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ABSTRACT 

Young tree and shrub stands in Alberta, Saskatchewan, and Manitoba were 
sampled in 1979 to obtain estimates of maximum standing crop density. Aboveground 
standing crop values double the regional averages were found, with upper limit dry 
weights of 16.9 t/ha for a 3-year-old aspen-alder stand, 18.1 t/ha for a 4-year-old 
aspen-alder stand, and 29.6 t/ha for a 5-year-old aspen stand. Some young stands 
achieved standing crop densities comparable to those of fully closed mature stands. 
Recorded standing crop densities included 2.16 kg/m 3 for an 8-year-old willow stand, 
1.66 kg/m3 for an 8-year-old lodgepole pine stand, and 1.19 kg/m3 for a 9-year-old 
alder stand. Equations for predicting foliage dry weight, wood dry weight, and total 
aboveground dry weight from independent variables of stem diameter, stem height, 
stand age, and number of stems per hectare yielded results of low reliability. 

En 1979, on a etudie par places-echantillons des peuplements de jeunes 
arbres et arbrisseaux en Alberta, en Saskatchewan et au Manitoba afin d'estimer la 
densite maximale des tiges sur pied. Les valeurs obtenues pour les parties aeriennes 
etaient Ie double des moyennes regionales, les chiffres les plus eleves du poids 
anhydre etant de 16,9 t/ha et de 18,1 t/ha pour des peuplements d'aulne-peuplier de 
trois ans et quatre ans, respectivement, et de 29,6 t/ha pour un peuplement de 
peuplier de cinq ans. Quelques jeunes peuplements ont atteint des densites 
com parables a celles des peuplements de grande densite parvenus a maturite. On a 
enregistre des densites de 2,16 kg/m 3 pour un peuplement de saule de huit ans, de 
1,66 kg/m3 pour un peuplement de pin tordu latifolie de huit ans et de 1,19 kg/m3 
pour un peuplement d'aulne de neuf ans. Les equations servant a calculer Ie poids 
anhydre du feuillage, du bois et de l'ensemble des parties aeriennes a partir de 
variables independantes, c'est-a.-dire Ie diametre et la hauteur de la tige, l'age du 
peuplement et Ie nombre de tiges par hectare ont donne des resultats peu 
satisfaisants. 
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FOREWORD 

ENFOR is the bilingual acronym for the Canadian Forestry Service's 
ENergy from the FORest (ENergie de la FORet) program of research and 
development aimed at securing the knowledge and technical competence to facilitate 
in the medium to long term a greatly increased contribution from forest biomass to 
our nation's primary energy production. This program is part of a much larger federal 
government initiative to promote the development and use of renewable energy as a 
means of reducing our dependence on petroleum and other non-renewable energy 
sources. 

ENFOR projects are selected from among proposals submitted by private 
and public research organizations according to scientific and technical merit, in the 
light of program objectives and priorities. Regardless of proposal source, projects 
are carded out primarily by contract. For further information on the ENFOR 
program, contact 

ENFOR Secretariat 
Canadian Forestry Service 
Environment Canada 
OTT A W A, Ontario 
KIA OE7. 

This report, based on ENFOR project P-51, was prepared by the Canadian 
Forestry Service. Field data were collected under contract (DSS Contract 
No. OSS 79-00031) by Western Ecological Services (B.C.) Ltd. 
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I NTRODUCT I O N  

Canada's p rogram to esti mate 
potent i al energy y iel d  from forest 
b iomass has focu ssed to date 
pr i mari l y  upon t ree-s i z e  raw 
materia ls  and wood wastes as sociated 
w ith h arvest ing and p roces s i n g  
operat ions . To supple ment the 
g row i n g  data base , a samp l i n g  p rogram 
was undertak en in 1 979 to obtai n  
i n for mation on severa l b iomass 
character istics of a variety of youn g  
t ree and sh rub stands under 30 y ears 
of age i n  the Mixedwood Forest 
Sect ion of Alberta , Sask atchewan , and 
Man itoba and the Lower Footh i l l s  
Section of Alberta . 

The focus was on den se you n g  
stands of trees o r  sh rubs because 
many s uch stands g ive the visual  
i m p ression of a large amount of woody 
b iomass p ack ed into a g i ven vol u me of 
stand space and a lso becau se they 
freq uent l y  p resent p roblems for 
con i ferous regeneration p lans or for 
oth er s i l v icultural  p rograms . 
Various s i l vicultu ral  treatments 
require the expend itu re of money and 
fos s i l  fuel energy to remove or 
control the g rowth of u nwanted woody 
spec ies in forest stands . 

Where dense you ng tree stands 
or shrubs are a s i l vicultural  
p roblem ,  the m agnitude of the p roblem 
is often p roportion ate to the density 
of woody stems ( n umber of stems p er 
u n it area of l and ) . I t  i s  therefore 
desi rable to assess the potentia l  for 
u s i n g  some or a l l  of the harvested 
woody biomass for local  bioenergy 
p roduction when unwanted woody 
m ateri al i s  bei n g  hand led for 
s i l v icult u ra l  reasons . This  
rationale is  not to  sugges� that 
sh rubs and young stands of tree 
s pec ies are necessar i l y  competit i ve 
w ith l ar ger t rees or wood w astes as 
bioene rgy sou rces . The goa l i nstead 
shou l d  be a search for ways to 

convert p resent s i l vicultu r a l  
commitments for sh rub control  i nto 
methods that mi ght recover at least 
part of the energy cost of removing 
or otherw i se han d l i n g  un wanted woody 
biomass . 

W ith t h i s  goa l i n  m i n d , the 
study undertaken in  1 979 set out to 
esti mate the maximum stand i ng 
c rop den s it i es in  you ng stands , with 
two p racti ca l  objecti ves: 

1 .  to search out ecosystems in  wh ich 
the most woody biomass is  p acked 
i nto the least g row i ng space 
( stand i n g  crop den s it y ,  k g/m3 ) 
in  the least g row ing t i me ;  and 

2 .  to record the physica l  facto r s ,  
stand h i stori es , and types of 
d istu rbances that contribute to 
ecosy stems w ith both h i gh 
stand i n g  crop densit ies and rap i d  
g rowth rates .  

In scienti fi c  terms , the 
objecti ve was to test the fo l low i ng 
two hypotheses advanced by K i r a  and 
Sh i de i  ( 1 9 67 ) : 

1 .  that standing crop den s it y  i s  
v irt u a l l y  independent o f  stand 
height i n  forests , w ith most 
fu l l y  closed stands tend i ng to 
have a dry matter den s ity of 1 . 0 
to 1 .5 k g/m3 ; and 

2 .  that exceptiona l l y  h i gh dry 
matte r den s ity occurs in  certai n 
s h rub communit i es· and dense 
stands of con i fer sapl i ngs , w ith 
d ry matter dens ity up to 1 0  ti mes 
as great as that in norma l fo rest 
stands . 

The 1 70 samp le location s from 
w h ich biomass data were obtai ned 
( Fi g .  1 )  w ere located m a i n l y  w ith in 
Section B .  1 8a (Mixed wood ) and Section 
B . 1 9a ( Lower Footh i l l s )  of the Borea I 
Forest Reg ion ( Rowe 1 9 72 ) . 
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RELAT I O N  TO CANADA'S B I O E N E RGY PROGRAM 

This study related closely to 
the in ventory aspects of Canada's 
bioenergy research and development 
p rogra m . Most  of the other E N F O R  
p rojects that h ave ai med at 
simp lified methods of biomass 
in ven tory have focu ssed on 
mathematical  con version of tree 
vol u me data to a weight esti mate or 
h ave developed eq uations th at p redict 
individu al  tree weights from readi ly  
measu rab le variab les such as tree 
height,  s tem basal  area , stem 

dia mete r ,  o r  tree age. Some of the 
men su ration a l  studies have inc l uded 
sampli n g  of very s ma l l  stems in  youn g  
stan ds , 5 y ears of age o r  les s ,  and 
this has resu l ted in a significant 
dow n wa rd extension of the l ow er siz e 
li mit of con ven tiona l  tree volu me 
tab les . A s  a resu l t  of these E N FOR 
studies , there is now a suffi cient 
data b ase for many of Canada's tree 
species to a l low p rediction of 
weights of individu a l  trees and of 
standing crop ( k g/ha)  for stands of 
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Fig u re 1 .  Locations of 1 70 biomass samp le p lots , mainly within the 
Mixedwood and Lower Foothil ls  section s of the B orea l Forest 
Region in A lberta , Sask atchewan , and Manitoba. 



various ages and s ites of varying 
p roducti vity. The recent report by 
Bel la  and De Francesch i ( 1 980 ) 
dea l i n g  w ith b iomass p roduct i vity of 
you n g  aspen stands in  w estern Can ada 
is  rep resentati ve of these recent 
advances in  biomass i n ventory 
methods. 

The study outli ned here 
d i ffers from other recent b iomass 
i n ventory p rojects in  several  ways. 
F i rst , cons i derab le emphas i s  was 
g i ven to standing crop est imation in  
stands of sh rub s pec ies. Most forest 
b iomass i n ventory projects focu s  
mai n l y  o n  tree spec ies , often on ly 
those u sed for con vention a l  forest 
p roducts. Although sh rub stan ds in 
forested areas were g iven spec ial  
attention in  this study , i dentica l 
samp li n g  methods were also app l ied to 
youn g  stands of several tree spec ies 
so that data cou ld be rel ated to 
other b iomass inventory projects that 
h ave dea lt w ith t ree spec ies. 

A second poi nt of d i fference 
was the emphasi s  p l aced upon 
esti m ation of standing crop dens ity 
( k g/ m3 ) ,  for reasons out l i ned 
l ater. Third , there was no attempt 
in t h i s  study to develop reg res sion 
eq uations for p red iction of w eight of 
individual sh rubs or you n g  trees 
on the basis  of height or stem 
d iameter; data are expressed on ly in 
terms of standing crop per u n it 
volume of occupied grow i n g  space an d 
i n  terms of standing crop per u n it 
l an d  area. 

