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Decay of Logging Slash in the Northeast'

By Peruey SeauLpive, senier pathologist, and J. R. HaxsaroucH, pathologist,
Division of Forest Puthology, Bureau of FPlani Industry, Sotls, and Agricultural
Engineering, Agricullural Research Administration
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SUMMARY

Logging slash, the debris left in the forest after cutting operations,
is a very dangerous forest-fire hazard. As potential fuel it increases
the likelihood of fires, makes them much harder to stop, and increases
damage on burned areas. Slash ean be disposed of by burning, either
broadecast or in piles. Broadcast burning kills advance reproduction
and causes site deteriorafion; burning in piles is expensive; the only
practicable alternative is to leave the slash in condition to decay as
quickly as possible. The subject of methods of hastening slash decay
has bad much less study than other phases of fire prevention and
control. This bulletin is based on systematic observations on siash
decay on experimental plots in different situations in New York and
New England, continued through & number of years. It considers
the fungl most important in causing decay in this northcastern area,
the conditions that favor their activity, and the forest-management
practices by which these favorable conditions can be provided.

The average periods required for slash to disintegrate are 15 years
for hnrdwooﬁ, 17 years for eastern white pine, and 29 years for red
spruce. Under the most favorable conditions for decay, these periods

1 Submitted for publientfon April 19¢4. ‘This study was carried on In cooperation with the Allegheny
(fortnerty Northeastern) Forest Experiment Stalion and Yalo [niversity, New Haven, Conn.  The writers
wiah to peknowledge their cooperation and also that of L. 0. Overbglts, of the Fennsylvania State College;
‘Dow V. Baxter, of the Universify of Michigan; A, 3. Ithaads sod the iate James R, Weir, both formerly
of the Division of Forest Patholnzss H. 5. Jacksen, of the University of Torontg, Canada; the lata L. H.
Panningten, of the New York State College of Foresiry; and W. H. Spell, of Brown University, for the
identification of numerous fuagh M. Westveld, for voaperation wad assistanes o estahlish \F A -
teining permagent slash plots; and the persounel of the United States Forest Service on the White Moun-
tain National Forest, for granting free sucess (o aud assistance in resching atherwise It ible closed areas,
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may be shortened by about one-fifth. Unfavorable moisture and
temperature conditions reiard decay, in some eases by many yeors.
Hundreds of fungi help to disintegrate slash, but about 50 cause the
decay of the greater part.

The primary factors dontrolling the work of the slash-deeay fungi.
are moisture, temperature, and the decay resistance of the wood.
Wood decays only when moist, but sinee fungl need air also they
cannot wark in woed that is entirely waterlogged.  The decay fungi
malce little or no growth af {emperatures Lelow 40° I and need
temperatures of 70° ar above for most rapid decay. There are greal
diflerences in the inherent vosistance of wood to decay; heartwood of
the more durable species decays muclh more slowly than sapwood of
ony species.  Slope, aspect, allitude, and soil type are important in
their eflect on moeisture and Lemperature bul unfortunately cannot
be changed to any extent by man. The primary factors, hewoever,
may be changed by pr oper {orestry operations.

A short rotstion results in less slash per acre and a larger proportion
of the fast-decnying sapwood, with consequent carly reduction of the
slash volume Lo a relatively sale paint. Because broken crown cover
maintains mere uniform moisture conditions, partial cutting usually
favors raptd dveay of slash.  Clear-cuiting, on the other haund, results
i high temperatures and unusual dryness and is likely to relar d deeny.

Scattered slash dec ays faster than piled or windrowed slash under
most conditions. Lopping the slash of conilers and of the more durable.
hardwoods favors decay, hut ils Ingh cost must be carelully halanced:
against its advantages; it is to be avoided an wet sites and for species:
that waterlog easily.  Local conditions will largely dictate thechoice.
of methods of cutling and of slash disposal. In making partial
cultings, care is needed to keep logging injuries to residual {vees ab a.
minitmum and thus prevent fungns damage by trunk infeetions.

Tudependent ratings showed a close ('ouelﬁmu between volume of:
slash and fire dfm(rm Graphs aceompanying this bulletin show the.
reduclion of fire rl.ma,oj with inereasing age lor slash of hardwoods,,
eastern white pine, and red spruce.

THE PROBLIEM OF DBISPOSAL OF LOGGING SLASH

These who harvest forest trees are faced with the prohlem of the
disposal of the resulling logging slash. It has heen termed the
“earbage’ of the woods. Because of s ubiquily in the exploited
forest, however, the {endency hasheen to aceept it as anecessary evil,
one about which little or nothing can be done in a practical way. In
the unregulated forest slash e ot be ulilized or disposed of so long
as the endeavor is fo get as nntch out of the forest as possible without
regard to a future pmdu{'lwe stand on the cul-over avea. In the
Northeast, the huge {orest losses caused by the disastrous hurricane
of September 21, 1938, wre being suceeeded by very heavy demands.
for timber, with a shorisge of manpower in the woods and resultant
high prices. These conditions cannot fail (o cause an even greater-
than normal disregaed [or regulation of any sorts  The slash ptobluu
is assuming more acute proportions than at any previous time in.
American ]115(01}’ Muel of the slash has been and for an indefinite.
time in the future will be lelt to disintegrale on the ground. The
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disintegration is largely due to the action of many organisms, chiefly
insects and fungi.

Cooperative investigations with the Bureau of Entomoiogy and
Plant Quarantine have been carried on to determine the role of insects
and fungi in the disintegration of slash and logs. The conclusions
that follow are based upon the resulis of these experiments.

Blue stain enters the sapwood of bark-covered timber chiclly by
means of the burrows of bark and wood-boriug beetles.  Examination
of hundreds of newly established eolonies of blue stain showed that
beetle burrows were nearly always the centers of orfigin of the fungus
colonies. In some kinds of slash, notably that of castern white pine
(Pinus strobus L), loosening and sloughing of the smooth bark of slash
is hastened by the activities of the bark beetles and wood borers.
Prompt drying of the decorticated wood distinetly retards decay (15).°
The galleries of wood-boring inseets offer an abvious means of entry
to the interior of logs and jarge slash. It has been proved that they
facibitate the progress ol decay in infested logs (8).

Much has been dene to prevent and control forest fires, but until
recent years almost nothing has been donce fto determine possible
methods of alleviating evils inherent in the various processes of slash
accumulation and deeny. This investigation is a contribution to the
sotution of the general problem.  The factors controlling decay are so
extremely varialble and occur in such diverse combinations that it is
impossible to consider thom in detail.  Instead, attempt is made to
state general prineiples governing the manifold conditions encountered
in the northeastern lorests for guidance locally in applying remedial
measures,

PRIVIOUS INVESTIGATIONS

A search of [orestry lterature and conferenees with foresters in 1925
indicated that cunsiderable attention had been given to slash as a
five dangey, bul carelul studics of slash deeay were few in number and
mostly carried on in the West, where conditions and lorest species are
markedly diflerent {rom those in the Northeast.

1a studying the deeay af oak #lash in Arkangas, Long (70) found that slash
lopped and seattered roited about 1 venr sooner than that uslopped. On dry
situations there was practicully no difference.  Blash lopped and piled required 3
Lo G years longer to deeay (han that unlepped or seattered. Four specics of
Sterewm were the main agents in rotibng e oak slash.  Six years were regtired
to rot oak sapwood, practieally all bat the very large branches having rotted and
fallen in this thne. Ouak heartwood remains many yvears after the sapwood is
destroyed. Long stated that none of the main slash-rotting fungl were known to
produce heart roks in living trees.

Buttrick (1) made a regeneration study in northern Michigan where hardwoods
with a little white pine had been cut and rewerked for distillate wood, leaving
relatively small pieces of slash.  After 8 years the slash piles had searcely begun
to rot and were a distinet fire danger. )

Kittredge and Belyea (), working in the Adirondacks where 75 pereent of the
trees that had been cut were spruce, foutud slash evident oo all areas that had been
cut lcss than Id years, and on one area 30 yvears afier cutting,.

i sludy of slash decay of eastern while pine in New England, Spaulding (15),
foynd that under average conditions disinlegration took pluce in about 20 years.

