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ABSTRACT
The objectives of this study were 1) to provide information on

the above ground biomass production of young jack pine (Pinus banksiana

Lamb.) stands, and 2) to evaluate the influence of crown foliage; stand
density, and age on .the net current annua1'wood production of young jack

pine trees and stands.

Two naturally regenerated jack pine stands, 17~ and 32-yéar§ old,

were selected for study near Thunder Bay, Ontario. In each stand, one

sample plot was established at each of three density levels. Each sample
plot consisted of 15 live jack'pine trees. In all, 90 trees were

felled in September 1978 and analyzed to détermihe'the'above-gv0und
distribution of biomass by foliage, cone, stem wood, stem bark, Tive
branch wood, 1ive branch bark, and dead branch (wood plus-bark) components.
Total current annual wood production was determined by addihg the periodic
annual increment of the stem for the last three years to the mean annual
increment of the live branches. Stand density was determined by computing
number of stems per hectare, ré1atiVe'§pacing, and basal area.

Stem wood, stem bark, foliage and dead branch biomass*increééedXWith
density in both stands. Live branch wood, live branch bark, and cone
biomass were not affected by stand density and age. ‘Total curfent
annual wood production was c]osély,related‘to the foliage dry weight
supported by individual trees;_stand densify‘and'age‘seemedvto have no
influence on this relationship, Total current annual wood prdectioni
per hectare was linearly reiated to foliage dry weight and stahd'denSity.

It was concluded that within the range of densities sampled, the two;jéék
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pine stands do not give any indication of being over-crowded. Results

suggest that jack,pine'stands;'grqwn for maximum fibre production, should
be grown as dense as possible;~at Teast within the rénge'of densities

sampled..
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INTRODUCTION

The productivity of trees growing in eVén-age& jack ﬁine

(Pinus banksiana Lamb.) stands depends to a great extent on the density

of the stand (Hansen and Brown 1929, Hansen 1931, Gevorkiantz 1947,
Wilson 1951, Cayford 1961. Vezina 1965, Bella 1967 and 1968). In the
initial phase of stand development, jack pine seedlings develop in
isolation from one another and increase in size rapidly. Their root
system, crown foliage, and current annual wood production increase at a
geometric rate (Armson 1974). After a few years, root competition occurs
among trees, followed by closure of the crown canopy. At lower stand
densities, crown closure occurs at a later age than at.higher densities.
With crown closure, crown foliage per unit area reaches a maximum, At
the same time current annual wood production per unit area also reaches

a maximum (Madgwick 1976). For some years thereafter, wood phoduttidn is
maintained at relatively high levels as tree height increases rapidly.
Some foresters have referred to this phase as the "grand period of
growth" (Baker 1950). During this phase the live crown on the trees moves
up the stem as new foliage is produced in the upper parts of the crown aﬁd
the lower branches die of suppression. Maximum crown size during this
grand period of growth is greatly influenced by stand density. Near the
end of this period, current annual wood production begins to decline.
rapidly as crown foliage quantities dec]ine.(Madgwick 1976). The
theoretical stand rotation age is achieved shortly thereafter., For
normally stocked jack pine stands, the theoretical rotation age is 28

years on Site Class I, 40 years on Site Class II, and 56 years on Site.
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Class III (Plonski 1974). After the grand period, height growth slows

down quickly. Root mortality and crown debility are characteristic

‘symptoms of this last phase which may persist for several decades

(Armson 1974). Current annual wood production also declines rapidly
during this period.

There is one general theory, dealing with forest growth, which
relates stand density to stand productivity. The theory was first
put forward by Moller (1947 and 1954) and restated by Langsaeter
(Braathe 1957 and Smith 1962) and Assmann (1962 and ]970). Moller ;
theorized that gross fotest'prodUCtion increases with increasing stand
density until full site occupation is achieved. Increasing stand density
beyond the point of full occupancy has no effect on broduction.
Specifically, Moller proposed that gross production in forest stands is
not affected by stand density as long as the remaining basal area is
fifty per cent or more of the greatest possible basal area obtainable
at that age (Figure 1). Moller (1947) also postulated that forest stands,
of given species composition, maintain relatively constant amounts of
foliage, regardless of density, as long as they fully occupnyites_of similar
quality. Hence the theory sudgests that fo]iage quantities and gross
forest production must be related. This theory was derived from

thinning experiments with Fagus sylvatica L. and Picea abies (L.)

Karst. in Denmark.
Langsaeter (Braathe 1957 and Smith 1962) reworked Moller's hypothesis
and summarized the theory of gross forest productivity in a diagram similar

to the one reproduced in Figure 2. Langsaeter suggested that gross

t
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forest productivity can be divided into five categories based on stand
density. The roman numerals in Figure 2 represent Langsaeter's "Density
Types". in'Density Type I, productivity is directly proportional to
stand density because the trees aré so far apart that they do not
influence each other. Density Type II is characterized by a slight
decrease in the rate of increase in production because the trees are
beginning to crowd each other. In Density Type III, stand density has
no influence on productivity. Under excessive competition, production
is reduced in Density Types IV and V.

Based on work with Picea abies (L.) Karst., Assmann (1962 and

1970) restated the theory pf gross fbrest productivity, He theorized
that the gredteSt productivity is obtained in forest stands within a
narrow range of stand densities and that productivity is smaller in
stands having greater or lesser densities. Assmann used basal area
expressed as a per cent of the basal area of fully stocked normal
stands as his measure of stand density (Figure 3). Assmann stated
that optimum production occurred in stands with "dptimUm basal areas"
which were possible only within a narrow range of stand densities.

