FUNGOUS DISEASES OF FOREST TREES.
By HERMANN YON SCHRENK,
Instructor in the Shaiv ScJiool of Botany, and Special Agent in the Division of Vegetable
Physiology and Pathology, Department of Agriculture.
INTRODUCTION.

In the Yearbook of the Department for 1896 the agencies which
bring about disease and death of trees were described as (1) those in
which conditions of soil and climate are the controlling factors, and
(2) those where parasitic enemies, such as insects and fungi, are the
principal agents involved. In the following pages some of the more
important fungous diseases will be considered, with special reference
to such as injure the wood of forest trees so as to make it unfit for
lumber.
In any consideration of the life and growth of trees one must not
forget that every tree, after it has reached a certain age, which varies
with different trees, is composed of two distinct parts, the living part
and what ma^^ for the sake of convenience be called the dead part.
The former consists of the leaves, the younger branches, and the
smaller roots, and of a thin layer, including the most recently formed
wood and the inner bark, while the latter includes the old wood of the
trunk, larger roots and branches, inclosed by the newer wood, and
the bark. The living parts are renewed at short intervals, while the
old wood, known as heartwood, becomes permeated with certain preservative and coloring materials, and serves mainly as a support for
the growing parts of the tree. Fungi which cause disease may so
affect the living parts that they cease to perform their functions, or
they may destroy the dead parts so that they can no longer support
the living wood and the leaves.
Fungi are a class of low plants, possessing no coloring matter, which
consist of fine threads called hyphse, many hyphœ forming the mj^celium.
The mycelium grows in or upon dead or living matter, from which it
extracts certain food substances. After a sufficient quantity has been
absorbed, provided that conditions are favorable, fruiting bodies are
formed which develop the spores. The fruiting bodies of the larger
fungi found on trees are generally known as sporophores. Of the
fungi which attack forest trees, some flourish in the leaves and twigs,
others in the wood of the trunk and branches. The leaf fungi are
rarely present in sufficient number to kill a large tree, although they
may stunt its growth. A number of fungi are very destructive to the
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younger twigs and to very 3^oung tr^es. As an instance, may be mentioned the large gall formed by a rust fungus {PericLermium. cerebruni)
on the main stem of young pines and on young branches, which at
first stunts the tree and finally kills it. In eastern Oregon and Washington a large percentage of the 2-year-old seedlings of the Lodgepole
Pine {Pinus mxirrayana) are killed by this fungus. The well-known
cedar apples are caused by another rust fungus which lives in the
tissues of the young Red Cedar branches.
Several fungi grow in the living tissues of the roots, where they
bring about changes which ultimately result in th^ death of the tree.
The honey mushroom \Agavi(yiis melleus) is one of these. Its long
strands grow between the bark and the wood, and in a short time
after infection they kill the delicate bark and cambium cells. As a
result, the trees die, but their wood is not injured. Polyporus versicolor is another fungus which kills the roots without injuring the wood,
FUNGI WHICH DESTROY THE WOOD.

The fungi which are of particular interest to the lumberman and
forester are those which render the wood valueless. Of these, there
are a large number, some living in the wood of the roots, others in the
wood of the trunk and branches. Some are confined to the dead
heârtwood, while others can grow in both heartwood and sapwood.
The fungus threads penetrate the wood cells in all directions, and
gradually destroy them. This weakens the roots or the trunk, and
frequently results in the overthrow of the tree during some windstorm, or when the tops are laden with snow. In PL XXI, fig. 1, a
large hemlock growing in the Cascade forest of Oregon is shown.
The wood of the roots and the lower part of the trunk has been
destroyed by a fungus, and during the past summer the tree, which
Ts^as still alive, was overthrown. Such trees die rapidly, and the wood
not yet destroyed by the first fungus is attacked by others, to be
referred to later. The trunks of some trees are attacked in the tops,
and in that case the trees may remain standing for many years with
their heartwood completely decayed. The presence of such fungi is
not generally detected until the trees are cut down. Lumbermen
have, however, learned to recognize some of these trees to be diseased
by various signs, such as the presence of resin accumulations (PL XXI,
fig. 2), or of the fruiting bodies, called conchs, or punks.
HOW TREES ARE INFECTED.

