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I. INTRODUCTION 

In Southwestern Quebeo, as elsewhere 1n Eastern 

Canada, the need for opt1mum land use 1s ev1denoed by the 

abundanoe of farm and forest areas that are produo1ng below 

the1r est1mated potent1al. Causes of th1s 1nolude suoh faotors 

as land ownersh1p patterns, management teohn1ques, past govern­

ment po1101es and 1n general, 'as Lord (1965) p01nts out, laok 

of knowledge, part10ularly regard1ng woodland praot1oes. 

From personal observat10ns the, growth of the two soft 

maples, red and s1lver (~rubrum L., and ~ saoohar1num L., 

respeot1vely) 1nd1oate eoonom10 poss1b1l1t1es for 1ntens1ve 

forest management on some of the presently low produot10n 

1mperfeotly dra1ned s011s of Southwestern Quebeo. The purpose 

of th1s study 1s to determ1ne the potent1al produot1v1ty of soft 

maple on some of the 1mperfeotly dra1ned s011s and the method­

ology adopted for the study 1no1udes the use of stem analys1s 

and a projeot10n model. Ecosystems of part1ou1ar 1nterest are 

the seoond growth soft map1e oover types. 

1 
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B. POTENTIAL PRODUCTIVITY -- DEFINITION AND APPLICATION 

To determine optimum use for any unit of land it is ne­

cessary to know what that particular unit of land is inherently 

capable of producing. Potentia1 biological production, according 

to Ril1s,1 can be defined as the rate of biological production 

which produces crops of maximum quantity and of highest quality 

with the most economic degree of effort including that which main­

ta1ns the productive capacity of the site. 

A good working tool for determin1ng optimum land use 1s 

the land use capab111ty classification (McCormick, 1966) but 

capab1lity classes can only be app1ied to those sites for which 

potentia1 productivity has already been determined quantitatively. 

USing the capability classes as a base, the resource planner is 

able to cons1der present time values for variable econom1c and 

soc1al factors 1n order to arrive at an opt1mum land use. 

For example: If a tract of land of uniform site has a 

h1gh capability rating for producing timber, an overall rating 

for the use of th1s land for timber product10n, in view of the 

present lack of econom1c and soc1a1 demands for other uses, may 

be very h1gh. At a later per1od, demand for the use of the land 

as a recreationa1 fac111ty may 1ncrease. Although the timber 

capab1lity of the land will not change, the overall use rating 

lpersonal commun1cat10n. 
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of the land w1ll, and would l1kely be superseded by an overall 

forestry use rat1ng wh1ch 1mp11es a comb1nat10n of t1mber pro­

duct10n and recreat10nal use. 

3 

It 1s ev1dent from th1s example that an ecolog1cal 

analys1s of the s1te 1s requ1red 1n order to arr1ve at pro­

duct1v1ty values for d1fferent land crops or uses. To the pro­

duct1v1ty evaluat10n 1s complemented the fluctuat1ng econom1c 

and soc1al values at a g1ven t1me, th us y1eld1ng a land use 

rat1ng for that part10ular s1te at that t1me. 

The foreg01ng has 1llustrated the 1mportance of know1ng 

a s1te's potent1al product1v1ty and the pos1t10n that 1t holds 

w1thln the framework of land use plann1ng. 

C. STUDY AREA 

Those areas wh1ch had been prev10usly examined by Lord 

(196S) 1n h1s landownersh1p study were further 1nvest1gated for 

th1s product1v1ty study. Port10ns of the two count1es, Soulanges 

and Hunt1ngdon, fulf1lled the requ1rements of a second growth 

soft maple COYer type on lmperfectly dra1ned s01ls. Hore pre­

c1se1y, the two areas of concentrat10n were the old Soulanges 

oanal area w1th1n Soulanges oounty, and var10us woodlots ln the 

Chateauguay Valley reg10n of Hunt1ngdon County. (App. 1 shows 

general study areas and plot 10cat10ns.) 



D. ECOLOGICAL FRAMEWORK 

1. Geology 

AlI study plots except No. 13 are located w1th1n the 

geologlcal reglon commonly known as the St. Lawrence Lowlands 

(Dreser and Den1s, 1944). Plot No. 13 1s approxlmately two 

4 

ml1es east of Covey H111, on the northernmost r~tpost of the 

Adlrondack Hlghlands. The two reglons are underlaln by 19neous 

and metamorph1c pre-Cambrlan rock and subsequent layerlngs of 

Potsdam sandstone and varlous 11mestones (Dreser and Denls, 

QE. ~.). The deposltlon of marlne clays and sands of the 

former Champlain Sea are responslble for the St. Lawrence 

Lowlands' almost perfectly level topography. Plot Nos. Il, 12 

and 13 are located on deposlts of glacial tille 

2. So11s 
2 Accord1ng to J.F.G. Ml11ette the so11s of Soulanges 

County are alluv1al, and malnly of the gleiso11c order. 

Hunt1ngdon county s011s are quite var1able due to the topography, 

w1th the s011s of the hummocks be1ng ma1nly of the bruniso11c 

and podsolic orders derived from glacial t111 while alluv1al 

gle1s01s ex1st ln the lowlands. 

3. Vegetat10n 

As reported by Rowe (1959) 1n his descr1ptlon of the 

Upper St. Lawrence Section (1-2) of the Great Lakes-St. Lawrence 

Forest regionl 

2personal communlcation. 
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In general, the physiographic boundaries of the Section 
coincide with a vegetat10nal change from predominantly de­
ciduous forest w1th1n to mixed deciduous-and-conifer forest 
without. 

The dominant cover type is composed of sugar maple 
(Acer saccharum) and beech (Fagus ~rand1fo11a), with red 
maple (~ rubrum) , yellow b1rchBetula lutea), wh1te elm 
(Ulmus amer1cana), basswood (Ti11a amer1cana), wh1te ash 
(Frax1nus amer1cana), large tooth aspen (Populus grand1dentata), 
and red and bur oaks (Quercus rubra, ~. macrocarpa), with 
local occurrences of white oak ( uercus ~), red ash 
(Frax1nus pennsylvan1ca), wire b1rch Betula popu11fo11a), 
rock elm (Ulmus thomas1i), blue beech (Carp1nus caro11niana 
var. v1rg1n1ana) and b1tternut h1ckory (Tarya cord1form1s). 
Butternut (Juglans c1nerea), cottonwood Populus delt01des) 
and slippery elm (Ulmus rubra) have a sporadic d1stribut10n 
1n river valleys, and some small pure stands of black maple 
(~ n1grum) and silver maple (!. sacchar1num) are reported 
on fert1le, f1ne textured lowland s01ls. Poorly drained 
depressions frequently carry a hardwood swamp type in wh1ch 
black ash (Frax1nus nigra) is prominent. 

Rowe continues to describe the minor occurrence of some 

of the coniferous spec1es w1th1n this primarily hardwood forest 

section. The vegetat10n of 1nterest in th1s study is classified 

under Dansereau's System (Dansereau, 1959) as: 

Ac r Aceretum Rubri Ic-(E(C» 

Dansereau descrlbes the association as follows: 

On the lmperfectly drained solls the red and s11ver 
maple dom1nates but where the topography undulates and 
thus allows reasonable dralnage, the type will grade lnto 
sugar maple and red oak types. In many lnstances where 
the site ls occupled by a domlnant soft maple cover type, 
evldence shows the lnvaslon of ploneer types of grey birch 
and poplar. 

Ladouceur (1967) in h1s study of red maple ln the pro-

v1nce of Quebec, descrlbes the assoclatlon of red maple that ls 

of concern ln this study as a sub-assoclatlon MAceretum rubr1 

betuletum popullfoliae. M 
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4. Climate 

Chapman and Brown (1966) describe the area as one of a 

regular procession of high and low pressure systems moving over 

the region from west to east throughout the year. The precipita­

tion i8 uniform throughout the year and periods of either ex-

ce8sively dry or wet weather are not common. Ten or twelve days 

a month of measurable rainfall is the average at most stations 

within the ares. The average annual precipitation for the area 

ia ;6 inches with temperatures ranging from a mean January 

temperature of 140 F to a mean July temperature of 68oF. For the 

overall study area the corn heat unit values range from 2500-

2700. 



II. LITERATURE REVIEW 

A. APPLICATION OF PRODUCTIVITY 

Biological productivity measurements have been carried 

out by a number of workers using a variety of techniques. 

Whether the crop measured is one of agriculture, timber or 

wildlife, yield values are essential before any degree of 

management can be undertaken. 

As quoted from Rennie (1963)1 "increasing pressure on 

land for various uses will prompt progressive communities to 

interpret their demands to attain the maximum value from a given 

area, thus making it essential for aIl land to be appraised for 

different types of utilization.- In response to the challenge 

of alternate uses for land in Southern Ontario, Williams (1968) 

presents a case for land classification based upon the potential 

productivity for forest crops and Worrell (1956) implies the need 

for knowledge of productivity rates in his discussion of optimum 

intensity of forest land use on a regional basis. 

Kabzems and Senyk (1967) are convinced that potential 

productivity of forest land has not been adequately, if at aIl, 

recognized and uti1ized in present day forest management prac­

tices and as forest management and land use become more intensive, 

7 
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Jackson (1965) polnts out the need for clear dlstlnctlon 

between the ecologlcal and physlologlcal 11mlts of productlvlty. 

Probably the most dynamlc of aIl workers who have promoted the 

need for potentlal productlvlty studles of the physlographlc 

slte ls Hl11s (1961). 

B. SITE INDEX CORRELATIONS 

Ultlmately the planner would llke to correlate a pro­

ductlvlty ratlng, ln quantltatlve terms, wlth one or more exlst­

lng slte factors. Many workers (Colle and Schumacher, 1953. 

Young, 1954; Doollttle, 1957; and Hannah, 1969) have correlated 

the overall slte quallty, as measured by slte lndex, wlth varlous 

solI physlcal propertles. As weIl, severa1 researchers (Doolltt1e, 

1957; McClurkln, 1963; Trlmble, 1964; Carmean, 1967; and Broadfoot, 

1969) have shown correlatlons of slte lndex with mappable solI 

and topographlc features. 

Paw1uk and Arneman (1961), Mader and Owen (1961), and 

Love and Wllllams (1968), 1nd1cated defln1te relatlonsh1ps 

between moisture reg1me and site index for the respective specles 

and sltes studled. Mader and Owen (.QE.. g1l.) and Love and 

Williams (~. ~.) also showed a definite relationshlp between 

volume productlon and solI molsture or dralnage. 

C. SITE-YIELD RELATIONSHIF 

Locke (1941) suggested the approach of correlating solI 

physlcal properties, direction of slope and degree of stocking 
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with existing yield tables. Modification of soil surveying 

techniques in order to facilitate timber yield predictions has 

been suggested by Van Eck and Whiteside (1958) and Duffy (1962). 

A hierarchal arrangement of the landscape has been proposed by 

Hi11s and Pierpoint (1960), Hi1ls (1961), Cox ~ al. (1960) and 

Rowe (1962) for the purpose of land classification. Hills' work 

emphssizes the need for potential productivity studies based on 

the ecosystem approach. Becking (1962) reviewed the works of 

Patterson who related potential productivity primarily to c1imatic 

factors, and concluded that the climatic index that Patterson 

deve10ped can only be used as a rough general estimation for 

productivity in general c1imatic regions. 

D. PRODUCTIVITY PREDICTIONS 

The reviewed 1iterature so far deals only with the cor­

relation of physica1 properties with yields that are already 

known for various sites. The prob1em dea1t with in this study 

is one of predicting potent1al productivity in the case where 

yie1d information is not availab1e. 

Kleist (1961) described the function and mechanics of 

Backman's projection model; and app1ied it successfu1ly to 

out1ine deve10pment of even-aged white and red pine stands in 

Ontario. Later the projection mode1 was adopted by Love and 

Williams (1968) and Love (1969) to predict red pine plantation 

growth and heavy hardwood growth respective1y, in Southern 

Ontario. 

JSee III, C, 2 for description of Backman's projection 
mode1. 



Ralstan and Korstian (1962), us1ng Spurr's hypothes1s 

that "volume growth can be estimated with reasonable precision 

if changes in stand height and basal area can be pred1cted 

accurately," were able to predlct pulpwood ylelds in loblolly 

and shortleaf plne plantat1ons. Based on the variat10ns in 

stocklng, average stand dlameter and cordwood over basal area 

ratlos assoc1ated w1th helght changes of the domlnant stand, 

10 

the authors estab11shed by means of multiple regresslon, a system 

of equat10ns for predicting pulpwood yields. Both Ralstan and 

Korstian (22. ~.) and Love and Williams (22. ~.) admit that 

the obtained field data lack information regarding future 

morta11ty of any one stand and are reserved in their prediction 

of future yields. 

Beekhuis (1966) developed a yield pred1ction method 

based on the increase in stand height between successive thinnings 

and on the average helght and net basal area of the stand dur1ng 

the lnterval. This method enabled him to predict yield under a 

wide varlet y of thinn1ng regimes. 

In making volume predictions lt is extremely difficult 

to deal wlth natural mortallty that will occur in the future. 

Beekhuis (2e. 21!.) dealt with this by expressing the average 

dlstance between trees as a percentage of stand helght to in­

dlcate the degree of crowding. wA relative spac1ng minimum, 

after initlal rapid decrease ln young crops, lndicates max1mum 

denslty in other conifers, and thls concept was accepted for 

Plnus radiata in order to account for mortality.w Love (1969) 

dealt with mortallty obJectively in his study of the heavy 
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hardwoods of Southern Ontario. By us1ng a projection model he 

was able to show that the d1fferences in volume, at any one age 

between tully stocked stands on s1m1lar sites, were attr1buted 

to mortal1ty. 