?lialle numbers in parenthases refer o Lileroware Clted, p. 21
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Btumps-were not included in the material studied. Swampy or-coarse sandy soils
delaved dzeay indefinitely. "The fzctors influencing rate of decay were discussed,
with emphssis on heat, since white pine slash appears to be especially responsive
to this agency.

In a study of decay of hardwood slash in northern New England with reference
to lopping, Spaulding {{4) ealled attention espeecinily to the various factors
involved. Decay dursbility for various species, beginnin,, with the least urable,
'was given as follows: Aspen, paper birch, basswood, beech, maple, yetlow bireh,
ash, oak, and chestnut. ireetion of slope was said to be important in infuencing
moisture, which io turu controls waterlogging and case-hardenine 3 of slash. In

eneral, the southeriy slopes are warm and dry: the northerly, cool and moist.
nadvertently, the reverse was said to be the cose.  The trees were ranked as to
readiness of the wood to become waterlogged, beginning with the moss readily
saturated, as follows: Yeliow birel, beech, hasswood, maple, aspen, oak, chestnuf.
and ash. It was concluded that aspen ond paper birch rot so quickly- that the
expense of loppiny is not justified; yellow birch is so apt to waterlog that it shouid
rarely be lopped; ash, chestnut, and oak, with little danger from waterlogging and
relatively high durability, may well be lopped; and in other species lopping is of
questionable value. eonsideriny the cost.

Scholtz (13), working in northern Michigan and Wiscon in, found that under
average conditions slash of northern hardwoods up to 2 inches in dinmeter almost
completely disappenred in 4 to 7 vears; similar intermixed slash of white pine and
hemlock was a fire danger lor 12 to 15 vears. He found that larger slash remained
a fire danger much longer—buasswood for 15 to 18 vears, sugar maple and yeliow
birch for 15 to 17 years. Eim resisted decay longest of the hardwoods. being a
fire danger for 20 to 25 years. White pine, hemloek, and white-cedar remained
dangerous for 20 years and upward, Wet or dry conditions were found to delny
decay os mueh as 10 vears,

Zon and Cunningham (20) mad. u comprehiensive study of the regulation of
slash disposal in northern Wisconsin, to insuft: safety from devastating fire. This
study deall with slash of jack pine and of northern hardwoods more or less mixed
with hemloek and other northern conifers. "The investig..tors found that by the
end of the ~ighth year branches up to about half an inch in diameter were rotted
and broken by the weight of snow., Remunants of the slash piles persisted up to
15 or 16 years, but were well rotted and broken down. Selective cutting created
less fire danger than clear-cubting

Spaulding, Hansbrough, and Weskveld 1 made a study of the reiationship of
tlecay to the fire danger of slash of red spruce (Fees rubens Sarg.) in the White
Mountain Nationsl Forest, Wew Hampshire. Considerable effort was made to
select a reliable index of its condition. 1L was finally decided that the percentage
of the original slash remaining is the hest index for practical use. Comparison
of snalogous curves showing fire danper and percentage of slash remaining, by
age classes, revealed a positive correlation betwesn the two up to sbout 17 years,
after which the danger decreased more rapidly,

INVESTIGATIONAL METIIODS

These investigntions of slash decay were earried on most intensively
in the White Mounitsin National Forest, but extended from Con-
necticut to castern Maine and to western New York. Two methods
were used: (1) Extensive reconnaissance, and (2) intensive imvesti-
gation of limited areas over a period of at least 10 years.

The extensive reconnaissance included slash of all species of trees
encountered, of all ages, variously disposed as left by all types of
logging or by cutting firewood and pulpwood, on all aspects and slopes,
and at elevations ranging from less than 1,000 to more than 4,600 feet,
and it covered all kinds of material, from defective logs to the smallest
twigs and foliage. Slash of the [ollowing species is so generally

* “Case-hnrdening’” s used (o indieite a very dry aixl hiard condition of ihe culer waod Iayers due to esrly
and completo sersuning.

18ravepingG, I, flangnnooa, J. R, amd Westveon, M. FIRE DANGER 05 RED SCRUGCE SLASHINGS
¥ NORTIIERN NEW HAMPSHIRE AS INFLUENCED 1Y AGE AND CONDITION OF sLASH. Northeast, Forest Expt.
Sta. Tech. Note 28, 3 pp., Mus, 1030, [ Processed.)
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DECAY OF LOGGING SLASH IN THE NORTHEAST o
distributed thet date could be taken for a wide enough range of
-conditions to satisiy the requirements of this study.

Red maple {Acer rabrum L.}, Bigtooth aspen {(Populus grandidentatn

Sugar maple (4. sgecharum Marsh.). Michx,).

Yeilow birch {Belula luiee Michx.), Quaking aspen {P, tremuloides Michx.).

Paper bireh (B. papyrifera Marsh.). Balsam fir {(Abfes balsamea Mill.).

American  beeeh {(Fagus grandifolic Red spruce (Picea rubens Sarg.).
‘Bhrh.). Eastern white pine (Pinus strobus 1.).

White ash (Frezinus americane L.).

Considerable data were taken on about as many more species that
are too scattered or irregular in distribution to furnish complete series
but indicate trends as compared with the above-mentioned species,
as follows: :

Striped maple (Acer pensgfvanicum 1.). Black cherry (P. serolina Ehrh.).
Sweet bireh {Belula fenta L), White oak {{Juercus aibn L.},

Gray birch (B. popuiifolia Marsh.), Bastern red oak (4. borealis Michx. var.
Black ash {Frazinus nigre Marsh.). mazima Sargent].

Butternut {Juglans cinerea 1.). Scarlet oak {¢. coccinee Muenchh.),
Tamarack (Lariz laricine (Dur Roi) I, Biack oak (. velutina Lam.).

Koch}. American linden (Tilic americana L.).
Red pine {(Pinus resinesg Ait.). Canada  hemlock (Tsuge canadenais
Pitch pine {P. rigida Mill.}. . (L.) Carr.).

Pin cherry {Prunus peasplvanica L), American elm (Ulmus americana L.).

The intensive studies were on four series of plots, some of which
have been mainfained since 1826. These were established in coop-
eration with the Northeastern Forest Experiment Station snd the
White Mountain National Forest on areas where cubting contrects for
hardwoods were in operation. This limitation on areas available
made it impossible to. melude all the conditions desired, hut this was
done as far as feasible. The stands on the plots sclected were pre-
dominantly mafure northermn hardwoods with scattered red spruce
and balsam fix, and a few hemlocks. About 40 years previously the
best spruce had been removed, leaving an ovorstory hardwood stand.
The logging was done as usual in the timber sales of the Forest Service.

Each series of plots had onc with the slash lopped nnd one unlopped
as the loggers left it, for o comparison of these two methods of slash
disposal in like material under like conditions. On these plots the
rotting of siash made under the usual logging conditions was followed
for more than 10 years after the felling of the trees. Considerable
interfercnce resulted from wind throw of nonmerchantable trees left in
the logging and {rem fallen girdled trees.

Independent ratings were made for cach lot of slash examined, for
decay of & number of different sizes of slash, for the residual percentage
of volume, and for the degree ol five danger,

It must be emphasized that slash is an exceedingly heterogeneous
material that does not lend itself to satisfactory, seientifically aceurate
investigation as usually conducted. Its study In most respects is
largely empiricel. As an example, for a reasonably small sample of
rotted material that will represent the average deteriorated condition

of a single slash pile, an ccular estimate must {ivst be made of what is

the aversge condition for that pile, the material in which may vary
from an essentiaiiy sound to a completely rotted but not disintegrated
state. This heterogeneity prevenied the working out of slash prob-
lems with the scientific aceurncy usually to be expected. The diff-
culty was partly overcome by inspecting large quantities of slash
under all conditicns possibie,
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DECAY OF SLASH

The two general types of decny nre white rots, which often are soft
or somewhat stringy in texturve; and brown rots, which are mostly
friable and crumble easily to a fine powder. Some rots are imterme-
diate in charncter, but they are relatively few in number.  Hardwood
slash is aflceted rnostly by white rots, while conilerous slash often has
muck brown rot as well as white vrot. A survey of the svailable dota
shows that the wood of the conifers of Novth Americn is atlacked by
about equal numbers of species ol brown rot- and white rot-producing
fungi, while on the hardwoods about fourifths of those fungl cause
white rots and only one-fifth cause brown rots,

Averace Rate oF Drcay

Slash deeny is largely controlled by local conditions, and these, as well as the
progress of the decay, vary greatly. The only [easible way to state the rate of
decay is by relative comparisons with averages determined as nearly as possible
for use as bases. This was done in these invesligations.