Plants in general have numerous natural means for protecting themselves against the attacks of fungi, such as the cutinized, or skin-like,
surfaces of the leaf, the thick bark of the tree trunks, and the exudation
of gums and resins, which close wounds against infiuences from without.
During the early life of a tree these means are more effective than later
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on, when the vigor of the tree is reduced. Wherever a break is made
in these natural barriers, insects and fungi are sure to enter. The two
parts of the trunk, the living and dead parts, are attacked by different
kinds of fungi, and when wounded they react in ver}^ different ways.
Wounds made in the live parts are quickly covered with gum or resin,
followed by their complete healing over by a layer which develops
from the edges. In the tender parts of leaves and branches a cork
layer frequently forms below the wounded areas, which makes the
entrance of fungus spores and threads more difficult. Because of this
rapid healing, one finds but few destructive fungi entering the live
parts. The dead part, on the other hand—that is, the inner portion of
the tree comprising the heartwood—has of itself no means of excluding the spores or filaments of fungi. Its sole protection lies in the
living layer which surrounds it on all sides. When the latter is broken
so as to expose the dead inner part for only a small space, the exudation of gum or resin from the living parts may suffice to protect the
dead parts, particularly when the tree is young. In those trees which
do not make gum or resin, a peculiar brown gum-like substance forms
in the wood cells when exposed to the air, which is supposed to protect
the exposed parts against fungus attack. Moreover, one finds that the
heartwood of some trees is protected against these fungi^ probably
because of some peculiar chemical compounds which are contained in
the wood cells. The wood of the Cypress {Taxodimn disticTiutri)^ Red
Cedar {Juniperus virginiana)^ and Redwood {Sequoia semjpervirens) is
an example of this kind.
HOW WOUNDS ARE FORMED.

In the primitive forest wounds are made in the trunks of trees by
deer and other browsing animals, which eat the bark and newer wood.
Bears are fond of pulling long strips of bark from the various cedars
in order to get at the sugary sap wood.. Wounds of this kind heal
rapidly, and when they give entrance to spores, these are usually
of the parasitic kind that do but little harm. Birds, particularly
woodpeckers, make large holes in living trees, which oftentimes give
entrance to wood-destroying fungi. Boring insects make holes in the
bark and wood of standing trees which result not only in the death of
the tree, but hasten the entrance of fungus spores. The roots are
injured by burrowing animals, particularly by moles. The wounds
made by animals are insignificant, however, when compared with the
wounds caused by the breaking of large branches. As a tree grows
older the larger branches are composed of heartwood and sapwood,
and when such a branch is broken off by the wind or the snow the
heartwood is exposed. Many trees speedily cover the broken branch
stub with a callous layer, but when the break occurs far out from the
trunk this may never be accomplished, PL XXII, fig. 1, shows a
1
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section of the base of a Red Pir {Pseudotsuga taxifolia) hrv^nch. which
has been dead for some years.
The base of this branch is embedded in the heartwood, and it extends
through the sapwood to the outside. A windstorm probably broke off
the outer portion of the branch, leaving a stub several inches long,
around the base of which a healing callus is forming slowly. It will
be noted that at the present rate of growth of this callus it would
take many years to cover this branch entirely. In the meantime the
spor^ of fungi germinate on this stub; the hyphse of the fungus grow
into the dead wood of the blanch and through it into the heartwood of
the main trunk. While the tree is young the natural pruning which
takes place in a dense stand causes many branches to break off, but
these are -generally small, and, furthermore, they break off close to the
trunk because of the constant pressure of the callus at their bases.
Baring insects assist in making passageways for the fungus thr^ds
thiough layers which they could not cross. The old resin-inSltered
branch jgtobs of coniferous trees are not penetrated by fungus threads.
MMíJ borers enter the^ dead branches, however, and pass down them
into tàe trunk. They have just begun in the stub shown on PL XXII,
fig. 1. The channels which they make admit water, and in the dejecta
which they leave in these channels the spores of many of the fungi
geraiinate.
HOW TREES BECOME INFECTED.

