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DEPOSITORY

In ap investigation of decay and resuitant cull of merchantable
-timber in balsam fir (Abies balsamea (1.) Mill.) from eastern Maine,

. morthern New Hampshire, and the Adirondacks in New York, more
=3fhan 1,100 irees 40 years of age and upward were dissected and the
s7data analyzed to show the relation of cull to age, diameter, site factors,

£}

zzand growth rates. Decay severe enough to eause cull affecied half

==X 1 Submitted for publication October 1043, ]
=% 3Thig study was carrled ob in cooperation with the Allegheny {(formerty Northeastern}
«aforest Experiment Statlon and Yale University, New Haven, Cono. The writers wish to
»wigrkmowledge tireir cooperation and also that of the followlng orgenizations and individuals,
a=twho generousljy permitted the iellin§ eud study of balsam Ar on their holdings : The Finch,
w=tPruyn & Co., Inc, Glens Falls, N. Y.; the Whitney Realty Co., Sabattig, N, Y. the Maine
EicForest Service, Augusta, Maine; the White Aonntzin MNational Foreat, Laeonia, N, H.:
__ the Gale River 'Experimental Forest, Bethlebew, K. H. ; and J. R. Jackson, Colebrool, N. H. H
=¥and of the Civilian Conservation orps, for furniahing the labor nhecessary Yor the dissec-
24 t{on. of trees cn some of the study areas.
v  In addition, the writers are particuiarly indebied to M. Westveld, of -the Northeastern
<td Poreat Experiment Statlon, and to E, 8, Bryant, of Bolton, Vi, for their advice and
CEF erfticlsm ; to L. H. Reineke, of the Northeastern Forest Experiment Station, for assiatance
T2 in the preparation of the graphic illustrations and in the stetigHeal anaiyees of data; to
=x; the U. B. Forest Service, Diviston of Forest Mapagement Research Waakington, D). C.,
for assistapce In compoting the correlation analyses: and tn H., J. MecAioney, of the
° Division of Forest Ingects, Burezu of Ent{:ln.loln:u;{D and Plant Querantine, and to G, H.
gy Hepting, R. W. Davideon, and H., . Enop, of the Division of Forest Pathology, tor their
== direct participation in the investigative work wpon which this publication is based.
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the trees at 72 years and all at 165. About one-fourth of the total
volume of gll trees was culled.

Most of the cull was due'to three decays: Top rot, caused by Stereum
sanguinolentum Alb. and Bch. ex Fr.; brown butt rot, by Polyporus
balsameus Pk.; and -white stringy buté-rot, by Porie subacide (Pk.)
Sace, "The first caused 54 percent of the total cull, the second 13 per-
cent, and the third 28 percent, the remainder being due to miscellane-
ous Tungi and form defects.

The butt rots appeared at.about 40 years, were present in half the
irees at ‘72, and cansed some cull in half the trees at 105. Top rot
began at 40 years, was present in one-fifth of the trees at 80, and usually
caused much more cull than the butt rots. Butt rot severe enough to
cause cull wenkens the trees and makes them liable to windfall. This
becomes so serious a matter that at about 70 years it appears to be
the decisive factor in determining the proper rotation for this species.

On & volume basis, cull losses in the trees studied were almost iden-
tical on good and poor sites. On a percentage basis, however, the
losses were higher on poor sites. Comparing slow-grown and fast-
grown trees, on a volume basis cull was less in the former, while on
a percentage badis it was much more nearly equal. The net periodic
growth of fast-grown trees, after deducting decay eull, exceeded that
of the slow-grown ones by a ratio of 4 to 1 up to 70 years, when the
difference dropped gradually. The development of cull appears fo
be dependent on age, and insofar as diameter can be correlated with
age, it may be used as an indicator of cull. Correlation analyses, how-
ever, show that diameter, because of its variability in reference to ags,
is & poor index and that height, age, and volume are better but lsck
complete correlation.

Extreme suppression, resulting in flat-top form for a number of
years, favors attack by the top rot fungus, even though normal

rowth is vesumed afterwards. No reliable external indications of

ecay were found. Xigures are given for making cull corrections of
gross-volume cruise estimates, but no sanitation measures are recom-
mended under present conditions in the forest,

. In the management of balsam fir for pulpwood the following
measures are recommended. Present merchantable stands, which are
largely overmature and highly defective, should be harvested to pre-
vent further heavy loss, Considering losses from decay and swindfall,
the best cutting age appears to be about 70 years, with 80 years as &
maximum. At these ages an average diameter of 8 to 9 inches ig
sttained in unmanaged stands such as those investigated. These
diameters may be considerably increased by silvicultural measures
favoring the maintenance of a good and unif\érm rate of growth, and
apparently without any increase in cull loss en a percentage basis.
A rotation of about 70 years will keep cull losses at a relatively low
figure, and at the same time produce trees of economical size for pulp-
wood, To avoid excessive losses between cuts the maximum cutting
cycle should be about 20 years. In voung stands, weeding and the
girdling of dominant worthless hardwoods, to prevent severe sup-
pression and induce a uniform rate of growth, should result in a
minimum of cull up to 70 years.

The application of these conclusions will make available large
quantities of balsam fir during the present extreme wartime shortage
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" of ulpwood, and the detailed information should be made available
t0~£)resters as soon as possible,

PAST AND PRESENT FOREST PRACTICES

‘Boftwood lumbering in the Northeast has consisted until rather re-
cently in harvesting the choice species and leaving all others, which
at the time were of little value. At first the best eastern white pines
(Pinus strobus L.) were taken, but only the choicest logs. As demands
increased and markets became more accesgible, however, entire stands
of this species were eut. This process went on in ever-widening belts
along the seacoast and rivers until the commercial supply was almost
exhausted. Fox (8)* has given an excellent account of the early lum-
ber industry in the State of New York. The same sequence of avents
took place in New England. Springer (25) also gave an account of
lumbering in Maine in earlier days.

As pine became depleted, spruce, mostly red spruce (Picea rubens
Sarg.), went, through the same selective process. As long as saw
timber was its main use the huge northern stands of this species satis-
fied demands. This resuited from the fact that only the larger trees
were taken, leaving the smalier and usualt younger ones to grow for
future crops. The paper pulp industry, ﬁowever, began its tremen-

dous inroads on the forests about 1820 (3, 8). Spruce was soon found
to be the best available specics for this purpose, and by 1900 this in-
dustry was-operating on g large scale. The type of logging changed
to practically elear-cutting of spruce, as much smaller material than
that required for saw timber could be used.

At abonl-this time the process of pulp manufacture was modified
so that hemlock (7suge canadensis (1.) Carr.), pine, and balsam fir
(Abies balsamea (L.) Mill.}, and other conifers could be used. Thus,
conditions tended to accentuate the clear-cutting of all conifers in a
stend, leaving large openings for young seedlings to become estab-
Iished in great numbers.

In early days balsam fir, a relatively small sized tree in compatison
with spruce and pine, was commonly very defective in the larger sizes
and was usually not a very important component of the forests then
accessible. Some of the best and largest trees may have been taken,

) but the species appears to have been largely left standing. A state-
ment of lumber cut in New York in 1900 shows spruce, hemlock, and
pine but no balsam fir (9). Its value was small or nil in contrast +with
eastern white pine and spruce. With its acceptance as a pulpwood
it became of value, although not equal to spruce {3, 38) until more
recently (72). The advent of clear-cutting greatly favored the in-
crease of balsam fir in softwood regeneration because of its prolific,
continuous seeding and its aggressiveness in reseeding openings in
the forest (36, 87, 38). Consequently balsam fir is becoming more
abundant in the northern forests. “Whether it is really wanted or not,
it i1s now an important component of these forests and cannot be neg-
lected. This incres. in value and relative importance has drawn
attention sharply te decay in the lLiving tree, a well-known feature of
balsam fir. The present study was initiated & number of years ago
to help determine the forest practices that would be most efficient in

* Italic: numbers in parentheses refer to Literature Cléed, . 28,
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reducing cull losses. Now, at the time when there is an exireme war- R
time shortage of pulpwood, these practices can be utilized to the fullest
extent.

" PATHOLOGY OF BALSAM FIR

From colonial days, balsam fir has been condemned because of its
-excessive susceptibility to various wood rots. This would lead ome
to-expect that the other parts of the tree might be especially subject
to attack by fungi. As a matter of fact, the records and collections
of the Division of Forest Pathology show that about 270 different
fungi are known to grow on various parts of the tree. This situa-
tion is practically duplicated with the eastern white pine and red
* spruce, which are considered to be two of the best of the eastern timber
species. So it does not seem that balsam fir, as a species, is abuormally
susceptible to fungus attack. Aside from rots of the wood in living
trees, balsam fir has shown no more conspicuous outbreaks of de-
structive endemic disense than the pine and the spruce.

In considering susceptibility to decay of living trees of balsam fir,
the fact has been almeost entirely overlooked that it is a short-lived
tree as compared with red spruce and eastern white pine, both of which g
have a normal life span double that of balsam fir (28, v. 17 and 1). N
In other words, balsam fir of a certuin stage of maturity—for instance,
trees 100 years old—should be compared with red spruce or eastern
white pine of the same stage of maturity, or 200 years old. Asa rule,
decay 1n living trees of ail species increases with maturity, and over-
maturity is accompanied by heavy losses from decay. 1t is reason-
able to expect reintively heavier losses from decay in mature balsam
firs than in the less mature trees of the other two species of the same
age. It is conceded that balsam fir probably is more susceptible to
these decays, but it is much less so than appears to be the case without
making allowance for age ab matority.

