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Abstract approved

Infection courts for microorganisms invading white fir

heartwood were determined to be primarily branches and basal

wounds. Of 11 hymenomycetes isolated from infected trees, oniy

four: Echinodontiurn tinctor ium, Phellinus chrysoloma, Pholiota

adiposa, and Her icium abietis were of major significance in terms of

frequency of infection and damage caused. Two or more hyrneno-

mycetous fungi were commonly isolated from a single decay column.

Where this occurred decay was more extensive than that caused by a

single hymenomycete. Hericium abietis was a common associate of

F. tinctorium and other hymenomycetes.

Decay columns in white fir were typically cylindrical in shape

and had three distinct zones of discoloration and deterioration. These
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included advanced, incipient and early decay. The progression of

decay stages horizontally across the grain and vertically at the lower

and upper ends of columns was from the advanced zone at the center

through incipient to early decay to sound wood. Results of cultural

isolation of microorganisms from the decay zones indicated that a

succession of microorganisms occurs as decay progresses in white

fir heartwood. Bacteria were the primary organisms isolated from

the early decay zone. A consistent microflora of bacteria and fungi

was isolated from the incipient and advanced stages of decay.

Bacteria apparently are the initial colonizers of heartwood followed

by the fungi. The hymenomycetous fungi responsible for causing 173

of the 513 decay columns were either unidentifiable in culture or in

most cases they were not isolated. These decay columns were small,

the causal fungi appeared to have died or become inactive. Limiting

factors are thought to be competition by other microorganisms or

unfavorable air or moisture cond itlo ns accompanying healing of infe c -

tion courts.

Non -hymenomycetes identified included: Phialophora fastigiata

and Phialophora spp. , Cladosporium herbarum, Gliocladium roseum,

and Rhinocladiella atrovirens. No successional pattern was detected

among those identified. Most bacteria were Enterobacteriaceae and

Pseudomonas spp. A few Bacillus species were found.



Species of nitrogen-fixing bacteria were isolated from decay in

31 white fir trees distributed among 16 areas. Evidence of N2-

fixation by these bacteria was initially obtained by acetylene reduction

then confirmed by use of 15N2 and by total nitrogen analyses. Bacteria

fixing N2 were associated with the major decay fungi during all

stages of attack on the white firs. High populations (1O to 1061m1

expressed sap) of N2-fixing bacteria were associated with the early

and incipient stages of decay caused by P. chrysoloma and H. abietis,

but not E tinctorium Population data are considered preliminary

because of the limited sample. Many of these bacteria were identified

as typical or atypical isolates of Enterobacter agglomerans, E.

aerogenes, E. cloacae and Kiebsiella pneurnoniae. Identifications

based on phenotypic properties were confirmed by percent guanine

plus cytosine base composition analyses of selected isolates.

Phenotypic properties of many N2-fixing bacteria did not conform with

published descriptions. Since most differences were negative

responses none of the aberrant strains were considered new species.

Two methods were developed for estimating defect in standing

white fir trees in southwestern Oregon

(1) Defect percentages of gross merchantable volumes (Scribner

and International board-foot and cubic-foot) are tabulated

byd.b.h and age. Then constant defect percentages are

added for various indicators. Multiple regression equations



used to derive the indicator defect percentage tables are

given.

(2) Average length deductions below and above various indi-

cators are given along with flat percentage factors for

hidden defect

The first method was considered to be the most accurate and

objective. Statistical analysis indicated that the first method can be

used to estimate defect in white fir in three cover types in which this

species occurs in southwestern Oregon.
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FUNGAL AND BACTERIAL ASSOCIATIONS IN HEART ROTS OF
ABIES CONCOLOR (CORD. AND GLEND.) LINDL. AND

TECHNIQUES FOR ESTIMATING DAMAGE IN
SOUTHWESTERN OREGON

I. INTRODUCTION

The Rogue River National Forest lies on the western slopes of

the Cascade Range and on the northerly slopes of the Siskiyou

Mountains in southwestern Oregon. The total area of the forest is

slightly more than 620 thousand acres. The commercial volume of all

tree species is estimated to be 3,209 million cubic feet. This pro-

vides approximately one-third of the raw material for the wood using

industries of the surrounding area. Among 21 species, white fir

(Abies concolor (Gord. and Glend.) Lindl.) accounts for 20 percent of

the board-foot volume and 23 percent of the growing stock.

White fir is an important member of the mixed conifer type

(various pines, incense-cedar (Libocedrus decurrens Torr.) and

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

at elevations between 2000-3500 feet, it occurs in relatively pure

stands or in associations with Douglas-fir at middle elevations (2500-

4000 feet) and is often the most important associated species in the

red fir (A. magnifica A. Murr.) type at elevations ranging from 3500

to 6000 feet.
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II. LITERATURE REVIEW

Published research on heartrots is voluminous. Fortunately,

there are a number of excellent reviews on various aspects of the sub-

ject. The literature reviewed here concerns primarily heartrot

studies of true firs in western North America. Studies of eastern

balsam fir (A. balsamea (L.) Mill.) and many of the older studies of

western fir species have been reviewed elsewhere (Basham et al.,

1953; Wagener and Davidson, 1954). There are also a number of

excellent recent review papers concerning discolorations and heart-

rots; these will be referred to frequently.

Although many fungi are known to cause decay in true fir species

only a few are of major importance (Boyce, 1961). The Indian paint

fungus, Echinodontium tinctorium Eli. and Ev. is though to be the most

destructive heartrot fungus in old-growth true fir stands in the west

(Wagener and Davidson, 1954). Meinecke (1916) reported that this fun-

gus caused 75 percent of all decay in white fir in the Kiamath Lake

area in southwestern Oregon. Cull percërts associated with . tinc-

torium in Pacific silver fir (A. amabilis (Dougl.) Forbes) and subalpine

fir (A. lasiocarpa (Hook.) Nutt.) were found to vary considerably from

area to area in British Columbia. Decay by the Indian paint fungus

varied from none in the Franklin River area (Buckland et al., 1949)

to 46. 5 percent in the Upper Fraser River area (Bier et al., 1948),

and 64.9 percent in the Kitimat area (Foster et al., 1958). Although



tinctorium is common in A. concolor in Colorado it was not found

attacking A. iasiocarpa there (Hinds et al., 1960). According to

Kimmey and Bynum (1961) the following white rots, in decreasing

order of importance, together cause four-fifths of the total decay of

A. concolor and A. magnifica in California: Pholiota adiposa (Fr.)

Kumm., Fomitopsis annosa (Fr.) Karst., E. tinctorium and

Armillariella mellea (Fr.) Karst. while the remaining one-fifth is

caused by the brown rots: Fomitopsis pinicola (Fr.) Karst., Poly-

porus suiphureus Bull. ex Fr. , and Phaeolus (Polyporus Fr.)

schweinitzii (Fr.) Pat. Wright and Isaac (1956) found that F. annosa,

Stereum sp. (not S. sanguinolentum Aib. and Schw. ex Fr.),

Hirschioporus (Polyporus) abietinus (Dicks. ex Fr.) Donk, Poria sp.,

pinicola, Odontia sp. and many unidentified fungi were associated

with injuries in A. grandis (Dougi.) Lindi. andA. amabilis in western

Oregon and Washington. In the Prince George region in British

Columbia Amylostereum chailletii (Pers. ex Fr.) Boid. and S.

sanguinolentum were the major fungi isolated from decay behind

logging wounds in A. las iocarpa (Parker and Johnson, 1960). Other

fungi isolated were Corticium laeve sensu Burt, non Pers., A. mellea

and C. galactinum (Fr.) Burt. Many hymenomycetes were isolated

from decay in advanced A. lasiocarpa regeneration in the Kamloops

(Smith and Craig, 1970) and Prince George districts (Smith and Craig,

1968) in British Columbia. The most important fungi isolated in these



studies were E. tinctorium, S. sanguinolentum and Odontia bicolor

(Fr.) Bres. A high percentage of fungi isolated were unidentified.

Maloy and Robinson (1968) isolated E. tinctorium, S. sanguinolentum,

Pholiota adiposa and Herschioporus abietinus from grand firs in

Idaho. Echinodontiurn tinctorium was isolated only from trees over

150 years old. In a study of young grand firs Maloy (1968) isolated

S. sanguinolentum, P. adiposa, Hericium abietis (Weir ex Hubert)

K. Harrison and 0. bicolor from decay columns. Hudson (1972)

isolated eight hymenomycetes from decay in 211 grand firs from

nine sites in Idaho. They were A. mellea, E. tinctoriurn, F. annosa,

H. abietis, 0. bicolor, P. adiposa, Pleurotus ostreatus (Jacq. ex

Fr.) Kumm., and S. sanguinolentum. Both E. tinctorium and H.

abietis were commonly isolated from the same decay column (Hudson,

1972). Miller and Partridge (1973) isolated 12 different fungi

from roots of grand firs. The most common were Phellinus

(=Poria) weirii (Murr.) Gilb. , P. (Fomes) nigrolimitatus (Rom,)

Bourd. and Galz., A. mellea and Pol'rporus tomentosus Fr. In

many of the older decay studies causal fungi were not cultured

(Wagener and Davidson, 1954). Bier et al. (1948) could not differen-

tiate by visual means, between E. tinctorium and S. sanguinolentum

decay. By isolating the fungi causing decay they determined that

nearly all trees infected by E. tinctorium bear conks and that trees

thought to be decayed by this fungus and not bearing conks were



decayed byS. sanguinolentum.

Echinodontium tinctorium was once thought to be uniformly

distributed throughout the range of several hosts, but it appears that

the ecological tolerance of this fungus is more restricted than that of

its hosts (Thomas, 1958). Thomas (1958) found the Indian paint fungus

in 34 of 50 fore&t cover types that included at least one of its host

species. He reported that high levels of infection by E. tinctorium

require high average summer temperatures and sustained hgh

humidities. Englerth (1942) indicated that E. tinctorium only infects

western hemlock in poor sites and at high elevations in western Oregon

and Washington. Decay variation from one area to another may

result from differences in fungal growth rate. At near -optimum tem-

peratures growth of isolates of E. tinctorium from northern

California was 75 percent greater, after 20 days, than growth of

isolates from central Sierra Nevada (Paine and O'Regan, 1962).

Incidence and volume of decay in true fir species increase with

increasing tree age, and also, generally with increasing diameter

(Aho, 1966; Aho, 1974; Bier et al., 1948; Backland et al., 1949;

Foster et al. , 1958; Hinds et al. , 1960; Maloy and Gross, 1963;

Meinecke, 1916). In subalpine fir, decay volume increased progres-

sively with stand age, but it was cyclical rather than a regular

increase, probably because trees infected early in the stand's life are

killed by root rots, bettles, or wind, thereby releasing remaining



trees; after a period of time the process is repeated (Hinds et al.,

1960). In southwestern Oregon, white firs were infected at age 60 or

less, but decay at this age is negligible (Meinecke, 1916). Grand firs

in Idaho were noted to have been infected with decay fungi as early as

age 20 and infection increases markedly after age 40 (Maloy and Gross,

1963). Smerlis (1961) reports infection of A. balsamea by decay fungi

in trees 6 to 15 years old. Recommended pathological rotation or age

when stands should be cut to minimize decay losses is 150 years for

white fir (Meinecke, 1916), 100-110 years for grand fir (Hubert,

1955), and 121-140 years for subalpine and Pacific silver firs (Bier

et al , 1948)

A serious defect associated with incipient E. tinctorium decay

in true firs has been reported (Boyce, 1961; Hubert3 1924; Meinecke,

1916). Boards cut from what was thought to be incipientdecayfefl apart

after drying (Meinecke, 1916). Although no mention was made of wet-

wood as a possible cause of this defect it may be partly responsible.

Wetwood is a high moisture condition usually in the central bole,

especially at the butt. Hartley et al. (1961) credit wetwood with caus-

ing heavy cull in Oregon due to checking. They also indicate that

wetwood may initiate or extend shake and frost cracks, and may also

be an advance zone of defect ahead of white rots. Wilcox and Pong

(1971) indicate from a mill study in Cal ifo rnia that wetwood had little

detrimental affect on white fir wood. Frost cracks also are a cause



of defect in true fir species (Wagener, 1970).

As indicated by Wagener and Davidson (1954) much more is

known about the places of entry than the details of inception of decay.

In the case of . tinctorium until recently the infection site and mode

of infection were debated. Most investigators thought that E. tinc-

torium infections occurred through dead branches and stubs (Thomas,

1958). Basal fire wounds (Meinecke, 1916) and trunk wounds and dead

tops (Maloy and Gross, 1963) have been considered to be more impor

tant infection courts for E. tinctor jam than dead branches. Even in

studies where dead branches were considered the most important,

decay columns associated with the Indian paint fungus were traced

to other types of infection courts (Meinecke, 1916; Smith and Craig,

1968; Smith and Craig, 1970). Dead branches were also considered

to be the major infection courts for . sanguinolentum in various true

fir species (Basham et al., 1953). However, Davidson and Etheridge

(1963) demonstrated that this fungus was a primary invader of heart-

wood in A. balsamea through fresh injuries on the bole and branches.

Infection by S. sanguinolentum occurred only during the year following

injury (Davidson and Ether idge, 1963). This fungus is a primary

invader of freshly exposed balsam fir wood and gains its dominance

over competitors that cannot tolerate certain substrate properties

(Etheridge, 1962; Etheridge, 1969). Etheridge et al. (1972) have

demonstrated that infection of western hemlock by F. tinctorium is
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through living branches. The actual infection courts are dead adaxial

twigs 0.5 to 1. 5 mm in size on living branches. Aho and Hutchins

(1975) have, in a preliminary study, found evidence that E. tinctorium

and other decay fungi can infect A. grandis in the same manner.

Echinodontium tinctorium appears to be a primary invader of exposed

wood since basidiospores of this fungus do not germinate and cause

decay in dead branches previously inhabited by non-hymenomycete

fungi (Etheridge et al., 1970).

Recently evidence has been accumulating that wood decay is a

successional process involving more than a single organism (Shigo,

1967). Studies concerning tree response to injury and successions of

invading microorganisms are reviewed by Shigo and Hulls (1973).

Merrill (1970) reviewed the meager information concerning spore

germination and host penetration by hymenomycetes. There in fact,

seems to be a strong case for the occurrence of successions of

microorganisms in the process of wood decay.

Maloy and Robinson (1968) suggest a succession of microor-

ganisms in decay of grand fir heartwood. They conclude that bacteria

invade exposed heartwood first, followed by imperfect fungi and lastly

by basidiomycetes. Hudson (1972) furnishes evidence of a succession

of non-hymenomycetous fungi invading recently exposed wood in grand

firs. He suggests that there may also be a sequence of hyrnenomy-.

cetes. The roles of microorganisms in the decay process are largely



unknown. Shortle et al. (1971) suggest that a non-hymenomycete,

Phialopho ra melinii (Nannfeldt) Conant modifies fungistatic phenolic

compounds in the protective zones behind wounds and Merrill (1970)

reports that germination of basidiospores of decay fungi may be

stimulated by wood inhabited by bacteria, yeasts or non-

hymenomycetes. For instance, Brown and Merrill (1973) reported

that basidiospores of Ganoderma (Fomes applanatus) applantum

(Pers. ex WaUr.) Pat. germinated only in the presence of certain

bacteria, yeasts, fungi or volatiles from cultures of Ceratocystis

fagacearum (Bretz) Hunt.

Shigo and Hillis (1973) suggest that some early invaders of

injuries in trees may prevent infection by wood decay fungi. Etheridge

(1971) reviews interactions of wood inhabiting fungi and their possible

applications in biological control of decay in trees and wood products.

Small injuries, such as pruning wounds, have become infected

with hymenomycete fungi resulting in decay. After the wounds have

healed it was not possible to isolate the hymenomycetes (Childs and

Wright, 1956). Inactivation of established decay columns behind

closed wounds is considered by Jensen (1967) to result from reduced

oxygen and increased carbon dioxide. Carbon dioxide stimulates

germination of certain hymenomycetes (Hintikka, 1970). Since CO2

is active at the surface of exposed wood in wounds he thinks it may

play an important role in infection by these fungi.
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The role of nitrogen in wood deterioration is summarized by

Cowling and associates (Cowling and Merrill, 1966; Merrill and

Cowling, 1966a; Merrill and Cowling, 1966b; Merrill and Cowling,

1966c; Levi and Cowling, 1968; Levi et al., 1968; Levi and Cowling,

1969; Cowling, 1970). Most of the decayed wood in living trees is

heartwood (Boyce, 1961), which is low in nitrogen (Merrill and

Cowling, 1966a). Heart rot fungi are capable of utilizing wood as

their sole source of nutrients, however, in vitro rates of decay may

be significantly increased by addition of nitrogen (Findlay, 1934;

Schmitz and Kaufert, 1938). Duncan (1960) found that addition of

various forms of nitrogen to wood blocks increased decay by molds

and soft rot fungi.

To meet the needs of their comparatively nitrogen-rich

vegetative rnycelium, sporophores, and spores, wood decay fungi

have been speculated to either decompose large volumes of nitrogen

deficient wood or to obtain nitrogen from outside sources (Merrill and

Cowling, 1966a). Mechanisms postulated for obtaining required nitro-

gen include: high efficiency in the use of wood constituents, use of

nitrogen obtained from wood by a continuous process of autolysis and

reuse, and use of nitrogen from sources outside wood (Merrill and

Cowling, 1966a). Evidence supporting the view that fungal growth

within decaying wood is derived from the nitrogenous constituents of

the wood has been presented in several papers (Levi and Cowling,
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1969; Levi et al., 1968; Merrill and Cowling, 1966b).

There is no conclusive evidence that wood-decay fungi can fix

atmospheric nitrogen (Millbank, 1969). Other organisms may be more

active however. A brief paper by Seidler et al. (1972) described the

isolation and characteristics of nitrogen-fixing fermentative bacteria

from heart rot columns in living white fir trees. Nitrogenase activity

in decaying American chestnut logs has been detected by Cornaby and

Waide (1973) employing the acetylene reduction technique. Bacterial

and fungal densities were estimated but the microorganisms responsi-

ble for the nitrogen fixation were not identified. Also nitrogenase

activity was detected in beech, oak, and Scots pine veneer pieces

buried in soil, but the causal microorganisms were not identified

(Sharp and Millbank, 1973).

Accurate inventories are needed by foresters to effectively

manage and utilize our forest resources. Defects, particularly decay,

are the most important factors affecting the accuracy of volume

estimates in standing trees. At least four types of timber inventories

are made. These include national and regional inventories to aid in

making forest policy, more comprehensive inventories as a basis for

sale or exchange of large blocks of timberland, diagnostic inventories

to determine cutting priorities and other managementdecisions, and

timber sale inventories necessary for estimation of volumes and grade

of trees for sale (Bruce and Cowlin, 1968). While the degree of
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precision may vary, tree volume and grade estimates are important

for all inventories. Measurement of gross volumes usually are

satisfactory, however, net volume estimates are often poor because

of problems in accurately allowing for defect (Bruce and Cowlin,

19 68). A number of methods are used to estimate defect in mature

timber. Kimmey (1950) defines cull as that portion of a living tree

which is unmerchantable because of defect. Cull or defect factors

can be developed for use on an individual tree or on a stand basis and

can be expressed as percentage of the gross merchantable volume

(Kimmey, 1950). Defect factors for stands can be derived in many

ways. For instance, Kimmey (1950) developed flat factors for 10

hardwood species in northwestern California applicable to gross cubic

and board-foot volumes of all trees in the stand, cull trees only, and

trees which are not culls. Many studies have resulted in defect fac-

tors for stands in which trees are classified according to age, diam-

eter, site (based on height, age curves, soil moisture or indicator

plants), tree decadence, and basal area or combinations of the above.

Defect among the true firs has been correlated with age and diameter

of Abj.es amabilis in the Franklin River area (Buckland et al., 1949),

Kitimat area (Foster et al., 1958), of A. ].asiocarpa in the upper

Fraser region in B. C. (Bier et al., 1948), and in Colorado (Hinds

et al., 1960) and of A. balsarnea in two areas in Quebec (McCallum,

1928). Attempts to relate stand defect to site (defined as capacity for
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growth, usually in regard to heights by the trees present) have been

contradictory (Wagener and Davidson, 1954). Hinds et al. (1960)

found no correlation between site class and decay in subalpine fir.

Spaulding and Hansbrough (1944) reported more decay in balsam firs

on poor thanon good sites. However, no consistent differences in

decay were found in balsam firs on swamp or ridge types in the Lake

States (Kaufert, 1935), in Pacific silver fir on moss or fern sites in

the Kitimat region in British Columbia (Foster et al., 1958), or in

fast or slow growing balsam firs (McCallum, 1928), Pacific silver

firs (Bier et al. , 1948; Buckland et al. , 1949) or subalpine firs (Bier

et al., 1948). Where living trees have been placed in broad decadence

classes based on presence (suspect) or absence (residual) of external

indications of defect, major differences in defect percentage have been

found (Foster et al., 1953, 1958). Aho (1966) correlated decay per-

cent in grand fir stands with total basal area, stand age, and percent.

age of trees with conks.

Many of the described methods for estimating the extent of

decay in stands (age, diameter classes, etc. ) are useful where exter-

nal visible indicators of defect are lacking. More precise estimates

of defect in individual trees are possible by relating interior defect

to visible indicators. In northern California, Kimmey (1950) related

cull percentages associated with several fungal sporophores, scars,

dead or broken tops, and combinations of these indicators to diameter
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and four site index classes of red and white firs. Later, he found

these same indicator cull factors were applicable to red and white firs

in the Sierra Nevada Mountains (Kimmey, 1957). Aho (1966) gave

defect percentages, in terms of cubic and board-foot volume by d.b.h.

and age and indicator classes for grand fir and Engelmann spruce

Picea engelmarinji Parry; by d. b. h. and indicator classes for Douglas -

fir; and by indicator classes for western larch Larix occidentalis Nutt.

in the Blue Mountains of Oregon and Washington. Defect can be

deducted as percentage of total tree merchantable volume or as

average length deductions below and above the various types of indi-

cators. The latter are often used by timber cruisers. This type of

deduction was developed for Phellinus (Fomes) pini (Thore ex Fr.)
Pilt conks on Douglas-fir in western Oregon (Boyce and Wagg, l953)

and for several types of indicators on grand fir. Engelmann spruce,

Douglas-fir and western larch in the Blue Mountains of Oregon and

Washington1 among others.

Use of a particular defect estimation technique will vary

depending on the availability of reliable indicators on the sample

trees. As stated earlier and shown by several defect studies for
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various tree species in Alaska and coastal British Columbia

substantial amounts of defect not associated with visible indicators

may exist. It has been necessary, therefore,to develop defect factors

correlated with age or with diameter class (Kimmey, 1956; Buckland

et al., 1949; Bier et al., 1948). Conversely in some tree species

large amounts of defect are correlated with visible indicators. In

western Oregon P. pini causes a high percentage of the total decay in

Douglas-fir (Boyce and Wagg, 1953) as does Echinodontium tinctorium

hi white and red fir in California (Kimmey, 1950) and grand fir in the

Blue Mountains of Oregon and Washington (Aho, 1966). These fungi

consistently produce conks or swollen knots as their decay columns

develop within a tree, thus it is possible to calculate reliable indicator

defect factors for these tree species.

Whichever system is used to make defect estimates in standing

trees it is subject to two types of error (Foster, 1956):

Use of invalid data.

Incorrect interpretation of reliable data.

Errors of the first type result from application of defect factors for

one tree species to another species or for one region to a different

region (Foster, 1956). Defect may vary among species or within a

species among regions (Wagener and Davidson, 1954). Errors of the

second type result through mistaken judgement or through misunder-

standing of the factors contributing to defect (Foster, 1956).
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Comparisons among defect studies are difficult because of lack

of standardization of methods of calculating both gross and defect

volumes (Foster, 1958). Several log scales and taper rules are in

use, as are several methods of measuring defect (Anonymous, 1964).

Especially confusing are board-foot defect cull rules. Stage et al.

(1968) considered board-foot cull deductions so variable as to exclude

them from a computer program for calculation of tree volumes with

interior defect. Bruce and Cowlin (1968) discuss in detail the prob-

lems involved in measurement of timber. They point out that defect

estimation is largely subjective. Since a high percentage of timber

in Oregon and Washington is sold by the United States Government,

and much of it will be sold on the basis of cruise estimates, subjec-

tivity must be minimized in estimation of sould volumes. t1Fall,

buck, and scale cruisingu (Johnson and Hartman, 1972) has been pro-

posed as a promising substitute for long standing cruise techniques.

However, the precision of this system, especially in defective stands,

is reduced when due to high costs for felling, bucking, and scaling

sample trees, the number of trees studied may be too small.

Unfortunately, because of the high cost of fall, buck, and scale

cruising this technique can only be used in a relatively small number

of timber sale cruises and it can be used in few timber inventory

cruises because the sample trees are destroyed.



Techniques utilizing x-rays (Eslyn, 1959) and pulsed electric

current (Skutt et al., 1972) to estimate e±entof decay in trees and

other wood products have been developed and show some promise.

However, field application is limited because of apparatus size and

problems of measuring decay columns high in trees.

19
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HI. STUDY METHODS

Sam le Tree Selection

Study trees were selected in many localities in the Rogue River

NationalForest. Because of the large size and heterogeneity of the

area to which results of this study must apply, it was felt that some

form of stratification was needed. Rather than establish arbitrary

geographical or elevational boundaries between subunits, it was

decided to sample from the three broad white fir forest cover types

previously discussed, which are roughly located at different elevations.

Areas previously identified on maps by forest personnel as representa-

tive of the low elevation mixed conifer, middle elevation white fir--

Douglas-fir, and higher elevation Shasta red fir--white fir types were

sampled. In various stands in each association an attempt was made

to obtain a representative sample of trees with and without defect

indicators, including as complete a range of tree ages and diameters

as possible. Defect indicators for white fir were determined from a

preliminary study made in 1966 by the author. These include

sporophores (conks) of E. tinctorium and P. chrysoloma, basal and

trunk injuries, frost cracks, dead and broken tops, forks, crooks,

dead vertical branches, and mistletoe cankers. The usual procedure

was to locate a tree with each of the above indicators and an equiva-

lent tree without indicators in the stand selected for study on a given
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day. It was not always possible to find all indicator types.

In the 1971 study 27 additional trees were selected for intensive

culturing from decay columns. Three trees were sampled in each of

nine stands from which trees were selected in 1969. Nine trees were

selected in each month; July through September. At each location one

tree with each of the following signs of decay were selected: (a) old

basal injury, (b) sporophores of E. tinctorium, and (c) sporophores

of P. chrysloma.

Sample Tree Dissection

When a suitable tree was located in both the 1969 and 1971

studies, the following information was recorded while the tree was

standing: ranger district, locality, forest cover type, stocking class,

slope aspect and gradient, elevation, topographic position, d.b.h.,

crown class and condition, and indicator description. Indicator

information included: type, height from the ground to the bottom of

the indicator and when appropriate for a given indicator its length,

width, depth, diameter, aspect on the tree, position, condition, and

age. All trees were felled and dissected at 16.3 foot intervals from a

one-foot stump to afour-inchtopd.i.b., as well as at breast height,at

the midpoint of the first 16-foot log, at the variable merchantable top

diameter (40 percent of d. b. h., d. i. b.) and at a fixed merchantable top

diameter (Six in. d. i. b.). Other cuts were made to measure decay,
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shake, check, frost cracks or forks, to locate infection courts and to

age wounds. Tree age was determined by a ring count at stump

height.