Spores of the various wood-destroying fungi float about in the ak
an<l lodge in the cavities or irregularities of a dead branch, where they
germinate. The fungus threads grow down through the dead heartwood of the branch, and ultimately reach the main trunk of the tree
(PL XXIII, figs. 1 and 2). From the base of the branch the threads
spread up and down through the trunk and bring about the changes to
1¿ described below. This manner of entrance can readily be noted in
any forest. PL XXIII, figs. 1 and 2, shows a case of this kind. The
larger branches of the Red Fir usually divide into groups of three or
four at a short distance from the trunk. In this instance one of these
branches had been broken off by the wind, and the spores of Polypoms pinieola have germinated in the stub, decaying the w^ood. PL
XXIII, fig. 1, shows a section at a point on the main branch just ;
below the union of the group of three. At the left the decayed branÄ
is seen. PL XXIII, fig. 2, is a section of the main branch 1 foot
toward the main trunk from the last section. It will be seen that the
entire heartwood is decayed at this point.
. The fungus threads have grown down through the dead branch into
thé heartwood of the living branch, on their way to the main trunk,
which in this instance they have almost reached. The branch shown
grew at a height of 175 feet from the ground. Another tree close by
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FIG. 1.—WESTERN HEMLOCK, THE TRUNK
OF WHICH WAS WEAKENED BY A ROOT
FUNGUS.
THE TREE WAS BLOWN OVER
DURING THE PAST SUMMER.
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FIG. 2.—TRUNK OF WESTERN LARCH, SHOWING POINTS WHERE RESIN EXUDES FROM
DISEASED WOOD.
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FIG. 1.—DEAD BRANCH OF RED FIR, SHOWING ORIGIN OF BRANCH AND HOW HEALING
IS BEGINNING.
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FIG. 2.—THE FRUITING BODY OF
TRAMETES PiNi ON
SUGAR
PINE.
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FIG. 3.—THE FRUITING BODY OF A WOODDESTROYING FUNGUS GROWING ON A LIVING
FIR.

FIG. 4.—THE FRUITING BODY OF A
WOOD-DESTROYING FUNGUS GROWING
ON A LIVING FIR, SECTIONED TO SHOW
HOW THE FUNGUS HAS DESTROYED
THE WOOD AND HAS THEN GROWN
OUT THROUGH A BRANCH.
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RED FIR BRANCHES, SHOWING HOW DECAY IS PASSING DOWN A DEAD BRANCH.

2.—SAME

BRANCH I FOOT NEARER THE TRUNK, SHOWING HOW DECAY HAS
EXTENDED INTO THE LIVE BRANCH AND HOW THE RESIN IS BEING
DRIVEN INTO THE SOUND WOOD.
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was similarl}^ affected, but the decay had already gone some 20 feet up
and down in the main trunk from the point of entrance.
That this method of infection is the most usual one for diseases which
start in the tree tops, is made very evident in regions where tracts of
forests are exposed to high winds, which break off the large branches.
These tracts may be on the crests of hills or along the shores of streams
or more often lakes, where the winds have a long, free sweep. One
will find the percentage of diseased timber uniformly higher in such
localities than in the more sheltered areas close by. The paths of violent windstorms can often be traced through a forest by the infected
trees. A notable case of this kind was found on the northern slope of
Mount Kainier, where a ''streak" of punky timber, as the lumbermen
call it, runs for several miles through the Heel Fir forest.
Infection belovf the ground may take place through the large roots,
or through the trunk at the lower end of its vertical axis. Many
coniferous trees have a very shallow, flat root system. The base of
the trunk is usually its weakest part, and it is found that many boring
insects select this as the spot for entrance, notably the large ants which
destroy so many firs and spruces. The openings thus made allow the
threads of fungi like Polyporus schweinitzii to enter and grow up into
the trunk and down into the roots. The form of deca}^ caused by these
root fungi is variously known as bottom or foot rot.
AGE AT WPIICH TREES ARE INFECTED.