Although decay is common in the living trees, fruiting bodies of
the fungi causing decay are scarce. In most cases culturing the de-
cayed wood is the only way to defermine the identity of the fungus
causing the damage. Such cultural checking of the common decays
of balsam fir has been done extensively by a number of investigators,
- who have agreed that there ave three types of rot commonly present
in living trees. A white stringy butt rot. caused by Poria subacida |
(Pk.) Sace. {4, 5, I8, 20} ; o brown cubical butt rot, largely caused
by Polyporus balsameus Pk. (15, 16, 20) ; and a red heart rot in the
middie or upper part of the trunk, caused by Sterewm sanguinolentum.
Alb. and Schw. ex Fr. (4, 5, 6,7, 16, 20). There is some uncertainty
concerning the brown butt rot, as In some localities it is definitely
known to be caused by Polyporus schweinitzii Fr. Most of that found
by MeCullum (78, 19, 20}, Kaufert {16), and the writers, however, is
attributed to P. balsameus, which appears to be more common than
P. schweinitzii in balsam fir.

The culture work of various investigators shows that occasionally
more than one fungus may be implicated in any one of the three com-
mon balsam fir decays, In the present study, cultures have shown the
following fungi definitely associated with decay of living balsam fir
trees: Confophora puteana {Schum. ex. Fr.) Karst., Pogyg)ams bal-
samaus, P. sehweinitzii, Poria subacida, and Sterewm sangumolentum.
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Fruiting bodies-of the following wood-decaying fungi bave been col-
lected on living trees: Armillaria mellea Vahl, ex Fr., Fomes pind
" (Brot. .ex Fr.) Karst., Hymenochaete tabacina (Sow. ex Fr.) Ldév,
. Lensites saepraric Wnlt. ex Tr., Polyyporus abietinus Dicks. ex Fr,
P. balsameus, P. circinatus Fr., P. schweiniteti, and Trametes hetere-
morpha (¥r.} Bres,

‘REVIEW OF PREVIOUS INVESTIGATIONS

‘When this investigation was being planned, no intensive dissection study of
decay In any eastern tree species had been made and little was known concerning
the fungi causiug decuy in living balsam fir. This situation has charged
rapidly within a few yenrs.

In 1800 Von Sehreuk (87) published nn secount of the wood-rotting fungi that
he found atiacking living conifers in Mnine. He desoribed the following on
balsam-fir 1 Polyporus schaceiniizii, enusing o browo butt rot; Fomes {Trametes)
pini abietis Karst., cnusing a trunk vot with small white pockets; Porie subgcida,
eausing a stringy butt vol; aud Fomes annosus (Fr.) Cke., causing a root and
butt rot svith small white peckets with black centers.

In 1907 Moore nnd Rogers (23, p. 42) examined standing balsam fir in central
Maine by chopping into the trees, This would give information on the hutt rots
but nothing on the heart rot of the upper pnrt of the tree. Theip remarks apply
therefore to butt rot only. They said, “* * * gn the flafs the fir dies out
of the stand * * = approximately B0-€0 years, whaveas on the slopes and
upper slopes it is found perfectly sound at 72 years, and even gt 118 years it ig
only very slightly injured by vot at the centre. This applies to fir in a mixed
stand. In a pure stand of even-nged fir, * * * fhe trees begin to be at-
tacked by rot as soon as they ave 8 inches in dinmeter nnd betwesn 30 and 60
years oid. Bui the stand may safely be allowad to grow for 10 to 20 years
longer, * * * JIf they ave left any longer than this the trees will be broken off
by the wind * = =

In 1914 Zon (3B) gave some general stntements oo ungoundness of balsam
fir. In “wet swamps” it grows slowly and is free from *grourd rot” In “iry
swamps” {flats) It grows faster but has much move ground rot. On hardwood
slopes {t makes its best individual growtlh but is very defective. Top rot is
especially noted in suppressed trees under hardwoods.

In 1918 Faul! (4) began a caveful investigation of the rots of living trees
of pine, spruce, and bulsam fir in Ontario, This continned untii 1993 with special
emphasis on balsam fir decnys. Cultures of the various rots were maide and
studied intensively by Fritz (16). It was learned that Ysapin rouge,” or red
heart decay, is caused by Sterewm sanguinolentum. (7} ; that the brown cubieal
butt rot is caused commoniy by Polyporus belsameus instead of P. schaveinitzii,
as bad been supposed previously (5} ; and that the white steingy butt rot is

s CRUBEA by Poria subacida {4, 5).

Rankin (24) in 191D msade a hrief observationnl survey of buut rots of balsam
fir in Quebec forests and concluded that many different fungi are causative
ageats. The most common and destructive one he attrihuted nrovisionally to
Fomes pinicola {8w. ex Fr.) Cke., but says that butt vot by Polyporus schaceinitzii
also is comemoen.  The eavly stages of these rofs eould not be distinguished with
certainty. Infection by both is said fo take place argely through the roots,
He reports g definite relation between rate of growth of the free and destruc-
tiveness of these butt rots, the more rapidly grown trees having less butt rot
and a smaller proportion of affected trees. No corvelation was Tound befween
butt rot and a previous attack by the spruce budworm {drchips fumiferana
(Clem.) ).

In 1822 Schierbeck (29) published an aceount of the causes of the dying of
balsam fir in eastern Cunada. In the order of their importance in the death and
decay of trees previously nttacker by the spruce budworm he lists the following
fangi: Armillurie mellea, Fomex pinicole, Polyporus abictinus, Sitereum sai-
grinolentum, P. balsymeus, Porig subacide, and Lenzifes saepiaria. In addition
he says that Polyporus schiweinitzii occurs on living bulsam fir but dges not in
his opinion contribute to the high mortality of the species.

In 1923 MeCallum (78, 19) began intensive field work on the rots of balsam fir,
with a detailed dissection of trees on definite plots {29), the first study of its
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type in-eastern.forests. It was.carried on in the Province of Quebec in two areas,
one south of the St. Lawrence River, at Lake Metis, and the other in the Lake 8t
Jobn region, on the Shipshaw River, The forest in these areas was quite similar, -
and the site was considered to be I J(moderateiy goed) for balsam fir. “Quarter-
ucre piots were eut clear of balsam fir down to 3 inches d. h. h,' Identification
of the fungl causing decayz was made by means of pure cultures from the rotten
wood. His data show that in Quebec cull losses become heavy in balsam 6r at an
age somewhgre between 70 nnd 100 years and at an average dinmeter of § to 7
inches; that in the same age classes the percentnge of volume culled is slightly
higher in fast-grown trees than in slow-grown ones | and that there is no corrvela-
tion between the percentage of cull and previous spruce budwerm injury. He
found only three important deecays, those caused by Stereum sanguinolentum,
Porig swbocide, and Polyporus balsameus. The first gained entrance almost ex-
clusively through branel stubs and the other two through the roots,

In 1832 in a preliminary report® covering part of the investigations now com-
pletely discussed in this bulletin, the results, anonymousiy reviewed (1), were that
cull losses and windfall were common at 70 years, that the same three fungi re-
ported by McCallum were lmportant in llving trees, and that there was no correla-
tion between percentage of cull and rate of growth.

Io 1936 Kaufert (16} publlshed the results of an investigation of decay of lv-
ing balsam fir in Minnesota and Wisconsin. His eoncluslons were that in the
Lake States region balsam fir is highly defective and largely overmature; that
cull inereases rapidly after 70 years of age and an average diameter of 8 to 9
Inches; thal balsam fir shonld not be bheld longer than 80 years, or to an average |
diemeter greater than @ inches; that faost-grown trees have a,slightly higher ¥
percentage of rot than slow-grown trees, but the difference Is so little as to be
insignifican{; and that ridge trees are more susceptible to butt rot than swarp
trees. His findings on the fungi cruging decay and their importance are identical
with those given hy McCallum.

In 1840 Heimburger and McCallum (14) presented datn to show that in Quebee
the two butt rots of balsam fir cansed by, Poria subacida and Polyporus balsamens
occurred mere frequently and were more serions on mixed-wood slopes (ridges)
than in softwood flats (swamps).

Faull {4}, McCalium (20), ond Eaufert (16) have deserlibed and lilustrated the
three important heartwood decays of balsam fir, and for this reason such treat-
ment is not included in this publication.

PURPOSE OF THE STUDY

In planning the management of balsam fir stands, it is essential to
have information on the relations of age and size of trees to cull losses.
The primary object of this investigation was to obtain this informa-
tion. Data pertaining to the following specific subjects were taken:
. Age 2t which enll Josses begin and rate of increase,

. Relation of diameter to eull logses.

Felling age 50 fur as determined by cull losses.

. Relation of eull losses to quality and character of site and to rate of growth.
. Cull-cgusing fengi and their prevalence under varlous conditions. ¢
. Bxternal indicstions of decay.

. Avenues of entrance of cull-causing fungi.

FIELD METHODS

All data presented in this study are based upon the dissection of
1,127 trees on 15 plots in New Hampshire, New York, and Maine—5
plots on the Gale River Experimental Forest, near Bethlehem, N, H.;
8 at Cherry Mountain, Carroll, N. H.; 1 in Columbia, N. H.; 1 in
Indian Township, Maine; 2 at Newcomb, N. Y.; and 8 at Sabattis,

a) @ Do 5 ha

+The term . b. h, means the tree diameter, tnelnging the bark, at 4.5 feet from the
groued (breast heizht).