Office Procedure

Field data for the 1969 and 1971 study trees were punched on

80-place IBM cards and basic volumes calculated in an automatic data

processing program by Statistical and Data Processing Services,

Pacific Northwest Forest and Range Experiment Station with modifi-

cations suggested by the author. The program computed cubic-foot

volumes of logs and decay columns by the Smalian formula. No

arbitrary cull rules were used in cubic volume measurement. Board-

foot volumes of logs were calculated by the Scribner and International

1/4-inch log rules. Deductions for decay, shake, check and frost

cracks in board feet were made by the squared-defect method. The

squared-defect deduction formulas (reduced form) for each log rule

were taken from the National Forest Log Scaling Handbook

(Anonymous, 1964) as follows:

wh e r e:

W"xH"xL'b. International 1/4-inch x -

a. Scribner W" x x
15



x defect volume in board feet.

W and H" = end dimensions of the defect in inches, plus a

one inch allowance.

L' length of the defect in feet.

Since the exact end dimensions and length of defects present were

always known, the average widths and heights for both ends of the

defect were used in the squared-defect formula, unless the log was

less than eight-feet long, in which case the widths and heights at the

largest end of the defect were used. Many 16-foot logs had to be

bucked into several short sections to clearly delimit the defect. When

this was necessary, Scribner and International board-foot Volumes for

the 16-foot log was determined by using the d. i. b. at the small end of

the top section. Defect volume was determined for each section of the

log by the appropriate squared-defect equation. The average defect

dimensions (height and width) at each end of the short sections were

used in the defect formula. Had the dimensions at the large end of

the defect been used, as is indicated in the Forest Service Scaling

Handbook (Anonymous, 1964) for logs less than eight feet long, the

calculated defect volume of the reconstructed 16-foot log would have

been too high. In addition, sound volume of each short section of a

16-foot log was determined by proportioning the total 16-foot log

volume in the following manner:

23



where:

x

X = sound section volume

A section length in feet

B 16.3 feet

V 1 6-foot log volume

Calculated board-foot volumes of defect in a short section were not

allowed to exceed the prorated sound volume of that section. Defect

volumes of each section were then added together to get the total

defect volume for the 16-foot log. Sixteen-foot logs less than one-

third sound were considered to be 100 percent cull.

To obtain the objectives of the 1969 study information from field

forms, including tree age and d.b.h. and presence of indicators,

length deductions below and above indicators and output from the pro-

gram which computed tree and defect volumes and defect percents,

were placed on a second set of IBM cards and used in multiple regres-

sion, analysis of variance, chi square and covariance analysis

pro grams

Indicator defect factors were derived in two ways: 1) as a

percent of gross merchantable tree volume, in board feet and cubic

feet, and 2) as average length deductions below and above various

indicators, along with flat factors for hidden defect. The indicator



defect percentage factors are stressed in this paper since it was felt

that these factors do more to reduce subjectivity from defect estima-

tion than use of the indicator length deduction factors. Bruce and

Cowlin (1968) have indicated that subjectivity is considered a problem

in defect estimation in standing trees.

The following analyses were carried out using percentages of

total tree volume as the measure of defect:

Multiple regression analyses using all sample trees for cubic

volume measurement and for board-foot volumes those trees

over 11 -inches d. b. h. to determine the "best" estimating

variables

Then, using the "best" variables only, estimating equations

were determined by multiple regression analysis for trees

from each of the three tree associations.

Equations for the three tree associations were tested by

covariance analysis, to see if there were significant differ-

ences among them.

Selected estimating equations were subjected to a chi-square

test of significance of actual versus estimated defect percents

for a sample of white fir trees from seven fifth-acre plots

previously studied in two localities on the Rogue River forest.

In addition, estimated total defect volumes (determined by

applying the estimating equations from this study) of these



differently in 1971. A three-inch thick cross section was
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trees were compared to their actually calculated volumes.

Steps one through three were also used to see if defect varied

by ranger districts and by geographic location in the Cascade or

Siskiyou Mountains.

Isolation of Microorganisms

When decay was encountered in the 1969 trees, three-inch wood

cubes containing both incipient and advanced decay were removed

from the decay column at approximately eight-foot intervals. The

wood blocks were labelled, placed in plastic bags, and kept in an ice

chest. At the end of each day the blocks were taken to the laboratory

and refrigerated at 3°C overnight. Two isolations were made from

both the incipient and advanced decay within each block on the following

day. Blocks were split with a mallet and sterile chisel. Chips

(approximately 5 x 5 x 3 mm) of decayed wood were removed with a

sterile gouge from the freshly exposed surfaces and placed in tubes

containing 2. 5% malt agar (Difco). Inoculated tubes were incubated at

laboratory temperatures (range 22° -26° C) until growth was observed;

the microorganisms were then transferred to screwcapped tubes con-

taining malt agar and stored at 2° C until removed for purification

and identification.

Decay samples for culturing from study trees were selected

cut from
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each of the 27 trees at the apparent infection site and near the lower

or upper end of the decay column. Eight three-inch cubes were split

from each section, seven were labelled, placed in plastic bags and

refrigerated until scheduled for isolation. From the eighth block cul-

tures were taken immediately in the field using isolation procedures

comparable to those used in the 1969 study. Each block was split four

times and chips were taken from the incipient and advanced decay and

the discolored, wet-appearing zone surrounding the decay column.

Chips from each zone were placed in tubes of malt, malt and yeast

extract, potato dextrose, and nutrient agars (Difco). Cultures were

similarly made in the laboratory from a block from both decay loca-

tions (at the apparent infection site and near the upper or lower end of

the decay column) within study trees at 4, 16, 24, 48, 72, 96, and

168 hr. after the tree was felled. Inoculated tubes were incubated as

previously described.

Studies of Nitrogen-Fixing Bacteria

In 1972, total bacterial populations and most probable numbers

of nitrogen-fixing bacteria were sampled from early and incipient

decay associated with the three most important defect indicators on

white fir. In the Green Cr. locality one white fir with the following

decay indicators was felled; sporophores of E. tinctorium, sporo-

phores of P. chrysoloma, and a basal wound. In the field, a wood



Uplug?I three-inches long by one-half inch in diameter containing half

early and half incipient decay was aseptically removed with a sterile

tubular chisel (Knutson, 1970) from an eight-inch stem section taken

from the tree near the apparent infection site. The plug was flamed

and placed in a sterile rubber tubing. Each rubber tube with a sample

was placed in a hydraulic press and the sap was expressed into a

sterile bottle at 3, 000-5, 000 psi. Six sap dilutions (101 to 1o6) were

immediately made using modified Hino -Wilson (Hino and Wilson, 1958)

medium. Bacterial populations associated with E. tinctorium decay

were so low that the results seemed unreliable compared to those

from the other decays, so two additional trees with this decay indi-

cator were sampled. In the third repetition one ml of sap was

expressed directly into nine ml of modified Hino -Wilson medium

before dilution

One-tenth ml of sap and of each dilution was pipetted onto each

of three plates of Difco nutrient agar, spread with a sterile glass rod,

and incubated at Z5°C. Population counts were made after two, four,

and nine days.

Populations of N2 -fixing bacteria were determined by the most

probable number (M. P. N.) technique (Meynell and Meynell, 1970).

Dilutions of expressed sap in modified Hino-Wilson medium from 10_i

to 10 6
were pipetted into one arm of modified Pànkhurst "He' tubes

described later. Each dilution was replicated five times. Inoculated
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tubes were incubated at 25°C for eight days and tested periodically by

the acetyleneredu o;technique for nitrogenase activity. Tubes not

exhibiting nitrogenase activity were assumed not to have N2-fixing

bacteria present. The M. P. N. was the estimated most probable

number of N2-fixing bacteria in the nondiluted sap (Meynell and

Meynell, 1970)

Identification of Bacteria

Pure cultures of bacteria isolated in the 1969 and 1971 studies

were obtained from the third successive streak plate of isolated

colonies growing on Difco nutrient agar. During purification, cul-

tures were incubated at room temperature or at 30° C. Isolated

bacteria were subjected to various diagnostic tests as recommended

in the Manual of Clinical Microbiology (Blair et al. , 1970) except that

most cultures were incubated at 30° C. Klebsieila pumoniae was

incubated at 370 C. The pectate liquefaction test was according to Dye

(1968). Cellulose utilization was tested by growth on one percent Bacto

cellulose containing three ml of Bacto phenol red broth base. Cellu

lose and pectin hydrolysis tests were examined periodically for a

period up to two weeks. Determination of guanine plus cyto sine base

composition (%GG) was made on representative cultures of the various

phenotypic groups of bacteria isolated from decays. DNA was

esdracted and purified by a modification of the Marmur technique
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(Marmur, 1961), which involves the use of phenol in deproteinization

(Se idler et al., 1972). Percent CC was determined by the thermal

denaturation technique (Marmur and Doty, 1962), and calculations

were based on equation five of Mandel et al. (1970). DNA from

Escherichia coli B with a known base composition was used as the

standard.

Acet lene Reduction Ca.abilities of Isolated Bacteria

Randomly selected purified gram-negative, fermentative

bacterial cultures from the 1969 and 1971 studies were tested for

ability to reduce acetylene to ethylene, using a method slightly mod i-

fied from those described by Campbell and Evans (1969) and by Raju

et al. (1972). Modified Pankhurst tubes (H"tubes) were used (Figure.

1). The two arms of these tubes (62 ml total volume) are identical in

size and are attached to each other by a connecting tube fitted with a

ground glass joint and a clamp to facilitate manipulation. One arm of

each tube contained ten ml of a medium described by Hino and

Wilson (1958) except that 50 mg of CaCl2 2H20 per liter of medium

was added instead of CaCO3 and two percent mannitol was used instead

of sucrose. The procedure for sterilization, inoculation, flushing

with N2, maintenance of anaerobic conditions, exposure to acetylene,

and sampling have been described (Campbell and Evans, 1969; Seidler

et al., 197ZY After sterilization of the tubes with medium in one
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Figure 1. ItHit tube used to test isolates of fermentative bacteria
for acetylene reduction capabilities.
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arm and non-absorbent cotton in each cornecting tube, sterile stoppers

were inserted into each arm and the tubes flushed with sterile N2.

Alkaline pyrogallol (two ml) was injected into the arm not containing

medium. Each culture tube was inoculated with a sterile syringe and

needle. Appropriate control tubes were inoculated with sterile water.

Duplicate samples from each culture were assayed for ethylene with

an Aerograph Model 600 D gas chromatograph fitted with a Porapak R

column and flame ionization detector. Turbidity measurements of

cultures were made in a Bausch and Lomb Spectronic 20 photoelectric

colorimeter at 540 nm.

A series of tubes was used for nitrogen determinations of a

selected nitrogen-fixing isolate (Enterobacter sp.) at six-hr intervals

starting from the time of inoculation. Each "H" tube containing ten ml

of modified Hino-Wilson medium was inoculated with one-half ml of a

72-hr-old culture of W-1 (O.D. -0.l7at 540 nm). At six-hr intervals

duplicate aliquots were removed from each of two tubes and analyzed

for nitrogen by the microkjeldahl method (Umbreit et al., 1972).

Each nitrogen value is a mean of four determinations and has been

corrected for the nitrogen content of the medium and inoculum.

15p2 Analyses

Representative bacterial isolates were cultured for 48 hr in "H"

tubes containing the modified Hino-Wilson medium. Each culture was



flushed with sterile argon, 0. 1 atm of argon was removed, and

0. 1 atm of 99/. 15N2 was added with a sterile syringe. After exposure

to 15N2 for 70 hr the bacteria in each culture were collected by

centrifugation and digested by the microkjeldahl procedure. NH3 in

each digestate was distilled into 0. 012 N H2SO4 by use of a microdif-

fusion method (Burns, 1972). An aliquot of the 0.012 N H2SO4 con-

taining the NH3 was used for the determination of the N content and
15 2the remainder was analyzed for N2 excess. Since the total amount

of bacterial cells from some cultures provided insufficient NH3 for

accurate analysis, it was necessary to add 20 g of N as nonlabelled

NH4C1. 5N2 excesses were corrected for the dilution.

2By Professor R. H. Burns, Department of Biochemistry,
University of Wisconsin, Madison, Wisconsin.
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Table 1. Number of trees with defect indicators serving
as a basis for calculations; arranged by forest
cover type.

Mixed conifer 8 72

White fir--Douglas -fir 22 216

Shasta red fir- -white fir 23 213

53 501Totals
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IV. DESCRIPTIVE PATHOLOGY OF DECAYED WHITE
FIR HEARTWOOD

Results and Discussion

A total of 501 white firs were sampled in 53 widely spaced

localities in the Rogue River National Forest (Figure 2) Most study

trees and localities were evenly distributed in the white fir--Douglas-

fir and Shasta red fir--white fir cover types. Only eight localities

and 72 trees were in the mixed conifer type (Table 1). Low elevation

mixed conifer stands were not too common within the boundaries of

the Rogue River Forest and when they did occur it was found that

frequent logging had nearly eliminated defective trees.

The apparent infection courts for decay fungi are listed by

forest cover type in Table 2. The most important infection courts

were branches. More than twice as many infections occurred through

Study Sample
Localities Trees

Cover Type (No.) (No.)



Figure Z.

CRATER
LAKE
NATIONAL
PARK

Map of area where investigations were conducted. Numbers

indicate study localities. lnset Location of the Rogue

River National Forest in southern Oregon and northern

California.



Table 2. Number of white firs' with various infection courts from three forest cover types in the Rogue River National Forest.

2lncludes grown over infection courts and those not observed while tree was standing.

1Number of trees with one or more of a given type of infection court, Many trees had several types of infection courts,

.-,

Apparent2
Infection
Court

Mixed Conifer Type White Fir- -Douglas-fir Type Shasta Red Fir--White Fir Type Combined
Total

Number
Number
Infected

Percent
Infected

Total
Number

Number
Infected

Percent
Infected

Total
Number

Number Percent
Infected Infected

Total
Number

Number
Infected

Percent
Infected

Branches 30 -- 89 70 -- 189

Basal injuries 26 18 69. 2 49 40 81,6 38 32 84.2 113 90 79.6

Trunk injuries 9 7 77.8 29 27 93. 1 18 17 94.4 56 51 91. 1

Brokentop6 5 3 60.0 22 19 86.4 36 26 72.2 63 48 76.2

Crooks 9 5 55.6 32 12 37.5 42 22 52.4 83 39 47.0

Forks 5 1 20.0 22 9 40.9 34 27 79.4 61 37 60.7

Dead tops 4 4 100.0 11 10 90.9 8 8 100.0 23 22 95.7

Roots 1 7 1 - - -- 9

Dead vertical
branches 2 0 00.0 5 20.0 13 7 53.8 20 8 40.0

Mistletoe trunk
cankers 5 2 40.0 16 3 18.8 42.9 28 8 28.6

Frost cracks 25 3 12.0 61 2 3.3 77 1 1.3 163 6 3.7

Unknown -- 0 3
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branches than through basal injuries, the second most common type of

infection court (Table 2). More than 95 percent of all dead tops

studied had associated decay. Wickman and Scharpf (1972) did riot

find decay associated with white fir tops killed by tus sock moth

infestations in California, but Stillwell (1956) found a high incidence

of decay with balsam fir tops killed by spruce budworm defoliation

and Kimmey (1950) considered dead white fir tops reliable defect

indicators in northern California.

Other important infection courts (of which more than 75% had

associated decay) were trunk and basal injuries and broken tops

(Table 2). Although 163 white firs had one or more frost cracks less

than four percent were considered to be infection courts for decay

fungi. Only nine of the 501 study trees had decay columns which

entered through the roots. It was not possible to determine the site

of infection for fungi associated with six decay columns.

The apparent infection courts for various hymenomycete fungi

are given by forest cover type in Table 3. Of the 11 hyrnenomycete

fungi identified to species, only five were responsible for more than

ten decay columns. The most important fungus attacking white fir in

all cover types in the study area was the Indian paint fungus, F.

tinctorium. Nearly 89% of 140 infections by this fungus apparently

occurred through branches (Table 3). Dead branches and branch stubs

have been considered to be the major infection court in its host tree



Table 3. Apparent infection courts for hymenomycetes isolated from decay in white firs from forest cover types in the Rogue River National Forest.

Apparent Infection Courts

Hymenomycete Dead Mistletoe Total

Infections by
1

Basal Trunk Broken Dead Vertical Trunk Frost or

Forest Cover Type Branches Injuries Injuries Tops Crooks Forks Tops Roots Branches Cankers Cracks Unknown Average
(No.)

Echinodontium tinctorium
Cover type 1 18 0 0 1 1 0 0 0 0 0 0 0 20

Cover type 2 52 1 2 3 1 1 2 0 0 0 0 0 62

Covertype3 54 1 1 0 0 0 1 0 1 0 0 0 58

Total infections 124 2 3 4 2 1 3 0 1 0 0 0 140

% of total 88.6 1.4 2.1 3.0 1.4 0.7 2.1 0.0 0.7 0.0 0.0 0.0 100

Pholiota adiposa
Covertypel 0 6 2 0 2 1 1 1 0 0 0 0 13

Cover type 2 0 16 7 2 5 2 1 1 1 0 1 1 37

Cover type 3 0 10 3 2 9 10 0 0 1 1 8 1 37

Total infections 0 32 12 4 16 13 2 2 2 1 1 2 87

% of total 0.0 36.8 13.9 4.6 18.4 14.9 2,3 2.3 2.3 1.1 1.1 2.3 100

Phellinus chrysoloma
Covertypel 12 0 0 0 0 0 0 0 0 1 0 0 13

Covertype 2 33 1. 3 0 0 0 0 0 0 0 0 0 37

Covertype3 11 0 1. 1 0 0 0 0 1 0 0 0 37

Total infections 56 1 4 1. 0 0 0 0 1 1 0 0 87

96 of total 87.4 1.6 6.2 1.6 0.0 0.0 0.0 0.0 1.6 1.6 0,0 0.0 100

1-lericium abietis
Cover type 1. 0 0 0 0 0 0 0 0 0 0 0 0

Cover type 2 3 4 1 1 0 1 0 0 0 0 0 0 10

Covertype3 2 4 0 0 1 2 0 0 0 0 0 0 9

Total infections 5 8 1 1 1 3 0 0 0 0 0 0 19

96 of total 26.3 42.0 5,3 5.3 5,3 15.8 0.0 0.0 0.0 0.0 0.0 0.0 100



Table 3. Continued.

Apparent Infection Courts
Hymenomycete Dead Mistletoe Total
Infections by Basal Trunk Broken Dead Vertical Trunk Frost or

Forest Cover Type 1 Branches Injuries Injuries Tops - Crooks Forks Tops Roots Branches Cankers Cracks Unknown Average
(No.)

Fomitopsis annosa
Covertypel 0 0 0 0 0 0 0 0 0 0 0 1
Covertype2 0 1 1 1 0 0 0 0 0 0 1 0 3
Covertype3 0 4 0 3 0 0 1 1 0 0 0 0 9
Total infections 0 5 1 4 0 0 1 1 0 0 1 0 13
% of total 0.0 38.4 7.7 30.8 0.0 0.0 7.7 7.7 0.0 0.0 7.7 0.0 100

Armillariella mellea
Covertypel 0 0 0 0 0 0 0 0 0 0 0 0
Covertype2 0 2 0 0 0 0 0 2 0 0 1 0 5
Covertype3 0 3 0 0 0 0 0 0 0 0 0 0 3
Total infections 0 5 0 0 0 0 0 2 0 0 1 0 8
% of total 0.0 62.5 0.0 0.0 0.0 0.0 0.0 25.0 0.0 0.0 12.5 0.0 100

Stereum sanguinolentum
Cover type 1 0 o 0
Covertype2 0 2 2
Covertype3 1 0 1
Total infections 1 2 3
Va of total 33.3 66.7 100

Fomitopsis pinicola
Cover type 1 0 0
Cover type 2 1 1

Cover type 3 1 1

Total infections 2 2
% of total 100 100



Table 3. Continued.

Hymenomycete Dead Mistletoe Total

Infections by Basal Trunk Broken Dead Vertical Trunk Frost or

Forest Cover Type 1 Branches Injuries Injuries Tops Crooks Forks Tops Roots Branches Cankers Cracks Unknown Average
(No.)

Amylostereum chailletii
Covertypel 0 1

Covertype2 0 0

Covertype3 1 0

Total infections 1 1

% of total 50.0 50.0

Scytinostroma galactinum
Cover type 1 0
Cover type 2 1

Covertype3 0

Total infections 1

% of total 100

Phellinus hartigii
Cover type 1 0

Cover type 2 0

Covertype3 1

Total infections 1

% of total 100

Unidentified
Cover type 1
Cover type 2
Cover type 3
Total infections
?4 of total

Apparent Infection Courts

1

0
1

2

100

0
1

0
1

100

0
0
1

100

1 2 0 24

2 0 2 54
2 1 2 82

5 3 4 160

3.1 1.9 2.5 100

10 5 1 2 0 3 0

1 9 11 9 5 5 6 4 0

1 9 11 19 12 15 6 0 4

2 2.8 27 29 19 20 15 4 4

1.2 17.5 16.9 18.1 11.9 12.5 9.4 2.5 2.5



Table 3. Continued.

Hymenomycetes Dead Mistletoe Total

Infections by
1

Basal Trunk Broken Dead Vertical Trunk Frost or

Forest Cover Type Branches Injuries Injuries Tops Crooks Forks Tops Roots Branches Carikers Cracks Unknown Average
(No.)

Unidentified "A"
Covertypel 0
Cover type 2 0
Cover type 3 1

Total infections 1

% of total 100

Apparent Infection Court

Total hymenomycete infections
Cover type 1 30 18 7 3 5 1 4

Cover type 2 89 40 27 1.9 12 9 10 7

Cover type 3 70 32 17 26 22 27 8

Total infections 189 90 51 48 39 37 22
1

Forest cover types are: 1) mIxed conifer, .2) white fir--Dougbsfir, and 3) Shasta red fit--white fir.

7
8

3

3

8

2

1

0
0
1

1

100

0 72
3 222
3 217
6 513

Unidentified "B"
Cover type 1 0 0 0

Cover type 2 1 1 1 3

Cover type 3 0 0 0 0

Total infections 1 1 1 3

% of total 33. 3 33.3 33.3 99. 9

Unidentified "C"
Covertypel 2 0 0 2

Covertype2 4 1 1 1 7

Covertype3 0 0 0 0 0

Total infections 6 1 1 9

G/ of total 66.7 11.1 11.1 11. 1 100
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species for the Indian paint fungus (Thomas, 1958). Recently,

Etheridge et al. (1972) presented evidence that dead adaxial branches

(less than two mm in size) are the sites of infection for E. tinctorium

in western hemlock. Infection occurs when the adaxial twig breaks off

at the main branch. The fungus enters the tissues of the pith area of

the living main branch through the secondary branch traces and

remains semi-quies cent (development of chlamydo spores) until cond i -

tions arise which promote further growth (Etheridge, 1972).

Etheridge (1972) speculated that moisture and aeration changes within

the branch brought on by branch death or injury promote further

development of the fungus and penetration of themain bole. Apre-

liminary study by Aho and Hutchins (1975) suggests that the infection

process for this fungus maybe the same in grand fir. Nearly 12

percent of Indian paint fungus infections appeared to occur through

injuries including basal and trunk wounds, broken and dead tops:

crooks, forks, and dead vertical branches (Table 3). Various injuries

have been considered by some investigators to be more important as

infection courts for the Indian paint fungus than branches (Meinecke,

1916; Maloy and Gross, 1963).

More than 87 percent of allP. chryffio10 infections appeared

to occur at dead branches or stubs (Table 3). This fungus is capable

of attacking and killing sapwood and cambium, thus causing cankers.

There was usually a dead branch or stub at the center of these cankers
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from which the infection appeared to originate. It was not possible to

determine whether the branches were alive or dead at the time infec

tion took place. It is conceivable that infection by P. chrysoloma

occurs similarly to infection by E. tinctorium as indicated by

Etheridge (1972). Haddow (1938) found that P. pini could infect white

pines Pinus strobus L. through branches and stubs as small as

1.3mm.

The other important hymenomycetes attacking white fir generafly

infected through injuries (Table 3). Of particular importance in many

white fir stands were basal injuries. White fir, being a thin barked

species, is especially susceptible to wounds from fires. Pholiota

adiposa, which causes more decay in white and red firs in California

than any other fungus (Kimmey and Bynum 1961), caused decay in32

of the 90 infected basal injuries studied (Table 3). This fungus did not

restrict its activities to basal wounds. Nearly two-thirds of all

infections by P. adiposa occurred through wounds other than basal

injuries. This fungus was isolated from open and closed wounds in

older grand firs in Idaho by Maloy (1968) but was thought by Hudson

(1972) to primarily attack young trees. Maloy (1968) also noted the

similarity between decays caused by E. tinctorium and P. In

an earlier study by Maloy and Gross (1963) E. tinctorium was, on the

basis of very limited cultural evidence, assumed to be the cause of

most trunk rot encountered in 227 grand firs between the ages of 15 to
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93 years old. They did not rule out the presence of other decay fungi

however.

The fir hydnum, H. abietis was responsible for 19 decay

columns in the white fir study trees (Table 3). Most infections by

this fungus occurred through wounds, especially basal injuries, but

more than a quarter of H. abietis infections appeared to take place at

branches. Hudson (1972) did not consider this fungus to be a primary

invader of grand fir heartwood. Maloy (1968) found H. abietis com-

monly associated with wounds on young grand firs, while Hudson (l972}

found it in older trees, primarily associated with E. tinctorium decay.

Hudson (1972) was not able to identify the infection sites for H. abietis.

Two common root and butt rot fungi, F. annosa and A. mellea,

also caused decay columns in the study trees (Table 3). Most infec-

tions by these fungi were associated with injuries, especially basal

wounds. Armillariella mellea and F. annosa are common root rots in

grand fir in Idaho (Maloy and Gross, 1963; Miller and Partridge,

1973) and were isolated from decay columns associated with basal and

other injuries in grand fir (Hudson, 1972).

Stereum sanguinolentum was responsible for only three

infections in this study (Table 3) although it has been reported to be

an important decay fungus attacking balsam firs (Boyce, 1961). For

instance, it was found to cause more than two-thirds of the total

infections and more than three-quarters of the decay caused by trunk
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decay fungi in subalpine fir in Colorado (Hinds et al. 1960).

Similarity between decays in A. amabilis and . 1asiocarp. caused by

S. sanguinolentum and E. tinctorium was discussed by Bier et al.

(1948). They suggested that trees infected by E. tinctorium nearly

always bear conks of this fungus, while trees with trunk rot and no

conks were usually infected by S. sanguinolentum. They recommended

isolation and identification of the causal fungus by workers studying

decays in living trees. Hudson (1972) failed to isolate E. tinctorium

from trees not bearing sporophores, but in our study this fungus was

isolated from a number of trees without conks.

Other decay fungi including; F. pinicola, Amylostereum

chailletij, Scytinostroma (Corticium) galactinum (Fr.) Donk, and

Phellinus (Poria tsugina) hartigii (Allesch.& Schnabl..) Bond. caused

few decay columns in study trees (Table 3). However, unidentified

fungi caused 173 of the 513 decay columns examined (Table 3). They

were associated with all types of infection courts, but only a few

unidentified infections entered through branches. Nearly one-half of

all unidentified infections were in trees from the high elevation Shasta

red fir--white fir cover type (Table 3).

Some of the unidentified fungi were placed into three groups

based on the following characteristics:3

3By Frances L. Lombard at the Center for Mycology Research,
Forest Products Laboratory, Madison, Wisconsin.
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Fungus A-- Fast-growing th a pale yellow cast developing with

age over the white mat, has clamp connections. chlarnydospores, and

multitudes of tiny round conidia developing on tiny ttspinestt on the

sides of the hyphae. Polyporus fissilis Berk. & Curt. has the tiny

conidia on "spines but differs in other characteristics.

