level injuries.  Freg uenily the
tractor splintered and tore away surface roots.
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F 478341, 478377

Fravee 3. Exfonsive falling-tree sears an owesterne hemloek. .1, Tree 1205
inehes dl by hoysear extending from 7.2 00 215 Feet was [0 vears ol Polyparns
ahicfimis was Bsolated From thissear. 8, Troe 2603 inches dl b s senr oaeiling,
rome B 1o 0001 fert was 8 ovears olill Steorcnnme sangninobeatunm el Fowe s
anposns were ixolated from s seare,

NI028Y - GG - —1D




8 TECHNICAL BULLETIN 11108, U, 20 DEPT. 0F AGRICULTURE

F 1848 31838

Froone 4, Fallivw-troe ey volateedd by <wddebing . .‘“!‘\l'll—‘\'ti:u'—l}h{
bowulie senr oir western lemloen, 2003 (b B Tiee bieee sied root= wiere torn
Ly eranher raetor.

Collection of Field Data

A dimneter, heieht, inerement, and sear measurements  were
taken with instruments. Trees were eut at convenient stump heiehts.
Siee st of The trees Telled were not wtidized, they were bueked or
chopped as reguired, 1o teace and measuee the extent of deeny.,
Where deeay was apparent on the simnp eul. W= extent downward
below the ent was determined by chopping. Bott rots and heart
rols not contected] with logeing mjues woere disroenrded.

Sinee Talling-tree sears appear alike, whether (hey are due (o
logeing o to windfall, so attempt was made 1o distinguish betwoeen
them, Jowever, it was known That onfy o few sears were eansed by
windlatl on the areas stodisdl, Noosenes Badd resulted from fire an
the trees studied,

[y tlids sty field sdatae colloeted and reeorded Tor anaby sis wore s
follows:

(1 Stand history, staind deseription. and date of Togeing on Lhe
respeelive areas,

02 Seardlata ineluding age, position, awd exposure on the hole: lengtls,
width, and height above the gronnd; whether open or hesded ;
and whether sound or deeny ed.
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(3} Idenlily of rol where (he decay was sufliciently advaneed to be
charaeleristie or was accompanied by fruiting bodies.  Radial
penetration, width, and vertieal extent were recorded and notes
made us to whether or nol the rot rom one sear merged with
that from anolher. Blecks for cultures and specimons were
Laken from rot associnted with logging sears or stmilar injuries,

{4) Volume mensuroments included dinmeter at breast height, bark
thickness, hieight of stump, log diameters at intervals of 40 feel
or less Lo an 8-inch merchaniable top, length of tip, and diameler
of lops broken by logging,

(51 Tree age was determined from annval ving counts of all stumps,
excopl where advanced basal rot made such counts Impossible.
Allowances were made for growih to stump height.

() Pertinent dala on tree vigor and general condition were also
recorded.

Compilation and Analysis of Data

Data for cach urea were recorded on musier sheets. Tree volume
i cubie feet was obtained from plotied data by planimeler or from
volume etrves. Deeay volumes were computed in o sinilar maunoer.
For permanent record, dingrams of the oceurvence of decax it samiple
trees, showing position snd extent of vot, were made in the field (fig. 5).

Determination of Scar Age
The age of the sears studied was recorded beeanse this information
is related (o depih of penctration and volume of deeny.  Ape was
determined for 1,218 sears (Inble 2). Several of (he areas had more
than one well-defined period of partial cutting.
Tasui 2. Number of scars shadied, by age of sear aud free speeies *

U188 trees)

Western Bitka o o -
hemloek sproge Frue fies Fotad

Henr pe (venes|

|
|
t

25 . 155 | 12 i
619 387 20 40
1i-15H . 283 ™ ig
16-20. . _ 44 Q-
21-25 24 0
26-30. 36 0
335 ... ) A6 i}
36-40. . - 4
41 45 N 5
16-50, . . _ 10
51-75.. ... . 2
T6-100 .. . o e
=126, .. . . 2

Total. . . 030

B VLS e I BT RS |

b ]

]

= e O D e e e
[+ T BV TR R B i R SR I I Y

—
[5~]
—
N

! Hemloek oecurred on all 13 neeas studied, sprice on 7 constal arens, and {rae
firs a8 single seatiered trees on inland sifes,
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BROKEN TOP
T 87 67T TREE No .
LOCATION Youngs Aver
LECcAY DATE 6 -27- 45
NOTES JLB. § En
SCAR «Cx
{ NC DECAY
s Mo decay
Scrape| v
T Tzryz A
1204
YORIGINAL SCAR "8 Decdy
A Oty face of scar
S ) callvs
yg &
A A e
PECAY - £ grrosus ..
nciprent decay
PP ”’2‘ Advanced decay
= Origimal scar
IGINAL SCAR %A% %ﬁ. ‘ %
2
7 ears P ory toce o sear
J 252 5 iz Py Callus growrts
Since inyury

Figere 5.— Sample of Geld drawing of the oecurrence of rol associated with log-
Bing senis.

Identification of Decay

Decays associnted with logging sears were determined from the
fungi isolated in culture when possible. If repeaied attempis a$
isolation failed and fruiting bodies were not present, determination
of decay was based ou the characler of the rot. Sometimes the
occurrence of sporophores nud advaneed decay were used to identify
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the rot. Such instances were in the minority. A number of sap
rots, particularly those associated with sunscald, could be identified
from the sporophores fruiting on or near the lesions. Identified rots
are not grouped by gencra but are listed aec ording to frequency ol
occurrence in the coastal areas. Except for Fomes annosus the same
frequency of occurrence does not prevail on the interior areas (table 3).