F ina l ly , this  study sought 
data on apparent upper limits of 
stand i n g  crop and stand i n g  crop 
den s ity in young stands. T h i s  b ias 
was a del i berate attempt to obtai n 
i nfor mation of poss ib le use for the 
desi g n  of s m a I l  b iomass harvesters. 
Because of this  b ias , the est imates 
p rovided here shou ld not b e  
extrapolated to large land areas. 
The data shou ld b e  tak en on l y  as an 
i n d i cation of the max i m u m  stand i n g  
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crop per u n it land area and maxi m u m  
stan d i n g  crop den s ity per unit vo lume 
of stand space that cou ld be expected 
to b e  encou ntered by any mechan i ca l  
b iomass harvester in  the Mix edwood 
and Low er Foothi l ls  sections of the 
Boreal Forest Region. 

Such dep art u res from the 
tradition a l  app roach of other fo rest 
b iomass inventory p rojects have 
several  i mp l i cations for Can ada's 
b ioenergy research and devel op ment 
p rogram. The emph as i s  on den se 
stands of you n g  t ree spec ies and on 
dense sh rub stands was meant to a i d  
the setti ng o f  p riorit ies when there 
are choi ces in  the sou rce of b iomass 
avai l ab le for energy p roduction. It 
was ass u med that for some ti me to 
come the fi r st p rio rity w i l l  b e  
b ioenergy production b ased on u s e  of 
wastes associated w ith current ly 
harvested materi a ls ; many of the 
p resent E N F O R  p rojects emph as ize  th i s  
p riority. 

The next p riority involves a 
choi ce of : ( a ) harvest of materia l 
that i s  norma l ly used for oth e r  
forest p roducts and u s e  of th is  
b iomass for energy p roduction 
i n stead ; ( b )  har vest of woody 
materi a ls that are not con vention a ll y  
u sed for other forest p roducts ; o r  
( c )  devel opment of p l antation s 
spec i fical ly for b ioenergy har vest i ng 
p u rposes. The fi rst of these th ree 
choi ces was de-emphas i z ed in t h i s  
study because there are concerns that 
any la rge-sca le gas i fication p rojects 
or p roduction of methanol from 
t radition a l l y  harvested wood supp l i es 
cou ld dri ve up wood pr ices fo r other 
forest-b ased industri es. 

T h i s  study was b ased on the 
assu mption that Canada's fi r st 
p riority for forest b iomass 
p rocu rement w i l l conti nue to be 
i nd u st r i a l  wood wastes an d that the 
second p riority sou rce shou ld be 
woody materia ls not now u sed for 
other forest p roducts , w ith emph as i s  



upon those spec ies that are a l ready 
being handled in stan d  i mp rovement or 
regeneration p rograms . T h i s  is  not 
necessari l y  an argument that s h rub 
species or dense young stands of tree 
species shou ld b e  specifical ly 
p romoted for use i n  energy 
p l antations ( choice ( c ) above ) , 
a lthoug h  there cou ld b e  j u st i fication 
for t h i s  objecti ve in the futu re . 
The su ggestion instead is  t h at there 
should be an assess ment of the 
potenti a l  b iomass yield from those 
cu rrently unu sed woody species t h at 
are a lready recei v ing s i l v i cultural  
attention where forest lands are 
being m anaged . Us ual ly  th i s  
attention focusses on methods to 
remove unwanted woody spec ies during 
r ight-of-way m ai ntenance or  site 
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preparation for regeneration of 
h i gh -p riority tree spec ies or on 
methods to reduce the competition 
created by dense stands of s h rubs or 
you n g  t rees . I f  money i s  being spent 
to get r i d  of u nwanted sh rubs or 
s ma l l  trees , and p articul ar ly if th i s  
i s  a step that con s u mes con ventio n a l  
fuel s , there a r e  compel l i ng reason s 
to est i m ate the potenti a l  b ioenergy 
y i el d  of the b iomass t h at i s  b e i ng 
weeded out . I n  some cases , 
espec ia l ly  w here un wanted spec ies are 
g row i ng i n  very accessib le areas 
a lon g r i ghts -of-way , p lans to 
el i  m i n ate or reduce such woody 
mater ia l  may need on l y  modest changes 
to convert a weeding operation i nto 
an energy-y i el d i ng operation . 

RELAT I O N  TO OTHER FOREST B I OMASS STUD I ES 

W ith i n  Canada's E N F O R  p rogram , 
the p rojects most closel y  rel ated to 
the work described here are: E N F O R  
P roject P-30 b y  Horton Forestry 
Services Ltd . ,  Stouffvi l le ,  Ontario,  
dea l i n g  w ith native poplars an d w h ite 
b i rch as an unexploited b iomass 
sou rce in Ontario ( Envi ron ment Canada 
1 9 80 ) ; E N FO R  P roject P-4 1 by D r . 
A .  J .  Kay l l , for merly of the 
U n i vers ity of New B runsw ick , on t he 
rate of g rowth of biomass i n  you n g ,  
n atu ral ly regenerated stands of 
d ifferent species and orlgms 
( En v i ron ment Canada 1 980 ) ; and t he 
recently initiated work by Perreault,  
Larouch e ,  Houde Assoc ies , Quebec , to 
assess the potentia l  and feasib i l ity 
of p roducing forest b iomass u s i ng 
b r u sh wood for energy p roduction 
( Supply and Services C anada 1 98 0 ) . A 
p roject to assess the i mp act on 
w i l d l i fe of s hort-rotation m an agement 
of boreal aspen stands by D . A .  
Westworth and Associates Ltd . ,  
Edmonton , ( Supply and Services Canada 
1 98 0 )  a lso recogn iz ed that you n g  
forest stands may have a s ignificant 
futu re role in p lan ned forest b iomass 
production p rograms . 

B eyond Canada's E N F O R  p rog ram , 
two general  g roups of stu d i es p rovi de 
data that can be comp ared to those 
gathered in t h i s  study . The fi r st 
g roup includes those t h at focus on 
sh rub b iomass in rel ation to w i l d l i fe 
u se or i n  rel ation to nutri ent 
cycl i ng i n  forest ecosy stems ; 
reports b y  B row n ( 1 9 76 ) , Tappeiner 
and Joh n ( 1 9 73 ) , and Telfe r  ( 1 9 6 9 ,  
1 9 72 ) typ i fy such stu d i es . The 
second group is  characteri z ed by more 
general  stu d i es that h ave recogn i z ed 
sh rubs as a neg lected resou rce 
( Mc Kel l 1 975 ) or  as a s i gn ificant 
component of the "complete forest 
concept" ( Young 1 980 ) . The latter 
concept i ncorporates the i dea th at 
all sh rub and t ree spec ies shou l d  
be con s i dered i n  forest b iomass 
i nventori es . In other cases , s h rub 
b iomass has g ai ned recent attenti on 
i n  rel ati on to s i l vicultu ral  p rob lems 
and succession a l  trends fo l low i ng 
forest h arvest i n g  ( Irw i n  and Peek 
1 979 ) . 

J\ mong these d i verse i nterests 
i n  shrub biomass ,  the work by You n g  
( 1 980 ) appears to b e  the most 



opt im i stic about the futu re role of 
sh rub s for b ioenergy production . H i s  
work i n  Mai ne has incl uded b iomass 
est imates of dec i duous success ion al 
species such as pin cherry , 
chokecherry , gray bi rch , red m aple , 
and aspen - a collection of l i ttle 
u sed spec ies loca l ly k now n as 
"p uckerb rush " .  Young's advocacy of 
"puckerb rush power " is b ased on the 
ob servation that the an nual  dry 
m atter p roduction of s uch 
s ucces s ional stands , when fu l l y  
stocked , is  comp arable to stands of 
c l i m ax deciduous species . Young's  
estimate of  an average 50 oven dry 
ton nes per hectare (5  k g/m2 ) of 
wood and bark , above g rou n d ,  
i nd i cates that i n  Mai ne a lone there 
are m i l l i on s  of tonnes of puck erb rush 
i m med iately avai lab le for use as 
energy . The w idespread occurrence of 
s i m i l ar dec iduous successiona l  stands 
i n  most other forest reg ions of North 
America su ggests a wide geog raph i c  
scope for the comp lete forest concept 
advocated by Young . The data 
s u m mar ized in th i s  report p rovi de 
addition al  q u an ti tative esti mates of 
the rel at i ve importance of you n g  tree 
and sh rub s tands as poten ti a l  sou rces 
of u sab le b iomas s . 

Another p u rpose of t h i s  study 
was to test fu rther the hypothesis 
th at exception a l l� high stan d i n g  crop 
dens i t ies ( k g/ m) occu r in certai n  
s h rub commu n i ti es and i n  den se stands 
of con i fer sap l i ngs . For examp le , 
K i ra and Sh i dei  ( 1 967 ) reviewed a 
large number of b iomass studies that 
i n d i cated that certai n  sh rubby stands 
may h ave standing crop den s i ties  up 
to ten t i mes as g reat as the 1 . 0 to 
1 .5 k g/m3 th at i s  con s idered the 
nor mal ran ge for fu l ly  closed stands 
of matu re forests . This· hypothesis 
i s  of practical s ignificance to 
Can ada' s  b ioenergy research p rogram 
b ecause mech an i cal  remova l of 
aboveg round b iomass shou ld b e  least 
costly w here the g reatest amou nt of 
energy -produc i n g  materials  can be 
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re moved from a u n i t  volume of g row i ng 
sp ace . 

I t  could be argued that 
stan d i n g  crop per u n it lan d  a rea , 
rather than stan d i ng crop per un it of 
forest stand space , i s  the most 
i mportant i nventory measu re ,  s i nce 
space avai l ab le for woody pl ants to 
g row u pward is  not li m ited . I f  
stan ds of low statu re pack as much 
b iomass into a unit volu me of g rowi ng 
space as do matu re forests , and 
part icularly if s uch stands req u ire 
on ly several  years to ach i eve a 
stand i n g  crop den s ity that equa ls or 
exceeds that of matu re forests , th en 
these become important con s i deration s 
for the length of rotati on req u ired 
for success ive b iomass harvests and 
for the s iz e and des i gn of mechan ized 
b iomass harvesters . For ex ample , i f  
a den se sh rub stand on ly 2 m ta ll 
pack s as many k i log rams of wood i nto 
a cubic  metre of g row i ng space as 
does a forest stand 1 0 m ta l l , th en a 
s ma l ler , more maneuverab le , and less 
expen s i ve harvester desi gned fo r th e 
2 m materia l shou ld be able to 
ha rvest b iomass at a lower unit  cost 
than a heavier mach ine needed for th e 
1 0  m materia l .  Such con s i derations 
may be u n i mportan t for large-sca le 
b iomass harvesti ng operation s ,  but 
for smal l  operation s the s ize  and 
cost of h arvester w i l l  be of concern . 
The m a x i m u m  pack i n g  of woody m ateria l 
w i th i n  a g i ven vo lume of g row i ng 
space is a variable that i nd i cates 
the capac ity that should be desi gned 
i nto the cutti ng mechan i s ms and other 
parts of b iomass harvesters . 