Fungus B - - Has a white mat, no clamp connections but has

cystidia. Petri dishes are often covered with thin poroid fruiting

areas. If keyed as a Poria it comes closest to Poria corticola

(Fr ) Cke

Fungus C-- Has a white, fast-growing, silky mat, positive

oxidase reaction, clamp connections and staining hyphae. Unidentified

fungus 'IC" caused nine decay columns, two-thirds of which originated

at basal injuries (Table 3).

Infections apparently associated with branches were not only the

most numerous in the study trees, but also caused the largest decay

columns. Average Scribner volume of decay columns associated with

branch infections was 461 board feet, which is more than double the

decay volume associated with basal injuries (Z18 bd. ft.), which were

the next largest rot columns (Table 4). The most numerous and

largest decay columns were associated with infections byE. tinc-

torium. Average Scribner decay volume of infections caused by this

fungus was 510 board feet (Table 4). Branch infections averaged

588 bd.ft. of decay, but infections associated with other infection



Table 4. Number of infections and average decay volumes associated with apparent infection courts for hymenomycetous fungi isolated from white

firs in the Rogue River National Forest.

Apparent Infection Courts

Infections and Dead Mistletoe Total

Decay Volumes Basal Trunk Broken Dead Vertical Trunk Frost or

by Hymenomycetes Branches Injuries Injuries Tops Crooks Forks Tops Roots Branches Cankers Cracks Unknown Average

Echinodontium tinctorium

1 13

13.6
175

16.2 6,0 0.0 0.0 13,1 15.1 0.0 0.0 11. 6

212 79 0 0 59 198 0 0 149

3 4 2 1 3 0 1 0 0 0

3.2 13.0 6.5 0.2 2.1 0.0 1.8 0.0 0.0 0.0
29 97 83 2 3 0 22 0 0 0

12 4 16 13 2 2 2 1 1 2

4.9 2.0 4.7 8.7 2.4 4.7 6.2 0.6 2.7 7.5

66 20 43 114 6 62 48 0 37 113

4 1. 0 0 0 0 1 1 0 0

2.4 0,3 0.0 0.0 0.0 0.0 0,9 14.0 0.0 0.0
31. 1. 0 0 0 0 12 189 0 0

1 1 1 3

1.8 3.2 14,8 .8
22 11 134 1.23

No. of infections 124 2

Ave. decay vol.:
Cu.ft., 46.0 9.5
Scribnerbd.ft. 588 128

Pholiota adiposa
No. of infections 0 32

Ave. decay vol.:
Cu.ft. 0.0 24.6
Scribnerbd.ft. 0 308

Phellinus chrysoloma
No. of infections 56 1

Ave. decay vol.:
Cu.ft. 18.8 0.1
$cribner bd. ft. 263 3

Hericium abietis
No. of infections S 8

Ave. decay vol.:
Cu,ft. 12,4 37.0
Scribnerbd.ft, 162 449

Fomitopsis annosa
No. of infections S

Aye, decal vol.:
Cu. ft. 0.0 19,4
Scribner bd. ft. 0 292

140

41.4
510

87

12.5
155

64

16.9
235

19

21.4
260



Table 4. Continued.

Scribner bd. ft. 49 0 25

Apparent Infection Courts

Scytinostroma galactinum
No, of infections 1

Ave. decay vol.:
Cu. ft. 10. 9
Seribner hd. ft 114

10, 9
114

Infections and
Decay Volumes Basal Trunk Broken Dead

by Hymenomycetes Branches Injuries Injuries Tops Crooks Forks Tops

Dead Mistletoe
Vertical Trunk

Roots Branches Cankers
Frost

Cracks Unknown

Total
or

Average

Armillariella mellea
No. of infections 5 2 1 8
Ave. decay vol.:

Cu.ft. 4.8 12.4 0.3 5.3
Scribner bd. ft 54 108 4 54

Stereum sanguinolentum
No. of infections I 3
Ave. decay vol.:

Cu.ft. 5.8 0.3 2.1
Scribner bd. ft. 15 0 5

Fomitopsis pinicola
No. of infections 2

Ave. decay vol.:
Cu. ft. 29.5 29.5
Scribner bd. ft. 431 431

Amylostereum chailletii
No. of infections 2
Ave. decay vol.:

Cuft 38 04 21



Table 4. Continued.

Apparent Infection Courts

Infections and
Decay Volumes

by HymenomyceteS

Basal Trunk Broken

Branches Injuries Injuries Tops Crooks Forks
Dead
Tops Roots

Dead
Vertical
Branches

Mistletoe
Trunk

Cankers
Frost

Cracks Unknown

Total
or

Average

Phellinus hartigii
1

No. of infections
Ave. decay vol.:

Cu.ft.
Scribner bd. ft.

11. 2
119

11.2
119

Unidentified
No. of infections 2 28 27 29 19 20 15 4 4 5 3 4 160

Ave. decay vol.:
Cu.ft. 1.2 3.6 2.1 2.6 2.4 3.2 2.9 0.7 0.7 2.9 0.8 1.3 2.6

Scribnerbd.ft. 15 47 30 21 17 21 3 7 16 35 9 16 24

Unidentified "A"
No. of infections
Ave. decay vol.: 7.8
Cu.ft. 7.8

111
Scribner bd. ft. 111

Unidentified "B'
No. of infections 1 3

Ave. decay vol.:
Cu.ft.
Scribner bd. ft.

1.4
11

0.2
0

3.5
0

1.7
6



Table 4. Continued.

Apparent Infection Court
Infections and

Decay Volumes
by Hymenomycetes

Basal Trunk Broken
Branches Injuries Injuries Tops Crooks Forks

Dead
Tops Roots

Dead
Vertical
Branches

Mistletoe
Trunk

Cankers

Total
Frost or

Cracks Unknown Average

Unidentified "C"
No. of infections 6 1 9
Ave. decay vol.:

Cu.ft. 22.2 6.2 3.7 14.0 17.4
Seribner bd. ft. 309 77 16 222 241

All hymenomycete infections
No. of infections 189 90 51 48 39 37 22 9 8 8 6 6 513
Ave. decay vol.:

Cu.ft. 36.1 17.0 3.2 3.7 3.8 5.6 3.2 4.4 2.2 5.4 2.8 6.6 18.1
Scribnerbd.ft. 461 218 42 32 35 61 6 51 24 84 36 48 227
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courts were insignificant in comparison (2-128 bd.ft.). Fortunately

for timber cruisers most trees infected by the Indian paint fungus bear

sporophores which give a very good idea of the extent of decay.

A number of stands from which study trees were selected had

been burned one or more times in the past. In some cases nearly

every white fir in the stand had basal wounds caused by past fires. As

seen in Table 4 considerable average volume losses were associated

with basal injuries, particularly those decay columns caused by

P. adiposa (308 bd.ft.), H. abietis (499 bd.ft.), F. annosa (292 bdft.),

F. pinicola (431 bd. ft.) and unidentified fungus "Cu (309 bd.ft.).

Most infections caused by Phellinus chrysoloma were in the first

two logs of host trees. Since the largest volume and highest grade

logs in white fir trees are the first and second logs, decay losses

'aused by this fungus and those associated with basal wounds are of

greater importance than infections higher in the tree. Infections

caused by P. chrysoloma, presumably associated with branches,

averaged 263 board feet (Table 4). As was the case with the Indian

paint fungus, P. chrysoloma decay columns associated with infection

courts other than branches have considerably less decay volume

(Table 4). Fomitopsis annosa, usually a root and butt rot, caused

several infections at the tops of study trees. Decay volumes caused

by this fungus associated with dead or broken tops were considerably



smaller than those associated with root or basal wound infections

(Table 4).

Although a large number of decay columns were caused by

unidentified fungi (173 out of 513), except for fungus "C' the associated

decay volumes were very small compared to those caused by identi-

fied fungi (Table 4). Hymenomycetous fungi were isolated from only

23 of the 173 decay columns caused by unidentified fungi. Average

Seribner decay volume for columns from which unidentified hymeno-

mycetes were isolated average 134 board feet compared to only 33

board feet for decay columns from which no hymenomycetes were

isolated. Possibly the fungi causing decay had become inactive or had

died when the wounds healed.

The Indian paint fungus caused more than 25 percent of the 513

decay columns in the study trees and they averaged more than 47 feet

long, which was considerably longer than columns caused by other

fungi (Table 5). There was considerable variation in the length

(1-99 feet) of all decay columns (Table 5). Because of the large

variation in decay extents associated with infection courts in this

defective tree species it is difficult for timber cruisers to make

accurate estimates of sound volumes in sample trees. Although there

were a large number of decay columns caused by unidentified fungi

their average length was only nine feet long (Table 5).



Table 5. Number, length, and volume of decay columns in white firs caused by various hymenoinycetes.

Hymenoinycetous Fungi

Decay Columns Decay Column Length Avera_ge Decay Volume
Total
(Nor)

% of
All

Average
(feet)

Range
(feet)

Scribner
Cu. ft Bd. ft.

Echinodontium tinctorium 140 27.3 47.2 1-99 .1.4 510

Pholiota adiposa 87 17.0 17.4 1-56 12.5 149

Phellinus chrysoloma 64 12.4 23.5 2-70 16. 9 235

Hericium abietis 19 3.7 24.6 4-65 21. 4 260

Fomitopsis annosa 13 2.5 21.2 4-43 13.6 162

Armillariella mellea. 8 1.6 7.4 4-13 4.6 48

Stereum sangiinolentum 3 0.6 7.0 1-15 2.1 5

Fomitopsis pinicola 2 0.4 30.5 22-39 29.5 431

A mylostereum chailletii 2 0.4 9.0 6-12 2,1 25

S Cytinostroma galactinum 1 0.2 22.0 10.9 114

Phellinus hartigii 1 0.2 16.0 11.2 119

Unidentified 160 31.1 9,0 1-34 2.6 24

Unidentified fungus "A" 1 0,2 33,0 -- 7.8 111

Unidentified fungus "B" 3 0.6 10.0 4-21 1.7 6

Unidentified fungis "C" 9 1,8 25.3 6-46 17.5 241

Total or average 513 100.0 23.9 -- 18.0 227
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Many decay columns (44. 4%), based on presence of sporophores

and cultural isolations, were caused by more than one fungus (Table

6). Decay columns from which two or more hymenomycetes were

isolated were considerably larger than those caused by only one

hymenomycete (Table 6). More than 62 percent of all E. tinctorium

decay columns yielded hyrnenornycetes other than the Indian paint

fungus (Table 6). Echinodontium tinctorium decay columns from which

additional hymenomycetes were isolated averaged 602 board feet com-

pared to 360 board feet for columns yielding only the Indian paint

fungus (Table 6). Many trees with E. tinctorium infections also had

frost cracks at their bases. These and other injuries may have been

the infection courts for the hymenomycetes associated with the Indian

paint fungus. Although a smaller percentage of infections caused by

P. acliposa, H. abietis, Phellinus chrysoloma, and A. mellea also

yielded other hyrnenomycetes the decay volumes of the mixed infec-

tions was much greater (statistically significant at the 1% level) than

those caused by individuals (Table 6).

Decay columns caused primarily by E. tinctorium had many

different hyrnenomycetes associated, but the most common was H.

abietis (Table 7). The fir hydnum, H. abietis was the principal cause

of only 19 decay columns but it was a common associate of E. tinc-

toriurn and the other major decay fungi (Table 7). Hudson (1972) also

noted that H. abietis was often (10 of 35 trees) associated with Indian



Causal Hymenomycetous Fungi

Table 6. Cubic400t and. Scribner board-foot decay volumes caused by individual and multiple hymenomycete fungal infections.

Decay Columns Cubic-Foot Decay Scribner Board-Foot
Total % of Total Volume Decay Volume
(No.) by Fungus Total Average Total Average

Echinodontium tinctorium only 53 37.9 1,539. 2 29.0 19,063 360
E. tinctorium mixed with other hymenomycetes 87 62. 1 4, 260. 7 49. 0 52, 397 602

Combined 140 100.0 5,799.9 41.4 71,460 510

P.holiota adiposa only 62 71.3 394. 2 6.4 4, 999 81
P. adiposa mixed with other hymenomycetes 25 28. 7 691. 6 27. 7 8, 003 320

Combined 87 100.0 1,085.8 12.5 13,002 149

Phellinus chrysoloina only 42 65.6 592.7 14. 1 8, 156 194
P. chrysoloma mixed with other hymenomycetes 22 34.4 486.4 22.1 6,881 313

Combined 64 100.0 1,079. 1 16. 9 15,037 235

Hericium abietis only 12 63.2 139.5 11.6 1,646 137
H. abietis mixed with other hymenomycetes 7 36.8 267.5 38.2 3, 293 470

Combined 19 100.0 407.0 21.4 4,939 260

Fomitopsis annosa only 5 35. 7 53. 8 10.8 805 161
F. annosa mixed with other hymenomycetes 8 64. 3 123.0 15.4 1, 296 162

Combined 13 100.0 176.8 13.6 2,101 162

Armillariella meilea only 6 75.0 26. 0 4.3 255 43
A. mellea mixed with other hymenomycetes 2 25,0 10.8 5.4 125 63

Combined 8 100.0 36,8 4.6 380 48

Stereum sanguinolentum only 3 100 0 6 3 2 1. 15 5
Fomitopsis pinicola only 2 100.0 58,9 29.5 861 431
Amyloste'eum cJ'azlleth only 2 100 0 4 2 2 1 49 25
Scytinostvom galactinum only 1 100,0 10 9 10 9 114 114

U1nushL-tigi1 only 1 100 0 11,2 11 2 119 119
Single hmenomyetos only 189 55 6 2,836,9 15,0 36,082 191
Mixed 1ymenomy'etes 151 444 5,8400 38 7 71,995 477
Combined 340 100,0 8,,6769 2S.. 108,077 318



Table 7. Number and average cubic-foot volume of decay columns caused by mixtures of hymenomycete fungi.

Fungus Primarily Responsible for Causing Decay Column1
Echinodontium Pholiota Phellinus Hericium Fomitopsis ArmiUariella

Associated tinctorium adiposa chrysoloma abietis annosa mellea Totals
Hymenomycetes

H. abietis

P. adiposa

Unidentified

Unidentified ??511

Phellinus chrysoloma

A. mellea

P. chrysoloma and
unidentified

Pholiota adiposa and
unidentified

H. abietis and
Phellinus chrysoloma

H. abietis and
Odontia bicolor

1-1. abietis and
Pholiota adiposa

H. abietis and F. annosa

I-I, abietis and unidentified

I-I. abietis, A. mel1
and unidentified

H. abietis, Phellinus
th!yoLoma and unidentified

30. 3

20. 6

28. 4

12.8

64. 3

2 78.2

4 50.3

74,5

128,3

(1) (2) (1) (2) (1) (2) (1) (2) (1)

47

9

7

3

1

2

2

1

1

1

3

2

3

1

1

41.9

51.6

52.7

41.5

8. 5

33.0

30. 3

34. 2

28. 4

14. 4

74. 2

78. 2

53. 6

74.5

128. 3

7

6

1

32.2

8. 1.

0. 8

40. 3

10

3

1

22.5

25.6

19. 1

6.9

11.2

34.5

1

---
14.8

1

2

1

(2) (1) (2) (1) (2)

15. 1 65 37.4

10 47.9

3.6 18 27.9

2.5 4 31.8

2 4.7

4. 1 4 22.3



Table 7. Continued.

Fungus Primarily Responsible for Causing Decay Co!umn1
Phellinus Hericium Fomitopsis Armillari ella

chrysoloma abietis annosa mellea
Totals

(1) (2) (1) (2) (1) (2) (1) (2)

69 5

1 3. 4

12.4 1 7.4
H. abietis, P. adiposa

and unidentified

P. tinctoriurn and unidentified

jj. abietts and unidentified "C"

E. tinctorium1 P. adiposa, and
unidentilied

Total or average 87 49.0

1Based on presence oI sporothoes, characteristics of the decay column, and fungal isolations.
Decay columns (No.).
Average decay volume (It3).

27,7 15.4 2 5.4

Associated

Ec.hinodontium Pholiota
tinctorium adiposa

Hymenomycetes (1) (2) (1) (2)

H. P. adiposa and
1 331.4S. sanguinolentum

S. sanguinolentum 1 0.1

F. pinicola 1 47.8

Unidentified "C" 3 18. 0

H abietis and F tinctorium

F. annosa 4 38. 1

Trechespora raduloides 1 53. 4

P. chrysoloma and A. mellea 1 69. 7

F. tinctorium 1 47.7

1

2 5.5 3 52.4 2

1 41.0

1 46.9

1 14.0

81,4

22 22,1 7 38,2 8

(1) (2)

1 331.4

2 0.7

1 47.8

4 16. 7

1 69 5

4 38. 1

2 28.4

1 69. 7

9 27.6

1 41,0

1 6,9

1 14,0

1 81.4

151 38.7
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paint fungus decay columns in grand firs in Idaho but never found it as

the only or primary hymenomycete causing decay. Maloy and

Robinson (1968) did not report mixtures of hymenomycetes associated

with decay columns in young grand firs, but Miller and Partridge

(1973) did find combinations of fungi more often than single organisms

causing root rots in grand fir.

Multiple infections by different decay fungi might explain why

there is so much variation in decay volumes associated with various

indicators. While E. tinctorium grows very slowly in vitro Maloy and

Robinson (1968) suggest that microorganisms (bacteria and non-

hymenomycetous fungi) associated with E. tinctorium produce a

synergistic effect explaining the extensive decay columns caused by

this fungus. Our work (Table 7) suggests that multiple hymenomycete

infections may be the cause of the variable decay columns.

Studies have also shown that there are multiple infections of an

individual fungus in living trees. Roth (1952) tested isolates of

P. 2!2 from individual Douglas-firs for compatibility on culture

media and found that 30 percent of the decay columns were the result

of two or more infections by this fungus. Multiple infections of Fomes

cajanderi Karst. were also found associated with damaged Douglas-fir

tops (Adams and Roth, 1969). In our study isolates of E. tinctorium

from extensive decay columns in individual trees were tested on malt

agar plates for compatibility. Line formation occurred between some
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isolates from the same decay column indicating that some of the study

trees had multiple infections of E. tinctorium (Figure 3). Due to the

slow growth of most E. tinctorium isolates colonies did not coalesce

rapidly enough (growth stopped because the media dried and cracked

even when rubber bands were used to seal petri dishes) to determine

how many decay columns were the result of multiple infections.

Attempts to speed up the growth rate of E. tinctoriurn isolates were

unsuccessful. Various media were used including; malt, potato

dextrose and prune agars to which thiamine, yeast extract, white fir

heartwood sawdust and cold water extracts from white fir sawdust

were added at various concentrations.

Odontia bicolor (Alb. & Schw. ex Fr.) Bres. is commothy

associated with decay in grand fir in Idaho (Maloy 1968; Hudson3

1972), but it was isolated from only two decay columns in this study

(Table 7).

The results of attempts to isolate, on malt agar, the micro-

organisms associated with incipient and advanced decay caused by

various hymenomycete fungi are presented in Table 8. More isola-

tions were made from E. tinctorium decay because of the many study

trees infected and the long lengths of the decay columns caused by this

fungus. Of the 2420 chips from incipient and advanced E. tinctorium

decay placed on malt agar in test tubes 40 percent produced no micro-

organisms (Table 8). The number of tubes without growth was





Table 8. Results of attempts to isolate microorganisms from incipient and advanced decay stages caused by various hymenomycetes.

Number of Test Tubes with the Following Culture Results
Non-

Yeasts Mixed Cultures
% of °/ of

Isolations Total Isolations Total
(No.) (No.)

5.6
6.9
6.2

9.7
23. 2
17.0

5.6
9

2

14.3
19.2
16.8

0 0.0 2 3,6
0 0.0 4 10.8
0 0.0 6 6,5

0 0 0 1 10 0
0 0.0 5 25.0
0 0 0 6 20 0

0 0 0 0 0 0
0 0,0 3 75, 0
0 0 0 3 25 0

Hymenomycete
Fungus

Decay
Stage

Total
Culture

Attempts
(No.)

No Growth Hymenomycetes 1-lymenomycetes Bacteria

No.
°% of

Total Isolations
(No.)

% of
Total Isolations

(No.)

% of
Total

% of
Isolations Total

(No.)

Echinodontium inc. 1266 511 40.4 565 44.6 40 3.2 60 4.7
tinctorium adv. 1154 464 40.2 517 44.8 45 3.9 30 2.6

total 2420 975 40.3 1082 44.7 85 3.5 90 3.7

Pholiota inc. 257 50 19.5 157 61.1 12 4.7 10 3.9
gdiposa adv. 302 38 12. 6 166 55.0 14 4. 6 13 4. 3

total 559 88 15.7 323 57. 8 26 4.7 23 4. 1

Phellinus inc. 252 62 24.6 146 57.9 13 5.2 14 5.6
chrysoloma adv. 349 76 21.8 221 63. 3 10 2. 9 24 6. 9

total 601 138 23.0 367 61. 1 23 3.8 38 6. 3

Herjcjum inc. 77 17 22.1 39 50.6 9 11.7 1 1.3
abietis adv. 78 9 11.5 39 50.0 12 15.4 2 2.6

total 155 26 16.8 78 50.3 21 13.5 3 1.9

Fomitopsis inc. 56 13 23.2 39 69.6 1 1.8 1 1.8
annosa adv. 37 3 8. 1 26 70, 3 2 5.4 2 5.4

total 93 16 17.2 65 69.9 3 3.2 3 3.2

Armillariefla iic 10 2 20 0 4 40 0 3 30 0 0 0 0
mellea adv,

total
20
30

0
2

0.0
6 7

14

18

70.0
60 0

1

4
5.0

13 3
0
0

0.0
0 0

Stereum inc 8 1 12 5 6 75 0 0 0 0 1 12 5
sanuino1entum ady,

total
4

12

0
1

0,0
8,3

1

7
25.0
58.3

0

0
0,0
0 0

0
1

0.0
8 3

19 1.5 71

18 1.6 80
37 1.5 151

3 1.2 25

1 0. 3 70
4 0.7 95

3 1. 2 14
1 0. 3 17

4 0. 7 31

0 0.0 11

1 1.3 15

1 0.6 26



Number of Test Tubes with the Following Culture Results

10

5

15

Hymenomycete
Fungus

Decay
Stage

Total
Culture

Attempts
(No.)

No Growth Hymenomycetes
Non-

Hymenomycetes Bacteria

No.
% of
Total Isolations

(No.)

9 of
Total

% of
Isolations Total
(No.)

°/ of
Isolations Total

(No.)
Fomitopsis inc. 5 1 20.0 4 80.0 0 0.0 0 0.0
pinicola adv. 7 0 0.0 4 57. 1 2 28.6 0 0.0

total 12 1 8.3 8 66.7 2 16.7 0 0.0
Amylostereum inc. 4 1 25.0 1 25.0 0 0.0 1 25.0
chailletli adv. 6 0 0.0 4 66. 7 0 0.0 0 0.0

total 10 1 10.0 5 50.0 0 0.0 1 10.0
Scytinostroma inc. 4 0 0.0 3 75.0 0 0.0 0 0.0
galactinum adv. 6 1 16.7 1 16.7 0 0.0 1 16.7

total 10 1 10.0 4 40.0 0 0.0 1 10.0
Phellinus inc. 4 0 0.0 2 50.0 1 25.0 0 0.0
hartigii adv. 2 0 0.0 2 100.0 0 0.0 0 0,0

total 6 0 0.0 4 66.7 1 16.7 0 0.0
Unidentified inc. 4 2 50.0 2 50. 0
fungus "A" ady. 4 2 50.0 2 50.0

total 8 4 50.0 4 50.0
Unidentified inc. 8 1 12.5 4 50,0
fungus "B" adv. 6 1 16.7 0 0. 0

total 14 2 14,3 4 28.5
Unidentified inc. 31 12 38.7 15 48.3 4 12.9 0 0.0
fungus adv. 6 18, 2 14 42. 4 3 9, 1 3 9. 1

total 64 18 28.1 29 45.3 7 10,9 3 4.7
Unidentified inc. 161 71 44.1 5 3.1 35 21,7 8 5.0

adv,
total

190
351

67
138

35.3
39.3

4
9

2,1
2.6

49
84

25,8
23.9

11

19
5.8
5.4

Yeasts Mixed Cultures
% of

Isolations Total
(No.)

% of
Isolations Total

(No.)

0 0.0 0 0.0
0 0.0 1 14. 3
0 0.0 1 8.3

0 0.0 1 25.0
0 0.0 2 33. 3
0 0.0 3 30.0

0 0.0 1 25. 0
0 0.0 3 50.0
0 0.0 4 40.0

0 0.0 1 25.0
0 0.0 0 0.0
0 0.0 1 16.7

3 37.5
5 83. 3
8 57,1

0.0 0 0,0
6.1 5 15,2
3.1 5 7.8

6.2 32 19.9
.6 54 28,4

4.3 86 24.5
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considerably higher for E. tinctorium isolations than for many of the

other hymenomycetes (Table 8). This might reflect the slow growth

typical of this fungus. The most common organism isolated from the

majority of decay columns were hymenomycetes (Table 8), which

probably indicates that malt agar is a good medium for growth of these

organisms. However, less than three percent of 351 isolations from

unidentified decay columns (not counting unidentified fungi A, B, and

C) yielded individual cultures of hymenomycetes (Table 8). Since 160

decay columns (Table 5) were caused by unidentified hymenornycetes

and only nine isolates of these fungi (Table 8) were cultured from

these columns it appears that the causal fungi may have died.

Fewer mixed cultures were obtained from chips of decays

caused by E. tinctorium and P. chrysoloma than from decays associ-

ated with Pholiota adiposa, H. abietis, and unidentified fungi (Table

8). A black non-hymenomycete-bacterium mix was especially preva-

lent from P. adiposa decay. Yeast isolations were most common from

decay columns caused by unidentified fungi (Table 8). There did not

seem to be major differences between the types of microorganisms

isolated (or even in percentage of no growth cultures) from incipient

or typical decays caused by a given hymenomycete (Table 8). For

instance, on a percentage basis nearly as many hymenomycetes, non-

hymenornycetes, bacteria, yeasts and mixed cultures were isolated

from incipient E. tinctoriurn as from advanced decay (Table 8).



Obviously many types of microorganisms are associated with both
stages of decay, but except for the role of hymenomycete fungi
practically nothing is known about the roles. of the other microorgan..
is m S.

Table 9 shows the total types of microorganisms isolated from
incipient and advanced de cay stages when the individual organisms

separated into their own groups. Except for
unidentified decay columns, hymenomycetes were the most common
organisms isolated from incipient and advanced decay stages (Table
9). Non-hymenomyc5 were next most common, f011owed by
bacteria and then yeasts (Table 9). Higher percentages of non-
hymenomycetes (21.5 vs 17.3 percent) and bacteria (15.4vs l37 per-
cent) were isolated from advanced than incipient decay, respectively
(Table 9). During the 1969 study no isolations were rrade from a dark,
wet-appearing zone that surrounds most decay columns. This zone
probably is the very earliest stage of decay as described by Shigo
(1967). Bacteria and non-hymenomyce5 have been reported to be
the most common organism isolated from this zone. Shigo (1967)
suggests that the bacteria and nonhymenomyce5 may modify the
fungistatic compounds, such as polyphenols, naturally present in
heartwood making it possible for hymenomycete fungi to invade and
decay this substrate.

from mixed cultures are
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Table 9. Numbers of various microorganisms isolated from incipient and advanced decay caused by hymenomycetes.