Tanuy 3.—Fangi isolated from decayed wood of individual logying scars,
broken lops, and sunseald on western hemlock, Sitha spruce, and
true firs

WESTERN HEMLOCIK

Trngi Sears with deeay | Sears with doeay
g in coastal areas  in inland arcas

C Number  Percont  Nuwber  Percent
Fonivg annosus (Frics) Cooke . . o P I (W 120, 30,49
F.optnivota (Fries) Cooke : . IV 3.6
Sterewm sanguinofenium Prics 0. 32 106G
Armttlario wmellea (Fries) Quél . G, 0. {]
Folyporus versicofor Frivs LA 3.
Gunoderma eregonease Muarro _ . . ] 1]
Foures epplonatus (Wallr) Gili 4] )]
Polyporus alidettnug Fries . 12 4.
Pordy weirii Murr. .
Fomes robustus W -
Lentinus lepideus 1rie: .
Poriu subucida (Pet k) Bace _ .
Porie sppo. . oo .
P carbmr'iua Overl 1. e

2
1
(

—— e D3 I D SO DG

[Vilvsk R R e R ]

P, aibtpc!luuda Baxter._..._ .
Sterewm spp.® ... .

Coniopliora cercbella Pors. e
Prechispora roduloides (Kars(.) Hogers. ..
Unidentified |

Todal .o .o 0 L .o 1000 3017 Jou.

BITEA sPRUCE

—
w2l

Fones pinteolr ... .. .
Lendinuws kouffmonit Simith

Sterciin SPPec .. o ace ao -

N, sanguinglenbum . __ . .. .
Fomes pint (Fries) Narst .. ... ...
Polyporus yuttdatus Peck. ... ...
Foprte monticola Mure.__ o o ..
Confophore cerebello. .. .. ... . __.
Fowmes onnosusoa oL
HHydnwm sp

Unidentified 1... . .

Total. oo e e e

e et Jn B g | I TR v

4]

- Sce [ootnotes at end of fable.
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YasLe 3.~—Fungi isolated from decayed wood of andividual logging scars,
broken tops, and sunscald on western hemlock, Sithka spruce, and
true firs—Continued

TRUE FIRS {(grand fr and Pacific silver fir)

i |
C Senrs with deeay | Sears wilh deeay

Fungi in consial arons in inland nrens
P
Number b Percent | Number i Pereent
Fowmes annosus_______._ .. Lo . B 13 32.0 -

Sterewm Spp._. ... .. .. .. . N A {; 12. 8
Polypornus alictinus__ . __ B : 4 85
Porta spP e . R R S ! 3 6. 4
Fowmes pindeolaen ... . . . e P i 21
Trechispora sp__ ____ N S ! it 21
Odontiusp. ... .._.. . . : 1 2.1
Unidentificd s___ ... _ . _. ! iG 344
Totwd ... . ... . . . . R 47 ‘ 106, v

P AIL isolated from scarred {roes on Hollis Creek npea {Arcn 7, fig. 1),

® The first collection from the Pacific Northy est,

8 Alypiead Tor Steroum senguinoloniu ey therefore classified as Sterewn spp,

! Includes contaminnted culiures where identity of the Tungus causing {he
wood deeay wus obscured and cases whore jsolation atleinpls woere unsueeessful.

Some sludy areas were revisited several months alter the felling to
recheck the extent of decay, nole the occurrence of new sporophores,
and collect additional rot samples for eulturing.  Wood-rotting fungi
were thus finally isolated from o number of sears from which fungi
had not previously been eultured. In all, more than 1,500 cultures
of wood-rotting fungi were made. Sometimes soveral isclations from
one scar were necessary {o determine extent of spread and penetration
of the decuy.  Fungi were listed as unidentified if determination was
not possible from cultures, fruiting bodies, or typical decay.

MOST IMPORTANT DECAYS
Fomes Root and Buit Rot

Fomes root and butt rot, caused by Fomes annosus,’ affects many
species of conilers and especially pines (8, 10, 18y, 1L is a commoun
rot in dewd and down trees in the coastal areas of the Pacific North-
west (3}, Englerth (5) found thal /. annosus is Uhe most imporlant
heart rot fungus of wostern hemlock i weslern Washington and
Oregon.  This rol usually is confined to the butt log but sometimes
extends upward 40 feet or more. Rhoads and Wright (15) feund
that infection commonly enters hemloek through wounds and not
necessarily through Uhe roots.

In western hemlock and true firs, Fomes unnosus in the incipient
stage is usually reddish brown in color and is quite easily recognined
(fig. 6, 4). In the later or advanced slage, the rot forms small white
pockets, which finally change into a spongy white mass of cellulose
containing black flecks (fig. 6, B). Sperophores are perennial, occur-
ring infrequently on standing lrees but occasionally appearing in

* Fungi idenlified in this study are lisied Iy fable 3.
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Frorwe G L Dneipient slawe af ool causett by Fowes antioses. The Fungns
entereed this wialern hemlock  theough the S-vear-old  fogping sear, which
estended Trom | to 268 feet aboyve grouned, The fiee of the sear s dried o
teaselhardencdt, [ 8 veaes rol had per strated more tha hall way o the
penter of Lhis 12-yew=old weatern endoek €206 nehes o D, loe - The arvow
poinis fo the white seeial myeelivm, which defines the exteus af deeay. The
myveelim developed after disseetion. B0 Advaneed stase uf rol s Dy
Foones annoses, Poekers are Gillib witlhe white myeeliun and oeeasional blaelk
feeks.  Tu this stage of the rot ihe wood s reduced to cellulose,
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iRy T Fewres ganosos sporophore, show tne ivnenium o pore utahersumaes,
This spovapliore was Bonoad Trodting st Dhelow an old eaviin, 20 Teet ahove tle
servmit B Divine we=teve hemloes. The foogus entersd oofalbine-teee seaeabout
[RSIEN

roul crotches or in fiollow bate-. The sporophores are sheiilike or
ilal, are hrown on the apper surfaee, and have o white- to erenin-
coloret pore wdersuelaee die, 7ol