E. STEM ANALYSIS 

The study of tree rings 1s not new. As early as 1811 

archeolog1cal experts began ut1l1z1ng tree rings for dat1ng and 

the concept of 1nvest1gat1ng past meteorolog1cal records in trees 

was 1nit1ated in 1883. (Studhalter, 1956) Both he and Glock 

(1955) g1ve thorough rev1ews of ring analyses 1 the latter author 

in connect1on w1th tree growth. Standard mensurat10nal texts 

1nvar1ably rev1ew the use of tree ring measurement, and stem 

analysis generally, for the study of tree growth dimension and 

forme 

More recently, Ph1pps (1965) carr1ed out a ring analys1s 

on selected tree stems, 1nclud1ng red maple, in Ohio, for 

study1ng growth form of individuel trees and certain env1ron­

mental influences on growth. Curtis (1964), Solomon (1968) and 

Heger {1968} ut1l1zed the stem analys1s approach for establ1sh-

1ng site index curves for a number of spec1es. Hannah (1969) 

computed the volume production of stemwood in red p1ne planta­

tions us1ng stem analys1s and correlated net production vith 

so1l profile characterist1cs. Love and Williams (1968) used 

the approach as a bas1s for determin1ng red p1ne product1vity in 

Southern Ontario and Love (1969) used the same method 1br study1ng the 



potent1al product1v1ty of the heavy hardwoods 1n the same 

reg10n. 

F. SILVICS OF SOFT MAPLE 

1. D1str1but10n 

12 

The d1str1but10n map shown by Harlow and Harrar (1958) 

1nd1cates that both red and s11ver maple are d1str1buted qu1te 

w1dely throughout eastern North Amer1ca with the former spec1es 

possess1ng one of the w1dest d1str1but10ns of any spec1es east 

of the m1dwest. 

2. S1te 

Hutn1k and Yawney (1961) state that red maple occurs over 

a w1de range of s011 textures and s011 m01sture cond1t10ns and, 

1n fact, 1s more common under the extreme s011 m01sture cond1-

t10ns; e1ther very dry or very wet. However, they state "red 

maple of sprout or1g1n 1s capable of grow1ng tw1ce as fast on 

wet organic s01ls as on m1neral s01ls or on organ1c s011s of a 

lower m01sture reg1me." 

S11ver maple appears on the 1mperfectly and poorly 

dra1ned s01ls, both organ1c and m1neral, and 1s found only oc­

cas10nally as a m1nor component on the well-dra1ned s1tes. Red 

maple, although reasonably tolerant to flood1ng, 1s less so 

than s11ver maple. Several workers have carr1ed out 1nundat10n 

stud1es with the soft maples and other spec1es found on wet s1tes. 

Hosner (1957) concluded that flood1ng KaS not a major factor 1n 
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causlng select1ve regenerat10n 1n the wetter bottomland forests, 

except posslbly ln swampy areas where water had been ponded for 

longer than a month dur1ng the grow1ng season. He showed that 

floodlng of bottom1and hardwoods up to per10ds of 32 days d1d 

not apprec1ably affect the germlnat10n of soft map1es. Hosner 

(1961) and Larsson (1969) showed that f1ood1ng has no adverse 

effect upon germ1nat10n, other than de1ay, untll the l1tter was 

exposed. McDermott (1959) d1scovered slmllar effects w1th red 

map1e seed11ngsl notlng that the seed11ngs recovered qulckly from 

susta1ned saturat10n when exposed to subsequent we1l dralned con­

d1tlons. Larsson et !l. (1964) uslng dendrometer tapes on several 

selected trees, showed that dlameter growth of s1lver map1e was 

greater 1n a season of flood1ng than ln a dry season. 

3. Success10n 

Hutn1k and Yawney (22. ~.) suggest that red map1e 

functlons as an 1ntermed1ate specles ln the success10n but on 

the lmperfectly dralned s01ls of Southwestern Quebec the specles, 

ln second growth, p1ays the ro1e of a p10neer due to the nature 

of lts copplce establlshment. Although there are no older 

mature stands wlthln the study area to lllustrate a cllmax 

forest, lt ls very 11kely that red maple would represent a 

cllmax forest on these lmperfectly dralned sltes and glve way 

to more shade tolerant specles on the drler sltes. Sllver 

maple appears to operate in a one phase successlon (usuaIIy ln 

assoclatlon wlth whlte elm (Ulmus amerlcana L.» due to lts 

hlgh tolerance to 1nundat10n. 
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4. Reproductlon 

Soft maple regenerates naturally by two methodsl sexual 

and vegetatlve. Vegetatlve regeneratlon, or ln the case of 

soft maple, copplclng, ls brought about by a stand dlsturbance 

such as clear cuttlng or part laI cuttlng. Soft maples are very 

prollflc sprouters and, accordlng to Hutnlk and Yawney (196l), 

are second only to basswood (Tl1la amerlcana L.) withln the 

northern hardwood reglon. Excesslve sproutlng can be prevented 

by carrylng out cuttlng operatlons ln the late sprlng or early 

summer. The same authors polnt out that the lnltlal rapld 

growth, due to the already establlshed root system of the parent 

tree, falls off as competltlon amongst lndlvlduals wlthln a 

copplce clump lncreases. Solomon and Blum (1967) correlate 

stump dlameter and vlgor vith number of sprouts and average 

helght of sprouts respectlvely for red maple and arrlve at 

practlcal concluslons for the wlldllfe and tlmber managers. 

Larsson4 says that the early vlgor from sproutlng of sllver 

maple will malntaln ltself for about 19 years, after whlch a 

thlnnlng should be prescrlbed ln order to retaln the hlgh growth 

rate. 

Several researchers have attempted to propagate the 

soft maples artlflclally, wlth varylng degrees of success. 

Snow (1941) showed that cuttlngs taken mldway through the grow­

lng season (June 28) had a rootlng efflclency of 75 per cent 

.4personal communlcatlon. 
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when optlmum auxln treatments were app11ed. Pa.1ey (1948) 

suggested that poor qua11ty soft map1e cou1d be lmproved by 

graftlng genetlca11y superlor sclons on to the poor stock. He 

successfu11y grafted red x s11ver hybrld on four-month-01d un­

dlsturbed s11ver map1e wl1dlngs and w.as a1so successfu1 wlth a 

graft of sugar map1e (~ saccharum Marsh.) on red map1e. 

5. Growth 

Regardlng the specles' overa11 growth pattern, men­

suratlona1 data la very scarce. It la genera11y accepted that 

copplce stands have a relatlve1y short 1ife span, With maturlty 

being reached Withln flfty years. 

Thomson (1952) showed that red map1e reacts very favor­

ab1y to thlnnlng. In studles carrled out ln a second growth 35-

year-01d red map1e copplce stand, he found that there was a two­

fo1d lncrease on standlng volume ten years fo110wlng a heavy 

thlnnlng ln whlch a11 stems but one .ere removed from each c1ump. 

In a mixed stand on a .e11-dralned slte, Wl1son (1953) showed that 

th1nnlng, lnc1udlng copplce red maple, lmproved the dlameter 

growth of the red map1er much more than that of any of the other 

specles ln the stand. Larsson!!!l. (1964) found that dlameter 

growth of s1lver maple .. s favorab1y stlmulated for up to nlne 

years following heavy mecban1cal thlnnlng ln whlch al1 stems but 

one were removed from each c1ump. 

6. Path010gy 

The des1rab1e ear1y rap1d growth d1sp1ayed by copp1ce 

stems 1s off.et by the hlgh 1nc1dence of decay 1n these stems. 

Sh1go (1965) stud1es the decay and d1scolo~t1on ln sprout red 

map1e and d1scovered that a hlgh percentage of the sprouts ex-
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am1ned were of low quality. Branch stubs provided infection 

courts and basal deeay set in on the stump folloWing removal of 

the parent tree. Shigo attributes this fungal infection of the 

butta to stereum gausapatum Fr. Roth and Hepting (1943) ascribe 

the high rate of infection in coppice oak to the same fungus. 

Some pathological studies such as those earried out by Eslyn 

(1962) and Roth and Hepting (1969) relate internal stem decay 

to various morphologieal characterist1cs; a relationship Which 

can be useful when eonsidering the management of soft maple. 

7. Soft Maple Potential Under Management 

Management of soft maple on wet sites has been largely 

neglected, primar1ly beeause the species generally produce low 

qual1ty wood. Ladouceur (1966) suggests that these degraded red 

maple association forests will have to be rehabilitated and this 

1s 1nevitable w1th the 1ndustrial demand for raw material on 

the increase. 

Larsson, !1!l. (1964) have carried out various measure­

ments and breeding exper1ments with the soft maples, in particular 

si1ver maple, since the ear17 1950s. Thomson (1952), Wilson 

(1953), Minckler (1958) and Larsson (22. 2!!.) are the only 

workers who have published results shoWing the favorable response 

of thinning soft maple, w1 th Thomson (~. ill.) and Ülrsson 

(22. cit.), hav1ng done their research in second growth coppice 

stands. Thomson (22. ill.) shows very favorable returns of 7 1/2 

per cent annual growth increment t upon the thinning of coppice 



red maple and LarssonS recommends heavy th1nn1ngs of copp1ce 

growth as early as 19 years of age, assumlng that the f1nal 

market 18 for sa.logs. 

SPersonal communlcatlon. 
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III. 11ETHODOLOGY 

A. GENERAL 

W1th1n the study area, benchmarks6 and a full complement 

of stands of soft maple of d1fferent ages for any one s1te were 

absent. W1thout these, a potent1al product1v1ty study cannot 

be undertaken by means of measur1ng present volume alone. 

For th1s study a stem analys1s approach, wh1ch 1nd1cates 

stand growth patterns, has been adopted. A project1on model has 

been used to pred1ct future volumes based upon the growth pat­

terns 1nd1cated by the stem analys1s. 

The procedure that was used 1nvolved the establ1shment 

of a number of plots on d1fferent 1mperfectly dra1ned s1tes. 

From each plot several trees were selected for a stem analys1s 

study wh1ch y1elded past growth trends. After the growth trend 

data had been corrected for morta11ty the project1on model was 

appl1ed to the data and volumes up to age 50 years were pre-

dlcted. 

B. FIELD AND IABORATORY PROCEDURE 

1. Prel1m1nary Study 

Prior to the estab11snment of plots the two areas under 

61'Ature or overmature fully stocked stands of the de­
s1red species on the s1te(s) be1ng stud1ed. 

18 
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consideration (Soulanges Canal and Chateauguay Valley) were 

subjected to a thorough ground reconnaissance. Notation of 

species composition and stand stocking was of first importance, 

followed by origin of stock, degree of stand disturbance, site 

topography, height of domlnants, stand structure and speciflc 

age. 

2. Plot Selectlon Crlteria 

In determining the potentlal productivlty for any slte 

it is lmperative that the areas to be consldered for an lnten­

slve examlnatlon fulfll1 the requlrements of full stocklng (Flg. 

1) and mlnlmal envlronmental dlsturbance slnce stand lnceptlon. 

Stands were classlfled for stocklng on a subjectlve basis only 

and the final judgment of stocklng was made followlng close ex­

amlnation of aIl stands that were to be consldered. The dlf­

ficulty wlth judglng stocking levels ln the major1ty of the 

sample areas was ampl1fied by the nature of copp1ce growth. A 

coppice stand's structural tralts are quite dlfferent from those 

of a high forest in which stocklng can be directly related to 

crown closure and standlng basal area. 

Further criteria for plot selectlon included age and 

stand compositlon. The stands selected had to meet the requlre­

ments of even-aged structure and second growth and a minimum of 

85 percent of the total live stems had to be comprised of soft 

maple. In order to carry out an ideal potential productivity 

study, on each site selected, a set of plots covering aIl age 

classes, along with benchmark plots, would be desirable. 
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Fig. 1. Ful1y stocked stand of soft map1e. 
Plot 1. 



~'lg. 1. Fully stocked stand of soft maple. 
i-'lot 1. 
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Unfortunately the pest h1story of cutt1ng pract1ces d1ctated 

only a narrow range of ages that could be selected. In th1s 

study a cross sect10n of s1tes was sampled but 1t was 1mposs1ble 

to obta1n a ser1es of age classes for any one s1te. However, 

d1sregard1ng s1tes, plot ages ranged from 18 years to 45 years. 

3. Plot Estab11shment 

Once the general area for plot estab11shment had been 

chosen, work by Turner (1968) and Weetman and Lowry? suggested 

that sample areas of 1/30th acre would be adequate. The method 

used by Turner (~. ~.) was tested by estab11sh1ng a centre 

p01nt and measur1ng the d1ameter at breast he1ght (d.b.h.) of 

aIl trees w1th1n l/40th acre c1rcular plot. The plot area was 

1ncreased to 1/30th acre, 1/25th acre, 1/20th acre, 1/15th acre 

and 1/IOth acre by 1ncreas1ng the rad1us appropr1ately. Basal 

areas were calculated for aIl plots on a per acre bas1s but no 

s1gn1f1cant d1fference was found between the basal areas per acre 

for any two plot s1zes. Except for plots no. l and no. 2 c1rcular 

plots were employed because one worker could establ1sh and 

measure a plot without becom1ng 1nvolved w1th the problems 1n­

herent 1n the establ1shment of rectll1near plots. Bandom samp11ng 

for the select10n of plots could not be app11ed because of the 

requ1rement of fully stocked stands. 

The assumpt10n has been made that local s1tes w1th1n any 

macros1te are homogeneous. 

7personal communicat10n. 
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4. Plot Measurements 

FOllowing establishment, a general description of the 

plot and its surroundings was made regarding species composition, 

age structure, site aspect and stand origin (App. 2 gives plot 

descriptions). Each stem vithin the plot boundary was tallied 

for its d.b.h. (diameter at 4.5') and categorized as either liv­

ing or dead (standing or otherwise). 