Hymenomycete Fungus
Decay
Stage

Total
Microorganisms

Isolated
(No.)

Types of Microorganisms Isolated

Hymenomycetes
Non-

Hymenomycetes B acteri a Yeasts

Isolations
(No.)

% of
Total Isolations

(No.)

% of
Total Isolations

(No.)

% of
Total Isolations

(No.)

% of

Total

Ethinodontium tinctorium incipient 837 587 70.1 97 11.6 112 13.4 41 4.9
advanced 775 537 69.3 120 15.5 89 11.5 29 3.7
total 1612 1124 69.7 217 13.5 201 12.5 70 4.3

lio1iota adiposa incipient 235 170 72.3 32 13.6 30 12.8 3 1.3
advanced 345 200 58.0 79 22.9 62 18.0 4 1.1
total 580 370 63.8 111 19. 1 92 15. 9 7 1. 2

Phellinus chrysoloma incipient 210 151 71.9 30 14.3 24 11.4 5 2.4
advanced 291 230 79.0 20 6.9 33 11.3 8 2.8
total 501 381 76.0 50 10.0 57 11.4 13 2.6

Hericium abietis incipient 75 40 53.3 23 30.7 11 14.7 1 1.3
advanced 87 44 50.6 27 31.0 14 16.1 2 2.3
total 162 84 51.9 50 30.9 25 15.4 3 1.8

Fomitopsis annosa Incipient 45 40 88.9 3 6.7 2 4.4 0 0.0
advanced 3 28 71.3 7 17,9 4 10.3 0 0.0
total 84 68 81.0 10 11,9 6 7.1 0 0,0

Amillariella mellea incIpient 9 4 44.4 4 44.4 1 11. 2 0 0.0
advanced 26 16 61.5 6 23.1. 4 15.4 0 0.0
total 35 20 57.1 10 28,6 5 14.3 0 0.0

Stereum sanguinolentum incipient 7 6 85.7 0 0.0 14.3 0 0.0
advanced 7 1. 14.2 3 42,9 4.9 0 0.0
total 14 7 50,0 3 21.4 28.6 0 0.0

Fomitopsis pinicola Incipient 4 4 100.0 0 0.0 0 0.0 0 0. 0
advanced 9 5 55,6 3 33,3 11,1 0 0 0
total' 13 9 69,2 3 23.1 1. 7.7 0 0.0



Table 9. Continued.

Types of Microorganisms Isolated
Non-

Bacteria Yeasts

Isolations
(No.)

1

2
3

0
8

8

34
57
91

218
282
500

Hymenomycete Fungus
Decay
Stage

Total
Microorganisms

Isolated
(No.)

Hynienomycetes Hymenomycetes

Isolations
(No.)

% of
Total

% of
Isolations Total

(No.)
Amylostereum chailletii incipient 4 2 50.0 1 25.0

advanced 8 4 50.0 2 25.0
total 12 6 50.0 3 25.0

Scytinostrom a galactinum incipient 5 3 60.0 1 20.0
advanced 8 4 50.0 1 12.5
total 13 7 53.8 2 15.4

Phellinus hartigij incipient 5 2 40.0 2 40.0
advanced 2 2 100.0 0 0.0
total 7 4 57.1 2 28.6

Unidentified fungus "A" incipient 2 2 100.0 0 0.0
advanced 2 2 100.0 0 0.0
total 4 4 100.0 0 0.0

Unidentified fungus "B" incipient 10 4 40.0 4 40.0
advanced 12 4 33.3 5 41.7
total 22 8 36.4 9 40.9

Unidentified fungus "C" incipient 19 15 78.9 4 21.1
advanced 33 14 42.4 9 27.3
total 52 29 55.8 13 25.0

Unidentified fungi incipient 127 5 3 9 75 59 1
advanced 182 8 4.4 110 60.4
total 309 13 4.2 185 59.9

Totals incipient 1594 1035 64 9 276 17 3
advanced 1826 1099 60,2 392 21.5
total 3420 2134 62.4 668 19,5

% of
Total Isolations

(No.)

°/ of
Total

25.0 0 0.0
25.0 0 0.0
25.0 0 0.0

20.0 0 0.0
25.0 1 12.5
23.1 1 7.7

20.0 0 0.0
0.0 0 0.0

14.3 0 0.0

0.0 0 0.0
0.0 0 0.0
0.0 0 0.0

0.0 2 20.0
25.0 0 0.0
13.6 2 9.1

0.0 0 0.0
24.2 2 6.1
15.4 2 3.8

26 8 13 10 2
31.3 7 3.8
29.4 20 6,5

13 7 65 4 1
15.4 53 2,9
14.6 118 3,5



Bacteria were commonly isolated from both incipient and

advanced decay columns. They have been isolated from decay for

many years (Wagener arxi Davidson, 1954), but until recently were
considered to be "contaminants " and usually discarded. Bacterial
isolates from this study were classified4 into three groups (Table 10).

Although a relatively large number of bacteria were isolated from the
white firs in 1969 only a few were available for study in 1971-72.

Many isolates died during storage on nutrient agar at 2°C, it was not
possible to separate the organisms in many mixed fungal-bacterial
cultures and many of the isolates were a bacterium, described br
Wilcox and Oldham (1972) which seldom survives sub-culturing. As
seen in Table 10 isolates were placed in the Enterobacterjaceae (58)

Pseudomonad spp. (48), and only a few were Bacillus spp. (9).
Coseriza et al. (1970) found that most bacteria from discolored arid
decayed wood in beech, birch, and maple were species of Pseudo -

monas and Bacillus. Many fewer members of the family Entero-

bacteriaceae were isolated from their study trees. Shigo et al. (1971)
also isolated a Clostrjdium spp. from discolored oak wood.

The role of bacteria in the process of wood decay is mainly
speculative. It has been suggested that bacteria utilize the organic
acids produced by decay fungi and that some species can synthesize

4Classffied by Dr. Ramon J. Seidler, Microbiology DeparentOregon State University.



Echinodontium inc.
tinctorium adv.

Pholiota inc.
adiposa adv.

Phellinus inc.
chrysoloma adv.

Hericium inc.
abietis adv.

Fomitopsis inc.
annosa adv.

Armillariella inc.
mellea adv.

Stereum inc. 0 ()

sanguinolentum adv. 0 1

Fomitopsis inc. 0 0
pinicola adv. 0 0

Unidentified inc. 0 1 0
fungus "B" adv 0 1 0

Unidentified inc. 0 0 0
fungus "C" adv. 0 1 0

Unidentified inc. 4 3 0
ad v. 4 1

Totals inc. 32 19 6
ad v. 26 29 3

0

1Classified by R. J. Seidler, Microbiology Department, Oregon State
University.
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Table 10. Numbers and types of bacteria isolated from incipient and
advanced decays caused by various hymenomycetes.

No. No.

22 7
14 11

2 5
6 7

1 1

3 2

3 1

0 2

0 1

2 0

0 0
0 0

Groups of Bacteria1
Hymenomyc ete Decay Enterobacteri aceae Pseudomonads Bacillus

Fungus Stage No.

1

0

5
0

0
0

0
0

0
0

0
1

0

0
1



thiamine which is needed by decay fungi (Cosenza et al., 1970).

Knutson (1973); Bacon and Mead (1971) found that bacteria isolated

from wetwood, discolored and decayed wood, and healthy wood from

several hardwood and one coniferous tree species could grow well on

a Unitrogenfree? medium, suggesting that these bacteria had the

capability to fix atmospheric nitrogen. Species of enteric bacteria

from our study were tested by the acetylene-reduction technique to

determine whether they could fix nitrogen. Many of our isolates were

able to fix nitrogen. More will be presented on these findings later.

Isolates of non-hymenomycete fungi from the white fir study
5trees were examined and identified (Table 11). Unfortunately many

tubes became contaminated with mites before identifications could be

made. Several species of Phialophora including P. fastigiata (Lagerb.

& Melin) Conant were isolated from incipient and advanced stages of

decay caused by several of the major hymenomycetes (Table 11).

Phialophoras are known to be commonly associated with discoloration

and decay in many hardwoods and conifers (Shigo, 1967; Maloy and

Robinson, 1968; Hudson, 1972). Species of many of the other identi-

fied fungi including Rhino clad iella, Vertic illium, Gliocladium,

Cephaiospprium and Cladosporium have also been isolated from living

5ldentifications were made by Harold Larsen under the direction
of Dr. William C. Denison, Department of Botany and Plant Pathology,
Oregon State University.



Table 11. Distribution of non-hymenornycetes by decay type and stage.

Isolations by
Type and
Stage of Phialophora

Decay fastigiata

Ethinodontium tinctorium
Incipient 7
Advanced 8

Pholiota adiposa
Incipient 5

Advanced 13

Fomftopsis pinicola
Incipient
Advanced

Stereum sanguinolentum
Incipient 1

Advanced 0

Amy1osteeurn cjmjUtiI
Incipient 0

Advanced 1

Non-Hymenomycetous Fungr (No.)
Rhinocladiella

Ascocoryne
Gliocladium

Mycelia
sterila

Miscel-
Yeasts laneous2 Totals

atrovirens Verticillium roseum (Link) Ceithalosporium
Nannf, sp. sarcoides Banier sp.

3 3 1 41 2 73
11 0 29 3 62

1 2 1 1 0 0 14

3 4 1 2 0 4 31

0 0 0 2 1 2 0 11

2 0 0 0 2 0 19

0 1 1 12

1 0 1 8

3

1

7
4

3

0

Phellinus chrysoloma
Incipient
Advanced

Hericium abietis
Incipient
Advanced

ArmillarieUa mellea
Incipient
Advanced



Table 11. Continued.

Non-HymenornycetousFungi' (No.)
Gliocladium

Ascocoryne roseum (Link) Cephalosporium
sarcoides Banier sp.

0

10

3

1

0

2

1

1

1Classified by Hold Larsen, Department of Botany and Plant Pathology, Oregon State University.

2tnciude 4 isolates of Thialophcra sp "B", 2 Cladospoium heba'un2 and one each of ?haeos.iria sp , D'ethsle'a austDaliensis (Bugnscou"t
Subram., Phialophora verrucosa Medlar, renha sp., and Phialophora sp, "C".

Mycelia
sterila Yeasts

Miscel-,
laneous' Totals

0

1

2
2

13 1 38

7 1 38

4 63 6 154

iS 50 5 166

Isolations by
Type and
Stage of Phialophora

Rhinocladiella
Verticilliumtrovirens

Decay fastigiata Nannf. sp.

Unidentified "B"
Incipient 0

Advanced 1

Unidentified "C"
Incipient 0

Advanced

Unidentified
Incipient 16 3

Advanced 20 3

Totals
Incipient 40 7 10

Advanced 52 20 13
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trees (Shigo, 1967; Hudson, 1972). Ascocorne sarcoides ([Jacq.}

S. F. Gray) Groves & Wilson is a common inhabitant of both healthy

and decayed wood in living trees (Basham, 1973) Laboratory

studies have shown that this fungus is antagonistic to many decay

fungi in vitro (Etheridge, 1957; Whittaker, 1962; Basham, 1973).

This does not mean, however, that the same relationship exists in

nature (in vivo). Ascocoryne sarcoides was most commonly isolated

from the incipient decay stage caused by E. tinctorium in this study

(Table 11). In general, no consistent patterns were observed in the

distribution of the non-hymenomycetes in association with incipient

or advanced decay (Table 11).

Hudson (1972), however, found a definite sequence of non-

hyrnenomycetes invading wounds in grand fir. He found that

Coniochaeta ligniaria (Grey.) Mass., Dimorphospora sp. (neither of

which was identified in this study) and P. fastigiata were the principal

non-hymenomycetes in discolored wood. The first two invade fresh

wounds almost immediately but were seldom isolated beyond the

limits of the injury. Phialophora fastigiata was isolated from the dis-

colored zone surrounding E. tinctorium decay on 34 of 35 occasions.

Cladosporiumherbarum (Pers.) Fr. and Rhinocladieilaoi

(Brumpt) Schol-Schwarz were isolated from older injuries (Hudson2

1972). No attempt was made to identify the yeasts that were isolated

from our trees. Characterization and other studies of yeasts may



yield evidence of their possible role in the decay process.

Conclusions

branches and stubs are the primary infection court for E.

73

At least 11 different classes of injuries admitted microorganisms

to decay white fir study trees. Infection courts varied little among the

three forest cover types except for the low elevation mixed conifer

type where trees with injuries were difficult to find because of prior

logging. Although many wounds caused by fire, falling trees, wind,

ins ects (dead tops), cold, and other agents, were common infection

courts for decay fungi branches appeared to be the most important.

The most common and damaging branch infections were by .

torium and P. chrysoloma. Dead branches and stubs seemed to be the

points where the initial infection occurred as judged by the location of

the oldest E. tinctorium or P. chrysoloma sporophores and the most

advanced development of the decay column. On this basis, Thomas

(1958) and Wagener and Davidson (1954 ) have indicated that dead

tinctor ium.

Maloy (1967) argues that these criteria are really not proof that infec-

tion has taken place at dead branches. Dead branches and stubs

inhabited by non-hymenomycetes were found to inhibit germination of

E. tinctorium basidiospores (Etheridge et al., 1970). Hudson (197Z)

cultured from branch stubs on grand firs and found that stubs on trees

not bearing E. tinctorium sporophores were inhabited by
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non-hymenomycetes. He suggested that this was why E. tinctorium

was not isolated from those branch stubs. Dead branches and stubs

may simply be the points where E. tinctorium emerges as indicated

by Meinecke (1916), Maloy (1967), and Hudson (1972). Most likely,

infection by E. tinctorium occurs at small (0, 5-1.5 mm in diameter)

dead adaxial branches as reported by Etheridge et al. (1972).

A number of E. tinctorium infections appeared to have originated

at basal and trunk injuries. Meinecke (1916) reported that basal fire

wounds were infection courts for this fungus. Actually, if Etheridge

et al. (1972) are correct in their conclusions on the mode of infection

and subsequent decay by E. tinctorium these wounds may simply be

promoting growth of semi-quiescent, previously established infections

of this fungus. This points out a major difference between E. tinc-

torium and P. chrysoloma both of which are considered to be true

ceartrot fungi. Branch infections caused by E. tinctorium become

dormant when the infected branch or knot heals over, probably because

of changes in air or moisture conditions. Straukh-Valeva (1954) felt

that air was an important factor affecting decay associated with

wounds in Caucasian fir, Abies nordmanniana (Steven) Spach. , but

Thacker and Good (1952) did not believe that air significantly influ-

enced decay in Acer saccharum Marsh. Shigo (1967) suggested that

open cankers caused by Polyporus glomeratus Pk. may significantly

affect decay in trees. The difference between E. tinctorium and



75

P. chrysoloma is that the latter fungus is more aggressive, in that it

prevents healing of branches and causes cankers, thus the interior of

the tree is influenced by exterior air and moisture conditions. Much

more needs to be known about the mode of infection and establishment

of decay by these very important fungi attacking not only white fir, but

also other fir species and hemlocks.

Basal wounds, especially those caused by fire, are important

infection courts in many white fir stands in southwestern Oregon. In

some stands heavily or repeatedly burned they are even more impor-

tant infection courts than branches. Trunk wounds, dead and broken

tops, forks and some types of crooks are also important infection

courts in white fir for decay fungi. Of lesser importance are frost

cracks, mistletoe trunk cankers and dead vertical branches. Frost

cracks were only infrequently sites of infection for decay fungi, but

the cracks and associated shake make them reliable indicators of

board-foot defect. The fact that most decays and other defects were

consistently associated with visible indicators, such as fungal conks

and injuries makes it possible to develop reliable methods for esti-

mating the extent of defect in standing trees. One reason for lack of

large volumes of 'hidden defect was the low number of root rot infec-

tions in the study trees. Root and butt rot fungi were, however, com-

monly isolated from injuries including those at the tops of trees.
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Although a large number of hymenomycetes were isolated from

decay columns only 11 were identified to species. Of these, only four

were of major importance in terms of number of infections and extent

of decay. These include the two true heart-rot fungi E. tinctorium and

P. chrysoloma and two wound inhabitors Pholiota adiposa and H.

abietis. Although P. adiposa was isolated from many types of injuries

it was an especially important colonizer of basal wounds. 1-lericium

abietis was not a primary fungus causing decay in white fir, but it was

a very important associate of decay columns caused by other fungi.

A large number of decay columns (173 of 513) yielded

unidentified hyrnenomycetes or nothing. Cubic and board foot volumes

of these decay columns were very small compared to those caused by

identified hymenomycetes. Many bacterial and non-hymenomycete

isolates were cultured from rot columns caused by unidentified

hymenomycetes. It is possible as suggested by Shigo (1967) that the

hymenomycetes were unable to compete with the bacteria and non-

hyrnenomycetes also inhabiting these decay columns.

Two or more different hymenomycetes were isolated from nearly

45 percent of all decay columns caused by identified fungi. Herium

abietis was the most common associated hymenomycete especially

with E. tinctorium. Much needs to be learned about this fungus.

Volumes of decay columns with multiple hymenomycetes were on the

average more than twice as large as those of columns caused by
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individual hymenomycetes. Evidence was also found that some decay

columns in study trees were caused by multiple infections of E. tinc-

torium. Multiple infections of hymenomycete fungi undoubtedly con-

tribute significantly to the large variation in decay extent associated

with indicators on white fir.

Bacteria and. non-hymenomycetes were consistently isolated

from decay caused by the hymenomycetes and occurred equally in the

incipient and advanced stages. For this reason it was not possible to

determine whether there is a succession of microorganisms causing

decay in white fir. Many types of microorganisms were isolated in

mixed culture and grew well together. Hudson (1972) suggests that

non-hymenomycetes and some hymenomycetes are initial invaders of

wounds in grand firs. Other non-hymenomycetes and hymenomycetes.

follow. Bacteria are also part of the community in decay, but he does

not place them in the successional pattern. Hudson (1972) indicates

that there are definitely sequences of non-hymenomycetes and possibly

hymenomycetes invading wounds. He also found H. abietis ccmmonly

associated with E. tinctorium. Maloy and Robinson (1968) hypothe-

sized that bacteria are initial colonizers of wounds, followed by

imperfect fungi in some order of succession, then either concurrently

with the imperfect fungi or later, hymenomycetes invade. They sug-

gest that invasion by E. tinctorium fcllows making this fungus the

climax species, Hudson (1972), however, felt that E. tinctorium may
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be one of several climax species because its frequency of occurrence

increases in older trees. Shigo (1967) suggests that in hardwoods and

possibly conifers also, bacteria and non-hymenomycetes are initial

colonizers of wounds, including branch infections. Hymenomycetes

invade the wood discolored by the primary invaders. He indicates

that succession does not stop there, but several hymenomycete species

may follow colonization of wood by the primary organisms. The

author suggests that E. tinctorium is not a terminal fungus, but one of

a number of hymenornycetes that can invade white fir heartwood and

coexist. In fact as suggested by Hudson (1972) E. tinctorium may be

an initial colonizer of heartwood since it apparently infects small

twigs that are not inhabited by other organisms it cannot invade dead

branches already inhabited by non-.hymenomycetes, and it is isolated

from clear heartwood several feet in advance of discoloration and

decay. Many infection courts remain open for long periods of time

and others are constantly being created thus allowing microorganisms

continuous access to the heartwood of living trees.

During this study isolations were not made from a dark: wet-

appearing zone that nearly always OCCUS between incipient decay and

bright Dod. Apparently this zone has been ignored by many

researchers studying decay in living trees (Shigo, 1967). Indications

are that this is the early stage of the decay process (Shigc 1967).

lBacteri.a and non-hymenomycetous fungi are most commonly isolated
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from this zone but hymenornycetes also occur. Since information

concerning the mycoflora of this zone was not obtained in the 1969

study a supplemental culture study was made from the major decays

in white fir in 1971. The results will be discussed in another chapter

of this paper.

Some of the bacteria and non-hymenomyceteS isolated were

identified. The highest numbers of bacteria were of the family

Enterobacteriaceae. There were many j9m2fls and some

bacilliS. Apparently the proportions of bacteria associated with decay

of hardwoods is quite different. Cosenza et al. (1970) found that

species of Pseudomonas and Bacillus were the most numerous and only

a small number were of the family Enterobacteriaceae. The role of

bacteria in the decay process is only speculative. However, a pos-

sible role was found when it was discovered that some of the bacteria

solated from decay in white fir were nitrogen fixers.

Some of the non-hymenomyceteS identified in this study have

been isolated by others (Shigo, 1967; Maloy and Robinson, 1968;

Hudson, 1972). These include Phiahora fastigiata and other

Phialophora sp., Cladosporium herbarum, Gliociadium rcseum and

Rhinocladiella sp. They are considered to be initial colonizers of

wounds. It was not possible to determine the sequence of their

appearance in decay in white fir since they seemed to be associated

with both incipient and advanced decay stages of several fungi and no
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isolations were made from what was probably the very earliest decay

stage. Hudson (1972) has indicated that there is a sequence of non

hymenomycetes in injuries in grand fir which is influenced by type of

infection court, position of the injury on the main stem and length of

time that the injury remains open.



V. QUANTITATIVE ASSOCIATIONS AMONG ORGANiSMS

Results and Discussion

The organisms were considered quantitatively with regard to

their isolation from various decay stages. The 27 source trees were

selected in groups of three from nine locations scattered among the

three fir forest types on the Rogue River Forest (Table 12). Three

groups were selected in July, three in August, and three in September.

Each group contained one tree with E. tinctorium sporophores, one

with P. yoioma sporophores1 and one with an old basal wound.

Thus, nine trees with each indicator type were sampled.

Table 12. Localities from which the 27 supplemental culture study
trees were selected.

Locality

Minnehaha Cr.
Green Cr.
SteveTs Fork
Woodruff Bridge
Kettle Lake
Rye Flat
National Cr.
Big Draw Cr.
Rancheria Cr.

Ranger
District

Cover
Month Type'

Union Cr. July 2

Butte Fails July 2

Applegate July 2

Prospect August 1

Applegate August 3

Ashland August 3

Union Cr. Sept. 3

Ashland Sept. 3

Butte Falls Sept. 1
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Elevation
(ft.

3900
4080
3900
2960
5800
4700
4300
50 cO

.3 500

'Forest cover types: 1) mixed conifer, 2) white fir--Douglasfir and
3) Shasta red fir--white fir.



Culture Results from Trees Bearing E. tinctorium Conks

Trees bearing E. tinctorium conks resembled those studied in

1969. They varied from 16.5 to 32.7 inches in d.b.h. and from 130

to 310 years of age (Table 13). Decay columns ranged from 32 to 85

feet in length and varied in decay volume (Table 13). Location of

samples cultured are listed in Table 13. Most samples near the end

of rot columns (six of nine) were at the upper end (Table 13). Some

decay samples near the end of columns were close to the samples

from near the apparent infection court. This was necessary occa-

sionally because each of the eight culture blocks made from the decay

sample at the end of decay columns had to have all three decay stages

to meet the requirements of the study. Samples too close to the end

of the rot column, lacked advanced decay.

Table 13. Basic data for trees with Echinodontiulfl tinctorium conks.

Height of Decay
Samples in Tree
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Tree
Number d.b.h.

(in.)
Age
(yr.)

Decay
Column
Length

(ft.)

cy Volume Near
Inf.

Court
(ft.)

Near End
of Decay

Col.
(ft.)

Scribner
Cu.ft. Bd.ft.

1 17.8 205 32 7.6 107 43 48

2 20.2 130 50 31.8 429 5 38

3 32.7 310 85 87.2 982 63 32

4 18.1 162 43 23.9 390 14 8

5 18.8 213 56 20.9 193 30 47

6 24.8 200 70 53.4 828 17 56

7 16.5 271 40 18.3 217 23 10

8 21.9 308 39 24.9 419 11 28

9 27.0 224 52 28.8 510 28 39



Of five variables suspected of influencing organism isolation

from decay columns, only two were consistently important, i. e.,

decay zone of origin and type of growth medium used (Table 14).

Factors Influencin Failure to Isolate Microoranisms.
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Isolation failures from E. tinctorium decay columns were significantly

related to: decay zone (1% level), interval between sample removal

and culturing (5% level), and type of culture medium (1% level) used

(Table 14). Position in the decay column (near the infection court or

at the end) and month had no significant influence on frequency of

negative results. Most negative culture attempts from E. tinctorium

decay were from the early stage, next were from the incipient stage

and fewest were from the advanced stage (Tables 15-17). More

negative cultures were from decay sample blocks cultured many hours

after the samples were taken. Most successful isolations were made

rn nutrient and malt agar with yeast extract added, while more nega-

tive culture attempts were made on malt and potato dextrose agars

both of which are standard media for isolation of fungi (Tables 15-17).

Factors Influencing Isolation of Bacteria. Decay zone and type

of culture medium most significantly (1% level) influenced isolation of

bacteria from E. tinctorium decay (Table 14). Higher numbers of

bacteria were isolated from the early decay stage especially near the

apparent infection court, than the incipient (next highest) or advanced

decay stages (Tables 15-17). Nutrient agar was best followed by malt



'Decay zones were early (a dark, wet-appearing zone betweeu incipient decay and bright wood), incipient and advanced decay.

Time when cultures were made after trees were felled (immediately in the field and 4, 16, 24, 48, 72, 96, and 168 hours later).
2

3Four media were used: malt agar, malt agar with yeast extract added, potato dextrose agar and nutrient agar (Difco).

4Near infection cou and near the lower or upper end of the decay column.

5july, August and September.

6Degrees of freedom.

7Mean square.

8Significance at the 5% level: u. s. non_sigthfiCaXt, * = significance at 59 level, and ** significance at 1% level.

Table 14. Analysis of variance of factors influencing culture results from decay columns fir trees bearing Echinodontiu tinctorium conks.in nine white

Culture Attempts
Mixed CulturesResults of

Bacteria Yeasts Non_HymenOmyCetes HymenomYceteS

Caic. Calc.No Growth Calc.

Source of Variation
6

df

Caic.
M.S. F

8
Sig.

CaIc.
M.S. F Sig.

Caic.
M.S. F Sig. M.S. F Sig. M.S. F Sig. M.S. F Sig.

Decay zone' A)
Time after cutting2 (B)
Culture medium3 (C)

2

7

3

31.27 194.22
0.81 2.81
1.79 11. 11

**

*

**

6.95 62.09 **

0.44 1.63 u.s.
1. 98 17.67 **

0.00 0.08 u.s. 0.23 5.69 ** 61.69 489.60 **0.2365.71
0.02 1. 76 u.s. 0.04 0.56 n. s. 0.45 0. 17 n. s.

0.01 1. 11 n s. 0.05 1. 16 u.s. 0.05 0.41 u.s.
0.03 0. 72 n. s.

0.05 1.34 n. s.

0.03 0.23 u. s.
Position in decay

column (P
Mouth5 (F)
Ax B
A xC
A xD
B x C
B x D
C x D
A ,t F

B x F
Cx F
Dx F

1

2

14

6

2

21

7

3

4
14

6

2

0. 36 0.03
3.67 1.64
0.27 1.68
0.14 0.84
1.82 11.32
0.16 0.99
0.33 1.16
0.06 0.39
1.25 7.79
0.44 1.51
0.11 0.70
0.53 0.08

u.s.
u.s.
n. s.
u.s.
''
u.s.
u.s.
u.s.
"
u.s.
u.s.
u.s.

0. 13 0.06 u.s.
1.95 1.39 u.s.
0.22 1.95 *

0.20 1.77 51. s.