Young trees have few wounds, and these heal rapidly. As the tree
grows older the chances for infection become greater every 3^ear, and
after a certain age has been reached one may say that almost all trees
are diseased at some point, a fact well known to lumbermen. It will
be of importance to determine what this age is for the different kinds
of timber, for it is often possible to take this into account in the harvesting of a timber crop. When trees have reached this age they may
be considered ripe, and the yearly growth and consequent increase in
value will be overbalanced by the almost certain chances of destruction
by one or another of the wood-destroying fungi.
HOW THE FUNGI DESTROY THE HEARTWOOD.

The fungi are a low class of plants which require certain substances
to sustain their growth, just as the higher green plants do. While the
latter take comparatively little from the ground in the way of food,
the fungi are entirely dependent upon their host plants. By means
of certain complex chemical substances they are able to feed upon the
plant on which they are growing, utilizing the contents of living cells,
or their walls, or both. The wood-destroying fungi extract certain
elements from the walls of the wood fibers, which give rise to complex
chemical changes in these fibers, differing according to the fungus.
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Some of them extract the substances which biad the individual fibers to
one another, leaving them as separate shining white cellulose fibers (PL
XXIV, fig. 1), while others extract the cellulose and leave a brittle
brown mass resembling charcoal (PL XXIV, fig. 2). These changes
may go on throughout the wood, or may be confined to local areas.
The changes brought about by the fungi are popularl}^ spoken of as
rotting, and whatever their nature, they destroy the mechanical properties of the wood. When the decay is induced by fungi entering at
the roots, it gradually spreads up the trunk, and in course of time the
latter becomes weakened to «uch an extent that it breaks, usually at a
point some 10 feet from the ground (PL XXI, fig. 1). The tree may
be perfectly healthy and alive on the outside when it falls, but it dies
rapidly after the fall, so in one sense the fungi destroying the heartwood may be said to kill the tree.
From the standpoint of the lumberman these fungi ruin the wood
for coüimercial purposes, and the amount annually so destroyed can
only be guessed at. Wood which is in the early stages of decay may be
used as a low grade of lumber, and in some instances even rotted wood
is used for such purposes as do not require great tensile strength,
notably in the case of the pecky cypress and California Incense Cedar
{lAhoeedrusdecurrens),
While the fungus is at work within the tree a number of secondary
changes are taking place, which often serve to reveal the présence of
decay in trees. This is true particularly of the coniferous trees. One
effect pf the presence of hyphae in the wood cells is to liquefy the
resinous contents of the walls. The turpentine and resin pass on
before the invading hyphae, going up and down the trunk and outward, into the living parts. This makes a darker ring around infected
areas, which is well shown in PL XXIII, fig. 2. The turpentine is
under considerable pressure, and seeks to escape wherever it can. Old
branches not yet healed over offer outlets, and it is through these that
the turpentine and resin flow, dripping down from the stubs at numerous points on the trunk (PL XXI, fig. 2). With the evaporation of
the turpentine the resin remains as a solid mass, which increases from
year to year, and prevents the healing of the wound, and ultimately
causes the bark to diverge at an angle from the old branch, thus making a wide hole filled with resin. It is in these holes that the fruiting
organs of the fungus frequently form.
These resin knots when first seen indicate that the tree is infected,
and, if possible, it ought to be cut down, as a portion of the trunk
will then be found useful, while if left it would soon entirely decay.
RATE OF DECAY.