Data for the slash of northiern hardweeds (beech, birch, and maple) were taken
on the four series of plols alrewdy mentioned and also on many areas distributed
well over the forests of New England and New York, The speeies of trees in-
¢lnded form a very heterogeneous group, but it seemed best to consider them asa
single unit in this investigation because of the dificulty of division on the basis of
rate of slash decay, The oaks alonc present as great variations among themselves
as do all the other speeies. In general, the decay of sapwood of all speecies iy
essentially alike, the greatest variations occurring with the heartwood, which
usually constitutes a low fire hazard after the supwood is thoroughly rotted.

The progress of decay under average conditions may be cxpressed as follows:

PROGRESS IN HARDWOORD SLASH

1 ro 2 Yeanrs: Bome leaves adiiere.  Beech, aslh, and maple twigs and small
branches dry out and are largely sound; onk is sap-rotted in shaded and
moderately moist situations,  Sap rot begins in large slash,

3 to 4 Yuars: Twigs are (alling.  Branches to W ineh in diameter have local rot
gockcfs that cause hreakage and Malling, especinlly in bireh, oak, and beech.
sap rot is exlensive in large slasgh,

5 o & Yrars: DBranches fo 1% inches in diameter have Ialien. Large slash has
all or most of the sapwood rotted. Ileartwood, except oak, is rotting where
not waterlogged.

g 7o 12 Yeans: Branches to 3 inches in dinmater have fallen. Large slash is
punky whoere nol walcrlogged., Oak hearlwood porsists,

13 Yranrs or Moun: Branches have ail falien.  Large slash is falling apart where
net waterlogged., Oak heartwood persisiing indefinitely,

PROCRESS IN BASTERN WILITE PINE SLASH

1 10 4 Years: Leaves are shed and form a mat among the branches well above
the ground.  Braneches are much decorticated and have pockets of dry rot, by
Lenzites saepioriu. Large pieces of slash arc well sap-rotted by Polyporus
abiclinus.

5 1o 6 Yrans: Twigs hegin [illing with the brauches, whieh arc weakened by
pockets of dry rot and begin to brenk up. Large slash is completely sap-
rofted.

V7 10 O Yrears: The piles (latten, branches break up and fall.  Fallen leaves are
rotted. Twigs have fallen from the brunehes.

10 7o 12 Yrans: The piles are sunken by breaking np of smaller branches and
rotting of trunks, so that the branches fall from them,

13 70 20 Yrans: The pieces largely disintegrate.  Picces of small branches remain
hard and retain mueh of their eriginal strength, but break without splintering,.

Hemlock siash resembies eastern while pine in its general course of decay, but
appears to decay a little more rapidly.
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PROGRESS IN RED SPHRUCE AND BALSAM FIR SLASH

1 7o 9 ¥ears: Twigs are waakened and falling, branches are case-hardened or
wegkened, but not breaking. Large branches have scatfered pockets of
rot, and the trunks are woll sap-rotted.

10 To 14 Yeans: Twigs have falien.  Small branches are case-hardened or falling.
Larpe branches are partly sap-rotted, and tronks are mostly eompletely sap-
rotted. Blash piles arc sunken ot flat.

15 1o 17 Yrans: Small branches up to 14 inch in dinmeter are weak and falling.
L:erie branches are partly rotted, and trunks are completoly sap-rotled to
punky.

18 10 20 YEARs: Smal! branches have mostly [allen, Large branches are
wenkened, many falling from the trunk. Trunks are punky or falling apart,

21 Yeans or Monz: Slash piles are flat on the ground with some picees of case-
hardened, small slash scatiercd over the top.

ACCELERATED ANn Rurarpen Rares oF Decay

Where conditions are especislly favorable, the avernge deeay period may be
shortened by about one-Bith, Sueh favorable eoenditions eommenly are found
under a moderately broken crown cover.

Decay may be decidedly retarded by waterlogging of larpe slash or by ease-
shardening of small slash, ~ Few fungi can attnek water-soaked wood, and even
these must work on the outer surface, where oxypen is available. The deeay
pericd for wateriogged slash may be twice as long as the averape, but usually does
not exceed this.

Case-hardening ususlly persists a shorter time than waterlogging, because of
the much smaller size of the aflected material, which favors ready absorption of
precipitation.  Since o considerable number of active wood-rotting fungi can
thrive on o minimum of water, decay is delayed less by easc-hardening than by
waterlogging, The scrious fealure of casc-hardening is that it delays decay in the
meore danperous fine slash,

FUNG1 CAUSING DECAY

A large number of wood- and bark-inhabiting fungi fake part in the
disintegration of logging slash.  The slash ol any single species of tree
in the Northeast may harbor scores or even hundreds of different
fungi, but most of these scavengers of the forest are not fastidious as
to the kind of wood they breal down, a considerable number attacking
thot of conifers nud hardwoods indiscriminately. Many show a dis-
tinct preference for the one or the other, but cecasionally ¢ross their
invisible barrier to attack the usually avoided woods. Still another
group is strictly limited to conifers and another to hardwoods, Small
numbers are even limited to single host genera, bl such fungi usually
enuse hears rot in living trees and merely persist alive in infecled large
slash that happens to lic in such way that a constant moisture supply
is maintained.

The formation of fruiting bodies appears te indicate the climax of
activitics of a wood-decaying fungus. Their loeation is an approxi-
mate index of the place of activity of a slash-rotting fungus and has
becn used as such in these studies.

The larger part of the known slash-rotting fungi that are unportant,
because of their abundance and their apparent destruction of large
quantities of wood, belong to the fumily Polyporaceae, Numerous
members of many other fungus families ave important under certain
conditions or on certain kinds of wood.

Table 1 gives o list of {ungi that appear to be important in disinte-
grating slash, and shows their occurrence upon the various kinds of
wood and the sizes of materinl usually attacked. Oceurrence varies

BN 723 —44—2 "




‘8 TECHNICAL BULLETIN 874, U. §. BEPT. OF AGRIOCULTURE

somewhat as conditions [avor or retard the fungus: Stumps of felled
trees usually are not considered to be slash, though they constitute an
apprecioble part of the wood material left by logeing operations.
Dead roots remaining undisturbed in the damp soil conduct some
moisture to the stump, and evaporation above zround causes move-
ment of water from below until the wood is disintegrited enough to
inhibit capillarity. The cut surface of the stump readily absorbs pre-
cipitation also. Moisture conditions in stumps favor the growth of
fungi, and fruiting bodies develop under these conditions more abun-
dently than on other forms of slash. The fung found on stumps are
the same as those attacking the larger picces of severed slash, that is,
defective logs, trunks, and larger branches.

Taprr 1-—S8ome of lhe more imporian! fungi found disinlegrating slashk in the
Northeast, with indicatfon of the Einds and sizes of wond commonly atlach.d

Enstern whitn

ping
Tted nnid piich

ving
Ted spruca

Tmportent sinst fugd

Dalenm fir

B emlack

Tasswaood

Size commonly
attocked 1

Aspen

'
1
3
v
]
]
L

Alewradiscity amorﬁkua {Pers.) Rahh,

AArmitlarie melea Fr . ..

Aurienloriv  wwricale - jadee  (Fr}
BN g8 e e i e cacmaan

Coninphere puteann [Fr.) RKarst

Corticium polactinnm {Fr.) Torl.

Coryne tareoides (Fr.) Tol. .

Creotectrin purpuren Seavoer.

