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Studies on Decay of Balsarn Fir and Red Spruce 

in the Eastern Townships of Quebec 

INTR0D1TCTT0N 

For a long time it has been well established that losses from 

decay in living trees vary in intensity with tree species, age, site, 
stand history, and other less important factors. Severai authors, both 
in the United States and in Canada, have collected information of this 

kirid, especialiy since îeinecke  (16) set forth the 'tpathologicai 

rotation" principle. Publications on this question have been reviewed 

by Spaulding and Hansbrough (20) in 1914 and more recently by Basham 
et al (i) and Foster & Foster (9). In most of these studies, causes 
and means of entrance cf decay have been deterrnined for a nuriber cf 

commercial tree species in various parts of Canada and the United States. 

However, the abject of such investigations was mainly to find what 

relationships might exist between losses caused by decay and any 

variable in the stand in view of estabiishing the basis for control 

measures. 

Knowing the importance cf decay in the forest, especiaily in 

easily accessible and valuahie stands under management, measures to 

reduce losses should be anplied when economicallv feasible. These 

measures, however, have to be based on established nrinciples derived 

from knowledge of the yield of a given commercial snecies growing under 

the most common sets cf conditions. An inroortant point to determine 

tree decay control is certain!- the age of rnaturitv of a species on a 

given site. This stage in the development of a tree, or the "natho-

logical cutting age" is "the maximum at which the stand can be cut if a 
loss of economic imoortance is to be avoid.ed" (Neinecke). It is 

therefore necessarir to draw, with reasonahie statistical precision, 

the growth curve of a soecies and to deterrnine the culi factor for each 
ae class. Data for such studies can be obtainec3 enly by acurate 

measurements in the forest. At the saine turne, such investigation will 

provide useful information for the estimation of net volume in inventories 

and secure precise c'ata on the kind of decay infections, their means of 

entrance, their incidence and intensity. It is now generaily accepted 

that information about the main commercial species should be obtained 

from the most cornrnon sites in every forest district of this country. 

Investigations cf this kind are currently in progress in ail provinces of 

Canada, particularly in British Columbia and in Ontario, where they are 

carried out on an extensive scale. 

As in any other nart of this continent, losses from decay in 

living conif ers are sometimes heavy in Quebec, especially in spruce-fir 

stands. This research pro ject was conducted with about the saine generai 

conception and similar method cf investigation already in use elsewhcre 

in Canada. However, the influence of site as differen.tisted by the 

forest type method or the lasser vegetation, was emphasized. 

The investigation summarized in the nresent report is part of 

a general project on conifer decay, initiated in 1938 and aimed to be 

carried out in r'iost of the forest reiois of this rovince 	Conifer decay 



-2- 

studies were first undertaken in 1922 by TT.E. Hiley (12) and the same 
year by A.W. McCallum (15)  in the Saguenay and the Lowor St.Lawrence 
districts. Data on more than 10,000 trees gathered between 1938 and 
1945 by the rovincia1 Division cf Forest Patho1or in sruce-fir stands 
of the 9uebec arer., the Laurentide Park, and the North Shore District 
(Pornerleau) (17). After an interval of ten years, this programme of 
work was resumed in 1954,  under the aegis of this laboratory, in the 
southeastern part of the Province cf 2uebec, usually known as the Eastern 
Townships. During the field seasons of 1954  and  1955  such studies were 
carried eut on the private properties cf the East Angus Division of the 
St. Lawrence Corporation Limited. The field work was conducted in 
close co-operation of this pulpwood industry. The present report is 
based on the analysis of data collected from 2)46)4 trees. 

YFET70D QF  STUDY 

Location of Sarmie Areas 

As indiceted in the introduction, similar investigations have 
alreadv been conducted in several areas of fluebec and will be carried 
on in the main forest districts of this Province. The southeastern 
region of fluebec (Fig. 1) is not as important for wood production as the 
northern districts, because this part of the Province is heavily settled. 
Nevertheless, a large quantity of wood is drawn each year from private 
properties and the public lands. The mulder ciimate and richer sou 
resuit in a forest which is more productive than annhere aise in uebec. 
Located in the toierant hardwood forest of the Great Lakes-St.Larence 
Forest Regon, the soil goological formations and the ciimate cf this 
district differ widely from the Boreal Forest Region. Stili, large 
tracts of spruce-fir stands are f oundi among hardwood stands and 
cultivated lands. Another important difference between the Eastern  
Townships and. other districts is the easy accdssibiiitr cf the forest and, 
consequently, tine increased value ofthe wood. One cf the greatest 
difficuities encountered during this investiation was, however, the 
almost complete absence of undisturbed stands. Practically ail the 
forest has been heavily cut over in the last centurv. Consequently, 
the nurrber of trees older than 60 or 70 is declining rapidiv in this 
are-a, 

Fie-id Pro ccdure 

The working pro cedure for collecting data was improved during 
the period 1938  to 19)4)4 in this Province end is essentLally the sanie as 
that in use in Canada and the TTflje-ç3  States for simular studies. 	The 
se1ecton of sample areas was governed iargely by stands available in 
wbieh no recent disturbance was f ound, and also the ase range cf the 
two soecies under investigton on a given site. In samole plots cf 
one-tenth or one-quarter acre, estnhiished in representative stands, ail 
trees of the snecies to be studied were eut, analysed for decay content, 
and carefuilir measrred. 

After an area had been selectcd for study and the sampic plot 
established, the ground. vegetation was first analysed, and the plot was 
typed according to a classification system in use in fluebec. The sou 
structurewP. recorde-d and soil samplos of each horizon taken. Ail trees 
on the plot were numbered, taflied, and their crown class, form, and 
health determined. In this study, ail spruce and baisam fir trees over 
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3.5 inches D.B.F. were cut at about 6 inches above the ground and 
sectioned in four-foot hoits. Data were taken on te totel length of 
the leader, the length cf irterchantabie diameter (to a 3-inch top), 
diameter and height of the crown. The age cf ech trec was determined 
by an arinuai ring count at breast heiht. TiThen decay rrevented an 
aocurste count, another one was rade et the next secton and e correction 
factor based on the ae at the same rflameter of other trees applied.. 

The diameter of each boit was measured outside and inside thc 
bark at each enc, and the oresence cf crotches, scars, wounds, or broken 
tops whch might cause cuil was note(. "hen rot was present, the diameter 
of the decay colurnn et both ends was carefuily mec sured, grs.dcd, and 
recordec. It was sometimes necessary to split a boit to find the extent 
cf the rot œiurnn. The infection court of ee.ch  dcoair was aise determined 
when possible, except for butt rots w'iich usually enter through a root. 
The type cf each decay and, when possible, the probabie cause was 
determined and recorded. 

A sampie cf each rot was colectec, nurnbered, and sent to the 
laboratory for cuituring arid identification. 

Method cf Compilation 

In the iaborctory, ail wood rot sampies were examined and 
corresoond.ng  cultures compared with a reference culture collection, 
before the final diagnosis was made. 7)oil sampies wero analysed te 
determine the oercentage of sand., sut, and clay by means of the hydro-
meter foliowed by dry sievin. Tho moisture equivalent and pH of each 
sairnie were also obtained. 

Ail volumes in this study arc given in cubic feet in conformity 
dth the reuiations of theQuebec Depart'en.t cf Lands and Forests for 
wood scaling on Crown lands? Although the Quehec Rule (Roy) in board 
feet is also accepted for saw timber, it was rot used in this investistion. 

The total volume cf the troo was suhdivided into the volume cf 
the stuinn from the ground to a heicht cf six inches, the volume of the trunk 
up te 3.5 inches diameter insidc bar1, and tee volume of the top. The 
stump volume was f ound bu arplving the formula of a clinder and that cf 
the top was derived frorn the formula of a core. For each four-foot boit 
cf the trunk, the volume was computed after Newbonts  formula of the neiloid: 

= (B+LE» +b) r 
6 

Tables cf volume of ail possible combinations of diameters were prepared 
for boits four feet long and less. 

From values obtained in comnuting the total volume the theoretical 
merchanteble volume cf pulpwood was four.d by climinating the stumn and top 
volumes. The theoreticai merchantable volume for saw tinter was determined 
by adding volumes cf ail 8, 12, or 16 foot bolts, which could be obtained 
in the trunk. The minimum saw 10g diameter for balsam fir is 7 inches at 

1- Officiai regulations and instructions concerning the scaling cf wood 
cut on Crown lands. Quehec Department cf Lands and Forests. 1957. 
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one end and 14.5 inches at the other, and 10 inches for spruce. External 
defects cf seme importance may cause the culling of a length of the saw 
log. 

Actual decay volume was comnuted, using the sme mothod and 
the same tables ta de termine the theoretical culTL for pulpwood, Tho 
volume of a cylinder of wood with a diameter equal to the larer diameter 
of the rot at either end of eacl-i log was deducted. Then this cvlinder was 
more than 50 rer cent the volume of the log, the entire log was culled. 
According to the Quebec scaling regulations, when the volume of the decay 
cylinder exceeds one.-third cf the total volume the entire log should be 
culled . But since our values were always bssed on the larger diameter 
of the decay, and not only at one end as is the usual practice, it was 

necessary ta compensate b increasing the decay aflowance. From tests it 

was found tbt differances between the two methods were not significant. 

For saw timber the thooretical cull was obtained biT comnuting 
the volume of two ci'iinclers, each of wb.ich was haif the length of the 10g 
from the diameter of the decay at eech end. Î,,Ihen the volume of the decay 
cirlinder was greater than one-third of the nerchsntable volume,the entire 
log was culled. In both cases, the net cuil volume should also include 
ail losses due to defects other than decay, and thc net merchantable 

volume was the difference between the theoreticl rierchantable volume 
and the net culi volume. 

MDst age or diameter relat- onships with tree volumes, decay 
volumes, rercertage of cull, and infection incidence are represented by 
freehand curves and curved values listed in tables. This prictice was 
fohlowed by ail those who reperted on similar investigations. Several 
attemnts wee m2d.e to fit these curves mathematically, but with very 
unsatisfactory results. This was due ta the wide disersion of data, the 
insufficient number cf samnies in advanced ae classes and the unknown 
influence of tree mortalitv, particularlv at certain periods of stend 

development. However, the percentage of cu.l and gross, and net volumes 
in relation to aae were analysed by the ragression une raethod and 
tests of significance were made by co-varience analysis. To define the 
relatonships between a numbor of variables, the method cf multiple 
correlation analvsis was also used, but due to tc wide disnersion of 
data, this treatment did not adcl any us eful info iatri on to the prev±ous 
one, 

FOREST TYFS JT SITIS 

The nresent investigation was carried out in stands locatcd 
in the southeastern port of Quebec which belonas to the Eastern Townships 
Section of the St. Lawrence norest Region of Halhiday (10). In this 
area cf upland canif er and mixed wood, stands stili occupy large tracts 

cf land, althoueh most of the forests are mainly composed of hardwood. 
The softwood and mixed wood stands contain mostly balsam fir (Abics 
balsamea (L.) Hill. ), red spruce (cea rubens Sargi, a few white nine 
ÇPinus strohus L.), and hemloc1 (Tsuga canad.cnsis L.). Sosie yellow birch 

(Betula lutea Michx.fi, rcd maple (.cer rubrum L and trembling aspen 
(Pooulus tremuloides Michx.) occasionally enter into the stand composition. 

The site quahity index, as a measure of relative nroductive 
canacitv of the area, was not determined from data recorded durin7 this 
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study. Instead, as in ail previous studies on decay in conifers carried out 

by the author in Quebec, the hasis for site classification was that obtained 
by analyses of the ground or lesser vegetation. From various studies on the 

determination of the productive quality and other characteristics of site by 

Peimburger, (ii), Ray (19),  Linteau (14), and others stili underway, a forest 

type classification wouid seom ta provide a better representation of the 
conditions of the stand than thet obtained by any other method. This systerri 

is in use by several forest agencies in Quebcc and is entering into the 

current practice in many nulp and parer com'-anies. For sirriilar work carried 
out since 1938,  the author aiways followed the saine method for site description. 

The method of veetation analysis in use is essentially that 

described by Linteau (14", The frequencv of oach niant species is determined 
according to the Raunkiaer princ-iple (i5) whiie the sociability was found 

according ta the Braun-Blanquet scale (b). T Table 1 a sunriary of the results 
of this survey is given. The sanple plots are distributod into four sites and 
most plant species found are iistcd and grouped in strata i.e. trees, tree 

reproduction, shrubs, herbs, masses, and hooatics. This table was made w±th 
the data collected in 26 sample plots in which iSa plant species were listed. 
This nuiber was reduced to 27 species comrnonlv found. To simplify the tables 
the relative importance of a plant or the frequency is represented by a value 

obtained from this scale: 

Frequoncy V Plant found in 81% and more of the samnie plots 

	

IV 	- 	 - 	- 61% - 80% of the sampie plots 

	

III - 	 -41%-60%- - - 	 - 

II - - -21%--40%-. - - - 

	

I - 	 - - 1%-20%- - - 	 - 

	

0 	- 	 not found in any sample plot 

The intervai of abundance or range of average covor 0f a plant in 

one forest type is also given. For the only semple olot of the Hypnum type 
the data on the abundance and socia1 i1it1,r of the characteristic plants are 
indicated. 

In the area vnerc this study of docav of oenifers was carried out, 

four plant associations or forest typos wero recogniz'. They were named 

according ta the Cajander method (5 e,  6) followed by Heirrburger (ii), and 
Linteau (lh'. They are hrieflv defined as failows: 

Pryopteris-Cxalis Tpe (Dry-0 T) 

(Including sample plots nos, 90,  120, 121, 122, 123,  and  124) 

This is the fern type of ilvessalo (13) and the Aspidium-0xalis 
type Heixrb'rger (ii). It was found in the Mount Megantic area on well cfrained 
siopes and rich sou. Balsam fir is the dominant tree srocies mixed with a 
nwrber of red spruce and occasional yollow and white birch trees and red maple. 
In this type, the whitc cedar and the eastern hemiock are lacking in the troc 

straturri as well as in the tree reproduction layer. 