Very little is as yet known of the rate at which trees are destroyed
by these fungi. Information obtained from timber cruisers seems to
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indicate that the larger areas may be infected and rendered worthless
within fifteen years. This is a x3roblem which is yet to be solved, and
obviously one of great importance to the Imnberman and forester.
FRUITING ORGANS.

After the vegetative filaments of the fungus have extracted a sufficient amount of nutritive material from the wood they grow outward
to form the fruiting organ which is to produce the spores. These
organs vary in form and in their mode of occurrence. Many of them
are the well-known punks, or conchs, toadstools, or frogstools, found on
the trunks (PI. XXII, figs. 2 and 3, and PI. XXI, fig. 4); others are
more insignificant, growing as white or brown patches on the roots or
just above the ground. When growing on the trunk the hypha3 may
grow out through an old branch (PL XXII, fig. 4), or in cases wehere
the sapwood is killed they may grow out at any point on the bark.
PI. XXII, fig. 3, shows a toothed form {Echinodontiiiin tinctorum)
growing on a Noble Fir {Abies oiobUis). The mycelium has grown out
through the branch (PL XXII, fig. 4) and has formed the hard fruiting
organ on the outside. In the same plate, fig. 2, is shown a common
form growing on the pines. The spores are formed on fine filaments
in long tubes or on the spines and gills found on the lower surface of
the fruiting bod3^ When ripe they are discharged in clouds; they
float off through the air and lodge in the crevices of the bark and in
wounds. When one considers the countless thousands discharged by
one sporophore every year it is not to be wondered at that the chances
for infection are very great.
The fruiting bodies may be one or more years old. In those which
grow to be more than one year old a new layer is added on below the
old ones, and in this wa}^ a particular individual may grow to be fifteen or twenty years old. The number of fruiting bodies on a trunk
varies. The fungus causing the white rot of the oak usually forms
but one fruiting body; so also the one causing pin rot of the Incense
Cedar {Libocedrus). The majority form many on one trunk, increasing
in number from year to year.
Those fruiting bodies which grow on the ground discharge their
spores downward onto the soil, and many germinate there and grow
through the ground, spreading in that way from one tree to neighboring trees.
The decay started by the threads of the fungi stops almost immediately when the tree is cut down. In the majority of cases the fruiting bodies do not form on the trunk after the fall of the tree.
Notable examples of this are the red-hearted wood of pine, caused by
Trametes pini (PL XXIV, fig. 1), and the j^ellow-rotted wood of the
Locust {Robinia jpseudacacia) found in many of the Eastern States.
The wood is completely destroyed as far as the decay extends while

206

YEARBOOK OF THE DEPAETMEîiT OF AORiCULTURE.

iiiß trunk is standings but growth of the fungus stops when the tree
is cut, and lumber cut from partially decayed trees can be used for
many purposes without fear that the process of decay will continue.
Intimately connected with this fact is the comparative immunity of
some classes of timber to fungi after cutting. Some are almost indestructible after they are cut, as, for example, the Locust and Cypress,
but their wood is frequently decayed while the trees are alive.
SOME DESTRUCTIVE FUNGI.