* BPAULINNG, P, "h&:mmu, G, H.,, end MACALONY, Tl. J. INVESTIGATIONS IN DECAXS OF
BALSAM FIR. 1, GALE RIVER EXPERIMENTAL. FOREST, NDW HAMPRHIRE., U. S, Forest Serv.,
Northeastern Forest Expt. Sta. Teeh, Note 11, 3 pp. 12232, [Processed.]
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‘N. Y. Differént ages and types of stands were included—uptand and
Jowland, pure and mixed with hardwoods and gpruce, on good sites
and on poor sites. The plots were well scattered over the range of
the balsam fir in New England and New York. The soil in all cases
was glaciated—sandy loam with interspersed pebbles, stones, and
boulders.

In the earlier cuttings quarter-acre plots were used and all balsam
firs down to 1 inch d. b. h. were felleg and examined. No decay or
cull was found below 40 years; on later cuttings, therefore, only frees
40 years of age and older were examined. The later cuttines were. on
various-sized plots, usually of about a quarter acre, selected to repre-
sent average conditions for their districts and taken together to be
representative of the region covered, General data on all plots -are
given in table 1,

For each plot the seil type, moisture relations, topography, eleva-
tion, density, associated species, and other minor details were noted
and complete data were taken on the condition and physical charac-
teristics of each tree studied, When decays of questionable identity
were found, samples were submitted ¢ for culturing and determing-
tion of the causal organism.,

TapLe 1.—General dufa on 1,127 balsam fir trees in study areas

Stand age! ‘Balsam
Plot No. Laeality firie
Average | Raoge stand

Boll molsturas | 8ito
conditlon inder 2

Number Years | Percent
129 70 | 5E-12) 53 | Upland
Intedrmedlate

. d
Cetroll, N. H._.

RS & [ .

! The age of & stand js taken ss the average aga of the dominant and sodominant trees.
17 poor sites, 40 to 59; 8 good sites, 60 to 70. Indexes used In prepars‘tiuu of table 8 (p.18}.

CULLING PRACTICES

As stated by Kaufert (16), the problem of deciding what culling
practice to follow in a study of this type is rather difficult. In any
region the wtilization of any one species varies from operator to opera-
tor and from State to State. In New England and New York the
principal use of balsam fir is for pulp, and yet the closeness of utiliza.-
tion varies greatly. To obtain uniformity, the writers adopted the fol-
lowing culling rules, which are a composite of the woods practices
observed throughout the region.

Butt off at base untll sound wood equals two-thirds of cross-section arvea.
‘Cut inte 4-foot bolts up to 3 inches top diameter,

¢To R. W. Davidson, azsociate myeologist, Division of Forest Puthology.




TRCHNICAL BOLLETIN 872, .U. 8. DEPL. OF AGRICULTURE

Cull gll.bholis 6 inches in dinmeter and under at small end if they contain
any rof. )

*Cull all bolts over 6 inches in diameter at the small end if more than one-thitrd
of their diameter is center rot, more than one-eighth of it is rlm rot, or
more than oné-gquarter of their cross-section area is scattered rof.

Application of these rules was made on the basis of ocular estimates.
Theé resulting cull may be termed “commercial cull.” Inasmuch as
such a culling practice allows for close utilization, 1t was decided that
no modification was necessary to allow for even closer future utiliza-
%on. The cull in this bulletin approximates the theoretical cull of

aufert.

. METHOD OF COMPILATION

All volumes were computed by plotting the dimensions of each tree
on the United States Forest Service tree measurement form {No. 558a).
The area representing ench tree was measured with a planimeter, and
the volume in cubie feet was derived by multiplying with known con-
verting faectors. Cull volumes were computed in the same way.

Both total and gross merchantable volutae were determined. Total
valume ineludes gll wood, inside bark, from ground to top; gross mer-
chantable volume includes only that wood between a 1-foot stump and
u top diameter of 3 inches inside bark: cull volume is the volume of
merchantable material culled according te the rules stated under
Culling Practices; net merchantable volume is the gross merchantable
volume minus cull volume. Throughout this report, unless stated
otherwise, the volumes referred to are merchantable.

Corrections for total age were made on the basis of height growth
of trees in the vicinity. Young trees were cut and their age determined
at the ground and at 1-foot intervals up to 17 feet. The correction for
age was added to each tree, depending on the height of the age count
above the ground.

CULL IN RELATION TO AGE

»

‘Fhe first und in many respects the principal velation determined in this study
wad thaf between the nge of the dissected tree and the cull volume, The dafn
presented, though based ppon individoa) trees, are appliculie to the stands.
In the ifetime of @ baisam §r stand, individunl trees nve continually dropping
ount, Inrgely from snppression and wind throw of those wenkened by butt vef which
is decay extending upward from the stump. Top rot is used to distinguish clearly
deeny in the trunk, which originates usurily ip the upper pnart. The prineipusl
ro¢ thus designatefl is thaf caused by Sierewmn senguincientuwm and commonly
known as refl heart. The analyses that follow ave based on the trees present
in o stond gt the time of cutfing, and no consideration is given to mortality losses
up to that time. The culminatien of net growth in a stand will be attzined
earliler than these figures show,

PercenTAcE oF TreEEs WiTH DEcaY amp Wrra CuLr
¥

The variation in percentage of frees with decay and eull with tree age is
shown in figure 1. The ¢ight curves are largely self-explanatory, but a few
points should be stressed. No decny was found at stump height iz eny trees
nnder 40 years of age, but by 45 years 20 percent had scme decny, by 65 more
than 50 percent bad deeay, and by 145 all were partinlly decayed. The figaves
for butt decay only are slightly lower. Butt decoy appenrs at 40 years, 20 percent
of the {rees ave affected by 47 years, 50 percent by 72, and 100 percent by 165.
Top deeay beging at the same time but bufids up much more slowly. It is present
in 20 percent of the treeg by 90 years and in 50 percent by 160 years.
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Naturally cull ‘lags heliind .decay. S'he relatively small size of the average
-balsem fir means that there gre few trees in which decuy does not result in eyll.
By 40 yedrs 20 percent of all trees:had some cull, by 84 years 50 percent had
some cull, and by 165 years &ll hed some cull. Butt cuil lags only slightly
‘behind fotal cull, i e, 20 percent of ail the trees gt 50 years had butt call, 50
Dercent at 105 years, and 100 percent at 165. The worat fenture of the putt
cull is that by the time @ tree has ercugh buit decay to necessitate oull, the
tree is greatly wedkeried and is predisposed to windfall.

TAm 2.—4dssociation between butt rot end top rot in 1,125 Balsain jir trees,
N : 808 without and 538 with butt rot

Noabutttotted | Gost.rotted trees Nonbutbrotbed 1 purrotted troes

Aga ciass

(Fears)

Num- | Withtop| Nom- | With top Num- | Withtop| Num- | With top
rot ok ber rot ber ot

Pereent Pereent Pereentt

- -- ]| 1120 40.¢ 26.3
121-130. . 46,2

131-140. :

151-1£0,
161-17),
171-180.

A comparison of the associntion of butt and top rot in balsmm Sr by sge clagses
is given in table 2. Within each nge class all trees were put in two groups,
those with and those without butt rot. Then for ench group the perventnge of
trees with top rot was cowmputed. If some {rees were miore susceptible to decay
than others, then the percentage of butt-rotfed trees with top vot shounld be higher
than the percentage of nonbutt-rotted trees with top rot. Reference to the datg
shows that the reverse is true. The pereentage of nonbutt-rotted frees with tep
rot is cousistently bigher than thal of the hutt-rotted trees with top rot, with
the exception of the G1- to 70-year age class, when it is approxXimately the sume,
This ray be tuken as an indiention that there are no important differences in
generg! deciy susceptibility between individual trees and that the factor or
faclors detenmining deecay infection in balsam fr are igrgely external or
environmentsl.

MercHaNTABLE Vorume anp Curr Losses

.

Data on merchantnble volume and cnll losses by age classes are shown in
figure 2 and table 3. In figure 2, curve 4 shows the average gross merchantable
volume of all trees; curve B shows the avernge cull volume per free; and eurve
€ dhows the uet merchantable volume per tree, Balswn Hv in the Mortheastern
States attains merchantable size just before it reaches 40 years of age, and has
an average gross merchantable volume of § cubic feet at about 80 years, 10
cubic feet at about 80 years, and 16 cubie feet nt about 100. .Cnll is negliglble
up to 60 years, and reaches a volume of 1.7 cubic feet (17 percent) ot 80 years, and
3.6 cubic feet {approximately 2234 percent) at 100, Periodic net increment of

" merchantable waod is highest from 60 to 80 yesrs and then decrenses gradually
untll gt 150 the volume of cull mere than offsets the peviodic growth or inere-
ment, The mean annusi net increment of individusl trees does not reach its
meximum until 110 years. This, of course, applies to the survivers in the stand
and is not'indicative of .the culmination of mean snomal net increment for the
stand. .Mortolity becomes heavy after 70 years of gge and the loss of inrge
numbers of {rees will hasten the culimination of growth for the stund as a whole,
Since, however, the trees so lost uaualiy have the highest proportion of cull, the
decresge in net volume will not be so marked and culmination of net annugl

atand increment will be correspondingly deferred.
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Frovre 2—Gress apd net merchaniable volume in ¢ubic feet of balsam fir, by
nge classes.