In this type two ferns, Dryoptoris spinulosa1-  and D. pgopteris, 
and Oxalis montana, Cornus canadensis, sono Carex sp. and Aster acurninatus - 

1- Higher plant naines from Gray's Pnual of Botany. D.L. Fernald Eigh±h adition. 
190. Moss P  Heoathic naines from Ïrosses  dth e. hand-ions. A.J. Grout. 1924. 
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are the most conspicuous plants, whereas Linnaea borealis, Pianthernum 

canadense, Dalibarda repens, Gaultheria hispidula, Trient lis borcalis, 
Osmurida cinnamornea and 0. claytoniana are totaily lacking or rare. The moss 
f16ra 15 poor and represented by smali patches of Rylocomium spiendens, 
Calliergon schreberi and others. 

In the 6 sarnple plots of this type, the soil was a loam, a sandy 
ban, or a fine sand ban, witl,  a sut olay percentage varying between 33 and 
14. The moisture equivalence was 1-26, and the pH 14.1  to  5.1.  The humus 

layer average was 14 Inches in thickness. 

Hl  locomium-0xa1is Type (H-O T) 

(Sample plots nos. 814 - 91 and 93 - 98) 

Also found by Ilvessalo (13)  and described by Heimburger (ii) 
and Linteau (114), this type is one of t}-ie most corri'on supporting coniferous 

stands in uebec. It occurs r-iainly on flats, on slight siones, or on poorly 

drained areas. The dominent tree species is the balsm fir with which red 
soruce is associated and forTTls from 2 to about 20 per cent cf the tree cover. 
Yellow and white birch, red manie, white cedar, end eastern heinlock are 
constantly represented by a f ew scattered individuals. 

Shrubs are not very con-ion in that type, but the ground is covered 
with a thick carpet of mosses and herbs. Oxalis montana and Hylocomiurn snien-
dens are the most conspicuous specios, but other plants, such as Triontalis 
borealis, Maianthemum canadensis, Linnaea borealis, Cailièrgon schreberi and 

a f ew others are almost aiways present in the association. Althoui sore 
ferns, like Dryopteris spinuiosa, are quite constantiy found, they occur in 
emali groups or isolated. 

In the 114  sample plots classified in this type, the soil was a 
ban, a loamy fine sand, or a sand, with a percentage of sut clay renging 
from 17 to 714 per cent. The moisture equivalence wLdeiy varies between 7 
and 36 per cent, the pH 3.2 and 5.2. The drainage was usually poor in such 
areas and the humus layer was 14 to 7 or 8 inches thick. 

Hynnurn 1yoe (H3rn T) 

(Sampie plot no. 92) 

This forest type, known aiso as the Calliergon type (Belle-
feuille (2) was found in one sample plot estabiished in a sniaii red spruce 
stand in which balsem fir formed about one-quarter of the tree population. 
The shrub and herb strata were poor, but mosses such as Caiiieron schreberi 
and Snhagnum sp. covered aimost ail the ground. 

Tn this location the water table was hir} and the drainage very 
poor. The sou, of the ban class, with 58 ncr cent of suit clay, has e 
moisture equivalence of 26, and a pH of 14.1. The humus layer was about 14 inch es 
thick. 

Bazzania-0xa11s Type (Baz-O T) 

(Sample plots nos. 125 - 129) 

This type, descrlbed by Heimburger (ii), is apparentlr  not common. 
During this study it was found only in one area coverod with a virgin and 
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undisturbed stand of old rad spruce. 't occurred at Ham ---ud in ;Tolfe County, 
on small ridges. Although red spruce is the dominant species, forming 40 ta 
65 per cent cf the stand, balsm fir also occurs fairly frequently. Yellow 
birch, white birch, red maple, and hemiock are also found mixed with the two 
main species. In this forest type, old red spruce trees cf about 300 years 
often support a nurer of witches'-brooms snd are distorted by this parasite. 

The unders-tor of balsain Tir and of rad suruce is surpressed for s long tiine 
under the oever of old trecs. 

A few bushes of Vaccinum ni,-rtilloides, Salix spp., and Viburnuni 
lantanoides were found, but Acer spicatum is lacking at trie shrub stratum. The 
ground vegetation s mainly composed cf large patches of Bazzania tri]bata, 
adrnixed with plants such as Pryopteris sinulosa, Dalibarda repens, Chiogenes 
hispidula, Cornus canadensis, and a few others constantly but pocrly poorly 
represented. 

In the four saniple plots of this type, the soil was a loam with a 
sut clay content varying between 25 and 64 per cent, a rnoisture equivalence 
ranging between 16 and 63, and a pH cf 4.1  ta 4.8. The thick humus layer 
measured between 7 ta 17 inches and the drainac'-e was fairly Food. 

BASIC DATA 

Resuits of this investigation are based on data as presented in 
Tables 2 and 3. In 26 semple plots, covering a total area cf 6.25 acres, a 

total cf 2)16)4 trees were analysed during the field season of 1955 and 1956. 

In most stands, balsarn fir was the dominant specios, except in three areas 
wherc the proportion of rad soruce was larger. The average age of red spruce 
for ail tracs was 116 yearc, but the average br plot varied between 55 and 
205 years. For balsam fir, the average age was 62 years in ail plots, but 
only a few treas above 150 years were found. Except in a virgin stand cf 
the Bazzania-0xa11s type, where red spruce trees above 200 years old ero 

common, the number of trees above 1CO years, and aven older than 70 vears, 
decrease rather suddenly. This is an indication that heavy logging operations 
were carried out in this settied area, a long time age. 

In ail areas examined, 2.2 per cent of the red spruce trees and 

52.0 mer cent of the balsam fir trees were decayed te some degree. However, 

in the average, only 6,7 rier cent of the merchantable volume cf red spruce 
and 9.6 per cent of that cf balsam fir were culled for pulpwood. This 
proDort4on, however, reached 17.7 per cent in rad spruce and 21.0 per cent 

in balsam fir in certain plots. 

With only 643  rad spruce tracs, the sampling is somewhat small for 

a reliable analvsis cf relations'nips cf decay and certain variables, especialiy 

when this nuriber is broken down into four grouos. !"or balsam f ir, on the 
other hand, 1821 trees is a reasonably good sample, for at least the two main 
forest types found in this area. However, it should be noted that the nunter 
cf trees above the 70-79  age class f ails down rapiclly. The principal reason 
for this could be partly ascribed to the cutting csrried eut 60 or 70 years 
age in those stands. It is also possible that mortality due to natural causes 

has also decimated the balsani fir aftar 60 or 70 vears cf age. This important 

aspect cf the problem is flot analysed in the prescrit report, but should be 

investigated soon in this Province, 



FTJNGT CAUSING DECAY IN LIVING TFLEES 

Relative Imoortance 

The organisms isolated in pure culture from semples of decayed wood 
collected during this study were the sanie as found in the past in other areas 
of this Provincc and. reported in other eastern proinces (Pasham et al. (i). 
In Table Lj., they are listed soparately for red sprucc and. balsam fir according 
ta forest types. 

It shouid be noted first that ail butt rots have caused about 60 
per cent and trunk rots about 40 per cent of tho dccay incidence in both 
balsam fir and red spruce0  For both secies, the occurrence of white rots 
is two or three tues higher than brown rots in tree basis. As already 
observed by sanie authors, Corticium galactinum is the niost important fungus 
causing butt rot in bath specics. Uhile nost of the trunk rots encountcred 
in balsam fir are caused by Steraum sanguinolentum, the decay incidence in 
red spruce trunk is nartly due to Fornes pini and 3treum sanguinolentuni 
infection. 

On the basis of volume, Stereum songuinolentum is responsible for 
almost 70 per cent of the decay iniDaisam fir and Fornes pini is associated 
with 65 per cent of the total loss by decay in red epruce. In bath species, 
Corticium a1actinum is the cause of 12 to 15  per cent of the volume of butt 
rots Except in the Pypnum type, in which the smali sempling is lergely 
composed of young treas, the proportion of incidence of each type of rot 
foliows about the sanie trend given for ail types. Therefore, Corticiuri galac-
tinum, causing a white butt rot, and Steroum sanguinolentum, causinC red 
heart rot, are responsible for almost 85 per cent of the decay volume in 
halsam fir. In red spruce, more than 77 per cent of the decay volume is the 
resuit of the attack by Fomes pini and Corticium galactinum. In the past, 
the white butt rot was mostly attrihuted te Poria subacida (17) but recent 
studies (1) have shown that other fungi were more important. 

Infection Courts 

During this investigation the infccton courts of decay in conifers 
were determined in most instances. Avenues of eitrance cf decay organisms 
found during this study are listed in Table . 

As already knowri from other studios, the origin of the majority of 
butt rotting fungi for bath red sprucc and balsam fir îs in the roots, and a 
small number of scars on the stumr. (n t'o other hand, most of  *the trunk rots 
have gained entrancc to the treo through branch stubs and scars. In balsam tir, 
however, brânch stuhs are the rnost important infect on court of Steroum san-
gunolentuni, since more thàn 70 ner cent of the resuiting decays have entered 
through Unis type of wound. 

RID SPFÎTOT, 

Before attenipting to determine the influence of decay in the stand 
yield and rnaturity, information derived from individual trees should be first 
presented. The relationship betweon tree growth and decay with age and diameter, 
for each tree species in the main forest tirpes,wouid give a first picture of 
the tree condition at a given period and such information may be used latcr 
ta define stand maturity and rconmiend forest practices for decay contrai. 



Ail rlatonships on red spruce are based on the 643 trees analysed 
in this area. Evidently, this nimber is too small ta be acceptable as 
representative of the truc condition of this species in one region. The 
statistical value of such a small sampling is stiil less adoquate hen trees 
are distributed in four different forest sites. Nevertheless, data on hand 
were used ta obtain percentage and curved. vlues on decay in relaton to are 
and diameter and indications cf the condition of red suruce with regard to 
decav in this area. 

DECAY IN EATT0N TO GE 

Incidence of Decav 

As sbom in Table 65  the percentage of trees with decay increases 
more or less radually with age; on account cf the small sampling, however, 
resuits are rather irregular when trees are distrihuted by forest types. 1Tith 
a better distribution by ae class, as in the azzenia-Oxalis typo, it cnn ho 
seon that before 190 years less than 50  ner cent cf the red spruce treos are 
irifected witli decay organisms, the majority of which nroduce butt rots. No 
other conclusion oan be dram from this first group of data. 

Lasses in Volume 

A -- one-al viow of the tree growth in volume and tac decay development 
in relation ta age was obtained from red spruce trees cf ail types and the 
computed curved values presented in Table 7.  Dy insnection of these figures, 
it would aprear that the total net volume and thc net merchantable volume for 
puipwood continue to inereasc up to 300 years in red snruce. In Table 8, the 
cued values computed from cranhs (Figs. 25  3, 4, 5, 6, and 7)  indicate that 
merchantable, cul!, and net volumes for pulpwoocl for n given age are somewhat 
different according ta types. For instonce, at 20C ycars, the cull volume for 
pulpwood is 1.83 C.fi  in the averae treo growing in the Baz-0 T, 1.10 c.f. in 
the Dry-O T, and 2.83 in the H-O T. Nhen considering the net volume for 
puiowood, these figures indicate that in the Baz-O T 23.5  c.f, are exnected at 
200 years, 20,46  in Dry-0 T. and only 14.6 in the H-O T. Although the 
sampling is toc scanty in the higher age classes, rud suce growing under the 
conditions prevailin7 in the H-O T would seem te be more defective. This is 
apnarent also in the nercentage of cull volumes given in Table 9. As an 
example, the cuil volume for pulpwood at 140 years in the H-O T is 8.4 per 
cent, 6.8 ncr cent in the Baz-0 T, 1.3 ner cent in the Dry-0 T, and 22.8 
per cent in the Hyn T. 

It seems evident from the data on hand that decay increases with 
age in red spruce. A  doser examination of dat:' world reveal th -nt troc i7rowth 
is much faster in the Dry-O T than in the two other main sites, at least until 
10 years. Furthermore, the decay factor emphasizes the advsntage of the Dry-
0 T over tac otheisince the decay volume is ' less important at a given age in 
trees growing in this type than in others. 

Correlation Analyses 

Ail curves on volume-age relationships presented above are freehand 
and based on age class averages. Whether such estimations cf net cull 
percentage and volume rccovory are valid, in red spruce cf different forest 
types should be tested. For this purpose, the recression une for each group 
cf data was fitted and the ce-variance analysis made accordinc to the mcthod 
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followed by Davidson (7). Since the distribution of trees by age class is not 
unîform throughout the range of sampling, data from 60 to 200 years oniy were 
computed. Regression equations of cull percentage reiationships with age are 
presented in Table 10 and the corresonding regression. Unes given in Fig. 8. 

For each forest tiroe,  the linear reiationship of age and cuhi percent-
age is apnarentiy different, particularly between red spruce in the Dry-O T 
and that in the H-0 T and the Hyp T. However, the cc-variance analysis between 
ail types or between any two tyes have shown (Table 10) that both adjusted 
means and regresson co-efficients do not differ signifcantlr. The nain 
reason for this poor resuit was attributed ta the insuffici.ent samoling. 
However, teste of significance between red spruce in the Dry-0 T and the H-0 T 
have vielded ahrnost positive resuits. It should be mentioned here that age is 
a orth-hiie variable for the percentago cull for trees in ail sites (F = 6.99). 
Therefore, the statisticai analysis of data available has indicated only a 
positive relationship between age and cuil percentage, but bas faiied to show 
significant differences between red spruce growing in four different forest 
types. 