0.22 1.92 u.s.
0.08 0.71 n. s.

0.17 0.65 n. s.

0.25 2.22 u.s.
0. 14 1.21 n. s.

0.36 1.35 u.s.
0.12 1.04 u.s.
0.04 0.16 n. s.

0.00 0.00 u.s. 0.01 0.02 n. 5. 0.07 0.03 n. s.

0.02 1.86 u.s. 0.20 1.27 n. s. 11.55 11.00 **

001 0.66 n. s. 0.04 0.91 u.s. 0.25 1.99 **

0.01 1.80 u.s. 0.02 0.55 u.s. 0.05 0.02 n. s.

0.02 2.05 u.s. 0.02 0.38 u.s. 0.83 6.56 **

0.01 0.66 u.s. 0.08 1.92 ** 0.17 1.37 u.s.

0.01 1.25 n. s. 0.05 0.08 n. s. 0.08 0.03 u.s.

0.04 5.66 ** 0.03 0.66 u.s. 0.25 2.01 u.s.

0.00 0.64 u.s. 0.07 1.85 u.s. 2.77 21.90 **

0.01 0.73 u.s. 0.05 0.68 u.s. 0.45 0.17 u.s.

0.01 1.10 u.s. 0.04 0.90 u.s. 0.05 0.43 u.s.

0.01 1.08 u.s. 0.12 0.50 u.s. 0.35 0.15 u.s.

0. 10 0.80 ii.

0.02 0.61 u.s.
0.01 0.40 n. s.

0.02 0.60 n.s.
0.04 1.23 u.s.
0.08 2.10 n. s.

0.01 0.26 u.s.
0.04 1. 17 u.s.
0.04 1.12 u.s.
0. OS 2.34
0.18 1.46 u.s.

Error 1633

Total 1727



Table 15. Results of attempts to isolate microorganisms on various media, during three months of the year, from the early decay zone at two
positions in decay columns accompanying Echinodontium tinctorium conks.

Malt July 3 20 0 4 0 0 0 19 0 5 0 0 0

agar Aug. 3 16 1 6 0 1 0 17 0 6 0 1 0

Sept. 3 18 3 2 1 0 0 20 1 2 0 1 0
Total 9 54 4 12 1 1 0 56 1 13 0 2 0

Malt and July 3 11 2 10 0 1 0 14 0 0
yeast Aug. 3 14 2 6 1 1 0 19 0 1 0 0
extract Sept. 3 13 0 9 1 0 1 19 1 1 0 0

agar Total 9 38 4 25 2 2 1 52 1 15 2 2

Potato July 3 16 1 7 0 0 0 15 0 9 0
dextrose Aug. 3 15 1 4 1 2 1 14 0 10 0 0 0

agar Sept. 3 15 1 6 0 2 0 17 1 6 0 0 0
Total 9 46 3 17 1 4 1 46 1 25 0 0 0

Nutrient July 3 10 0 13 1 0 0 17 0 7 0 0

agar Aug. 3 14 1 9 0 0 0 17 0 7 0 0 0
Sept. 3 11 1 12 0 0 0 12 2 10 0 0 0

Total 9 35 2 34 1 0 0 46 2 24 0 0 0

Results of Isolation Attemts
Near the Apparent Infection Court Near End ofDecay Column

EarFy Dec2y Zone Early Decay Zone
Number Non- Non-

of No Hyrneno- Hymeno- Mixed No Hymeno- Hymeno- Mixed
Media Month Trees Growth mycetes Rant. mycetes Cultures Yeasts Growth mycetes Bact. mycetes Cultures Yeasts

(No.) (No.) (No.) (No.) (No.) (No.) (No.) (No.) (No.) (No.) (No.) (No.)



Table 16. Results of attempts to isolate microorganisms on various media, during three months of the year, from the incipient decay zone at two
positions in decay columns accompanying Echinodontium tinctorium conks.

Results of Isolation Attempts
Near the Apparent Infection Court

Incipient Decay Zone
Near End of Decay Column

Incipient Decay Zone
Number Non- Non-

of No Hymeno- Hymeno- Mixed No Hymeno- Hymeno- Mixed
Media Month Trees Growth mycetes Bact. mycetes Cultures Yeasts Growth mycetes Bact. mycetes Cultures Yeasts

(No.) (No.) (No.) (No.) (No.) (No.) (No.) (No.) (No.) (No.) (No.) (No.)

Malt July 3 14 6 3 1 0 0 8 10 4 1 1 0
agar Aug. 3 5 16 0 1 2 0 7 15 1 0 1 0

Sept. 3 6 16 0 1 1 0 2 19 0 1 2 0
Total 9 25 38 3 3 3 0 17 44 5 2 4 0

Malt and July 3 14 4 6 0 0 0 4 13 2 1 4 0
yeast Aug. 3 3 11 5 2 3 0 5 16 0 1 2 0
extract Sept. 3 5 16 2 0 1 0 2 20 2 0 0 0
agar Total 9 22 31 13 2 4 0 ii 49 4 2 6 0

Potato July 3 14 6 1 0 2 1 6 12 3 2 1

dextrose Aug. 3 3 16 0 3 2 0 6 17 1 0 0 0
agar Sept. 3 3 19 1 0 1 0 1 21 1 0 1 0

Total 9 20 41 2 3 5 1 13 SO 5 2 2 0

Nutrient July 3 8 7 6 1 2 0 4 9 9 1 1 0
agar Aug. 3 2 17 4 0 1. 0 3 12 6 0 1 2

Sept. 3 1 18 2 3 0 0 1 15 5 1 1 1

Total 9 11 42 12 4 3 0 8 36 20 2 3 3



Table 17. Results of attempts to isolate microorganisms on various media, during three months of the year, from the advanced decay zone at two
positions in decay columns accompanying Echinodontium tinctorium conks.

Media Month

Number
of

Trees

Results of Isolation Attempts
Near the Apparent Infection Court

Advanced Decay Zone
Near End of

Advanced
Decay Column
Decay Zone

Non-
Hymeno- Mixed
mycetes Cultures

(No.) (No.)
Yeasts
(No.)

No
Growth
(No.)

Non-
Hymeno- Hymeno- Mixed
mycetes Bact. mycetes Cultures

(No.) (No.) (No.) (No.)
Yeasts
(No.)

No
Growth
(No.)

Hymeno-
mycetes

(No.)
Bact.
(No.)

Malt July 3 8 12 2 1 1 0 13 7 1 2 1 0

agar Aug. 3 6 14 0 2 1 1 10 11 1 2 0 0

Sept. 3 3 21 0 0 0 0 5 18 0 1 0 0

Total 9 17 47 2 3 2 1 28 36 2 5 1 0

Malt and July 3 8 9 3 1 3 0 9 9 3 1 2 0

yeast Aug. 3 7 13 1 2 1 0 10 12 1 1 0 0

extract Sept. 3 2 22 0 0 0 0 5 18 1 0 0 0

agar Total 9 17 44 4 3 4 0 24 39 5 2 2 0

Potato July 3 7 12 3 0 1 1 10 9 0 1. 4 0

dextrose Aug. 3 10 9 2 2 1 0 7 15 0 2 0 0

agar Sept. 3 2 20 0 1 1 0 7 16 0 0 1 0

Total 9 19 41 S 3 3 1. 24 40 0 3 5 0

Nutrient July 3 8 11 3 1. 1 0 7 11 4 1 1

agar Aug. 3 4 14 S 0 1 0 7 8 5 2 1

Sept. 3 2 20 1 1 0 0 3 21 0 0 0 0

Total 9 14 45 9 2 2 0 17 40 9 3 2 1
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agar with yeast extract added.

Factors Influencin Isolation of Non-Hymenomycetes. The only

variable significantly influencing isolation of non-hymenomycetes from

E. tinctorium decay was decay zone (Table 14). The fewest non-

hymenomycete cultures were from the early decay zone (Tables 15-

17). Numbers of these fungi from the incipient and advanced decay

stages differed little (Tables 16 and 17). Other investigators have

indicated that the microorganisms usually associated with the early

decay stage are bacteria and non-hymenomycete fungi (Shigo, 1967;

Maloy and Robinson, 1968). This study indicates that in white fir

bacteria are the most abundant microorganisms associated with early

E. tinctorium decay, but non-hymenomycetes are not.

Factors Influencing Isolation of Mixed Cultures. The only

variable significantly (at the 1% level) influencing the isolation of

mixed cultures of microorganisms was decay zone (Table 14). Mixed

cultures were predominantly from the incipient decay stage (Tables

15-17).

Factors Influencin Isolation of Yeasts. Very few yeasts, in

comparison to other microorganisms, were isolated from E. tine-

torium decay columns. None of the variables investigated here

significantly influenced their isolation (Table 14).

Factors Influencing the Isolation of Hymenomycetes. Numbers

of hymenomycetes were significantly influenced (1% level) by decay
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zones and month of isolation (Table 14). Very few were isolated

from the early decay zone while large numbers were isolated from

incipient and advance decays as was the case in the 1969 study (Tables

15-17). Significantly, fewer hymenomycetes were cultured from

E. tinctorium decay in July, next fewest in August and the most in

September (Tables 15-17). Since similar relationships were not

noticed for the other organisms isolated the difference among months

is difficult to explain.

Decay samples can be refrigerated for a week without reduction

in numbers of hyrnenomycetes isolated and recovery is independent of

the medium employed (Table 14). Similar numbers of hymenomycetes

were obtained from decay samples near the infection court and at the

end of decay columns (Tables 15-17).

Six of the nine decay columns associated with E. tinctorium

conks yielded isolations of two or more hymenomycetes (Table 18).

Characteristics of trees with individual and mixed hymenomycete

decay columns are given in Table 18. The average cubic and Scribner

decay volumes of the six mixed hyrnenomycete columns were consid-

erably larger than those caused by E. tinctorium only. The hymeno-

mycete fungi isolated from nine decay columns associated with E.

tinctorium conks were the following:



Table 18. Size and volumes of decay columns with single and mixed hymenomycete infections
accompanying Echinodont ium tinctor ium conks.

Indicator Hymenomycete Tree
Type Association Basis D.b.h. Age Length Scribner

(No.) (ins.) (yrs. ) (ft.) (cu.ft.) (bd.ft.

Echinodontium E. tinctorium only
tinctor ium
conks E. tinctorium mixed

with other
hymenomycetes

Average
Decay Column

3 20. 5 206 53 27. 3 376

6 22.7 234 52 35.8 491



unidentified fungi

Hericium abietis and unidentified fungi were the most common

hymenomycete associates in E. tinctorium decay columns just as they

were in the 1969 study. Since these data confirm our previous find-

ings it appears that multiple hymenomycete fungal infections are very

common in trees bearing E. tinctoriurn conks and probably contribute

to the great variation in decay extent accompanying these defect indi-

cators. Although H. abietis is not solely responsible for many decay

columns in white fir trees it is a very important associate in trees

infected by E. tinctorium. These fungi apparently are not antagonistic

to each other in vivo since decay extent is greater when both are

present. Hudson (1972) found that H. abietis was antagonistic to .

tinctorium and other hymenomycetes in culture. He also was unable

to isolate H. abietis and E. tinctorium from the same points in a

decay column. In our study, both fungi were recovered from common

locations, sometimes from the same wood chip. Very little is known

about the infection process of H. abietis.
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Fungi No. of decay columns

E. tinctorium only 3

E. tinctorium and H. abietis 2

E. tinctorium and unidentified fungi 1

E. tinctorium, H. abietis and 3



Culture Results from Trees Bearing P. chrysoloma Conks
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Study trees bearing P. chrysoloma conks were larger in

diameter than those with E. tinctorium conks and were comparable to

those of the middle and upper size range of the 1969 trees (Table 19).

Ages (112-235 years) were similar to trees studied in 1969 (Table 19>.

Decay column lengths and cubic and board-foot decay volumes in

trees with P. chrysoloma conks were in general2 smaller than col-

umns accompanying E. tinctorium conks (Table 19). Decay samples

from near the end of decay columns were all taken at the upper end

(Table 19), because most P. chrysoloma inlections occurred close to

the ground as was reported in the 1969 study.

Table 19. Basic data for trees with Phellinus chrysoloma conks.

Height of Decay
Samples in Tree

Tree
Number d.b.h.

(in.)
Age
(yr.)

Decay
Column
Length

(ft.)

Decay Volume Near
lnf.

Court
(ft.)

Near End
of Decay

Col.
(ft.)

Scribner
Cu.ft. Bd.ft.

1 21.5 180 21 16.6 223 4 11
2 23.0 150 21 11.3 154 2 10
3 22.4 280 36 12.1 162 15 21
4 23.0 183 34 20.0 312 8
5 33.2 211 62 100.1 756 12 38
6 29.5 325 46 41.4 675 17 34
7 24.8 228 41 39.3 460 10 28
8 32.8 282 27 38.9 493 11 28
9 22.4 112 18 11.5 200 4 10
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The variables significantly influencing isolation of

microorganisms from P. chrysoloma decay were essentially the same

(decay zone and medium) as those for E. tinctorium decay. However,

there were some important differences.

Factors Influencing Failure to Isolate Microorganisms. As was

the case with E. tinctorium decay columns, failure to isolate micro-

organisms (no growth) from P. chrysoloma decay was significantly

(1% level) related to decay zone and type of culture medium (Table

20). Most no growth culture attempts were from the early decay zone

and were made on malt and potato dextrose agars (Tables 21-23).

There was a significant (5% level) cross relationship between medium

and month (Table 20). There were fewer negative culture attempts

made in September (Tables 21-23).

Factors Influencing Isolation of Bacteria. Three variables;

decay zone, medium, and position within the decay column significantly

(at the 1% level) influenced isolation of bacteria from P. chrysoloma

decay (Table 20). Most bacteria were isolated from the early decay

zone and fewest from the advanced (Tables 21-23). High numbers of

bacteria were also isolated from the incipient zone in the decay sample

near the apparent infection court (Table 21). Nutrient agar was most

favorable for isolation of bacteria, followed closely by malt and yeast

extract agar, with malt and potato dextrose agars least favorable

(Tables 21-23). Decay zone and culture medium were the only



Table 20. Analysis of variance of factors influencing culture results from decay columns in nine white fir trees bearing Phellinus chrysoloma conks.

1Decay zones were early (a dark, wet-appearing zone between incipient decay and bright wood), incipient and advanced decay.

2Time when cultures were made after trees were felled (immediately in the field and 4, 16, 24, 43, 72, 96, and 168 hours later).

3Four media were used: malt agar, malt agar with yeast extract added, potato dextrose agar and nutrient agar (Difco).

4Ncar the infection court and at the upper end of the decay column.

5July, August, and September.
6
Degrees of Freedom.

7Mean square.
8
Significance at the 591 level: u. s. non-significant, * significance at SN level, and ** = significauce at l% level.

Source of Variation
6

df

Results of Culture Attempts
No Growth Bacteria Yeasts Non-Hymenomycetes Hymenomycetes Mixed Cultures

7
M. S.

Calc.
F Sig. M. S.

Calc.
F Sig. M. S.

Caic.
F Sig.

Caic.
M. S. F Sig.

CaIc.
M. S. F Sig.

Caic.
M. S. F Sig.

Decay zone1 (A)
2

2 35.35 259.92 ** 4.46 33.78 ** 0.00 1.70 n.s. 0.85 11.94 ** 64.52 457.59 ** 1.15 176.88 **

Time after cutting (B) 7 0. 32 1.08 n. s. 0.45 1.23 n. s. 0.01 0.77 u.s. 0. 10 7. 14 * 0.33 1.31 n. s. 0. 16 1.08 n. s.
Culture media3 (C) 3 2.50 18. 35 ** 4. 28 32.44 ** 0.01 1.29 u.s. 0. 10 1.40 n. s. 0.51 3.60 * 0. 65 10.06 **

Position in decay
column4 (D) 1 4.58 4.41 xi. s. 3.80 22. 20 ** 0.00 0.00 u.s. 1. 69 1.53 u.s. 0.02 0.03 n. s. 2.01 28. 98 **

Month5 (F) 2 0.71 1.23 u.s. 0. 16 0.08 u.s. 0.07 3.68 u.s. 2.42 13.75 ** 0.54 0. 17 n. s. 1.09 2.82 u.s.
A xb 14 0.20 1.49 u.s. 0.26 1.95 *. 0.01 1.50 u.s. 0.10 1.39 u.s. 0.14 0.97 u.s. 0.04 0.65 n.s.
A xC 6 0.55 4.09 ** 0.35 2.66 * 0.01 0.06 u.s. 0.03 0.44 n. s. 0.22 1.52 n. s. 0.09 1.32 u.s.
A x D 2 0.39 0.29 u.s. 1. 13 8.56 ** 0.01 0. 12 u.s. 0. 16 2.23 u.s. 0.52 37j * 0.25 3.89 *

B xC 21 0.04 2.88 u.s. 0.11 0.86 u.s. 0.01 1.39 u.s. 0.06 0.83 n. s. 0.16 1.11 u.s. 0.04 0.65 n. s.
B xD 7 0.26 0.86 u.s. 0.22 0.61 n.s. 0.02 1.42 u.s. 0.07 4.71 ** 0.11 0.43 u.s. 0.08 0.53 n.s.
C x D 3 0.11 0.79 u.s. 0.11 0.81 n. s. 0.05 5.34 ** 0.08 1.08 n. s. 0.18 1.26 u.s. 0.22 3.38 *

A x F 4 0.03 0.20 u.s. 0.14 1.05 n. s. 0.00 0.03 u. s. 0.11 1.43 n. s. 0.09 0.06 xi. s. 0.10 1.55 n. s.
B x F 14 0.47 1.57 u.s. 0.60 1.67 u.s. 0.01 0.77 u.s. 0.09 6.64 ** 0.46 1.83 * 0.09 0.61 u.s.
C x F 6 0.33 2.48 * 0.31 2.37 * 0.01 0.11 n. s. 0.07 0.96 u.s. 0.14 1.02 is, s. 0.21 3.16 **

D x F 2 0. 73 0. 70 u.s. 0.37 2. 14 xi. s. 0.02 1. 79 u.s. 0. 14 0. 12 u.s. 0.76 0. 91 u.s. 0.42 6.00 *

Error 1633

Total 1727



Table 21. Results of attempts to isolate microorganisms on various media, during three months of the year, from the early decay zone at two
positions in decay columns accompanying Phellinus chrysoloma conks.

Media Month

Number
of

Trees

Results of Isolation Attempts
Near the Apparent Infection Court

Early Decay Zone
Near End of Decay Column

Early Decay Zone

No
Growth
(No.)

Hymeno-
mycetes

(No.)
Bact.
(No.)

Non-
Hymeno-
mycetes

(No.)

Mixed
Cultures

(No.)
Yeasts
(No.)

No
Growth
(No.)

Hymeno-
mycetes

(No.)
Bact.
(No.)

Non-
Hymeno-
mycetes

(No.)

Mixed
Cultures

(No.)
Yeasts
(No.)

Malt July 3 19 1 3 1 0 0 17 2 5 0 0 0
agar Aug. 3 19 1 2 0 1 1 19 1 3 0 1 0

Sept. 3 15 4 2 1 2 0 18 2 3 1 0 0

Total 9 53 6 7 2 3 1 54 5 11 1 1 0

Malt and July 3 14 1 8 0 1 0 16 1 7 0 0 0

yeast Aug. 3 13 3 7 0 1 0 16 0 6 2 o o

extract Sept. 3 9 2 8 3 2 0 14 0 7 1 2 0

agar Total 9 36 6 23 3 4 0 46 1 20 3 2 0

Potato July 3 21 2 1 0 0 19 0 0

dextrose Aug. 3 17 1 3 2 1 17 1 6 0 0 0

agar Sept. 3 9 5 6 2 2 0 19 0 4 0 1 0

Total 9 47 8 10 2 4 1. 55 1 15 0

Nutrient July 3 11 2 11 0 0 0 6 2 16 0 0

agar Aug. 3 9 0 15 0 0 0 10 1 10 1 1 1

Sept. 3 10 3 9 1 1 0 12 2 9 1 0 0

Total 9 30 5 35 1 1 0 28 5 35 1 1



Table 2?. Results of attempts to isolate microorganisms on various media, during three months of the year, from the incipient decay zone at two

positions in decay columns accompanying Phellinus chrysoloma conks.

Results of Isolation Attempts
Near End of Decay Column

Incipient Decay Zone
Non-

Hymeno- Hymeno-
mycetes Bact. mycetes

(No.) (No.) (No.)

16 1 1

16 0 1

12 1 4

44 2 6

13 4 0
18 2 0

14 1 4

45 7 4

3

0
0
4
4

Near the Apparent Infection Court
Incipient Decay Zone

Number Non-

of No Hymeno- Hymeno- Mixed No

Media Month Trees Growth mycetes Bact. mycetes Cultures Yeasts Growth

(No.) (No.) (No.) (No.) (No.) (No.) (No.)

Malt July 3 5 13 4 2 0 0 3

agar Aug. 3 3 11 3 1 6 0 7

Sept. 3 2 13 0 4 5 0 6

Total 9 10 37 7 7 11 0 16

Malt and July 3 5 9 6 1 3 0 4

yeast Aug. 3 5 9 2 1 7 0 4

extract Sept. 3 0 13 3 1 7 0 3

agar Total 9 10 31 11 3 17 0 11

Potato July 3 7 12 3 0 2 0 6

dextrose Aug. 3 2 12 1 2 7 0 8

agar Sept. 3 1 13 1 2 7 0 4

Total 9 10 37 5 4 16 0 18

Nutrient July 3 3 7 13 0 1 0 1

agar Aug. 3 1 7 9 6 1 0 6

Sept. 3 1 12 5 4 2 0 0

Total 9 5 26 27 10 4 0 7

Mixed
Cultures

(No.)
Yeasts
(No.)

3 0

0 0
1 0

4 0

3 0

0 0
2 0
5 0

1 0
0 0
6 0

7 0

2

0 1

2 0

4 1

14
16

10

40

15 6 0

14 3 0

1 5

41 14 S



Table 23. Results of attempts to isolate microorganisms on various media, during three months of the year, from the advanced decay zone at two
positions in decay columns accompanying Phellinus chrysoloma conks.

Media Month

Number
of

Trees

Results of Isolation Attempts
Near the Apparent Infection Court

Advanced Decay Zone
Near End of Decay Column

Advanced Decay Zone

No
Growth
(No.)

1-lymeno-
mycetes

(No.)
Bact.
(No.)

Non-
Hymeno-
mycetes

(No.)

Mixed
Cultures Yeasts
(No.) (No.)

No
Growth
(No.)

Hymeno-
mycetes

(No.)
Bact.
(No.)

Non-
Hynieno-
mycetes

(No.)

Mixed
Cultures

(No,)
Yeasts
(No.)

Malt July 3 4 14 4 2 0 0 9 12 2 0 1 0

agar Aug. 3 2 15 0 1 6 0 10 13 0 0 1 0

Sept. 3 3 13 0 2 6 0 4 18 0 1 1 0

Total 9 9 42 4 5 12 0 23 43 2 1 3

Malt and July 3 1 16 3 1 3 0 3 19 2 0 1 0

yeast Aug. 3 1 17 3 1 2 0 7 12 0 0 5 0

extract Sept. 3 2 14 0 3 S 0 5 14 0 2 3 0

agar Total 9 4 47 6 5 10 0 15 45 2 2 8 0

Potato July 3 5 14 3 1 1 0 8 16 0 0 0 0

dextrose Aug. 3 3 13 2 1 5 0 5 17 1 0 1 0

agar Sept. 3 0 13 0 2 9 0 4 15 0 0 5 0

Total 9 8 40 S 4 15 0 17 48 1 0 6 0

Nutrient July 3 2 13 7 1 0 3 18 3 0 0 0

agar Aug. 3 0 18 6 0 0 0 6 13 4 1 0 0

Sept. 3 0 11 7 5 3 0 6 12 3 1 2 0

Total 42 18 0 15 43 10 2 2 0
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variables influencing isolation of bacteria from E. tinctorium decay.

Position of the culture samples within the decay column also signifi-

cantly (1% level) influenced isolation of bacteria from P. chrysoloma

decay (Table 20), but was not statistically noticeable for E. tinctorium

decay. Highest numbers of bacteria were isolated from incipient and

advanced zones near the apparent infection court than from these

zones in decay samples near the end of rot columns (Tables 21-.23).

There was little difference in numbers (high) of bacteria isolated

from early decay (Table 20).

Factors Influencing Isolation of Non -Hymenomycetes. Isolation

of non-hymenomycetes was significantly influenced by decay zone

(1% level), interval after falling (5% level), and month (1% level) of

falling (Table 20). By contrast only decay zone significantly influ-

enced isolation of non-hymenomycetes from E. tinctorium decay

columns. Fewest non-hymenomycetes were isolated from early P.

chrysoloma decay (same as for E. tinctorium decay) while highest

numbers were cultured from incipient decay followed by advanced

decay sampled near the apparent infection court (Tables 21-23).

Refrigeration for increasing periods (4 hours to 7 days)

increased recovery of non-hymenomycetes. Rate of recovery was

greater in September than in August (second highest) or July (Tables

21 -23).



99

Factors Influencin Isolation of Mixed Cultures. Isolation of

mixed cultures were significantly (1% level) influenced by decay zone,

medium, and sample location within the rot column (Table 20). Only

decay zone influenced isolation of mixed cultures from E. tinctorium

decay. Fewest mixed cultures were from the early stage of decay

although more were cultured from early decay near the infection

court than at the end of the rot column (Table 20). Most were from

incipient and advanced decays near the apparent infection court

(Tables 21-23). High numbers of bacteria were also isolated from

these zones: Many types of microorganisms apparently invade wood

through cankers produced by P. chrysoloma near its infection courts.

The highest numbers of mixed cultures were isolated on potato dex-

trose agar and malt agar with yeast extract added (Tables 21-23).

Factors Influencing Isolation of Yeasts. As with. tinctoriurn

yeasts were infrequently isolated from decay columns of .

chrysolorna and never significantly (Table 20).

Factors Influencin Isolation of H menom cetes. Isolation of

hymenomycetes ws significantly influenced by decay zone (1% level)

and culture medium (5% level) used (Table 20). Fewest were isolated

from early P. chrysoloma decay. Numbers cultured from incipient

and advanced decay stages were similar (Tables 21-23). Only small

differences occurred in numbers of hymenomycetes isolated on the

various media, but statistically (5% level) there were fewer on nutrient



agar (Tables 21-23).

Two or more hymenomycetous fungi were isolated from eight of

the nine P. chrysoloma decay columns (Table 24), a higher percentage

than in the 1969 study (89 vs 34%). Numbers in 1969 probably would

have been greater had sampling been more intensive. Average decay

column length and cubic and Scribner board-foot decay volumes were

much greater for columns with mixed hymenornycete infections than

for the tree infected by P. chrysoloma only (Table 24).

Hymenomycetes isolated from nine decay columns accompanying

P. chrysoloma conks were:

Fungi No. of decay columns

P. chrysoloma only 1

P. chrysoloma and unidentified fungi 4

P. chrysoloma, H. abietis, and I

unidentified fungi

P. chrysoloma, H. abietis, E. tinctorium, 2

and unidentified fungi

P. chrysoloma and Pholiota adiposa I

Most associated hymenomycetes isolated from P. chrysoloma

decay columns were unidentified fungi. Next in number were E. tinc-

toriurn and H. abietis each of which was isolated from two P.

soloma decay columns. These data support the conclusion drawn from



Table Z4. Size and volumes of decay columns with single and mixed hymenomycete infections
accompanying Phellinus chrysoloma conks.