I f  stands of young trees and 
sh rub s are eventual ly used as sou rces 
of energy-p roduc ing materia l s ,  th i s  
study's esti mates of some natural ly  
occurri n g  maxi ma for p ack i ng of woody 
b iomass i nd icate the p roducti vity 
goals that shou ld. be sou ght where 
vegetation management p rog ram s are 
i n it iated to increase b iomass 
p roducti on per unit area of lan d . I f  



vegetation is to b e  managed for 
energy p roduction , the management 
goa l should be to ach ieve natu ral ly 
occu rri ng upper li mits . The data 
s u m marized here p rovi de esti mates of 

Selection of Sample Stands 

Because the main objecti ve of 
t h i s  study was to obtai n est imates of 
maximum standing crop dens ities 
i n  young stands of woody s pec ies , 
field methods were not desi gned to 
e n s u re a random or strati fied 
se lection of samp le location s ,  as is 
done in conventional  i n ventory work . 
The fou r  mai n criteri a  u sed i n  
selection of samp le p lot locations 
were as fol low s : 

1 • stands that appeared to b e  
densely pack ed ( h igh standing 
c rop den sity ) ;  

2 .  comp lete canopy clos u re over the 
samp le p lot area ; 

3 .  un iform stem ages with i n  the 
stand ; and 

4 .  stands dominated by on ly one 
species . 

The fi rst and second of these 
select ion c riteria were a lways met ,  
and the third and fou rth criteria 
were met wherever poss ib le . Some of 
the selected stands were closer to 
open areas ( such as roads ,  cutli nes ,  
or petroleum exp loration w el l  s ites ) 
or to edges of mat u re forest stands 
th an wou ld normal ly be accepted in a 
systematic forest i nventory p rogram , 
b ut th is  disadvantage was overlook ed 
i n  favor of meet ing the four 
selection criteria li sted above . 

I n some cases , stands that 
did meet the fou r  criteria  l i sted 
above w ere not samp led . Some of the 
reason s for rejections were heavy 
coatings of road dust on the fo li age 
and stems , wetness of the foli age and 
stems , s i g nificant defol iation b y  
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such upper li m its for several  woody 
spec ies in the Lower Footh il l s  and 
Mixed wood forest sections of the 
p rai r i e  p rovi nces . 

ME T H OD S  

i nsects , s i gnifi cant b row s i ng b y  w i l d  
o r  domest i c  u n g u l ates ,  o r  the 
p resence of autumn-colored fo liage 
with evi dence of leaf d rop a l ready in 
progres s . 

Stand s ize was general ly not 
a factor in selection of s ample 
stands except that a m in imum area of 
about 15 m2 was req u ired to contai n 
the main  samp le plot and t h ree nearby 
1 -m3 samp Ie frames . The sampli  ng 
p rogram did seek a s ignifi cant nu mber 
of sample plots in location s th at 
i n volved rel at ively l arge u n iform 
stands such as b u rned or logged 
areas . In an operation a l  b iomas s  
inventory p rogram , e mph asis  would b e  
g i ven to larger , more uni form areas 
than was done in t h i s  study because 
of the l ogist ic  s u itabi lity of such 
stands for mech an i z ed b iomas s  
harvesti n g . I n  t h i s  study , h oweve r ,  
vegetation types t hat occurred i n  
s ma l l  p atches o r  linear str ips  were 
not i g nored because they often 
appeared to possess h i gh stand ing 
c rop den s iti es . The enti re l i near 
zone of vegetation on a cleared 
r ight-of-way is genera l ly con s i dered 
to be a result  of "edge effect " .  
Such sites were not i gnored ; sample 
p lots were located w ith in  the cent r a l  
parts of such l i near vegetation 
types . 

Another objective of this 
study was to record the range of 
hab itat conditions that appeared to 
s upport woody vegetation with h i gh 
g rowth rates and h igh stand ing crop 
den s it i es . The types of stands 
samp led are li sted in Tab le 1 .  
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Tab le 1 .  Samp le p lots for esti mat ion of upper li m its of woody standing crop 
den s ity , grouped accord i n g  to types of stand samp led 

I. 

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

9 .  

* 

No. of 
O r i g i n  of stand p lots P lot n umbers* 

R egene rated after 23 4 1 , 74 , 10 1 , 1 0 2 , 1 03 ,300 , 3 15 , 3 1 6 ,3 19 ,323 , 
c lear-cut loggi n g  334 ,335 , 352 ,353 ,354 ,356 ,357 ,358 ,359 , 

360 ,36 1 ,362 ,363 

Regenerated after 1 2  42 , 43 ,314 ,336 ,338 ,339 ,34 1 , 34 2 , 344 ,347 , 
part ia l  c learing 355 ,364 
of t ree overstory 

R egene rated after 39 2 ,3 ,5 , 6 , 7 , 8 , 9 , 10 ,  II , 1 2 , 16 , 2 0 , 27 , 2 8 ,30 , 
f ire 3 1 ,36 , 47 ,53 ,54,56 ,57 ,58 , 6 1 , 6 2 , 66 , 8 2 ,  

83 , 8 4 , 85 , 95 , 96 , 98 , 1 04 ,303 ,304 ,306 ,3 1 3 ,3 1 7  

R egene rated after 6 32 , 86 , 87 , 88 , 1 05 ,308 
fi re and logging 

R egene rated after 14 1 , 4 , 17 , 18 , 45 ,50 , 5 1 ,59 , 65 , 70 ,30 1 , 3 2 2 ,327 , 
sha l low b u l ldoz i n g  330 
( general ly land 
cleari n g )  

R egene rated on road,  42 14 , 15 , 19 , 2 2 , 23 , 24 , 25 , 26 , 29 ,33 , 4 6 , 48 , 49 , 64 ,  
rai l road ,  o r  power-l ine 67 , 68 , 69 , 7 1 , 72 , 76 , 77 , 79 , 8 0 , 8 9 , 9 2 , 93 , 94 , 
r i ght-of-w ay 9 7 , 100 ,309 ,3 1 1 , 3 1 8 , 3 2 1 ,326 ,329 ,33 1 ,33 2 ,  

333 ,337 ,343 ,349 ,365 

R egene rated on 17 2 1 ,34,39 , 40 , 44 ,5 2 , 75 , 8 1 , 90 , 9 1 , 99,30 2 ,307 , 
roadside landings,  320 ,328 ,340 ,350 
bor row p its , and 
wel l -s ite clear ings  

N at u ra l  sh rub areas 1 2  13 ,35 ,55 , 60 , 63 , 78 ,305 ,3 10 ,3 1 2 ,324 ,325 ,345 
w ithout tree overstory 
( no obvious recent 
d i st u rbance ) 

N atu ral  sh rub areas 5 38 , 73 ,348 ,35 1 ,366 
w ith a tree overstory 
( no obvious recent 
d i st u rbance ) 

P lots I to 105 were in  Alberta and p lots 300 to 366 were in  Sas katchewan 
and Man itoba. Data from p lots 37 and 346 were not u sable. 



Sum maries of the sample p lots b y  
vegetation type,  moi stu re class , soi l 
text u re ,  and ori g i n  of h ab itat (type 
of d i stu rbance) are p rovi ded for 
Alberta ( Appendix 1 )  and for 
Saskatchewan and Man itob a ( Appendix 
2 ) . Two samp le p lots (37 and 346 ) 
d id not yield usable data . Samp le 
plot 37 contai ned on l y  two stems in 
one samp l i n g  frame and the 
req u i rement to record basal d ia meter 
of the th ree largest stems cou ld 
therefore not be met . Samp Ie p lot 
346 was not u sed b ecau se it was the 
on l y  pin  cherry (Prunus 
pensylvanica) stand samp led . 

At a n umb er of locat ions an 
effort was m ade to samp le a ran ge of 
moi stu re conditions w ith in  one stand 
of u n i form age and ori gi n . This  was 
accomp l i shed b y  placing sample p lots 
a lon g a topographic seq uence where 
there appeared to be s i g n i ficant 
elevation al controls over moi stu re 
con dition s . For examp l e ,  s amp le p lot 
5 was on a mes i c  s ite at the b ase of 
a sandy outwash ridge, whereas p lot 6 
was located on the drier crest of the 
s a me ri dge . Other pai red p lots that 
were located on comparab le 
topograp hic or soi l moi stu re 
gradients included p lots 30 and 32 , 
53 and 54 , 8 6  and 87 , 3 15 and 3 1 6 ,  
and 334 and 335 . 

I n  a few i n stances it was 
pos s ib le to samp le stands of 
contrasti n g  ori g i n s  i n  areas w here 
physical  factors appeared to be 
relat i vely con stant . For examp le , 
p lots 47 and 48 were located i n  
adjacent balsam pop l ar stan ds , w ith 
the for mer being b u rned over and the 
l atter cleared for a road right­
of-w ay . 

Some samp le stands were 
selected in areas where sh rubs were 
k nown to b e  a s i l vicu ltu ra l p rob lem . 
For examp l e ,  plots 46 and 49 were on 
s ites p l anted to wh ite spruce by the 
Alberta Forest Service b ut w h i ch w ere 
heav i l y  overgrown b y  balsam pop l ar 
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and w il low . I n  some cases , there was 
evi dence of repetiti ve atte mpts to 
control the rap i d  g rowth of you n g  
trees o r  sh r ub s . I n  t h i s  context , 
p lot 326 was a young b a lsam pop l ar 
stand t h at h ad ori g inated afte r 
mow i n g  of a p revious you n g  stand ; the 
stand was les s  than 10  years of age 
when it was mowed at 1 0  to 20 c m  
above g rou nd level , after w h ich it 
developed an exception a l l y  dense 
reg rowth of s p routs . This  stand 
h i story i s  s i mi l ar to that wh ich 
mi ght be expected from repetiti ve 
short-rotation b iomass harvesti n g ;  
the field data from plot 326 may be 
taken as one samp le of the potent i a l  
y iel d from a second b iomass harvest 
of s ma l l  woody materia ls . 