The range of optimum basal areas would vary with species, sité quality,
and age.

The general theory of forest productivity as postulated by Moller,
Langsaeter, andlAssmann'suggests that there is an optimum stand density
or range of stand densities at which gross forest production is
maximized. This basic premise has been widely accepted by foresters.

Baskerville (1965a) stated that the wide acceptance of this theory is due
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Figure 3. The relationship between basal area (per cent of
' possible maximum) and gross forest productivity
(per cent of maximum) as postulated by Assmann
(1962 and 1970).
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mainly to the work of Ovington (1956 and 1957), Ovington and Madgwick
(1959) in England and the work of Satoo et al. (1955 and 1956) in Japan.
However, more recent work in North America by Baskerville (1965a) and
Dou;et'et al. (1976) have reportéd.fesuTts which do not conform to the
general theory of forest productivity. Sample plots in these studies
were located in a wide range of stand densities, including densities
(by basal area) substantially higher than those considered silviculturally
acceptable by Assmann (1970). Results of these studies suggest that
forest production increases linearTy with increasing density in stands of
the same species and age oh equivalent sites.

| Results of the study reported here also suggest fhat'netvwood
production increases linearly with stand density in young jack pine
stands of the same age on one site. The stands studied were 17- and
32-years of age. The 17-year old stand was in the grand period of growth
whereas the 32-year old stand was close to its theoretical rotation age.
Sample plots were located at three different densities 1in each‘stand.
The highest density plots in both stands were denser than those
considered silviculturally acceptable (Plonski 1974) in northwestern
Ontario. The data suggest that the optimum density in young jack pine
stands, if it exists, would occur at a density higher than those

currently considered to be silviculturally practical.
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OBJECTIVES

The objectives of this research were 1) to provide information
on the above ground biomass proddction'df young jack pine stands, and
2) to evaluate the influence of crown foliage, stand density and

stand age on wood production in ybung jack pine trees and stands.
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LITERATURE REVIEW

Forest Biomass Studies

Inrrecent years, wood pkoduction in forest stands has received
much attention in forest biomass studies. Biomass is the living weight
per unit area, and in forest biomass studies entire trees aré harvested
and the dry weight'per unit area of roots, branches, stems and foliage
are determined. These bidmass,studies-have been carried out for a
variety of reasons, fofiexample, in quantitative ecologica1 studies
(Ovington 1956 and 1957, Baskerville 1965a, 19655, and 1966,

Whittaker 1966, Bunce 1968, Madgwick 1968, Whittaker and Woodwell 1968;
Honer 1970 Zav1tkovsk1 and Stevens 1972, Ker 1974 Clark and Taras
1976, Barney et al. 1978 Taras and Ph1111ps 1978 and Zav1tkovsk1 and
Dawson 1978a), in providing information on comp]ete tree’ ut111zat1on
(Young 1967, Keays 1968, Johnstone 1970, and Smith and Debel] 1973);
and in tree nutrition studieS‘(dvington and Madgwick 1959, |
Turtonvénd Keay 1970, Smith et al. 1971, Morrison 1974;;aﬁd

Madgwick et al. 1977)." The objectives of these biomass studies have
often been comprehensive yet their results rarely provide specific

information on the relatidnslbetwéen wood production and fo]fage

quantities. In'othér forest biomass studies, workers have ‘shown that

wood production was closely related to the amount of foliage supported
by individual trees (Senda and Satoo 1956, Satoo et al. 1956, Satoo and
Senda 1958, Satoo et al. 1959, Weetman and Harland 1964, Stiell 1966,
Satoo 1967, Satoo 1968, Satoo 1974a, Satoo 1974b, Satoo 1974c, Satoo
1974d, Satoo et al. 1974, ‘and Stiell and Berry 1977). Satoo et al.
(1955), Baskerville (1965a), Satoo (1967) andzDouéet et al. (1976) have
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also Shown that wood production and foliage quantities per unit area
were closely related in forest stands.

Crown Foliage Estimation -

The quantity of Ti@ing fo]iage’suppofted by coniferous trée
crowns has in the past been related to.barameter§ of live crown’
dimensidn such as crown shapé, croWn lenéth, and c¢rown width (Buchanan
1936, Loomis et al. 1966, Stiell 1962 and 1969, Stiell and Berry
1977). Other workers”related'the quantity of live crown foliage to
parameters of thé stem such as diameter at'breast'heightf(Kit;rqug
1944, Cab1e~1958,~6vingt9n ahd‘Madgwick ]959;'Stie11,1962'and 1969,
Wile 1964, Baskerville 1965a; ]965b, $nd 1966, Loomis et al. 1966,
Hegyi i972,.Ker’l974,'C1ark and Tarés 1976, Doucet et al. 1976,

Gary 1976, Sfie]]-and‘Berry 1977, Barney et al. 1978 and Taras and
Ph1111ps 1978) and diameter at ‘the base of the live crown (Storey
et al. 1955 Loomis et al. 1966, and Stiell 1969)

The first attempt to estimate the foliage of coniferous

trees with live crown measurements was made by Buchanan in 1936.

Buchanan correlated the number of needles on Pinus monticola

Dougl. trees with maximum crown length and width.