Average
Tree Decay Column
Basis D.b.h. Age Length Scribner
(No.) (ins.) (yrs.) (ft.) (cu.It.) (bd.ft.)

Phellinus P. chrysoloma only 1 Z2.4 112 18 11.5 200

chrysoloma
conks P. chrysoloma

mixed with other
hymenomycetes 8 26.3 230 32 35.0 404

Indicator Hymenomycete
Type Association
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analysis of decay associated with E. tinctorium conks that two or

more hyrnenomycetes usually inhabit decay columns and the resulting

decay volumes are greater than volumes of rot columns caused by

individual fungal infections.

Culture Results from Trees with Basal Inuries

Trees with basal wounds ranged from 14. 6 to 27.0 inches in

diameter and from 111 to 327 years old (Table 25). There was varia-

tion in age (38-159 years) and size(J'L x 8'TW to 3OtL x 16MW) of

basal wounds (Table 25). Decay column lengths ranged from 12 to 54

feet. Variation in cubic and Scribner board foot decay volumes were

reasonably close to decay volumes associated with basal wounds in

the 1969 study trees. It was not always possible to obtain the decay

sample, which was supposed to be near the infection court, at the top

of the basal wound because the heartwood portion of the bole at that

point often was completely hollow. In order to get all three stages of

decay near the infection court it was necessary to take samples from

one to several feet above the top of basal wounds (Trees 2, 3, 7, and

9, Table 25).

As was the situation with decay columns associated with E.

tinctorium and P. chrysoloma conks only two variables (decay zone

and culture medium) significantly affected isolation of most micro-

organisms from rot columns associated with basal wounds.



Table 25. Basic data for trees with basal wounds.

Height of Decay Samples
Basal Wound Decay Decay Volume in Tree

Tree Size Aspect Column Scribner Near lxii. Near End of

Number D.h.h. Age Age Length Width onTree Length Cu.ft. Bd.ft. Court DecayCol.

(in,) (yr. ) (yr. ) (ft. ) (in. ) (ft. ) (ft. ) (ft.

1 19.0 300 90 14 12 SW 31 17.6 160 14 22

2 19.3 170 48 9 12 E 23 10.2 135 10 17

3 14.6 130 40 2 10 N 12 5.4 84 9 15

4 18.7 111 43 4 14 NE 17 3.1 48 4 8

5 14.6 130 38 4 8 E 12 2.5 38 4 7

6 27.0 170 40 5 10 SE 20 10.9 150 4 8

7 24.3 271 132 1 8 SW 22 9.6 133 8 14

8 21.0 327 118 12 8 N 20 11.3 124 8 12

9 26.6 225 159 30 16 S 54 42.9 581 37 47
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Factors Influencin Failure to Isolate Microor:anisms. Failure

to isolate microorganisms from decay associated with basal wounds

was significantly (1% level) related to decay zone and culture medium

(Table 26). Most negative culture attempts were from the early stage

followed in order by the advanced and incipient stages (Tables 27-29).

Fewest negative culture attempts were on nutrient agar and malt agar

with yeast extract (Tables 27-29). As previously discussed, these

media apparently satisfy growth requirements for bacteria as well as

for fungi.

Factors Influencing Isolation of Bacteria. Decay zone, medium,

and position of the decay sample significantly influenced isolation of

bacteria from decay columns associated with basal wounds (Table 26).

Isolations from the early decay stage near the infection court on

nutrient agar and malt with yeast extract yielded largest numbers of

bacteria (Tables 27-29). These results agree with those for decay

columns associated with P. chrysoloma conks.

Factors Influencin Isolation of Non-h menom cetes. The only

variable significantly (5% level) affecting isolation of non-

hymenomycetes from decay columns accompanying basal injuries was

decay zone (Table 26). Highest numbers of non-hymenomyceteS were

isolated from the advanced and incipient decay stages near the infec-

tion court (Tables 27-29) This is in agreement with isolation of non-

hyrnenomycetes from decay columns associated with E. tinctorium and

P. ysoloma conks.

Factors Influencing Isolation of Mixed Cultures. Isolation of

mixed cultures of microorganisms was significantly influenCed by



Table 25. Analysis of variance of factors influencing culture results from decay columns associated with basal injuries on nine white fir trees.

'Decay zones were early (a dark, wet_appearing zone
between incipient decay and bright wood), incipient, and early decay.

2Time when cultures were made after trees were felled (immediately in the field and 4, 16, 24, 48, 72, 96, and 168 hours later).

3Four media were used: malt agar, malt agar with yeast extract added, potato dextrose agar, and nutrient agar (Difco).

4Near the infection court and at the upper end of the decay column.

5july, August, and September.

6DegreeS of freedom.

7Mean square.

8Significance at the 5% level: n. s, = non_significant,
* significance at S% level, and significance at 1% level.

Source of Variation

Results of Culture Attempts CulturesMixed

6
df

No Growth
CaIc.

M. S. F
8

Sig.

Bacteria
Calc.

M. S. F Sig. M. S.

Yeasts
Caic.

F Sig.

Non_Hymen0mYcet
Caic.

M. S. F Sig.

HymenomvCetes
Caic.

M. S. F Sig.

**

Calc.
M. S. F Sig.

0.04 0.61 n.s.

Decay zone' (A)
2

Time after cutting (B)

Culne media3 (C)

2
7

3

15.50 132.45
0.07 0.52
1. 34 11.

**

n. s.
**

2.25 15.62
0.05 0. 17

9. 67 67. 15

'

n. s.

0.01
0.01
0.00

2.27
1.27
0.57

n.s.
n. 5.
u.s.

0.21 3.35 *

0.07 0.75 u.s.
0.08 1.28 n. s.

31.98 251.82
0. 14 0.56 n. s.

4.66 36.68 **
0.09
0.50

3.61

0.77
6. 94

7.. 53

n. s.
**

*
Position in decay

column4 (D)
Month5 (F)
AxB
A xC
A x D
B x C
B x D
C x D
A x F
B x F
CxF
Dx F

1

2

14

6

2

21

7

3

4
14

6

2

0. 36 0.52
0.89 0. 86

0.29 2.45
0.24 2.05
0.06 0.47
0.10 0.83
0.18 1.34
0.14 1.23

12.7 108.72
0.21 1.57
0.21 1.82
0.27 0.39

n. S.

n. S.
**

u.s.
u.s.
u.s.
u.s.
n. s.

u.s.
u.s.
n. a.

5.01 9.04
1.63 0.64
0.21 1.44
0.12 0.86
0.47 3.29
0.22 1.50
0.10 0.35
0.86 5.95
2. 17 15.04
0.67 2.38
0.37 2.58
0.85 1.53

*

S.

u.s.
n. s.
*

u.s.
u.s.
**

**
**

*

u.s.

0.03
0.03
0.01
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.01

0.23
0.70
0.18
0.58
0.09
1.06
0.95
1.79
1.05
1.27
1.30
0.62

u.s.
u.s.

s.

n. s.
u.s.
u.s.
n. s.
u.s.
u.s.
u.s.
n.s.
u.s.

3. 99 5.20
0. 39 0.41 n. s.

0.09 0.92 n.

0.06 1.42
0.36 5.66 **

0.03 0.48 n. s.

0.08 0.86 u.s.
0.09 1.50 n. s.

0. 7. 19 *

0.08 0.80 u.s
0.09 1.40 u.s.
0.14 0.18 u.s.

1.75 2.69 n. s.

3.34 2. 16 n. s.

0.16 1.28 n.s.
0.17 1.34 u.s.
0.22 1.70 u.s.
0.12 0.96 n. s.

0.21 0.84 n. a.

1.13 8.90 **

24.23 190.77 **

0.16 0.64 u.s.
0.27 2.10 *

0.36 0.55 u.s.

0.07
0.05
0.11
0.34
0.05
0.08
0.56
0. 17
0.13
0.08
0.09

Q. 13

0.75
L 57
4.75
0.73
0.71
7.36

42
1.15
1.15
0.18

n.

u.s.

n. s.
**

*

u.s.
u.s.
u.s.

Eor 1633
1727Total



Table 27. Results of attempts to isolate microorganisms on various media, during three months of the year, from the early decay zone at tv'o
positions in decay columns associated with basal injuries.

Results of Isolation Attempts
Near the Apparent Infection Court Near End of Decay Column

Early Decay Zone Early Decay Zor

Number - Non- Non-

of No Hymeno- Hymeno- Mixed No Hymeno- Hymeno- Mixed

Media Month Trees Growth mycetes Bact. mycetes Cultures Yeasts Growth mycetes Bact. mycetes Cultures Yeasts
(No.) (No.) (No.) (No.) (No.) (No.) (No.) (No.) (No.) (No.) (No.) (No.)

Malt July 3 17 3 3 1 0 0 16 0 6 0 2 0

agar Aug. 3 17 2 3 0 1 1 21 0 2 1 0 0

Sept. 3 12 5 4 1 2 0 11 3 6 0 4 0

Total 9 46 10 10 2 3 1 48 3 14 1 6 0

Malt and July 3 13 1 7 0 3 0 12 1 11 0 0 0

yeast Aug. 3 12 0 7 1 4 0 20 0 2 1 1 0

extract Sept. 3 10 3 7 2 2 0 9 2 8 2 2 1

agar Total 9 35 4 21 3 9 0 41 3 21 3 3 1

Potato July 3 12 5 S 0 2 0 13 2 1 0 0

dextrose Aug. 3 15 2 5 0 1 1 17 0 1 2 0

agar Sept. 3 13 4 4 1 2 0 13 2 0 3 0

Total 9 40 11 14 1 5 1 43 4 18 2 5 0

Nutrient July 3 8 0 15 0 1 0 7 1 16 0 0

agar Aug. 3 10 0 12 1 1 0 11 0 10 1 2 0

Sept. 3 10 0 12 0 2 0 6 0 17 0 1 0

Total 9 28 0 39 1 4 0 24 1 43 1 3 0



Table 28. Results of attempts to isolate microorganisms on various media, during three months of the year, from the incipient decay zone at two

positions in decay columns associated with basal injuries.

Results of Isolation Attempts

Near the Apparent Infection Court
Incipient Decay Zone

Near End of Decay Column
Incipient Decay Zone

Number Non- Non-

of No Hymeno- Hymeno- Mixed No Hymeno- Hymeno- Mixed
Yeasts

Media Month Trees Growth
(No.)

mycetes
(No.)

Bact.
(No. )

mycetes
(No.)

Cultures Yeasts
(No.) (No.)

Growth
(No.)

mycetes
(No.)

Bact.
(No.)

niycetes
(No.)

Cultures
(No.) (No.)

Malt July 3 1 18 2 0 3 0 2 20 1 0
0

1

0

0
0

agar Aug. 3 1 20 1 0 2 0 2 21 1

0 1 0
Sept. 3 0 20 0 0 4 0 2 21 0

2 0
Total 9 2 58 3 0 9 0 6 62 2 0

Malt and July 3 0 10 4 0 10 0 3 17 4 0
0

0
3

0
0

yeast Aug. 3 1 10 5 1 7 0 3 18 0
0 1 0

extract Sept. 3 0 18 1 0 5 0 0 21 2
0 4 0

agar Total 9 1 38 10 1 22 0 6 56 6

Potato
dextrose
agar

July
Aug.
Sept.
Total

3

3

9

3

0

S

19

16

16

51

3

1

0
4

0
2
2
4

0 0

2 0

6 0

8 0

3

2
0
5

20

20
23

63

0
0

1

1

0

2

0

2

0
0
0

Nutrient July 3 0 5 16 1 2 0 1 12 10 1

0
0

0
0

1

agar Aug. 3 0 7 12 2 3 0 2 17 4
1 2 0

Sept. 3 1 13 8 0 2 0 2 15 4
2 2 1

Total 9 1 25 36 3 7 0 5 44 18



Table 29. Results of attempts to isolate microorganisms on various media, during three months of the year, from the advanced decay zone at two

positions in decay columns associated with basal injuries.

Results of Isolation Attempts

Malt
agar

Potato
dextrose
agar

Malt and
yeast
extract
agar

Near End of Decay Column
Advanced Decay Zone

Near the Apparent Infection Court
Advanced Decay Zone

Number Non- Non-

of No Hymeno- Hymeno- Mixed No Hyineno- 1-lymeno- Mixed

Media Month Trees Growth mycetes Bact. mycetes Cultures Yeasts Growth mycetes Bact. mycetes Cultures Yeasts

(No.) (No.) (No.) (No.) (No.) (No.) (No.) (No.) (No.) (No.) (No.) (No.)

Nutrient
agar

July 3 3 16 2 1 2 0 7 16 0 0 0

Aug. 3 2 10 2 3 7 0 0 23 0 1 0

Sept. 3 1 20 0 1 2 0 4 18 1 1 0

Total 9 6 46 4 5 11 0 11 57 1 2

July 3 2 8 5 1 8 0 4 18 0 0 0

Aug. 3 1 9 3 5 6 0 3 18 0 0 0

Sept. 3 1 16 0 0 7 0 2 18 1 2 0

Total 9 4 33 8 6 21 0 9 34 1 2 0

July 3 2 14 3 2 3 0 5 15 0 1 0

Aug. 3 3 12 0 5 4 0 4 18 1 1 0

Sept. 3 4 16 0 0 4 0 1 22 0 1 0

Total 9 9 42 3 7 11 0 10 55 1 3 0

July 3 0 5 13 0 6 0 3 13 5 1 2 0

Aug. 3 1 7 10 3 3 0 0 20 3 0 1 0

Sept. 3 1 14 6 1 2 0 4 17 3 0 0 0

Total 9 2 26 29 4 11 0 7 50 11 1 3 0
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medium (1% level) and position within the decay column (5% level) from

which the sample came (Table 26). Highest numbers of mixed cul-

tures were isolated on malt agar with yeast extract from incipient and

advanced decay stages near the basal scar infection court (Tables 27-29).

Factors Influencin Isolation of Yeasts. As with decay columns

associated with E. tinctorium and P. chrysoloma conks few yeasts

were isolated from rot columns behind basal wounds and none of the

study variables influenced their isolation (Table 26).

Factors Influencingjsolat ion of Hyrnenomycetes. Decay zone

and medium were the only variables that significantly (1% level) influ-

enced isolation of hymenomycetes from decay associated with basal

injuries (Table 26). Fewest hymenomycetes were cultured from the

early decay stage as was the case with E. tinctorium and . chry-

solorna decays (Tables 27-29).

High numbers of hymenomycetes were isolated on malt and

potato dextrose agars (Tables 27-29). Significantly fewer were cul-

tured on malt with yeast extract added and nutrient agar. Hymeno-

mycetes isolated from E. tinctorium did not discriminate between the

four media used in this study. Nutrient agar was the least favorable

medium for hymenomycetes associated with P. chrysoloma decay.

Seven of the nine decay columns associated with basal wounds

yielded isolations of two or more hymenomycetous fungi (Table 30).

Pholiota adiposa was the primary fungus isolated from eight rot col-

umns (Table 30). This substantiates the importance of P. adiposa as

an invader of wounds in white firs, especially basal injuries, as was

found in the 1969 study and as reported in California by Kimmey and



Table 30. Size and volumes of decay columns with single and mixed hymenomycete infections
associated with basal injuries.

Average
Basal Decay Column

Indicator Hymenomycete Tree Wound Volume
Type Association Basis D.b.h. Age Age Length Scribner

(No.) (ins.) (yrs.) (yrs.) (ft.) Cu.ft. Bd.ft.

Basal Pholiota adiposa only 2 20.8 150 40 19 8.2 117
inj ur i e S

P. adiposa mixed with
other hymenomycetes 20.4 201 85 27 14.3 183

Hericium abietis only

H. abietis mixed with
other hymenomycetes 21.0 327 118 20 11.3 124
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Bynum (1961). Hericium abietis was the cause of only one decay

column associated with basal wounds (Table 30), but as in the 1969

study this fungus was commonly isolated from decays caused pri-

marily by other hymenomycete fungi.

Decay columns associated with mixed hymenomycete infections

were longer and had greater decay volumes than rot columns caused

by only one hymenomycete (Table 30). It was not possible to deter-

mine age of E. tinctorium or P. chrysoloma infections, but those

associated with basal wounds probably originated around the time that

the injury occurred. Wounds with single hymenomycete infections

were younger than those with multiple hymenomycete infections (Table

30). This indicates that hymenomycetes continue to invade basal

wounds, possibly until they heal.

The hymenomycetes isolated from decay behind basal injuries

were:

Fungi No. of decay columns

P. adiposa only 3

H. abietis and unidentified fungi 1

P. adiposa and unidentified fungi 2

P. adiposa and E. tinctorium 1

P. adiposa, H. abietis and

unidentified fungi 2

Unidentified fungi were most commonly associated with decay columns

caused by P. adiposa and also the one rot column caused by H. abietis.
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Her icium abietis was isolated from several P. !decay columns

as it also had been from E. tinctorium and P. yloma rot col-

umns. Apparently H. abietis plays a very important role in decay of

white and grand fir (Hudson, 1972) heartwood. The Indian paint

fungus, E. tinctorium was isolated from one P. adiposa decay col-

umn. The high percentage of mixed hymenomycete decay columns

associated with basal injuries and E. tinctoriurn and . h.oma
conks agrees with the 1969 study results

Conclusions

This study confirms the results and answers some questions

raised by the 1969 study. Bacteria, nonhymenomyCete5 and

hymenomycetes are consistently associated with decay columns

caused by the three most important fungi attacking white fir heart-

wood, E. tinctorium, P. chrysoloma and Pholi.ota adiposa. Trees

with decay columns caused by multiple infections of hytnenomycetes

were on the average larger in diameter and older than trees with

single hymenomycete decay columns and the decay volume was greater.

Thus, the species and numbers of hymenomyceteS infecting injuries

contribute to the large variations in decay volumes associated with

wounds.

Bacteria were the most common organisms isolated from the

early (dark, wet-appearing zone between incipient decay and bright
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wood) decay zone. Few non-hymenomycetes, hyrnenomycetes or

mixed cultures were isolated from this zone. It appears then that

there is a succession of microorganisms causing decay in white fir

heartwood. Bacteria are the initial invaders of wound heartwood.

Non-hyrnenomycetes and hymenomycetes apparently then invade the

dark, wet-appearing zone inhabited by bacteria. Since high numbers

of bacteria and mixed cultures were isolated from incipient and

advanced decay stages near the infection court (s ignificantly higher

than from these decay stages at the end of the rot column) and many

decay columns had mixed hymenomycete infections it appears that

infection courts are available for repeated infection. This was

especially noticeable in decay columns as sociated with P. chrysolorna

conks and cankers and basal injuries. The cankers and basal wounds

require many years to heal during which time the heartwood is avail-

able for colonization by microorganisms. Hudson (1972) reported

that length of time that an injury was open also influenced the succes-

sion of microorganisms. The succession described above is similar

to those described in grand fir by Maloy and Robinson (1968) but

differs from that described by Shigo (1967) for hardwoods and Hudson

(1972) for grand fir in that non-hymenomycetes do not appear to be

initial colonizers of heartwood. It may be that bacteria and non-

hymenomycetes are initial invaders of sapwood exposed by injuries,

but once decay is established bacteria appear to be the initial invaders
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of clear heartwood. Hudson (1972) and Hubert (1924) have isolated

E. tinctorium several feet in advance of discolored or decayed wood.

Hudson (1972) indicated that bacteria were also isolated along with

E. tinctorium in clear wood. This could mean that bacteria and E.

tinctorium are initial invaders which are then followed by other

microorganisms.

As indicated by Shigo (1967) and Hudson (1972) some wounds

may be invaded by bacteria or non-hymenomycetouS fungi that are

antagonistic to or can outcompete hymenomycetes. In these cases

decay may be prevented or precede at a very slow rate. This is

probably what happened in many of the wounded trees in the 1969 study

and may again help explain the large variations in decay associated

with injuries.

Several other factors affecting isolation or non-isolation of

microorganisms were also studied. Isolation of hymenornycetes was

most successful when chips were taken from the incipient or advanced

decay stages and placed on malt agar, PDA or malt agar with yeast

extract added. No particular medium enhanced isolation of non-

hymenomycetes but they are most commonly isolated from incipient

and advanced decay near the infection court.

There was some indication that mouth of isolation affected

recovery of fungi. Higher numbers of these organisms were isolated

from decays caused by E. tinctorium and P. chrysoloma in Septembe
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followed in order by August and July. Hudson (1972) reported that

isolation of organisms from decay in grand fir, especially non-

hyrnenomycetouS fungi, may have been affected by time of year isola-

tions were made or by culture techniques.

Decay studies are often carried out in forests many miles

from laboratory facilities, circumstances preventing prompt isola-

tion. Refrigerated storage of samples up to a week did not reduce

efficiency of recovery



VI. NITROGEN FIXATION BY BACTERIA ISOLATED
FROM DECAY

Results and Discussion

Evidence of Nitrogen Fixation by Bacterial Isolates

Twelve hundred bacterial isolations were obtained from trees

dissected in the 1969 and 1971 decay studies. From these 572 iso-

lates were purified. Forty percent of the purified cultures were

aerobic pseudornonads, 2% were Bacillus species and 58% were

gram-negative1 fermentative bacteria. In our previous report 145

bacteria including both fermentative and aerobic organisms were

tested for nitrogenase activity (Seidler et al. , 1972). In the present

study 130 fermentative bacteria were tested for acetylene-reduction

capabilities. More than 52% of these reduced acetylene at rapid rates

when cultured anaerobically (Table 31). In the qualitative assessment

of nitrogenase activity, the ten ml cultures were exposed to acetylene

for 24 hr. Positive activities ranged between 496 and 9, 507 (mean

3, 099) nrnoles of ethylene produced per culture per 4 hrs. These

measurements of nitrogenase activity are comparable to those for

other nitrogen-fixing bacteria (Campbell et al., 1969; Line and Loutit,

1971; Raju et al., 1972). None of 80 fermentative isolates tested

reduced acetylene aerobically. Only those isolates that reduced

acetylene showed appreciable growth on the modified Hino-Wilson

116
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medium after two successive transfers. Nitrogen analyses of a series

of cultures of isolate W-1, an Enterobacter sp. exhibiting positive

nitrogenase activity, showed that each ten ml culture fixed about

4 .tmoles of nitrogen during a growth period of 90 hr (Figure 4).

Table 31. Sources of fermentative bacterial isolates tested for
nitrogenase activity by the acetylene_reduction technique.

'Bacteria isolated from trees in only six of the nine locations
sampled in 1971 were tested for their nitrogen-fixing capabilities.

2Two localities were duplicated in the 1969 and 1971 studies.

Measurement of rate of acetylene reduction in large samples of

decaying wood from living white fir trees was attempted. Intact

blocks (30.5 cm long by 45.7 cm in diameter) which included sapwood

evolved appreciable ethylene and thus results of the acetylene-reduc-

tion tests were inconclusive. Preliminary tests with blocks (20-cm

diam. by 20-cm length) of decayed heartwood only produced up to

142 nmoles of acetylene-dependent ethylene per day during a growth

period of six days.

Determination
1969
Study

1971
Study Total

Fraction of bacterial isolates fixing N2 20/29 48/10 1 68/130

Fraction of geographic localities where
N2-fixing isolates were found 12/18 6/61 16/Z22

Fraction of trees where N2 -fixing
isolateswere found 16/24 15/17 31/41

Proportion of isolates fixing N2 (%) 69 48 52
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Figure 4. Time course of anaerobic nitrogen fixation by isolate W-1
identified as Enterobacter sp. A series of "H" tubes each
containing 10 ml of modified Hino -Wilson medium were
inoculated with 0. 5 ml of a 72-hr culture of W-1 (optical
density 0.17 at 540 nm) and incubated statically at 25° C.
At the times indicated, duplicate aliquots were removed
from each of two tubes and analyzed for nitrogen by the
microkjeldahl method. Each value is a mean of four
replicate determinations and has been corrected for the
nitrogen content of the medium and inocui.um.

Conclusive evidence of N2 fixation was obtained by use of '5N2.

Five representative isolates that had shown positive results in

acetylene-reduction tests were grown for 48 hr and provided with

0. 1 atm of 99% 15N2 as the sole source of nitrogen. All cultures

incorporated 15N2 into cells as indicated by the fact that cells con-

tamed from five to 33.5% excess 15N (Table 32).



Table 32. Quantitative determination of 15N2 incorporated into representative bacterial1 isolates

from decay columns in white fir trees in the Rogue River National Forest.

Control (NH4C1)

1Criteria for selection were based on fungal association and high rates of acetylene reduction

capability. Selection was made before taxonomic. identifications were completed.

Isolate
Number

Bacterial
Species Group Fungal Association

Atoms % Excess
15N2 in Bacterial

Cells

Echinodontium tinctor ium
33. 509 Enter ob acter and Her icium ab ietis mixaggiorne rans

25 Enterobacter sp. XA E. tinctorium 22.7

34
It XA H. abietis 21.4

44
I! XB Phellinus chrrsoloma 28.4

57
TI XA Pholiota adiposa 5.0

0. 005



Occurrence of N2-Fixing Bacteria

The 130 isolates of fermeritative bacteria tested by the

acetylene-reduction technique for nitrogenase activity were from 41

trees in 2.2 widely scattered localities (Table 31). The nitrogen-

fixing bacteria were isolated from 31 trees occurring in 16 areas.

They were found in 16 of 24 trees and in 12 of 18 localities in the 1969

study and in 15 of 17 trees and in all localities in 1971. Si:vty-nine

percent of the gram-negative, fermentative bacteria from the 1969

study tested for acetylene reducing capabilities were positive for

nitrogenase activity, while 47.5% were positive from the 1971 study

(Table 31).

Although more culture attempts were made in the 1969 study,

fewer bacteria were isolated because malt agar, highly suitable for

decay fungi which were the primary targets of this research, was the

only culture medium used, and also no attempts were made to isolate

microorganisms from the earliest stage of decay. In the 1971 study

four different media were used and more bacteria as well as more

nitrogen-fixers were isolated, mostly on nutrient agar (Table 33).

Numbers of fermentative and nitrogen-fixing bacteria were greatest in

the early and incipient stages of decay (Table 34). Twenty-five of the

N2-fixing isolates were from the dark, wet-appearing zone surrounding

decay columns, 28 were from incipient decay and only 15 were from

120



advanced decay. However, a higher percentage of fermentative

isolates from advanced decay fixed nitrogen.

Table 33. Effect of medium on isolation of gram-negative
fermentative N2-fixing bacteria from decay in
trees in the 1971 study.

j.

The N2-fixing bacteria were associated with the major decay

fungi in white fir (Table 34). Echinodontium tinctorium, P. adiposa,

Phellinus chrysoloma, andH. abietis are probably associated with

more than 90% of all decay in living white firs in the study area. No

N2-fixing and only a few other types of bacteria were isolated from

13 decay columns associated with Fomitopsis annosa and from eight

decay columns caused by Armillariella mellea. These so-called

pioneer fungi' are known to be capable of invading wood in living

trees before colonization by bacteria and non-hyrnenomycetOus fungi

(Shigo, 1967).

Isolation Medium

Total Isolates
Tested

No.

N2 -Fixers

% of Total

Malt agar 5 0.0

Malt and yeast extract agar 13 53.8

Potato dextrose agar 19 63. 2

Nutrient agar 64 45.3

Total 101 47. 5



discolored, wet-appearing zone between incipient decay and bright wood. No isolations were
attempted from this zone in the 1969 study.

Table 34. Occurrence of nitrogen-fixing bacteria in fungal associations and decay stages in white
fir wood.

Fungal Association

Early Decay1 Incipient Decay
N2-Fixers

(No.)

Advanced Decay
Isolates
Tested
(No.)

N2-Fixers

(No.)