Althongh Fowmes annosus =-1'|u|.|ll\ 1= clissed as g roat rot Tungns,
i this study il was isolated from several places other than roa
sears rom basal seaes, Teomy sears high on the bole, Trom sunseald
lesions, and even ot broken tops. The extent of the deeay varied
with the age of the sear throuel which infeetion touk place. Daoem
develops rapidly itk enrly stages and more slowly o s advaneed
stage. Sinee Foodnnosis destrors primapily the lanin, the deenved
woud, exeept in the wmost advan ed st age of deeay, i< <l valuhle
for paper pulp 02,

Stereum Rots

Rots eaused by Steecine sanguinolontnn and other speeles af
St were enconntered <o frequently in assoeistion with logging
sears ol western hemdoek that they ranked second nunerieally to rag

ansed Dy Fomcs annosus, These rols were partie alarly prevalent
on inland sites. Phey huve been recognized s wideapread in North
\Ill(‘H{'l m coniferaus shizh and espeeinlly as o heart rot ol balsam
fie (407, F0, 17y Spovies of Stercnm abso linve heeiy associatel] with
dying of young Douglas-fie, crue {ies, and pines 12250 Freguently
stecennt rals oveur i dead sapwoud; there (he infection rakes plave
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. rot, Tike 1ot emtt=ed Iy Formes aoposas, doe= pot mahe 1he wood -eless
(o pulp £

Steremin rol in westernn bemboels and e tene dies s a0 browy frinhle
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ideatification of the ret.  They seldom exeeed 2 inchoes in width,  The
upper surfeee of the conk is silky aod pale olive geay to bulf in color
and dries to a grayvisi-brown color,  The undersurface s smooth and
bleeds readiy when fresh.  This rot did not cause as greal a volume
of deeay as most of the other rots encountered.  Furthermore, most
of the sears infected by species of Skeroum were relatively voung,
commoniy 5 1o 7 vewrs of age.

Brown Crumbly Rot

Brown crumbly rot, eaused by Fomes pinicola, was the most common
rot found in Sitka spruce. It also eaused appreciable volume loss in
weslorn hendoek and troe firs,

The incipient stage of tie deeay is indiested by a Tatal vellowish or
brownish discoloration.  Wood i the advanced stage of decay be-
comes 2 light reddish-brown cerambly mass that eventually breaks
into cabes. Prominent white myeelial felts may develop in the
shrinkage eracks (fie. 101, Sporophores are very common and appear
as hard. woody, percunial shelf- to hool-shaped conks of fairly large

F-476333
Trcene 10. - Typieal brown conmbly rol, which eitered western hemloek through an
d-yowr-old sear,  The sear exiendod frot 6 fo 13 feet aboveground and varied
froin 6 to 8.4 inches in width.  The white inyeelinl foits, tvpical of this deeay,
are just begiuning to show vear the ¢entor of the tree, to Lhe eft of the roler.
This deeay resulted in lonp-butting und euiting a short log,
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iz (i, 11 ook 120 The upper ~arfaee ol the conh os genernlly
smooth, zonmd, oray o bixel i colar pind ~ometmpes T a wide ved
marein. The madersnrfaee s wiite 1o vellowi=b me color when feesh
bt beeoines eream 1o brownish ypon e Phe noesior of the
conk =~ mioderately firig, wiih n chargetert-tteatly Uubio velbow enlay.
Srown erumbiy rot vaptdhy pendors the wood nsedess for patp, haber,
or even Tiel. Botle dead sapwood and heartwood are attaehed,

=
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LERE -3 38
Froin me L Fostheed woosts ra freetnndoeis, ~bow i the leeay cansed by Poomcs pinivela,
ety dne the dpeipiend stoueg 2t The avains of Hhe seps b the living tree
thee senr ostepded Trotne The =onndd ap 1o B Feet aoed was 1 foas widie The
decay evtended b 10 feet Deoiddition ta Fopaniredn, 17 aamesas wis dsoliged
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willy the same rol fungus and were listed as one nfection. Not
uncommonly, o single scar had more (han one infection and could not
bhe erediled fo any specific one. Tor these reasons, the listing of
infeetions by host species will not cheek with the total number of
injuries with infections.

Western hemivek. - -Fomes annosus was the rol fungus most fre-
quently ussociated \\1r|1 logging injuries in western hemlock.  Sterewm
species woere second .nunwu(.dl‘\' and olten were confined (o the
sapwood.  Fomes pinicola was thirdfin number, Porie weirdi; the
destruetive root rot fungus common in Douglas-fic voung growth,
wag responsible Tor the rel in 4 scars on hemlac K, ail .11)0\mrrnuml
O all the rot fungi listed for hembock, all bur Porda cocos had been
reported previously in this region.

Sitha spricce-Fomes pinicola wes The most destruetive and most
frequently encountered rot fungus in Sitha spruee.  Lenlivus keuff-
manit and Folyporus guttulatus were found only on Sitka sprace, and
Fomes annosus was ravely found on this species. OF the Lotal of
126 sears studied in Sitka spruce on the coust arcas, 73, or 58 pereent,
were infected with at least 1 of the 11 or more rot ]lll]”’l found on Uns
sporeivs.