‘More recently, crown foliage has been estimated in terms
of dry weight. This is a more desirable parameter Since it eliminates
the variation in moisture content in the needles (Holsoe ]948).
Estimation of the foliage dry weight of coniferous trees was first
performéd by Kittredge (1944); Kittredge related foliage dry weight

to diameter at breast height for a number of tree species including
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jack pine. Since then Hegyi (1972) and Zavitkovski and Dawson (1978b)
have successfully used Kittredge's method with jack pine. Doucet et al.
(1976) related the foliage dry weight of jack pine crowns by combining
diameter at breast height and tree height in one equation.

The quantity of living foliage supported by the crowns of
coniferous trees has also been determined by estimating and summing
the foliage dry weight supported by individual live branches that
compose the crown. The work of Loomis et al. (1966), Forrest and
Ovington (1971), Laar (1973), Madgwick and Jackson (1974), and Gary
(1976) showed that the diameter of a first order coniferous branch
five centimetres from the bole correlated well with the foliage dry
weight supported by the branch. Work at Lakehead University in
Thunder Bay, Ontario by Munro (1977), Phillion (1977), and Schaerer
(1978) also showed that the diameter of a first order coniferous
branch at its "point of foliation®" correlated well with the foliage
dry weight supported by the branch. The "point of foliation" was
defined as the point on any first order branch at which fo]iage‘is

subtended by the branch or by branches of any subordinate order.

In relatively small scale studies, it may be more practical to

determine the foliage of entire crowns by estimating and summing the foliage
supported by 1ndividu51 branches, than relating total crown foliage quantities

to live crown and stem dimensions. The main reason is that the construction of

prediction equations based on branch diameter and fo]iagé'dry weight
can be carried out in one to two weeks. Prediction equations in-

volving live crown or stem dimensions with foliage dry weight can take
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many months and often years to construct (Stiell and Berry 1977).

Tree Growth in Jack Pine

Growth has been defined as an increase in height, diameter,
basal area, volume, or value of individual trees or stands in
relation to time (Society of American Foresters 1950). The complexity
of tree growth has led to a variety of ways of meaSUring growth in
jack pine trees and stands (Bickerstaff and Hostikka 1977). The
traditional measure of. growth in' jack pine studies has been wpbd

volume increment (Hansen and Brown 1929, Hansen 1931, Gevorki@ntz_1947,

Wilson 1951, Cayford 1961, Vezina 1965, Bella 1967 and 1968, Evert 1976,

énd Morrison et ai. 1977a and_1977b). Armson (1974),xand Shea and Armson
(1972) havé‘sﬁown that current annual -height fhcrement,cén»bé U$éd'in
tﬁe §tudy of growth in jack pine trees and stands. Adém§ (1928) and
Shea (1973) used annual ring width while Winston (1977) used’diameter
increment at breast height as measures of growth in jack pine trees.

More reCently,'grthh'in‘jack pine stands has been evaluated by
estimating wood dry weight incremeént (Hegyi 1972, Doucet et al.
1976, Maclean and Wein 1976, and Zavitkovski and Dawson 1978b). Wood’
dry weight increment has been determined by huTtiplyingfﬁbod volume
increment by the specific gravity of the wood. Wood dryzwéight increment
is a more desirable parameter than volume increment since it eTiminétes
the variation in moisture content in the wood.

Wood Production in Naturally Regenerated Jack Pine Stands -

Considerable work has already been carried out on . the wood

production of naturally regenerated jack pine stands at varying stand
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densitfes'(Hansen and,Brown'igzg; Hansen 1931,'GeVorkiantz'1947,_and

Wilson 1951),*'0ne of the first such studies in Canada was a thinning
experiment initiated in 1927, in'eighteen-year'61d‘jaek'pine stands
in Saskatchewanh(Canyrd‘]961);. In 1959, when'theseustands were
remeasured, the unthinned plots had greater net total wood volume per unit
area than the thfnned p]ots'wherexdensity had beenamanipu1ated;
However, the net merchantable,wood volume (top~dfameter-outside'bark of
7.6‘cm) on the thinned plots was twice that in the control plots.

i ‘Vezina. (1965) studwed the wood volume product1on of mature
Jack p1ne stands at var1ous stand dens1t1es He showed that the f

average he1ght and net’ tota] wood vo]ume of Jack p1ne stands decreases

,w1th decreas1ng stand den51ty “Ine another study, Hegy1'(1972)

documented the effect of increasing age on the total wood dry we1ght

in jack p1ne stands of northern Ontario. He showed that the net total wood'
dry weight per onit area, in'jaCk pine stands of normal st0cking,

increases with:intreasing“age up to about sixty;lafter‘agefsiityftotaT
_wood'dry_weight per tnit area decréases. This istosSibTy‘related to the
fact that the rate of;mortaTgty‘inéreases Suostantfaljjfin jackhpiné

stands'after'age‘fiftyr(Yarranton'and7?arranton"1975)?