5. Individual Tree Sampling 

In order that the stand's past history of growth could 

be studied in detail and that projection models could be applied 

to predict the stand's growth into the future, a sample of trees 

from each plot was selected for detailed stem analysis. Because 

of the time involved vith the study of growth rings, a minimum 

of eight sample trees from each plot was selected, with the 

number of sample trees per plot ranging from eight to sixteen. 

Siml1ar growth stud1es now being carr1ed out by A.F. BeckW1th 

of the Ontar10 Dept'. of Lands and Forests ind1cate that a m1n1mum 

of eight trees per plot is necessary to 111ustrate the true 

growth pattern of both the indlviduals in the stand and the stand 

as a whole. 

The sample trees from each plot represented the full 

diameter class range of liv1ng trees tallied v1th the pattern 

of select10n following the bell-shaped curve of d1ameter distribu­

tion of an even-aged stand. AlI trees With a minimum of average 

stand d1ameter were classif1ed as dominants or co-domlnants with 

the dlfference ln helght between these two he1ght classes being 
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1ns1gn1f1cant. Boles of trees selected for sampl1ng had to be 

as cy11ndr1cal as poss1ble 1n order to obta1n accurate per1od1c 

1ncrement measurements. Th1s requ1rement 1s d1ff1cult to ful­

f111 due to the growth hab1t of copp1ce stems (F1g. 2 and F1g. 3). 

In.the select10n of sample trees, unless the stand was 

of seed or1g1n (probable 1n plot no. 13) s1ngle tree clumps 

were cons1dered atyp1cal 1n a stand of copp1ce or1g1n and were 

avo1ded. Slnce there was only a relat1vely small select10n of 

sample trees per plot 1t was accepted that these samples would 

be representat1ve of trees wlthln the plot. 

After selectlng a stem for laboratory analyses, 1t was 

mapped ln relat10n to 1ts ne1ghbor1ng trees and then felled, 

leav1ng a stump as close to the ground as the nature of a 

copp1ce clump would allow (F1g. 3). Cross sect10n dlscs measur­

lng approx1mately 1 1/2- 1n th1ckness were removed from the tree 

at stump helght, breast he1ght and at e1ght foot 1ntervals above 

breast he1ght to the top of the tree (Flg. 4 1llustrates a felled 

and sectloned tree). D1scs of each tree from each plot were 

coded 1n ascend1ng order from the stump d1sc (e.g., 2-3-4 re­

presents the fourth d1sc of the th1rd sample tree ln plot no. 2). 

In the case of sample trees with a branch or branches contaln1ng 

an elght foot log with a top d1ameter of 2.5- the branch(es) were 

sect10ned up also and numbered accord1ngly wlth an add1t1onal 

d1glt lndlcat1ng branch number. Other fleld measurements taken 

on the sample trees 1ncludeda stump helght, d.b.h.o.b. (dlameter 

breast helght outs1de bark), and length of top (that port1on 
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Fig. 2. Soft maple coppic~ 3 years old. 
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Fig. 2. Soft maple coppice 3 years old. 
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Fig. 3. Soft maple coppice 28 years oid. 
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Flg. 4. Fully stocked stand of soft maple. 
Plot 6, 28 years old. Note felled 
and sectloned stems and solI pit. 
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beyond the last complete elght foot sectlon ln the maln stem or 

branch). 

6. SolI Study 

For each plot a solI plt was dug ln a locatlon re­

presentatlve of the topography and local mlcroslte of the plot 

(see Flg. 5). The followlng features were examineda 

(1) nature of horlzons lncludlng depth, texture, cOlor, 

stonlness and regularlty, 

(2) molsture reglme, 

(3) depth to carbonates. 

7. stem Analysls 

A total of 1049 dlscs of 122 trees from 10 different 

plots were collected ln the field. If the samples were not to 

be examlned lmmediately, they were frozen to prevent shrlnkage 

and decay. 

Each sample prlor to measurement was planed or sanded to 

facl1itate the examination of the annual growth rlngs. The pro­

cedure for the measurement of each dlsc was as followsl 

The average d.l.b. (dlameter lnside bark) was found by 

recording two diameter measurements at rlght angles to one 

another. Uslng the average dlameter, a 11ne correspondlng to 

the average radlus vas scrlbed from the dlsc's physlolog1cal 

centre (plth) to the inside bark. With the aid of a blnocular 

microscope, ranglng in power from x6 to x50, each annual growth 

rlng was deflned and flve year accumulations, countlng from the 
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inside bark and proceeding towards the pith, were marked off 

along the radius line. Radial measurements were th en recorded 

for: present age, age five years ago, age ten years ago, etc., 

back to age zero. In this study annual rings were def1ned only 

to the accuracy which the combinatlon of binocular microscope 

and the experience of the worker would permit, but for the 

maJor1ty of samples there was no problem with annual ring dis­

tinction. False rings and "lean years" were interpreted with as 

much objectivlty as possible without going into the elaboration 

of slide preparat10n and the identification of microscopie 

features which are used to differentlate spr1ngwood and summerwood. 

Age differences from tree to tree w1thin any one plot 

were accounted for by the successional sprouting that often takes 

place for several years following the removal of the parent cropt 

For a few trees the stump d1sc, and infrequently the 

breast height dise, contained advanced decay that made it im­

possible to define the annual growth rings wlth1n those samples 

for the initial 5 to 15 years of the l1fe of the tree. If appro­

ximate values could not be estimated for the decayed portion th en 

the approprlate position on the record sheet MaS left void. AlI 

records of species, ages, sect10n lengths and dlameters at five 

year intervals for each dise were entered onto key punch cards 

for the purpose of comput1ng tree section volumes and, ult1mately, 

whole tree volumes. 
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C. CONSIDERATIONS FOR VOLUME PROJECTION. 

For use as a true 1nd1cator of the s1te's potent1al, 

total stem product1v1ty at rotation age was determ1ned. Ac­

cotd!ng to Love and W1ll1ams (1968) total volume 1s more favor­

able because of 1ts constant value with t1me, whereas merchant­

able volume w1ll change w1th fluctuat1ng ut1l1zat1on standards. 

Due to the scarc1ty of age classes for any one phys1o­

graph1c site, the potent1al productiv1ty values for the s1tes 

stud1ed were determ1ned w1th the a1d of a pred1ct1on model wh1ch 

was used along with dead stem counts for determ1n1ng past stand 

growth patterns. 

1. Mortality 

In any one plot the l1ve trees measured 1nd1cate the 

product1v1ty of that s1te at the t1me of measurement but 1n the 

future, morta11ty w1ll take 1ts toll on a proport1on of the 

present stand. At any t1me pr10r to the t1me of measurement 

a tally of l1ve stems would have shown a greater number of stems 

than are now present and a greater volume than 1s 1nd1cated by 

the hardwood volume tables shown 1n Tables 3 and 4. 

It 1s essent1al that the true vOlume/age pattern for 

t1me pr10r to "noW- ("now" refers to tlme of cutt1ng) be estab11sh­

ed or else pred1ct1ons of future volumes, 1n accordance w1th 

the project1on model (see Sect10n III, C, 2) will be 1n error. 

F1g. 5 1llustrates, in general, what would occur 1f only the 

l1ve stems ·noW- were used for construct1ng fut~e volume/age 
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the llve stems "now", and 1s relatlvely steep. 
Followlng the appllcatlon of Backman's pro­
Jectlon mOdel, the resultlng curve for future 
ages ylelds unreallstlc volume/age relatlonshlps. 

Curve BI VOlume/age curve (actual) ls based upon the 
l1ve stems "now" and the dead stems "now" ad­
justed for the past ten years. Followlng the 
applicatlon of Backman's projection model, the 
resultlng curve for future ages ylelds reallstlc 
vOlume/age relatlonshlps. 
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curves and shows the necessity for considering the role of dead 

stems as contributors to live stem product1vity in past periods. 

To reconstruct the actual volume/age pattern for a 

stand's past history it was assumed that aIl dead stems measured 

at the time of plot analys1s were contributing to live stem volume 

ten years ago. This assumption is based upon the fact that most 

tree stems, particularly those of small diameters, upon death 

will deteriorate beyond recognition over a period of ten years. 

Accepting this, in any one plot, half of the tallied dead stem 

volume was living f1ve years pr10r to the t1me of measurement and 

all stems tall1ed as dead were l1ving ten years pr10r to the time 

of measurement. For periods prior to ten years ago, the dead 

stem volume tallied "now" would be treated as live and would 

be decreased ln accordance w1th the per1od1c 1ncrement reduct10ns 

calculated from the stem analysls. 

To trace back the volume/age trend curve pr10r to ten 

years ago Is unre11able since dead stems present at that t1me 

were not tallied ·now· in accordance with the assumption made 

above. There is no indication as to what extent dead stems of 

ten years ago have contributed to the total productivity of the 

stand. 

2. Backman's Projection Model 

Volume pred1ct1ons to age 50 years have been made wlth 

the aid of Backman's projection model (Fig. 6) in the same 

manner as has been carried out by Love and W1ll1ams (1968) and 
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Love (1969). Although a rotat1on age 1n excess of 50 years may 

be des1rable 1n accordance with Poss1ble chang1ng market trends, 

us1ng an age of 50 years will m1n1m1ze any 1naccurac1es that may 

be caused by apply1ng a project1on over a longer per1od. Backman's 

project1on mOdel, accord1ng to Kle1st (1961), accepts the s1g­

mo1dal pattern of total product1on over age and volume 1ncrement 

1s plotted over t1me to obta1n the 1ncrement curve. By us1ng 

double logar1thm1c scale a logar1thm1c parabola 1s developed 

wh1ch leads to the relat1onsh1p that the logar1thm of 1ncrement 

1s proport1onal to the square of thelogar1thm of t1me. A stra1ght 

l1ne relat1onsh1p 1s developed by plott1ng percent of ult1mate 

value, rather than absolute value, over t1me. Th1s procedure 

has been carr1ed out by us1ng log. x probab1l1ty scale (see F1g. 

6 and App. 7) for all plots except plot no. 13, us1ng the values 

from Table J corrected for morta11ty as ~3scr1bed 1n Sect10n III, 

C, 1. The ult1mate value of stand volume was arr1ved at by 

tr1al and error and the stralght l1ne relat1onsh1p will not 

evolve unless only the true ult1mate value 1s used. 

The project1on model 1s cond1t1onal to use 1f onlya 

1. Cultn1nat1on of current annual 1ncrement (CAl) has 

been reached. 

2. No permanent s1gn1f1cant changes have occurred 1n 

the env1ronment due to th1nn1ngs, ame11orat1on or deter1orat1on 

of the ft te. 

Upon determ1n1ng the correct ult1mate value, the stra1ght 

I1ne relat1onsh1p created when per cent ult1mate 1a plotted over 
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t1me can be projected. Per cent ult1mate for any future t1me 

can be read from the graph to a maxlmum of 95.8%. 

D. SITE INDEX DETEBMINATIONS 

34 

The one functlon of growth unan1mously accepted as an 

lndlcator of site quallty, ls he1ght. Uslng the program out­

put data of helght and age lt ls posslble to produce hlghly 

accurate slte 1ndex curves for each plot. The four tallest 

trees of each plot at each f1ve year 1nterval from age ten 

onwards vere averaged for he1ght. The result1ng curve of he1ght 

plotted over t1me g1ves the s1te 1ndex curve for that plot. 

Hav1ng establ1shed s1te 1ndex curves for each plot up to the 

t1me of cuttlng, Backman's project1on model was app11ed to pre­

dlct helghts at future ages up to age 50 years. Flg. 7 11-

lustrates projected he1ghts of the trees of plot no. l 1nto the 

future and App. 8 shows the same for all plots. 
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IV. RESULTS 

A. PLOT INVENTORIES 

The results for each plot 1nventory for both live and 

dead stems are shown in the graphs of Fig. 8. The bell shaped 

d1ameter distribution shown for each plot 1s typ1cal of ev en 

aged stands. 

B. SOIL DESCRIPTIONS 

So11 profile descriptions are g1ven in App. 3. 

C. COMPUTER OUTPUT DATA 

A computer program that was des1gned for a s1m1lar 

product1v1ty study on the heavy hardwoods of Southern Ontario 

-.as ut111zed for exam1n1ng the data from th1s study. 

From the stem analyses 1nd1v1dual tree volumes were 

calculated for the t1me at cutting (des1gnated in aIl tables 

as "now") and for each f1ve year 1nterval pr10r to cutting. 

Table l 111ustrates these 1nd1v1dual tree volumes for plot 

no. l and App. 4 conta1ns 1nd1v1dual tree volumes for aIl study 

plots. Us1ng the 1nd1v1dual tree volumes of each plot, volume 

tables for the range of d1ameters of the live trees were pro­

duced for the same time intervals. Fig. 9 1s a computer output. 

graphie illustration (period regress10n curves) show1ng the form 

36 
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of volume over diameter at different time intervals for plot 

no. 1. App. 6 contains similar illustrations for all plots. 

The plott1ng of values for the regress10n curves 1s only ac­

curate w1th1n the l1mitat10ns of the computer. Volume table 

values, as shown 1n Table 2 for plot no. l, were calculated 

mathemat1cally. Tables 3 and 4 show volume tables for the 1n­

d1v1dual plots, based upon the regress1ons, used for the volume 

table values, stand stock1ng and d1ameter distr1bution (F1g. 8). 

D1ameter and he1ght values for 1nd1v1dual trees were also 

calculated for five year 1ntervals pr10r to ·now· and these 

are 1llustrated 1n Table 5 for plot no. 1 as well as 1n App. 5 

for all study plots. 

D. DETERMINATION OF POTENTIAL PRODUCTIVITY 

Following the determ1nat10n of the correct ult1mate 

volumes as 1nd1cated by the stra1ght l1ne relat1onsh1ps of 

F1g. 6 and the f1gures of App. 9, percentages of the ult1mate 

value for d1fferent ages for each plot were read off and con­

verted to absolute volumes. Volumes for different ages were 

then plotted over age, yielding the curvilinear relat10ns shown 

in F1g. 9, wh1ch shows for the plots stud1ed, the potential 

product1v1ty for d1fferent ages to the rotation age of 50 years. 