True firs. - In grand fir und Pacifie s'lver fie, as in hemlock, Fonmes
annnsus was the most common cause of rotl.  Sterewm species, other
than sanguinolentum, wore second in occurvence. But 8. sanyuin-
ofenfunm, common in both hemlocl and spruce, was not recorded in
the (rue firs,  OF the total of 62 sears {ound on (rue firs cust of the
Coast Range, 56, or 90 percent, were infected with at least 1 of the 8
or more rol lungt found in these species.

FACTORS ATFECTING DECAY IN LOGGING SCARS

Some of the factors that have o bearing on the incidence of decay
when associated with logeing scars have been cvalunted. Records
are presented here for western hemlock only, but results were stnilar
for the other species studied. The stands studied were normally
stocked.  To determine the offects of percent of cut on the distribu-
tion of scars on Lhe trees, the frequency of decay, and the amount
of sunseald and windfall loss, the sreas studied wore roughly grouped
ns light, medium, or beavy cutlings. Remowval of more fhan 45
per cent of the bowrd-loot volume was classed as a heavy cut, 30 Io
43 percent was classed as a medivm cut, and less than 30 percent wa
classed as light.

Helation af scar helght to percent of euf. —Lighl culting produced a
bigher percenlage of scars near the buse of the trees than above breast
heght, as indicated in the following tabulation of 1,030 scars on
western hemlock:

Sgirrs below 4.5 foet Seurs abore 1.5 feel

Inlonsity of cul: {wmber)  (pereent)  (iuanber)  (pereent)
Tenvy_ oL e e 124 33 252 47
Medium.... . . 166 54 T4l 46
lehL_.._...__-..._ e 221 i 115 33

The results, while statistically siguificant, are not thoroughly under-
stood. Possibly there is luu'hm puwntu% ol basal scars after a
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light cut because more trees are left in the stand to be injured by
skidding, whereas a heavy cut leaves fewer trees to be injured.  Also,
in heavy cutting, a skid wail is often reused so that enly & few new
sears are made afler the first skidding. Heavier cuts caused sig-
nificantly more sears at points higher than 4.5 leet.

Relation of sear height to occurrence of decay.~-Frequencey of infection
decreased significanty from the ground up, as shown by the jollowing
tabulation of 1,030 logeing sears with and without decay:

Tatul acars Seurs with deroy
Seur loeativn: vieipmbery  (aamter)  fprerceit)
Inroota. . .. . 33 25 g2
-2 Teet above ground | . . it 251 83
2.1 45 feet . 184 123 67
Lowoer trunk (4.5 feed 10 base of crownd . 490 215 34
Upper trunk (hase of crown Lo S-inch
1op diwneier! - . . 83 : 47
Top Gthove 8-inel diwineter hot not iu-
clading broken Lops) 31 14 48

The probable reason for this decrease is thal moisture conditions close
to the ground are more favornble Tor the start of decay than are the
drier conditions higher on the trunk.

Felation of the percent of cut 1o oecurrence of devay.~-1F light cutling
results in a higher pereentage of scars near the hase of the tree and i
deeay is more frequent in the lower sears, the highest incidence of
deeay per sear should oceur in the areas cul most hghtly,  This rela-
tonship proved true in this study, as shown by the following data
on togeing sears with decay:

Totuf fagr-

AR SCHES Srurs with decay
Totensity of eut; tntater)  tapmbert pwrcentt

Heavy 37TH 185 4}
Medivm . . 3¢ 1552 02
Light . . 344 202 85

The trend proved statistically siguifteant.
felation of scar erposure o occurrence of decay.~The direction thal
321 logging sears Faved was recorded to determine 3 exposure in-
fluenced the oveurcence of decay,  Sear exposure was hsted aecording
to points of the compuss, and deeay occurred in 287 of them as tollows:
Toduf foy-

sy xeors Hewen weith deveg
Lixposure; Wntradery  innmtery  (porcent)

North. 41 ke 83
Noriheust 3 28 a3
Norifnwiml 140 38 8
South 24 21 ST
Rout heast 4§ a7 490
Suuthwesl 406 45 s
Junsi 43 Al il
Wost . 48 43 Hi¢:

Differences betwoeen  exposures were nob slatistieally  significant.
Normally a shaded, moist exposure Is more favorable for decay than
a sunny, dry one.  But mosl sears studied were faivly well shaded
becesuse the scarred teees were in stands only partiafly eut.
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Relation of scar size v ovewrrence of deeay.~ 8mall sears were more
numercns than large ones and were less frequenlly decayed, as
indicated in the following tabulation of 068 logzing sears in western
hemlock where the limits of decay could be definitely established:

Pt log-
fHiHY sourd Sewrs w itk decuy
Soene e {_Sq wisere JoediY: [T P R F T A T i freree ity

01-0.5 . . . . 358 [ 4 41
0.5-1.0 . 163 8 33
1, §--2.0) 136 P E 76
24--7.0 2i0 17 he|
T T 51 Bt 14a

Of the 521 sears 1 square fool or less 1 aven, only 48 pereent wers
decaved.  For scars lurger than 1 sguare Toot o area the pereentage
of decay increased rapidiy. Tt reached 100 pereent for scars larger
than 7 sguare feet in area.  This information is important to the
foresier sinee it has a direct bearing on manugement practices. Trees
with wounds barger than 1 sguare foot should bhe sabvaged ot onee
and net Jeft undil the next cutting evele. Conversely, trees with
sears smaller than 1 sgoare foot in area can be more safely Jeft for a
future harvest,

DECAY ASSQOCIATED WITH OTHER INJURIES
Sunscald

Sunscald festons were reported by Huberman (741 in 1843 1o have
danaged ecastern white pine in New England. There sonseald was
lound regularly on the southwest face of Lree trunks and occureed
when eambial temperatures reached 43° €0 0110° o oor highior,

Tn Pacifie Coast forests, sunseald had been Jargely unreported
hefore the present stwiy.  In this study, however, the freguent re-
carding of sunseald in parGally cut stds of western hemlock showed
it Lo be of mgjor imporiancee in this species. Sunseald duinage oc-
curred maostly on the southwest Tace of the trunk, I occeurred most
frequently in stands with broken tops.