Tanry 3.—Gress, eull. and net merchaninble volume and netl increment of
1,125 beisam fiv trees, by age classes’
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‘PercEnTACE OF MERCHANTABLE VoruME CULLED

AN the data In the preceding section were used in a comparison of eull and
gross ‘mervchantable volnme on the busis of the average tree in ench olass. Lhe
pulpwood operator may find the same data more useful expressed in percentages,
particularly If ke has informntion on the predominant age and estimated volume
of his timber,

The percentage of the merchianiable velume cualled, in relation to nge, is
shown in figure 3, eurve 4. By 80 years 10 percent of this volume is enll, and

80

A= 0— CULLED FOR DECAY OF .ALL KINDS
B — 0 —CULLED FOR TOP DECAY
C — A— CULLED FOR BUTT DECAY
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F1cTURE 3.—Perceninge of merchantable volume of balsam fir cuiled for butt and
top deeays, by age clasges. ]
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by D0 years 20 percent, after which there 1s a declded neceleration in the rate of
increase until pt 180 years more than 75 percent of the merchiantable voluwme is
cull. Every cperator probabiy bas his own idea as to the highest cull per-
centage he can wllow with profit. Furthermore, this figure will vary according |
to whether he Is buying stumpage or cutiing from his own holdings. i

Comparigon of the butt- and top-decay and cull data ip figures 1 and 3 is
ezzential to an understonding of balsam fir pathology. In figure 1, curves B
and O show that in nomber of trees infected butt decay is far more commen |
than top decay throughout the life of the speeies. Yet in spite of this, in figuce |
8, curves B and ¢ show that in percentage of merchuntable volume culled, top |
rot greatly exceeds butt rot after 55 years of age.

This gituation ariges from two entlrely distinet but supplementary ecircum-
stances. Pirst, and most evident, is the fact that Sterewm senguinolentum,
which caitses most of the top decay, prows very rapidly both upward and down-
ward from the point of infection. On the other hand the fungi causing butt
decay can spread only upward, and they zlso grow at a slower cvate than the
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top rot fungus, This means thot In most cnses ench top rof cull ense accounts
for a much higher percentnge of the total volume than does each butt rot-cull
cage. The olher reason for this condition is thut butt decay predisposes infected
“trees te windfall, whereas top deecay apporently does little, if pnything, to
inerease the rate of mortallty of the species.

Thus, top rof is eumnlative throughout the life of n stand, whereas butt rot
tends to remove itself by causing maony infected frees to break over and dis-
appear. Of course, some trees with top rot will also have butt rot and thus be
lost through windfall, but the proportion of trees thus removed I8 not nearly
80 hlgh ns 'for trees with butt rot. In figure 1, curves D and A show the per-
centage of trees with both butt and top decay gnd butt and top eull, respectively.
In generanl, not more then one-fourth of the trees with butt rot also have
top rot.

FELLING AGE AS DETERMINED BY CULL VOLUME AND MORTALITY
LOSSES

The principal factor that should movern the ehoice of the rotation age, from
the standpeint of wood production, is pef in¢rement. 'This is determined by
the relations of gross volume and cnlt volume to stand age. These velations
are presented, on nn Individual-tree basis, in figure 2 and table 3. In additlon,
information on mortality losses in fnily stocked stunds of merchantable size is
esgential, particularly if, as in balsam fir, the species being considered is reln-
tively short-lived.

On the basiz of menn annual increment, it wounld seem most profitable to hold
‘balsam fir up fo an age of 110 fo 130 years. The mean annual pet -lnevement
increnses from & low of 0.015 cubic foot at 40 years of age up to 0.128 at 110
years, at which point it remuins stetionary for 20 years before decreasing. On
the basis of the periodle net Inerement, bulsawr fir is growing most roapidly
between 60 and 8} years of age, and not until 110 years iz passed does the
periodic increment become legs than it was between 40 und 50 years.

The field data on which table 3 is based do not include any mortality losses—
from supression, windfall, insect and disense attack, and fire. Balsam fir e
subject in varying degree to all these injurious apencies, but particularly to
windfall, gs it approaches maturity. General obhservitions fhroughount the balsam
fir region of the Northeast have convineed the writers that thiz speeies hecomes
‘highly susceptible to windfall at the age of abont 70 years. As an exanmple, on
2 gquarter-ncre plots on the Gule River Experimentnl Forest In 2 stand approx!-
mately 60 to 70 years old theve were 384 {rees, of which 63 (1636 percent) had
been wind-thrown within o 3-year period. Of the 63 down trees only 12 (19 per-
cent} were sound at the butt. This is an indication that gbout &) percent of
the windfall leosses in balsam fir are in buft-rvotied trees. Curves B and P,
figure 1, show that i 756 years 53 percent of the trees wlll have buti decgy and
40 percent will have butt cull. Obviously, when butt decay bas progressed far
enough te cause ¢ull a high incidence of wind brenkage may be expecied.

Hven though the mean annuoal net inerement figures on a tree, rather than a
stand, -basis indicate a muximum nge of 130 years and the net periodic fpures
indicate g maximnm of 80 years, the wrlters conctude that the increased incidence
of windfnll mortality ip balsam fir stands after the age of 70 years is reached
makes it imperative that o felling age of 70 years be set for maximum returns.
Up to this age losses of trees of merchantable size from windfall are not severe.
To sel the felling age of balsam fir in the northeastern forest region at 70 yenrs,
with an outside muximum of 80 years, will assure the harvesting of the probable
maximum wood velume.

CULL IN RELATION TO DIAMETER

Balsam fir frequently occnrs in uneven:aped stands mixed in varying degree with
other gpecies, particularly red spruce. As the age of individual trees s diffeult
‘to -obtain in such stondls, it is a common practice to classify stands for cutting
by dlemeter ratber than by age. For this reason, the relation between diameter
.and cull has grenter practienl uwtility than fhat belween age and ecull. Duts on
the reiatiom of cull to dimmeter are shown in fignre 4 and table 4.
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Fiouse 4.—Gross and net merchantable volume of balsam fir, by diameter classes,

Tagre 4—Gross and net merchantable volume of L1004 balsam fir tress, by
diameter clusses?

Gross | Gross? | et
mer- | mer- Cull * C;r‘:::l‘ mer- | ooy
(do{)“i y | Trees Heignt "‘:;’;‘ cﬁgfut‘ cgﬂb‘i’;‘ Cul votomae | Inere- | inere- egg?é" incre-
s vol | imere- meot | ment | 0” | ment
ume | ment culled ume
Num- Cubic | Cuble | Cubic Per- Cubic | Fer- Cubic | Cuble
her Feet | Years | feet feel feet cent Ject cent fert fee?
133 36 G2 [N TN .47 LR 3 I D58 |camman
128 41 45 L8 1.2 .21 1.8 414 1y L 1.1
101 40 &8 3.6 1.7 .42 1L9 L1 12.4 31 1.5
5 5 12 5.4 1.9 08 1Z.8 ) 13.7 4.7 i
b4 53 70 7.8 2.2 1.9 3.8 Y 14.5 8.8 i,
87 &4 ] ¥.2 2.8 1.5 158.9) . B} 10,2 8.7 a
89 ] 84 131 2.8 2.2 14.9 .68 23.4 | HL.G 2.
82 62 &9 8.4 33 3.2 0.3 LB { . 21 id.2 2,
53 63 %3 20.1 3.7 i.4 2.4 .2 M.z 13.% 2.
48 &8 28 24, 2 4.1 5.8 4.3 1.6 36,1 18,3 2,
o7 70 ot 28.6 4.4 7 20.8 1.8 46.5 | 20.9 2.
18 72 110 331 4.5 9.8 6.6 2.1 47.6 23,3 2.
14 74 116 359 4.8 122 2.2 2.4 5.8} 25.7 2
13 e 122 434 &1 164 349 2,8 B6.1 28.0 2.
11 73 128 48, 4 5.4 | 183 378 3.3 63.8 | 30.1 2
5 80 134 54,1 5.7 2.0 40.8 3.7 4,2 2.1 2,
........ 82 140 0.1 6.0 261 43.4 4.1 88.7 | 34.0 1
4 84 145 a6, 4 6.3 80.7 46.3 &7 4.0 357 1.
i B 163 3.4 6.0 3549 49,2 5.2 8.5} 3.1 1.
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i Diats read from gurves.
cl’ Increment Is used hers in the sense of the incrense in volumeo from ona diemeter class to the next larger
ags.

Up to 8 inches in diameter, cull incresses rather siowly, but sbove that size
1t mounts rapidly. On the basis of cull increase by dinmeter classes there is no
Jindication of the maximum size at which balsarmm 8r in the residual stand will
produce the greatest nef increment. There is g graduyszl decresse in the net
increment after 14 inches, but uwp to the highest diameter, 22 inches, the net
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increment still remaing at & rate higher then in small irees up to'5 inches. "It
must be realized, however, that this net increase does not offset the loss through

 wind throw or decay of whole trees of the smaller sizes from which the larger
trees would liave grown. .

In the absence of & complete history of stands, it seems profitable to consider
the situation if the frequencies shown by cucving and weighting. the data in-the
numher-of-irees column of table 4 approximated the conrse of growth and mor-
tality in all-aged balsam fir stands. Foliowing this assumption, 138 4-inch trees
will grow into 135 5-inch trees, which in turn will develop into 132 6-lnch trees,
and so on.