Wood ProduCtion‘in Artificia11y~RegeneratedldaCk'Piné Stands

Studies infartifiefally\regenerated'jack;biné |
plantations haVedbeen carried‘out mainly in yoUng stands.'”MUCh'offthis
work has been documented in spacing’tria1'studies-hy Rudolf (1951),
Ralston (1953), Guilkey and Westing (]956),;Buckman (]964),~Maeg1in

(1967), Godman. and Cooley (1970),;Chrosciewicz (1971), and Bella and.
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Francheschi (1974) Generaiiy these studies ‘show that as stand
dens1ty decreases branch diameter, stem taper, and mean stand dens1ty
increase wh11e basa1 area, total volume, merchantable volume and
morta1jty per unit area decrease,

Wood Production and Crown Foliage Relationships in Jack Pine

In an ear]y study, Adams (1928) attempted to relate Jack pine
tree growth to crown fo]1age at four initial stand dens1t1es 'The:t

plantatwon “for th1s study was estab11shed in 1919 at 2,4,6, and 8 feet

'(0 61, l 22, 1. 83 and 2. 44 m) square spac1ngs v At the end of the

1926 grow1ng season Adams se]ected one tree of mean d1ameter and
he1ght from each dens1ty Total dry welght of the fo]1age branches,
stem and roots were determ1ned “for each of the four se]ected trees
Results of th1s study show that the foliage, branches, stem,
and roots of 1nd1v1dua1 ‘jack p1ne trees increased 1n ‘size with greater
initial stand density. Adams also ca]tu]ated‘the~eff1c1ency‘of;the foliage
by addingfthe>totalfbranch;;stem‘and root dryluefght:of each tree and
dividing by its fd]iage_dry weight. He indicated that fo1ia§eieffiCiency
is substantially greater in the closer spacings. 'Houever,fbecausé the
foliage of jack pine crowns abscisses after two or”threé‘years
(Har10w7and Harrar'1969) Adams misused the térm:fo1iage‘efficiehcy"
His rat1o was computed from tota] branch, stem and root biomass ac- -
cumu]ated over a per1od of e1ght years, while his fol1age measurements
represent the foliage supported by trees in a: s1ng]e year. :
Stoeckeler and Olsen (1957) related the dfameter‘growth:

rate of 26--and 35-year o]d~jack pine trees in Minnesota with live
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‘crbwn ratio. Live crown ratio,is'the per cent of the stem léngth

which is "clothed with 1iving branches" (Smith 1962). These workers
showed that d{ameter atvbreast_height growth rate (DG) in inches -

increased with 1ive crown (LCR) in the following relationship:"

DG = -0.203 + 0,301 (LCR) - 0.002 (LCR)Z.

‘Another re]ationship between growth ahd crown foliage in
jack pine:has been Eeported in a biomass study by boucet et al. (1976).
The study ineluded the measurement of net periodic annual wood
increment and foliage dry weight in 40-year old jack pine stands at
varieus densities: 'Foliaqe dfy weight measured in this-study.rahgeq
from 3.45 to 7. 79 t/ha and per1od1c annual- wood 1ncrement ranged

from 1.48 to 2. 77 t/ha. The resu]ts of this work showed that

'per1od1c annual wood - 1ncrement per un1t area‘ was 11near1y re]ated to

the fo11aqe dry weight supported by the trees in each Jjack p1ne stand
The study also showed that crown f011age dry welqht in Jack pine’ stands
1ncreased 11near1y w1th basa] area and number of stems per un1t area.
A recent-study.*rnvo1v1ng Jack'p1ne growth and foliage on a
shOrt-rotatidn"intensive.CU1ture system, has béen reported by
Zavitkovski and Dawson (1978b). The objective of this study was to’
identify a combination of densities and rotation lengths at which
the mean annua1 biomass product1on of  stem and branch wood reaches
1ts max1mum, on a m1n1-rotat1on. P]antations for this study were
established at 9, 12,¢and 24 inches (22.9, 30. 5, and'61 0 cm) square:
spacings and.grown for seven'years. So11 moisture was kept at field

capac1ty by 1rriqat1on dur1ng the entire exper1ment Annual
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fert1]1zat1on a150 ma1nta1ned a h1gh level of so11 nutr1t1on.
Fol1age dry weiqht and mean annual b1omass 1ncrements were measured:
at 4, 5, 6, and 7 years of age. The results of this study showed
that fo1§agé dry'wéight inéreaSed with'aqé;- At seven years of aqe,
there were 9 6, 11. 3 and 11, 4 t/ha of f011age at the respect1ve '
9,‘12, and 24 1nches square spac1ngs.Y~Correspond1ng_mean annual
increﬁehts'(tota1 bibmass)*were77;4;38.5} and 7.7"t[ﬁa in the 
seventh year. The results of thislstudy=are not conclusive because
th§ me§n annual biomass increment had not culminated‘at'the wider

spacing.
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METHODS

The scarcity of young jack pine stands and the great diversity
of site conditions on which they*occurvin northwestern Ontario, made
the selection of Jack pine study areas on -one homogeneous site
impossible. Consequently it was decided to carry out the work in
outwash plains (Moore 1963) of lacustrine origin in the Boreal Forest
Region B9, Superior Section (Rowe 1972), and to ensure that the study
areas were Site Class I (Plonski 1974).

Field Sampling

Field sampling was carried out in September and'OCtober.1978.
Two jack pine stands were selected for study: one 17 and one 32 years
of age. These two stands were stratified i&to‘areas of high, medium
and lTow stand density. One sample plot was located at random in each
of these three density levels in both stands. In each sémple plot, the
15 live trees closest to the centre of the plot were selected for study.
In all, 90 live jack pine trees were sampled.

‘The above procedure has the limitation that the differences
between plots cannot be analyzed statistically, since one plot offers
no opportunity to determine error. To ensure statistical applicability
would require more sample plots, which was beyond the scope of this
study.