Sunscudd of western hemtboek commoniy results when the thin-
barked trunk is suddenly exposed to full sunlight.  Xeeent sunseald
lesions are not always notweeable, but alter 2 lew months sunken
areas of bark, where the enmbium has been Killed, are appasent
(i, 13). Exploratory chopping shows the extent o which the
cambium has been killed,  Well-developed sonseald lesions show
pronounced cracking and loosening of the hark, and frequeatly
sporophores of Polyporus abictings are present (fig, 141, Only one
spruce tree showed sunseald damage, and (his was of limited oxtent.

Deeoy was abmost alwavs sssocinted with sunseald of westorn
hemlock. Ounly one lesion without deeay was Tound n this study.
Trees that had sungenld injury for seversl vears were o tofal com-
mercial Joss.  The wood-rolting fungt associated with sunseald were
Polyporus  abielinus, Sterewm specivs, Lepfinus  lepideus, Fomes
annosus, and F. pinicolu.
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F-478337

Frovas T Smaseald danuge in cross section from butd of $2-vear-old western
tieroloek, 20 dnehe= d, Do b AC el aevow o, Uhe esombivm was Killed by sun-
seald and the tronk was ivaded by an unideniified roc Dungis. Longing senr,
above ruber, was invaded by Foues annosis,

Ta help define the conditions favoring =anscald in the mild coustal
climate, cambial temperatures in several recently exposed western
bhemlock boles were recordoed in one loeality ?

The femperatures pecessary Lo eause sunseald of wesiern hoemlock
have nol vet heen folly detemnined, but preliminary records pdieate
that sunstald starts at the relatively low cambizl femperature of
429 |7, Temperatures as high as 106% were recorded over o 2-vear
period.

Sunseald was significantly greater in stands heavily ent than in
those lightly cut, as shown by e Tollowing ligures on damage to
381 western bemlock irees:

Freey Proew arith xunaendd
£t rhedaed fegipns
Tatensity of vy Saathery onnmitre UINTCE DY
Feavy_ .- . 123 24} 16
Mediwn 15 i i3
Light .. ag b b

 Cambinl Aemperatirs rendings were (aken, with specialiy designed  ther-
mometers, under the direetion of 1,10 Haih, Forester, (ascade Head Experi-
meital Forest, onear Otis, (e,
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F 1818

Froovun 1 Sevone stinseald eytendine Dram grotiied 1o 13 (oo on Diving western
Bedind, rece, 2HE cvears old ol 35 meeloes b o W Podupne s ohie s s
tritiiinn an il borri,

The one smuseald lesion without deeay was s helnds eot stand.
. Adso, stnseald Tesions were Laorger o the heavily eut areas, and the
b frarn deesy was bighoer,
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Broken Tops

All bhroken-top trees resulting fromn paetial cutting were recorded.
The number of broken tops varied with the percent of cut. In com-
parable stands, heavy pariial cuiting resulted in more broken tops
than did Hglit catting.

0Of 79 brokeo-top trees, 36 were 8 inches or lavger i <dinmeter at the
break and 43 were less than 8 jnehes in diameter. OF the 8neh or
larger group, 60 pereent had deeay at the point of hreak; only 44 poy-
cent of those usder 8 juches were infected, Thiz difference is probabiy
direetly related to tdme sinee the hreak, size of the target presented (o
apores of Tungl, and the amount of moistare eolteeted and retained by
the broken tops. The fungi most frequently cansing decay in broken
Lops woere Fanex pinieola snd /5, qnnosis,

Windigl!

Windfall, or the probability of windfall, is important in any studv
of partial cutting and of decay entrance through wounds in trees.
Fallingr trees strilie and injure those that remain standing and open
the stand to further windlnll and =unseald Injury. Windfll loss is
extremely variable, but, in s pariially coi stad of Douas-fir with o
mixture of hemlock and other species, Joss inereases roughly with the
pereent of cuts Any cut heavier than 20 10 25 pereent of the board-
foot vedwne may result in prohibitive loss,

Records were available for the origina eut and sabsequent windfall
losses on three of the areas ineluded in this decay study. One area,
near Morton, Washo was typieal of many overmature old-growth
stads in the middle elevations of the novihern Caseade Range. This
stand consisted of about 12 Jlarge old-growth Douglas-livs per acre and
many smaller hendoeks, codars, and vrae firr. Although more than
half of the board-foot volume was removed by eatting most of the
large trees, a wellstocked Torest of snaller trees remained.  Ten per-
cont of the uneut trees were destroyed i logging, and 36 pereent of
the rematnder were mjured. Ten vears after loguing, half of this re-
serve stand had windfallea, and more tan halt of the trees Uint re-
mained standing were searred and Injured.

The second area, st Cheisty Creek. Oakeidge, Oreg.. was (vpieal of
the defective old-growth Dooglas-fir stands of the southern Oregon
Caseade Range. 4 thivd of the old stand was cut, 3 pereent of the
uiderstory was Lifled, and 20 percent was injured by logging oper-
ation. In the next 10 years, 10 pereent of the resepve stand had wind-
fadlen, and the pereent of Injured (rees nereased Trom 20 pereent to
25 pereent.