Spec1al treatment has been g1ven to plot no. 9 because 

of lts young age. Backman's projectlon model cannot correctly 

be applled because the lncrement trend of the stand up to the 

tlme of cuttlng has net shown a culm1natlon ln CAl. Although 



Table 1. Plot 1-age 37 yrs. Hardwood volumes (cu. ft.) at time of cutting and at each five year 
interva1 prior to cutting. 

~ !i2!'! :..l .=!Q -15 ~ -25 -30 =.l2 .=.!tQ -45 

1 4.213 3.265 2.031 1.048 0.474 0.195 0.079 0.002 

Br 1 0.870 0.590 0.254 0.060 0.009 

2 1.801 1.467 0.847 0.423 0.208 0.088 0.023 0.008 

3 0.622 0.531 0.311 0.146 0.071 0.018 0.001 

4 0.975 0.847 0.508 0.262 0.135 0.034 

5 5.239 3.942 2.294 1.068 0.539 0.220 0.062 0.005 

Br 1 0.703 0.375 0.145 0.013 

6 1.965 1.723 1.323 0.877 0.504 0.280 0.179 0.100 0.009 

7 0.555 0.429 0.244 0.113 0.042 0.011 

8 4.128 3.190 1.976 0.897 0.414 0.212 0.091 0.030 0.004 

g 
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Table 2. Volume per tree (gross total cu. ft.). Plot no. 1. 

9Jm li2l! ::L :!.Q. -15 ~ -25 -30 

1 
r----------I 

0.1 0.1 0.0 0.0 0.0 1 0.0 0.1 1 
co 1 1 
..-i 2 L~:.~ ___ <>..=~ _J 0.3 0.2 0.1 0.1 0.1 co 
~ 

r-I 
0.6 111 3 1.0 0.9 0.3 0.2 0.1 0.1 s::: 

111 

r-I 4 2.0 1.6 1.0 0.5 0.3 0.1 0.1 
~ 

5 3.3 2.5 1.5 0.7 0.4 0.2 0.1 .f.) 
() 

111 
6 4.8 3.6 2.1 0.2 1 1.0 0.5 0.1 

1 
1 
1 7 6.7 5.0 2.9 1.3 0.6 0.3 0.1 1 
1 
1 
1 
1 8 8.9 6.5 3.7 1.6 0.7 0.3 0.1 1 
1 
1 

9 Il.4 8.2 4.6 2.0 0.9 0.4 0.1 1 
s::: 0 

5.6 ..-i 10 14.2 10.1 2.3 1.1 0.4 0.1 co 
co 
G> Il 17.4 12.3 6.8 2.8 1.2 0.5 0.1 J.t 
~ 
G> 

12 20.8 14.6 8.0 3.2 1.4 0.6 0.1 J.t 

13 24.5 17.1 9.3 J.7 1.6 0.6 0.0 

14 28.6 19.9 10.8 4.2 1.9 0.7 0.0 

15 32.9 22.8 12 .. 3 4.8 2.1 0.8 0.0 

16 37.6 25.9 14.0 5.4 2.3 0.9 0.0 

Irregu1ar1t1es 1n sma11er dbh classes (see out11ned area 
1n Table 2) 1n wh1ch case the volumes at an ear11er date are 
greater than the present (now) are due to the 1ack of a w1de 
enough range of d1ameter classes of trees or1g1na11y se1ected 
for the stem ana1ys1s. In other words, a regress10n was app11ed 
to trees not reasonab1y represented by the ana1ys1s. Th1s 
phenomenon appears 1n the data of f1ve plots but on1y to a 
minor degree 1n the one and two 1nch d1ameter classes. The ef-
fect that these d1screpanc1es have on the result1ng volume/acre 
1s neg11g1b1e. 



Table 3. Plot volumes ou. ft./acre at time of cutting and at eaoh five year interva1 prior to 
outting (live stems only). 

Plot spa !!2!! ::..l =lQ -15 ~ -25 -30 =.l.2 =!±Q -45 -50 .:.il 
1 1090 3:308.0 2541.0 1530.0 743.0 356.0 161.0 76.0 33.0 8.0 

2 1030 3991.3 3427.3 2749.6 1934.0 1207.0 642.2 317.7 100.8 :3.9 

4 2000 3175.0 2482.0 1786.8 1054.0 519.7 198.:3 :34.2 1.6 

6 1272 5201.1 3767.3 2240.8 1018.2 269.4 49.4-

8 1333 2742.6 1989.9 1238.9 588.7 288.4 69.8 Il.0 

9 1484 2278.7 1282.4 484.3 57.0 

10 848 4201.3 3327.0 2312.7 1248.5 599.7 240.9 102.:3 29.2 0.3 

11 4:333 2553.8 1827.2 984.0 :374.6 1.3 

12 939 5049.4 4063.8 3209.1 2354.5 1409.2 880.9 412.2 124.3 20.5 0.5 

13 515 3684.4 3197.1 2625.9 2005.0 1352.7 831.3 368.0 191.5 78.8 25.0 10.8 :3.6 

.c::­
\,A) 



l'able 4. Plot volumes ou. ft./aore at t1me of out~:1ng and at eaoh f1ve year 1nterva1 pr10r 
to outt1ng. (dead stems on1y). 

Plot spa !i9.!! .:j :!Q -15 =l.Q. -25 -30 :.ll -40 -45 -50 

1 1050 528.0 528.0 376.0 220.0 123.0 59.0 41.0 26.0 8.0 

2 830 548.9 548.9 577.1 589.1 473.3 300.1 163.6 57.0 2.4 

4 1530 435.3 435.3 393.5 270.7 149.0 67.5 15.1 0.4 

6 1666 501.1 501.1 280.2 124.8 76.2 20.7 

8 1272 318.3 318.3 198.1 70.6 39.2 2.4 0.3 

9 1934 241.9 241.9 66.1 3.5 

10 636 515.5 515.5 442.4 244.7 119.4 36.5 14.4 5.1 0.2 

Il 3878 332.4 332.4 229.5 137.7 0.5 

12 151 143.4 143.4 119.5 102.8 76.5 52.2 30.0 12.2 2.7 0.1 

13 

.Ç:' 

.Ç:' 



Table 5. Plot no. 1. Hardwood d.b.h.l.b. dlameters and helghts at tlme of outtlng and at eaoh 
5 year lnterva1 prlor to outtlng. 
dlameter (ln.) 
helght ( ft.) 

'l'ree no. d.b.h.o.b. !i2l! :.5. -10 -15 -20 -25 -30 :::u -40 - -
1 5.90 5.50 4.80 4.00 3~10 2.20 1.55 0.80 

53.60 49.92 46.24 37.30 31.44 25.00 18.17 1.20 

Br 1 2.70 2.30 1.60 0.70 
37.90 32.06 23.86 16.55 12.83 

2 4.10 3.90 3.55 2.90 2.10 1.60 1.10 0.50 
49.80 47.11 41.40 33.79 26.37 17.82 12.70 5.87 

3 2.60 2.40 2.25 1.80 1.40 1.10 0.60 
39.40 36.13 30.27 23.63 17.39 10.65 0.70 

4 3.10 2.90 2.75 2.20 1.75 1.45 0.80 
41.40 38.83 31.83 25.00 19.87 14.75 0.90 

5 6.80 6.35 5.65 4.70 3.70 2.70 1.80 1.05 
54.10 48.23 41.40 33.20 22.95 18.17 14.75 9.42 

Br 1 2.55 1.90 1.10 0.15 
29.10 24.73 18.87 Il.14 1.30 

6 3.70 3.55 3.40 3.15 2.75 2.30 1.90 1.70 1.30 
45.80 45.61 43.86 39.76 33.20 25.59 19.53 12.70 1.20 

7 2.50 2.25 2.10 1.75 1.20 0.70 
36.90 33.00 29.10 23.97 16.80 7.78 

8 5.40 ~.40 4.80 3.85 ~.05 2.30 1.70 1.15 0.60 
5 .00 50.06 45.50 3 .67 29.10 23.24 16.80 10.65 5.52 

.{::-
\J\ 
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the total volume of plot no. 6 at age 18 yeaTs ls greater than 

that of plot no. 9 for the same age, the true lndlcator of 

slte, helght at 50 years, shows an lndex greater for plot no. 

9 than for plot no. 6 (F1g. 12). Cons1der1ng these dlfferences 

a potentlal productlvlty curve for plot no. 9 has been drawn 

sUbJectlvely as shown ln Flg. 10. Thls curve probably shows con­

servatlve estlmates for volume productlon at age 50 years. 

Regardlng plot no. 12, a very hlgh ultlmate volume was 

requlred ln order to obtain the deslred stralght 11ne relation­

shlp for projection purposes. The h1gh ultlmate value (24,000 

cu. ft.) ls attrlbuted to the fact that the stand withln whlch 

the plot was located has exper1enced an lncrease ln CA! follow­

lng what appeared to be a culminatlon of CAl. This also ac­

counts for the steepness of the productlvlty curve ln Flg. 10. 

Since the stand was 46 years of age, there was no necesslty 

to apply Backman's model ln order to arrive at a volume pre­

dlctlon for 50 years. Instead, the volume at 50 years of age 

was estimated, uslng the product1vlty curve as a guidellne. 

For practlcal purposes all plots have been placed lnto 

three productivlty classes as shown ln Table 6. As a result as 

lndicated ln Flg. 10 each potential productlvlty class 1s re­

presented by two or more of the plots analyzed. The data read 

trom the volume over age curves .as used for the constructlon of 

general curves for the three productivlty classes (F1g. 11). The 

steepness of the volume over age curve for potential pro­

ductlv1ty class II ln Fig. 11 ls prlmarl1y attributed to the 
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steepness of the 1nd1v1dual volume over age curve of plot no. 

12 (F1g. 10). 

Table 6. Potent1al product1v1ty class volume l1m1ts. 

Potent1al Product1v1ty 
Class 

l 
II 
III 

Total L1ve Volume (cu. ft.) 
(50 yrs.) 

6000+ 
4500-6000 
3000-4500 

E. SOFT MAPLE YIELD TABLES 

49 

Ideally the y1eld table should show, for var10us s1tes, 

the development of the stand per1od1cally throughout 1ts 

h1story. The table should 1nd1oate such features as stand 

stock1ng, basal area, volume, and he1ght of dom1nants at age 

1ntervals. Essent1ally the y1eld table 1s the bas1s from wh1ch 

any t1mber management or econom10 dec1s1on may be made for a 

part10ular s1te, and 1s used as a tool for ass1st1ng with land 

use dec1s1ons where forestry 1s to be g1ven any amount of con-

s1derat1on. 

Soft maple y1eld tables developed from the potent1al 

product1v1ty curves of F1g. 11 are presented 1n Tables 7, 8 and 

9. W1th regard to these tables oerta1n lim1tat1ons as follows 

should be kept 1n mind. 

(1) Stands are of second growth copp1ce or1g1n. 

(2) Stands are, at a minimum, fully stocked. 



SOFT MAPLE YIELD TABLES 

Table 7. Potential production c1ass I. cu. rt./acre/yr. 

W. Dominant ht. ~rt·l Volume cu. rtLacre Qg! 

20 52 3000 240 . 
25 58 4200 180 
30 64 5100 160 
35 69 5900 120 
40 73 6500 80 
45 77 6900 60 
50 80 7200 

Table 8. Potential production c1ass II. eu. rt./acls/yr. 

20 39 1900 120 
25 46 2500 100 
30 52 3000 120 
35 58 3600 100 
40 62 4100 100 
45 67 4600 100 
50 69 5100 

Table 9. Potentia1 production class III. cu. rt/acre/yr. 

20 34 1100 140 
25 40 1800 120 
30 45 2400 120 
35 50 3000 80 
40 54 3400 60 
45 57 3700 40 
50 59 3900 

*Gross current annua1 increment. 
**Gross mean annua1 inerement. 

50 

l'IAI** 

150 
168 
170 
169 
163 
154 
144 

95 
100 
100 
103 
102 
102 
102 

55 
72 
80 
86 
85 
82 
78 



(3) Stands have not undergone any major change since 

their inception. 

(4) AIl assumptions made with regard to past and 

future mortality are realistic. 

F. SITE INDEX CURVES 

51 

From the graphs of App. 8, values for percentage of 

ultimate height at different ages were converted to absolute 

values. These values were plotted over age, resulting in the 

site index curves shown in Fig. 12. As with the potential pro­

ductivity curves, the site index curves have also been placed 

into classes. Fig. 13 shows the grouping of the site index 

curves into classes l, II and III which are defined as the 

total height (60', 70' and 80' respectively) at 50 years of 

age. 
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v. SOME APPLICATIONS OF RESULTS 

A. CORREIATION BETWEEN SITE INDEX AND 

PRODUCTIVITY CLASS 

W1th the s1te 1ndex classes of l, II and III being 

assigned to the curves of Fig. 13 for 60, 70 and 80 site ln­

dlces respectlvely, a perfect correlatlon between the site 

lndex classes and the potentlal productlvlty classes 1s ob­

served ln Table 10. For aIl plots, potential productlvlty 

classes are numerlcally equivalent to their slte classes. 

Thus, lf a stand's age and helght are known a reasonable 

estlmate of the slte's potentlal productlvlty can be made. 

Table 10. Relat1onsh1p between site 1ndex and productlvlty 
class. 