Before harvest, the 1ive crown of each tree was
c1assified'dom1nant. co-dominant, intermediate or

suppressed as defined by Baker (1950). A map was
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constructed of each samp1e_plot fo show the location and horizontal
crown-projectioh of each tree. For é]] sample trees, the distance

to the nearest five competing trees was measured to enable the calculation
of mean inter-tree distance. Mean inter-tree distance was cometed’with
Hiley's (1967) formula for ifregularly spaced trees as fb]]ows:

Mean Inter- _ zDistances to 2 nearest trees . rDistances to g ne§tg§§-trges

Tree Distance . - 5

At harvest, the trees Were sampled as close to the grbund
as possibie. Total height.and diameter at*bréést height were recorded
fof each tree. All cones were removed from each tree. All fffst-order
live braﬁéhes‘on each trée were measured for diamefer‘at‘the point of
foliatioﬁ'and at fiVe~centimetres from the bolé; Branch -diameter at point
of fbiiatidh was used as an independent Variableito estimate the
fo]iage_dry,weightl§Uppprted by a;prqngh._aBranch‘diqmeter at fjve.ﬁ?
centimetres from the bole was used as an'indépéhdéhtuvafiabléJio”‘”
estimate the wood and bark dry weight supported by a branch. A1l first-
order dead’branchés'on each tree were measured for diameter at five centimetres
from the bo]e_td provide_é measure of ‘the amount of wood add‘baﬁk'dry*weight
supported in these branches. ‘Finélly, the bb]e of each tree was
sectioned into one metre iengths and two centimetre'thfck disc
samples were taken for stem analysis and specific gravity determination.
Fresh weight of tree components were not measured at the time of

harvest.

‘A soil pit was dug in each plot and a soil profile was
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drawn. The depth of each 5011 hor1zon was measured as we]l as the

tota] root1ng depth. Bulk den51ty, stone‘COntent~-and mo1sture

tens1on so11 samples were taken in . the centre of each major. hor1zon
Sampl1ng for the construct1on of branch fo]1age branch bark

and branch wood prediction equations was carried-out on two trees

selected:at:random fn each p]ot,(tota1v0f 12 trees). From thesev12

trees, 300 live branches and 300 dead'branches Were~chosen.atfrandoh and

transported to the laboratory.

wauwy%mh@

One hundred ]1ve branches, from each of the two stands, were

random]y selected from the 300 ‘branch samp]e The 1976 1977, and 1978

‘annual e]ongat1ons of the main axis of these branches were measured

Analysis of vartance showed that the mean elongat1on of the branches
1nv]976 1977, and 1978 were not statistically’ d1fferent w1th1n each
stand. cIt_could,therefOre‘be‘assumed that the crown foliage,fof sample
trees and of the stands that they represent, had:nOt'changed % %
significant]y‘duréng'the last’three years (Barker 1978).
;A'réndomisubesamole of 80 live branches was‘selected from the

300 branch sample. Each branch was measured for diameter at its point

of foliation and at five“centimetres'from”its severed end. L*Theffoliage was

removed from the branches, oven dr1ed at 105°C for 24 hours, and we1ghed

The bark was removed from the branches by scrap1ng The separated wood

and bark were oven drved at 105 C for 48 ‘hours, and weighed. .- A1l
300 dead branches were measured for diameter at five cent1metres from

thetr severed end, oven dr1ed at 105°C for 48 hours, and weighed
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(wood plus bark).

A source of error that may have affected the estimation
of branch foliage, wood and bark dry weight from branch diameter is the
poo11ng of branch data from all three densities of both stands . However
Loomis et al. (1966) showed that stand_dens1ty(had no effect on the

foliage and wood dry weight supported by branches of Pinus echinata

Mill. For this~reason and because it took an average of fGUr,hoﬁrs to
sample eachvjack pine branch, a péoled sample of 80 brenches wasi |
deemed adequate

Samp]e discs were p]aced in a refr1gerated env1ronment

(2°C) and measured as soon as poss1b1e~after-sect1on1ng For each

‘sample disc, current diameter inside and outside bark, and diameter

inside bark at three -year per1ods were measured on a mean
disc diameter. Mean disc diameter was calculated by averaging the’
minimum and maximum disc diameters.

Stem wood specific gravity was determined on'each'treé at
three locations: 1) in-theﬁlive‘crOWn,“Z)"at.the’SaSe*of"the Tive
crown, and 3) in the‘crown-free bole. Two wood samples were taken
from sample discs at each location in the bole. The specific gravity

calculations were based on green volume and oven-dry weight of ‘the

wood (U. S. Forest Products Laboratory 1974). Green volume was

obtained by the water weight displacement technique (Wakefield 1957)
after soaking Qood samp]es-ih water for 24 hours. Oven-dry weigﬁt
of the wood sémp]esrwas measured after drying at 105°C for 48 hours.

Stem bark specific gravity was computed by the same method.
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The area of each plot was estimated from b1ot maps with a

polar planimeter.

Data Analysis

| Regression equations relating branch diameters (at point of
fd]iation'and»at five centimetres from the bole) with foliage, wood, and
bark dry weight were computed by the c0nvent10nél lTeast squares method.
Coéfficients'of,détermination, standard errors, and aﬁa]ysis of residuals
were used to interpretngoodnéss of fit. For brénch compdhents 3hithis
study, the followingval]ometric.mOdél provided the best f{ti
) Yebx?@ |
whefe X rep}ésents the independent variable of branch diameter, Y represents
theidependent variable of branch weight component, and, a and b are
regression cOnSténts; 'The‘a1lometric model was»fittea‘byjlégarithmfc
tkansfb?mation (Zar71968) and‘the‘retransforme& values were ‘corrected “for
bias Sy the méthdd outlined by Baskerville (1972). The resu1t1n§
equationSZWereﬁusgd to estimate the foTiage;JWOod,'and;bark dry Wéighth
of every branch. By summihg these values for all branches ohia:trEE,
the total dry weight of each component?Wés estimated for each tree.