DECAY IN RELATION TO DIATER 

It is usually accepted that decay or cull is more clos ely related 
ta age thari to diameter. In spite of this fact and of the srrii saniple in 
red spruce, available data were arranged by diameter classes. Frem resuits 
presented in Tables il to 1)4 and in Fires 9 to 125  it was found that d.ey 
and o1l volumes or percentages increased with diameter at breast height. It 
should be notod aiso that whiie the ouipwood cull levehled to about 1 per cent 
in red spruce of Dry T at 10 inches in diameter, 7.1 per cent is found 
in Baz-O T, 8.7 per cent in H-O T, and 5.0  per cent Hyp T. The sanie trend 
of differences continues in higher diameters, but the net volume is about the 
same in ail the tnes and aven shightly better in the Eaz-O T. These hast 
resuits vould indicate an inade"uate correlation of diameter with decay, 
artlar1v in the hiaher diameters. This may be due to the paucitv of 

sarroling, but also to the variation of age in each diameter class. As shown 
in Fig. 13 and  in Table 1, the average age is much higher for a given diameter 
in the Paz-0 T than in the three others. Furthermore, the standard deviation 
for each diameter class (Table i) and average deviations are eiridentiy too 
extensive to be rehiahie. Therefore, the estimate of decay or oui volumes 
on the basis of tree diameter would seom nremature until a larger sarnple is 
available. 

BALSAN FIR 

As with red snrucc, resuits for halsam fir are based on individual 
trees. This proced.ure indicates the condition of the average tree for cach age 
or diameter class with regard ta its total merchantable, decay, and cull voluns. 
Data from 1821 trecs are divided into four distinct forest types, one of which, 
the Hypnum type., 15 of hittie use on account of the fewness of data. 

DECAY IN RELATION TO AGE 

Incidence of Decay 

Decay incidence in halsam f ir increases with age as shown in Table 16. 
Except in the Dry-0 T, decay is not con on in the young age classes un ta 40 
years, but aireadir 35 ta 66 per cent of the trees analysed exhftited traces 
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of rot in the LO to 49 age class. In the Baz T a rath.er  high proportion of 
baisam fir is infected, mostly by butt rots in the early stage. Althougb the 
incidence of decay rises ver- ranidly in nost balsm fir stands, somo 
differonces are anparent on site of the Dry-0 T. In this group, 66.7 ner cent 
of the treos sampled were infc-cted in the 90 to 99 age class, whercas, more 
than 90 ner cent of tbose of tbe two other types contained some measure of decay 
at the saine age. Such a divergence, houever, is not consistcnt in otber ego 
classes and is not very significant. 

Losses in Volume 

In Tables 17 to 20 and in Firares iL to 18, curved values on volume 
reiationsbips with age are nrcsented. ïhon data from ail sites are computed 
(Table 21', the decair volume at 100 vears reaches about 8 per cent, the cuil 
volume for nuipwood almost 15  per cent, and that for saw timber 18 per cent. 
Broken down into three forest type data, the curved values, when compared, 
become significantiy different (Table 21). 1or instance, the decay percentage 
at 100 years is 3.5 in Dry-e T, almost 12 in H-O T, and 8.7 in Paz-0 T. The 
same variation occurs between culi volumes of eacH type. dhen net volumes of 
each type at a given age are compared, contrasts are stiil more apparent. At 
.60 years, the gross merchantabie volume for pulpwood is 7. ,35 c.f. in the 
Dry-0 T, 5.28 in the Baz-0 T. and 6.0 in the H-O T and the net volume is 
7.4 c.f. in the Dry-0 T, 4.6 in the Baz-O T and 5.50  in the i-I-O T. At 100 
years the average balsam fir trocs growing on the Dry-O T wouid produce a net 
volume of almost 15  cf. whercas in twoother types about 10 c.f. would occur. 
Spaulding and Hansbrough (20) in T'Tew England,and Davidson (8) in New Brunswick, 
have already observed about the same differences between sites, divided, 
however, in a more arbitrarv way. 

This first analysis of volumeage relationships indicates that the 
maximum net volume of balsom fir is reached at 140 years in the Dry-0 T at 
110 years in the Baz-O T, and 100 years in the H-O T. 

Correlation analyses 

With a much larger sample of balsrn fir than of red suce, botter 
resuits were eoected from statistical analysis. In order to avoid as much 
as nossihic sources of errors, data comnutations were restricted to age range 
of 50 to 149 years ai-id later of 50  to 119 vears. A first group of rcsults, 
from regression unes comnutations and co-variance analyses of pulpwood cuil 
nercentages in relation with age, arc presented in Table 22 and in Fig. 19. 

As with red spruco, the cuil percentage increases with age in ail 
forest trocs and in ail tvoes. The tests of sienificance by the co-variance 
analvsis bas shown (Table 22) venT sirnificant correlation between ace and 
cull for ail types. However, significant differences betwoen the adjusted 
means and the regression coefficient were found only between two forest types: 
Dry T and H-O T and the adjusted means of Baz-0 T and Dry-0 T. Other forest 
tynes combinations have failed to show significant differences between thom. 
This could be explained by the noor sample in certain sites or simply ascribed 
to the lack of wide enough dissimilanities between them. 

The validity of this type of anal-sis of cull percentage may be 
questioned, however, since oniy part of thc sample has a cuhi factor. is it 
permissible, therefore, to compute data from a number of samples with n zero 
value? Differences between forest types may be due to the nuber of trocs 
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with decay or to the arnount of culi in infected trees. The analysis of data 
from infected trees on1y was not carried out because the resuits would not 
provide very useful information on the true differences between two sites 
with regard to cuil percentages. At this point, it was considered that more 
reliable representations of true differences could be obtained by the analysis 
of the ross merchantable and the net merchantable volumes for pulowood instead 
of the cuil percentage. Therefore the computation cf such data from the two 
main forest types of the area was made and the f ollowing resuits recorded, 
the regression unes being presented in Fig. 20. 

Regression une equations and tests of sgnificance between 
the gross and net merchantable volumes in balsam fir in two types 

Type Merchantable volume Regression Une eouation 

Dry-O Gross Y = - 3.462 + 0.1872 X 
Dry-0 Net Y 	- 2.39 	+ 0.1716 X 
H-O Gross Y =- 4.682 + 0.1773 X 
H-O Net Y 

Tests of Signsficance 

Gross merchantable volume of 50 - 119 vear trees 

Adjusted means F = 39.23 (Foi ..6.64) 
Regression coefficients F w 0.2555  (Foi = 6.64) 

Net merchantable volume of 50 - 119 year trees 

Adjusted means F = 49.70 (Foi = 6.64) 
Regression coefficients F = 4.08 (Foi = 6.64) 

Adjusted mean gross merchantable volume 

H-O T = 6.26 
Dry-0 T = 8.09 

Adjusted mean net merchantable volume 

H-O T = 5.75 
Dry-0 T = 7.22 

Differences at 100 years old 0f the net merchantable volume 24.7. 

These resuits indicate significant differences between both the gross 
and the net volumes of the two types. However, such differences were found 
only in the adjusted means and not, as expected, in the siope of the regression 
une. Adjusted means of the gross and net merchantable volumes are also 
different in the two types. At 100 years, the mear gross merchantable volume 
in the Dry-O T would be 14.5 per cent higher than that in the H-0 T and the 
mean net merchantable volume would be 24.7 per cent higher in Dry-O T than 
in the other type. Th:refore, at 100 years, 14.5 per cent of the difference in 
volume is due to the tree growth and about 10 per cent to decay. On such a 
sound basis, it is therefore well established that balsam fir grows faster and 
with less decay in the Dry-O T of forest than in H-O T. 
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An at-tempt was also made ta deine by the multiple corrolation 
ana1yss, the relations between the culi volume (Y) ard troc characterist 
such as gross merchantable volume (i),  age (o), height (C), diamoter (D). 
First, the correlation coefficient cbtained was 0.966 anc a egresion lino 
of thé foliowing equation was Y = - .2077 A + .0323B + - .J26C + - 4.9l 
H-O T. The regressian coefficient th age cnly heirg .082 would non hai 
other variables do not add any to the correlation with cul volume. In Dry-O T; 
the coefficient of regression is 0.467 with ail characte'istics and O.2li 
with age only. The regression lino equation was Y 0.0334 A + 0.00)43B + 
(-0.0167C) + •0118D - 0.1914. Therefore, it is felt this long ond tediouc 
method would not provide vory usoful infornation. 

DCAY IN RELATION rio  DTIYTETER 

As with red spruce, data on the voriaus volumes wc-rD computcd in 
relation to diameter. Ourves were dram (Figs. 215  22, 23) and curved valuo,3 
DreseOted in Tables 23, 2, 2. Althoub it is generelli accaotod ibat decay 
is more closelv related to ece tban ta diancter, the oercentage between haisar 
fir in Dry-0 T and the two others ere considered bore. For instance, the 
average tree of 10 inchés in diameter wofd have 4. per cont of cll for 
pulDwood in T, 14.0 ocr cent in Daz T, and 10.9 ner cent in H-O, T. 
It is curious to note that about the same amount of net volume would be found 
at a diameter of 1C inches in Dry-0 T and in H-0 T, but the difference 0± the 
net volume of ba1sm f ir -rowing in tho twa tyoes uld be epoaret at ]J. inees. 

Such resuits would indicatu a rather inad quet:. ccrrelotion hetwcen 
culi and diameter. As shom in Table 26 and Fin. 2L:, thc avorage age is nuch 
higher for a givon diameter in Snz-O T than in the twc othcrs v.p ta li o: 13 
inches. As for red spruce, the standard deviation of age for each diarietor 
class and thc average standard deviaton n eech forcst type are e.d:etly tc 
e:tensive. Thcrefore, even in the H-O T with an average standard doviation o 
11.6 the estimate of culi volume cii the basis 0± troc dianober is not o1iahle 
enough, although better thon for red soruce. 

PATHOLOGICAL POTA TON 

In thc- ra'eceding nages, attemrts wore made to doterinine and aseùsn 
relationshios bctween decov or cuil factors with ege and diemeter in the Vor.cUe 
sites encountcred. Now, it should ho considercd how these rcsuls eau hc 
utilized to roduce losses duc to decay. Ixceot for thc avoidanco cf mao-made 
wounds and those occurring through tho activities of aninels, it in ecntcd 
generaily that the best nlear of control of troc c1ecor is to log treos hefaro 
losses equal the onnual gain in sound merchantablo wood through growth. 11-
ii-stage, usualiy cail ed the Dathological cttin age, should be deternined for 
each species of evory site and regien. 0ther factors, suc!' as stand hiz1or77-
and mortalitv rate, may also modify the profuctivo notentiaJities of a stand. 
Therefore, thou must he equally considercd b.-,fore tho patho ceicel utetic:e je 
cal cu1ated 

Hhen considering the maximum net m.orcbantable volume lor pulnwcod 
and saw-log production of the average tree in any one for-st tyce, the folicw:ng 
figures were derived from the orcvicusly presonted tables 



Forest type type Spucies Age of the madmum net volume 
u1pwood Sawlog 

Dry-0 Red spruce 200 + 180 + 
Balsam fir 140 140 

H-0 Red spruce 180 200 + 
Palsam fir 110 110 

Baz-O Red spruce 300 + 300 + 
Balsam fir 120 120 
Red spruce 120 140 + 

Thcse resuits would indic?te that excent in the TP T, rad spruce can 
grow up to 200 and aven ta 300 years before losses from decay become equal to 
the annuel increment. In most cases, balsam fir would erow for 100, 120, and 
even 140  years before it reches, in the average, its pathological rrturity. 
However, these figures do not give the best information in regard to the 
nroner management of spruce-fir stands, The net periodic end mean annual 
increment iTould present botter informat4 on for determining the cutting ae. 
In Tables 27 and 23 and in Fies. 25 and 26, net increment data of red spruce 
and ha1srn fir in L forest trpes of the Eastern Townships are given for this 
nurpo s, 

On this basis, it will be found, by inspection of tables and figures, 
that red spruce reaches its maximum periodic increment between 30 ta 160 years 
and balsam fir between 70 ta 100 years accordine to the forcst t'es. In the 
two main sites cf this area red spruce would reach its maximum rate cf growth 
at 100 years in Dry-0 T and 120 years in H-' T. This period may be extanded ta 
160 vears in the less frequent Ba7-0 T. It should be noted also that baise.m fir 
would reach the maximum of the periodic increment cu.rve at 70 years in the 
H-O T and the Baz-0 ' and at 90 years in the Dry-0 T. 

Inediate1y, this sugeests a general rule ta f ollow in the praparation 
of the cutting schedule. These resuits indicate that selective cutting in 
stands un ta 70 j7ears old in the H-O T. shouid be carried out to utilize balsam 
fir before it is toc defective and to have red spruce growing 30 ta  50  years 
more. In the Dry-O T, however, it would be botter ta out both species at about 
90 to 100 years since rad spruce would reach its maximum net increment at 100 
years and balsam fir at 90 years. 

The ahove figures were ail derved from the computatiori of data of 
individual trees, some of which were over mature at the tima of analysis. In 
the nremaration of the management plan, it is marc likely that the yield per 
acre, during a civen ueriod, should aise be considered. In fact, the age of 
maturity and the maximum neriod of grorth of indiv dual trees do net give the 
requred information concernine bioiogical factors which cause mora1ity in 
stands. 