Isolates
Tested
(No.)

Isolates N2-Fixers
Tested
(No.) (No.)

Echinodontjum tinctorium 21 8 17 8 4 1

Pholiota adiposa 14 3 10 5 6 3

Pheilinus chr'rsoloma 13 5 12 8 7 6

Hericium abietis 9 9 1 1 1 0

Mixed decays - - - - 8 6 5

Total 57 25 48 28 25 15



Bacterial Po.ulations Associated with Deca

Total bacterial populations were determined from the early

stages of decay in five trees infected with three of the most important

decay fungi in white fir (Table 35). There were 39.3 x bacterial

colonies per milliliter of expressed sap from wood infected with P.

chrysoloma and 7. 0 x 106 per milliliter of sap from H. abietis decay

(Table 35). These populations are high compared with total bacterial

counts from other habitats (Cornaby and Waide, 1973; Knutson, 1973).

Although colony counts from trembling aspen sapwood, heartwood, and

wetwood increased with increasing degree of discoloration, none was

as high as 1 . 0 x 106 per milliliter of expressed sap (Knutson, 1973).

Bacterial populations from decaying chestnut logs ranged from
3 69.4 x 10 to 3. 9 x 10 per gram dry weight of wood (Cornaby and

Waide, 1973).

Total concentrations of N2-.fixing bacteria were 3. 5 x 10'

colonies per milliliter of expressed sap from early decay associated

with H. abietis and more than 1. 6 x 106 colonies from P. chrysoloma

decay (Table 36). Cosenza et al (1970) have speculated that the

relation between bacteria and wood-decay fungi may be mutalistic.

They suggest that the bacteria benefit from decomposition of cellulose

and hemicelluloses to simple sugars and from production of organic

acids by decay fungi, while the fungi may obtain thiamine frpm
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bacteria that are able to produce this vitamin. To this list it may be

possible to add that decay fungi obtain from bacteria the nitrogen

needed to decompose nitrogen_meager wood.

Table 35. Bacterial populations from the early stages of

decay that accompanies three major decay fungi

in white fir.

Tree

A

B

Cl

C2

C3

1
Decay Fungus

Hericiurn abietis

Phellinus chrysoloma

EchinodontiUm ct2!jum

E. tinctorium
E. tinctorium

Number of
Colonies /ml
of Ecpressed

Sap2

67.0 x 10

39.3 x
1.4 x

449.3 x 10

6.6 x 1O

Decay fungi were identified from cultures isolated from

each decay column.
2Bacterial colonies were counted on serial dilution plates
of nutrient agar, replicated three times, and incubated

at Z5°C for 9 days.

Total and N2-fixing populations of bacteria in the early stage of

decay by . tinctorium were very low compared with those associated

with P. chrysolOm and H. abietidecaY (Tables 35 and 36). Although

this experiment was repeated twice (samples were taken from three

different trees bearing E. tinctorium conks) for decay in trees with

this decay indicator total bacterial counts never reached 1.0 x io6

per ml of sap, nor were N2-fixing bacteria detected at any dilution.



Fungal Association
5Hericium abietis 3.5 x 10
62

Phellinus chrysoloma >1.6 x 10

Echinodontium tinctoriunl 0

Numbers of % of Total
N2-Fixing Bacteria
Bacteria1 Isolated

5

>4. 1

0

1 Concentration of N2-fixing bacteria determined by most
probable number method. Serial dilutions were prepared
in 9-rnl volumes of Hino-Wilson N2-free medium and
incubated anaerobically in "H" tubes at 25°C for 8 days.

2 Nitrogenase activity was measured in all five replicas at
the greatest dilution (106).
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In the third attempt to obtain bacterial counts from E. trictorium

decay where sap was expressed directly into the culture medium

counts did increase over previous attempts, but they were still low

compared with those from other decays (Table 35). Shortly after

serial dilutions were made for the third tree with E tinctorium decay,

a distinct "browning" was observed in every dilution, suggesting the

presence of phenolic compounds. High concentrations of phenols were

detected, using the technique of Feldman and Hanks (1966), even at

the greatest dilutions. Possibly these compounds retarded growth of

or killed bacteria in sap expressed from E. tinctoriurn decay.

Table 36. Most probable numbers of nitrogen-fixing
bacteria in sap expressed from white fir wood
decayed by important hymenomycetes (decay
fungi).



Taxonomy of N2-Fixing Bacteria
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Characteristics of the 130 gram -negative, fermentative bacteria

tested for N2 fixation are summarized in Table 37. The isolates were

tested for 20 biochemical properties. All cultures failed to produce

H2S on TSI agar, were catalase positive, oxidase negatives and

fermented glucose in the Hugh-Leifson oxiclative vs fermentative test

(Blair et al. , 1970). Variable reactions were observed in the 16

remaining tests. Isolates were placed in 14 groups based primarily

on the arginine dihydrolase, ornithine, and lysine decarboxylase tests

and production of acetylmethyl carbinol (VP reaction). Only 20 iso-

lates were found to be biochemically typical of previouslydescribed

species. Twelve cultures were identified as anaerogenic Enterobacter

agglomerans, six were E. aerogenes, and two were Kiebsiella

pneumoniae.

Systematics of the Erwinia herbicola group have recently been

revised. According to Ewing and Fife (1972), this group should be

reclassified into the genus Enterobacter, and the correct specific

epithet is agglomerans. Perhaps the most reliable phenotypic

properties exhibited by over 500 isolates of this species is their

ability to ferment mannitol and their inability to decarboxylate

arginine lysine, and ornithine. It is on the bases of these that the 12

isolates of groups I and II were classified into the otherwise hetero-

geneous species E. aggomerans. The 18 cultures of groups III and



Table 37. Groups of fermefltativel gram_flegatTe bacteria from decayed trees.

GrOUp
Classification

a Rha N2

EnIeroba" agglomerans. BiogroUP 2 or 3

II E. agglotnerans.
BiogrOUp I or 6.

ntolnegat1ve

111 E. agglornerafl.c.
BiogrouP 2 or 3.

mann itoInegative

I

IV E. agglomerans.
BiogrouP I or 6

VogesProskauCr negatiVe 6V A Enterobacter aerogefles.

V B E. aerOgefles
7

2
VI Kiebsiella pneUmOfliae

VII Enterobaeter cloacae,
00hifleflegative 13

VIII E. cloacae, metabolicallY atypical

E. cloacae. argifliflCflegat 2IX E. aerogefles.
lysine_negatiVe or

X A Epuerohacter sp.
12

X B En,erohcieter sp.
13

XI A EnterohaetCr 4
XI B Enterohacler sp.

XII Enterohacter sp.
2

XIII EnlerobacleT sp. 10
XIV Unknown genera. glucose fermented and citrate utilizatiOfl U urcase

I. M. V. P. C (respecti\ClY) indole prodUctiofl. methyl red and VogesProskau tests,

prodUctlofl A arginifle dihydrotaSe L. Olysine and ornithifledecarboYIa5e Gel, gelatin liquefaction; Lac.. Mann.. Gly.. Suc..

Ara.. and Rha = (respectively) fermentation of lactose. mannitol.
glycerol. sucrose. arabinose.

rhamnOSe and N nitrogenase

activity
hNUmhCrs indicate percent positive reactions.

Since OfilY one isolate is in this hiogroUp. a + and - system is used for the reactions.

83 tOO 100 17

0 0 100 83 0 0 100 100 100 33 50 33
43 100 100 71

oo 0 100 100 100 0 100 0 0 100 100 1000 100 0 86 0 0 100 100 86 57 29 29

0 23 100 77 0 100 0 0 87 92 100 92

0 66 45 72 0 100 0 100 54 54 73 82

100
54 100 100 23

100 100 100

55 91 91 36

100 0

0 100 100 50 0 0 0 100 100 0 100 50 100 50
86 67

0 100 0 100 0 0 0 100 0 0 9 9 9 86
100 100

0 tOO 0 100 0 0 0 100 100 16 56 0 8 100

0 100 0 0 0 100 0 0 91 27 72 I 72 100 100
100

36
too

0 100 0 100 0 100 0 0 100 0 75 50 25 100
100 50

0 100 0 50 0 0 100 0 50 0 0 0 50 100
100 86

0 tOO 0 71 0 100 tOO 100 29 0 57 29 14 100

0 0 0 0 0 80 30 20 20 0 30 0 10 10 l0 20
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IV are atypical £. giomeranS since they failed to ferment mannitol.

Isolates of groups X-XII are not included in . because

they exhibited one or more activities in decarboxylase and/or

dihyrolase reactions.

Isolates in some groups differ from typical species by one to

several significant taxonornic traits. For example, 13 cultures in

group VII would be classified as E. cloaca if they exhibited ornithine

decarboxylase activity. Ninety-S X percent of E. cloac isolates

studied by Edwards and Ewing (1972) possessed this enzyme activity.

Group VIII has 11 cultures which we have called metabolically atypical

E. c].Oacae. About half of these cultures exhibited aberrant reactions

in the fermentation of lactose, sucrose and the production of acetyl-

methyl carbinol.

Since none of the 130 isolates was capable of hydrolyzing pectin

all are excluded from three species of the genus Pectobacterium (Dye3

1968). However, P. rhapontici and P. cypripedildo not hydrolyze

pectin (Dye, 1968). These two Pectobacterium species differ signifi-

cantly from phenotypicafly similar isolates of groups X-)V by pro-

ducing acetylmethyl carbinol (VP test) and by the lack of dihycirolaSe

or decarbox lase activities (Dye, 1968).

Knowledge of the %GC of representative isolates has been used

to add molecular significance to phenotypic identifications (Table 38).

The 53-58 %GC range accurately reflects values reported by others
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for this group (Hill, 1966; Marmur and Doty, 1962). Published values

forE. gglomerans (E. herbicola) are 53-55 %GC (Starr and Mandel,

1969). The agreement in %GC values is reassuring because of the

phenotypic heterogeneity of the Enterobacter isolates encountered and

the skepticism which might be associated with the isolation of K.

pneurnoniae from within living trees. With respect to the latter

situation, recent reports have clearly demonstrated a common

colonization of K. pneumoniaeOn various plants, vegetables and bark

of trees (Brown and Seidler, 1973; Duncan and Razzell, 1972). The

present study, however, represents the first isolation of E. pneu-

xnoniae from within living trees.

Table 38. Percent guanine plus cytosine DNA base composition of
selected N2-fixing bacteria.

Isolate
No. Clas sification Tm %GC

21213234 Enterobacter sp 2.0 55.0

21513353 E. agglomerans 1.2 53.4

2980-9 Enterobacter sp. 1.3 53.6

32713314A Enterobacter sp. 3.3 57.6

4064-19 Klebsiella pneurnoniae 2. 1 55.2

4082-20A K. pneurnoniae 3.0 57.0

WPZ Escherichia coli 0 51.0

1LTm is the difference in the thermal midpoint of the E. coli DNA
and the test sample DNA samples were melted in 0. 1 X SSC. The
%GC base composition was calculated from equation 5 of Mandel
et al. (1970).
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Representatives of N2-fixing Klebsiellae havebeen described

in the two genera Kiebsiella and Enterobacter. Some isolates of the

species K. pneumoniae, E. aerogenes, and E. cloacae have been

reported to possess nitrogenase activity (Brown and Seidler, 1973;

Line and Loutit, 1971; Raju et al., 1972; Seidler et al 1972). This

study represents the first report of N2 fixation by the species E.

agglomerans.

In this taxonornic study of bacteria from this unique habitat,

we have decided to put relatively little significance into specific

carbohydrate fermentation patterns. The classical taxonomic scheme

for the Enterobacteriaceae was derived from studies of human or

clinical isolates or both (Blair et al., 1970; Edwards and Ewing,

1972). Since our cultures have evolved in a very different habitat, it

should not be surprising that many isolates exhibited "atypical bio-

chemical responses. Many atypical reactions resulted from negative

responses to carbohydrate fermentation tests. For example, many

isolates of groups X-XII do not ferment lactose, rnannitol, or

glycerol. These compounds would not be expected to be prevalent in

the heartwood of living trees. For these reasons we have acted

conservatively in assigning a specific epithet to many isolates.

Uniqueness of habitat and lack of typical phenotypic properties are not

acceptable reasons in this case for assigning these isolates to a new

species. The specific epithet must await further studies of a



molecular nature, such as additional nucleic acid characterization.

Conclusions

Bacteria capable of fixing atmospheric nitrogen as evidenced by

their ability to reduce acetylene and to incorporate '5N2 into their

cells were isolated from all major decays in many white fir trees

from a number of widely spaced localities. Nitrogen fixation was

limited to the gram-negative, fermentative bacteria which belong to

at least four different species. However, many isolates were

physiologically specialized and did not respond to the conventional

biochemical tests. Hence, species identification of these cultures

should be based on additional nucleic acid analyses. Nitrogen-fixing

bacterial populations exceeded lO colonies per ml of expressed sap

from early decay stages caused by two of the most important fungi.

At the present time, these population data are from a limited sample

of trees and decay types. If nitrogen-fixing bacterial populations in

other decays are as high as our data indicate, it would appear that

they may make an important contribution to the process of decay in

living trees.

l3i



VII. PROCEDURES FOR ESTIMATING DAMAGE

Results and Discussion

Five hundred and one sample trees from 53 localities were

examined and measured (Table 1, Figure 1). An adequate sample of

trees was not available for the lower elevation mixed conifer type

(Table 1), because on some ranger districts the national forest

boundaries lay above land supporting this type. When mixed conifer

stands were found, white firs with the desired defect indicators often

were missing because of prior cutting.

Indicator defect factors, both percentage of gross tree volume

and average length deduction, were developed from the number of

indicators in the 501 trees as distributed in Table 39. Many trees

with two or more types of defect indicators were included so that

common combinations of indicators might be represented in the

sample.

Determination of Defect Estimating Equations

The purpose of the following analyses was to determine whether

separate estimating equations are necessary for each forest cover

type or whether an average of the equations could be used in all types.

Selection of "Best' Estimating Variables. Twelve independent

variables and three dependent variables were used in a multiple
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Table 39. Numbers of indicators on 501 trees from the three forest
cover types. Many trees had more than one kind of

indicator.

No. of Indicators by Forest Cover Type

All

Shasta red
Mixed White fir-- fir--

Indicators Conifer Douglas-fir White fir

None 10 27 38 75

Ech inodontium
16 50 53 119tinctorium conks

Phellinus chrysoloma
12 32 11 55conks or cankers

Basal injuries 26 49 38 113

Frost cracks 25 61 77 163

Trunk injuries 9 29 18 56

Broken tops 5 22 36 63

Dead tops 4 11 8 23

Crooks 9 32 42 83

Forks 5 22 34 61

Mistletoe trunk cankers 5 16 7 28

Dead vertical branches 2 5 13 20
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regression program (REX) which screens all combinations of

independent variables to find the regression with the smallest relative

mean-squared-residual which is considered the hlbestU regression

(page 7, Grosenbaugh, 1967). All 501 study trees were used to

determine the best' combination of variables when the dependent

variable was cubic-foot defect percent, but only trees (463) larger

than 11-inches d.b.h. were used for Scribner and International board-

foot analysis (Table 40). There were several differences in the types

of indicators selected in this combinatorial screening program for use

with the cubic- and board-foot defect percentage factors. The program

selected tree age and d.b.h., E. tinctorium sporophores, P. chrysoloma

conks and cankers, and basal and trunk injuries for all three depend-

ent variables, cubic, Scribner and International volumes. Broken or

dead tops and crooks for the cubic-foot defect equation only, frost

cracks for both board-foot equations and forks for cubic and Inter-

national board-foot estimating equations (Table 40). Since forks was

only selected as a variable in the best" International board-foot

estimating equation and its impact in estimates of decay percents was

so small it was deleted from both board-foot equations in succeeding

statistical tests for consistency in setting up data analysis and pre-

sentation of results.

Test of Estimating Equations from Forest Cover Types.

Multiple regression estimating equations were calculated for each
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Table 40. Combinations of independent variables (indicators) that
gave the smallest relative mean squared residual with
each dependent variable tested in multivariate regression
analysis.

'XtS indicate independent variables that can be used with each
dependent variable to get the ubestht regression estimating equations.
Dashes indicate the variables which had little or no effect in increas-
ing precision of the estimating equations.

Independent
Variables

1Dependent Variables
%Decay
cu.ft.

%Defectbd. ft.
Scribner International

Tree d.b.h. X x x

Tree age X x x

Echinodontium tinctorium conks X x x

Phellinus chrysoloma conks
X x xor cankers

Basal injuries X x x

Trunk injuries X x x

Frost cracks x x

Broken or dead tops X

Crooks X

Forks X

Dead vertical branches -

Mistletoe cankers
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forest cover type (Tables 41-43). The equations for each type of

volume measurement from the three cover types were tested by

covariance analysis (RECOR) for differences between equations

(Anonymous, 1970). Significant differences were not found obviating

use of separate estimating equations by cover type for either board-

foot measurement (Tables 44 and 45). There were no significant dif-

ferences among the regression surfaces and elevations, thus com-

mon't equations, the weighted average of the three cover type equa-

tions (Tables 41 and 42

to make defect estimates in all cover types (Chapter 14, Snedecor

and Cochran, 1967). There was some evidence of a difference in

regression surfaces (5% level of probability) among the cubic esti-

mating equations for each cover type (Table 46). Because the

statistical evidence of differences in estimating equations was slight

and since there is a practical problem of identifying cover types in

the field, the "common" equation was selected for use in cubic volume

defect estimations also (Table 43).

Tests of Accuracy of the Defect Estimating Equations. The

estimating equations were tested on an independent sample (Green

Creek and Swamp Creek) of 146 white firs felled, dissected and

measured in 1966 by the methods used in the present study. There-

fore, the types of defect indicators, the gross merchantable volumes

(cubic- and board-foot) and defect volumes and percents were known.

), was selected for both board-foot measures



Table 41. Coefficients of regression equations estimating Scribner board-foot defect percents in individual white firs by individual and

combined1 forest cover types.

1Weighted average of three.

= tree age in years.

X2 tree d.b.h. in inches.

= 1 if one or more Echinodontium tinctorium conks present;

0 if no conks present.

X4 1 if one or more Phellinus chrysoloma conks or cankers

present;
0 if no conks or cankers present.

Regression Coefficients for Independent Variables2

x2 x3 x5 X7 Intercept

X5 = 1 if one or more basal injuries present;

0 if no basal injuries present.

X6 = 1 if one or more trunk injuries present;

0 if no trunk injuries present.

X7 = 1 if one or more frost cracks present;
0 if no frost cracks present.

Mixed conifer 68 0. 120 -1.076 48,. 194 18. 935 12. 298 6.876 1.768 14. 254 0.563

White fir--Douglas fir 196 0.088 -0.895 50. 679 23. 221 23. 111 7.557 7.534 8.834 0.651

Shasta red fir- -white fir 199 0. 106 -0.455 49. 335 18.065 26. 214 6.282 5.543 -1. 194 0.687

Common 463 0. 105 -0. 765 49. 395 21. 455 21. 904 7.407 6.097 4.886 0. 645

Forest Cover No. of
Type Trees X1



Table 42. Coefficients of regression equations estimating International board-foot defect percents in individual white firs by individual

and combined1 forest cover types.

1 Weighted average of three.

tree age in years. X5 = 1 if one or more basal injuries present;
0 if no basal injuries present.

X treed.b.h. ininches.
X = 1 if one or more trunk injuries present;

X 1 is one or more Ecijinodontium tinctorium conks ,resent; 6 0 if no trunk injuries pnsent.
c if no conks present.

X 1 if one or more frost cracks present;
= 1 if one or more Fellinus chrysoloirn conks or cankers if no frost cracks present.

present;
0 if no conks or cankers present.

Forest Cover
Type

No. of
Trees

Regression Coefficients for Independent Variables2
Intercept

2
RX4 X5

Mixed conifer 68 0.110 -0.858 45.040 16.885 10.803 7.084 0.772 10. 165 0.555

White fir--Douglas-fir 196 0.087 -0. 870 48. 909 20.806 22. 683 7.469 6.592 7.829 0. 641

Shastared fir--white fir 199 0.113 -0.479 45.258 18.771 24.207 5.000 5.959 -3.220 0.660

Common 463 0.107 -0.731 46.435 19.810 20.898 6.776 5.747 3.104 0.629



Table 43. Coefficients of regression equations estimating cubio-foot defect percents in individual white firs by individual and combined1 forest

cover types.

1Weighted average of three.

tree age in years. X6 1 if one or more trunk injuries longer than one foot present;
0 if no trunk injuries present.

X tree d.b.h. in inches.

X 1 if one or more Echinodontium tinctorium conks present;
X7 = 1 if dead or broken top present;

0 if no dead or broken top present.
0 if no conks present.

X = 1 if one or more ellinus chrsoloma conks or cankers present;
X = 1 if one or more forks present;

0 if no conks or cankers present.

8
0 if no forks present.

X = I if one of more basal injuries present;
0 if no basal injuries present.

X9 = 1 if one or more crooks present;
0 if no crooks present.

Forest Cover
Type

No. of
Trees

Regression Coefficients for Independent Variables2
X4 X5 X6 X7 X8 X9 InterceptX1 X2 X3

Mixed conifer 72 0.051 -0.211 20.139 8.577 4.832 3.251 3.084 -0.367 1.080 -1.457 0.597

White fir- -
Douglas fir 216 0.029 -0. 467 27. 942 10. 273 11.645 7. 140 2. 170 1.441 0. 195 6.048 0. 624

Shasta red fir- -
White fir 213 0.057 -0.180 24.885 11.474 9.422 -1.146 2.454 1.520 4.009 -4.825 0.673

Common 501 0.043 -0.311 25.518 9.876 9.175 4.221 2.108 1.238 2.390 0.837 0.617



Table 44. Analysis of covariance for test between Scribner board-
foot defect estimating equations for white firs from three
forest cover types.

Errors of Estimate
Degrees

1lndex of variation around the regression surface.
25% probability level. Two asterisks denotes significance at the 1%
level and one asterisk at the 5% level.

Table 45. Analysis of covariance table for test between International
board-foot defect estimating equations for white firs from
three forest cover types.

Errors of Estimate
Degrees

'Index of variation around the regression surface.
25% level of significance. Two asterisks denotes significance at the

1% level and one asterisk at the 5% level.

Source
of

Freedom
Mean
Square1 F-Test Significance2

Mixed conifer 60 378 10.67
White fir--Douglas-fir 188 323 48.04
Shasta red fir--white fir 191 314 53.02 .3-

Within 439 326
Regression coefficient 14 272 0.83 n. S.
Common 453 324
Adjusted means 2 279 0.86 n.s.
Total 455 324

Source
of

Freedom
Mean

Square' F-Test 2Significance

Mixed conifer 60 424 11.05
White fir--Douglas-fir 188 335 50.09 v- -r

Shasta red fir--white fir 191 311 59.93
Within 439 337
Regression coefficient 14 299 0.89 n. S.
Common 453 335
Adjusted means 2 194 0. 58 n. S.
Total 455 335



'Index of variation around the regression surface.
2% probability level. Two asterisks denotes significance at the 1%
level and one asterisk at the 5% level.

141

Table 46. Analysis of covariance table for test between cubic-foot
defect estimating equations for white firs from three forest
cover types.

Significance2

n. S.

Source

Errors of Estimate

F-Test

Degrees
of Mean

Freedom Square1

Mixed conifer 62 70 10. 19

White fir--Douglas-fir 206 95 38.00

Shasta red fir--white fir 203 76 46.47

Within 471 84

Regression coefficient 18 154 1.84

Common 489 86

Adjusted means 2 115 1.34

Total 491 86



1The equations would have failed the test if the estimated
chi-squares had exceeded tabular(05) chi-square for 146
d.f. for cubic volume and 106 d.f. for board feet.

The intent of defect prediction schemes is to accurately

determine net volume of a sample of trees by estimating sound volume

of individual trees. To see if the equations satisfied this criterion

estimated cubic - and board-foot defect volumes were computed for the

1966 sample trees by applying the estimated defect percents to tree

volumes. Estimated defect volumes for trees were totalled, converted
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Estimated defect percents were calculated for those 146 trees by

the equations developed here.

The test procedure (Freese, 1960), involving chi-square tests

the accuracy of an estimating system against an accepted standard.

An index of accuracy of 15 percent was chosen for the cubic foot test

and 25 percent for the board foot. A probability level of 5% was used.

This test of differences between actual and estimated defect percents

was met for each volume measurement (Table 47).

Table 47. Chi-square tests of accuracy for the defect
estimating equations when applied to 146
sample trees. 1

Volume Chi-Square
Measurement Estimated Tabular

(05

Cubic-feet 81. 941 165. 557
Scribner bd.ft. 118. 092 130. 748
International bd.ft. 109.12 130. 748



to percents of total r:- able volumes of the sample trees and

compared to the def'- nies measured in the field on felled trees

The equations over's. cubic- and board-foot defect volumes at

Swamp Cr. and unde -ated those at Green Cr. (Table 48).

Estimated defect was ;n one percent of the actual defect for the

entire sample. Estir defect in cubic- or board-foot volume did

not vary from actual efet by more than four percent in either

locality. Accepted a:dds of precision for determining net vol-

umes of cruise trees :o 10 percent (Bruce and Cowlin, 1968).

Thus, the estimating eations acceptably predicted defect volume in

this relatively small sarn?le suggesting that the defect estimating

equations can be used -n;rever white firs occur in the Rogue River

National Forest and rxay even be reliable in localized areas.

Related Studies

Data from 501 stur- trees were used to test for defect variation

among ranger districts and between the Cascade and Siskiyou divisions

of the forest. The tt procedure involved calculation of defect

estimating equations for the various comparisons using the nlbestu

independent variables previously determined (Table 40), and testing

these by covariance analysis for detectable differences.

Test of Estimating Equations by Ran&er Districts. Defect

estimating equations (cubic, Scribner and International) for trees
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1 2
Table 48. Actual and estimated defect in white firs from two localities in Rogue River National Forest.

'Measured in 1966 field study.

2Estimated by applying estimating equations developed in the 1969 study.

3One-foot stump to a four-inch top d. 1. b.

4One-foot stump height to a variable (Girard) top d. i. b. (40% of d. b. h.

Plots Trees

3
Cu. ft. Volume

4
Scribner Bd. ft. Volume

4International Bd. ft.Volume

Gross Act. Est. Gross Act. Est. Gross Act. Est.

Locality No. No. Merch. Decay Decay Merch. Decay Decay Merch. Decay Decay

9'o % %

SwampCr. 4 78 6173.3 13.1 15.0 34,443 33.3 37.0 37,269 31.7 35.5

GreenCr. 3 68 8295.7 3.4 2.8 47,948 9.9 8.4 52,268 8.9 7.4

Total 7 146 14,469.0 7.5 8.0 82,391 19.7 20.4 89,537 18.3 19.1



from the five ranger districts of the Rogue River Forest appear in

Tables 54-56 in the Appendix. The variables in the equations explain

59 to 72% of the total variation (R2) in defect in the study trees
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(Appendix, Tables 54-56). Covariance analysis of the equations for

each ranger district indicated that there were no significant differ-

ences in the slopes of the regression surfaces or elevations (means)

for any of thethree volume measures (Appendix, Tables 57-59).

This test indicated that had ranger districts been used as strata

instead of forest cover types, it would not have been necessary to

develop individual estimating equations for each district. As was the

case for the forest cover types the Ucommonht equation (weighted

average of the five ranger district equations) could be used to estimate

defect in white firs anywhere on the Rogue River National Forest.