A number of the more destructive fungi may now be mentioned
briefly:
TRAMETES PINI ^Brot.) Fr.—Foremost among the timber-destroying
fu^i is the large brown '^punk," or "conch," found in its typical
development on the Loiagleaf and Shortleaf pines, JPinus palustris and
Pinus echinata, (See PL XXII, fig. 2). The fruiting bodies form large
inasses which grow out from a knot hole, oftentimes as large as a,
child's head. They are cinnamon-brown on the lower surfac/C and
jnüch fissured and broken on the black, charcoal-like upper surface.
This fungus causes probably four-fifths of the destruction brought
about by the timber-destroying fungi. It occurs on most of the conifers in the United States which have any value as lumber trees, and
briîîgs about a characteristic white spotting of the wood (PL XXIV^
fig, 1), which varies with the kind of tree attacked. The wood at first
turns dark red-brown, and trees in this stage are known to the lumberman as "red-hearted" timber. The color becomes somewhat lighter
in the later stages, and white spots appear here and there in the wood.
These gradually increase in number and in size, until the entire wood
is full of small holes lined with a fine felt of white fibers. In some
trees, notably the Eastern Tamarack {Larixlarichw)^ the wood splits
into annual layers; in others it becomes very soft and spongy, as in
the various species of fir {Abies sp.). The harder woods have more
holes in the spring wood, and some of the timber—for instance, that
of the Eed Fir {Pseudot&ivga)—^is characterized by the greater distance
between the white areas. The wood never rots entirely, for there is
al ways a mass of spongy wood left. The fungus enters through the
large branches of the top in most easesl A rather striking exception is found in the Western White Pine {Pinus monticold)^ where it
always enters at a point close to the ground. It is suggested that the
heavy snow fall in .the mountain regions may have something to do
with this mode of infection. Recently affected trees show the dripping
resin spoken of above.
PoLTFORUS scHWEiNiTzii.—This fungus is one which propagates
.through i^ soil and causes a brown rot of coniferous trees (PL XXIV,
fig. 2), starting at the roots and growing up into the trunk to various
heights. The wood turns light yellow at first, and gi^adually dries, so
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that numerous fissures appear throughout the mass. In man^^ trees
the roots give way, which causes the tree to fall; in others the trunk
breaks off close to the ground before the fungus has had time to grow
very far up within it. From one tree the fungus threads grow through
the soil and infect neighbormg trees, so that one will usually find many
trees in a clump, all of which are affected with this fungus. It has
been suggested that moles and mice are active in spreading it under
ground. The fleshy, umbrella-shaped fruiting bodies of this fungus
are found in July and August at the base of diseased trees. They are
at first yellow at the margin and red in the center, but gradually turn
dark brown. They discharge their spores in August and disappear
soon after, as many insects devour the fleshy mass with avidity.
PoLYPORUS SULFUREUS.—^This fungus causes a brown rot of many
coniferous trees, and also of oak, walnut, cherry, and other deciduous
trees. It was described in the Yearbook of the Department for 1896
(p. 252).
PoLYPORUS iGNiARius.—This is a conspicuous fungus frequently
found on beeches, apple, oaks, etc., in the wood of which it flourishes
and brings about a white soft rot. Usualty several of the fruiting
bodies occur on a single trunk. They are-more or less hoof-shaped,
and of a light cinnamon-brown color.
PoLYPORUS KiGRiCANS.—The birchcs, poplars, and beeches of the
New England States are frequently destroyed by this fungus. It enters
through wounds and grows rapidl}^ in the heartwood of these trees.
The decayed wood is soft and spongy, and has absolutely no tensile
strength. On that account one finds many of these trees broken down
in the forests after a windstorm.
PoLYPORUS ANNOSUS.—This fungus, much feared by the European
forester, is not very destructive in this country. It has been found
on many of the pines, where it brings about a red rot of the root system, which ultimately results in the death of an affected tree. The
fruiting bodies form as small cup-shaped or irregular masses on the
roots or around the base of the trunk. It has also been found growing
on dead trees, many yeaijs after they had died. Neighboring trees generally become infected from a diseased tree, as the m3^celium readily
grows into the small fibrous roots, and from there into the larger roots
of the tree.
PoLYPORUS RiMOSUS.—The Locust is a tree singularly free from
most diseases, and so far as known it is attacked by but one fungus which
destroys its wood. This one enters through old branch wounds; probably also through the holes made by the locust horer (Cyll^ne rohinke).
It grows rapidly in the hard wood of this tree, destroying the wood
cells completely, leaving a soft yellowish mass held together simply by
the fungus threads.
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PoLYPORUs JUNiPERiNUS.—The Red Gedar, one of the most valuable
timber trees, is very free from fungous diseases. Now and then the
wood of older trees is destroyed by the threads of a fungus, which
make long holes with a white lining.
PEGKY CYPRESS.—^This destructive disease of the Cypress, affecting a
large percentage of the trees, is probably caused by one of the timberdestroying fungi, the fruiting form of which has not yet been found.
TREATMENT OF FOREST TREES.