Durtng this as weli as other similar investigations carried eut in 
this Provtn-e, irregularities in the growth cuxmes of balsam fir were noticed 
at certain ages. In most cases, the average balsam fir shows a rapid increase 
of growth u -  ta 70 or 80 years when a decrease in increment ocours. This is 
followed again by another neriod of rapin growth and later by a decrease in 
the increment rate. hen considerinp, the decy volume curve, about the same 
trend was noticed. Such cyclical fluctuations in the growth and the decay 
develonrnent, weve  already observed in Douglas fir by Foyce and Tagg (3). This 
was attributed ta the heavy diing  and fali of rapid growing trees at certain 
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critical periods cf the tree life. The same condition, which apparently ocours 
in balsem fir stands, should ho thorouhly investigted. The cause and 
riortality incidence in. relation to age and growth rate shoulci also be determined 
and computcd. .!hen  a botter knowledge cf this important phase cf tha stand 
evolution is gained, it would thon be possible te determine with greater 
accuracy, the effcts cf decay in the average trea and. even in stands. Without 
such information, it would. seom vrcma.ture to detnrmine the cutting age cf any 
troc snecies in eech forest tvne. Until such time, data are available on the 
effect cf trop mortality in stands stock, the period cf maximum nt volume could 
only be guessed te the closest ton years. 

Another approach to the problem of natholoical crtting schodulo was 
proposed by J.E. Bier in an u.npuhlished study. According ta this met'od, the 
age of matrrFtv of the stand could be determined by the frequency of trees of 
mecchantable sise by age class per acre and by the net yield per acre in relation 
to age. 

Resuits of the computaton cf data availabie for two forcst typos, as 
given in Table 29,  would indicate first that in both types the nniber cf trees 
per acre is ranidly dron-oing after 50  or 60 years. This may be partly due te 
cuttings carried out some 50  or 60 years age in this area and partly to the 
naturai mortalitr. On the othcr hand, when considering the rnean annuel increment, 
the gross madmum increment in the stand is reachcd at 100 ypars in the H-0 T 
and at 110 years in the Dry-O T. The net maximum increment would net increase 
in rate aft.er  BO or even 70 years in the FI-0 T, but this stage would be reachcd 
at 90 or 100 years in the Dry-C T 

Wlth its deficiencies, perticularly the influence cf mortaiity in 
stand yield, this investigation would suggcst that the nathological cutting 
could be £ixed around 70 years in Fi-C T and at 90 years in Dry-C T. 

DIS CTS.T0U 

This study was carried out as nart 0f an investigation project on 
decay in conifers,initiated in 1933 in the Province of Quebec and temporarily 
lef t aside in 1. Its main objective is to provide the forest industries and 
forest land owners with nractical information on decay develotmient in standing 
timber and on the resuiting losses in relation to age and diameter for each 
commercial secies srow.ng  in tac cornmon forest types cf the main forest 
regions of this Province. The nresent renort covers the rosuits cf to field 
seasons work carried eut in 1954  and 19 in the Eastern Townships in cooperation 
with the Forestr Department of the St, Lawrence Corporation, East Angus Division. 

In this  area, spruce-fir stands were found most fraquently in two 
forest types: the Rylocomium-Onalis type and the Rryont cris -Oxalis type. 
Exsept in one virgin stand cf the Pazzania-xalis type, some cuttings have been 
made 60 or 70 years age in most of the areas samnled 0  This, in conju.nction with 
the natural mortality, has caused a drop in the number cf eider trocs. 

A number cf fungi, alresdy isolated in other areas cf the Province 
and the country, were found associated with decey of balsam f ir end rcd spruce. 
It has been determined that Stereum sanguinolentum was the cause cf 70 per cent 
of tac decay volume cf balse.m f ir and Fonce nini had produced 6 per cent of 
decaV lasses in red. snruce. In bath. species, however, tac most frequent butt 
rotting agent was Corticium galactinuri. In other areas, the most common 
infection court cf trunk rots was branch stubs whilo butt rots have originated 
mainly in roots. 
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Although the sarnn1 ne in red spruce was toc scanty, particu1arlr in 
certain forest types studied, rolationsh.ip 0f decay or culi volume to age was 
established. However, by correlation analysis, no sienificant difference of 
the culi Dercentage on age was detocted between trocs ging in the four forest 
types recoenized. This was ascribed mainly to the 000r sampling. In spite of 
this doficiencv, there are indications that decay does not cause irnnortant losses 
in red snruce b--fore 200 years in morw sites. In the Hylocorriluri-Oxalis type, 
however, it was found that 5.5  per cent of the volume cf this specios rrhould be 
culled at 100 years. Diarneter as a variable relat.ed to decay was considered to 
be a poor factor as alreedy deterrîined in other similar studios. This is 
emphasized again by the extensive ?go deviation for each diameter class. 

The relationships hotween age anl the decay volume of balsam fir was 
estahlisfled statistically. The resuits of co-verlence analyses have also 
demonstrated sinificant differences betwc-en two forcst types with rogord ta 
the cifl percentage. i-owever, it was consid oued that more reliable rcsults 
could ho obtained with the gross and net volumes treatcd statistically. 
lffectively, these analyses have demonstrated highlv significant differences 0f 
regresion in the gross and net volumes cf balsam fir grong in the H_fl: T 
and the Dry-0 T. t difference of 2.7 per cent et 100 vears between the net 
volume of balsam fir in the two for,--,st tynes was determined. Such a difrerence 
is partly due to the rate of rowth (lL 	ner cent) ancl nartTtv to the dccav 
development (10.2 ner cent'. 

Tith regard to the diaxeter, as s. relatcd factor far dscay, if ieas 
considered that the e1ationshio was not reliable onoug, altsough the sampling 
was mucla botter than with red snruce. 

Denending on the fore:st type and with te data avaflable, it would 
annear that red spruce reached its net maximum periodic increment between 80 
and 160 years and balsam fir between 70 and 100 years in the Eastern Townships. 
From a practical standpoint, this resuit would suerrest the selective cutting 
of balsam fir before it reaches 70 voars in H-0 T whereas red spruce could be 
left standing 40 or 50  years longer. In the Dry-0 T, it would be nrcfersble 
to cut both species between 90 and 100 years. In both cases, however, the 
effect of tree mortalitir on the stocking 	ak was not ten into account due to 
lack of information on this esnect cf th.e problem. 

In tais interim report, the use of the data nresented for invcntory 
purposwas not criticallir discussed. This should be donc later and presented 
in a paper covering several forest reions of the Province. For the time being, 
cuil percentages civen in tables in relation witb. age and diarneter could be 
used to imnrove the nrocision of cruisinc data. 

This investigation also included a study on tac influence of site 
on butt rot development. Various sol factors i,-ire mea-sur---d. in each samrle 
plot and a hutt rot index was devised in order to eliminete the variation of 
age classes. This prelirninary study is not deait within the present report 
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Figure 2 	Relation between age, total volume, net volume and decay 
volume in red spruce in Bazzania-Oxalis type. 
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Figure 3 	Relation between age, total volume, net volume and decay 
volume in red spruce in Hylocomium-Oxalis type. 
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Figure 4 	Relation betwecn age, total volume, net volume and d.ecay 
volume in red spruce in Dryopteris-Oxalis type. 
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FigurE 5 	Felation between age, total volume, net volume aid decay 
volume in red spruce in HyTDnum type. 
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Figure 6 	Relation between age, gross and net nerchantable volumes 
for pulpwood, and cuil volume in red spruce in four forest 

types. 



36- - 

I 	I 	I 	I 	I 
GROSS MERCHANTABLE VOLUME IN 

BAZZANIA - OXALIS TYPE 

34- 2 - GROSS MERCHANTABLE VOLUME 
IN DRYOPTERIS - OXALIS TYPE 

32- 3 - GROSS MERCHANTABLE VOLUME 
IN HYLOCOMIUM - OXALIS TYPE 	1/ 

30 -  4 - GROSS MERCHANTABLE VOLUME  
IN HYPNUM TYPE 	j 

28- 5 - GROSS MERCHANTABLE VOLUME! 
IN ALL SITES 

26- IA - CULL VOLUME IN 
BAZZANIA - OXALIS TYPE 	/ 24- 2A - CULL VOLUME IN 

22-  
DRYOPTERIS - OXALIS TYPE 

3A - CULL VOLUME IN 
HYLOCOMIUM - OXALIS 

m20- TV 	 / 
I / 

o 4A - CULL VOLUME IN 	/ 	3 
u 

- 

HYPNUM TYPE 	/ 
Ii]  16 - 

5A - CULL VOLUME 	/ 
IN ALL SITES 	/ 

iI4- 
O / 
> 2- 

/4 

/ 
10- 

8- 

6 - 
IA 

4- 4A 

20 	60 	100 	140 	180 	220 260 	300 
AGE - YEARS 



Figure 7 Relation between age, gross and net merchantable volumes 
for saw timber and cuil volume in red spnace in four 

forest types. 
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Figure 8 Linear regression between cuil volume nercentage and age 
in redsnruce in four forest types. 
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Figure 9 	Relation between diameter (D.B.H.), total volume, net 

volume and decay volume in red spnice in Rypnum tyte, 
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Figure 10 	Relation between diameter (D.P.H.), total volume, net 

volume and decav volume in red spruce in Hirlocomium_ 
Oxalis tyne. 
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Figure n 	e1ation between diameter (D.B.H.), total volume,net 
volume and decay volume in red spruce in Bazzania-. 
Oxalis tvne. 
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Figure 12 	Relation between diametEr (D.T'.H.), total volume, net 
volume and de cay volume in re d s pruc e in Dryop te ris - 
Oxalis type. 
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Figure 13 	Relation between diameter at breast height and age in 
red spruce in four forest types. 
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Figure 14 	Relation hetween age, total volume, net volume and d.ecay 
volume in balsam ±'ir in Bazzania-Oxalis type. 
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Figure 15 	Re1atin between 	 total volume, net volume and. 
i- deca volume in balsam tir in Diyopteris-Oxalis time, 
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Figure 16 	Relation between age, total volume, net volume ard decay 

volume in balsam fir in Fi., locornium-Oxalis tirne. 
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Figure 17 	Relation between age, gross and net merchantable volumes 
for pulpwood and cuil volume in balsam fir in four forest 
type s. 
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Figure 18 Relation between age, gross and net merchanteble volumes 
for saw tirnber erid cuil volume in balsarn f ir in four 
forest types. 
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Figure 19 Linear regression between culi volume percentage and age 
in balsam fir in four forest types. 
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Figure 20 	Linear regression between gross rnerch8ntable vo1ur, net 
merchantable volume and age in balsam fir in two forest 
types. 
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Figure 21 	Relation between diameter (D.B.H.), total volume, net 
volume end decay volume in balsarn fir in Rrlocomium_ 
Oxalis trpe. 
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Figure 22 	Relation between diameter (D.F.H.), total volume, net 
volume and decay volume inbalsam f ir in Dryopteris-

Oxalis tvDe. 
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Figure 23 	Relation between diameter (D.B.H.', total volume, net 
volume end decav volume in balsam fir in Bazzania-
Oxalis type. 
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Figure 24 	Relation between diarreter at breast height and age in 

balsan fir in four forest types. 
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Figure 25 Periodic and mear annual net increment in red sruce in 
four forest tirnes. 
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Figure 26 	Periodic and mean annual net increment in balscrn fir 
in three forest types. 
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Table 1 	Sunmary of Vegetation Analyses in Four Forest Types 
Eastern Townships of Quebec 

Vegetation Type 	 Hypniri 
}-Iyiocomium- Dryopteris- Bazzania- 

Oxalis 	Oxalis 	Oxalis 

84 to 91 	99 and 	12 to 129 Samle Plot No. 	 92 	
93 to 98 	120 to 12 

A S,K 	F.* A. jnt.*  F. A. int. 	F. A. int. 

Trees 

Abies balsamea (L.) Mill. 
Picea rubens Sarg. 
Betula lutea Michx.f. 
Acer rubrum L. 
Tsuga canadensis (L.) Cari'. 
Thuja occidentalis L. 
Betula papyrifera Marsh. 

Tree reproduction 

Ables balsamea (L.) MM. 
Picea rubens Sarg. 
Betula lutea Hichx. f. 
Acer rubruin L. 
Tsuga canadensis (L.) Carr. 
Thuja occidentalis L. 

Shrubs 

Vaccinium rrrrtiloides KLchx. 
Salix sp. L. 
Acer spicatum Lam. 
Viburnum ainifoliun Mar sh. 

Herbs 

V (24.) V (4-1) V (1-2) 
y (._') V (x.-i) V (2-I) 
V (.-2) V (x-i) V (.-i) 

III (0-x) III (0-x) V (.._i) 

III (0.-x) O III (0-x) 
iii (o_i) o o 
II (0.-x) V (o_i) V (..-x) 

2 	3 V (1.3) V (x-2) V (x-i 
2 	2 	IV (o-i) V (0-1) V (x-1 
x 	1 	V (o.i) V (x-2) IV (0-x) 

x 	V (0.-2) III (o.-.) V (.-x) 
III (0.-2) o i (o-.) 

• iii (o-i) O II (0.-x) 

	

III (o.-.) o 	IV (O-r) 
O O 	O 	IV (0.-x) 

IV (0v--l) V (.-x) O 
III (0-x) V (x-2) V  

Oxalis montana Raf. 	 V 	(i-l.) 	V 	(4-4) V (1.i3) 
Dryopteris spinuiosa (O.F. Mueli) Watt • s 	V (1-3) 	V (3-4) V (.-i) 



Table 2 Basic Plot Data for Red Sprice Sampled in the Eastcrn Townshins of Quebec 

(Samule Plot Nos: 84 - 93 in 1954; 94 - 99 and 120 - 129 in 1955) 

c anule  

TIC . 