‘The aggregate gross and uet volume that would still be standing when the
survivers of the original 138 d-inch trees attain variouns larger diameters are
shown in table 5. Aggregate gross volume reaches jtz peai at 10 to 12 ineches,

- aggregate pet volume at 10 to 11 inches, and aggregate enii volume not untll 12
to 15 inches., If the original assumption is conceded as approximauting correctly
the average condltions in balsam fir stands in the Northeastern States, it would
follow logically from table § that for maximum returus this species should not be
held to average diameters greater than 11 inches,

TABLE 5.—Hypotheticu! course of grass, net, and cull volwmes with inereaging
size, of ihe swrvivors of an criginal group of 138 J-inch balsam. fir trees,
eysiming that the growth and mortality followed the course indiceted by
the study plots

Clg”%“ﬂ"?” Trees! | Gross merchantable volume | Net merghantable volume { Cull volome

Average culic ;  clpgregate | Average cubic |  Aggregate Aggregate

Jeet cugic feet feef cuhic feel mgr:?:‘d
83 73 10
243
462
691
335
1,193
1,423
1,574
1, 467
1,307
1,173
ety
£17
478
541
421
268
176

[=]
8

AT ke e e D0 e T T e e 55 O e D0 0O T
~1 LR T ]
[l =Nl =L PR Ty R TN | amgs

P B R AL EBREEEE S
SEEEEBEREEEEE oo

-123
102

1 Frquencjes in column 2, table 4, weighted ko give equal represeniation to the 3 ag0 groups considered
L}

b tabls & and then curved. Therg were 7 plots In the young stands snd 4 cach in the other 2 age groups,
The raw data were weighted to indicate the populations as if thera had bueen 7 plots io each age group,

Further backing for this recommendation is given by reference to the column of
tuble 4 on current gross increment culied, which indicates that of the gross in-
crease in velume as the trees grow from 4 to 5 inches in diameter, 11.7 percent is-
called. From 9 to 10 inches cull has increased to 23.4 percent, and from 14 to
15 inches it has doubled, to 47.6 percent, Obviously with increasing tree size the
current cnll losses mount very rapidiy—so rapidly tbat any plan to utilize most
of the growth of balsam fir must eall. for relatively small average upper diameter
Jimits,

An entirely different type of analysis of the relation of cull o diameter is that
shown in table 6. The average stand ages for all the study areas are given in
table 1. On the basis of average age the plots were divided into three groups:
Young atands, plots 1, 2, 8, 4, 5, 14, apd 15, varying from 59 to 70 years: inter-
mediate stands, plots 6, 11, 12, and 13, varylng from 82 to 106 years: and old
stands, plots 7, 8, 9, and 10, varying from 136 to 136 years. Within each group
the relation of cull to diameter was computed and expressed as 4 percentage of
the gross merchantable volume in each diameter class.
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i}mr.s 8—Comparison of the percentage of merchantable volume culled in 878
young, 213 inlermediate, and 115 old trees in stands of balsam Airt

Young stands Intermediate staads Ol stends

Age {Height] Cull | Tress | Age [Helght! ©oll | Tress Age |Hoight

| ¥ears Percent Number| Years PercentiNvwtber{ Years| Feel
&0 1) If.2 5 {4 9 -
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The high cnil values at the lowest dizmeters zre due to the c¢ntling rules, under
which the presence of any decay in thé smallest dinmeters causes compiete eull,
whereas in the larger trees the cull gepends on the volume of infection, Within
the same diameter cluss, except in elasses with zo insufficient numericn] basis,
the cull was almost slways higher in the intermediate and oid stands thao in
the young stands. In the largest dinmeter classes the old stands showed a lower
cull percentage than the intermediate stands; this was probably due to the in-
sufficient numerical basis in these classes and to the Fact that io overinginre
stands badly rotted trees tend to drop out before those that are sound. It is
true that within each of the three fige groups there appenis to be a reintion of
eull percentage to disrmeter, hut this is believed to be dge primurily to the fact
that the age groupings were rather broad, and within each age group age incressed
with dlameter. In the young group the inerease in age with diameter is slight,
and the increase of cuil percentuge is correspondingiy slight. In the other groups
the more rapid tnerease of cull with dimmeter goes with a rapid increase of age
with digmeter. This anglysis indicates quite strongly that eull percentage is
related te age rather thar to size,

The discussion introducing the section on the percentage of cuil in relation
to age is equally applicable bere. The data ave shown in figure 5. Butt decay
iy the principsl cause of cull up to & inches, but after that top decuy wapidiy
becomes most important untll above 8 inches it accounts for approximately two-
thirds of all cull.

The high percentage values for all cull and for cull from butt decay only at
the amalilest dinmeters is due to the cutling rales, as explained in the preceding
section, ind not to uny greater volume of decay.

FELLING DIAMETER AS DETERMINED BY CULL VOLUME
AND MORTALITY LOSSES

"The preeeding discusslon suggests the difficulties encountered in attempting
to set up dismeter limits for balsam fir nanagement. "Dhe principal deterrent
lies laxrgely In the fact that the rate of incresse in cull is & function of time or
age rather than of size or diameter; and that the correlation between dinmeter
and age in the present unmannged and often overstocked stinds of balsam fir
ia very poor. Table 7 gives the frequeney distribution of dinmeter by age of all
the treea dissected in this study. The wide dispersion is cheracteristic of the
species and reflects its tolerunce to high stund density and overtopping, At the
same time it reveals the pitfalls confronting anyone who attempts to use diameter
as an indicator of nge or 2 wensure of maturity.
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FIOURE 5‘—Percent£1ge of merchantabie volume of balsam fir culled for butt and
top decays, by diameter classes.

The use of fwe¢ criterin—age and size—for establishing rotation requires
that the relationship between them be examined critictlly, since one criterion
may bave priority under ceriain conditions and the other may rule under other
conditicns. In this parficular study the difficuity is magnified by lack of stand
figures and the necessify of appiying findings for individual f{rees yoder varying
site conditions to stands as a whole.

Tapre 7—Freqguency disiribulion of diameter by age in 1,127 balsam fir lrees

i Diameter elass {inches) ?

Age plass {years) !

1 Midpoints of age classes (-1%, 20-38, ete.
t Midpoints of dismeter classes 0-1.0, 2.0-2.9, ete.
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The average dlameter of 70-year-old trees Ia 7.1 incheg and of 80-year-old trees
8.3 Inches (see table 3), and the average age of 7- to B-inch-diameter trees is be-
tween 72 and 80 yeurs (seeitable 4). From this if.may be inferred that the aver-
age felling dinmeter for mesimum returng shouldl be somewhere between 7 and
9 inches. This does not agree with the conclusion from tahie &, that balsam fir
may be held sufely up tc an average dinmeter of 11 inches, bat this disparity s
not usexpected. 'The felling age of T0 to B0 years, when the dianmeter is 7 to 9
fnches, was set in an attempt to avoid serious losses from decay nnd windfall,
but the maximum avernge dinmeter of 11 inches was based upoen survivor trees,
and no allowance was nuide for serious losses of the trees that fid not survive
te the large dirmeters, From this viewpoint the two diameter limits are not
ircompatible but may be considered supplementury (o each other.

Agsuming that 70 yenrs is the maximum nge and 9 inches the maximum average
dinmeter allowable for highest net volume stand returns, and further ussuming
that these values are independent of site variations, it is obvious that stands on
boor sites will rench the T-year age before they reach the S-incl average diameter
ind that stands on good sites will reach the $-inch average diameter well in ad-
vance of T0 years. Inasmuch 5s age is the real Tactor determining the proportion
of cull, it seems ciear that on poor sites balsam fir will Lave to be harvested at
average diameters less than 9 inches but that on good sites it may safely be al-
lowed to grow to Jarger sizes.

RELATION OF CULL TO SITE QUALITY

The site index of each cutting aven, based upon the average hieight of the dom-
Inant and egdominant trees, was deterininerd according to the method deseribed
by Meyer (22). Site index figores for the 15 plots aie given in table 1; for 7
poorer siles these range from 49 to 89 and for 8§ better sites, from 80 to 70,
Using these two groups as representative of the poorer il the better sites, the
data in table 8 were obtained,

T4BLE B—Comparison vf gross and nel merchantablc volunie of 795 balsam fir
trees from poor and 828 from good sites®
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For trees from the betier sites the average gross merchantable volume at o given
age is considerably aml consistently grenter than for trees from the poorer sites,
At the snme age, however, the avernge cull volume of trees in both classes is al-
most identical. Therefore the same cull figures were used for both groups.
‘These Bgures are given in the cull volume (enbie feet) column of table 8. The
percentage of cnll is appreciably greiter on the poorer than on the better sites,
varying on poor sites at 50 and 170 yeurs from 87 to 100 percent and on good
sites from 5.1 to ¢3.1 percent.
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The net periodic increment of merchantable-wood of trees on the better altes is
-gréateat from 40 tn 60 years, but on the poorer sites it is delayed t¢ 70 to 8O
Jyears. Moreover, the maximum for the better sites is 3.0 cubic feet per 10-year
‘tnterval, whereas it is only 2.2 cubie feet tor the poorer gites. -Tthe conclusions
drawn from these datn are that balsam fir on the betior sites in the Northeast
will yield highest returns if handled on n 60-year rotation, with only slightly less
broduction if held w0 70 yenrs, and that on the poorer sites the slower growth rate
delnys peak production until 80 vears, with oniy a glight reduction up to 80 years,
These figures indicate that any silvienltural practices that wili improve site
quality will increase returns in two ways—hby stepping up the production of
mer(éhantable wood, and at the sume time by reducing the time interval betweer
rotations. :

RELATION OF CULL TO SOIL MOISTURE CONDITIONS

At the time the field data were taken, the cutting areas were classified ac-
cording to soil moeisture conditions—if distinctly wet or swampy as lowland,
if distinetly well drained as upland, and if between these two os intermediate.
Reference to table 1 shows that of the 15 plots G were upland and 5 lowland,
The site index ratings of the upland plots varied from 56 to 85 with an average
of 89, and the site index ratings of the lowland plots varted from 49 to 70 with
an average of 59 plso. Tuble § gives all the comparative data or, these 11 plots.
The 4 intermedinte plots were disregarded in this analysis.