Doedalea confragesa Fr

I quercing

Dounicolor oo comoaio )

Dasyacyphe apassizii (Bevk. and Curt.)
RO oo o -

Dermaten molliuseula (Sehw.} Cash.-

Diatrype sligas Fro. .. .

Eutypelin nnpud fts.

Eridia glandulors Fr_o_ ...,

Eorecisn Froooveeae, -o-

Fomes upplanatns (Fr.} Gl

F. piné (¥Fr.)_Karst.

F. pinfeala {Fr.) Cko.,

F.rogens (Fry Oka, .

F, tsuging (Murr.} Skeo.

Hydnum ochraecenm Fr .
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DECAY OF LOGGING SLASH IN THE NORTHEAST ]

TapLe 1—S8ome of fthe more {mporiant fungi Found disintegrating siash in lhe
gortheasta with indieation of the kinds and sizes of wood commonly atiacked—
ontinue
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Some of the usunl so-called heart-rotting fungi of living trees are
included in this list. All can persist alive in slash of diseased trees
if moisture conditions are favorable, but this so often is not the case
that continued decay by them is somewhat infrequent. The follow-
ing species of these fungi of living trees are important in the slash.
Armillarie melleq and Ustuling vulgaris cause buit rot of living trees
and ccour in stumps and defective logs left in the woods. Daedalea
unicolor, Sterewm senguinolenium, Fomes applanaius, and F. pini
cause trunk rot in living trees and persist frequently in large pieces
of slash; the last persists especially in spruce slash. Polyparus glom-
eratus and Poria obliqua regularly cause trunk rot in living trees,
producing sterile conks, but form their spore-producing fruiting bodies
only on dead trees or logs.®

Funci DEcaving FINE Svraso

The decay of the fine slash that forms the most extreme tire danger is cspecially
important, It has been found that certain fungi cantribute to the reduction of
fire danger from small branches and twipgs by weakening them and by being asso-

+ CaMpnELL, W, A, and fPaulpiNG, P STAND IMPROVEMENT OF NORTHERN HARDWOODA 1N BELATION

TQ ndlssls_a\sz N THE HOWTHEAST. Allegheny Forest Bapt. Sto. Oceas. Pager 5, 25 pp., Moz, M2 [Froe
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ciated with their early breaknge. Specinl attention is called to some of these
fungi. Minnsio carnee is so litsle known that i5 never hes beén sclentifically de-
seribed, yet it is plentiful on hemiock twigs and weakens them 30 that they break
at the infected ploces. Libertellz betulinu is sbundant on smsll branches of the
birches and wenkens the wood so that it snaps off readily. Creoncciria purpured
has a similar cffect on hardwood $wigs, especially of beech. Ua small hardwood
hreuches Diatrype stigma, Evidia glandulosa (10}, Dermalea molliuscule, and
Buitypella angulosa cause breakage nud falling of the attacked parts.

The finest twigs of spruce and balsam fir appeer not to be rotted so much as
weakened by wenthering. Fungi are undoubtedly involved, but fruiting bodies
give few definite clues to them. Data on the nge of slash whea twigs begin to
drop and small branches to break arc given in izble 3, together with the chief
fungi found attacking and wenkening bhem.

TanLE 2—Age of stash of differeni species when fwigs and small branches begin
falling, and the more tmportunt fungi assecigled with their fall*

Age whent sniall branches bepin to

Ape whon twigs bepin to fail and eause of rot bresk and eayse of rot

Years Fungus Yenrs Fungus

Dagdalea confragora,
Bermalea mollinserla.
Rinlriype Migave.
Futypeiia angnioss,
Polyparus allielivs,
£ firsutas,

P, radiafns.

P rutipiferus.
Trogie crizspa.
Digtrupe stigina.
Foridia glandlons.,
frpex cinnamomens.
Sterewm fayeintnimn.
8. hirgutem.,

3. ramente.
[Daairype g,

{Libm‘mu brintina
Stereuin ramenls

Sterenm rameale

Libertetia foginee Desm,
Folyporus hfrsuins,

£ purgaimenny.

P luitpiferus,

Lencites betnfing,
Polyporus hirzulus.
P_fulipiferus,

P, persicoler.
Hemlock.. Alinnsla carnea Ch e e Lenzites sneplaria.
White pine Scaleconectvha scofecospara ... Fenzites saepinria.
Afenradisens eniorpius.
Deayseypha coaasizin.
LenzHas snepiiria,
Srofecomecirin balsames
Red spruee I PP I {J)nn;rscypha auysizii,

{Cfmwﬂrin PUEDEFCR. - cmee v ammm e
Fhppeeylon CORUETENY o ooceiacaeas

Sugar magte Creoneclria purpuree

Balkam GF eeeeenaa ——— § | Seoleconeetrie balsemer oL ...

enizites siepituria.

The [alling of the twigs and small branches results in most of the pieces reacl:-
ing the ground or lower poarts of siash piles where moisture is higher, and the fire
danger is consequently much reduced.  Disintegration of the fallen infected
pleees then proceeds rapidly in spite of the higher moisture.

DANGER OF THE DETERIORATING Spasa To TtHi Succreping TForest

It is generaliy recognized thut logging slash is seidom o scrious hozard to the
living trees of the viciniby fromm the insecls living in it or stirncted to i In
pine areas there is some danger of developiment of temporary bark beetle out-
breaks, and the Pales weevil (Hylobins pales Terbst) may breed in cull logs and
stumps and then attack advanee reproduction or planted trees, United States
Department of Agrieuisure Circulor 431 ({7} gives o suggestive summary of
this subject.

Allowing sinsh to lic until disintegrated rosutés jn the production of many
fruiting bodics of the numerous spucies of fungi that live on fallen deadwood.
It wouid appeasr that sueh abundance of infections material might be dangerous
to the succeeding penerntion of Lrees and be liable to cause sn abnormaily high
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number of infeclions in the living {rees, which finallv would be destruetive.
Fortunately, moest of the fungi thab frult most plentifully are limited strictly to
deadwood and at most ean atfack o living tree only in o wound thaf reraning un-
healed for = considerable number of years. Bven then masy of the wood-robting
fungi are likely to become insctive affer an jnfected wound is heeled.

A number of the stash fungi may be potentinlly dangerous, but most of them
oteur s¢ commonly on large logs and broken or wind-thrown trees that their
spores are present throughout the forest, even where dittle or no cutting has been -
done for years. Their fruiting bodies on slash somewhat inerease a vonstant
normal hazerd.  The following slash fungi capable of causing heart rot of living
trees cee be nnmed as eommon: Armdliaria wmellee, Daedalen uricolor, Fomes
spplanalus, I, ignierius var. locvigatus e, F. pint, Phaliole adipose, Plewrelus
spp., Pelyporus borealis, ©. glomeratus, Porie oblioua, P, prunicola, Sterewm
fascratum, S. gausepatum, 8. murrayt, 8. sangunslentum, and Usiuling nidgaris.
Bestdes these should bhe meuotioned the ernker tungi, Citaspora chirysosperma Fr.,
Butypella parasitice Davidson and Lorensz, Hypozylon pruinatam (KLY Cke.,
Nectria galligena Bres., and Strumella coryneotidea Soce, and Wink., which are not
listed ag siash-rotting Tungi butb ocour on herdwood siash fur o few yeors after
eapkered trees are felled.

Proctically all the slash-rofiing fungi can atiack living trees only through
wounds, and mosh of them only through large wounds exposing heartwood or
large patches of sapwood that dies to 2 depth of more than ) ineh. Frees must
be two deendes or more of age to have formed hieartwood or Lo be large enouph
to have wounds so extensive that infection of exposed dead sapwood may be
serious.  Where clear-culling is done, the {ruiting of (he slash fungi is largely
past by the time the now generstion of trees can he endangered.  In partinl cub-
tings, care should be taken 10 sec (hat lhe reserved trees are (ree from lopging
injuries, thus keeping danger of infection nt a minimum. Brodsing the main
trank, knocking off larpe patehes of burk, or breaking off large living branches
negr the trunk by falling trees max lead te sevious deeay by the timme o second
cutting is wade. Logging injuries invite attnack by deeny funpgi, and the longer
the cutting eycie fhe more cxtensive the decay will be. Ilastern white pine
appears Lo be esperially susceptlitde to damage by truuk decay entering stubs of
broken living branches in the lower erown.  Fven in this speeies, however, if
reasonable care is token to avoid such Injuries, the slash fungt do oue materially
increase the ususi decay hazavd.