Dlot 
are 

(acres) 

Total no. 
of merch. 
trocs 

No. of 
red 

sprucc 
Percentage 
of stand 

Average 
age 

(yea:s) 
D.B.H. 
(inches) 

Treeswith 
No. Percent age 

Total 
volume 
c.f. 

Decay 
volume 
c.f. 

Percentape 
of decay 

Nerch. 
volume 
c.f. 

Culi 
volume 
cf, 

Pu1pwod  

Parcentage 
of euh 
volume 

6L 0.25 178 236 74 6:4 12 286 272.3 3)4 1.25 2)48.8 67 2 7 

0.25 100 11 110 99 6:5 3 27.3 60:7 0.1 0.16 53 6.3 05 

36 025 168 22 13.1 38 76 5 227 1948 .12 06 1812 4:2 2:3 

87 0.25 165 26 158 77 66 8 30.8 l'7)49 9.0 5.1 ]59:2 17.9 11.2 

88 02 138 3 2.3 91 6.6 0 0 36.5 0 0.0 3)4.3 0.0 0.0 

89 0.25 99 7 7:1 108 9.)4 2 286 97.5 6.i 6.25 92.6 10.6 11.h 

90 0.25 156 15 96 79 73 1 6.7 i161 0)4 0.34 107.9 0.6 o 

91 0.25 137 6 )4:)4 73 6.)4 0 0.  32.5 0.0 0.0 29.5 0.0 0.0 

92 025 162 103 636 66 6:2 21 20.4 602:2 151 2.5 541:8 21-1.7 

93 0.25 13.1. 6 4.5 96 9.2 1 16.7 83.8 1.1 1.3 78.9 1.6 2.0 

94 0.25 87 14 16.1 122 82 2 1)4.3 141.6 5.8 )4.1  135.2 7•4 5.5 

95 0.25 139 1)4 10.1 73 7.1 3 21.3 110,3 10.3 9.3 10)4.5 13.5 17.7 

96 0.25 130 19 1)4.6 86 8.7 2 10.5 152.3 1.5 10 l)4)43 2.8 1.9 

97 0:125 68 9 13.2 71 5.5 0 0 37.8 0.0 0,0 34.9 0.1 0.3 

98 0.125 71 6 8.4 97 6.2 2 33.3 58.3 0.1 0.2 55.6 0.6 1.1 

99 0:25 ioc 6 60 55 53 0 0 22:7 0.0 0.0 20.4 0,0 0.0 

120 o25 120 5 )4;2 126 l0)4 1 20.0 75.6 0.0 00 72.9 0.5 0.7 

121 0.25 117 22 18.8 68 68 2 9.1 1)41:3 0.0 0.0 131.9 1.1 0.8 

122 0.25 114 12 10.5 55 6.4 i 1.8 66.2 0.1 0.2 61 4  1.6 2.6 

123 025 198 1)4 7.1 106 9:2 5 1.7 187.2 13.5 7.2 178.6 23.8 13.3 

12L 025 104 13 125 96 6.9 3 31 99.6 0.)4 0.4  9)4.3 1.9 2.0 

125 0:25 125 39.2 12)4 9.2 1)4 23.6 822,1 11.9 l..)4 795.2 2)4.6 3.1 

126 0.25 126 43 34l 141 9.7 17 39.5 791.2 32.9 )4.i 764.3 58.6 7.7 

127 0.25 116 74  63.8 178 100 26 35.1 1272.0 42.3 3.3 1225.8 77,4 6•3 

128 0.25 81 52 64.2 205 11.7 29 55.8 1)43)4:2 122.3 8.5 1396.4  173.4  12,4  

129 0.25 132 50 37.8 182 10.5 28 6.o 993.9 31,3 3.1 962.3 54,9 5,7 

6.25 2)46)4 643 188 	8077.8 	308.8 	7707.5 	513.5 

Average 29.2 116 8.3 29.2 3.8 6,7 



Table 3 	Basic Plot Data for Daisasri Fir Sampled in the Fastern Toinships of 0uebec 
(Sample Plot Nos 34 - 93 in l°514; 914 - 99 and 120 - 129 in 1955) 

- 	

- Semnle 
- 

nlot 
area 

Total no 
of mercH 

o. of 
ha1san Percentago 

Avere 
D P  h Tree wtridecv 

Total 
vo 

Decay 
o luire n Nereb 

I1nwood 
uull iler cerrge 

ITO (ocres) trees fir of stand (c 3) (nche) 10 ercente C c f of decay volurn 1 cul! 
C. C,i, vonnre 

814 025 178 101 56,8 65 6:o 73 72.3 557,2 38,0 6.7 14987 63.3 12,6 
55 0.25 100 27 27.0 62 6,o 18 66,6 130,1 8,14. 5.) fl5J 12,5 

86 025 168 115 65.14 55 6.i 35 313 596.h 158 2.7 529.6 28.1 5.3 
87 025 165 128 78.1 62 56 LL 31:8 56o 220 2,1 14914,6 2'.O 143 
88 0.25 138 914 680 53 6.5 21 22.3 573.3 122 2.1 167 20.3 3,9 

89 0.25 99 62 62.6 58 7.7 26 142.0 627,0 14.8.2 7,7 535.5 82,0 1140 

90 0.25 156 122 78.2 57 6.3 5L. 814.2 7214,0 28J4. 3.14. 653.1 146.1 7.1 

91 025 137 82 599 53 6:14 1414 53.6 146o.14. 39,5 8:6 1412,6 714, 3 18.0 

92 025 162 147 29.0 66 6.0 15 319 2141.14 3.0 3.3 2114.2 12.0 5.6 

93 0.25 1314. 90 671 58 6.14 142 146.9 1477.2 17.0 3" 14.26.1 27.14 6,14. 

914. 0.25 87 147 714.0 814 8.5 35 714.5 515.9 568 11,0 1490.6 96.1 19.6 

95 0.25 139 85 6i .i 56 7.1 141 146.2 6149.0 12.5 2,0 603.5 30.1 5,0 

96 0.25 130 914 72.3 62 6.2 83 883 787.3 67:6 8:6 7b58 1230 M. 

97 0.125 68 142 618 69 7.6 31 738 373.3 140.8 109 355.3 72.3 114.8 
98 0.125 71 143 60.6 68 7.9 27 62.8 1407:2 17.3 14.2 337J. 32.0 3.3 

99 0.25 100 71 71.0 51 8.6 514 76.0 7145.2 308 14.1 709.6 62.1 8:8 
120 0.25 120 86 716 614 8.0 52 60.5 809:6 187 2.3 766.5 37.7 14:9 
121 0.25 117 70 59.8 62 7.3 143 61,14. 57141 25.9 14.5 5141.14 50.2 9.3 
122 0.25 11h 70 61.14 59 7.8 hi 58.6 569.2 12.2 2.1 535.2 32.9 6.1 

123 0.25 196 124 62.6 57 6:8 145 36.3 802.8 12.6 1.5 71414.14 30.1 14.0 
124 025 105 714 721 614 73 21 28.0 5832 13.8 2,14 5148.3 29.3 5.3 

125 0.25 125 33 26.14 78 7.5 23 69:7 296.7 28.6 9.8 275.14 147.14 17.2 

126 0.25 126 314 27.0 85 32 214 70.6 356.14 30.5 8.5 339.1 50.7 15.0 

127 0.25 116 15 12.9 77 6.8 9 66.7 98.2 143 14.14 91.6 7.8 3.5 
128 0.25 81 22 272 82 6;o 16 72.7 1031 10.14. 10.1 95.1 20.0 21.0 

129 0.25 132 141 31.1 714 7.3 32 78.0 352.7 36.2 10.3 3314.5 63.6 19.1 

trotal 6.25 2514614 1,320 9147 12,9614.9 6142.6 12,009.9 1,175.0 

Average 73.9 62 7.0 52.0 14.96 9.6 



Table 4 	Percentage 0f Incidence of Decay Infection 
the Different Fungi in Red 3pruce and Balsm Fir in 

and Decay Volume Caused by 
the Eastern Toi'mships of Quebec 

Red spruce alsarn fir 
orgarism P sites. ii-O T Dry-O T Baz-0 T iiyp T Ail sites II-O T Dry -o T Baz-0 T 

Whjtc I3utt Rots . V1. N. Vol. N. 
6.7 

Vol. 
5.0 

N. 
3.)4 

Vôl. 
1.0 

N. 
3.3 

Vol. U. Vol. P. Vol. N. Vol. N. Vol. L 	Vol 

hria subacida 	Sa-cc. 3.9 1.1 2.2 0.1 0.7 9.4 5.0 12.2 5.5 56 5.3 2.7 2.5 18.7 	8.7  

Corticium galactinum (Fr.) 25. 12.3 2)4.11 12.3 20.0 3.6 26. 12.2 20.8 1.9 33.5 111.7 32.5 13,2 39.3 2)4.)4 24.8 10.6 113.7 	12:5 

Burt 
Cciontia bicolor (Fr.,) Bes. 1.7 0.11 4.5 1.6 1.5 0.2 2,7 1.2 3.2 1.1 1.5 0.7 2.7 2.4 
Polyperus tomentosu 	Fr. 4.5 2.1 )4.)4 )4.6 5.5 2.0  4.2 0.2 03 0.1 6.3 

? 	rp olorus dualis Pk. 08 0.5 1.11 0.6 0.8 1.4 
rolypoius horealis Fr. 0.11 0.0 2.2 0.1 O.)4 O.)4 0.2 0.3 0.1 0,7 

Armille ria mellea (Fr.) Quel. 
0.5 0.8 0.0 0;3 

TJnImor 70 0.7 67 18 6.7 83 37 4.0 07 2.9 o)4 6.1 12 4.7 06 63 	11.3 

Total 42,8 19.5 114.11 20.5 33.4 3,6 )4)4.7 19.7 33.3 22.6 50.7 21.8 51.9 20.4 53.7 161 75:0 	32.5 

Brown Eutt Rots 
olyporus balsarneus Fk. 3.5 3.2 11.11 9.0 3.L 1.5  )4.2 3.3 3.11 2.2 11.5 2.8 5.)4 2.)4 

°ulyporus schweinitziiFr. 
0)4 0,3 o.)4 0.3 0.3 0.3 0.7 0.2 

oniophora puteana (Fr.)Karst. 6.6 5.6 8,9 9.0 7.0 5.6 4,2 1.9 5.2 2.0 5.8 21 1.2 o.)4 ll.)4 3.6 
ilerulius himantioides Fr. 2.6 2.1 )4.8 2.6 1.3 2.1 1.2 2.0 0.5 1.2 1.3 11.7 3.5 
TTflO 5.2 0.9 4 .5 11.11 13.4  4.8 0.4  4.2 0.9 05 0.8 0.1 1,6 2,4  0.1 

Total 17.9 11,.8 17,8 22,4  13,4  O0  19.4 11.1 12,6 6.5 12.0 6.2 13.6 5,8 11.3 11.11 22.2 9,8 

Butt Rots Total 60,.7 31.3 62,2 42.9  46.8 8.6 64..1 30.8  45.9 29,1 62.7 28.0 65.5 26,2 58.0 36.2 57.8 25.9 75.0 

Trunk Rots 
ereum sanguinolentum Alb. & 

Schw, 1)4.0 2.8 13 3 )4 	 )4 13 1.11 11. l 7 1 8 29 1 17 2 3)4.0 69,7 31,0 72.3 39.3 57 )4 38.3 73.2 25.0 	67,5 

omes pini (Thore.) Lloyd 17.11 65.1 15,6 52.6  13.3 85.7 17.2 66.8  25.0 53.7 1.0 1.6 1.5 1.0 0.3 5.3 07 

Fumes pinicola (5w.) Cke 1.5 0.5 2.1 0.6 0.6 0.3 0.1 1.2 1.0 1.2 0.7 

Stereum chaillettii 	ers, 0.1 0.1 0,1 0.1 

P"ownrot, unknown 17 0.2 2.2 13.3 36 0.7 0.6 0.2 o; 0.3 0.3 1.3 0.1 

Ctrier, unknon 39 041 67 0.1 13.3 0.7 2.8 1.0 0.1 l3 0.1 0.9 O1 0.7 01 

Total 39.3 68.7 37.8 7.1 53.2 91.11 35.9 69.2 5)4.1 70.9 37.3 72.0  34.5 73.8 42.0 63.8 42,2 74,1 25,0 	67.5 



Table 5 Infection Courts of Deca\r Infection in lied bru ce 
in the Flastern Townships of Quebec 

(Nimber of Infections) 

an.d L;alsarn Fur 

Red suce Balsam fir 

flrganism -. Dac1" Branch Tmaged Grand 

Roots Scars stuhs tops Unlmown Total Roots Scars stubs tons Urilo-iown Total total 

Noot and Butt Pots 

Noria subacida 8 1 9 112 1 1 114 123 
Cdntie hicolor 3 1 b 31 1 1 33 37 
lorticium galactinum 6 1 7 393 7 )466 

Folyporus borealis 1 1 5 5 6 
Polyporus tornentosus 8 3 11 2 2 13 
Tolyporus cualis 2 2 2 
Armillria mellea 6 6 6 

Nolyporus halsancus 6 2 3 )j - 41 -49 

Fulrnorus schweinitzii 
onionhora cerebella 13 2 15 61 2 63  7-8 

Nerulius himantioidcs 7 7 26 26 33 
Tlnknown, brown cubical 9 2 11 11 Il 22 

Ti  14 2 16 )4)4 5 49 6 

Trunk_Rots 
Stereum sanguinolentum 20 9 1 2 32 8)4 297 27 7 )4.15 L4)4? 
Fornes t1n1 15 23 1 1 40 3 5 1 b 13  53 
tomes pinicola 1 2 3 2 1 b 7 10 
Itreum cbailletii 1 1 1 