Slte 
class 

l 
II 
III 

Rt. range of Product1v1ty Vol. (total) 
dominants (ft·l class raœe ~cu. ft.l 

80-90 l 6000+ 
70-80 II 4.500-6000 
60-70 III 3000-4.500 

B. RELATIONSHIP BETWEEN NOISTURE REGIME AND 

POTENTIAL PRODUCTIVITY NEASURES 

Total production at .50 years and s1te index (he1ght at 

.50 years) were plotted over mo1sture reglme, for each plot 



(Figs. 14 and 15 respectively). Linear regression equations 

were established in each case. The R2 value8 (coefficient of 

determination) indicates that there is a strong correlation 

55 

between volume and moisture regime and between site index and 

moisture regime. In each case, if plot. no. 12 is excluded 

from the calculations, the R2 value increases from 0.89 to 0.96 

and from 0.88 to 0.94 for the dependent variables of volume and 

site index respectively. It is felt that there is strong 

justification for not including plot no. 12 in the linear re­

gression calculations because of the peculiar growth pattern 

exhibited (described in Section IV, D). 

In either case, volume on moisture regime or site in-

dex on moisture regime, the relationships support Applequist's 

(1960) statement that ·certain species on wet sites do not ne­

cessarily yield higher returns when situated on dry sites.~ 

C. RELATIONSHIP BETWEEN COLLECTED PRODUCTIVITY DATA 
AND THE CAPABILITY CLASSES OF THE CANADA LAND 

INVENTORY (CLI) 

The forest use capability classes as outlined by the 

Canada Land Inventory (CLI) (HcCormack, 1966) can be readily 

applied to the sites studied in this research. The capability 

classes (seven in total) are defined by a range of mean annual 

increments, based upon the volume of merchantable wood of a 

suitable indicator species that can be expected from managed 

~2 (coefflclent of determinatlon) ls the measure of 
the amount of the var1at1on 1n the Y or dependent var1able that 
ls accounted for by the lndependent var1able used to formulate 
the equat1on. 
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stands at rotation age. From personal experienoe the soft 

maples are cons1dered to be the optimum ind1cator spec1es for 

the imperfectl7 drained s01ls of the areas stud1ed. lt 1s 

high17 un11ke17 that an7 other spec1es wou Id be able to tolerate 

the 1nundation that the soft maples are sUbjected to during the 

1nitial period of the growing season. 

Honer's (1967) conversion model wh1ch employs the ratio 

of squared diameters vas used for oonvert1ng each sample tree's 

gross cubic volume to merchantable volume (App. 9 shows app11ca­

t10n and results of the convers10n model). Using merchantable 

volumes of the sample trees. merchantable volumes for the 

different plots studied were calculated and ult1mately. 

merohantable volumes for the d1fferent product1v1ty classes 

were determ1ned. Table Il shows the relat10nsh1p between the 

mean annual increœent for the produotiv1ty classes of th1s 

study and the mean annual lncrement of the CLl. 



Table 11. Relat1onsh1p between y1eld olasses, potent1al produotlv1ty olasses, and 
the forest use oapab1l1ty olasses ~f the Canada Land Inventory. 

Def1ned Total Meroh.* 
IJl.A.I. volume volume M.A.I. 

CLI (maroh. at Potent1al produot1on produot1on meroh. 
oapab1l1ty rotat1on age) Y1eld produot1v1ty (50 yrs.) (50 yrs.) (50 yrs.) 
olasses ou. ft. ola_l:ls olass ou. ft. ou. ft. ou. ft. 

1 110 exoept1onal l 7220 6320 127 

2 90-110 1 I 

) 70-90 2 II 5075 4230 85 

4 50-70 J III 4920 3120 62 

5 )0-50 4 IV 

6 10-)0 

7 0-10 

*See App. 9 for method of merohantable volume determ1nat1on. 

\J\ 

'" 



VI. DISCUSSION 

The study bas revealed, quantltatlvely, the lnherent 

abl1lty of lmperfectly dralned solls ln Southwestern Quebec 

to produce second growth copplce soft maple. Prlmarl1y, the 

value of the study Iles ln the practlcal appllcatlon of pro­

ductlvlty values to varlous sltes withln the general land type 

or withln other slmllar land types of the same slte reglon. 

Forecasted ylelds at varlous ages, for land that ls presently 

forested, can be made b.Y correlatlng slte lndex wlth pro­

ductlvlty. A rellable correlatlon can be made between molsture 

reglme and potentlal productlvlty but further lnvestlgatlon, 

lnclud1ng the establlshment of a greater number of plots on 

a wide range of sltes, would be deslrable. 

Analysls of data reveals growth trends of lndlvldual 

trees and of stands as a whole. Thls informatlon can be used 

as a basls for the establlshment of management guldellnes for 

soft maple on such sltes as were studled. 

Uslng the potentlal productlvltles as a base, the current 

value of forest land can be determlned ln much the same way as 

was done b7 Love and Wllliams (1968). By making available an 

lnventory of calculated potentlal productlvltles for the varlous 

sltes, the land manager ls able to predlct the potentlal pro­

ductlv1ty on a reglonal basls. 

60 
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The potentia1 productivity data presented constitutes 

one of the factors required for determin1ng the optimum use of 

a particular site. 
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Append1x 2, Plot descriptions. 

Plot Plot Plot Present B.A/acre Major* M1nor* 8011** M01sture 
l12&- 8~1j! '.Cites) shaJ2e &e (SQ. ft.' spe01es sJ)ec1es texture reK1me Aspeot 

l 0.10 reot. 37 96.4 rM rO,gB olay 4 flat 

2 0.10 reot. 41 155.3 rM 1B clay 2 south 

4 0.10 rect. 35 162.6 rM gB sand - 4 flat 
clay 

6 0.033 01rcl. 28 207.2 sM wEI olay .5+ fIat 
rM 

8 0.033 oircl. 33 140.7 rM blA olay 4 fIat 
sM WEI 

9 0.033 oirol. 18 111.3 rM olay 5 fIat 

10 0.033 cirol. 40 168.2 rM Be sand :3 fIat 
olay 

11 0.033 01rol. 20 159..4 rM blA sand lu- fIat 
sM WEI ëIaY 

12 0.033 01rol. 44 182.7 rM hM sand l north 

13 0.066 oirol. 51 138.5 rM He sand 3 8-E 

*rIot-red map1e 1 s~1-s11ver maple 1 rO-red oak 1 gB-grey b1rohl WEl-wh1te elm, blA-black ashl hM-bard 
maplel He-hemlook, 1R-1ronwood; Be-beech. 

**parent mater1al. 

()'\ 

'" 



Horizon 

A 
B 

B-C 
C 

A 
B 
C 

D 

D 

Plot 1 

Thickness 

2" 
5" 

3" 

Plot 2 

2 1/2" 
6" 
8" 

Plot 4 

4 1/2" 
1"-1 1/2" 

6 1/2" 
16"-20" 

APPENDIX 3 

SOILS DESCRIPTIONS 

Total 
de;eth 

2" 
7" 

10" 
to 22" 

2 1/2" 
8" 

Remarks 

-down to top of clay; heavy 
mottling 
-clay w1 th' .heavy mottling 
-parent material; clay 

moisture regime 1 4 
depth to carbonatesl none 

-loam -- sandy loam 

70 

16" -medium to fine sand; blocking, 

4 1/2" 

as forming to sandstone; 
mottled Just above D layer 

-clay (moderate structure) 

moisture reglme& 2 
depth to carbonatesJ none 

5 1/2"-6" -leached, ash grey 
12 1/2" -dark brown sand 
30 1/2" -medium sand, llght brownlsh 
(approx.) grey and mottled throughout 

+ -clay 

moisture reglmel 4 
depth to carbonates, none 
-few stones found throughout 
the sand 



Horizon 

D 

A 
B 
C 

D 

Plot 6 

Thickness 

2 1/2" 
4" 

5 1/2" 

Plot 8 

3" 
3" 

Plot 9 

1 1/2" 
2" 
3 1/2" 

Plot 10 

3 1/2" 
3 1/2" 
5" 

12" 

below 24" 

Total 
depth 

2 1/2" 
6 1/2" 

12" 

+ 

3" 
6" 
+ 

1 1/2" 
3 1/2" 
7" 

3 1/2" 
7" 

12" 

24" 

Remarks 

-organic 
-black, decomposed organic 
matter 

-ash grey -- light brown 
sand with heavy mottling 

71 

C layer is a medium sand 
clay with a mixing of sand 
in the upper portion -- heavy 
structure and mottling 

moisture regime: 5+ 
depth to carbonatesl none 
line of distinction between 
C and D is very irregular 

-organic 
-clay loam; grey 
upper section 

moisture regime 1 4 
depth to carbonates: none 
-about 50% of the upper C 
is brown -- this could be 
a transition layer of B-C 

-organic layer 
-grey loamy clay 
-heavily mottled; 80% of 
clay is iron brown 

-grey clay of moderate 
structure 

moisture regime: 5 
depth to carbonatesl none 

-1/2" litter over 3" humus 
reddish sandy lo~ 

-buff color sand; some 
mottling 

-light brown-ash grey medium­
fine sand, some mottling 

-clay with mottling 



Horizon 

A 
B-C 

D 

A 
Bl 

B2 

C 

A 
B 
C 

Th1ckness 

Plot 11 

7 1/2-
7 1/2" 

Plot 12 

5-9" 
3" 

1" 

below 13" 

Plot 13 

Total 
depth 

7 1/2" 
15" 

5-9" 
8-12" 

9-13" 

3 1/2" 3 1/2" 
5" 8 1/2" 
belolf 8 1/2" 
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Remarks 

mo1sture reg1me: 3 
depth to carbonates 1 none 
-depth to clay 1s very 
variable; as high as 12" 
with very 11ttle amount of 
sand 

-organ1c 
-medium sand with small 
quant1t1es of clay which 
reacted With ac1d; many 
rocks and boulders of vary-
1ng s1zes and shapes (all 
were non-calcareous) 

-clay, w1th sand, rocks and 
small stones; some lenses of 
coarse sand whlch were hlghly 
calcareous; some areas of the 
clay very bard and masslve as 
ln a pan layer 

-molsture reglmel 4+ 
-depth to carbonatesl 10" 

(calcareous clay wlthln the 
B-C layer) 

-sand; leached ash grey; very 
lrregular ln pattern 

-thln layer of dark brown 
sandy loam; h1gh quantlty 
of gravel 

-orange brown sand with a 
hlgh quantlty of gravel 

mo1sture reg1mel 1 
depth to carbonatesl none 

-brown; sand pan 
-sandstone; heavy mottl1ng 
mo1sture reg1mel 3 
depth to carbonatesl none 
-large quant1ty of rocks and 
stones throughout profile 



Table Al. Plot 1-age 37 yrs. Hardwood volumes (cu. ft.) at time of cutting and at each five year 
interva1 prior to cutting. 

~ ~ ~ ::!Q -15 -20 -25 -30 ::.ll -40 -45 

1 4.213 3.265 2.031 1.048 0.474 0.195 0.079 0.002 

Br l 0.870 0.590 0.254 0.060 0.009 

2 1.801 1.467 0.847 0.423 0.208 0.088 0.023 0.008 

:3 0.622 0.531 0.311 0.146 0.071 0.018 0.001 

4 0.975 0.847 0.508 0.262 0.135 0.034 

5 5.239 3.942 2.294 1.068 0.539 0.220 0.062 0.005 

Br 1 0.703 0.375 0.145 0.013 

6 1.965 1.723 1.323 0.877 0.504 0.280 0.179 0.100 0.009 

7 0.555 0.429 0.244 0.113 0.042 0.011 

8 4.128 3.190 1.976 0.897 0.414 0.212 0.091 0.030 0.004 

-..J 
~ 



Table A2. Plot 2-age 41 yrs. Hardwood volumes (cu. ft.) at t1me of cutt1ng and at each f1ve­
year 1nterva1 pr10r to cutt1ng. 

:.ttu. No" :2 -10 -15 -20 -25 -JO :l2 -40 ::!±2 -- - - -
1 10.172 8.315 6.294 4.140 2.429 1.259 0.568 0.167 0.009 

2 4.111 3.604 2.979 2.118 1.293 0.728 0.329 0.092 0.008 

3 7.316 6.042 4.577 3.501 1.943 0.903 0.448 0.122 0.001 

4 3.763 3.323 2.753 1.905 1.289 0.713 0.379 0.108 

5 10.897 8.723 6.415 3.414 1.551 0.577 0.252 0.059 0.003 

6 8.522 7.076 5.524 3.507 2.080 0.976 0.354 0.100 0.001 

7 2.242 2.04) 1.717 1.259 0.807 0.44) 0.18) 0.07) 

8 5.504 4.696 ).747 2.502 1.654 0.9)7 0.588 0.210 0.005 

-..J 
~ 



Table A3. Plot 4-age 35 yrs. Hard.ood volumes (ou. ft.) at time of outting and of eaoh five­
year interva1 prior to outting. 

:n:u lia.. :2 =l.Q -15 .:!Q -25 -30 :Jj :!t.Q. 
1 2.137 1.927 1.401 0.788 0.421 0.159 0.019 

2 1.290 1.128 0.891 0.519 0.285 0.100 0.015 

3 1.013 0.861 0.660 0.401 0.161 0.033 

4 3.141 2.618 1.663 1.061 0.563 0.215 0.023 

5 1.275 1.073 0.848 0.505 0.257 0.115 0.022 

6 1.130 0.989 0.773 0.453 0.235 0.127 0.~35 

7 2.438 2.074 1.612 1.045 0.519 0.186 0.031 

8 4.232 3.216 2.220 1.212 0.579 0.217 0.033 

9 4.303 2.855 1.774 0.877 0.393 0.098 0.021 

10 1.)65 1.064 0.719 0.463 0.213 0.082 0.010 

11 0.758 0.694 0.499 0.324 0.173 0.050 0.002 

12 2.695 2.113 1.618 0.974 0.512 0.252 0.060 0.001 

13 2.439 1.620 1.068 0.554 0.233 0.068 0.006 

14 2.166 1.605 0.992 0.501 0.204 0.061 

lS 3.076 2.209 1.401 0.761 0.328 0.109 0.009 

16 5.305 3.659 2.392 1.261 0.517 0.141 0.007 
-...J 
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Table A4. Plot 6-age 28 yrs. Hardwood volumes (ou. ft.) at t1me of cutt1ng and at each flve­
year 1nterva1 pr10r to cutt1ng. 