Although the n u mber of 
samp les i s  l i mited , severa l  pai red 
plots were ori g ina l ly  selected to 
p rovi de compari sons of rel ationsh ips 
between stand i n g  crop dens ity and 
n u mb er of stems per u n it a rea of 
l an d . P lots 82 and 83 were i n  two 
adjacent lodgepole p i ne stands ; the 
for mer had 338 000 stems per hectare 
and t he l atte r on l y  1 13 000 stems per 
hecta re . Comp arab le variation s i n  
n u mb er of stems per u n it a rea 
occu r red in p lots 95 , 9 6 ,  and 98  and 
i n  p lots 1 04 and 1 05 .  

A l l  samp le location s were 
recorded on Nation a l  Topograp h i c  
Seri es m a p s  at a sca le of 1 :  250 000 . 

Field Plot Descriptions 

Descripti ve i n formation 
recorded for each samp le p lot 
i nc l u ded p l ot n u mb er ,  d ate , location , 
and photog raph number if the sample 
s ite was photog raphed p rior to 
destructi ve samp li n g . 

The soli i mmediate l y  bel ow 
the organ ic hor izon was samp led for 
text u re on ' the b as i s  of hand 
ana ly s i s .  Tota l depths of organ i c  
hori z on s  ( L, F ,  and H l ayers ) were 



also recorded . Each stand was 
s ubject i vely categori z ed into one of 
fou r  moi stu re cl asses: wet ,  
wet/mes i c ,  mes i c ,  and dry . Other 
i nfor mation recorded but n ot an alysed 
i n  thi s  report i nc luded a l i st of the 
mai n species of the herb layer and 
notes on the su itabi l ity of the area 
for movement of wheeled harvesters . 

Stand histories w ere g rouped 
i nto n i ne clas ses : 

1 .  regenerated after c learcut 
logg i n g ; 

2 .  regenerated after selecti ve 
logg i n g ;  

3 .  regenerated after fi re ; 
4 .  regenerated after fi re and 

logg i n g ;  
5 .  regenerated after b u l ldoz i n g  for 

agricult u ral  cleari n g ;  
6 .  regenerated on road , rai l road , or  

power-li ne ri ghts-of-way ; 
7 .  regene rated on roadside landin gs ,  

borrow p its , and petroleum 
exp lorat ion wel l -s ite clear i n g s ; 

8. n atu ral sh rub areas w ithout a 
tree overstory ( no obvious recent 
d istu rbance) ; and 

9 .  n atural sh rub areas w ith a tree 
overs tory ( no obvious recent 
d istu rbance) • 

Ass i g n ment of s amp le p lots to 
these n i ne categori es is s u m marized 
i n  Table 1 .  

Field Sampling and Laboratory Methods 

Each selected stand was 
s amp led by harvest i n g ,  weigh i n g ,  and 
s ubsamp l i n g  the woody materi a l  on one 
mai n p lot of 2-m radi u s  ( 1 2 . 5 7  m2 ) 
and with i n  a 1 -m3 samp le frame 
p laced at th ree locat ions near the 
mai n p lot .  On the 1 2 .57  m2 p lot , 
fresh weights were obtai ned by di rect 
weigh i n g  of the fol low i n g  components : 
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1 .  dead stand i n g  woody ste ms ( a l l  
spec ies combi ned ) ;  

2 .  a l l  I i  ve stems of the most 
abu ndant woody spec ies ; 

3 .  a l l  l i ve stems of the second most 
abu ndant woody spec ies ; 

4 .  a l l l i ve stems of the third most 
abu ndant woody spec i es ;  and 

5 .  a l l  l i ve stems of a l l  other woody 
spec ies . 

The ob1ective of the th ree 
addition a l  1 -m samp les was to 
obtai n  a more di rect measu rement of 
standing crop dens ity ( k g/m3 ) as an 
i nd i cation of the max i m u m  pack i ng of 
woody materia l that cou ld be 
encou ntered by the cutt ing bar of a 
biomass harvester . The 1 -m3 
sampl i n g  frames were p l aced so that 
they w ere more or les s  fu l l y  occupied 
by stem materi a l  from top to bottom 
( Fi g . 2 ) . I n  contrast , stand ing crop 
den s ity ca lc u l ated on the mai n plot 
i n volved m uch unoccup i ed vo lume s i nce 
the stand volume was arbit r ari l y 
calc u l ated from the hei ght of the 
ta l lest dom i nant , wh ich was often 
con s i derably tal ler than the genera l 
height of the stan d .  

Th ree types of subsamples for 
wh ich there w ere field fresh weights 
were measu red , oven -dr ied ,  and 
weighed i n  the l aboratory : 

1 .  th ree wood plus bark seg ment s  
from the bases of the th ree 
lar�est stems w ith i n  each of the 
1 -m sample frames ; 

2. one fo li age subsamp le of the 
domi nant spec ies on the mai n 
sample p lot ;  and 

3 .  one wood p l u s  bark s ubsample of 
the domi nant spec ies on the mai n 
sample p lot .  

Detai led desc riptions of a ll 
fiel d samp l i ng meth ods an d l aborato ry 
p rocedu res are p rovi ded i n  
Appendix 3 .  



1. 2.� 3. 

Figu re 2 .  Samp lin g  seq uence to estimate standing crop density in 1 -m3 frame: 1 .  sampling frame 
assemb led with base of cube 20 cm above grou nd level; 2 .  woody biomass trimmed to retain on l y  
t h at within 1 m3 ; 3 .  stubble remaining after standing crop within 1 m3 removed for 
weighing. 

o 



Statistical Analyses 

O ne objecti ve was to 
determine if comb i ned terms , s uch as 
stem d ia meter squared t i mes tree 
height ( 02 H ) , wou ld a id  p rediction 
of standing crop on a stand b as i s  
where standing crop measu rements 
i n vo l ve aggregate weigh i n g  of a l l  
woody materia l  on a u n it samp le area 
rather than weigh ing of i nd i vi du a l  
l i vi n g  stems . For examp le , i t  wou ld 
be p ractical to be ab le to p redict 
the standing crop in a you n g  forest 
stand or in a sh rub stand on the 
bas i s  of the measu red hei ght of one 
or seve ral domi nants in the stand and 
basal d iameters of several  domi nant 
stems , w ithout resort ing to weight 
p red iction for i nd i vidual  stems i n  
t h e  stand . This  study's data o n  any 
one spec ies or vegetation type were 
not con sidered adeq uate for test ing 
d i verse comb inations of i ndependent 
variab les for p rediction of component 
or tota l stand dry wei ghts . I n stead 
the comb i ned variab les that Bel l a  and 
OeFrancesch i ( 1 980 ) fou nd to b e  most 
su itab le for p rediction of component 
and tota l weights of i ndiv idual  aspen 
trees were arbitrari l y  selected to 
test for p rediction of weights on a 
sta nd basis . This involved test i n g  
of the eq uation 

In W = a + b In ( 02 H )  

i n  w h i ch 
In = natu ral logarithm 
W = component weight or total  

wei ght 
o = mean dia meter outsi de bark 

of the n i ne l argest stems 
measu red at 20 cm above 
g round level  

H = hei ght of the ta l lest 
dominant on the samp le p lot .  

Such a model ,  wh ich is  
i ntended for p rediction of i nd i vi du a l  
tree weights , can not be expected to 
serve wel l for p rediction of stand 
weights i f  stems i n  the stan d  are of 
h i gh l y  variab le dia meters . Many of 
the dense young stands samp led i n  
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t h i s  study , how ever , were composed of 
even-aged stems of rel at i vely un iform 
s i z e ,  and app l i cation of the comb i ned 
te r m  ( 02 H )  to stands , r ather th an 
to i nd i v i du a l  stems , seemed wo rth 
testi n g . 

The other comb i nation of 
variables p roposed by Bel l a  and 
Oe Francesch i ( 1 980 ) for p rediction of 
dry wei ghts on an area bas i s  i n vo lved 
the fo l low i ng eq uation 

OW = a + b 1 A2 + b2 1 n  N S  

i n  w h ich 
In = natural  l ogarit h m  
O W  =dry weight per u n it land 

a rea 
A = age 
N S  = n u mber of stems per u n it 

l an d  area . 

T h is model was a lso tested 
for the data g athered in t h i s  study . 
The two reg res s ion equ ation s c ited 
above , p l u s  another b ased on l y  on 
bas a l  stem d iameter 

In W = a + b In ( 0 )  

were tested for the data avai l ab le  
from th i s  study . 