"nlçno-wn.,  hrown cubical 3 1 4 b 3 7 U 
nknown 8 1 9 5 7 1 13 22 

T'ta1 125 62 34 2 6 229 742 114 314 28 22 1,220 1,449 



2 0.0 0.0 0.0 1 0.0 0.0 
107 131 14, 9.3 85 16,14 147 11.7 
15 13,3 0.0 133 6 16, j 0.0 16.7 
28 23.6 7,1 25.0 1 L00,0 0.0 100.0 
27 1414.8  20.7 31.0 9 555 22 1414.14 
10 30.0 10.0 30.0 1 

	

6 16.7 	16.7 
2 
o 
o 
o 

	

1 100.0 	100.0 

Table 6 Relation of Percentageof Decay Incidence ta Age According ta Forest Types 
in Red Spruce in the Eastern Townships of Quebec 

Bazariia-0xaiis Type Dryopteris-0xalis Type Hylocon'i..0:e1 yj Hypnum Type 

Butt No. of Dcay  1rnk Butt N Decco. of Trunk Dec Butt No. of Truik Butt No of Limk Butt 
rot trees rot rot tree rot rot trees ' :ot rot trecs L. rot rob 

30-149 29 3.5 3.5 00,0 5 0.0 0.0 0.0 21 14,8 14.8 
60-69 253 13.0 51 8.3 36 11,1 8.3 28 25 14.0 14.0 - 

70-89 32 12..5 0.0 124.5 8 12,5 0.0 12,5 3 0.0 0.0 
90-109 146 28.8 8.7 2.2 114 285 114.3 114.3 3 0.0 0.0 - 

110-129 59 33.9 13.5 25.14 17 5,9 0.0 5.9 14 25.0 0.0 2.0 
130-1149 35 25.7 11.14 17.1 17 17.6 5.9 11..8 7 41.3 28.6 1J4.3 
150-169 38 39.5 13.6 314.2 25 36.0 8.0 32.0 7 71.14 142.9 57.1 
170-189 32 143.7 15.6 28.1 30 146.7  16.7 30.0 0 0.0 0.0 0.0 

190-209 29 58.6 17.2 1414.8 28 60.7 17.9 146.14 1 0.0 
210.229 35 68.6 17.1 514.3 314 67.6 17.6 52.9 1 100.0 100.0 
230-2149 214 69.1 29.1 50.0 214 69.1 29.1 50.0 
250-269 114 57.1 29.2 142-.8 13 53.8 30.8 38.5 
270.-289 114 71.14 142.8 57.1 114 71.14 142.8 57.1 
290-309 3 66.7 0.0 66.7 3 66.7 0.0 66.7 

otL 6143 268 72 

iai Typos 

Age 	No. cf Decay  Trunk 
class trees 	rot 

103 



Table 7 	Relation cf Volume (Ouhic Feet) te Age 
Average Total and Decy Volumes, Gmss Merchantable, Cuil ard Net Volumes per Tree 

for Fuliwood and Saw Timber 
(Curved Values) 

Red Spruce in the Eastern Townships of 	uebec - Ail Types - Basis 613 Trees 

Pulnwood Saw timber 
Age Total Decay Total net Gr. merch. 	Net cuil Net merch. Gr. merch Net culi Net merch. 

(years) volume volume volume 
- 

volume 
-- 

	volume volume volume volume volume 

30-149 2.62 0.00 2.62 2.27 0.03 2.214 0;00 0.00 oco 
50-69 4.55 0.05 14.50 14.15 0.13 14.02 1.30 0.08 1.22 
70-89 6.65 0.18 6.147 6.20 0.32 5.88 3.75 0 	2  3.51 
90-109 8.95 0.32 8.63 8.145 0.53 7.92 6.35 0.142 5.93 
110-129 11.50 0.145 11.05 l095 0.73 10.22 9.10 0.62 8148 
130-149 114.60 0.62 13.98 14.00 0.99 13.01 12.35 0.89 11.147 
150-169 18.148 0.77 17.71 17.83 1.214 16.59 16.33 1.16 15.17 
170-189 22.60 0.97 21.63 21.90 1.514 20.36 20.55 1.50 19.05 
190-209 26.140 1.18 25.22 25.65 190 23.75 214.145 1.85 22.60 
210-229 2950 1.140 28.10 28.70 2.27 26.143 27.65 2.26 25.39 
230-2149 32.00 1.70 30.30 31.15 2.78 2837 30.20 2.83 27.37 
250-269 31410 2.05 32.05 33.20 3.27 29.93 32.35 3.35 29.00 
270-289 35.90 2140 33.50 31495 3.83 31.12 314.20 14.00 33.20 
290-309 37.30 2.85 34.145 36.30 14.53 31.77 35.65 14.75 309() 



Table 8 	Relation of Volume (Cubic Feet) to Age 
Average Total and Decay Volumes, Gross Merchantable, 

Net and Cul] Volumes per Tree for Pulpwood and Saw Timber 
Red Spruce in the Eastern Townships of Quebec 

(Curved Values) 

Age 
(y-ears) Total Decay 

volume volume 

Pulpwoo d 
Groes 	 Net 
merch. CuTi merch. 
volume volume volume 

Saw timber 
Gros 	 Net 
merch. CuTi merch. 
volume volume volume 

Bazzania-ûxaiis tvoe - basis 268 trees 

140 1,30 0.00 1.05 0.03 1.02 0.00 0.00 0.00 
60 2.80 0100 2.50 0.08 2.142 0,00 0.00 0.00 
80 14.55 0.08 14.20 0,23 3.97 1.50 0.09 1.141 

100 6.70 0.15 6.28 0.38 5.90 3.93 0.25 3.68 
120 9.50 0.28 9.02 0.60 8.142 6.97 0.146 6.51 
1140 13.20 0.142 12.65 0.86 11.79 10.90 0.73 10.17 
160 17.80 0.60 17.18 1.17 16.01 15.68 1.05 114.63 
180 22.25 0.82 21.56 1.149 20.07 20.26 1.38 18.88 
200 21.15 1.05 25.39 1.83 23.56 214.214 1.75 22.149 
220 29.70 1.28 28.86 2.20 26.66 27.86 2.114 25.72 
2140 32.60 1.58 31.68 2.62 29.06 30.76 2.65 28.11 
260 214.60 1.93 33.90 3.18 30.72 33.05 3.23 29.82 
280 36.60 2.28 35.50 3.73 31.77 314.70 3.83 30.87 
300 38.00 2.72 36.80 14.140 32.140 36.014 14.57 31.147 

Dryojteris-0xa1iste - basis 71 trees 

140 2.30 0.00 1.98 0.02 1.96 0.00 0.00 0.00 
60 14.5 0.00 3.98 0.014 3.914 1.140 0.00 1.140 
80 7.140 0.00 6.98 0.06 6.92 5.00 0.00 5.00 

100 11.50 0.01 11.00 0.09 10.91 9,85 0.06 9.79 
120 15.75 0.07 15.19 0.19 16.00 114.10 0.19 13.91 
]40 18.70 0.13 18.07 0.30 17.77 16.92 0.35 16.57 
160 20.50 0.214 19.80 0.147 19.33 18.148 0.59 17.89 
180 21.60 0.143 20.814 0.714 20.10 19.26 0.93 18.33 
200 22.30 0.70 21.146 1.10 20.36 19.55 1.140 18.15 

Hy1ocom±um-0xa1ise - basis 199  trees 

140 2.75 0.00 2.31 0.00 231 0100 0.00 0.00 
60 14.65 0.00 14.17 0.06 14,11 0.65 0.00 0.o0 
80 6.85 0,06 6.33 0.214 6.09 2.80 0.12 2.68 

100 9.140 0.19 8.814 0.149 8.35 5,75 0.37 5.38 
120 12.20 0.140 11.60 0.82 10,78 9.05 0.70 8.35 
110 114,75 0.614 114.11 1.18 12.93 12.10 1.06 11.014 
160 16.55 0.96 15,87 1.63 114214 114.140 1.50 12.90 
180 17.72 1.35 17.00 2.20 114.60 16,07 2.0-2 114.05 
200 18.147 1.83 17.67 2,83 114.514 17.32 2.66 114.66 

H 	type _- basis 103trees 

140 2.55 0.00 2.03 0.00 2.03 0.00 0.00 0.00 
60 5.10 0.05 14.514 0.09 .145 0.95 0.08 0.87 
80 8.80 0.16 8.20 0.30 7.90 14.75 0.25 14.50 

100 10.95 0.145 10.314 0.80 9.514 7,10 0.65 6.145 
120 12.30 1.00 11.62 1,58 10.014 8.65 1.27 7.38 

1140 13.10 1.75 12.25 2.80 9.145 9.70 2.00 7.70 



Tabic 9 	Relation of 1erccntagc of Fiecay and Ouli Volumes 
ta Ag(-- according ta Types 

Red Sruce in the Eastern Towisbirs of (uebec 
(Based on Curved Values) 

Ail types 	 Dry-O T 

ge 	0ull 	Culi 	 Culi 	Culi 
(yers) Dy phD saw Decay pulp saw 

H-O T 

CuU 	Cuil 
Decay pulp saw 

Baz-O T 

Cuil 	Cuil 
Decay pulp saw 

Hyp T 

- 	 Cufl 	Culi 
Decay 	pulp 

- 

	 saw 

0.0 1.3 Ô O 05 0 0 0 0 0 2.9 0 
60 1.1 3.1 6.1 0 0.7 O Ô 1.,L 0 0 3.2 O 
80 2.7 5.2 6.4 0 0.8 0 0.9 3,8 !..3 1.7 5.7 6.0 
100 3.6 6.1 6.6 0.1 0.9 0.6 2.0 55 6.L 2.2 6.0 6.L,. 
120 3.9 6.6 6.8 O.)4 1.2 13 3.3 7.1 7.7 2.9 6.6 6.6 
1tO L..2 7.0 7.1 0.7 1.8 2.1 L.Li. 8.h 6.8 3.2 6.8 6,7 
160 1.2 7,0 7.1 1.2 25 3.2 5.3 Io * loL. 69 6.7 
180 Li..3 7.0 7.3 2.0 35 .8 7.6 12.9 12.6 3.7 7.0 6.8 
200 7.It 7.6 3.1 5.2 7.1 9.9 16.0 15.3 L.o 7.2 7.2 
220 L. .7 7.9 85 ).3 7.6 7.7 
240 5.3 8.9 9.14 14.8 8.3 8.6 
260 6.0 9.8 10.4 55 9.14 9.8 
280 65 10.9 11.7 6.2 105 11.0 
300 7.6 125 13.3 7.1 11.9 12.7 

O O O 
1.0 2.0 14.2 
1.8 3.7 5.3 
14.14 7.7 9.1 
8.1 12.6 114.7 

13.14 22.8 20.6 



H-C & Hyp 

H-0 & Baz.-0 

H-C & Dry-0 

Dry-0 & Baz-0 

Dry-O & 

Bas-0 & H3rp 

F = 0.70 (Foi = 6.76) N S 

F = 0.82 (Foi = 6.73) N S 

F = 4-il (Foi = 6.76) N S 

F = 1.13 (Foi = 6.81) w s 

F = 5.54 (Foi = 6.93) N S 

F = 0.5 (Foi = 6.76) N S 

F = 0.8 (Foi = 6.76) N S 

F = 1.43 (Foi = 6.76) N S 

F = 1.45 (Foi = 6.80) N S 

F = 0.06 (Foi = 6.80) N S 

F = 4.20 (Foi = 6.92) N s 

F = 1.79 (Foi = 6.76) N S 

Table 10 	Regression Line Equations and Tests of Significancu 
by Co-Variance Analysis of Cuil Percentage 

in Red Spruce in Four Forest Tynus 
in the Eastern Townships of Quebcc 

60 - 200 years 

Forest types 	
Regrcsscn equation 	Test of significance 

Hilocomium-Oxe1is Y = 0.07 X - 3.33 	ercentage of euh: 	F = 1.2 	(Foi = 3.83) N S * 

Drypteris-0xahis Y = 0.009 X - 0.47 	Age: 	F = 6.99 (Foi = 3.83) S * 

Bazzania-0xa1is Y = 0.02 X + 0.68 	Rcrcssion coefficient 	F = 1.16 (Foi = 3.83) N S 

ilynrium Y = 0.12 X -  5.94 

Ail types Y = 0.03 X - 0.27 

Types compound 	 Test of significance 0f adjusted rne&ns. Test of significance of regression coefficients 

*N S: not significant 
*5: 	significant 



Table 11 	Relation of Volume (Cubic Feet) ta ]I)iarncter in Red Spru
ce 

in the Eastern Townships of Quobec 
Hypnum Type - Basis 103 Trees 

(Ci.'ved Values) 

Pulpwood 
_____ 

	 Saw tiuber 

Diameter Total Decay Net % of Decay oss Cuil "Nt % of Cfl.1 	Fos 	 of Cil-1 

(inches) volume volume volume volume rnerch. volume volume volume merch. volume volume volume 

volume volume 

14.0 1.80 1.80 1.28 1.28 

5.0 3.32 3.32 2.77 0.01 2.76 0.14 

6.0 5,12 0.05 5.07 1.0 14.514 Oeil 14.143 2.14 1.08 0.03 1.05 2.8 

7.0 7.20 0.08 7.12 1.1 6.58 0.19 6.39 2.9 2.50 0.09 2.141 3,6 

8.0 9.50 0.13 9.37 1.14 8.814 0.30 8.514 3.14 6.25 0.25 6.00 14.0 

9.0 u.85 0.22 u.63 1.9 11.16 0.144 10.72 3.9 9.75 0.140 9.35 14.1 

10.0 114.50 0.142 14.08 2.9 13.78 0.69 13.09 5.0 12.95 0.57 12.38 14.14 

11.0 17.140 0.70 16.70 14.0 16.614 1.03 15.61 6.2 16.10 0.81 15.29 5.0 



Table 12 Relation of Volume (Cubic Feet) to Diameter in Red. Snruce 
in the Eastern Townships of Quebec 