Under the present conditions of forest management, it is not practicable to treat forest trees as one would shade trees, or according to
methods used by European foresters. The lumberman can not possibly take Cognizance of a dying or infected tree in the forest and remove
it for the sake of preventing the infection of other trees. The only
recommendation which can be made at present has already been alluded
to, Trees become more liable to disease as they grow older, and by a
system of careful observation in the forest one can usually detect when
the trees are becoming infected. At such times the timber tract in
question ought to be cut over to save such timber from entire destruction. On small tracts it may pay now and then to remove the fruiting
bodies from trees, but one must not forget that when the fruiting body
appears on a tree such a tree is airead}^ badly diseased and ought to be
cut to save at least a portion of the wood and to prevent other trees
from becoming infected. If a number of trees on a given tract are
found to be diseased, it may be stated with certainty* that the remaining trees are liable to become diseased in a short time, if not already
infected,-and when other conditions allow it, such a tract had better be
cut over, taking the older trees.
THE RÔLE OF FUNGI GROWING ON DEAD TIMBER.

In the foregoing, the conditions which favor the entrance of fungi
into the wood of living trees have been mentioned, and some of the
effects which result from their growth. It has been shown that many
fungi kill trees outright without injuring their wood, although the
destruction of living trees from this cause is rather slight. By far the
greater number of trees in our forests are killed by boring insects and
by fire. There are many tracts aggregating hundreds of square miles
where trees have been killed by one or the other of these agencies.
To the lumberman, a tree is valuable because of the wood which it
contains, and it matters little whether the wood comes from a live tree
or a dead one, so long as the wood is sound. There are many mills,
particularly in the West, which refuse to make use of dead timber,
simply because it is dead timber; but when it is sound there can be
little reason for this refusal. The beetles which kill so many trees do
not penetrate farther than the bark, and in no way affect the wood.
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1.—CROSS SECTION OF WESTERN HEMLOCK TRUNK, 75 FEET
FROM THE GROUND, KILLED BY FIRE FOUR YEARS BEFORE, SHOWrNG RATE OF DECAY CAUSED BY POLYPORUS PINíCOLA.

FIG.

FIG. 2.—CROSS SECTION OF RED FIR TRUNK, 125 FEET FROM THE
GROUND, KILLED BY FIRE FOUR YEARS BEFORE, SHOWING RATE OF
DECAY CAUSED