FACTORS CONTROLLING DECAY

The factors controlling slash deeny van be separated inte fwo groups,
(1} the physical factors of Lhie sile and (2) the forestal factors of the
vegetation clothing the site. The physical faclors, being inflexible
atiributes of the inanimate site, cannot ordinarily be changed by man.
The foresta!l [actors, being dependent upon biving things, are {lexible
izgld can be changed by the forest manager fo aid him in sccomplishing
1S gims.

InrFLuencE oF Prysican Facrons

Among the most important physieal factors in giash decay are molsture, tem-
perature and lighi, scil, slope, aspect, and allitude.

MOISTURE

Moisture appears to be the most potent factor conbroiling deeay of slash (14);
in fnet, in the Norfheast il oflen obscures or nullifies the effect of most other
fectors. The moeisture of the underlying soil largely repulates that of the aiv
surrounding the slash as well as thatl of slash Ixing in direct contact with the soil.
It zlso coutrols the rate of development of new pround cover and iis character
and density, all of which infhuence the deeay of the slush that this ground cover
surrounds.  Siash very readily absorbs moigiure from the seil when iviug direcily
upon it. The sugeesslul use of small eylinders of wood as forest fucl-moisture
megsuring devices is based on the fact that wood rendily absorbs moisture {£).
Fine fop slash follows the mcisture content of the air quite closely, as investiga-
tions of fire danper have shown.  Molsture aud temperature usually are so inti-
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mately associated with slash nnder natural conditions that the effect of one can-
not be seperated from that of the other. High moisbure usually means moderaie
temperature, while low moisture inplies kigh tempersture.

TEMPERATURE AND LIGHT

Temperature is modified considerably by moisiure and other factors, including
type ol =oil, slope, aspect, ground cover, and crown cover. To avoid repetilion,
temaperature is discussed under these headings.,

Light and the complex of factors intimatlely nssociated with it control the
activitics of many of the {ungi that decay siash. Some of fthese rarely occur
-exeept in practicelly [ull sunlight, others thrive in broken or intermittent sun-
light, while meny musi have constant shade. .

501LL

“The soil influcnees slash deeay through its hest and water relations {14, 18).
Bandy soil, which radiates heat readily, is likely to be dry on the surface and
cause slash fo season guickly, and cven fo ease-harden, so that decay is post-
poned considerably. On such solls the ground cover is apt to be thin and the
fire danger high. In conirast, a clayey soil that retains moisture tenaciously
is likely to lend to waterlogging of slash ard thus indefinitely delay docay. Ground
cover ob cley soils is usuelly heavy ead its fire danger low. Slash rots most
rapidly on loamy soil types intermediate betwern these tvo extremes.  On such
soils exeessive wetness or dryness is rarely encountered, and the ground cover is
usunlly of average densiby and composition.

SLOFPE +

The slope of o site pordially conbtrols the intensity of heat reccived from the
sun, the volume of precipilation that sinks into the aoil, the depth of soil, and
to some extent the height of the water table (1), Steep slopes arc likely to shed
most of the preeipitution quicidy, and thoe seil is usually thin. The water iable
is near the surface but is oflen broken by projecling fedges.  As theslope decreases,
these extreme conditions give way to deeper soils. ~ Generally, the steeper the slope
the greater the environmental varintions Ifrom the avernge. Sieepuess of slope
did not affect perceplibly the decay of slash.

ASIECT

The aspect of o slope has o divect influence upen the guantity of heat received
from the sun and no indivect offect on other envivonmental factors. The nearer
a slope approacties a right angle to the sun’s rays in the hottest part of the day
in midsuiiner, the warmer and drier are the air and the npper layer of the soil.
Numerons investigations of this cifeel have been made with proper insbruments
and care for suieniific aceuragy.  The gencral conscusns of resulls has been that
the northern mspeets are cooler than the southern.  Ageording to Warning and
Vahl {18}, in northern latibudes southwest, south, and southeast slopes are warm-
est, while nerthcast, poeth, and norbhwest slopes are coldest. Hopkins {(6) ex-
pressed the differences in temperature for dilferent aspects in West Virginia with
reference o mean temperature s follows: A change in ellitude of 400 feot pro-
duees g change of 1.1° . Southern nnd southwestern aspects equal an addition
ol 300 feet in elevalion of the mesn,. Northern and northeastern aspects {in
coves) eqgual o decrease in elevation of 300 leet. This would be o difference
between bhe tweo of 600 feet, or nearly 1.7° mean temperature. Since the red
gpruce slash was neatrly all on distinct slopes and more dato were avaiiable for
the purpose {ahout 235 nrens) than for the ofbler species, an attempt was made
to determine with red spruee sinsh the cifect of aspeet on deeay,  With the avail-
abile date only slightly consistent differences resulbing {romn aspect of slope ecould be
found. It appowrs that ofher faniors ohseured the effect of aspect on slash decay.

+
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ALVITUDE

Trecided change in alfitude is known to cause pereceptible change in environ-
ment. Many have studied these changes and contribnted data on various
lactors of environment, Recently, Hopkins (6} stated that o change of approxi-
mately 400 feet in aititude equals qualitatively a difference of 1° latitude (69
miles) on a level, and produges o meon temperafure change of 1.1° F, At higher
altitudes the sun’s rayvs have a more powerful etfect, as shown by shortening of
exposure for photographic tilms, sunburn, and the need {or dark-tinted plasses
to proteet the eyes. The extremes of day and night temperatures, wind move-
ment, and evaporation are accentunted. Jo the Northeast, precipitation is
likely to incremse with elevativn; the higher mountains in a group, or isolafed
peaks rising decidedly nbove their surroundivgs, are locally known as “rain
makers.” Tha warm senson is shortened, snow falling on higher penks several
weeks before it does on fhe adjacent lowlands and rewnnining later in spring,

Many ghudies have been made of the effect of altitude on the ecology of animals
and higher plants, but none are known to the writer on the aciivities of wood-
rotting fungi other than their altttudinal range.  The present investigations have
been limited to comtnereial euttings in the mountning of New England and New
York, which are not common much higher fhan 3,000 feet above sca level,

In attemmpting to determine the elfcct of elevation on slash decay it was apparent
fhat widely different elevations wust be considered if their cifect is to be marked
vnough to present distinet differences in decay. Preliminary ficld observations
indicated that low elevations might be considered as from 500 o 2,750 feet, while
elevations above that level might be considered the higher ones. Red apruce
and balsam fir grow at all these clevations.  doreover, they have been harvested
eonstantly and extensively, so that much slash of all ages was available for study.
These are the only species of which sufficienfly abundant slash ecild be found at
the higher slevations.

In 1939 a study was made by Spaniding et al. of the progress of deeay of red
spruce slash at elevations below 2,750 {ect,  Since that time considerable addi-
tional data have been obtained, especially at clevaiions nbove 2,750 [eet, so that
a comparison now can be made bhetween the two elevation zones. Such a com-
parison has shown a difference of less than 2 years iu the rate of delay of slash as
& whole, but curves of the progress of decay of slash larger than 3 inches in di-
ameter show consistent, continuous retardation of 10 years at the higher elevations,
This apparent discrepaney may be explained by the faet that decay of large slash
was. unduly retarded by walerlogging and case-hardening in more numerous
cases than ot lower altitudes,

Inrrvence oF Forestal Facrors
RESIDUAL CROWN COVER ON CUT-OVER AREAS

Removal of all or part of the crown cover subjects the slazh of the harvested
trees more or less severely to abnormal exposure to sunlight and to the resuliing
high temperatures and low humidity. Slash deeays most rapidly under a crown
cover so broken that the shadows move neross openings in 1 ¢éo 2 hours in the
hottest part of & midsummer day. Any reduetion of the crown gover that does
1ot eause “decadence” in nopthern hardwoods will be optimum for slash deeay,
as slagh decay is retarded by the same conditions that cause decadenee; namely,
pralonged exposure to full sualight in the hottest part of the day in midsurmmer.
Experiments set up to get definite data on this peint were aceidentally ruined.
For this reagon, the statement as made rosts on seatfered obscrvations. .