Hylocomium-Oxalis Tyne - Basis 199 Trees 
(Curveci Values) 

Dinnietor 
(icbs) 

Total 
volume 

Decay 
volume 

Net 
volume 

of 
decay 
volume 

Giss 
merch. 
volume 

pulpwood 

Cul1 
volume 

Net 
volume 

5 of 
cuil 

volume 

Gross 
merch. 
volume 

Saw 

Cufl 
vnlumn 

tinter 

Net 
Volume 

5 of 
cl 

volume 

3.0 0.60 0.60 016 

4.0 1.52 0.04 1.)48 2.6 1.07 0.06 1.01 5.6 

5.0 2.85 0.08 2.77 2.9 2.39 0.14 2.25 5.9 
6.0 )4.55 0.14  )4.)4l 3.1 4.07 0.25 3.82 6.1 

7.0 6.70 022 6..)48 3.3 6.20 0.39 5.81 6.3 1.40 0.10 1.30 7.1 

8.0 9.15 0.35 8.80 3.8 8.61 0.57 8.04 6.8 5.60 042 5.08 7•5 
9.0 11.95 0.52 11.43 )4.)4 11.37 0.86 10.51 7.6 9.58 0.7)4 5.8)4 7•7 

10.0 15.10 0.75 l)435 5.0 1.25 13.20 8.7 13.30 1.22 12.08 9.2 

11.0 18.50 1.07 17.)43 5.8 1777 1.78 15.99 10.0 l6. 1.85 15.05 10.9 

120 22.20 1.50 20.70 6.8 21.37 2.46 18.91 11.5 20.65 2.62 18.03 12.7 

13
.
.0 26.20 2.05 24.15 7.8 25.27 3.32 21.95 13.1 2)4.70 3.55 21.15 14.4 

1)40 3o)40 2.73 27.67 90 29.35 2500 1L8 2890 4.65 2)4.22 162 

15.0 35.20 3.5 31.6' 10.1 3)4.00 5.59 28.)41 16.4 33.70 6.œ 27.70 17.9 



Table 13 	Relation of Volume (Ciic Foot) to Liameter in Red Spruco 
in the East;rn Townships of Quebec 

Bazzania-0xalis Type - Basis 268 Treos 
(Curved Values) 

jrictcr 
(iches) 

Total 
volume 

De 
volume 

Net 
volume 

of 
cccay 
volume 

ross 
mcrch. 
volume 

Puinwood 

Cuil 	Net 
volume 	volume 

of - 
cuil 

volume 

0ross 
merch. 

volume 

Saw tirrbcr 

Cull 	111-t 
volume 	volume 

% of 
cuil 

volume 

3.0 0.140 0' 00 040 012 0. il. 
0 1'45 0.014 1.41 2.7 1.16 0.07 1.09 6.14 

5.0 2.70 0.10 2.60 3.7 2.140 0.16 2.2)4 6.6 
6.0 14.30 0.1.8 14.12 14.2 3.97 0.27 3.70 6.8 
7.0 6.25 0.28 5.77 11.5 5.87 0.111 5.)46 7.0 2.95 0.21 2.7)4 7.2 
8.0 3.55 0.39 8.16 14.6 8.11 0.57 7.5)4 7.0 6.75 0.149 6.26 7.3 
9.0 11.140 0.52 10.88 )4.6 l089 078 9.11 7.1 10.12 0.714 9.38 7.3 
10.0 1-4 70 0.68 1)4.02 14.6 l)412 1.08 13.12 7.1 13.142 1.00 12.142 7.11 
11.0 18L50 0.86 176)4 14.6 17.84 1.27 1657 7.1 17.20 1.27 15.93 7.11 

12.0 22.50 1.05 21.14 14 .6 21.75 1.58 20.18 7.2 21.16 1.57 19.59 7.14 
130 27.20 1.26 25.94  14.6 26.36 1,90 24.146 7.2 25.30 1.9)4 23.86 
114.0 3220 1.50 30.70 14.7 31.26 2.25 29.01 7.2 30.73 2.30 28.143 7.5 
15.0 37.140 1.75 35.65 14.7 36.37 2.67 33,70 7.3 35.85 2.72 33.13 7.6 
16.0 143.00 2.05 140.95 14.6 141.87 3.03 38.79 7.3 11.1.32 3.14 38.18 7,6 
17.0 149.20 2.140 146.80 14.9 117:97 3.53 14)4,14)4 7.3 147.35 3.65 143.70 7,7 
18.0 56.00 2.80 53.20 5.0 5)4.66 14.07 50.59 7.14 53.93 14.21 119.72 7.8 
190 63.90 3.30 60.60 5.2 62.142 14.70 52.72 7.14 61.55 14.86 56.69 7.9 
20.0 73.60 3.85 69.75 5.2 71.95 5.39 65.56 7.5 70.92 5.67 65.25 8.0 



Namcter 	Total 
(iriches) 	volume 

Table ]J. 	Relation of Volume (Cubic F,-;et) te Fiameter in Rcd 5pruce 
in the Eastcrn Tovmships of Quebec 

Dryort cri s_flxalis Tyoe - Nasts 71 Trocs 
(Curved Values) 

Pulpwood 

of 	Gross 	 of 	Gross 

Decay 	Net 	decay 	merch. 	Culi 	Net 	euh 	morch. 

volume volume volume volume volume volume volume volume 

Saw timber 

% of 
Cul! 	Net 	euh 

volume 	volume 	volume 

3.0 0.70 0.70 0.39 0.39 
41 0  1.15 0.00 1.15 0.83 0.83 

2.20 0.00 2.20 1.87 1.87 1.00 0.01 0.99 1.0 

6.0 3.70 0.71 3.69 0.3 3.36 0.02 3.314 0.5 2.55 0.03 2.52 1.2 

7.0 5.72 0.02 5.70 0.14 5.26 0.014 522 0.7 1463 0.07 11.57 1.5 

8.0 807 0.03 8.014 0.14 7.68 0.06 7:62 08 6.98 0.11 6.87 1.6 

9.0 10.70 0.05 10.65 0.5 10.37 0.10 10.27 1.0 9.75 0.16 9.59 1.6 

10.0 13.58 0.07 13.51 0.5 13:07 0.15 12.914 1.1 12.36 0.21 11.93 1.7 

11.0 16.50 0.09 16.141 0.6 15.92 019 15.73 1.3 15.12 0.27 114.62 1.8 

12.0 19,62 0.12 19.50 0:6 18:89 0.26 18/3 1.14 18.00 0.35 17.35 1.9 

13.0 23.07 0.15 22.92 0.7 22.114 0.33 21.18 1.5 20.914 0,113 20.08 2.3 

114.0 26.72 0.21 26:51 0.7 25.2 0:1414 214.81 1:7 23.09 0,69 21.90 2.9 

15.0 30.50 0.29 30.21 1.0 28.914 0.59 23.35 2.0 214.30 1.014 23.61 14.3 

16;0 3)4:35 0.140 33.95 1.2 

17.0 38.20 0.53 37.67 1.14 



	

Table 16 	Relation of Percentage of Decay Incidence to lige 
According to Sites 

Balsam Fir in the Eastern Townships of flueboc 

	

Bazzania-oxalis, 114 trocs 
	Dryopteris-oxalis, )96 trocs 	Hylocornium-oxalis, 1133  troes 

Age 	No. of 	"ercentage of 	No. of 	Percentage of 	NO. of 
	Percentage of 

class 	trees 	Decay 	Trunk rot Butt rot 	trocs 	Decay 	Trw-ik rot Dut-b rot 	trees 
	Decay Tnink rot Butt rot 

20-29 - - 
- 1 - - - 2 - - - 

30-39 - - - 
- 10 30.O 10.0 20.0 8 - - -: 

12 66.7 8.3 66.7 116 50.9 19.0 33.8 914 3.l 6.14 30.9 
50.59 33 15.1 231 143.3 19 *5 29.14 566 41.0 16.1 31.6 

60-69 23 65.2 30.,14 56.5 614 59.14 29,7 142.2 3214 61.1 21.9 50.9 

70-79 21 66.7 142.9 52.Ii. 21 66.7 28.7 142.8 71 73.2 32,14 59,2 

80-89 10 70.0 50.0 50.0 12 75.0 50,0 33.3 13 76.9 30,8 61.5 

90-99 1_1 90.9 514.5 54.5 9 66,7 1414.14 1414.14 15 93.3 60.0 73.3 
100-109 8 87.5 87.5 50.0 7 71.14 142.9 71.14 17 76.5 614.7 58,8 

110-119 10 100.0 70.0 80.0 11 818 63.6 63.6 15 73.3 73.3 53,3 
120-129 10 70.0 5o ;o 60.0 11 81.8 72.7 72.7 6 100.0 6.6 66.6 

130-139 5 100.0 600 80.0 2 100.0 100,0 100.0 2 100,0 103.0 100,0 

1140-1149 2 100.0 100.0 100.0 1 100.0 100.0 100.0 



Table 15 Relaton Between Diamcter and Age in Red Spruce 
in the Eastern Townships of Quebec According ta Forest Types 

Diameter 
(inches' 

No. of 
trocs 

H-0 T 

Average 
age 

(curved' 
3t. dey. No. of 

treos 

Dry-0 T 

Average 
age 

(curved) 
St. dcv. No. of 

trees 

Baz-O T 

Averge 
age 

(curved) 
St. dey. No. of 

trecs 

Hyp T 

Average 
age 

(cured) 
St. dcv. 

Total 
no. of 
trees 

3 14 514.0 27.0 9 32 8.9 2 143 18.4 51.5 15 

14. 214. 61.0 11.9 12 141 8.5 35 714 35.7 20 53.5 14.5 91 

5 39 67.5 20.7 16 52 16.2 26 103 149.14 28 57.5 6.5 109 

6 38 714.3 22.1 6 65 29.5 19 127 6014 31 63.0 11.5 914 
7 33 82.0 27.5 3 78 614.5 17 1145 53.6 11 71.0 214.9 614 

8 22 90.0 31.7 14 90 82.0 16 159 56.' 2 3 81.0 9,14 145 
9 114 99.0 27.3 6 102 146.0 15 171 141.3 6 92.0 32.0 141 

u 108.0 15.1 2 113 21.2 114 161 146.7 3 1014.0 7.6 33 

11 9 119.0 29.1 14 1214 141.14 19 189 143.9 1 116.0  33 
12 3 131.0 214.14 6 1314 19.7 22 197 148.6 130.0 31 

13 1 1146.0 1 11414 20 205 37.6 22 

114 1 i61.o 1 1514 18 212 32.8 20 

15 1 178.0 1 163.5 17 219 86.2 19 

16 172.5 12 226 29.0 12 

17 1 180.5 7 232 63.0 8 

18 188.0 5 238 146.8 5 
19 

2 21414 7.1 2 

20 1 250 1 

21 1 1 

Total 200 72 268 103 6143 

Av. st. dey. 23.0 28.2 143.2 12.7 



Table 17 Relation of Volume (Cubic Feet) to Age 
Average Total ana Decay Volumes, Gross Nchantable Volumes, Cuil and Net Volumes 

Per Tree for Pulpwood and Saw Timber, (Curved Values) 
Balsam Fir in the Eastern Townships of Quebec 

Ail Types - Basis 1821 Trees 

Pu]:pwood Saw Timbe' 

AFe No of Total Decay Net % of Gross rnerch Cuil Net % cf Gross merch. Cull Pet 	of 

(years) trees volume volume volume decay volume volume volume culi volume volume volume cuil 

20 3 0.90 0.90 0.145 o,14' - - 

30 18 1.90 - 1.90 - 1.143 - 1.143 - 0.10 - 0.10 - 

140 223 3.30 0.05 3.25 1.5 2.81 0.10 2.71 3.5 1.53 0.05 1148 3.3 

50 81414 14.95 0.12 14.83 2.14 0.27 14,17 6.1 3.21 0.29 2.92 9.0 

60 1430 6.80 0.25 6.55 3.7 6.26 0.53 5.73 8.5 5.09 0.62 14.147 12.2 

70 121 9.00 0.142 8.58 14.7 8.143 0.85 7.58 10.1 7.32 0.99 6.33 13.5 
80 35 11.00 0.62 10.38 5.6 10.140 1.20 9.20 11.5 9.35 1.39 7,96 114.9 

90 35 12.85 0.90 11.95 7.0 12.22 1.02 10.60 13.3 11.22 1.87 9.35 16.7 

100 314 114.00 1.20 13.140 8.2 13.914 2.05 11.87 14.7 13.00 2.37 10.63 18.2 

110 38 16.30 1.58 114.72 9.7 15.61 2.56 13.05 16.5 114.72 2.95 11.77 20.0 

120 27 17.55 2.03 15.52 11.6 16.83 3.15 13.68 18.7 16.00 3.61 12.39 22.5 

130 9 18.35 2.50 13.85 13.6 17.60 3.76 13.814 21.14 16.83 14.30 12.53 25.5 

iIo 3 18.95 3.03 15.92 16.0 18.17 14.143 13.714 214.14 17.145 5.03 12.142 28.8 

150 0 19.140 3.60 15.80 18.6 18.59 5.13 13.146 27.6 17.93 5.80 12.13 32.3 
160 19.75 14.20 15.55 21.3 18.91 5.90 13.01 31.2 18.30 6.60 11.70 36.1 