BY

POLYPORUS PINíCOLA.
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Where fire has simply killed the tree without buriiin^^ the wood, the
latter may still be utilized for lumber.
As soon as a tree dies, a number of fungi attack and destroy its
wood, much as those do which occur on living trees, except that their
work of destruction goes on much more rapidly. In some cases the
sapwood alone is destroyed, in other cases the whole tree. A good
deal depends on whether a dead tree remains standing or falls to the
ground.
The spores of the fungi enter the wood of a dead tree in various vv ays.
In fire-swept districts the bark of most trees is usually cracked, exposing the charred sapwood, upon which the spores germinate and send
their fine threads into the wood cells and medullary rays., These are
rich in starch, sugars, and nitrogenous substances, which the fungus
seizes upon, and as a result grows rapidly in the sapwood, from which
the growth and attendant decay pass to the heartwood.
The nvmiber of fungi commonly found on dead timber is very large,
but only a few are of such importance as to deserve notice. Foremost
among these is Polyporiispvnicola^ whose bright-colored fruiting bodies
can be found in all coniferous forests of the Continent (PI. XXI, fig.
4). Its growth in the wood appears to be a very rapid one, as is shown
by the sections in PI. XXV, figs. 1 and 2. Both specimens shown
were cut from trees standing in a burned district, in which the trees
had been killed four years ago. The upper section is taken from a
hemlock 75 feet from the ground. The lower one is from a Red Fir
125 feet from the ground. It will be noted that the wood of the hemlock has been almost entirely destroj^ed, while that of the fir is still
partially sound. The wood of the Red Spruce {Picea rubens) deca^^s
almost as fast as that of the Western Hemlock, but accurate determinations with regard to this point are still w^anting concerning this tree,
as well as concerning most other timber trees. The decay which this
fungus brings about is very characteristic. The wood of the conifers
turns yellowish, becomes soft, and cracks in many places. The cracks
are soon filled with fungus threads, forming sheets or felts which often
reach astounding proportions. Ultimately the whole trunk is one
mass of finely divided, brittle wood held in place by these sheets. On
PL XXIII, fig. 1, one can see the wählte lines of fungus threads distinctly.
After a year the sporophores form on the trunk at numerous points
(PL XXI, fig. 4) and continue to form for several years, until the tree
is entirely decaj^ed." As a result of the growth of this fungus, where
the timber on forest lands has been killed, it will be found practically
valueless after six or eight years at the most. On PL XXI, fig. 3, a
tract burned twelve years ago is shown, and one can note the total
destruction of the trees.
The rôle which boring insects play in hastening the decay by opening
channels through the wood from which the fungus mycelium spreads
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to the surrounding wood, is merely mentioned here. It may serve to
account for the fact that the decay of a large tree takes place with
such i^apidity, and also for the fact that felled trees resist this fungus
longer than standing ones, as the chances for the enti-ance of the insects
into wet wood are much less than for their entrance into dry wood.
RELATION OF FUNGI TO STRUCTURAL, TIMBER.

Besides PolyporuB jpinicola there are a number of fungi which grow
on dead timber which are of importance to the engineer and constructor. The spores of these fungi are deposited on sawed timber in
tíie forests, and when placed under favorable conditions they germinate
and bring about a process of decay whioh is very much like that found
in live timber. Absence of sufficient air circulation, presence of moisture, and equable temperature are conditions which favor their growth.
This is very marked in the case of railway ties, of which many thousands are destroyed by these fungi every year. The position of the
tie in the roadbed, surrounded by earth or cinders, brings about conditions on the lower side of the tie extremely favorable to the growth
of these fungi, which gradually rot the wood, and ultimately form the
fruiting bodies (the conchs, or punks) on the ends of the ties. In
buildings, other fungi attack large beams wherever any moisture
accumulates, which allows their spores to germinate.
REMEDIES.

The above facts stiow clearly that in order to save killed timber
from destruction it ought to be cut immediately whenever possible.
Its value will depreciate from the moment the tree ceases to live, and
before many j^ears have passed it will be utterly worthless. In many
sections of this country it is perfectly feasible to cut this dead timber.
The cutting of such dead trees not only saves the wood of these trees,
but prevents the formation of the fruiting bodies from which infection
can spread to other trees. What is true of entire trees, holds for dead
wood of any kind. Decayed railroad ties ought to be burned whenever they are removed, and not left to lie by the roadbed for years,
forming new fruiting bodies, which constantly infect new ties.
By various processes now in use, a number of salts are injected into
timber to prevent the rapid action of the fungus mycelium. As long
as these salts remain in the wood the latter is proof against attack, but
as soon as the salts disappear by leaching the wood falls a prey to the
fungi and decays. At present there is no positive evidence at hand by
which to determine how effective any such injection is likely to be.