Total stem wood volume and three-year periodic annual stem
wood volume increments were calculated from disc diameter measurements
for each one metre section by'SmaIién's formula (Avery 1967). The dry
weight of each one metre stem section was estimated by mU]tip]ying
$tem section volume by its respective specific -gravity. Td£a1 stem
wood dry weight for each tree was obtained by:sUmming'the-dry weights of

the individual stem sections. ‘Stem bark dry weight was calculated in-
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a s1m11ar manner

Current annual stem wood product1on was est1mated by the three-
year. per1od1c mean annua] oven dry weight’ 1ncrement of the stem
(produced 1976 to 1978) Annual branch wobd productJon was est1matad
by calculating the mean annual wood dry weight inbrement of éath liée
branch (wood dry weight of branch_divided by agevof;branch)_and
summing these for each tree. This,ia only an approximation;of_the
current annual branch wood increment and should produce a slight but
systematic undérestimation-(Baskerville 1965a); Total current annual
WOod*productfon waé computed‘for each tree byadaing’current;annnaf
stem wood production and annua] branch wood productlon

Total -above ground f011age, stem wood, stem bark TiVé

‘branch WOod l1ve branch bark, dead branch (wood plus bark), and o

cone dry we1ght as wel] as current annua] stem wood product1on annua]
branch wood production, and tota]_gurrent annual wood product1on in
each plot weré'bbtained'by’summfng the values df'ihese.cbmbbnénts for .
the 15 trees. Using the area of each plot, the total above ground dry
weights of these components were converted to per hectare values.

Crown efficiencies (net'asSimi1ation'nateS)-for’ddminant;
co-dominant, intermediate, and suppressed trees were evaluated as relation-
ships between total current annual wood proddctipn and;fo1iagé dry
weight_pek'tree. Crownfefficiencies pek hectare were caltu]atéd'as the
ratio pf tdta] current annual wood proddctionland.fbliage dry weight_per
'hegtane. | | N

A]]5statistica]vtéSté:were‘performed at the 0.05 level of
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STUDY AREAS

Location

Study areas were located in northwestern Ontarioiat ap-
proximately latitude 48°34' N and longitude 89°43' W. Figure 4
shdws.their accurate location.

The 17-year old jack pine stand was located in Goldie
Township, Universal Transverse Mercator grid reference 15 1027 17687.
This stand was established by natural seeding after the previous'jaék
pine stand was logged by the}Great:Lakes Paper Company of Thunder Bay
in 1960-61.

The 32-year old jack pine stand was located in'Paipoonge
Township, Universal Transverse Mercator gridfrefefence 15;1099;175887
The site occupied by thiS‘sténd supporied'a mature jack'bine fdrest_Which
was destroyed by wi]dfjke {n'1946. After the fire, most of the area
regenerated to jack pine'wﬁich makes up the present forest add’
study area. Y i “

Climate
The climate of the area has been claSSified'by’Chapmah»and’

Thomas (1968) as "modified continental", the modification being made

by the presence of Lake Superior to the south-east. Climatic data.

obtained from the Atmospheric Environmental Services Branch of the
Cahada Department of Environment shows that the region receives an
average annual precipitation of 73.84 cm (averége-rainfa11\of:55;8 cm plus

an average snowfall off222;0,cm), The area is also characterized by



- 24 -

Study Area 1 : '
- T?lyear.o1d'jack pine stand

Goldie
Twp |
' Study Area 2

32-year old jack pine stand

_ City of
~ Thunder Bayv

11
_ '“'|7 Lake
Faipoonge Superior
Twp.

Scale J:S]S]OO

Fiqure 4. The location of study areas.
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short, warm summers (mean ddiiy temperatdré:in,Ju]yfis‘ZS.G‘C) and
Tong, cold winters (mean daily temperature in January.is eiOgOfC).

Soil ProfiTes

Figure 5 illustrates a typical profile of the soil in the
17-year o]d;jéék pine stand of Gojdie Tonnship. According to
Burwasser (1977), this area is a lacustrine deposit of thinuéunfidial
clay which islunderlain by deep sandy gravel.

Figure 6 indicates a typical profile of the soil in the

,32 -year o1d Jack pine stand of Pa1poonge Townsh1p The site is é

1acustr1ne deTtauc sand wh1ch is under1a1n by deep sand and grave]
(Burwasser 1977). The soils of both areas are podzol1c and
charactekized'by a thin humus layer.

A comparison of Figures 5 and 6 indicates mdjor'dif?erences
between the soil profile of these two standé. The soif’pfof%Te fdr
the 17-year old stand shows an irregu1dr1y occuring cfay—silt“dépdsiﬁ

near the soil surface. Another feature of this soil is the irregular

occurance of an iron cementation layer at approximately 80 cm depth.