It.u No. :j, -10 -15 ~ -25 -30 .:lS. :!Q -45 -50 

1 4.045 3.263 1.953 0.736 0.269 0.058 

2 3.560 2.975 1.951 0.926 0.321 0.059 

3 6.828 4.878 2.686 1.161 0.419 0.048 

4 4.843 3.748 2.276 0.987 0.340 0.04) 

5 1.934 1.652 1.150 0.689 0.328 0.0.51 

6 1.870 1.377 0.940 0.489 0.210 0.029 

7 1.516 1.325 0.990 0.448 0.159 0.010 

8 7.544- 4.675 2.264 0.859 0.303 0.049 

9 9.)28 5.982 3.604 1.984 0.951 0.117 
Br 1 0.964 0.727 0.347 0.051 

10 10.095 6.754 3.719 1.494 0.382 0.026 
Br.1 1.201 0.587 0.151 0.013 

Il 4.813 3.399 2.138 1.005 0.364 0.037 

12 1.405 1.259 0.715 0.310 0.070 

13 0.934 0.766 0.381 0.179 0.052 

14 14.440 10.451 6.633 3.284 1.076 0.100 
Br 1 2.173 2.035 1.503 0.582 0.102 

15 1.082 0.977 0.718 0.392 0.137 0.007 

-...J 
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Table AS. Plot 8-age 33 yrs. Hardwood volumes (cu. ft.) at time of cutting and at each five 
year interval prior to cutting. 

un Now :j :!Q -15 -20 - -25 -30 :.ll -40 -
1 2.311 1.165 1.086 0.502 0.285 0.048 0.009 

2 2.293 1.639 0.944 0.389 0.211 0.032 0.008 

3 1.848 1.391 0.834 0.313 0.170 0.051 0.009 

4 1.842 1.360 0.808 0.361 0.141 0.026 0.002 

5 4.014 2.908 1.614 0.742 0.254 0.078 0.014 

6 3.439 2.369 1.319 0.551 0.264 0.0)2 0.004 

1 4.413 3.318 2.370 1.302 0.12) 0.210 0.0)1 

8 2.145 1.902 1.214 0.634 0.321 0.105 0.016 

9 2.291 1.624 1.046 0.461 0.220 0.050 0.006 

10 ).519 2.619 1.660 0.906 0.453 0.129 0.021 

Il 2.910 1.944 1.2)0 0.551 0.254 0.018 0.015 

12 0.585 0.521 0.415 0.269 0.123 0.028 0.001 

"'-l 
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Table A6. Plot 9-age 18 yrs. Hardwood volumes (cu. ft.) at t1me of cutt1ng and at each f1ve 
year 1nterva1 pr10r to cutt1ng. 

Tree ~ :.l :lQ -15 ~ -25 -30 

l 3.126 1.819 0.724 0.114 

2 1.325 0.851 0.336 0.057 

3 4.182 2.418 1.157 0.176 

4 2.693 1.333 0.571 0.093 

5 2.019 1.143 0.400 0.032 

6 1.102 0.524 0.160 0.013 

7 1.';t80 0.998 0.399 0.054 

8 1. ,J73 0.757 0.252 0.029 

9 1.606 0.953 0.405 0.054 

10 2.862 1.628 0.599 0.067 

11 1.000 0.673 0.214 0.014 

12 1.582 0.943 0.426 0.050 

13 0.964 0.585 0.150 0.002 

14 0.854 0.561 0.178 0.004 

15 4.150 1.961 0.599 0.029 

---.1 
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Table A7. Plot 10-age 401rs. Hardwood volumes (ou. ft.) at time of outting and at eaoh five 
year interva1 prior to outting. 

II.!!. !i2.!t ::2 :l.Q. -15 ~ -25 -30 :.ll :!2 -45 

1 4.412 3.602 ? 654 1.804 1.033 0.464 0.161 0.067 

2 7.457 5.971 lf..142 2.391 1.281 0.565 0.246 0.082 0.001 

3 8.528 5.681 3.344 1.563 0.590 0.247 0.087 0.025 

4 2 .. 963 2.616 1.947 1.010 0.537 0.244 0.124 0.040 

5 1.880 1.642 1.024 0.510 0.205 0.089 0.022 

6 5.359 4.160 2.965 1.358 0.759 0.342 0.195 0.033 

7 7.762 6.590 4.829 2.374 1.023 0.337 0.124 0.036 

8 7.111 5.696 3.777 2.017 0.822 0.250 0.085 0.021 

9 10.947 8.942 6.180 3.892 2.088 0.925 0.401 0.105 

10 10.977 8.278 5.599 2.819 1.296 0.557 0.262 0.046 

Br 1 0,491 0.283 0.103 0.002 

Il 14.224 10.183 6.228 3.151 1.469 0.691 0.296 0.094 

12 3.539 2.934 2.173 1.209 0.558 0.167 0.072 0.018 

13 7.410 5.474 3.876 2.233 1.061 0.446 0.209 0.058 

14 3.612 2.922 2.026 1.039 0.403 0.122 0.042 0.010 

~ 
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Table A8. Plot 11-age 20 yrs. Hardwood volumes (ou. ft.) at tlme of outting and at each five 
year interva1 prior to outting. 

hl.! li2! ,:j -10 -15 -20 -25 -30 :.ll -40 - - -
1 2.695 1.783 0.822 0.216 0.001 

2 1.181 1.123 0.549 0.160 0.001 

3 0.646 0.488 0.264 0.069 

4 1.396 0.846 0.374 0.140 

5 0.366 0.305 0.162 0.059 

6 1.129 0.695 0.331 0.113 

7 0.724 0.521 0.253 0.080 

8 2.142 1.353 0.825 0.234 

9 1.917 1.147 0.420 0.101 

10 0.472 0.314 0.149 0.048 

11 1.028 0.799 0.432 0.175 

12 1.301 0.992 0.682 0.289 0.001 

j 
\ 
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Table A9. Plot 12-age 44 yrs. Hardwood volumes (ou. ft.) at time of outting and at eaoh five 
year lnterval prior to cutting. 

ttu. 1!2l! :.2 -10 -15 -20 -25 -30 :Jj :!tQ. -45 - -
1 7.:3:31 5.547 4.:37:3 2.951 1.585 0.905 0.:372 0.087 0.004 

2 9.950 7.521 .5.509 .:3.911 2.245 1.:354 0.541 0.1:31 0.012 

:3 2.779 2.:391 2.058 1.650 1.173 0.919 0.498 0.217 0.034 

4 14.940 12.551 10.006 6.952 3.981 2.502 1.095 0.242 0.012 

Br 1 0.709 0.458 0.265 0.127 0.0:30 0.001 

5 :3.970 :3.571 2.782 1.996 1.208 0.671 0.325 0.056 0.013 

6 5.20:3 4.098 3.263 2.422 1.504 0.957 0.432 0.102 0.034 

7 9.517 7.487 5.753 4.207 2.:338 1.366 0.632 0.184 0.029 0.001 

8 :3.7:36 :3.241 2.661 2.146 1.543 1.097 0.615 0.225 

9 9.961 7.691 5.675 4.096 2.259 1.:352 0.565 0.149 0.015 

Bl" 1 0.695 0.422 0.224 0.101 0.004 0.001 

10 4.558 :3.970 :3.:327 .2.45:3 1.507 0.986 

11 9.040 7.705 6.510 4.794 3.0:32 1.860 0.925 0.:318 0.065 

12 12.278 9.586 7.585 5.578 2.975 1.756 0.656 0.160 0.030 0.001 

en ..... 
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Table A10. Plot 13-age 51 yr8. Hardwood volumes (cu. ft.) at tlme of cutting and at each five 
year lnterva1 prlor to cutting. 

ll:!.!. Now ::2 -10 -15 -20 -25 -30 .:.ll -40 -45 -50 ::j.i - - - -
1 9.276 7.984 6.625 4.984 3.665 2.551 0.643 0.209 0.022 0.002 

Br 1 0.790 0.707 0.550 0.329 0.123 0.028 0.001 

2 16.601 14.186 11.579 9.805 6.575 4.020 1.705 0.840 0.272 0.074 

Br 1 2.706 2.264 1.826 1.381 0.929 0.490 0.169 0.007 

Br 2 0.584 0.422 0.248 0.152 0.081 0.008 

3 21.098 18.387 15.592 11.956 7.704 4.101 1.356 0.526 0.178 0.006 

4 3.791 3.458 2.954 2.106 1.279 0.545 0.209 0.081 0.014 

5 7.777 6.477 5.051 3.574 2.167 1.159 0.357 0.101 0.020 

6 11.977 10.263 8.192 6.118 3.885 2.251 0.916 0.448 0.155 0.034 

Br 1 3.827 3.,344 2.735 2.102 1.279 0.766 0.243 0.091 0.002 

Br 2 1.601 1.214 0.815 0.501 0.266 0.097 0.002 

7 11.394 10.258 8.775 7.008 5.148 3.366 1.605 0.712 0.266 0.66 0.022 0.001 
8 9.797 9.009 7.734 6.149 4.373 2.876 1.832 1.195 0.673 0.233 0.065 0.004 

9 16.894 14.192 11.597 9.115 6.464 4.456 2.639 1.848 0.977 0.321 0.063 

Br 1 0.908 0.726 0.525 0 • .346 0.183 0.085 0.02,3 

10 8.374 7.101 5.771 4.236 2.753 1.618 0.735 0.412 0.111 0.027 0.003 
()) 
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Table AlI. Plot no. 1. Hardwood d.b.h.i.b. diameters and heights at time of cutting and at each 
5 year interva1 prior to cutting. 
d1ameter in. 
height ft. 

Tree no. d.b.h.o.b. !i2!! ::.2 ::lQ -15 -20 -25 -30 ::Jj, -40 

1 5.90 5.50 4.80 4.00 3.10 2.20 1.55 0.80 
53.60 49.92 46.24 37.30 31.44 25.00 18.17 1.20 

Br 1 2.70 2.30 1.60 0.70 
37.90 32.06 23.86 16.55 12.83 

2 4.10 3.90 3.55 2.90 2.10 1.60 1.10 0.50 
49.80 47.11 41.40 33.79 26.37 17.82 12.70 5.87 

3 2.60 2.40 2.25 1.80 1.40 1.10 0.60 
39.40 36.13 30.27 23.63 17.39 10.65 0.70 

4 3.10 2'40 3~:~j 2.20 1.75 1.45 0.80 
41. 0 31.83 25.00 19.87 14.75 0.90 

5 6.80 6.35 5.65 4.70 3.70 2.70 1.80 1.05 
54.10 48.23 41.40 33.20 22.95 18.17 14.75 9.42 

Br 1 2.55 1.90 1.10 0.15 
29.10 24.73 18.87 Il.14 1.30 

6 3.70 3.55 3.40 3.15 2.75 2.30 1.90 1.70 1.30 
45.80 45.61 43.86 39.76 33.20 25.59 19.53 12.70 1.20 

7 2.50 2.25 2.10 1.75 1.20 0.70 
36.90 33.00 29.10 23.97 16.80 7.78 

8 5.40 5.40 4.80 3.85 3.05 2.30 1.70 1.15 0.60 
54.00 50.06 45.50 38.67 29.10 23.24 16.80 10.65 5.52 

(» 
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Table A12. Plot no. 2. Hardwood d.b.h.i.b. diameters and he1ghts at tlme of cutting and at 
e.ch 5 year interva1 prior to cutting. dl_.ter il,.) 
helght {r • 

'l'rH no___ d.b.h.o. b. Now :..2 -10 -15 ~ -25 -30 .:.ll :!tQ. - -
l 8.50 1.65 1.05 6.50 5.65 4.55 3.10 2.15 1.85 

56.40 55.36 54.32 50.42 42.22 31.83 22.54 15.43 1.18 

2 5.60 5.30 5.05 4.80 '4.40 3.75 3.00 2.15 1.15 
58.50 55.83 52.53 46.67 40.81 34.02 25.00 15.98 6.55 

3 7.10 6.85 6.40 5.30 4.95 4.40 3.40 2.3.5 1.30 
57.70 53.70 49.97 46.25 40.03 29.10 23.24 15.98 5.45 

4 6.10 4.80 4. 5, 4.25 3.70 3.25 2.65 2.10 
61.90 56.0 50.19 44.47 39.35 32.38 24.18 16.80 

5 8.90 7.80 7.05 6.10 4.65 3.35 2.25 .1.75 1.00 
65.30 61.90 55.07 49.60 42.77 33.79 26.37 14.75 7.23 

6 7.50 6.80 6.35 S.80 5.00 4.00 2.95 2.00 1.05 
61.90 58.91 56.04 51.65 42.77 35.25 25.82 16.80 1.30 

? 4.20 4.10 4.05 3.90 3.70 3.35 2.6~ 1.90 
54.10 50.42 46.32 41.86 37.30 31.4 20.90 9.06 

8 6.10 5.70 5.35 4. 00 4.30 3.65 3.00 2.40 1.5~ 
61.90 58.17 5 .45 48.23 41.40 35.25 30.12 22.5 7.40 

(X) 
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'rable Al). Plot no. 4. Hardwood d.b.h.l.b. dlameter and helghts at tlme of cuttlng and at each 
5 year lnterval prlor to cuttlng. 
dlameter ln 
helght ft. 

t'ree no. d. P. h. O ___ bL ~ :j :1:Q -15 -20 -25 -30 :.ll -40 -45 - -
l 4.80 4.,50 3.90 3.55 2.85 2.30 1.60 

49.00 46.19 42.21 36.50 28.50 18.90 10.50 

2 3.30 3.40 3.20 2.85 2.30 1.80 1.20 
40.90 39.21 37.52 33.83 27.17 20.50 9.83 

) 3.40 2.85 2.65 2.40 2.00 1.50 
42.30 38.67 34.72 30.28 20.50 12.50 

4 5.70 5.20 4.50 3.85 3.35 2.70 1.85 
48.90 45.23 39.93 34.21 28.50 18.90 10.50 

5 3.70 J. 2O 3.10 2.80 2.30 1.80 1.30 
.40 41.36 38.32 33.30 25.83 18.50 9.30 

6 3.30 3.20 3.00 2.75 2.40 1.90 1.50 
44.20 40.70 37.20 31.93 24.50 16.50 9.83 

7 4.70 4.50 4.35 3.85 3.15 2.45 1.70 
46.20 42.50 39.17 35.17 28.50 20.50 10.50 

8 6.10 6.05 5.35 4.60 3.65 2.70 1.85 
47.80 44.50 40.06 35.36 29.64 20.50 10.50 
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Table A13. (continu.d). 