Fhe thied arca, veae Graes Hacbor, Washe, was tepical of coastal
spruce-iemloek stands, This stamd consigted of seattered old {yees of
Dauglas-fiv, Sitha spruce, aad hemlovk, and « 100-vear-old anderstory
of hemboek and spruce. More than hall of the bourd-fool volume wus
removed hy cutting the large old trees and a fow of the 180-venr-old
trees. About 10 pereent of the reserve stand was destroyed in'logging,
and 25 percent of the remaining trees were lnjured.  Fon voars after
logging, 85 percent of the 100-vear-old reserve stand haed windfullen,
and more than half of the trees that remained standing hore windfall
injuries.

&
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These three arcas are fair sumples of the resulls of medium or heavy
partial cuts in the Douglas-fir region: a greal deal of injury (o the re-
serve stand is associnted with partial cutting, and the Injury is in-
creased by subsequent windfall. Sunseald injury has not lreen ineluded
in the foregoing figures but cau be expected 1o inerease i proportion
to the percent of partial cul and windlall. Sinee windfall injuries and
sunseadd are both points of enivy Tor deeny fungl, the significance of
their occurrence with medium and heavy partial cuts is readily
apparent,

RELATION OF SCAR AGE TO ENTRANCE AND SPREAD OF
DECAY

An overafl average of 63.2 pereent of 344 sears on 300 western hom-
loel trees were deeaved. The pereeni of senrs with deeay are grouped
by age of sears as follows:

Sewrs with
s s T deeny

Sear g b {yoursi: fawathicey s 1 (peereends
5l . 28 14 54
B -4 Bl 152 6
78 N 13 il
- 10 43 3R Al
-1z 50 2324 {i-
b Ll i 74
I5-16. . . 1) 22 o
17--20 & i na
2§24 3 it I
25-20_ ¥ R Th
3034 L 18 3 T

1 Bears older Thay 34 years were omitled.
VEAPS Were o
2 IF several sears geenrred on o single rof coluno, they were ol inelnded in
this (abulalion.

Although the highest percentage of decay was in the youngest
seirs, there wuas no cousistent mldtmntslnp Belween sear wge ‘md
presence of decay.  Usuaily deeay developed at the edge of ehe se
Bocay normally pmqusui from the callus cdges into the Ulii!l\
(fig. 6, #1).  The lace of the sear often (,lriotl out, bocime easchardened,
and remained sound.

Radial Penstration

Phe yearly penetration of decay after logging njury diveetly affects
the net merchantable volume of wood, The same rot penetration
that would destrox a tree of small diameter weould be refatively unim-
portant in 2 tree of large diameter.  To determine the rate of radial
penetration of rot, depth of decay was measured in oven-aged scars
an rees 1n several areas logeed ab different dates. Rate of decay
varied between areas and between kinds of rots, so the rvelationship
of age of scar (o rate of penclralion showed some pregularvity.  But
the averages established a definife (rend in rate of pr*noirat:on for
scars 3 10 15 years old (fig. 15). For the first 3 vears the rate of
penetration was rapid.  After that, penelration was slower but con-
tinued, even in the oldest rroup of scars studied. Rot caused by
Fomes annosus penelrated most rapidly of all and was about 1 ineh
deeper than the other rols under HH-year-old scars.  In vounger scars
the difference was smnller.
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RADIAL PENETRATION (INCHES}

5 6 7 8 9 Ig 11 12 13 14

AGE OF SCAR {YEARS)
Fraunk 15.—Avernge rate of radinl penelralion of decay for weslern hemlock

sears 3 to 15 yenrs old.  Sears younger than 3 yenrs were exeluded us relatively
unimportant in this study.

Vertical Spread
The vertical spread of decay in western hemlock was determined
by measuring the ralte i groups of even-aged sears. The vertical

spread, like the radial, was rapid for the first 3 years, then less rapid
but still advancing at the end of 15 vears {fig. 16). Vertical spread

66

5
——_,

YERTICAL ADVANCE (INCHES)

9 10 11 12 13

AGE OQF SCAR {YEARS)

Figure 16.—Average vertical ndvance of deeay for western hemloek scurs 3 to
15 years old.  Sears younger than 3 years were excluded as relatively wnim-
portant in this study.
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had not censed at 34 years. Again decay caused by Fomes WRAOSUS
showed the most rapid advaunce, In scars 11 vears old, its vertical
spread was aboul 30 inches grealer than that of the other rots.

RELATION OF SCAR AGE AND AREA TO VOLUME OF
DECAY

In southeastorn United Stlates, Heptling (9) found o relatiouship
between width and age of scar and volume of decay ou fire-searred
ouks. The present study showed n inore complex relationship; a
multiple regression including area aud age of scar gave a significant
average measure of volume of decay. For western hemlock, 586
sears, with and without decay, were meluded in the caleulation (fig.
17 and tuble 4).9 For scars 3 to 30 years of age and 1 to 10 square
feol in area, deeay ranged from 0.68 to 7.65 cubic feol.

Sunilar regressions were developed for Sitka spruce o show
the relation between age, wrea ol scar, and decay volume. For
Stika spruce, oniv 88 scars, with and without decay, were usable in
the computations. Nevertheless, the data indicate progress of decay
enfering scars on Sitka spruce (fig. 18 und table 5). Decoy apparently
starts more slowly in Sitka spruee than in western hemloel; alter it
is established, however, il progresses considerably faster. The
resiious character of Sitka spruce peebably helps {o proteet the
species against early eanbry of wood-decay fungi.

Beeause of inadequate dala, uo attemipt was made Lo calealale
values {or true lirs.