Summary stat i st i cs for the 
stands samp led are l i sted in Table 2. 
Regression eq uation s to p redict 
fol i age dry weight , wood dry w ei ght , 
and tota l aboveg round dry weight are 
p resented for all sample plots 
comb i ned ( Tab le 3) and for those 
vegetation t ypes for which 1 0  or  more 
samp les were avai l able , i nc l u d ing 
aspen ( Table 4 ) , a lder ( Table 5 ) , 
w i l low ( Tab le 6 ) ,  ba lsam pop l a r  
( Tab le 7 ) , lodgepole p i ne ( Table 8 ) , . 
and w h ite b i rch ( Tab le 9 ) . Summaries 
of data on folia�e/wood rati os, 
standing crop ( k g/m ) ,  and stan d i ng 
crop dens ity ( k g/m3 ) a re l i sted i n  
Appendix 4 by increas i n g  stan d  age 
for each of the major types of stands 
samp led . Criteria u sed to str ati fy 
data b y  vegetation type are out li ned 
i n  Append i x  5 .  
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Tab le 2 .  Sum mary stat ist ics of 1 70 stands samp led 

Statistic 

Stand age (years) 
Dominant height (em) 
Basal diameter (em) * 
Number of stems per hectare ** 
Foliage dry weight (k�/m2) 
Wood dry weight (kg/m ) 
Standing dead weight (kg/m2) 
Total dry weight (kg/m2) *** 

Stand age (years) 
Dominant height (em) 
Basal diameter (em) 
Number of stems per hectare 
Foliage dry weight (k�/m2) 
Wood dry weight (kg/m ) 
Standing dead weight (kg/m2) 
Total dry weight (kg/m2) 
Percent foliage (%) **** 

Stand age (years) 
Dominant height (em) 
Basal d iameter (em) 
Number of stems per hectare 
Foliage dry weight (k�/m2) 
Wood dry weight (kg/m ) 
Standing dead weight (kg/m2) 
Total dry weight (kg/m2) 
Percent foliage (%) 

Stand age (years) 
Dominant height (em) 
Basal diameter (em) 
Number of stems per hectare 
Foliage dry weight (k�/m2) 
Wood dry weight (kg/m ) 
Standing dead weight (kg/m2) 
Total dry weight (kg/m2) 
Percent foliage (%) 

Stand age (years) 
Dominant height (em) 
Basal diameter (em) 
Number of stems per hectare 
Foliage dry weight (k�/m2) 
Wood dry weight (kg/m ) 
Standing dead weight (kg/m2) 
Total dry weight (kg/m2) 
Percent foliage (%) 

Stand age (years) 
Dominant height (em) 
Basal diameter (em) 
Number of stems per hectare 
Foliage dry weight (k�/m2) 
Wood dry weight (kg/m ) 
Standing dead weight (kg/m2) 
Total dry weight (kg/m2) 
Percent foliage (%) 

Stand age (years) 
Dominant height (em) 
Basal diameter (em) 
Number of stems per hectare 
Foliage dry weight (k�/m2) 
Wood dry weight (kg/m ) 
Standing dead weight (kg/m2) 
Total dry weight (kg/m2) 
Percent foliage (%) 

Mean 
Standard 
deviation 

ALL SPECIES(n = 170) 

10.9 
413.3 

3.43 
166,684 

0.4318 
2.6984 
0.1534 
3.2837 

5.8 
162.3 

1.65 
115,188 

0.3979 
2.0596 
0.1990 
2.3204 

ASPEN (n = 24) 

11.1 
554.4 

4.60 
100,892 

0.3269 
3.2805 
0.0972 
3.7046 

14.0 

5.8 
187.0 

1.73 
88,551 
0.1601 

1.914 
0.0799 
2.0671 

6.2 

ALDER (n = 21) 

9.7 
393.2 

2.93 
191,219 

0.2587 
2.3535 
0.1680 
2.7802 

15.2 

3.9 
125.8 

1.04 
94,890 
0.1355 
1.4246 
0.1920 
1.5982 

5.7 

WILLOW (n = 18) 

9.8 
398.7 

2.64 
206,594 

0.2848 
2.8928 
0.2168 
3.3944 

16.2 

4.8 
170.6 

1.06 
142,260 

0.1282 
2.0186 
0.3399 
2.3055 

4.2 

BALSAM POPLAR (n = 15) 

8.9 
473.1 

3.86 
127,647 

0.3252 
2.8266 
0.0846 
3.2363 

19.1 

2.9 
151.9 

1.50 
67,060 
0.1199 
2.0219 
0.0792 
2.1772 

7.05 

LODGEPOLE PINE (n = 15 ) 

ll.9 
361.4 

4.44 
132,433 

0.9274 
3.7483 
0.0951 
4.1708 

25.9 

5.3 
148.7 

2.25 
83,531 
0.3069 
3.5085 
0.0898 
3.7893 

9.8 

WHITE BIRCH (n = 10) 

10.7 
469.7 

3.46 
131,140 

0.3037 
2.6590 
0.1067 
3.0694 

17.3 

3.9 
100.4 

1.10 
54,543 
0.1030 
1.2561 
0.1086 
1.4004 

4.4 

* At 20 em above ground level. 
** Includes dead standing stems. 

Min. 

2 
132 

0.86 
21,500 
0.0813 
0.2539 

o 
0.3353 

2 
167 

1.49 
21,500 
0.1569 
0.4933 
0.0034 
0.6977 

7.9 

4 
173 

1.42 
81,200 
0.1225 
0.4323 
0.0008 
0.5885 

8.3 

3 
139 

0.86 
44,500 
0.0813 
0.2539 

o 
0.3353 

5.2 

3 
200 

1.76 
42,100 
0.1642 
0.5634 

o 
0.7443 

12.0 

7 
143 

2.37 
35,800 
0.3227 
0.9999 
0.0004 
1.3767 

9.3 

5 
248 

1.40 
70,900 
0.1436 
0.7873 
0.0048 
0.9357 

11.7 

Max. 

43 
968 

10.82 
853,100 

2.6530 
12.7227 

1.2828 
14.1673 

29 
968 

8.08 
432,900 

0.7050 
6.6186 
0.2578 
7.3310 

32.5 

19 
681 

4.73 
398,600 

0.7233 
5.8874 
0.7727 
6.8658 

31.8 

19 
750 

4.58 
606,400 

0.5756 
6.9ll5 
1.2828 
7.7053 

30.1 

13 
710 

6.09 
241,900 

0.5544 
7.2635 
0.2873 
7.9967 

35.6 

25 
615 

10.82 
338,200 

1.3979 
12.7227 

0.3462 
14.1673 

42.7 

15 
580 

4.90 
251,400 

0.4411 
4.2658 
0.2801 
4.8408 

25.8 

*** Total of wood dry weight, foliage dry weight and standing dead weight. 
**** Foliage fresh weight as a percent of total above-ground live weight. 

n = number of stands sampled. 



Table 3 .  R eg ression eq uation s and rel ated stati st ics for p redi ction of fo li age dry weigh t ,  
wood d r y  weigh t ,  and tota l aboveground dry w eigh t for a l l  spec ies combi ned 

Dependent variab le Reg res s ion eq uation** 

Foli age dry wei ght,  kg In Y = - 2 . 0536 + 0 . 8424 InD 

Wood dry weight,  kg I n  Y = - 0 . 6990 + 1 . 2740 InD 

Tota l aboveground dry weigh t ,  kg* I n Y  = 0 . 3636 + 1 . 1 786 InD 

Fol i age dry wei ght,  kg I n  Y = - 3 . 3796 + 0 . 2774 InD2 H 

Wood dry wei ght,  kg InY = 3 . 3495 + 0 . 4983 InD 2 H 

Tota l aboveground dry weight,  kg InY = 2 . 7580 + 0 . 4540 InD 2 H 

Fol iage dry weight, kg InY = 1 . 2448 + 0 . 0008 A2 - 0 . 0568 In N S  

Wood dry weight,  k g  I n Y  = 1 6 .7395 + 0 . 0030 A2 - 0 . 8826 In N S  

Tota l aboveg rou nd dry weight,  k g  I n Y  = 1 7 . 2 0 8 2  + 0 . 0040 A2 - 0 . 8 850 In N S  

* Total aboveground d ry weight inc ludes field weig h t  of dead standing wood . 

** D = mean of n i ne max i m u m  s tem diameters ( cm )  at 20 cm above grou nd level . 

H = h ei ght ( cm )  of the tal lest dom inant on the samp l e  p lot . 

A = mean age ( years ) of n i ne l argest s tems . 

N S  = n u mber of stems per hectare, inc luding dead standing stems . 

n R 2 

1 70 0 . 35 

1 70 0 . 6 7  

1 70 0 . 6 6  

1 70 0 . 28 

1 70 0 . 74 

1 70 0 . 7 0  

1 7 0  0 . 1 7  

1 7 0  0 . 1 9 

1 7 0  0 . 20 

w 



T able  4 .  Aspen reg ression eq uations and rel ated stat i stics for p red i ction of fo li age dry 
wei ght, wood dry wei ght, and tota l aboveground dry weight 

Dependent variab le Regression eq uation** 

Fol i age dry wei ght, kg I n Y  = - 2 . 1 833 + 0 . 6666 In D 

Wood dry wei ght, kg In Y = - 1 .3393 + 1 .5962 In D 

Total  aboveground dry weight, kg* In Y = - 1 . 0085 + 1 .4705 In D 

Foli age dry wei ght, kg In Y = - 3 .3736 + 0 . 2356 In D 2 H 

Wood dry weight, k g  I n Y  = - 4 . 1 842 + 0 .5637 In D 2 H 

Total  aboveground dry weight, kg I n Y  = 3 . 6273 + 0 .5 1 9 1  InD2 H 

Foli age dry wei ght, kg In Y = 0 .3839 + 0 . 0006 A2 - 0 . 0097 In N S  

Wood dry weight, kg I n Y  = 1 . 20 1 8  + 0 . 0072 A2 + 0 . 2 1 1 9 In N S  

Total  aboveground dry wei ght, k g  I n Y  = 0 . 9844 + 0 . 0 079 A2 + 0 . 2 1 83 In N S  

* Total  aboveground d ry weight inc ludes fiel d weight of dead standing wood . 

** D = mean of n i ne m ax i m u m  stem d ia meters ( cm )  at 20 cm above grou nd level . 

H = hei ght ( cm )  of the tal lest dominant on the samp l e  p lot .  

A = mean age ( years ) of n ine largest stem s . 

N S  = n u mber of stems per hectare, inc l u d i n g  dead standin g stem s . 

n 

24 

24 

24 

24 

24 

24 

24 

24 

24 

R 2 

0 .4 1  

0 . 85 

0 . 85 

0 .42 ..... 
.j:: 

0 . 8 7  

0 . 8 7  

0 .44 

0 .35 

0 .36 



T able 5 .  Alder reg ression equations and rel ated stati st ics for p rediction of fo l iage dry 
weight , wood dry weight,  and total  aboveg round dry weight 

Dependent variable Regression equation** 

Foli age dry weight , kg I n Y  = 2 . 0 2 0 2  + 0 .559 1 I n D  

Wood d r y  weight , k g  I n Y  = - 0 . 8 258 + 1 . 4643 I n D  

Total  aboveg round d r y  weight , kg* In Y = 0 .5 246 + 1 .3508 InD 

Fol i age dry wei ght , kg InY = 3 .3668 + 0 . 2406 InD 2 H 

Wood dry wei ght , k g  I n Y  = - 4 . 2 1 85 + 0 . 6 133 I n D 2 H 

T otal  above groun d  dry wei ght , kg I n Y  = - 3 .6 6 1 0  + 0 .5666 InD 2 H 

Foli age dry wei ght , kg I n Y  = 0 . 9533 - 0 . 0003 A2 - 0 .039 9 In N S  

Wood· d ry weight , k g  I n Y  = 23 . 8567 - 0 .0 0 27 A2 - 0 . 0 1 27 In  N S 

Total  aboveg roun d  dry weight , kg I n Y  = 25 . 0 29 6  - 0 . 0 0 20 A2 - 1 .3 2 25 In N S  

* Total aboveground d ry weight incl udes field weight of dead standing wood . 