These two layers are absent from the s0il profile sudpbrting the
32-year old stand. |

Sqii-watér Relations

Soil-water relations in the two study areas were analyzed by
the Thornthwaite‘é1imqtic‘Qater?ba]ance. Thisfwater-ba1dnce, |
developed in 1944,rprdvides_a procedure by which soil moisture can be
evd]uated.over a period of time (Thornthwaite and Mather ]957). This

technique converts mean precipitation and air temperature values into
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25 cm

cm

07f5 +————C to depth

cm

twig and needle hunus

"partially decomposed humus

reddish clay-silt depesit
bulk density=1.06

fine sand, gravel and
boulders

bulk density=1. 48
abundant roots

iron cemeénted layer
bulk density=1l.c
few roots -

medium sand and gravel
bulk density=1.45

Typlral profile of the s0il under the 17-year old
Jack plne stand in Goldie Township.
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cm
b L 5-6 cm - twig and needle humus
Ah 4-5 cm - humus accumulation
20 <+
ﬂ*’ A% ‘>h p————3  45-50 cm - fine reddish br own sand
40 T ' : ' o - bulk density=1.4%5 .

- abundant rocts

GO T \

100 +

¢——C to depth - meéium to.coarse

' yellowish ‘brown sand
- bulk density=1.80

120 T ' - some fine roots

" - some gravel at depth

1404 | @
o
160 T ~
| e
180 +

Figure 6. - TyplCdl profile of the soil under the 22-year old
- Jack pine stand in Paipoonge Townohlc.
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potentia] evapotranspiration values. The method assumes that the rate
of potential evapotranspiration is related to the amount of water held
in the soil. By including information on the moisture retentioﬁ ;apacity
of the soil and the 1atitude of the 'study area, the technique N
theoretically accounfs for all additions and withdrawals of moistdre from
the soil. Soi]vwater surpluses or deficits can therefore be eva]uated.
Day and Bax (1976) have shown that tﬁis technique was useful in
estimating the soil moisture relations of soils ;upporting jack p'irié~
forests.

| AInvthis study;“the Thornthwaite hOnthTy“water‘ba]ance~wa5‘used
to compare the 5611 water relations for 17 and 32 éonsecutive years in
the respective study areas. A fortran computer pf&gram'wés written
(Appendii A) to evaluate the monthiy?water‘ba]ancés.f:Because of their
length, the results of the WSfer balance evaluations for éach.méhth of
each year are not presented. Instead an average monthly water balance
is outlined for'eacﬁ study area in Appendix B. "Appéndix C;summarizes
the water balance results for both'study areas.

Results of the water balance evaluations show that both study
areas were highly susceptible to soil moisture deficits in the months
of July and August. However, the soil moisture deficits in the 17-
year old stand have been much more severé:than in the 32-year old stand.
The greatest soil moisture deficiencies'encountered ranged up to 61.0 mm
in the 17-year old stand and up toﬂ40.5 mm in the 32-year old stand.

Since the soil moisture retention capacity of the 17-year old stand was

129.2 mm, a water deficit of 61.0 mm would have reduced the soil moisture content
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by 47.2%. Soil moisture content reductions up to 47.2% would Tikely
hqve'had”a.negative effect»on the‘growth of jack piﬁé'trees on. this |
site. For the 32-year old stand, with a soil moisture retention
capac{ty of 393.9 mm, a water deficit of 4D.5:mm would have redﬁced

the soi]rmoisture content by a mere 10.3%. 'RedUCtiqhsAin'soii moisture
content up to 10.3% would lfke1y have had TittTe‘influence dh the growth

of jack pine trees on this site.

-Stand Characteristics .

Figures 7 and 8 are hQrizonta] crown projettion,MapS'whfch
illustrate the distribution of trees within each plot. These figures do
not show the’true-location‘Of each plot in relation to one another; they
show the plots side by side ‘to make comparison cohyenient.\ Thevfigures
i]1ustfate the relative size and horizontal projection of the'jack“pine
tree crowns at the various stand densities. Horizontal projéctfbns"bf/
the crowns were generally gréater'qt the Tower stand densities.

The number'of trees by crown classes in the sample plots was

as follows:

Table 1. The number of dominant, co-dominant, intermediate, and
suppressed trees in each of the sample plots.

Stand Density Number of trees per plot

Age Class Dominant = Co-dominant Intermediate  Suppressed-
17 High 1 10 2 2

17 Medium 4 8 1 2

17 Low 8 3 2 2

32 High 5 '3 2 5

32 Medium 4 4 3 4

32 Low 7 6 1 1

Stand density in each plot was computed as number of trees
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Figure 7. Location of the jack pine trees and their horizontal crown projection
in the high (A), medium (B), and low (C) density sample plots of the
17-year old stand.



Figure 8. Location of the jack pine trees and their horizontal crown projection
in the high (A), medium (B), and low (C) density sample plots of the
32-year old stand. '
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per unit area, re]ative,spacing, and basal area (Table 2). In the
17-year old stand, tﬁere were 9091, 4587, and 1728 stems per hectére
in the respective high, medium and low stand density éiots. In thé
32-year old stand, there wére 7042, 4658, and 1131 stems per hectare in
the respective high, medium, and low stand density plots. ‘Re1ative'spacing
was calculated as tﬁé rétio, in per cent, df:the mean distanéé betweeh trees
to stand height (Vezina 1963). It was 12.9, 19.3, and 30.3% in the 17-year
old stand and 9.3, 11.2, and 22.3% in the 32-year old stand at respective
high, medium, and low stand density classes.