& Hoprossion formula for western bemitoek
Vo==0.084 4 -F 0. A0 T e — 0.0029
where Ye=mestimaded rob volume in eubic ferl
F =SCAr Age in years
Lo senr aren in square fect
Mulliple correlalion coeflicient (#)=0.4717
Standard errov of cstimate {5)= £ 5.80
# Negression fornla for Sitka spruce
Y= 42402, 0.3393.6.— 2,801 4
wiere Y.=estimnted rot volume in eubie foct
£ ==Sear age in yems
ro=sear ares in square feel
Mulbiple correlation cocHiclent (R) =0.4024
Standard crror of estimate (5)= £ 12.51
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Tanre 4.—Caleulated volwme of deeay n western hondock by age and
(.J area of logging sears
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Sears were 310 30 vearas old,
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Tance 5.-~Calenlaled volume of decay tn Sitha spruce by age and area
of logging scar
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SUMMARY

Thinning and stand improvement eultings are vertain 1o inerease
m the forests of the Douglas-fir region, and any form of partal eulting
will case some dumage (o the reserve stand. Therelore, the oceur.
venee of decay after logeing injury will e of nereasing coneern (o
praeticing foresters in he region.

Ta stwdy the entranee and spread of decay followine logging injury
Lo reaidusl trees in partially eut stands, 13 areas, widely distributed in
western Washington and Oregon, were samplu. Decavs were stuidivd
in logging injuries of all deseriptions and in sunseald fesions,  The
study was confined to the thin-harked specive, westorn hemlock, Sicka
spraee, and the tene fies fgeandd e ad Pacifie stlver fip,

Twenty different Tungi eavsing vot I western emlock were identie
fied, 11 0 Sitka gprace, aud 8 inothe troe firs, Some oceurred in 2
species and some inall 4 A total of 27 different fungt were identified.
RSome rols were readily identified in the fiekd, but samples were taken
of all rols, and whout 1,500 cultures were made in (he labaratary, for
identification of the eawsal organisms,

Fomes root and butt ror, eaused by Fomes annosus, was the most
common rot on searred western hemboek, [ amounted to 63 pereent
of the rot< on that species along the coast, and 40 pereent cast of the
Coast Range. Stereum rots were seeond: they made up 7 pereont of
the rot along the const and 26 poreent inland. Rots on the true firs
followed the same paitern ns on hemlock: Fomes root aod butt rol
wis most common and sade up 32 pereent of the rots, and slereum
rols were seeond with 15 pereent. On Sitka spruce, brown crumbiy
vol, cawsed by Foues pinicata, was identified fn 34 pereent of the seaes,
sterenm rotsin 15 pereent, and hrown pocket rot, caused by Lendinis
hautfmanii, I 11 pereeit.

Decay oceurrnd more freguently oast of (he (Coas Range than aloug
the coast. Western hemlock an (he coast had rat in 1 poerecat of the
searsteast of the Coast Range 75 pereent of (he sears were infected.
Theaverage For he region was 63 percent. Sitha spruce on the coast
hated 38 pereent of the sears infeeted. The true fiss that eecur oast of
the (foast Range bad rol in 890 pereent of the sears,

Fram the incidence of deeay in relation 10 (he intensity of the
partial eut and from the position and size of Ibgeing sears, the furester
van estinule roughly the probahbility of de Ay in g stand vnder par-
tieular eatting practices. I this study, roul injuries and sears close
to the gromd showed a greater incidence of deeay than juries oe-
curring 4.5 Teet or more aboveground.  Less than half of 1he sears ]
square fool or smaller i area had deeay in thent, whereas all sears
larger that 7 square feet in area were infoeted.

Deeay per sear was geeater alter o lght ent than after heavy eut.
Nevertheless, windfall records indicate that the light cut is safoer
Anvtling more than a fight partial cut (less than 30 percent of e
board-Teat volumes i Tikely 1o vesubt in destruction of the stand,
cither from asudden blowdown or frony gradual windfall losses.  J2acl
Ialling tree lets in more sunlight to sunscald its thin-harked neighbors,
and many of the falling troes wound other standing trees. Thus the
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percent of cut and windfall may aflect not only the spread of decuy
in the residual trees, but if too heavy, max endanger the entire stand.

Sunscald, previously almost wonoticed in this region, was prevalent
on exposed hemlock trunks. Practically every sunseald injury
contained decay.  Sunscald was signifieantly greater in stands heavily
cut than in those Hghtly cut, thereby emphiasizing the need 1o avoid
exposing residual hemloeks to full sunfight,

Scars on hemlock ranged inoage from 2 Lo 126 vears.  dofection
occurred mostly during the first fow years alter logging. Young
scars were infected shoul as Trequently as old ones, and pereent of
infections did not inerease with sear age.

Radial and vertieal penctention of decuy was direetly veluted to
the age of scar.  Penetration in both directions was rapid during the
first few vears, then declined gradually, bal had not ceased entively
even in the oldest group of sears studied. By using the graphs, the
forester, Il he knows the age ol a logging scar. can determine the
radial and vertieal extent of decay inan individual sear and make
allowauee in log bueking,

A multiple regression of area and age of scar, with aid withoul
deeny, provides an estimafe of average cubie-foot volume of decay
for any size sear up to 10 square feef in area and at any age from 3 to
30 vears, Oder and larger sears were studied, but most sears (ol
within these limits.  The records indiente thal the spread of decay
was most rapid for the first 3 years.  As cubic volume ol decay
inerensed, the rate of spread decreased, so that i Iater years docay
accumulated at abeul the same rate ecach year. Regressions were
caleulated for both western hemlock and Sitla spruce. The trends
were similar, but the rate of spread Tor spruce was slower at the
start; after decay was esiablished, 1t was faster in Sitka spruce than
in western hemloek.