Test of Equations by Cascade and Siskiyou Divisions. The

Rogue River National Forest is located partly in the Cascade Mountains

and partly in the nearby Siskiyous Defect estimating equations were

developed for white firs from these two locations (Appendix, Tables

60-62) and tested by covariance analysis (Appendix, Tables 63-65) for

aifferences. None were found for any of the three volume measures.

Since soils and vegetation are quite different between the two divi-

sions, one could have expected defect differences. Since none were

detected, here or among ranger districts, indications are that the

decision to develop "common" defect estimating equations for use on



white firs wherever they occur on this forest was justified.

Defect Estimation in Individual White Firs

Indicator defect factors for individual trees are presented here

as percentages of gross merchantable volume, and as average length

deductions below and above indicators, with flat percentage factors

for hidden defect. While both types of defect factors may be fairly

accurate with small samples, or even single trees, more accurate

results will be obtained when the factors are applied to larger numbers

of trees. The two methods cannot be used together in a given timber

cruise. One or the other must be used.

Definition and Description of Defect and Indicators. Defect--

Cubic volume defect includes decay only; while decays shake, check

and frost cracks are included in board-foot deductions. Crook,

sweep, breakage in felling, and missing parts of trees, such as

broken tops are not deducted in either volume measurement..

Defect Percentages--Include the appropriate defect within the

tree from a one foot stump height to a four-inch top d. i.b. for cubic

volume and to the point where stem diameter inside bark equals 40% of

tree d.b.h., for Scribner and International board-foot volumes. No

arbitrary log cull rules were used in cubic defect volume deductions.

In terms of board feet, a log was considered totally defective if it was

less than one-third sound.
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Defect Indicators--There are two general types of defect

indicators: 1) signs of decay fungi such as, conks or punky knots and

2) wounds or scars indicating possible infection courts for decay

fungi. These include basal and trunk injuries frost cracks, crooks,

forks, mistletoe cankers, dead and broken tops and dead vertical

branches.

Conks--The only fungi found consistently producing sporophores

on white firs in this study were E. tinctorium and P. chrysoloma.

Echinodontium tinctorium conks (Figure 5) were the most important

defect indicators on white firs because considerable amounts of defect

are usually associated with them (Figure 6). They are generally seen

protruding at the base of branch stubs (Figure 5) but they may be

attached to live branches as well, and may be overlooked when

occurring in the living crown.

On thin barked host species P. chrysoloma invades the sapwood

from the heartwood and often locally kills the cambiurn, thereby caus -

ing cankered areas (Figure 7). This behavior is particularly common

in true firs. Sporophores are profusely scattered over the canker

surface (Figure 8). Occasionally cankers are caused without conks

being present (Figure 9). Deductions for defect for these cankers are

the same as for those cankers with sporophores.

Other fungi such as Pholiota adiposa and H. abietis may

produce sporophores on or near injuries at certain times of the year.



































1Derived .by the "commo& equation in Table 41.

Table 49. Defect in percent of gross merchantable Scribner board-foot volume
and d.b.h. Add these Constants for each type of indicator Fesent:
trunk injuries 7%; and frost cracks 6%.

from a one-foot stump height
Echinodontium tinctorium

to a
conks 49%;

variable (Girard) top d. 1. b.
Fiel1inus chrysoloma conks

for white fir trees by age
21%; basal injuries 22%;

DBH Tree Age (years)
(inches) 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 330 400

11 3 5 7 9 11 13 15 17 19 22 24 26 28 30 32 36 36 3812 2 4 6 8 10 12 15 17 19 21 23 25 27 29 31 33 35 3813 1 3 S 7 10 12 14 16 18 20 22 26 26 28 31 33 35 3714 0 3 5 7 9 11 13 15 17 19 21 23 26 28 30 32 34 3615 0 2 4 6 8 10 12 14 16 19 21 23 25 27 29 31 33 3516 0 1 3 5 7 9 11 14 16 18 20 22 24 26 28 30 32 3417 0 0 2 4 7 9 11 13 15 17 19 21 23 25 27 30 32 3416 0 0 2 4 6 8 10 12 14 16 18 20 23 25 27 29 31 3319 0 0 1 3 5 7 9 11 13 15 18 20 22 24 26 28. 30 3220 0 0 0 2 4 6 8 11 13 15 17 19 21 23 25 27 29 3121 0 0 0 1 3 6 8 10 12 14 16 18 20 22 24 26 29 3122 0 0 0 1 3 5 7 9 11 13 15 17 19 22 24 26 28 3023 0 0 0 0 2 4 6 8 10 12 14 17 19 21 23 25 27 2924 0 0 0 0 1 3 5 7 10 12 14 16 18 20 22 24 26 2825 0 0 0 0 0 3 5 7 9 11 13 15 17 19 21 23 26 2826 0 0 0 0 0 2 4 6 8 10 12 14 16 18 21 23 25 2727 0 0 0 0 0 1 3 5 7 9 11 14 16 18 20 22 24 2628 0 0 0 0 0 0 2 4 6 9 ii. 13 15 17 19 21 23 2529 0 0 0 0 0 0 2 4 6 8 10 12 14 16 18 20 22 2530 0 0 0 0 0 0 1 3 5 7 9 11 13 15 18 20 22 2431 0 0 0 0 0 0 0 2 6 6 8 10 13 15 17 19 21 2332 0 0 0 0 0 0 0 1 3 6 8 10 12 14 16 18 20 2233 0 0 .0 0 0 0 0 1 3 5 7 9 11 13 15 17 19 2134 0 0 0 0 0 0 0 0 2 4 6 8 10 12 14 17 19 2135 0 0 . 0 0 0 0 0 0 1 3 5 7 10 12 14 16 '18 2036 0 0 0 0 0 0 C) 0 0 2 5 7 9 13. ).3 3.5 3.7 1937 0 0 0 0 0 0 1) 0 0 2 4 6 8 3.0 12 14 16 18
38 0 0 0 0 0 0 0 0 0 1 3 5 7 9 11 13 16 18
39 0 0 0 0 0 0 0 0 0 0 2 4 6 9 11 13 15 1740 0 0 0 0 0 0 0 0 0 0 1 4 6 8 10 12 14 16



Derived by the 'common' equation in Table 42.

Table 50. Defect in percent of gross merchantable International board-foot volume
age and d.b.h. Add these constants for each type of indicator present:
21%; trunk injuries 7%; and frost cracks 6%.

from a one-foot stump height
Echinodontium tinctorium conks

to a variable
46%;

(Girard) top d. i. b. for
Phellinus chrysoloma conks

white fir trees by
20%; basal injuries

DBH Tree Age (years)
(inches) 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

iT 1 4 6 8 10 12 14 16 19 21 23 25 27 29 31 34 36 3812
13

1 3 5 7 9 11 14 16 18 20 22 24 26 29 31 33 35 37
14

0
.0

2 6 6 9 11 13 15 17 19 21 24 26 28 30 32 34 36

15 0
1 4 6 8 10 12 16 16 19 21 23 25 27 29. 31 34 36

16 0
1 3 5 7 9 11 14 16 18 20 22 24 26 29 31 33 35

17
0 2 4 6 9 11 13 15 17 19 21 24 26 28 30 32 34

18
0
0

0 1 4 6 8 10 12 14 16 19 21 23 25 27 29 31 34
19 0

0 1 3 5 7 9 11 14 16 18 20 22 24 26 28 31 33
20

0 0 2 4 6 8 11 13 15 17 19 21 23 26 28 30 32
21

0 0 0 1 3 6 8 10 12 14 16 18 21 23 25 27 29 31
22

0 0 0 1 3 5 7 9 11 13 16 18 20 22 24 26 28 31
23

0 0 0 0 2 4 6 8 11 13 15 17 19 21 23 26 28 30
24

0
0

0 0 0 1 3 6 8 10 12 14 16 18 21 23 25 27 29

25 0
0 0 0 1 3 5 7 9 11 13 16 18 20 22 24 26 28

26
0 0 0 0 2 4 6 8 11 13 15 17 19 21 23 26 28

27
0
0

0 0 0 0 1 3 6 8 10 12 14 16 18 21 23 25 27

28
0 0 0 0 0 3 5 7 9 11 13 15 18 20 22 24 26

29
0 0 0 0 0 0 2 4 6 8 10 13 15 17 19 21 23 25

30
0 0 0 0 0 0 1 3 5 8 10 12 14 16 18 20 23 25

31
0 0 0 0 0 0 0 3 5 7 9 11 13 15 18 20 22 240 0 0 0 0 0 0 2 4 6 8 10 13 15 17 19 2]. 2332

33
0 0 0 0 0 0 0 1 3 5 8 10 12 16 16 18 20 23

34
0 0 0 0 0 0 0 0 3 5 7 9 11 13 15 18 20 22

35
0 0 0 0 0 0 0 0 2 4 6 8 10 13 15 17 19 21

36
0 0 0 0 0 1) 0 0 1 3 5 7 10 12 14 16 18 20

37
0
0

0 0 0 0 0 0 0 0 2 5 7 9 11 13 15 17 20
38

0 0 0 0 0 0 0 0 2 4 6 8 10 12 15 17 19
39

0 0 0 0 0 0 0 0 0 1 3 5 7 10 12 14 16 18
40

0 0 0 0 0 0 0 0 0 0 2 5 7 9 13. 33 15 170 0 0 0 0 0 0 0 0 0 2 4 6 8 10 12 15 17
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Table SI. Defect in percent of gross merchantable cubic-foot vokenefrorn
these constants for each type of defect indicator present:
trunk injuries 4%; crooks 2%; forks 1%; and dead or broken

a one-foot stump height
Echinodontium tinctorium conks 26%;

to a 4-inch top d. i. b. for white
Phellinus chrysoloma conks

fir trees by age and d. b. h. Add
or cankers 10%; basal injuries 9%;

tops 2%.

DBH

(inches)
Tree Age (years)

60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400
5 2 3 4 4 5

5
6
6

7

7
8 9 10 10 11 12 13 14 15 16 16

7 1 2 6 6
8
7

8
8

9 10 13. 12 13 14 14 15 16
8 1 2 3 5 6 7 8

9 10 11 12 12 13 14 15 16
9 1 1 2 5 6 7 8

9 10 10 11 12 13 14 15 16
10 0 1 2 5 6 7

8 9 10 11 12 13 14 14 15
11 0 1 2 5 6 7

8 9 10 11 11 12 13 14 15
12 0 1 1 2 6 7

8 9 9 10 11 12 13 14 15
13 0 0 1 2 5 6

7 8 9 10 11 12 13 13 14
14 0 0 1 2 6

7 8 9 10 11 11 12 13 14
15 0 0 0 1 2 5 6

7 8 9 9 10 11 12 13 14
16 0 0 0 1 2 5

6 7 8 9 10 11 12 13 13
17 0 0 0 1 2 2

6 7 8 9 10 10 11 12 13
18 0 0 0 0 1 2

5 6 7 8 8 9 10 11 12 13
19 0 0 0 0 1 2

6 6 7 8 9 10 11 12 12
20 0 0 0 0 1 2 2

5 6 7 8 9 10 10 11 12
21 0 0 0 0 0 1 2 3 4

5 6 7 6 8 9 10 11 12
22 0 0 0 0 0

5 5 6 7 8 9 10 11 12
23 0 0 0 0 0 1 1 2

5 6 7 8 9 9 10 11
24 0 0 0 0 0 0 1 2

5 6 7 7 8 9 10 11
25 0 0 0 0 0 0 1 2

5 5 6 7 8 9 10 11

1
Derived by the "common" equation in Table 43.
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Constants are included to add for each type of defect indicator present
(Tables 49-51). Equations without tree age as a variable are included

in the Appendix for use when ages are not available (Appendix, Table
66). Solving the equations for some combinations of d.b.h., age, and
indicators for a tree can result in defect percentages less than zero or
greater than 100 percent. If the equations are used in a computer

program, in these cases, the program should set the percentages at

zero or 100 percent.

Application of Defect Percentage Factors - -Accurate application

of defect percentages in Tables 49-5 1 requires familiarity with the

definitions of cubic- and board-foot defect as well as which indicators

are reliably associated with each type of volume measurement.

Sample trees must be carefully examined, the presence of meaningful

indicators noted, and d.b.h. and age measured. When age is not

known the appropriate equation in the Appendix can be used to calcu-

late defect percent (Appendix, Table 66).

A l6-inch, 140 year old white fir without indicators would have

defect deductions of seven percent of its gross merchantable Scribner
(Table 49) and six percent of its International (Table 50) board-foot

volumes and two percent of its cubic volume (Table 51). If the tree
has in addition an E. tinctorium conk the following constants for this
indicator must respectively be added to the tabulated defect percents
to obtain the proper deduction: 26 percent for cubic volume, 49
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percent for Scribner and 46 percent for International board-foot

volume. Thus, the total defect percents for the above tree would be

28, 56 and 52 percent for cubic volume and Scribner and International

board-foot volumes, respectively. If other defect indicators were

present it would be necessary to add additional appropriate constants

to obtain the full deduction for the tree.

Indicator Len th Deductions and Flat Percentage Factors for

Hidden Defect. It is customary in certain types of timber cruises to

determine net tree volumes by deducting portions of trees below and

above visible indications of defect. Therefore, average length deduc-

tions are presented for the more reliable indicators occurring on

white fir (Table 52). Length deductions include all defect above and

below the limits of indicator distribution. In many instances, decay

columns ran into the roots, into another decay column in the bole or

into a missing top. Because of such interference, some decay col-

umns were unusable in determining average defect deductions (note

difference between total number of indicators and the basis number for

determining average deductions in Table 52).

The range of defect length deductions for a given indicator type

shows considerable variation. For instance, length deductions below

and above E. tinctorjum conks varied from 0 to 60 feet below the

lowest conks and 0 to 80 feet above the highest (Table 52). Moreover

except for E. tinctorjum conks, there are many of each indicator type



Table 52. Length deductions for the more reliable indicators of defect on white firs in the Rogue River National Forest.

2

1Does not include indicators with decay columns that ran into decay columns associated with other indicators nor those that ran into the ground
or a missing top.

2Number of indicators that either had no associated defect or such a small amount that no deduction was necessary. Many basal and bunk
injuries for instance, had considerable volumes of defect within the limits of the injuries, but little or none below or above.

Data for Deduction Below Bottom of Indicator Data for Deduction Above Top of Indicator
Indicators Indicators

Ave. Used to Indicators Ave. Used to Indicators
Indicator Trees with Length Compute without Length Compute without

Type Indicators Deduction Average Range Deductions2 Deduction Average1 Range Deductions
(No.) (ft. ) (No. ) (ft. ) (No. ) (ft.) (No. ) (ft. ) (No.

Echinodontium
11 91 0-60 1 20 111 0-80 1tinctoriumconks 119

Phellinus chrysoloma
4 27 0-14 9 6 46 0-28 14conks or cankers 55

Basal injuries greater
than 10 years old 105 9 94 0-48 42

Trunk injuries more
than 10 years old and
one foot long 53 1 46 0-9 36 2 50 0-17 40

Crooks 82 2 74 0-19 57 1 74 0-11 67

Forks 60 1 57 0-12 41 2 54 0-2.5 49

Top injuries greater
than 10 years old 85 3 83 0-18 35 - * --
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for which no deductions are needed (Table 52). Therefore, the

average deduction for a given indicator class should be applied to each

individual of that class encountered.

lication of Lenth Deductions and Flat Per centae FactorsS.

for Hidden Defect- -Length deductions in Table 52 are only for the

more reliable indicators of defect in white firs. Again, as with the

defect percentages, length deductions presented are averages, so

they cannot be expected to be accurate for individual trees or even

small groups of trees. The number of trees needed for best defect

volume estimates has not been determined; it will vary from area to

area because the percentage of trees with certain types of indicators,

will also vary.

Applicat ion of the length deductions is relatively easy. If a

tree has a series of E. tinctorium conks and a broken top, deduct that

portion of the tree between the conks, 11 feet below the lowest conk,

20 feet above the highest and three feet below the broken top (Table

52). In cases where there are two or more different indicators in one

segment of the tree, use the indicator with the longest length deduc

tion. For instance if there is a crook within a series of E. tinctorium

conks, ignore the crook and base the deduction on the sporophores.

Total net cubic-foot and Scribner and International board -foot

volumes must be reduced by 0.4, 5. 2 and 4. 2 percent, respectively,

to account for hidden defect (Table 53).



Hidden Defect Percentages

1Hidden defect percentages in this table should be used only with
indicator length deductions in Table 52.

171

Table 53. Cubic-and board-foot hidden defect percentages by d.b.h.
classes for white fir on the Rogue River National Forest. 1

D.b.h.
Class Basis

(No.)

Average
D.b.h.
(inches)

Average
Age

(years)

Cubic
Feet

Board Feet
Interna-

Scribner tional
(percent)- - - -

5.0-10.9 38 8.5 141 0.2
11.0-14.9 38 13.2 158 0.5 2.9 2.6
15.0-18.9 94 17.1 164 0.4 4.1 3.5
19. 0-22. 9 86 20.9 179 0.9 5.9 4.9
23.0-26.9 77 24.7 185 0.3 4.4 3.6
27.0-30.9 87 29.0 196 0.1 44 3.8
31.0-34.9 44 32.7 225 0.2 3.6 2.8
35. 0-38.9 19 37.0 223 1.2 12.3 9.5
39.0+ 18 41.7 269 0.8 5.6 4.7

Total or
average 501 23.0 185 0.4 5.2 4.2
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In summary, net volumes of sample trees are calculated by

using the indicator length deduction factors; net tree volumes are
totalled. The appropriate flat percentage factor for hidden defect is

applied to the total net sample volume. This gives the net sound

volume of the sample, excepting deductions for sweep, breakage in

logging and missing parts of trees such as broken tops.

Conclusions

Two methods for making defect estimations in standing white

firs are presented. Either system may be used separately to deter-

mine net volumes of sample trees from timber cruises. However,

each method may be advantageously used in given situations. For

instance, the indicator length deduction factors may be used effec..

tively by experienced cruisers in timber sale surveys which are

usually very local in nature.

The indicator defect percentage factors may be most effectively

used to develop inventory data for relatively large areas, for south-

western Oregon or working circles in the Rogue River National

Forest, for instance. Results from tests of the estimating equations

md icate that they may also accurately predict defect volumes of

small, numbers of trees from local areas, although their effectiveness

would probably increase with larger numbers of trees. Since it is

only necessary to indicate the presence of various indicators they are
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less subjective than the indicator length deducation factors where the

cruiser must estimate which portions of trees are defective. Thus,

the indicator defect percentage method could be more accurately

applied by inexperienced personnel which are often used to cruise

timber (Bruceand Cowlin, 1968).

The estimating equations also lend themselves well to use in

computer programs now employed by many forest management

agencies to develop inventory data,.



VIII. SUMMARy

In the 1969 study it was determined that the most important

infection courts for decay fungi in white firs in the Rogue River
National Forest were branches and basal injuries. Eleven hymeno-

mycete fungi isolated from decay columns were identified to species.
Of these, only four were of major significance in terms of number of
infections and associated decay volumes. True heartrot fungi,

E. tinctoriurn and P. chrysoloma apparently infected trees mainly
through branches, the most important infection courts in study trees.
Although infection courts for these fungi appeared to be dead branches

and stubs it is most likely that they infect trees through living

branches as described by Etheridge (1972). Pholiota adiposa and H.
abietis were commonly isolated from decay columns associated with
injuries, especially basal wounds. Two or more hymenomycete

fungi were isolated from a high proportion of decay columns associ-

ated with every type of infection court. The most common identified

fungus associated with decay columns caused primarily by other

hymenorriycete fungi was I-I. abietis. Cubic and Scribner volumes of
decay columns from which two or more hymenomycete fungi were

isolated were more than twice as large as columns caused by individual

hyrnenornycetes. Hymenon-iycetous fungi causing a high proportion of
the 513 decay columns in study trees were not identified. In fact,

174
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hymenomycetous fungi were not isolated from many of these decay

columns. Volumes of rot columns caused by unidentified fungi were

quite small in comparison to those caused by identified hymeno-

mycetes, possibly because the infection courts had healed, creating

unfavorable anaerobic conditions for growth of hymenomycetes or

they were not able to survive competition of bacterial and non-

hymenomycete associates.

Bacteria, yeasts and other non-hymenomycetous fungi were

consistently isolated from incipient and advanced stages of decay

caused by hymenomycetous fungi in the 1969 study trees. It was not

possible to determine whether a succession of microorganisms was

involved in the decay process since isolations were not made from the

earliest stage. Phialophora fastigiata and other Phialophora sp.

Cladospor iuxn herbarum, Glio clad ium ro seum, and Rhinocladiella

atrovirens were isolated from incipient and advanced decay. Hudson

(1972) found a definite sequence of these and other non -hymenomycetes

associated with injuries in grand fir

The bacteria were placed into three groups. Most were in the

family Enterobacteriaceae and genus Pseudomonas. Only a few were

Bacillus sp. This is quite different than what was found in decays in

several hardwood species. Most bacteria from hardwoods were

Pseudornonas and Bacillus sp. and only a small number were enterics

(Cosenza et al. , 1970).
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Isolations were made from the early, incipient, and advanced

stages of decays associated with E. tinctorium and P. chrysoloma

sporophores and basal wounds in the 1971 study. Bacteria, non-

hymenomycetous and hymenomycetous fungi were consistently associ-

ated with decay columns. Bacteria were isolated from all decay

stages but were most abundant in the early stage, while hymeno-

mycetous and non-hymenomycetous fungi were siolated mainly from

the incipient and advanced decay stages and infrequently from early

decay. This suggests a succession of microorganisms in the process

of heartwood decay similar to that proposed by Maloy and Robinson

(1968) Bacteria, and in some cases, hymenomycetes are the initial

colonizers of heartwood. They are followed, possibly concurrently,

by non-hymenornycetous and hymenomycetous fungi. Since wounds

do not usually heal for many years all types of microorganisms,

including hymenomycetous fungi, continue to invade resulting in exten-

sive decay columns. Most decay columns in the 27 study trees were

caused by two or more hymenomycetes and decay volumes of these

columns were significantly larger than those of singly hymenomycete

rot columns.

As in the 1969 study, H. abietis was the most common

identified fungus associated with decay columns caused primarily by

other hymenomycetes. This fungus is apparently quite important
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in decay of white fir heartwood, but little is known regarding its mode

of entry.

There was some indication that month of the year influenced

isolation of hymenomycetous and non-hymenomycetous fungi. Higher

numbers of these fungi were isolated in September than, in August or

July (fewest). It is possible to store decay samples under refrigera-

tion in plastic bags for up to a week after cutting them from trees
without affecting culture results.

Sixty-eight of 130 fermentative, gram-negative bacterial

isolates from heartrot in white firs studied in 1969 and 1971 were

found to be capable of fixing atmospheric nitrogen by the acetylene-

reduct ion technique. Five isolates were also tested quantitatively by

use of 15N2. The N2 -fixing bacteria were isolated from all decay

stages caused by the most common heartrot fungi attacking white fir

heartwood. Nitrogen-fixing bacterial populations exceeded 1

colonies per ml of expressed sap from early decay stages caused by

P. chrysolon-ia and H. abietis. These population data, however, are
from a limited sample of trees and decay types. The bacteria were

characterized and identified as Enterobacter agglomerans, E.

aerogenes, E. cloacae, Klebsiella pneumoniae, and atypical

Enterobacter sp. This is the first report of N2-fixation by E.

agglomerans and the first report of isolation of K. penumoniae from

within living trees. Many isolates were physiologically specialized
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and did not respond to conventional biochemical tests. Thus spec:ies

identification of these isolates will have to be based on other methods,

including nucleic acid analysis. Nitrogen-fixing bacteria may play an

important role in decay of nitrogen deficient heartwoocl in living trees.

Two methods for estimating the extent of defect in standing

white fir trees in southwestern Oregon were developed:

Defect percentages of gross merchantable Scribner and

International board-foot and cubic-foot volumes are tabu-

lated by d.b.h. and age. Then constant defect percentages

must be added for various indicators. Multiple regression

equations, used to derive the indicator defect percentage

tables, are also given. Equations excluding age as a vari-

able are included for use when age is unknown.

Average length deductions below and above various indica-

tors are given along with flat percentage factors for hidden

defect.

The first method was considered to be the most accurate and

least subjective. It was determined statistically that a common

equation for each cubic-and board-foot volume measure could be used

to estimate defect in white firs throughout the Rogue River National

Forest. The estimating equations were tested for accuracy on an

independent sample of trees and were found to predict defect volumes

within accepted standards. It was suggested that the first method,
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defect estimating equations could be most useful in large scale

inventory cruises since it was less subjective and the equations can

be used in computer programs compiling inventory data. The second

method, average length deductions, may be effectively used by experi-

enced cruisers in timber sale areas.
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Table 54. Coefficients of regression equations for estimating cubic-foot defect percents in individual white firs from five ranger districts.

1
= tree age in years.

X2 tree d. b. h. in inches.

X3 1 if one or more Echinodontium tinctorium conks present;
0 if no conks present.

X4 1 if one or more Phellinus chrysoloma conks or cankers present;
0 if no conks or cankers present.

X5 1 if one or more basal injuries present;
0 ii no basal injuries present.

= 1 if one or more trunk injuries longer than one foot present;
0 if no trunk injuries present.

= 1 if dead or broken top present;
0 if no dead Or broken top present.

X8 1 if one or more forks present;
0 if no forks present.

X9 = 1 if one or more crooks present;
0 if no crooks present.

Ranger
Districts

No. of
Trees

1
Regression Coefficients for Independent Variables Y-

Intercept R2X3 x4 x5 x6 x7 X8 X9

Union Creek 126 0.035 -0. 319 24. 189 10. 756 7.454 4.864 4.053 3.095 0.711 0.784 0.685

Prospect 45 0.010 -0.424 27.898 14.350 2.906 -1. 355 4.520 9. 359 18. 920 8.330 0.685

Butte Fails 144 0.664 -0.229 25.608 8.011 8.870 4. 883 2.590 1. 169 2.253 -4.266 0.665

Ashland 120 0.704 -0.560 24.985 12. 700 10.402 4. 287 -3. 346 -1. 400 3.849 2.404 0.603

A pple gate 66 0.007 -0. 139 23. 186 4. 908 14.925 5. 932 6. 163 -0.546 2.865 3.629 0.612



Table 51. Coefficients of regression equations for estimating Scribner board-foot defect percents for individual white firs from five
ranger districts.

lxi = tree age in years.

X2 tree db.h. in inches.

X3 = 1 if one or more Echindontium tinctorium conks present;
0 if no conks present.

X4 = 1 if one or more Phellinus chrysoloma conks or cankers
present;

0 if no conks or cankers present.

0 if no basal injuries present.
X5 = 1 if one or more basal injuries present;

x6 = 1 if one or more trunk injuries present;
0 if no trunk injuries present.

X7 1 if one or more frost cracks present;
0 if no frost cracks present.

Ranger
Districts

No. of
Trees

Regression Coefficients for Independent Variables1 Y-
Intercept

2
Rx

1
x

2
x

3
x

4
x

5
x

6

Union Creek 114 0.119 -0. 770 44. 123 27. 027 19. 546 6. 279 8.855 -0. 622 0. 645

Prospect 43 -0. 022 -0. 283 51. 247 29. 386 15. 334 -10. 321 10. 677 17.115 0. 688

Butte Falls 136 0. 141 -0. 767 49. 783 19. 478 1,8. 419 13. 589 10.860 -1. 904 0. 722

Ashland 113 0. 154 -1. 347 52. 824 27. 401 27. 843 8.672 -1.843 10. 070 0.625

Applegate 57 0.020 -0. 218 49. 997 6.844 34. 440 5.047 3. 152 9.688 0.681
