** D = mean of n i ne m ax i m u m  stem d iameters ( em )  at 20 e m  above ground level . 

H = h eight (em ) of the tal lest dominant on the samp l e  p lot .  

A = mean age ( years ) of n i ne l argest stem s . 

N S  = n u mber of stems per hectare, inc l u d i n g  dead standin g stem s . 

n 

2 1  

2 1  

2 1  

2 1  

2 1  

2 1  

2 1  

2 1  

2 1  

R 2 

0 . 2 1  

0 .59 

0 .56 

0 . 26 U'1 

0 . 70  

0 .6 7  

0 .45 

0 . 1 8  

0 . 1 6 



Table 6 .  W i l low reg ression eq uations an d rel ated stati stics for p rediction of fo l iage dry 
weigh t ,  wood dry weigh t ,  and tota l aboveg rou nd dry weigh t  

Depen dent variab le Reg res sion eq uation** 

Foli age dry weigh t ,  kg In Y = 1 . 9483 + 0 . 659 1 In D 

Wood dry weigh t ,  kg In Y = - 0 . 7620 + 1 . 7082 InD 

Total aboveground dry weigh t ,  k g* In Y = 0 . 4534 + 1 .5754 In D 

Foli age dry weight,  kg In Y = 3 . 240 1 + 0 . 2445 InD 2 H 

Wood dry weigh t ,  kg In Y = - 4 . 057 1 + 0 . 6266 In D 2 H 

Tota l aboveground dry weigh t ,  kg InY = - 3 . 4780 + 0 .560 1 In D 2 H 

Foli age dry weigh t ,  kg In Y = 1 . 0 159 + 0 . 0 005 A2 - 0 . 0 475 In N S  

Wood dry weight,  kg In Y = 24 . 8548 + 0 . 0084 A2 1 . 3796 In N S  

Tota l aboveg rou nd dry weigh t ,  kg In Y = 24 . 1 954 + 0 . 0 1 1 4  A2 1 . 3 3 15 In N S  

* Total aboveg round dry weight incl u des field weight o f  dead s tanding wood . 

** D = mean of n i ne m ax i m u m  stem d iameters ( e m )  at 20 e m  above grou nd level . 

H = height (em ) of the tal lest  dominant on the samp l e  p lot . 

A = mean age ( years ) of n i ne l argest s tems . 

N S  = n u mber of stems per hectare, inc l u d i n g  dead s tandin g stems . 

n 

1 8  

1 8  

1 8  

1 8  

1 8  

1 8  

1 8  

1 8  

1 8  

R 2 

0 . 3 8  

0 . 7 8  

0 . 75 

0 . 4 1  en 

0 . 84 

0 . 8 1  

0 . 24 

0 . 44 

0 .45 



Tab le 7 .  Balsam pop lar reg ress ion eq uation s and rel ated stat i st i cs for p rediction of fo l iage 
dry weight , wood dry weight , and tota l aboveground dry weight 

Dependent variable Reg ress ion eq uation** 

Foli age dry wei ght , kg In Y = - 1 . 957 1 + 0 . 6 03 1  InD 

Wood dry weight , kg In Y = - 1 . 1 439 + 1 .5 1 2 2  InD 

Total  above ground dry weight , kg* In Y = - 0 . 8202  + 1 .39 15 In D 

Fol i age dry wei ght , kg In Y = - 3 . 2 060 + 0 . 2332 InD 2 H 

Wood dry weight , kg In Y = - 4 . 4 1 7 8 + 0 . 6 0 1 2  In D 2 H 

Total  aboveground dry weight , kg In Y = - 3 . 8 1 83 + 0 .55 15 In D 2 H 

Foli age dry wei ght , kg In Y = 2 .5 2 25 - 0 . 000 1 A2 - 0 . 1349 In N S  

Wood dry wei ght , kg In Y = 35 .347 1 + 0 . 0 137 A2 2 . 0 799 In N S  

Total  aboveg round dry wei ght , k g  I n Y  = 38 .4559 + 0 . 0 1 4 0  A2 2 . 2483 In N S  

* Total abovegrou nd d ry weight includes fie ld weight of dead standing wood . 

** D = mean of n i ne m ax i m u m  stem d ia meters ( cm )  at 20 c m  above grou nd level . 

H = hei ght ( cm )  of the tal lest dominant on the samp l e  p lot .  

A = mean age ( years ) of n i ne largest stems . 

N S  = number of stems per hectare, inc l u d i n g  dead stan din g stems . 

n R 2 

15 0 .44 

15 0 .68 

15  0 .6 7  

15 0 .5 0  

15  0 . 8 0  

15  0 . 80 

15 0 .40 

15 0 . 7 1  

15 0 . 6 9  

....... 



Table 8 .  Lodgepole p i ne reg ression eq uation s and rel ated stat i st ics for p rediction of fo liage 
dry wei ght , wood dry weight , and total  aboveg round dry weight 

Dependent variable Regress ion eq uation** 

Foli age dry wei ght , kg I n Y  = - 0 . 9434 + 0 .5765 InD 

Wood dry weight,  kg I n  Y = - 1 .3062 + 1 . 6403 InD 

Total  above ground dry wei ght , kg* In Y = - 0 . 6298 + 0 .3954 InD 

Foli age dry weight , kg InY = - 1 . 8 759 + 0 . 20 2 1  InD 2 H 

Wood dry weight , kg I n  Y = - 4 . 0323 + 0 .5835 InD 2 H 

Total  aboveg round dry weight , kg I n Y  = - 2 . 9307 + 0 . 4942 I n D 2 H 

Fol i age dry wei ght , kg I n Y  = 1 . 7944 + 0 . 0 0 13 A2 - 0 .0 6 65 I n N S  

Wood dry weight , k g  I n Y  = 2 . 0 1 78  + 0 .0 2 1 4 A2 + 0 . 1 345 In N S  

Total  aboveg round dry weight , k g  I n Y  = 0 . 1 4 13 + 0 . 0 2 29 A2 + 0 . 0494 I n N S  

* Total  abovegroun d  dry weight incl u des fie l d  weight o f  dead standing wood . 

** D = mean of n i ne m ax i m u m  stem d i ameters ( cm ) at 20 c m  above ground level . 

H = height ( cm ) of the tal l est dominant on the samp l e  p lot . 

A = mean age ( years ) of n i ne l argest stem s . 

N S  = n u mber of stems per hectare, inc l u d i n g  dead standing stem s . 

n R2 

15  0 . 63 

15  0 . 74 

15  0 . 74 

15  0 .4 1  

15  0 . 7 9  

15  0 . 7 8  

15  0 .54 

15 0 .9 7  

15  0 .9 6  

..... 
co 



Table 9 .  Wh ite b i rch reg ress ion equations and rel ated stati st ics for p red iction of fo li age dry 
wei ght , wood dry wei ght , and tota l aboveg rou nd dry weight 

Dependent variab le Regression eq uation** 

Foli age dry wei ght , kg In Y = - 2 . 154 1 + 0 . 7 640 InD 

Wood dry weight , kg In Y = 0 . 8 708 + 1 . 446 1 In D 

Total  aboveg round dry weight , kg* In Y = - 0 . 6 617 + 1 .3990 In D 

Foli age dry weight , kg In Y = 3 . 7087  + 0 . 2894 InD 2 H 

Wood dry weight , kg In Y = - 3 . 7770 + 0 .5436 InD 2 H 

Total  abovegrou nd dry weight , kg InY = 3 .4 679 + 0 .5 252 InD 2 H 

Foli age dry wei ght , kg In Y = 3 .3869 - 0 . 0004 A2 - 0 . 1 858 In N S  

Wood d ry wei ght , kg In Y = 32 . 1 604 - 0 . 0004 A2 1 . 8047 In N S  

Total  aboveground dry weight, kg In Y = 38 .3970 - 0 . 0 0 1 8  A2 2 . 1507 In N S  

* Total  aboveground d ry weight incl udes fiel d weight of dead standing wood . 

** D = mean of n i ne m ax i m u m  stem d ia meters ( cm )  at 20 c m  above ground level . 

H = height ( c m )  of the tal lest dominant on the samp l e  p lot . 

A = mean age ( year s )  of n i ne largest stems . 

N S  = n u mber of stems per hectare , incl u d i n g  dead standin g stem s . 

n R 2 

1 0  0 . 65 

1 0  0 .8 9  

1 0  0 . 9 1  

1 0  0 . 63 

1 0  0 . 8 6  

1 0  0 . 8 6  

1 0  0 .42 

1 0  0 .30 

1 0  0 .3 2  

..... 
ID 
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RESULTS 

Estimates of Standing Crop 

Dry standing trop esti mates , 
based on harvests of the 2 -m d i a meter 
s amp le p lots , a re l i sted in  Append i x  
4 i n  order of i ncreas i n g  a g e  for each 
of the spec ies or spec ies g roups 
s amp led . Some of the extreme upper 
l i m i ts obtai ned are s u m mari z ed in 
Table 1 0 . 