This report provides informmtion on probability of vecurrence of
decay and its rale of spread after logeing iyjury (o western hemlocek,
Sitka spruce, ud the true Hrs. The forest munager or owner can
use these cdava for estimaling average volume of deeay in Injured
troes when area and age of sear have been recorded. He can then
determine how muceh dumage can be tolerated in his timber stands
and decide an cutiing practices to keep injury within altowable limits.

LITERATURE CITED

(1) Baxter, D, V.
1952, pATHOLOGY 1IN poREST PRACTICE. Td. 2, GO pp., illus. New York,
(2 Bionkaax, B, Sayvensox, (L, Rovasredas 18, Bencek, T, and Mans, B
1949, oM ROTSHADOR [ GRANSHOGOCH DEVAS BETYDBLSYE ¥ID FRAMSTALL-
NING AV KEMISK PAPPERSMASRA OCI SILKEMASsA.  (Eaglish Suin-
mary} Bul. Rey. Behool of Foerestry, Steckhobing Sweden,  Nred
73 pp., illus.
(3) Bover, J. 5.
1948, rorest varnonont. 19d. 2, 350 pp., illus. New York, Toronte, and
London,
() Buceknaxe, I G, Fosrer, R. B, and Normx, V.
19448, $PUBIES 1IN POREBRT PATHOLOGY, VI DECAY IN WESTERN HEMLOUK
AXND FIR IN THE FRANKLIN RIVER AREA, piresd coLvanta, Canad.
Jour. Rea, Seet, € 27:312-331, tlos.



http:l'HA~lSTX.LL
http:BAX'l'.ER
http:westc'l'.Il
http:sllllsen.ld

34 TECHNICAL BULLETIN 1148, U. §. DEPT. OF AGRICULTURE

(5) Escuerty, G. H.
1942, DECAY OF WESTERN ITEMLOCK IN WESTERN OREGON AND WASHINGTUN.
Yale Univ. School of Ferestry Bul. 50, 53 pp., illus.
(G} and Issac, Leo A, '
1044, DECAY OF WESTERN ILEMLOCE FOLLOWING LOGGING INFURY. Timber-
man 45 (B): 34-35, a6, llus.
(7} Favwy, J. H., and Mouxce, IrREXE.
1924, STEREUM BANGUINOLENTUM AS THE CAUSE OF 'SaPIN ROUGE” OR
RED HEART ROT OF BALEaM.  (Abstraet) Phyiopathelogy 1:4:3489-
a0,
Fosrer, . E,, and Fosrer, A T.
1051, STUBIES IN FOREST PATHOLDGY, Y, DRUAY GF WEBTERN BEMLOCK
ON THE QUEBN CUARLOTTE 1SLANDS, BRUTISH coLUsmra,  Canad.
Jour, Bol. 20:479-521, illus.
(9} Herrixe, Geonrce H.
1941, PREDICIION OF CULL FOLLOWING FIRE IN ArraLacilay oaxs. Jour.
Apr, Res. 62: 108-120, illus.
{10) -——- and Dowxs, ALRERT A,
1944, KOO AND BUTT ROT JX PLANIPED WHPPE PINE AT HBILFMORE, NORTH
caroLixA. Jour. Forestry 420 110- 123, illus,
(11) Hisersax, M. AL
1943, SUKECALD OF EASTERY WHITE PINE, PINUS sTiobrs Lo Beology 24:
456471, illus.
(12) Husenr, Laxesr I
1035, A DISEASE OF CONIFERS CAUSED IT STERECM SANGUINOLENTUM.
Jour. Forestry 33: 485-484, illus.
{13) McArpue, Ricuane 5, Mever, Warrer M, and Brues, Doxano.
1049, THE YIELL OF DOUGLAS FIR I¥ t1LE raciFie xowrnwest. [ 8. Dept.
Apr. Teel. Bul, 201, 74 pp., illus., rev.
(1) MeCannra, AW,
1925, PUDIES IN FOREST PATIOLOGY. [, DECAY OF HALSAM FIK {ANIES
HBALSAM Ea MILL)Y, Canaduy Dept, Awpr, Bul. 104, 25 pp., illus.
{15) Rnoans, Arrncr 8., and Wargnr, Erxesr
I%:, FOMES ANNORUS COMMONLY A4 WOUND PaTUQGEN RATHER THAN A
HOOT FARASITE OF WESTEREN HNEMLOCK IX WHSTERX OHEGON AXD
wasnxGrox, Jour. Forestry 440 1091 1092,
(163 Rew, Jonx D, Miper, Ko N, and Hoseneey, Cob
1924, TiE PTILIZATION OF DECAYED Wo0b IN THE CEEMICAL PRUCESSES.
Paper Trade Jour. 785 (201: 4418, illus.
{17} SravLpixa, PERLEY,
1920, BECAT OF SLASH OF NORTHERN WHME PINE [N SOUTHERN NEW
uxcLaxn. UL 8 Depl, Agr. Tech. Bul. 132, 28 pp., ilus,
(18) Wacexsr, Wiiws W, and Cave, Manox B
10406, PINE KILLING BY THE ROUT FINGUS, FOMES ANNORUS, IN CALIFORNLA.
Jour. Forestey 44: 4754, illus.
(1%} Wricor, BErxest, Ruoaps, Axrter 8. and lsaac, Leo A.
1047, BECAT LOSSES FOLLOWING LOAGING INJURY IN PARTIALLY CUT STANDE
OF WESPERN HEMLOCK AND sITRA spRUck. LTimberman 48 (10):
52. 84, 72, 74, T4, illus.

FReld

U 5. GOVESHMEKT PRINTIHG GFFIGE: 1356



http:P~JRI.BY
http:cCALI.eM
http:DOCGI.AS
http:1'U-~I.1l
http:S'I'.RII.HI
http:IJ(l�.12