TotaT'basalﬂarea‘per hectare décreased With‘decreasing stand
density and was genefa11y,greater‘in.the older stand: From hiéh to
Tow densify, it Qas 34.3, 22.4, and 14.4 m%/ha in the 17-year old stand,
and 57.8, 48.6, and 20.8 mz/ha in the 32-year old stand (Table .2).
A comparison of these basal area values to those of normally stockédijack
pine stands (Plonski 1974) - indicated that the stocking of fhe'hiéh;'
medium, and Tow density plots was 184, 120, and 77% in the 17-year old’
stand and 226, 190, and 81% in the 32-year old stand. Periodic annual
basal area increments were similar in both stands (Figure 9A). They
had culminated in all-six plots, however, cUTmfnation‘QCCurredfmUCh
earlier in the 17-year old stand (8-10 years) than in the 32-year old
stand (17 years). Periodic annual basal area incremént-had declined
in recent years, averaging between 0;5'and 1.5 mz/ha/yr
in both stands for the last three years. Mean annual basal area
increment had recently maximized only in the 32-year old stand.

Mean diameter at breast height, outside bark, was influenced
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Periodic annual basal area increment

Periodic,annual stem wood volume increment
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(mz/ha)

Legend ‘

High density ———
Medium density s o o
Low-density o —

18

(ms/ha)_

(years)

Figure 9. Periodic annual basal area (A) and stem wood volume increment (B)
in th§ 17- and 32-year ol1d jack pine stands (based on survivor
trees). - :
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by stand age and stand density. Mean diameter at breast height in-
creaSedbwith decreasing stand density and was always greater fh the
32-year 0ld stand. Figure 10 illustrates the diameter class distribution
of jack bine trees jn the 17-;and 32-year old stands. It shows that the
range of diameters increaSed,Qith decreasing density and wifh ihcreasfng
stand age.

Stand}beight.was estimated for each plot as the average
height of the dohihant and co-dominant trees. Stand height was not
1nf1uenced_by4density'in the 17-year-01d“stand; it was s]ight]y greater
than 8 mJih the three'plotﬁ. In the 32nyar'on stand, aVeraQé height
was siightly_h%gher than 15 m in'the‘high and medium density plots.
Howéver, at,iow densfty.the total height was significantiy lower;
13.67 m. B

The pattern of total stem wood volume in the six plots
had much the same relation to stand density and age as basal area.
Total stem wood volume was greatest in the high density plots and was
generally greater in the 32-year old stand (Table 2). It was 136.4,
84.8, and 53.7 m3/ha in the 17-year old stand and 391.9, 303.2, and
117.6’m3/ha in the 32-year old stand for the respective high, medium,
and Tow density plots. Periodic annual stem wood volume increments
had culminated in all plotS‘in the 32-year old stand at épproximafe]y
23 years of age (Figure 9B) and had been declining in recent years.
The periodic annual stem wood volume increment in the 17-year old stand
had recently culminated only in the high density plot. It had also

culminated at a much lower volume (12.9 m3/ha/yr) than the highest
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periodic annual stem wood volume increment (21.0 m3/ha/yr) in the 32-
year d1dfst5nd. Mean annual stem wood vo]ume'incrementvﬁad not

maximized in any of the plots at the time of study.
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RESULTS

Branch Weight:Relationships to Branch Diameter

Plotted data (Figure 11) revealed no differences in the foliage
dry weight and'b}anch diameter at the point of foliation relationship
between the 17- and 32-year o]d-stands. The data were therefore pooled
for regression analysis; _The Bést fit to the foliage dry weight and
branch diameter at the point of foliation data was obtained with the
allometric model (Table 3, Equation 1).

WOod“(Figure 12) and bark (Figure 13) dry weight of jack pine
samp]e'branqhes Weré_CIBSely related ‘to the diameter of the branches at
five centimetres from their severed ends. Plotted data (Figures 12
and 13) showed no significant differences betweeﬁ the two stands studied,
Thus, it was possible to pool these data for regression analysis. The
best fitting relationships to the branch wood and bark dry Weight over
branch diameter data were also allometric models (Table 3, EqU%tiéhs 2
and 3).

The dry weight (wood plus bark) of dead sample branches was also
closely related to the diameter of the branches at‘five'céﬁtimetres

from their severed ends (Table 3, Equation 4).

Stem Wood and Bark Specific Gravity

Stem wood and bark specific gravity results (Table 4) showed minor
differences between the three sampling locations in the stem and also
between the two stands studied. The differences were as follows:
1) stem wood specific gravity values were generally slightly higher th@n

bark specific gravity values, 2) stem wood and bark specific gravity
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Branch diameter at point‘of~fo1iqtion (vmﬂ

Relationship between branch diameter at point of foliation and

the total foliage d
branches. L

ry weight supported by jack pine sample
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Legend .
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Relationship between branch diameter 5 cm from the bole and the
wood dry weight supported by jack pine sample branches.



Legend

branches from 17-year old trees +
branches from 32-vear old trees .

- 42 -

30

120 P
=100 |
O
|
(1]
|
L
~
O.
= 80 p
i)
L
4 .
2 60

+*

>
© 40 F
X
|
g . -*

20 ’

ol
LIS w + +
‘ L4
PR |F’&“.' * *4.
3 Y T T 7 ]
0 5 10 15 20 25
Branch diameter (cm)

Figure 13.  Relationship between branch diameter 5 cm from the bole and the

bark dry weight supported by jack pine sample branches.
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