170 1 



Table 18 	Relation of Volume (Cubic Feot) ta Age, Average Total, Decay, Gross Ujer chan table , 
Gull and Net Volumes for Pulpwood end 5aw Tinter According to Types 

Balsam Fir in the Estern Townships of Quehec 
Bazzania-0xalis Tyne - Basis 1I5 Trocs 

(Curved Values) 

Pulnwood 	 Saw tinter 
Gross 	 Ts 

Age 	Total 	]Decav 	Net 	merch. 	Culi 	Net 	merch. 	Cul 	Net 
(years) volume volume volume volume volume volume volume volume volume  

40 2.20 0.09 2.11 1.85 0.16 1.69 0.50 0.04  0.)46 
50 3.30 0.16 3.)4i. 3.21 0.38 2.83 1.90 0.22 1.68 
60 5.70 0.27 5.43 .28 0.64  )4.6)4 4.œ 0.48 3.52 
70 8.30 0..42 7.88 7.8)4 0.97 6.87 6.60 0.78 5.82 
80 10.20 0.60 9.60 9.70 1.30 8.40 8.50 1.15 7.35 
90 11.60 0.83 10.77 11.07 1.68 9.39 9.90 1.50 8.40 

100 12.70 1.10 11.60 12.]L 2.10 10.04  11.00  1.90  9.10 
110 13.50 1.)40 12.10 12.90 255 10.35 11.80 2.32 9.48 
120 14.10 1.72 12.38 13.)47 3.04 10.43 12.40 2.77 9.63 
130 14.50 2.10 12.40 13.84 3.57 10.27 12.80 3.27 9.53 
140 1)4.80 2.47 12.33 1)4.10 )4.09 10.01 13.10 3.77 9.33 
150 15.00 2.92 12.08 1)4.26 )4.70 9.56 13.30 4.35 395 



Table 19 	e1ation of Volume (Cubic Feet) ta Age, Average Total, Decay, Gross Nerchantable, 
Cuil and Net Volumes for Pulpwood and Saw Ti1Tber According to Types 

Balsem Fir in the Eastern Townships of Quebec 
Prvopteris-flxalis Type - Basis 496 Trees 

(Curved Values) 

Pulpwood 	 Saw tiiïer 
bss 	 Gross° 

Age Total Decay Net merch. Cuil Net merch. Cuil Net 
(years) volume volume volume volume volume volume volume volume volume 

30 1.85 0.04 1.81 1.50 0.04 1.46 0.53 0.03 0,50 
40 3.70 o08 3.62 3.30 0.16 3.14 2.53 0.15 2.20 
50 6.10 0.1)4 5.96 5.65 0.30 5.35 4.72 0.30  4.42 
60 3.35 0.20 8.15 7.85 o.)46 7.39 6.94  0.50 6.)4)4 
70 10.)45 0.28 10.17 9.89 0.6)4 9.25 901 0.68 3,33 
80 12.60 0.36 12.24 11.99 0.77 11.22 11.13 0.86 10.27 
90 14.80 o,)45 ]J.. .35 1)4.1)4 0.9)4 13.20 13.30 1.05 12.25 

100 16.70 0.58 16.12 15.98 1.14 1)4.8)4 15.17 1.28 13.85 
110 18.30 0.72 17.58 17.53 1.35 16.18 16.74  1.52 15.22 
120 19.50 0.93 18.57 18.68 1.63 17.05 179i 1.83 16.08 
130 20J5 1,20 19.25 19.58 1.98 17.60 18.83 2.20 16.63 
140 21.18 1.60 19.58 20.25 2.45 17.80 19.53 2.70 16.83 
150 21.78 2.10 19.68 20.78 3.05 17.73 20.08 3.30 16.78 



Table 20 	Relation of Volume (Oubic Foet) to fge, Avcrago Total, Decay, Gross 'Terchantable, 
Ouli and Net Volumes for Pulpwood orid Saw Tii±er Acoordino te Types 

Balsam Fir in the Eastorn Tounships of Quobec 
Hylocomium-Oxalis - Basis 1132  Trees 

(Curved Velues) 

Age 
(ycars) 

Total 
volume 

Decay 
volume 

Pet 
volume 

Gross 
merch. 
volume 

Fulpwood 

Cul1 
volume 

Net 
volume 

Gross 
riorch. 
voume 

Saw tiobcr 

Cuil 
volume 

Net 
volume 

30 1.80 OCC 1.80 1.314 0.00 1.34 0.00 0.00 0.00 
ho 2.9 0.04 2.91 2.46 0.03 2.243 0.86 0.014 0.82 

0.08 14.142 3.95 0.18 3.80 2.148 0.1  2.33 
60 6.60 0.28 6.32 6.o 0. 55 5.50 0.8 14.07 
70 8.90 8.35 8.32 1.06 7.26 

4 ' 65 
7.02 1.1 

80 11.03 0.87 in''. 16 10.142 1.62 8.60 9.22 1.77 7.4  
90 12.90 1.214 11 .66 12.26 2.214 10.O ii6 2,149 8b67 

100 14-45 1.70 12.95 13.80 2.95 10.8 12. do 3.55 9.2 
110 1.67 2.28 13.39 114.97 3.78 11.19 114.07 14.78 9.28 

120 16.67 3.00 13.67 15.54 4.75 11.19 1.14 6.20 8.914 

130 17.0 3.88 13.62 16.714 5.88 10.86 16.014 7.78 8.26 

iho 18 25 4* 85 13140 17.146 7.10 10.36 16.814 9.55 7.29 

150 18.85 6.00 12.85 18.03 8.50 9.53 17.53 11.55 5.98 



Table 21 Relation of Percentage of Pecay and Cuil Volumes to 2ge 
for Balsam Fir in the istern Tcxwnshipe of QuGbec 

pj Typos Dryopteris-oxalis Hylocoriiurn-oxalis Bazzania-o:nais 

Culi Cuil Cuil CuU Cul] Cufl Cuil 
(years) Docny 	(pulp) 	(sw) 	Dec.y 	(puin) 	(snw) 	Decay 	(puin) 	(sa-ki) 	Decay (pulp) (saw) 

20 
30 

- 

- 

- 

- 
- 

- 

2.1 
- 

2.7 
- 

5.7 
40 1.5 3.5 3.3 2.2 6 
50 2.4 6.1 90 2.3 5.3 6.8 
60 3..? 8.5 12.2 2,4  5.9 7.2 
70 )4.7 10.1 13.5 2.7 6.5 7.5 
80 5.6 11.5 14.9 2.9 6.5 7.7 
90 7.0 13.3 16.7 3.0 6.6 7.9 

100 8.2 14.7 18.2 3.5 7.1 
110 9.7 16.5 20.0 39 7.7 9•4 
120 ii .6 18.7 22:5 4.8 93 10.2 
130 136 214 25 5.9 10.1 11.7 

16.0 24:41)40 2L. 28.6 7.6 121 13.6 
150 18.6 27.6 32.3 9.7 14.7 16.4 

1.3 1.2 4.6 4.1 9.1 8.0 
1.8 4.5 6.0 4 j4 11.5 11.6 
4.2 9.1 12.5 4).7 12.1 12,0 
6.2 12.8 16.)4 5.0 12..)4 13.0 
7.9 15.5 19.2 5.9 13.4 13,5 
9.6 18.3 22 ..)4 7.2 15.2 15.2 
ii.8 21)4 27.7 0,7 17.3 17.3 
14.6 25.2 34.0 .0.4 19.8 19.7 
18.0 29.8 LL1..2 12.2 22.6 22.3 
22.2 35.0 )40.5 14,5 25.8 2.5 
26.6 )4o.6 56.6 16.7 29.0 28,8 
31.8 47.1 65.8 19.5 33.0 32.7 



Hrloconiurs_0Xa1 s 

Forest trnes 

Drvonteris-0xaiJs 

Baz zania-Oxalis 

Regression equation 

Y = 0.04 X + 2.20 

Y = 0.23 X - 6.93 

Y = 0.10 X + )4.70 

Percentage of cuil: F = 7.163 (Foi = 3.73) 5 * 

Age: 	 F = 46.52 (Foi = 6.65) 3 

Test of significance 

Regression coefficient: F = 5.992 (Foi = 3.78) S 

Ryni r( 

Ail tynes Y = 0.15 X - 2.54 

Y = 0.22 X - 9.96 

Table 22 	Reression Line Equations and Tests of Sinificance 

hy Cc-variance Analvsis of Cuil Percentane 
in Tlalsam Fir -hi Four Forest T'rnes 
in the Eastern Townships of uehec 

50 - 119 vears 

Types coupound Test of significance of adjusted neans. Test cf sigriificancc of reression coefficients 

I-I-0 & Hyn F = 3.7 	(Foi 6.6)4) N S * F = 0.87 (Foi = 6.6)4) N S 

I-I-0 RL Baz-0 F = 1.97 (Foi = 6.6)4) N S F = )4.32 (Foi = 6.6)4) N S 

H-0 & Dry-0 F = 13.94 (Foi = 6.6)4) S F = 15.80 (Foi = 6.6)4) S 

Dry-0&Ba7-0 F=27.3)4 (Foi  =6.70)S F=l.27 (Foi =6.70)NS 

Dry-0 Hvp F = 1.46 (Foi = 6.70) N S F = 2.86 (Foi 6.70) N S 

Baz-0  î-Tvp F = 4.01 (Foi = 6.81) N S F = 0.81 (Foi = 6.80) N S 

* S: 	sigrificant 
* N S not sign fi cant 



Table 23 	Relation of Volume (Cubic Feet)to Diameter in 
n the Eastern TownshiDs of fluebec 

Hvlocomium-0xa11s Tiroe - I3asis 1133 Trees 
(Curved Values) 

aJsam  Fir 

Pulrwood Saw tirrber 
of Grss %of 

rHarneter No. 0f Total Decay Net decay mer ch. Cuil 'et culi merch. Culi oEet cuil 
(nches) trees volume volume volume volume VOl1!Tfle volume volume volume volume volume volume volume 

3.0 38 1.10 0.01 1.09 09 0.56 0.014 0.514 7.0 

14.0 215 1.148 0.05 1.143 3.14 0.96 0.07 0.89 73 
5.0 257 2.50 010 2J0 14.0 1.96 0.15 1.83 7.6 0.25 
6.0 197 1430 0.18 14.12 14.2 373 0.30  3143 8.0 2.25 0.25 2.00 11.1 
7.0 139 6.50 0.28 6.22 14.3 5.97 0.50 5.147 5.14 14.814 0.56 14.28 11.6 
8.0 117 8.95 0.142 8.53 14.7 8.39 0.72 7.67 56 7.53 0.92 6.61 12.2 
9.0 79 0.58 10.97 5.0 10.96 1.01 9.95 9.2 10.22 1.30 8.92 12.7 

10.0 147 114.50  c.86 13614 5.9 13.87 1.51 12.36 10.9 13.18 1.96 11.22 1)4.9 
11.0 21 17.65 1.25 16.140 7.1 16.97 2.33 1)4.614 13.7 16.29 2.87 13.142 17.6 
12.0 9 21.20 2.12 19.08 10.0 20.1414 3814 16.60 18.6 19.77 14.149 15.28 22.7 
13.0 6 25.10 3.70 21.60 114.7 214.25 6.33 17.92 26.1 23.55 7.50 16.05 31.8 

114C 2 2930 6.00 23.30 20.5 28.33 9.70 18.73 314.2 27.55 12.145 15.13 145.1 

15.0 1 314.30 8.62 25.65 25.1 33.18 13.57 19.61 )4o.9 32.30 19.92 12.38 61.7 

16.0 1 39.50 n.8o 27.70 29.9 38.20 18.70 19.50 145.9 37.114 29.30 7.814 78.9 

17.0 1 145.00 15.60 29.140 314.7 143.148 25.10 18.38 57.7 142.20 39.80 2.140 914.3 



Table 24 Relation of Volume (Cubic Feet) to Diameter in 

in the Eastern Townships of Quebec 
Dryopteris-0xa1is Type - 13asis 496 Trees 

(Curved Values) 

Dalsam Fir 

Fuipirood Sau tirrb er 

cf Gross - of Gross 

Diameter Po. cf Total Pecay IJet decay morch. Culi T'et euh mercb. Cuil i'Jct cuhl 

(inches) trees volume volume volume volume vohiure volume volume volume volume vOlUirie isl1 jn volume 

3.0 12 0.40 0.40 0.03 0.03 

1.30 002 1.23 l. 0.93 0.03 0.90 3.1 

5.0 61 2 50 0'05 2 4 2.0 2.12 0 07 2.05  3 4 C 	9i G 04 o o 

6:0 8 )4.00 0.09 391 2.2 3:61 0:13 3.)48 3.6 2.6e 01T 2.li9 4.1 

7.0 76 90 014 5 76 2.4 5.47 021 5.26 3:8 )4.8 019 

3.0 76 810 0:19 7.91 2J 7.62 0.30 7.32 )40 6.32 0.31 6 

9:0 10.70 026 l0J)4 2)4 10.16 0.)4)4 2.72 9J2 0j 3.9 4.8 

10.0 33 13:60 033 13.27 2L l300 059 12.)4l )4. 12.28 o.6o il. 5.3 

11.0 26 16.60 0.40 1620 2.4 l.93 0:81 1.12 .1 1.22 0.87 14.35 5.7 

120 11 19:80 055 1925 2:8 1904 1.16 17.88 6:1 18., 33 1.30 17:03 7.1 

13.0 8 23:20 0.70 22.0 3:0 22.35 1.58 20:77 7.1 21.62 1.78 19.34 8.2 

14   5 27.20 0.95 26.25 3.5 26.2)4 2.15 2)4.09 8.1 25.49 2.40 23.09 9.)4 

is • 0 
16.0 
17.0 1 