Some ground cover is usually present except under dense pure coniferous
gtands. 1en cublings are mnde, the pround cover furnishes shade in the
openings until & new crown cover is established. Development of the adjacent
- ground cover and the formation of new erown cover tend to maintain increasingly
uniform moistpre in the shaded slash,’ Slash deeny thus way be influenced
aecording €0 the moisture of the site.

1 Bee fooloote 4, p, 4
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RELATIVE DURABILITY OF DIFFERENT SPECIES OF WOOD

The heartwood of diffierent species of trees varies much in resistance to decay
while the sapwood of nll species is readily rotted. Because of the great variation
in relative quantitics of the two, the general rafe of decay of a given Jot of slash
may be niuch accelerated or retarded. The heertwood of most of the species
included in this investigation outiasts the sapwood. The hearfweood of some
apecies is much more resistant to ducay than is sapwood, especially in large pleces
of slash with a hearbwood core 1¢ inches or more in diameber, Resistance to
decay in some species is increascd by waterlogging of the heartwood. Heart-
wood slash of the following specics was found most durable: Oak, ash, sugar
maple, red spruce, white pine, bemlock, beech, and yellow birch. The last
three owe their durability largely to their natural tendency to become water-
logged affer felling.

AGE OF FELLED TREES

0Old age may result in mexhnum formation of heartwood. Overmature trees
may have so thin a tayer of sapwood that heartwood extends well out into the
small branches. Since the hearlwood of nost spevics is more resistant to decay
than the sapwood, slash from such trees is of maximum durnbility aod persists
far beyord the usual period for the species in yowger age classus,

WATERLOGGING AND CASE-HARDENING OF SLASH

Rlash frequently is found in two conditions that indefinitely retard the rate of
its decay {14, 15); namely, {1} saturation with water and (2} early and compleie
seasoning. These two conditions, termed waterlogging and ease-hardening, are
due to cxcess moisture and excess sunlight, respectively, causes that usually
act in opposition to each other. Iuherent gualities of the dilferent species of
wood greatly influence fhe ogeurrence of these conditions in slash.

Saturafed wood resists deeny indefinitely. The ditferent species of wood vary
much in their rcadiness to absorb water and to become saturated (fable 3) (14).
Waterlogging takes place in 2 to 5 years and usually oceurs only io slash 3 inches
or more in dimneter. The hearfweod of some species readily waterlogs while the
sapwood does not.  The species in the accompanying list grow commonty on sifes
differing considerably in soil moisture, the factor that largely controls waterlog-
ging of slash. The ratings given are based on comparisons made on siles where
fhe different specics grew cotnmonlty.

On a wet sife waberlogging is to be expected almost regardiess of the iree
species. On o site of medium moisture, where the soll neither dries out exces-
sively uor retsains wel, the speeles lsted in the first column waterlog rarely,
those in the second cohiinn oecasionally, and those in the third eolumn commoniy.
Yeliow birch is nimost certain to waterlog, while the other species in {he same
column arc less Hkely to do so.  Waterlogged slash may require 8 deeay period
ore nnd one-half to double the usual {ime, and in excepiional enses, even longer.

Tarue 3.—FRdalive liebilily to waterlogging of slash
of some norlheastern {rees

Rarcely Oeeasionally Conmmouly

Chpsenat Haisam fir Aspen

Enstern while pine Blaek oalk Dusswopd

Red spruce Boper birel Bevelt (heartwood)
While ash Hed prple Hemtoek ¢lieartwand)
Whike ok iod onk Yeliow bireh

Buopar wnple

Case-bardening is most likely to oceur in slash less than 1 ineh in diameter.
Siash of larger size that becomes case-bardened is so decorlicated that the bare
wood is exposed to the sun.  Stuall slash of eastern white pine is especially likely
to case-bavden, picees 4 to 1 inch in diametfer often persisting for more than 20
years. The twigs of red spruce, hemiock, and balsam fir dry so guickly and com-
pletely that they commounly resist decay for about 10 years. In the same way,
fully exposed twigs of beech, sugar maple, and whiie ash season quickly and may
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remain sound for several years, Bigtooth aspen slash sheds its bark in the second
vear and the decorticated smaller branches case-harden and remain sound several
years, Case-hardening oeeurs especially on dry or exposed sites and is least likely
to be favored by the broken cenopy resulting from partial entting. Case-harden-
ing usually delays decay for several years and in exceptional cases may delay it for
nearly double the usual decay period.

INFLUENCE O MANAGEMENT

In any program of forest management, due consideration must be
given to the condition of the eut-over area when the harvesting oper-
ation is completed. Logging slash, the advance reproduction already
on the ground, and the reproduction thati is expected to develop shortly
are important elements for consideration. The slash is not the least
of the three, as it directly exerts & very decisive influcnce over the
other two (20).

Seasox or CurriNc

Differcnee in rate of decry of slash duc Lo different seasons of cutting was not
great enough {o be detected in these investipuiions. This may not mean ihat
there is no difference, bul probably that none was nated, beguuse other more setive
variables completely obscured any thoet might exist.

Meraons oF CurTine

The residual eanopy Jeft by logeing is imporiant in the deeay of siash Jeft on
the ground. Removal of the cntire erown eover admils fult suniight, thos raising
temperatures af the ground level and drying out the surface laver of soll to an un-
wonted degree.  The slash is fully exposed 1o the direcs rays of the sun as well as
to veflected hieat of the exposed soll surface until & new ground cover is estab-
lished, Such drastic expusure dries out the upper and outer layors of slash so that
it is seasoned quickly and resists decay. Clear-cufting also tends to leave the
slash in masses, which, with the conifers, are likely to pack closely together and
become waterlogged beneath (1f, 1§, 20}, except on unusually dry soils. Slash
in [ull sunlight usually decays niore slowly than under partial crown caver.

Partial cutting leaves a broken canopy the siinde of which moves hour by hour,
50 that any given spot is not continuously exposed to full sunlight.  Slash oo most
sites then does not ecome execessively dry, and conditions favor its decay.  Beat-
tered stash under a moderately broken canopy decays maore guickly than under
any other condition (10, 21). Az {he masses of slash are seldom continuous,
lopping to reduce fire danger secins unnecessary,

As far as the decay of slash is concerned, purtial curting creates more favorable
condifions than docs elear-cutting.  This may be z relatively unimportant matter
in hardwoods or In hardwoods with a light intermixiure of conifers, as decay of the
main body of {he slash is relatively rapid in any case.  But with stands consisting
largely of conifers, it may be worthy of consideration. Where partinl cuttings
are made with an expected cutfing evele of 15 years or more, cere should be
taken to avoid logging injury to the reserved trees.

MEcETRODS OF SLase DisposaL

The slash that most concerns the forester consists of foliage, twigs, and smaller
branches, since they constitute the neute fre danger, and in coniferous slash may
seriously inferfere with reproduction [(ollowing cutting {20). Local moisiure
conditions will largely determine what method of disposal will favor the most rapid
decay of the slash. As siready shown, the twpe of cutting will strongly infivence
the choice of the proper method of slash digposal,

Buraning of slash must nearly always ba done under earveful control for satis-
factory resulls. Conirolled burning is cxpensive buf causes slight damage to
advance reproduction and reserved frees and little or none to the site. Leaving
slash {0 decay involves the chance of imcontrolied fire, the danger decreasing as
fire-prevention measunes are intensified and continued. Uncontroiled fire usually
burns when damage will be greatest. I& may result ip a deteriorated site, the
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death of sdvance reproduction, and the death of or serious damage to reserved
trees. Choice must be made between costly fire-control measures or running
high risks of equal or even larger losses in future forest values.

A'he methods of stash disposal, aside from buraing, are piling, leaving in wind-
rows with hauling trails between, scattering over the eutting area, and lopping
of branches to get them down on the ground.