Of the trees from upland sites, 45 percent had hutt rot with 9 percent of the
gross merchantable volume culled, and 13 percent had top rot with 15 percent of
the gross merchantable volume culled. On lowland sites the conditions were
almost identieal: 51 percent of the trees had buté rot with percent of the
gross merchantable voltume culled, and 13 percent irad top vot with 14 percent
of the gross mervchuntable volume culled. In generdl, therefore, the prevalence
of buti and top rot is independent of character of site and is approximately equal
in both dry and wet sitaations.

The data in table D show that on the uplands pailsam fir grows more rapidiy
than in lowlands and has a higher net volume up to B0 years. Even though
on a4 percentige busis cull is higher throughout mest of the ilfe of the species
on vplands than in lowlands, the increased growth rate oo the uplands com-
pensates for the greater cull losses until after 70 years.

TaBLE S—-Tomperison of gross and net merchantable velume of 595 balsam fir
trees from upland and 336 from lowland sites?
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RELATION OF CULL TO RATE OF GROWTH OF INDIVIDUAL TREES

The data presented previousty niight be interpreted as indicating that the
progress of deeay on a volume basis is fairly constant, regardless of the size of
individual trees. The fact that the averige cull loss on a volume basis at a glven
oge is the same on pour sifes as on good sites supports this interpretation. So
many other variabies enter into the comparison on a site-quglity basis, however,
that such an interpretation is not warranted. On a poor site, because of opti-
mum gpacing, individual trees may grow just as rapidly and be just as vigorous
as individual trees in a denser stand on 1 far better site. For this reason all trees
were congidered as individuals regardless of site and were classlfied as fast-
or slow-grown according to their relation te the average pross merchaotabple
volume for ail trees of the snme age. This method of dividing the trees into two
groups is the same as that used by McCallum (20} and Kaufert (15).

Curve 4 In flgure 2 shows the average gross merchaniable volume by age for
all the trees dissected in this study. The actual volume of ench tree was com-
pared with the average volume of all trees of the smme age read from this
curve. If the volume of a tree exceefded the nverage, it was classifled as fast-
grown ; if it was exactly the same us the avernge, it was disearded; and if the
volume was less than the average. it was classified s slow-grown. The average
volume and enll by ages for both groups ave given in table 10.

The average gross and nel merchantible volume of slow-grown trees is alwnys
much less than in fast-grown trees of the same :ge, varying from & ratic of 1
to 10 at 40 yenrs to 1 to 2 at 170 years. The reason for the grenter disparity
in size of baisam fir at the younger ages is found in its extreme tolerance,
Under severe suppression it will survive for yeurs, with slniost no increment,
In the older age classes the effects of suppression tend to be egualized between
the two groups through progressive mortslity of the most severely suppressed
trees,

The average cull volume in 30-yeir-clid fast-grown trees exceeds by fve times
that of slow-grewn trees of the saine age, the rutio being gradually reduced with
increasing age as the severely suppressed trees drop out, until at 170 years
there is onty fwice as muoch cull in the fast-grown trees. The reasons for this
difference ave obscure, and litile poblished {nformation s avallable to support
any of the varions possible theories. It is not peciuse the slow-growing trees
escaped infection and probably not because the time of infection of such trees
wis delayed, Of the slow-grown trees, 50 percent were [nfecfed with decay
organisms at the time they were cut, as were 60 percent of the fast-grown trees,
but this difference is not sufficient to account for the much greater difference
in enll volume. In some cases, particularly the most severely suppressed trees,
it is probable that the rot soon ocoupies the entive cress-sectional arer of the
‘heartwood near the point of infection, but this presumably would not have any
effect on the longitudinal extension of the decay.

The mest plavsible explanation, in the opinion of the writers, is that differences
in the density (speeific gravity) of the wood of fast- and slow-grown trees are
largely responsible. Hale and Prince (12) bave recently shown thut in enstern
Canada the denslty of spruce and balsam fir woods is dependent upon the growth
rate—rapidly grown wood is light io weight and slow-grown wood is relativety
heavy. Per unit of volume, therefore, there is more wood substgnee by weight
in slow-grawn than in fast-grown trees. If it is assvumed that in & specified
unit of time u wood-rotting fungus can digest a specified quantity of woaod
tissue by weight regardless of the volume it occupies, it is apparent that the
progress of decay would be more rapld both longitudinally snd radially in a
fast-growing tree-thun in n slow-growing tree. In addition, it is possible that
in a living tree the air-wocisture relations are neaver the optimum for the
progress of decay in 2 relafively light wood than in a dense wood, Snell (32,
33, 34) indicates this possibility when he states (34, p. §79) : “Presupposing
that a certnin definite volune of air is necessary to support the prowth of these
wood destroyers, the moisture content favering the maximum amount of decay
or inhibiting decay entirely will vary inversely with the specific pravity.” In
4 -dense wood the luminn are small and the limited air available for fungus
growtl: may be a factor in determining the slower vate of decay.

A comparison of the eull volume of slow- and fast-grown, trees expressed as
& percentage of the gross merchantable volume shows more clearly the relationa
between the two groups. The cull percentage is slightly higher in slow-grown
trees up to 70 years of age, slightiy lower from 80 to 120 years, and slightly

I
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higher agajn from 130 to 170 years. The differences are not statistically sig-
nifleant, however, and probably would be even less apparent on an actusl rot-
voltue than on o cull-volume basis.

The analyels in tuble 10 includes many trees near the average wvolume. In
otder to contrast trees of distinetly slow and fasf growth, anmother analysis
was made on the basizs of very slow grown trees, includiog only trees whose
volume is less than 70 percent of the average veolume for that age, and very
fast grown trees, including only those whose volume exceeds the average
volume by more than 26 percent. This diselosed that there {s no essentlal
difference between the results obtained by the two methods of comparison,

AL 70 vears the net merchantable volume of slow-grown trees is 3.2 cuble
feet; of fast-grown frees, 15.5 cubic feet; and of very slow and very fast grown
trees, 2.5 and 181 cubic feet, vespectively. That this differentint in volume
per tree ls alse accompanied by an increase in wood production by weight is
shown by the studies of Hale und Prince (72, p. 40) in eastern Canada, who
found . . . thnt although rapidly prown wood of spruce and bulsam fAr
is light in weight and the slowly grown wood relotively heavy, the rate of
wood-production of rapidly grown trees on o basis of total weight far exceeds
the amount produced by slow-growing trees.';

These data indicate that there Is considerible argument in favor of eareful
management of halsam fr siands te incrense the number of fast-grown trees.
Up to TG years of age such irees not only produce morve wood thin slow-grown
trees but they are ulso at the same time subjeeted fo somewhat smaller eull
pircentuge Josses,

ANALYSES OF CORRELATION OF CULL WITH AGE, DIAMETER,
HEIGHT, AND VOLUME

The preceding analyses of the vaviation of cubic-foot volutnes and percentage
cull withh age and by dinmefer show gress relations that are informative to g
certiin degree but de not revesl the net relation of dinmeter, age, and other
viariables to the development of entl. An attempt was made, by correlation apaly-
5is, to define the net relntions befween the incidence of cull in balsamn fir and
its contributing or associnted tree charncteristics.

First, cull volume, in cubie feet, was linearly correlnted with gross merchant-
able volume, age, height, and diaweter, yielding a correlation coefficient of 0.850
and a linear regression equation by which the expected deviation of cull volnwme
of o tree from the mean ¢ull volume for all frees is found to be—

O0—0—=0.364 (¢, —~2) 0.060 (m—ae) —0.0T6 (Zo—a) —0.143 (2i—a)

when for each tree, 0=cull volume, in cubic feet; zw==gross volume, in cubie
feet; z.=total age, in yeurs; sa=total height, in feet; z.~dinmeter, breast
bigh, in inches; and 5 bar above the symbol indicates the mean for all trees.

The regression coefficient of dinmeter was not significant. Quitting it a5 a
vuriate, the correlation ceeilicient became 0.645 and the recomputed equation
became—

C—0=0.334 (71— @) +0.080 (@—iza) —0.000 (De—20)

Applying the extreme values in the busic data for each variate, the maximum
chiange {p cull ascribed to height was 5.2 cubic feet; to age, 8.5 eubie feet; aod to
volnme, 18.4 cubic feel. Since tree volome Is highly corceinted with eall it is
likely thut if it had not been included in the equation, dinteter would have hadl
a signlficant coefficient because of the divect bearing of dinmeter upon voluime.
In other words, In trees of equal age and height, there might be found a definite
correlation between diameter und enll,

With the possibility that the relation between cull and the above-mentioned
varintes might be more apparent on a velative basis, cull was expressed as a
percentage of the gross merchantable volume and linearly correlated with diame-
ter, height, age, and gross inerchantible volume. The correlation coefficient,
however, was ¢.300, so low that the equation has little significnnee.

These correlation analyses were minde, nof, ouly as a cheek upon the preceding
shmple analyses, but also to attempt fo azeertain more exactly what character-
jstics of individual trees may be used safely as an index to their patholegical
condition. They were made on the assumptinon of straight-line relations, which
ns seen in figures 2 and 4 are far frem the actual facts. The relativeiy high
coefficient for volume is partly due to the fact that the velume graph has o shape
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somewhiat Iike that of the cull graph. By an analysis in which ccorvilivenrity
was taken into account, more relinhle and probably higher coeficients could pre-
sumably have been found for the other facters. The simpler analysis of the
rejation between cull percentage-and age and dinmeter given in fabie 6 and
accompanying text disenssion is perhaps more enlightening.