Exhaustive compari son s h ave 
not been m ade w i th other p ub li shed 
standing crop esti mates . for you n g  
stands of the spec ies l i sted in  Table 
1 0 ;  howeve r ,  the deg ree to wh ich the 
est imated upper l i m its of stan d i n g  
c rop exceed regiona l  averages for a 
g i ven spec ies is  indicated by two 
exa mp les . Haz el stands samp led i n  
1 979 had dry standing crops that 
ran ged from 9 . 7 to 28 . 2  t/h a ,  whereas 
hazel  stand i n g  crop estimates b y  
Tappeiner and Joh n ( 1 973 ) ran ged from 
4 . 6 to 15 . 0  t/h a .  The 1 4 -year-old 
aspen stand w ith the h i ghest dry 
standing crop in 1 979 ( 73 .3 t/h a )  h ad 
an esti mated 65 . 6  t/h a  of wood a lone 
( based on an est imate that · 89 .5% of 
the standi n g  crop was in the for m  of 
wood ( Appendix 4 ,  Table A ) ,  whereas 
Perala ( 1 973 ) , citi n g  work by other 
researchers , recorded 42 t/h a  of wood 
alone for a 15-year-old aspen stand 
and 36 t/h a  of wood and bark for a 
13 -year-old aspen stand . 

The best . comparati ve base 
l i ne from wh ich to judge the deg ree 
to wh ich the 1 979 data are apparent 
u pper l i m its is  the sum mary of 
b iomass p roducti vity of youn g  aspen 
stands by Bel la  and De Francesch i 
( 1 980 ) . Thei r  study was based on 
data from a portion of the Mixedwood 
Section of the B orea l  Forest that 
coi ncided closel y w i th the samp le 
area for th i s  study ; the p resent 
study di ffered on ly in its inc l u s ion 
of a s ign ificant n u mber of s amples 
from the Lower Footh i l ls Section of 
western Alberta . Since a p ri mary 

interest in b ioenergy production w i l l  
b e  to ob tai n the m ax i m u m  y i el d  as 
q u ick ly as pos s ib le , Table 4 from 
B el l a  and De Franceschi  ( 1 9 8 0 ) was 
selected as a bas i s  of compari son 
becau se it p rovi des data on standing 
crop ( k g/ h a )  for aspen stands 2 to 5 
years of age . Tab Ie 1 1  Ii sts some 
examp les of apparent upper li mits of 
above g round standing crops fo r 
un man aged stands 3 ,  4 ,  or  5 years of 
age for vegetation types sampled in  
1 9 79 and i nc ludes , for compari son , 
stand i n g  crops for the h i ghest 
den s ity c las ses of fu l ly stock ed 
aspen stands of the same age as 
deri ved from Bel la  and De Francesch i 
( 1 980 ) . The 1 979 study was not 
s u ffic iently detai led to p rovide 
stand i n g  crop data for each 1 -year 
age cI ass for each vegetation type . 
Table 1 1 ,  however , does i dentify 
several  vegetation types and age 
cl asses that y i el ded maxi m u m  standing 
crop va lues g reater than the reg ion a l  
averages for t h e  most dense aspen 
stands an a ly z ed by Bell a and 
De Fran cesch i .  In extreme cases , 
some you n g  stands in  each of the 3 - ,  
4-,  and 5 -year-old age classes have 
stand i n g  crop values doub le the 
reg ion a l  average for the Mixedwood 
Section ; such variabi l i ty shou ld be 
noted when goa ls are set for the 
max i m u m  potenti a l  b iomass y i eld i n  
certai n forest s ites . 

The maxi ma i nd i cated i n  Table 
1 1  shou ld not be extrapolated to 
l arge l and areas that may be 
dominated by such vegetation types . 
The mai n value of these apparent 
upper li m its is to i nd icate the 
natu ral ly  occu rri ng stand i ng crop s 
that cou ld b e  locally encountered by 
b iomass harvesters i n  certai n areas 
with in  the Lower Footh i l l s  and 
Mixed wood forest section s . B y  
comp ari son , these h i gh values for 
un managed stands sti l l  fa l l  short of 
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Table 1 0 .  Extreme upper l i m its of d ry stan d i n g  crop above grou nd 
for stands sampled i n  1 979 

Species 

Aspen 
Populus tremuloides Michx . 

A l der 
Alnus spp . 

W i l low 
Salix spp . 

B a lsam poplar 
Populus balsamifera L .  

Lodgepole p ine 
Pinus contorta Doug l . var . latifolia E n gel m . 

W h ite b i rch 
Betula papyrifera Marsh . 

Hazel  
Corylus cornuta Marsh . 

Wh ite sp ruce 
Picea glauca ( Moench ) Voss 

Red-os ier dogwood 
Cornus stolonifera Michx . 

Bog b i rch 
Betula glandulosa M i ch x .  

Mou ntai n m aple 
Acer spicatum Lam . 

Jack pine 
Pinus banksiana Lamb . 

Larch 
Larix laricina ( Du Roi ) K .  Koch 

A l p i ne fi r 
Abies lasiocarpa ( Hook . )  N utt . 

Ba lsam pop lar-a lder 
Populus balsamifera L .  - Alnus spp . 

Ba lsam poplar-w i l low 
Populus balsamifera L .  - Salix s pp . 

A spen -a lder 
Populus tremuloides Mich x . - Alnus spp . 

Stand 
age 
y rs 

1 4  

9 

9 

13  

25 

13  

1 8  

1 7  

8 

1 8  

1 6  

43 

1 1  

25 

13  

13  

9 

Aspen-hazel 1 2  
Populus tremuloides Michx . - Corylus corn uta Marsh . 

Stand i n g  
crop 
t/ ha 

73 .3 

68 . 7  

71 . 1  

80 . 0  

1 4 1 . 7  

48 . 4  

28 . 2  

93 .5 

23 . 0  

3 1 . 2  

49 . 1  

34 . 1  

23 . 6  

55 . 7  

53 . 1  

130 . 6  

32 . 6  

39 .5 
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T able  1 1 . Examp les of apparent upper l i m i ts of d ry aboveg rou nd stan d ing 
crop for u n man aged 3-, 4-, and 5-year-old stands of woody spec ies 
i n  the p rair ie  p rovi nces 

Vegetation type 

A .  Apparent upper l i mits b ased on 
the 1 979 study 

B a lsam pop lar 
Balsam pop lar-w i l low mixtu re 
Aspen -h azel mixture 
W i l low 
Aspen-a lder m ixture 
Aspen 
Red-os ier dogwood 
Mounta in  maple 

B .  Comparative b ase l i ne for 
fu l ly stocked aspen* 

Stand i n g  crop , t/ha 
at age 3 at age 4 at age 5 

1 2  . 0  ? ? 
1 3  .5 ? ? 
1 4 .0 ? ? 
1 0 . 8 ? ? 
1 6 . 9 1 8 . 1  ? 
1 1 .3 1 2  .5 29 . 6  

? ? 1 2 .5 
? ? 1 6 . 2  

8 . 2  9 .3 1 1  . 0  

* Comparati ve stan ding crop data for dense you n g  aspen are from Tab le 4 
of Bel l a  and De Francesch i ( 1 98 0 ) . 

the exceptiona l ly h igh stan d i n g  crop 
val ues recorded for you n g  man aged 
stands . For examp le , Nautiyal  ( 1 979 ) 
cited data from one hyb rid pop l ar 
clone i n  Ontario which p roduced 
2 8 . 7  t/h a  of leafless b iomass on a 
2 -year rotation . Si ren ( 1 979 ) 
indi cated that n atu ral w i l low stands 
i n  Sweden m ay produce up to 6 t/h a  of 
dry standing crop per y ear and that 
genetic selection of s uperior w i l low 
clones cou ld res u l t  i n  dry matter 
p roduction as g reat as 20 t/h a  per 
year , a b iomass accu m u l ation rate 
th at wou ld y ield standing crop s much 
h i gher than those l i sted for 3-,  4-,  
and 5-year-old stan ds i n  Tab le 1 1 .  

The relative p roportions of 
fo l i age and wood i n  the aboveg rou nd 
standing crop did not reveal a 
disti nct trend w i th increas i n g  stand 
age when all  spec ies were analyzed . 
For seve ral of the dec iduous spec ies 
-- particular ly aspen , a lder , w i l low , 
and balsam pop lar -- fol i age tended 
to mak e  up more th an 20% of 

abovegrou nd b iomass for stan ds 4 
years or you nger and general ly under 
20% for stands over 4 years of age . 
Other dec iduous spec ies -- such as 
white b i rch , h azel , red-os i er 
dogwood , bog b i rch , and mou ntai n 
map le -- retai ned a rel ati vely h i gh 
p roportion of fo l iage for a period 
beyon cr 4 years , or  el se showed no 
di sti nct trend w i th age . Lodgepole 
p i ne , jack pine , and l arch had a 
rel ati vely h i gh p roportion ( over 2 0% )  
of aboveground b iomass i n  the form of 
fo l i age unti l  app rox i mate l y  1 0  years 
of age , but wh ite sp ruce and a lp i ne 
fi r did not revea l any trend towa rd a 
dec rease i n  the rel ati ve p roportions 
of fo li age and wood up to age 24 
( Append ix 4 ) . 

Genera l ly, however, most 
i nd i vi du a l  spec ies fo l l ow ed a 
detectab Ie trend of you n g  stands 
con tai n i ng a rel at ivel y g reate r 
p roportion of aboveg rou nd stan d ing 
c rop in the for m  of fo l iage than was 
the case w ith older stands samp led . 



An 8-year-old lodgepole p i ne stan d  
d isp layed t h e  h ighest relat i ve amou nt 
of fol i age w ith 42 .7% of the 
aboveground standing crop in the for m 
of need les ; a 1 2 -year-old w i l low 
stand was at the other extreme w ith 
on ly 5 . 2% of the standing crop as 
fo l i age ( Appendix 4 ) . 

Estimates of Standing Crop Density 

Exa mp les of woody stands 
u nder 20 years of age w ith standin� 
c rop den sit ies of 1 . 0 to 1 .5 k g/m 
th at are ch aracteristic of  fu l ly 
closed forest stands are l i sted i n  
Tab le 1 2 .  F igures i n  t h e  fi rst two 
col u m n s  of Tab le 1 2  are the most 
rep resentati ve of stan d i n g  crop 
dens ities that cou ld be encou ntered 
over extended areas of land s u rface . 
Although these data were der ived from 
the tota l h arvest of 2 -m radius  
sample  p lots ,  they should b e  vi ewed 
as maximum rather than average va lues 
becau se the selection of sample areas 
was b i ased in the search for upper 
l i m its . On the other hand , 
calcu l ation of standing crop dens ity 
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based on volume of g row i ng space 
defined by the ta l lest stem on the 
plot ,  r ather than b y  mean hei ght of 
stems on the p lots , wou ld p roduce 
u n derest i mates of standing crop 
den s ity . 