PPILING

Slash is usually piled where controtied burning is carried on, piling being an
integral part of that operation, unless broadeast burning is done. BSometimes
piling is resorted to in order to {ncilitate rcrmoval of timber or to free a larger
portion of the area lor new growih

WINDROWYING

Windrowigg of slash, especinlly on hillsides, has been generally practiced.
The trees are felled so that the crowns fall on one another ang the slash is ieft in
an irregular windrow, while the trunks arc free to be hauled away in the open
interspaces. This is a general methed used in clear-cutiing of conifers and of
hardwoods in cordwood cuttings, 1f hae gerious features, in that accidental fire
burns fercely and is very likety to sweep over the cotire cutling aren, damaging
or killing the advance reproduction; the masses of slagh are so dense. even with
harcvoods. that saiisfactory new reproduction can come in only on part of the
aren; and where conilerous slash piles lie, reproduclion Is delayed up to 20 or
more years {£0).

SCATTERTNG

Where purtia! culling is practiced. the slash usually is seattered thinly and
more or less regularly over ibe entire aren.  Seattered slash under broken canopy
usually rots more rapidly than under any other condition. 1n one instance
seatiering of the siash was praclieed in elear-cutting of red spruce on steep slopes,
with & saving of advance reproduction up to a beight of about 1 foot, Dense
masses of slash accumulated only on the lower side of the hauling trails where
construction alrendy had destroved advanec reproduction.  With fire excluded,
the spruce reproduclion in this district 5 to 10 years afler cutting was very fine.
Where uncontrolled fire burned, spruce disappenred and the sparse hardweod
reproduction, larzely of weed specics, promi:se(ll little value excepl as watershed
cover. :Ip many mowitainous arces of the Northeast, nneoutrolled hot fire
spells ruin, as the sile hecomes serionsly deterinrated by the burning of the dueff
and humus, which can be replaced only after o long peried of years,

LOPIING

Lopping of siash has heen required in the Adirondacks for coniferous slash
sinece 1909, In the White Mounlain National Forest lopping of both hardwood
and coniferous stash has been required in timber sale contracts for & number of
years. AL present the dense coniferous slash is burned under eareful control

Investigation of lopping of coniferous slash in New York (11, /6) showed that
lnpped slash remained dump beneath louger than when unlopped. After the
first 2 or 3 years, lopping resulled in less fire danger.  The lopped slash decayed
sooner than the unlopped,

Lopping is less effective with hardwood slash in getting fine twigs onto the
groun(s)than with softwood slash, Hardwood sinsh is much more openly branched
aod will not pack closely together uniess the branch woed is removed for acid
wood, cordwoad, or pulpwood; aor wilt the weight of the folisge incrcase com-
pactness. Lopping of hardwood slash is costly if properly done, and while it
usually brings the heavy, Inrge branches down onto the cround, mieh fine slash
remains off the ground althongh this decays and fails in 3 or 4 yeurs in any case.
The most acuie danger is then over. but the larger slash will still burn readily
if fire runs over the arca in dry fallen leaves and herbaceous ground cover.

The datr comparing lopped and nniopped hardwood slash were practically all
saken on the plots previously mentioned, since comparable materisl and con-
ditions were mostly limiled to these areas. The resulis may be briefly stated as
follows:

In the first vear deeay began in the smull branches and twigs about equally
but with slightiy fewer [ruiting bodies on Lhe unlopped slash.  This was evidently
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due to quieker drying in the unlopped material. which discouraged fruiting
temporarily.

In the second year the weakening of sinell slash was not perceptibly different,
but decny was slower in the lopped irrge slasli.  In the meantime waterlogging of
!jopped yellow birch more thao 3 inches in dizmeter had occurred and inhibited

ecay.

En the third year wateriogging had reached its maximum., Decay in unwater-
logged slash was-advancing sbout equally, and numecrous fruiting bodies of fungt
appeared on all sizes of slash.

n the fourth year decay slightiv increased in the unlopped as contrasted with
the lopped slash This was parily due to the breaking and falling of small
branches, which nfter fmiling continued disintegration ss if they were Jopped,
and siso to the development of new ground cover and canopy, which ehanged
the carlier relatively dry condition to a more moist one. This tended Lo keup
conditions too noist for the deeay of slash on the ground but provided optimum
conditions for decay off the ground.

In the next few years increasing demsity of canopy favored deeay of slash
off the ground, and waterial up fo about 2 inches in diameter decayed and fofl
ta the ground. AL the same Lune fruiting bodies of fungl atlacking only larger
slash appeared and the topped and unlopped material that was not waterlogged
approached the same degree of decay and continued the same pace snbsequently.
The main difference between the lopped and uniepped siash was in the relative
quanlity of waterlogged mnaterin). which was considerably lnrger in the former
than the intter. Yellow bireh was an imnortant species in most of the plots.
When lopped, it waterlogged so promplly that decay could not begin and the
watersosked wood effectively vesitsiod decay for 10 years, when some of the
moisture-loving fungi succeeded in wetting a foothold.  Wakerlogging was not
limited to yeltow bireh, however. Tt took plece in hearlwood of discarded beech
and hemlock logs. especially after the closing of the erown cover.

Tt has been noted that there is a tendeney for lopped and unlopped slash to
approach each other in degree of decay afler a number of years,  This probably
is due to the weakening of unlopped parts by deeay so thal they fall to Lhe ground
and afterwards are subject (o the =nme conditions as the lopped maierial,

in general, lopping s eflicient with the conifers and with the more rot-resistant
hardwoods. Tt is to be avoided with those speeies that waieriog easily, notably
vellow birch, and on permanently wet sites.  1F may be practiced effectively on
dry and medium moist sites. It contributes materizlly to Jow fire danpger by
placing inflanumable material near the ground, tius keeping fire low, and keoping
the slash moist except in the hotiest parc of summer, when vogetation is green.
1f wall dooc lopping costs so much that care must bo taken to balance correctly
the value of the results against the vosts.  fn mixed stands the cost can be re-
dused by lopping owly the species that will give maximum results,

To promoie prompt decay of stash and insure & minimum period of high fire
danger, a method of slash disposal should Le used that will avoeid walerlogging
and ense-hardening—a method based on the moisture of she site and the spocies
of tree supplying the greater part of the slash,

RELATION OF SLASH DECAY AND FIRE DANGER

Deeny affects the fire danger of slash by reducing both the quantity
of mflammalde material and the [uel value of what remains. Beth
processes go on at the smine time,

Repuerion v Vorusme Tiaroucy DEecay

The most obvious eflect of decay on slash is Lhe gradual reduction in its volume
antil it finally diseppears.  But the degree of reduclion is difficult to evaluate
or estimate consistenlly. Nevertheless, iL was astempted, along with a nwmber
of contributing elements, espeecially with red spruce and balssm fir slash.  Bsti-
mates were made of the perceniage of Lthe original stash remaining on the ground.
By using wide classes and fxiog in mind certain conditions of the slash indicative
of each class, iL was possible to allocate to percentage classes with reasonable
definiteness, Consistoncy was attained by having {he esthnales made by the
same persons checking against esch other, disagreements being settled on the spot.
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in the field, the following conditions of ihe slosh were tuken as indicators of
the percentage classes—

100-87.5 percent: Where no slash larger than J§ mch in dizmeter had {allen,
87.4-62.5 percent: Where no slash more than ¥ Inch in dinmeter tind fallen.
62.4-37.5 pereent: Where no material above 3 inchies in diameter had fallen.
37.4-12.5 percent: Where no slash less than 3 inches in diametor remained.
12.4-0 pereent: Where slash logs were falling apatt and were searcely dis-
tinguishable from debris oceurring under natural forest conditions.