In the order of the ease with which they may be obtained the varizbles consid-
ered in relation to eull are dinmeter, height, age, and volume. The value of
digipeter a8 an index of cull in balsam fir is doubtful, hut because it is by far the
easlest and quickest measurement to take, It probubiy will continne to be the prin-
cipal gage of the practicing forester in inventorying his stock. The great varia-
tion of dinmeter with nge makes it imperative that when dinmmeter is used to de-
termine the cutting age of balsam fir, it must be taken on a sample lurge encugh
to give & reliable avernge.

IMPORTANCE OF FUNGI CAUSING DECAY

As previonsly stated, practically ail cuill from deeny in balspm fir is nticibut-
able to three fungl. In order of importance they nee the ved henvt rot fungus
(Bterenm sanguinolentum.), the white stringy rot fungus (Porie subacida}, and
the brown cubleal rot fungus (Polyporus hulsamens}. The fivst is an upper
crown or top rot and the other two gre hutt rots. The chavacteristie decay of
each has been described elsewhere {4, 5, 7, 16, 26).

The 1,127 trees dissected in this stufdy had a total volume, including top and
stump, of 10,707 cuble feet, of which almost one-foneth, or 2,586 tnbic feet, wns
cull. Of this cull voluine, &4 percent was caused by Stereum senguinolentum, 28
percent by Poria subacida, 13 pevcent by Polpporus bulsamens, anil § percent by
all other fungi, mechanieal defects, nnd ants.  Buvirommental vavialions had no
appreciubie effect upon the relative abundance of the three principal decays. In
the percentages of cull and of trees affected by each fungus, differences were not
significant between well-drrined nnd wet urens, good and poor sites, and fasi-
and slow-groewn trees,

In stands of diffevent ages the importance of the different decay fungi will vary,
In young stands the two hutt-rot fungi account for more enll than does top rot.
Furthermore, the number of trees infacted with butt rot exceeds the outber of
those with top rot at al) uges  Actuaily Porie subacide and Polpporus bulsamens
are more Important and nve the cause of higher losses than the sbove tigures in-
dicate, for the windfall losses in 2 stand are directiy propartionnl to their fre-
quency. It is reasaniable fo surmise that if the data here given incinded ail
losses from mortality throughont the life of the varions stands sampied and if all
windfall losses of butt-rotted trees were charged to the hutt vots that predisposed
the trees to that wind{all, the velutive losses atfributed to butt rofs would be
far greater.

ENTRANCE OF FUNCI AND ANTS INTO LIVING TREES

Data on the avennes of entrance of culi-producing ergunisms into living balsam
fir are given in table 11. In the 1127 trees dissected there were 668 fungus in-
fections and 47 Infestations by curpenter ants (belonging fo the genus Cam-
ponotyy). Decay cceurred In 584 trees, nnd anfs in 47, including 26 that also kad
decay. Cull-produneing organisms were present, thevefore, in 805 {54 percent)
of the 1,127 trees.

Of the 360 decay cases nttributed to Poriu subucidu, the fungug entered threngh
the roots in 342 {93 percent}, through frost evacks in 18 (& percent}, nnd through
hasal braneh stubs, basal forks, and mechanies! wounds in 8 (2 percent).

Of the 116 decay eanses attributed to Polypores boelswmens. the fungus entered
through the roots in 106 (81 percent), through frost crieks and mechanient
wounds in 4 each {33 percent each), and through basal braseh stubs nnd basal
forks in the other 2 (2 percent).

Of the 144 decay cases attrihuted to Stercum. ssnpuinclentum, the fungus en-
tered through abnormally large dead branches and branch stubs i the crewn in
113 (78 percent), through forks in 18 (13 percent’, nnd through broken and dead
tops, mechanical wounds, nnd frost cereks in the remaining 12 (8 percent).

-Of the 34 deeay cngeg attrihuted to other fungi, which include Armillaria meliea,
‘Coniophora puteare, Lenzites saepiaria, Polyporus abietinus, Trametes hetero-
morpha, snd a few others of ancertuin identity, the Tungus entered through the
roots in 13 cases (38 percent), through mechanicul wounds in 12 {35 percent),
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throngh branch stubs, frost eracks, and forks in 7 (21 percent), and through un-
known avenues in the remalning 2 eases (6 percent).

TanLe 11.—Avenues of entrance of fungi and ants into lving bulsem fir frees

Frenuenay of canses. of decay or enll

Entrance point
Poriz | Polyporus a?rﬂrﬁ??a- Other

subacids | bolazmeua fentum fungi

Roots, .
Branch stubs......
Frost eracks__ .
Mechanical wounds
Forks
Broken {op
Dread top_
Tnknown.

B naitynEs

Of the 47 infestations with earpenter ants, the insect entered through the
roots in 41 cases (87 percent), und through frost crucks apnd mechanical wounds
in the remnnining 6 (13 percent).

Summarizing the data on avennes of entrance discloses that in T1 percent of
the cases, the organism entered through the roots; in 17 percent, throngh branch
stubs; in 4 percent, through frost cracks; in 4 percent, through mechanical
wounds; in 3 percent, through forks; and in 1 percent through broken nnd dead
tops and in woknown ways,

The ubsence of fire scal's as an avenue of entrance 18 not & chance eirenmstance
but represents the usual condition in the balsam fir forests of the Northeast,
Fires occur frequently in such forests, but bulsam fir, like other thin-barked
species, usually is killed outright by even relatively light ground fives. Fire-
scarred trees, therefore, seldom continue as n component of balsam fir stands and
thus are of slight eonsequence as o decay hazerd.

The exact relation batween carpenfer ant infestations and bute decays has
been the source of much eonjecture and diseussion. Many foresters and woodsmen
feel rather strongly thut fungus infection nearly always precedes ant infestation.
The data obtalned in this study do not bear out this conclusion. Of 532 trees
with butt rot, ant ecolonies were established in 20 (4.9 percent). Of 594 trees
with no butt vot, ant colonies were established in 21 (3.5 perceut). WWhile this
indicntes that trees with butt rot mny be slightly more susceptible to ant lufesta-
tion than ave those free of such rof, the difference is not sufficient to warrant the
conclusion stated above. The fact thnt 3.5 percent of the rot-free frees were
infested with unts indicutes rather strongly that the presence of tiecayed wood
ig not an essential predisposing agent to the entraree of those insects. Further-
more, there is no evidence either way to indicate whether the fungl or the insects
first attacked the 4.9 percent of the butt-rotted trees that harbored ants.

EXTERNAL INDICATIONS OF DECAY IN LIVING TREES

At the time of cutting, every tree was carctully exsmined and all abnormalities
and dofects were noted with the expectation that some external indieations of
decay might be found. Such information would be particularly useful in timber
eruising. 'The resuits were almost entirely negative. Out of the total of T10
cases cauged by fungi and ants, there were no external evidences pefore the tree
was felled of the presence of cuil-producing crennisms in 622 cases {88 percent).
Forty-nine trees with frost cracks were eut, but only 29 (slightiy less than 60
percent) had deeay, Of 32 trees with mechuniecal wounds, 27 (84 percent) had
deeay, ag alse did 24 of 37 trees with forks (65 percent), all 4 with tops broken
out by wind, and 2 of. the 3 trees with dead or spike tops.

- Briefiy summarized, it Is found that if a bulsam fir has a mechanical wonrd
or a.broken or dead top, it probably will kave decay, but there is no way to tell
how much untess the defect is obvicusly very old or severe. If a tree is forked
or hag a frost crack, it is slightly more subject to decay than otherwise, Finally,
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and most important, in almost § of every 10 trees with decay, there Is no abnoe-
mality io growth to give any |ndleatlon of the decay. There I3 no dlfference in
the appearance of the exposed roots in decayed and ip gound trees except In the
relatively few cases where dead bark is present or where woodpeekers have
entered in senrch.of insects, nor is there any diagnostic difference in the uppear-
ance of most trees with and without top rot. Dead laternl branches or branch
stubg more than 2 inches in diameter are likely infection entrances for top rot,
but they are as common in rot-free trees as in decayed trees.

Exeluding those trees with obvious erown injuries, there ig oniy one character-
fstic thut vaually suggests the occurrence of top rot—the presence of a serles of
nodes separated by almost indistinguwishable Internodes at some point o the
miderown. This indicates that at that time the tree was subjected to suppression
sufficiently severe {o result in almost complete cessntion of terminal height growth
and that it was fint-topped in form. In many cases the top-rot fungus (Htereum
sanguinelenium} gains entrance during or following such a peried of low vigor.
This fact snggeats the futility of most nttempts to ralense flat-topped balsam fir.
Hven though such trees respond satisfactorily to such releage, they are likely to
be subject to heavy cull when harvested.

APPLICATION TO FOREST MANAGEMENT PLANS

Throughout -this bulletin simple and multiple correlation nnalyses
of the relation of cull in balsam fiv to those variables that are consid-
ered highly important in the silvicnltural management of the species
have been presented. TIn the following discussion the general practical
applications of the analyses are indieated, with suggestions as to how
the results of the investigation may be integrated into forest manage-
ment plans.