Tree no. d.b.h.o.b. li2.!! ::2 -10 -
9 6.00 5.65 4.80 3.95 

48.40 44.50 40.06 

10 ).60 3.75 3.35 2.90 
40.60 37.18 33.83 

Il 2.90 2.70 2.60 2.25 
31.70 29.57 27.43 

12 4.90 4.60 4.15 3.70 
48.70 44.50 39.50 

13 4.50 4.25 3.65 ,3.15 
46.40 41.30 37.30 

14 4.40 3.90 3.3.5 2.70 
48.00 45.08 40.50 

15 5.10 4.80 4.25 3.50 
48.,S0 44.50 38.79 

16 6.70 6.30 5.3~ 4)45 
53.80 48.9 44.50 

-15 ~ 

3.05 2.25 
34.50 25.,30 

2.45 1.85 
30.50 25.30 

1.95 1.55 
25.30 20.50 

3.10 2.30 
34.21 28.50 

2.40 1.70 
28.50 21.83 

2.10 1.,S0 
,34.90 26.,S0 

2.85 2.0,S 
32.50 24.50 

3.'s0 2.,30 
36~50 29~83 

-25 

1.10 
17.30 

1.25 
16.50 

0.75 
12.50 

1.80 
21.83 

1.00 
12.50 

0.9's 
16.,S0 

1.,3,S 
1's.70 

1.,S0 
17.83 

-20 

9.,30 

8.50 

0.30 

0.90 
12.50 

5.83 

O.JO 

6.,S0 

6.,S0 

:lï 

1.40 

.=!t.Q 
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Table A14. Plot no. 6. Hardwood d.b.h.1.b. d1ameters and he1ghts at t1me of outt1ng and at 
eaoh 5 year 1nterval pr10r to outt1ng. 
d1ameter t1n.) 
he1ght (f .) 

Tree no. d.b.b~o.~ ri2!! .:.i ::!Q. -15 ~ -25 -30 

1 5.50 5.00 4.50 3.55 2.55 1.90 
52.90 52.50 44.50 36.50 24.50 14.10 

2 5.10 4.80 4.65 4.25 3.10 2.10 
56.80 53.73 46.50 38.10 25.83 14.50 

3 6.90 6.30 5.6~ 4.60 3.45 2.30 
59.80 55.2 49.30 39.17 28.50 14.50 

4 6.20 5.5.5 4.80 4.05 3.00 2.05 
56.90 52.50 46.79 38.50 25.83 12.50 

5 3.90 3.70 3.60 3.20 2.6(1 2.05 
52.60 48.50 41.83 33.07 25.83 12.50 

6 4.00 3.80 3.10 2.75 2.20 1.65 
45.10 41.83 38.50 33.30 24.50 14.50 

7 3.60 J.50 3.40 J.10 2.35 1.55 
.20 41.24 38.28 J3.30 20.50 8.50 

8 7.50 7.25 5.95 4.50 J.10 2.15 
59.JO 52.50 44.50 36.50 25.83 14.50 

9 8.10 7.75 6.55 5.80 4.45 3.95 
60.20 55.39 49.30 40.50 30.50 16.50 

0:> 
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Table A14 (~ont1nue4) 

Tre~ no. d. b.h __ o.b. !i2!! :.S. 
Br 1 3.10 2.65 

32.90 28.21 

10 8.60 8.15 6.90 
60.60 55.17 

Br,l 3.45 2.50 
30.50 25.00 

11 6.10 5.60 4.85 
55.90 47.70 

12 3.10 3.60 3.55 
42.30 39.08 

13 2.90 2.80 2.65 
39.70 37.92 

14 10.20 9.85 8.70 
60.00 55.31 

Br 1 ,.30 3.20 
3 .90 29.40 

15 3.20 3.00 2.85 
42.20 39.61 

-10 -15 -
1.80 0.50 

22.20 13.40 

5.50 
46.50 

,.90 
3 .90 

1.15 
18.33 1.00 

3.95 3.00 
40.50 33.30 

3.00 2.20 
33.83 22.50 

2.00 1.55 
33.83 22.50 

7.30 5.50 
49.30 41.30 

2.70 1.60 
25.02 21.38 

2.55 2.05 
37.02 30.10 

~ 

1.40 

2.15 
25.83 

2.00 
24.50 

10.90 

14.10 

3.60 
31.17 

13.87 

1.35 
18.90 

-25 

12.50 

12.50 

20.50 

8.50 

-30 

co 
co 



rab1e A1S. Plot no. 8. Hardwood d.b.h.1.b. d1ameters and he1ghts at t1me of cutt1ng and at 
eaoh 5 year 1nterva1 pr10r to outt1ng. 
d1ameter !1n.) 
he1ght (r .) 

l'reeno. d,b,h.oLb. Now ~ ::1:Q ... 15 ::A2 -25 -JO :ll 
1 4.60 4.40 4.10 3.40 2.55 2.00 0.95 

47.30 41.50 36.50 28.50 22.79 12.50 5.83 

2 4.50 4.,0 3.75 3.00 2.15 1.70 0.70 
46. 0 40.50 35.17 28.50 21.83 12.50 7.50 

3 4.10 3.85 3.45 2.85 2.10 1.50 0.90 
45.40 41.59 37.95 28.50 21.83 15.93 8.50 

4 4.10 3.80 3.35 2.80 2.15 1.40 0.70 
46.30 41.83 37.39 30.10 23.17 12.50 5.83 

5 6.20 5.95 5.20 4.15 3.00 2.00 1.20 
48.70 42.21 36 • .50 29.83 23.17 17.07 10.50 

6 5.70 5.25 4.60 3.80 2.6.5 1.95 0.95 
47.30 41.50 36.50 27.36 21.64 11.36 5.64 

7 6.00 5.70 4.95 4.25 3.55 2.95 1.75 
47.90 42.50 39.17 34.50 25.30 18.21 12.50 

8 5.10 4.80 4.15 :3-50 2.70 2.05 1.20 
47.80 43.50 38.50 31.70 24.50 17.30 7.17 

9 4.60 4.20 3.75 3.10 2.10 1.60 0.90 
49.50 42.90 35.36 29.64 23.17 15.70 6.50 

dl 
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Table AIS. (continu.d) 

Tree no. d.b.h~.b. No. ::.i -10 - -
10 5.90 5.40 4.80 3.90 

46.90 41.07 35.50 

11 5.00 4.65 ~.85 3.20 
50.80 .050 38.79 

12 2.70 2.50 2.40 2.25 
37.70 36.70 28.S0 

-15 -20 -
3.00 2.40 

30.50 24.50 

2.30 1.70 
30.S0 23.17 

1.80 1.20 
23.S0 17.83 

-25 

1.50 
17.30 

1.10 
17.07 

0.60 
10.90 

-30 

9.30 

10.50 

0.60 

:.ll 

'" o 



Table Al6. Plot no. 9. Hardwood d.b.h.l.b. dlameters and helghts at time of outting and st 
eaoh 5 year lnterval prlor to outting. 
dlameter !ln,) 
helght (1 .) 

Trae no. d.b.h.o.b ___ .!2!! :2 . :1:Q. -15 ill 
1 5.30 .4.80 4.05 2.90 1.30 

51.50 42.50 32.50 20.50 

2 3.70 ·3.40 2.90 1.90 1.00 
4~.80 39.17 30.50 15.17 

3 5.90 5.60 4.70 3.65 1.70 
51.80 42.50 32.50 20.50 

4 4.60 4.50 3.35 2.40 1.00 
49.20 40.50 28.50 15.17 

5 4.00 3.80 3.20 2.20 0.70 
51.80 44.50 28.50 14.50 

6 2.90 2.75 2.15 1.40 0.55 
43.00 36.50 23.17 9.83 

7 4.00 3.80 ~.oo 2.10 0.90 
43.10 3 .50 25.30 15.17 

8 4.00 3.90 2.80 1.80 0.65 
46.20 36.50 26.50 15.17 

9 3.80 3.70 3.10 2.25 1.00 
45.40 36.50 26.50 15.17 

\() 
~ 



Table A16. (oont1nued) 

Tree Dth d. b.h_.o.~ Now -
10 5.00 4.85 

47.00 

11 3.40 3.25 
41.80 

12 3.80 J.70 
.10 

13 2.90 2.70 
45.20 

14 2.80 2.60 
42.00 

lS 6.10 5.55 
50.30 

:..i -10 -
4.00 2.80 

38.50 26.90 

2.80 1.65 
34.50 23.17 

3.00 2.25 
36.50 25.30 

2.45 1.30 
36.50 25.30 

2.25 1.40 
36.50 26.50 

4.15 2.75 
40.50 26.50 

-15 

1.15 
16.50 

0.30 
12.50 

0.95 
15.17 

0.30 
8.50 

0.90 

0.90 
12.50 

-20 -

\0 
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Table A17. Plot no. 10. Hardwood d.b.h.l.b. dlameters and heights at time of cutting and at 
eaoh 5 year interva1 prior to cutting. 
dlamf,ter (ln.) 
helg li (ft.) 

Tree no. d.b.h.o.b. Now .:2 -10 -15 -20 -25 -30 ::.ll -40 -45 - - - -
1 5.60 5.30 4.80 4.45 4.00 3.40 2.55 1.75 

60.50 56.50 52.50 44.50 37.83 28.50 20.50 14.79 

2 7.20 6.85 6.4~ 5.60 4.60 3.65 2.65 1.85 1.00 
62.30 56.9 52.50 45.83 38.10 28.50 21.83 15.17 1.20 

3 7.70 7.30 6.15 5.05 3.90 2.30 1.60 1.00 0.55 
64.20 55.70 48.50 40.50 30.50 23.93 17.30 9.30 0.90 

4 4.70 4.45 4j45 4.15 3.40 2.85 2.10 1.45 0.70 
54.80 52.50 47.50 39.17 28.50 20.50 16.50 12.50 0.80 

5 4.00 3.75 3.65 3.10 2.35 1.70 1.10 
51.40 47.57 43.17 36.50 25.07 18.90 11.17 

6 6.20 5.95 5.45 4.80 3.70 3.05 2.40 1.95 
55.90 53.07 47.17 36.50 29.83 19.17 15.8) 12.50 

7 7.90 7.,0 7.00 6.30 4.80 3.35 2.10 1.35 0.60 
58. 0 53.48 48.50 42.90 33.83 23.70 17.07 10.50 0.40 

8 7.30 6.90 6.15 5.05 ~.95 2.95 1.85 1.20 
61.50 55.93 50.21 .50 34.50 25.30 17.83 10.90 

9 9.10 8.60 7.85 6.90 5.90 4.80 3.40 2.40 
63.30 59.36 53.64 46.10 38.10 31.17 22.50 16.;0 

~ 
\..Al 



Table A17 (oontlnued) 

Tree no~ d. b.h.o. b.....L NOlf ::j -10 - -
10 8.60 7.50 6.90 6.00 

63.30 60.50 52.50 

Br 1 2.20 1.65 0.90 
25.50 19.37 13.27 

11 10.20 4. 75 8.20 6.95 
6 .80 60.50 53.83 

12 5.20 4.80 4.50 4.00 
53.80 49.83 45.39 

13 7.60 7.00 6.20 5.60 
60.70 55.17 49.07 

14 5.20 4.90 4.40 3.70 
53.80 50.50 45.50 

-15 -20 - -25 

4.95 3.95 3.10 
44.50 36.50 27.36 

0.70 

J.. 4O 4.00 3.00 
.50 36.50 28.50 

3.20 2.30 1.55 
38.10 31.17 20.50 

4.80 3.60 2.60 
42.90 34.90 27.36 

2.75 1.85 1~30 
39.17 31.70 22.50 

-JO 

2.30 
21.64 

2.05 
22.79 

1.05 
16.06 

2.00 
21.64 

0.85 
16.50 

::.ll 

14.10 

1.20 
16.50 

10.50 

14.10 

10.50 

-40 -

0.20 

-45 

'D 
+=" 



rab1e A18. Plot no. 11. Hardwood d.b.h.l.b. dlameters and helghts at tlme of outtlng and at 
eaoh rive year lnterva1 prlor to outtlng. 
dlameter !ln.) 
helght (r .) 

rree no. d.b.h.o.b. No. :.l -10 -15 - -20 -25 -30 - :.li :t.Q. -45 

1 5.00 5.10 4.35 3.50 2.10 
43.00 38.36 28.50 20.50 0.80 

2 4.20 4.05 3.~5 2.55 1.65 0.15 
42.20 37. 5 30.10 20.50 7.17 

3 2.10 2.35 2.25 1.85 1.05 
42.50 34.90 26.50 16.50 0.60 

4 3.10 3.40 2.80 2.00 1.30 
42.00 38.01 28.50 20.S0 0.70 

5 2.20 1.90 1.80 1.40 1.00 
35.50 31.12 25.83 17.83 

6 3.40 3.20 2.60 2.00 1.30 
43.50 38.50 30.50 20.50 0.60 

7 2.80 2.5S 2.25 1.70 1.10 
40.20 37.12 28.50 20.50 

8 4.60 4.35 3.60 3.00 1.85 
46.60 39.93 32.50 22.50 

9 4.40 4.05 3.15 2.15 1.25 
47.10 41.30 31.17 20.50 

-50 

\Q 
lI\ 



Table A18. (oontlnued) 

Tree no. d. b.h._o. b~ ~ ::2 
10 2.40 2.10 1.85 

J1.00 J2.50 

Il J.JO J,10 2~85 
42.80 J8.JO 

12 J.60 J,40 2~90 
40.80 J7.22 

::!Q. 