The curve in figure 1, showing the general progress of reduciion in volume of

100 [ = ] [

BN

ORIGINAL, VOLUME OF SLASH { PERCENT )

. i
o] o 1o L] 20 25
AGE OF SLASH [YCARS)

Figans 1—NRelation of volume of red spriuce slash to its age. Numbers at the
points indicate the mumber of areas on which ench puint is based.

red spruce slash, was constructed on the basis of arithmetienl means. The
inferprotation is as follows: The volume of slash remains practieaily unehnanged
for G vears, drops to 75 pereent at aboud 12 vears, o 50 percent at 17 vears, and
to 25 percent at 26 years, after which disintegralion stows beeanse of the large
size of the remuanis, These then usually are well seattered und oceupy but a
smail parg of the arca vriginally covered by the slash.
While intensive sludy of reducetion of volume of slush by decay has been directed
. espeeially to red spruce and bulsom fir, long experience shows that slush of ali lree
specios undergoes the same general course of events, bub wilh varying relation to
age of slash,

Errrcr or Decay oN Fuern Varue oF Stase

The fuel value of decaying slash in the forest is affected chiefly by the specific
gravity of the wood substunce and ils waler eontent.

Decoy essentially is the cousumplion of wood by fungi, and ius progress is
indicated by the deecrease in weight per dry mnit volume. Using weight per
unit of dry wood substance ns o basis, 1he fuel value of wood decreases propor-
tionally th the loss in substance by deeay. Decay docs not change the fuel
value per unit weight of wood substance.  Tests show that this is true of both
hrown and wiile rols (3, §, 9, 1%, 18). Divect tests of air-dry decayed wood have
shown n marked deerease in fuel value as rob progresses {3, 4).

The moisture content of wood has a direck bearing on its {uel value, since the
water confent is vapoerized and ihen broken down by high heat. This heat
comes from the burning wood matferials,  The final outpit of this hent represents
the remainder of the fuel value of the dry wood material minus the calories
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required to disposc of the water. The relative weight of water in well-scasoned
woodd oy bhe as litlle as one-ffth or less of the weight of fhe dry wood nass.
Green wood may contain water weighing more than the dry wood substance.

There is considerable variation nmong the different deeavs in their eifect upon
the capacity of rotted wood to absorhy and refain moisture.  When ntermmittently
wetied, rotted wood absorbs and loses watler more readily than sound wood,
but throughout the process maintaing a higher average meisture content fhan
sound wood. Observations of al! kinds of deearving slash show this Lo be true
with slash more than about | inch in diameterwhich gives up absorbed water
ooly. after considerable exposure to snouy weather, On the olher hand, the
smaller slash dries cul promplly in the sun and ils water content lollows closely
the weather eonditions.

The inflammabilily of wood may be Increaged hy decay, especially in its ad-
\'ﬂ;(:ed stages. In olden days. dry robten wood was used as tinder in starting
a fire, -

As far ns fre danger is concerned, the increased inflammability of deeaying
slash is counterbalaneed by the deereased fuel value of ils gross volume, so that
the fire danger is about the same {or equal volumes of gound and rottecd inaterial,
The principal clfect of decay is to diminish the valume of fuel, thus deereasing
the hire danger proporiionally. This relalion appears to be reasonably close
with slash under the usnal forest canditivns,  The pereentage of orisinnl slash
remaining would seem fo be a praciical lield guide fo the five danger when cnvi-
ronmnental danger faelors are eqgual.

Rare or Repuction or Fiee DaNceEr oy Decay

In the inlensive investigation of red spruee slash 7 speeiad ablontion was given
te the Are danger as reladed to deeay af different ages, [n the feld, an estimate
was made of the degree of fire danger nnder the immedinke environimental condi-
tions.  The principal consideralion was the relation of decay Lo bnflammability
of the slash and to rate of spread of fire.  No altention was given to resistance
fo fire sontrgl.  Five classes of fire danger were recognized, which were charac-
terized as follows:

Exriesme: Slash bullky. Twizs and many leaves sl adhering  Slash
compieiely exposed {0 sun and wind.,

Mg Slash semewhat flattened, Twigs fallen. Small branches  defed
out and frequently case-hardened.  "Trunks and lrge hranches with
enrly sap-rof.  Blash slill well exposed to sun and wind,

Meprom: biash sunken through decay of parts ¢ose to the ground,  Smatl
hranches fallen,  Branehes up to 2 inches in dinmeter partially to well
rofted.  Trunks and darge bheanchies well sap-rotted.  Alost of the
slash shaded all or part of the day. .

Low: BSlash Hut on the ground. AN bhranches [allen.  Prunks well rotted
but intact. Canopy almost entire and well above ground.

Sars:  Conditions approaching those existing in foresls before logging,
All branehes well deeaved.  Trusks falling apart.

Curve a in figure 2, constrieled from the data taken at all elevations, presents
the mean fire tdanger of all the plots o caeh age elass. Thoere is about an even
chance that any one hndividnal area may have a danger rating higher or lower
than (his curve indicates. Hovvouwnding conditions may be sueh that thore is
small danger of fire starting, or Lthey may be sueh as o delay deeay and prolong
the flanger period much bevond the average,

Comparing data for the two elevation xones, 500 to 2,750 and 2,751 to 4,000
fea! above sea [evel, one finds o lag of 140 2 vears in deerease of initinl extreme
fire danger in the slash af higher altitudes and a eonsistent maintenance af that
lng to the medivm stage, when the differences graduatly decrensed fo ihe low
stage, wiere they eoineided.

iomparing figure 1, showing rveduction in volume of red sproce slash as age
increases, with figure 2, 4, showing decrease in hire danger of red spruee slash with
inereasing age, one immedintely notes 1 marked similarity of the two graphs.
There iz o very cvident relation between slash volume and fire danger.  [n the
preceding discussion of the elfect of decay on the fuel value of slash it was con-
cluded thal the principal effect of deeay is Lo diminish the volume of fuel, thus
decreasing the fire danger proportionaliy.  The close correlation af glash volume

T See [oofnole 4, p.o 4.
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nnd fire danper as indicated by extensive field investigations cannot be accidental.
Considering slash apart from its loeal environment, the volume remaining appears
to be a reliable field index of its fire danger. Expertence indicates that this is true
not only of red spruce slash but aiso of eastern white pine and hardwood slash.
In _gieneml, coniferous siash requires much longer to reach the fire-safety point
than does hardwood slash. Notwithstanding considerable variation between the
species of herdwoods, it has seemed best to group them as a single unit. This
follows because fire denger with them usually is less acute than with the conifers,
and relative variations consequently are of lesser importance. Among the coni-
fers it has seemned best to make two groups because of considerable differences
and because use of the data is likely to be moro detailed than with the hardwoods.
Decay of slash of gastern white pinc and hemloek runs s similar course. 8o does
thas of apruce and balzsam fir. Two curves were made to show the decrease of
fire danger for eastern white pine {fig. 2, ) and for the hardwoods (fig. 2, ¢) in the
samne manncr as for red spruee (fig. 2, o). Bascd on the action of slash under all
conditions encountered, the curves present averages for the various ages of slash
s accurately as is leasible for sueh helerogenecus material.  Figure 2, ¢, shows
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Fraure 2.—Reduction of fire danger of slash with age: «, Red spruce slash;
b, easlern white pine slash; e, hardwood slash, Numbers by the points
indicate the number of areas on which each point is based.

that the fire danger for hardwood slash begins to deerease promptly and main-
tains & rapid uniforin rate untit & peint of Jow dunger is reached, when the rate
slows perceptibly.

Casual inspection shows that eastern white pme slash bas a decided likeness to
hardwood slash in its relatively rapid and uniform rate of deerease of fire danger.
This is duie to two fagtors: (1) The type of twig formation of the white pine ap-
progches that of the hardwoods, in that the twigs are long and sparsely spaced,
and (2) the branches earrying the bwigs are wenkened early by pockets of deeay
und break into picees L to 2 fest long, with an cffect similar to lopping. Eastern
white pine slash is inlermediate between the hardwoeds and the finer twigged red
spruce in its rate of decay and the corresponding relative fire danger. The
branches in the upper or top slash of red spruce and balsam fir are not weakened
by pockets of tot and are not broken down neerly so early nor so frequently as
are those of eastern white pine. Consequently, the finc twigs of the former gen-
erally remain in plaee until shed from their supporting branches. The fine twigs
of red spruce and balsamn fir also resist decay and remain sérong nearly twice as
long as those of eastern white pine.  As a result the fire danger of the slash of
the Lwo former trees remains very high longer than the slashk of eastern white pine.
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