CurTurar OpPERATIONS

Specific operations to improve either the quality or the quantity of
balsam r are rare today but should receive increasing attention in the
near future, Westveld (36, 37) has stressed the desirability of weed-
ing and girdling to release spruce and balsam fir. The increased
value of the product on treated areas is considered to be sufficient jus-
tification of sich measures, and their use together with partial cutting
should result in excellent yields.,”! Balsam fir appears to be especially
responsive to such operations. The present study indicates that a
further return from such management s available in that, as measured
by cull percentage, balsam fir up to 70 years of age is slightly less sus-
ceptible to decay when growing rupidiy than when suppressed. Fur-
thermore, as noted earlier by Zon (35} and now confirmed by these
investigations, the top rot fungus {Sterewm sanguinolentum) gains
entrance to many trees that have been suppressed long enough to as-
sume a flat-topped form. Release of young trees before they have been
subjected to long suppression removes one tmportant cause of infection
by this fungus,

General observations indicete that balsam fir is most likely to escape
top rot infection il grown in stands sufficiently dense to keep tEe
diameter of the lateral branches below 114 inches ﬁut not: dense enough
to cause suppression or stand stagnation. In other words, roper
management of balsam fir to minimize the chances of such infection
during the course of the entire rotation would call for beginning with
a fairly dense stand and then maintaining a wniformly fair rate of
growth, not aiternately very slow and very fast; this can be obtained

1 SP.\IJLD]NGé li;j.‘7 WesTveon, M, and Havsezoven, J, R, BALSAM FIR—UsH 1T, BON'T
. Fo.

LOSE IT. Tj,

f rest Serv.,, Northeastern Forest Expt. Sta. Tech, Note 49, 2 pp,” 1542,
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by at least oné girdling operation where ovex'to%ping hardwoods are
present (unless the hardwoods are marketable, of course) and by one
or.two weedings and thinnings.

RoraTtion

A rotation of sbout 70 years is recommended for balsam fir in the
Northeastern States as a measure to reduce losses from decay and wind-
fall. Anulysis of the individual-tree dats on which this bulletin is
based shows that the net periodic increment. begins fo decrease after
the age of 80 years. 'These data, however, do not include any losses in
the stand from wind throw and breakage but are based only on the
trees present in the stand at the time of cutting; thercfore, to avoid
heavy loss from windfall, the recommended cutfing age is fixed at 70
years. Individunl operators for business veasons may cut on an 80-
year or longer rotation but they must bear in mind that they are sub-
jecting themselves to an additional risk of cortailed returns by so
doing, At 70 years balsam fir is well above the minimum merchant-
able size, particilarly if any operations have been performed to pro-
mote growth. Table 8 shows that, the average diameter of 443 70-year-
old trees is 7.1 inches and the height 48 feet, and table 10 shows .that
the average diameter of fast-grown trees at the same age is 104 inches
and the height 61 feet. Data presented on balsam fir growth in the
Adirondacks by Meagher and Recknagel (27) show that under forest
manegement, diameters ranging from 2.6 to 8 inches will, in 36 years,
increase to 6 and 14 inches, respectively. The same suthors state that
for economical handling, *. , . Finch, Pruyn & Co. have shown that
the optimum diameters of spruce and fir for pulpwood are 9, 10, and
11 inches d. b. h.” Tt is evident that balsam fr under good manage-
ment can attain these sizes in 70 years.

Locecine OpERATIONS

Most of the present unmannged second—%rowth balsam fir stends of

merchantable size in the Northesst are pathologically overmature and
highly defective. Xuaufert (16} found identical conditions existing in
the Lake States. Much of this timber should be harvested as soon as
possible before decay renders it unmerchuntable. Balsam fr more
than 80 years of age deteriorates rapidly through decay of standin
trees a.ncf through losses from windfall and breskage. At the time o
logging such stands the minimum diameter should be small enough to
include as many small old trees as possible. Table 7 indicates their fre-
quency. Then if sound silvicultural practices (weeding, releasing,
and partial cutting}, such as recommended by Westveld {2 5, 37), are
employed in the future, there will be 2 much better correlation betiween
dinmeter and age at the time of the next eut. Qrowth studies in pres-
ent stands are essential before minimum dismeter limits are set.

‘Cull in balsam fir becomes an appreciable factor at 50 years of age
and an economic limiting factor, along with windfall, at 70 years.
From the pathological standpoint, the difference between these s e,
20 years, shonld be the maximum time allowable between cutting cycles,
for if longer periods elupse, cull and windfall losses are lisble o be-
come very severe. The relatively frequent removal of dominant bal-
sam firs will contribute to the prevention of severe budworm
outbreaks (17},
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Sincebalsam fir usually grows in mixture with spruce, it is assumed
that the latter will be so munaged that there will be available o light
cut -of spruee to help carry the costs of more frequent fellings on a
- given area, as was stated under Cultural Operations.

SANITATION

No special and particular forest sanitation measures are recom-
mended for balsam fir stands. The three principsl fungi causing
decny of living trees nve widespread throughout the range -of the
species and are not limited to balsam fir. Two of them, Stercum
senguinolentum and Poria subacida, are present abundantly on logs
and slosh of several other conifers. No practicable sanitation meas-
ures would be sufficiently effective in reducing the supply of inoculum
to justify” the additional expense of application. Furthermore, if
balsam fir is handled on » rotation not exceeding 70 to 80 years, losses
caused by decay will be much lower than in the present stands, which
contain many overmature trees.

Trvmper CrUISING

This publication gives conversion factors (pp. 11, 14) by which total
volume estimates of balsnm fir may be corvected for cull. If a stand
is predominantly of one age group or if the representation of various
age groups is known, the gross volume estimates may be corrected for
cull by applying the percentages in the cull volume column of table.3,
or the actual cull volume per tree in cubic feet as shown in that table
and by curve B of figure 2. Usunlly, however, cruise estimates
gre by diameters. In this case corvection for cull may be obtained by
applying the percentages in the cull volume eolumn of teble 4, or the
actue! cull volume per tree in cubic feet, as shown in that table, and by
curve & of figure 4. The data upon which these tables and curves are
based were taken over & wide range of conditions and cannot with
accuracy be applied to single small stands.

UriLIiZATION

About 1920 many aitempts were made, particularly in eastern
Canada, to encourage the use of partly decayed wood of spruce and
balsam fir for pulp. The preliminary results and discussions by
Bates (2?, Faull (4,5, 6), Hawlings (13), Rue and Humphrey (25},
Rue et al, (26, 87), and Schierbeck (30) may be interpreted as indi-
cating that, in general, the white rots do not render affected wood
economically unfit for pulp except where the rot is so advanced that
actual disintegration has taken place. Brown rots, however, reduce
the fiber strength sufficiently to make affected wood unusable for pulp
except in the very earliest stages. Of the butt rot caused by Polyporus
balsameus, Faull (5, p. 202) says—

Brown heart rot when developed {o the frinble stoge is cevtainly of no value
for puip, and in earlier stages the affected flbres nre wenkened to a grenter or
less extent. * * * Fow much should be rejected would uppear to depend
in part on the floating eppaeity (of which no deflnite duta are at hand) and in

part on the relative amounts of sound and diseased wood. The latter is value-
less,
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Of red heart rot caused by Sierewm sanguinolentwm he says (5, p.
201)— :

‘From the limited evidence at hand, it would appear that the gation of the
decay may have affected the lignocellulose without materinlly attackiog the
cellulose in the wood. It would also appear very possible that most of the wood
which is normally discarded in the woods or diverted to the boiler-house as fael
might be economically pulped.

Of the white stringy rot cansed by Porie subacida he says (5, p.
208)— _ .

Feather vof, except in the later stages, is not marked by an excessive weak-
ening of the fibres—appurently the celiulose is more resistant to the action of
the causal fungus than is the ligpin, The actual loss in ordinary cutting opera-
tions wsually amoeuuts to a short butt log; it is doubtful if even this is necessary,

In the case of balsam fir this means that wood decayed by Polyporus
balsameus had better be rejected in the woods, but that wood with
Incipient and early typical decay by Poric subacide and Stereum
senguinolentum has possibilities for economical conversion into pulp.

Sound balsam fir can be pulped by all the standard commercial
processes {3, 17), but for pulping wood in which decay has not ad-
vanced too far, only the sulfite process is recommended (6, 17, 25, 26,
27), Other methods yield seriously discolored pulp from decayed
wood. Satisfactory pulps have been prepared experimentally by the
sulfite process from balsam fir decayed by both Sterewm sanguino-
tentum and Poria subacida. Kress et al. (17, p. 49, note) state that—

The value of decayed wood for sulphite pulp is closely associated with the
chemical zction of the wood-destroying organisms, and these organisms yvary
widely in their method of attack. Further investigations . . . indicate already
that some types or rot tend to reduce the value of wood for sulphlte pulp less
than the superficial appearance of the wood might suggest.

Sulfite pulp mills utilizing all wood not too badly decayed by the
white rot fungi are able materially to reduce their cull losses in bal-
sam fir without unduly increasing their operating expenses.

Mills using decayed wood for pulp should take particular care
that such wood is not kept in storage any longer than absolutely nec-
essary and that it is segregated from sound wood in storage piles.
Kress et al. (17, p. 8) say that—

Badly infected shipments should always be segregated In an allotted portion of
the yard for quick utilization. This precaution i8 itmporient. Deleriorution in
guch wood i3 proportienately much gregler ihen in Sound or slightly infected
stock, If it iz inlermived with sound wood i serves as a rapid and vigorous
sonurce of infection to the better material, _

The italics are theirs, but the writers cannot emphasize too strongly
the need for heeding their warning. In particular, the decay caused
by Sterewm sanguinolentum will spread very rapidly in already in-
fected. bolts and to adjacent uninfected bolts. Under favorable con-
ditions it will in a very short time make stored pulpwood unfit for
use, :
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