1.50 
25.8J 

2.JO 
20.50 

2~45 
JO.10 

-15 

0.95 
15.10 

1,70 
20.50 

1,95 
22.10 

~ 

1.00 

\0 
0\ 



Table A19. Plot no. 12. Hardwood d.b.h.1.b. d1ameters and he1ghts at t1me of outt1ng and at 
eaoh 5 year 1nterva1 pr10r to outting. 
d1ameter tin.) 
helght (f .) 

Tree no. d.b __ b~~ Now ::.L -10 -15 -20 -25 -30 ::lï -40 -45 -50 - - - -
l 7.00 6.50 5.75 5.20 4.45 3,.55 3.00 2.10 1.20 0.20 

66.70 61.53 55.17 49.07 43.17 36.50 28.50 17.83 6.50 

2 7.70 7.30 6.70 5.8~ 4.85 4.00 3.25 2.30 1.20 0.20 
67.40 61.65 56.9 52.50 46.79 40.50 31.17 18.50 S.50 0.60 

:3 4.70 4.25 4.05 3.70 3.50 3.35 3.10 2.55 1.90 0.70 
68.10 64.30 60.50 47.93 42.50 37.50 28.50 18.50 8.50 

4 10.40 9.65 8.90 8.0.5 6.7.5 5.50 4.90 3.50 2.01 0.50 
67.50 58.90 52.03 49.68 47.32 44.97 33.8:;1 20.50 8.50 

Br 1 2.80 2.25 1.65 1.05 0.20 
28.40 23.05 19.98 16.90 10.23 0.90 

.5 5.70 5.25 5.00 4.35 3.85 3.05 2.25 1.55 0.80 0.25 
54.90 51.50 49.00 46.50 40.50 31.93 23.17 15.17 6.50 

6 5.80 5.60 5.20 4.60 3.95 3.05 2.50 1.80 1.20 0.65 
66.30 60.50 55.50 49.83 43.36 37.64 31.17 18.50 9.8) 

7 7.40 6.90 6.50 6.05 5.50 4.80 3.95 3.20 1.95 0.90 0.20 
66.60 59.77 56.14 52.50 43.36 37.64 28.50 16.50 9.83 5.39 

.:.il 

\() 

"'" 



Table A19. (oont1nued) 

Tree no~ d~b.h, o ___ b ___ No. :.l :.lQ. -15 -
8 5.00 4.65 4.45 4.30 4.10 

60.50 53.83 50.04 46.96 

9 8.30 7.80 7.00 6.10 5.30 
65.20 57.83 53.39 48.94 

Br 1 2.40 1.90 1.30 0.70 
29.90 24.80 20.36 15.47 

10 6.10 5.70 5.40 5.00 4.~5 
62.00 55.93 51.05 47. 1 

Il 7090 7.35 7.35 7.00 6.55 
66.90 58.72 54.28 49.07 

12 8.70 8.20 7.45 6.85 6.15 
65.30 58.72 54.28 49.07 

::,gQ -25 -30 

~.75 3.30 2.70 
43.36 37.64 31.17 

4.15 3.50 2.60 
44.50 37.83 31.17 

0.80 0.80 

3.90 3.40 
43.50 38.50 

5.80 4,55 3.55 
43.61 39.17 32.50 

4.85 3.85 2.50 
43.50 38.50 31.70 

::li 
1.75 

22.50 

1.55 
18.90 

2.50 
22.50 

1.45 
20.50 

.:!!Q 

0.44 
9.83 

1.45 
12.50 

0.50 
12.50 

-45 -50 

0.70 

:.iï 

\0 
(X) 



Table A20. Plot no. 13. Hardwood d.b.h.l.b. dlameters and helghts at tlme of cuttlng and at 
each 5 year lnterva1 prlor to cuttlng. 
dl.meter tln.) 
he1ght (f .) 

Tree no. d. b.h.o.~. N2:! :..i -io -15 ,:.gQ -25 -30 ::ll ~ -45 - 50 .:.ll -
1 8.20 7.65 7.15 6!,65 5~95 5.45 4,85 ----misslng----

65.80 61.38 57.83 54.50 49.30 42.50 33.50 26.10 14.90 0.50 

Br 1 2.70 2.55 2.25 1,60 0.85 0,25 
27.50 25.33 22.61 19.76 16.90 11.19 0.90 

2 11.00 10.10 9.60 9~05 8~45 7.85 6,55 4.55 3.30 1.75 0.55 
66.30 64.07 61.84 58.21 52.50 43.36. 37.64 30.10 18.90 10.50 

Br 1 4.80 4,45 4.05 3.55 2.95 2.20 1.35 
43~60 41.80 38.72 35.65 31.13 24.47 17.80 1.80 

Br 2 2.30 1.90 1.40 0.95 0,45 
24.20 20.80 17.40 14.54 11.69 1.40 1.40 

3 12.20 11.25 10.80 10.05 9.10 7.85 J.85 3.80 2.90 2.00 0.25 
66.50 63.50 60.50 56.06 51.17 .50 36.50 25.30 15.17 6.10 

4 5.20 4.90 4.80 4.60 4.15 3.60 2.50 1.65 1.15 0.50 
61.00 55.17 50.32 46.68 39.17 31.17 23.70 17.07 10.90 

5 7.50 7.10 6.70 6.10 5.25 4.45 3.50 2.10 1.25 0.60 
63.20 60.50 56.06 51.36 45.64 39.17 30.50 20.50 12.50 0.50 

\0 
'-0 



Table A20. (oont1nued) 

Tree no. d.b.h.o.b. Now .:2 -10 -15 - -
6 10.00 9.20 8.80 8.10 7.20 

62.20 61.49 60.78 56.50 

Br 1 5.35 5.15 4.85 4.45 
51.00 49.36 46.03 41.59 

Br 2 3.75 ~.25 2.60 2.05 
36.70 3 .95 33.20 29.50 

7 8.90 7.95 1.65 7.20 6.75 
62.80 59.60 56.93 52.49 

8 8.50 7.75 7.55 7.20 6.75 
64.10 61.85 ,58.90 54.90 

9 11.00 10.25 9.65 8.80 7.85 
69.80 67.05 63.41 59.17 

Br l 2'40 2.45 2.10 1.65 
31. 0 29.20 27.00 24.80 

10 7.90 7.40 6.95 6.55 5.90. 
57.40 53.90 49.5° 44.50 

~ -25 -30 

5.85 4.6.5 3.35 
48.50 41.50 36.50 

3.60 2.90 1.60 
36.13· 30.41 24.70 

1.40 0.70 
24.50 16.50 0.50 

5.90 4.75 3.40 
48.90 44.40 38.27 

5.80 4.75 4.00 
51.27 48.19 4,5.12 

6.65. 5.50 4.30 
52.50 49.17 45.83 

1.10 0.70 0.25 
21.16 17.53 10.40 

5.10. 4.25· 3.20 
40.86 37.23. 30.10 

.=.l2 -40 -
2.61 1.60 

28.50 18.50 

0.90 
16.70 0.70 

1.95 0.70 
27.60 17.60 

3.45 2.75 
38.10 31.17 

3.85 3.10 
40.50 32.50 

. 0.80 

2.65 1.45 
23.93 16.50 

-45 

0.70 
8.50 

3.60 

1.85 
:~3.70 

2.10 
22.50 

0.85 
10.32 

-50 

3.60 

1.10 
14.50 

1.05 
14.10 

0.35 
6.68 

~ 

0.25 
6.10 

1-' 
o 
o 
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FIGURE A3 

PERIOD REGRES~ION CURVES 
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FIGURE A4 
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'FIGURE Afi 
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FIGURE A6 

PERIOD REGRESSION CURVES 
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FIGURE A 7 

PERIOD REGRESSION CURVES 
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FIGURE AS 
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FIGURE A9 
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FIGURE A (0 
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FIGURE A 12 
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FIGURE A 14 

VOLUME PROJECTION 
(BACKMANIS " METHOD) 
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FIGURE A 15 

VOLUME PROJECTION 

( BACKMAN'S . METHOD) 
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FIGURE AI6 

HEIGHT PROJECTION 
(BACKMAN'S .METHOD) 
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APPENDIX 9 

Conversion of Total Gross Volume to Merchantable Volume 

To determine the present merchantable volume of the 

plots analyzed, Honer's (1967) conversion model which employs 

the ratio of squared diameters has been used. Briefly, for 

this model, and two others which util1ze different sets of 

variables, Honer establ1shed sets of regression coefficients 

120 

for different species, for aIl softwoods combined, for aIl hard­

woods combined and for aIl spec1es comb1ned. Statistically he 

showed that for each of the three models tested, the aIl spec1es 

equation provided est1mates that were as reliable as those ob-

ta1ned from the indiv1dual species equations. 

The model used in the present study 1s of the form: 

y = a+bX+.cX2 where Y = volume to merch. limit 
total tree volume 

incorporat1ng stump/total volume 

2 X = merch. top d.1.b. 
d.b.h.o.b. 2 

and a, b, and c are regress10n coefficients having values of 
0.9057,-0.0708, and -0.8375 respect1vely. 

From the original raw stem analys1s data 1t was observed 

that an 1nside bark d1ameter of 3.3" corresponded to an outside 

bark diameter of 3.5" which 1s the lim1t for pulpwood that 1s 

accepted by Canadian International Paper's hardwood m111 at 

Hawksbury, Ont. ~hrough exper1ence of fell1ng trees for stem 

analysis it w&s found that a reasonable average stump he1ght 

would be 0.5 ft. In rea11ty, due to the degree of clump1ng, 



stump heights will vary a great deal OVer a range of 0.0 ft. to 

3.0 ft. 

The oonversion model was applied to all stem analysis 

trees and merohantable volumes were expressed as a percent of 
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the total gross volume previously oaloulated from the stem 

analysis. As-Honer (1967) made no mention of branohes, it was 

assumed that he dealt with main stem volumes only. Branches that 

were encountered in the present study were dealt with in a 

separate, but similar manner, from the main stem. The reason 

for this being that a small branoh's total merchantable volume 

oonversion factor would be of lower value than that of the main 

stem since the factor increases with an increase in stem d.b.h. 

The oonversion factors, which are expressed as a percent of total 

gross volume, for each tree are grouped in Table A2l by plots 

and d.b.h. classes. Using the stocking figures of each plot to­

gether with total volumes and the pereent conversions of Table 

A21, merchantable volume per plot is expressed as a percent of 

total gross volume in Table A22. 

With consideration given to the relationship of plot age 

and merchantable volume from Table A22 merchantable volumes, as 

a percent of total gross volume are forecasted for 50 years of 

age in Table A23. Final percent figures for 50 years of age have 

been increased by 5% to allow for more efficient utilization in 

the future as weIl as management considerations which will very 

likely predict t·hinnings, commercial or otherwise. This peroent 

1ncrease 1s shown in Table A24. 
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Table A2l. Merchantable conversion factors shown as a percent 
of total gross volume by plots and d.b.h. classes 

Plot no. D.B.H. class 

3 4 5 6 7 8 9 10 11 12 

1 46 70 80 85 

2 46 70 80 85 88 89 

4 5 50 73 81 85 

6 46 72 80 85 . 86 88 89 

8 46 75 81 

9 5 46 71 80 

10 46 70 80 85 88 88 89 

11 5 46 70 

12 70 81 85 87 88 89 

13 70 80 85 87 88 89 89 90 

• 
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Table A22. Plot merchantable volumes expressed as a percent 
of total gross volume 

Total volume Merch. volume Merch. % 
Plot no. Age (cu. ft.) (cu. ft.) Total 

l 37 3308 2165 64.5 

2 41 3991 2449 69.5 

4 35 3175 2160 68.0 

6 28 5201 38.50 74.0 

8 33 2743 1566 52.9 

9 18 2279 1329 48.4 

10 40 4201 3322 78.3 

Il 20 2554 986 21.5 

12 44 5049 4030 79.5 

13 51 3684 3070 83.3 



Table A23. l''1erchantab1e volume prediction at 50 years. 

Prediction at 50 years 
Plot no. Age Productivity c1ass ( assuming no thinnings) 

l II III 

~ 18 48.4 80 
28 74.0 85 

Il 20 21.5 80 
10 40 78.3 75 

2 41 69.5 75 
12 44 79.5 75 

8 33 52.9 80 
4 35 68.0 75 
1 37 65.5 80 

Table A24. Merchantab1e vo1umesl expressed as a percent of 
gross total volume for each productivity c1ass 
(actua1 merch. vol. in brackets). 

Productivity 
class 

l 

II 

III 

20 

50 
(1500) 

40 
(760) 

35 
(380 ) 

30 

75 
(5120) 

60 
(1830) 

60 
(1470) 

Age 

40 50 

81 87.5 
(5290) (6320) 

72.5 83 
(2970) (4230) 

70 80 
(2360) (3120 ) 
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1 5% increase from previous1y tabulated volumes to cover increase 
in degree of uti1ization, effect of thinnings, etc. 