E sti mates i n  the second two 
col u m n s  of Tab le 1 2  were deri ved from 
the mean stand i n g  crop harvests from 
th ree l-m3 samp le frames that were 
p l aced w here stem c l u mp i ng or other 
forms of exceptiona ll y  dense stem 
distrib ution occurred . These 
est i m ates of extreme upper li mits of 
standing crop den s ity can b e  taken as 
a g u i de to the harvest i n g  capacity 
that shou ld be i ncorporated i nto 
b iomas s harvesters i ntended for work 
in den se young stands of t ree species 
or shrub s . Such extreme stand i ng 
c rop den s it i es do not occur over 
I arge a reas ; however , for spec ies 
that g row i n  cl u mp s ,  s uch as a lder , 
the loc i  of h i gh stand i ng crop 
den s it i es may be wel l d i str ibuted 
th roughout the l arge stands , even 
if they occupy on l y  a sma l l  p ortion 
of the tota l l an d  area , s u ggest i n g  

Table  1 2 .  Examp les of woody stands under 2 0  years of age i n  the p rai r ie  
provi nces w ith standing crop den s it ies that reach level s typica l  
o f  mat u re ,  fu l ly closed forest stan ds ( at least 1 . 0 k g/m3 ) 

Aboveground standing crop dens ity* , d ry wt . ,  

Vegetation type Stand 
age 

y r  

Ba lsam pop lar-alder mixture 1 3  
Bog b i rch 1 8  
B a lsam pop lar 1 1  
Alpine fi r 15  
Alder 9 
Lodgepole p i ne 8 
B a lsam poplar-w i l low mixtu re 1 3  
Wi l low 8 
Wh ite sp ruce 1 2  

* I nc l udes dead stan ding stems . 

B ased on tota l 
harvest of 2-m 

rad i u s  p lot 
k g/ m3 

1 .0 2  
1 . 04 
1 .05 
1 . 1 4  
1 . 1 9  
1 . 66 
1 . 73  
2 . 1 6  
2 . 3 0  

Stand 
age 

y r  

1 3  
1 8  
1 2  
1 8  
1 1  
1 6  
1 3  
1 9  
1 7  

H i ghest averajle 
of th ree l -m 

samp les 
k g/m3 

3 .0 3  
3 . 8 1  
5 . 2 6  
5 .7 7  
4 .55 
6 . 88 
5 . 3 3  
5 . 95 
6 . 3 3  



that mechan i z ed biomass harvesters 
would frequen tly encounter areas of 
h i g h  amounts of biomass per unit 
volume of s tand space . 

The data p resented in Tab le 
1 2  confi rm the hypothesi s  of K i ra and 
Shidei  ( 1 967 ) that exceptional ly h igh 
standing crop densities occur i n  
certain sh rub s tands as wel l as i n  
young s tands of some con i ferous and 
deci duous tree spec ies . There w ere 
i nsufficient data to confi rm or 
reject the hypothesis  that s tan ding 
c rop density is  almost i ndependent of 
stand height in forests ( K i ra and 
Sh i dei  1 967 ) . A p revious analysis  of 
Populus stands in Alberta 
indicated that s tanding crop density 
i ncreased with stand height 
( John stone an d Peterson 1 980 ) . 

Biomass Prediction Equations for 
Shrubs and Small Trees 

I n  genera l ,  the reg ression 
equations developed for p red iction of 
fol iage dry weigh t ,  wood dry weigh t ,  
and tota l aboveg round d r y  weight 
us i n g  s tem diameters , s tem hei ghts , 
stand ages , and numbers of s tems per 
hectare as i ndependent variab les 
yielded resul ts of low rel iab i l i ty . 
Only rarely did tested reg ress ion 
equations yield R 2 va lues of 0 . 90 
or h igher ( Tables 8 an d 9 ) . 

The va li dity of usi n g  
comb ined terms such as D 2 H for 
p redi ction of volume or weight of 
i ndi vi dual sh rubs or sma l l  trees is  
not  in  doubt (B uck man 1 966 ) , but the 
relati vely smal l  variation in 
s tanding crop accounted for by the 
regressions tested ( Tab les 3 to 9 )  
suggests that there i s  l i ttle to b e  
gai ned from extension of t h i s  

2 4  

app roach t o  stands of sh rub -sized 
materia l . The low rel iabi l i ty of the 
reg ression equations tested by the 
1 9 79 data may have resul ted i n  part 
from deri ving D from a mean of 
diameters of the n ine largest stems 
samp led and H from the heigh t  of the 
ta l lest dominant on the sample plot . 
Al though it was not tested i n  th i s  
study , it  i s  li kely that more 
rel iable weigh t  p rediction s could be 
obtai ned if D and H rep resented mean 
va lues of a wi der ran ge of stem sizes 
on each samp le p lot . 

For p ractical  use it would be 
desi rab le to have general guidel i nes 
to al low v isual estimates of sh rub 
stan ding crop or estimates based on a 
minimum of rapi d  measurements . For 
examp le , Youn g ( 1 980 ) stressed that 
there are di rect rel ation sh ips 
between the average height of a stand 
and the dry weigh t  of aboveg round 
portions of s h rub s and trees ; h i s  
suggested rule of thumb is 2 . 0 dry 
tonnes per hectare ( t / ha )  fo r each 
30 cm of average heigh t .  App li cati on 
of th i s  guideli ne suggests that a 
ful ly  stock ed stand of dec iduous 
spec ies with an average height of 9 . 0 
m should have a dry w ei gh t  of 6 0  t / ha 
above g round . Spot check s of the 
data li sted in Appendix 4 suggest the 
general vali dity of such a guideli ne : 
for examp le , p lot 20 ( A ppend ix 4 ,  
Tab le A )  contai ned 7 0  t / ha of 
standing crop , of which 90% ( 6 3 t / ha )  
was wood , and the stand hei gh t  was 
9 . 6 8  m .  I t  i s  tempti ng to suggest a 
general mathematica l  relation sh ip 
such as that stated by Youn g ( 1 980 ) , 
but the variabi l i ty portrayed by data 
i n  Appendix 4 and by the R2 values 
i n  Tables 3 to 9 i ndicates that there 
are no simp le ways to estimate 
stan ding crop in den se youn g stand s  
o f  sh rub s and trees . 
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D I SC U SS I O N  A N D  C O N C LU S I O N S  

Theoretical Implications 

The rapid g rowth rates 
ch aracteri stic of youn g  stands of 
p ioneer species are w i dely docu mented 
i n  the ecological l i teratu re . A h i gh 
n u mber of s tems per unit  area of land 
and rapid ach ievemen t of "fu l l  
occupancy " are also characteri sti c of 
woody spec ies that occupy the ear ly 
successional stages of d isturbed 
s ites . I t  i s  therefore not 
s u rp ri s i n g ,  from a theoretical poi n t  
o f  view , th at you ng stands of sh rubs 
or tree species can rather quick ly 
ach i eve a h i gh pack i n g  of woody 
b iomass per u nit  volume of g rowi n g  
space . This  study indi cated that 
w i th i n  1 0  years from the date of 
stand estab li sh ment most tree or 
s h rub s pec ies that characteri stica l ly  
occupy distu rbed sites can ach ieve 
s tan ding crop densities at least 
eq ual  to those of mature forest 
stands . I t  must be stressed , 
however , that this study's esti mates 
of h igh standing crop ( Tab le 1 1 )  and 
h igh standing crop den sity ( Tab le 1 2 ) 
should not be extrapolated to large 
land areas for p u rposes of i nventory 
estimates . The maxima recorded here 
are deri ved from stands and si tes 
th at occu r frequen tly in the Lower 
Footh i l ls Section of Alberta and the 
Mixedwood Forest Section of Alberta , 
Sask atchewan , and Manitob a ,  b u t  
nowhere are there large , 
u n i nterr upted youn g  stan ds with such 
h i g h  standing crop va lues th roughout . 

Standing crop den sity is not 
a freq uen tly used measu re in the 
biomass l i teratu re ; however ,  stand 
den s i ty ( deg ree of crowding of trees 
with i n  stocked areas ) h as b een shown 
to b e  associated with vari ations in 
tree s ize  and biomass of fu l l y  
stocked stan ds . Measu rements of 
stand den sity in addition to stock ing 
( the fraction of  area occupied by 
trees ) a l low better comp ari son s of 

biomass resu l ts with ex i st ing 
i nfor mation from spacing studies and 
y ield tab les ( Sm ith and De Bel l  1 9 74 ) . 
Stan ding crop den sity , as defi ned by 
K i ra and Shidei ( 1 967 ) and as used in 
th is  study , i s  one measu re of density 
that can b e  i ncorporated into future 
biomass inventori es with l i tt le extra 
effo rt . 

The l i mited an a ly ses ca rried 
out i n  th is  study revea led some of 
the d iffi cu lti es of esti mati ng 
stan ding crops of sh rub or young tree 
stands by use of read i l y  measu rab le 
variab les such as stem d iamete r or 
he igh t ,  a l though the l atte r  has 
p roved to be rel i ab le for weight 
p red iction of i nd i vi du a l  shrub s  or 
trees . Because this  study sought 
data on natu ral ly  occu rri ng upper 
l i mits of b iomass accu mul ation rate s ,  
t h e  dec ision was made to record 
diameter and height of the largest 
i nd i viduals in a stand . The com mon 
use of heigh t  data from dom i nant or 
codominant trees for esti mation of 
site i ndex i n  forest stands suggested 
that measu rements from the l argest 
i nd i v i du a ls in a stand may be 
mean ingfu l  in you n g  stands as we l l . 
Data g athered i n  this  study ind icated 
that only a s ma ll p roportion of 
stan ding crop variation among stands 
of s h rubs or you n g  trees can be 
accounted for by use of combi ned 
te rms such as D2 H ,  w hich have been 
u sed succes sfu l l y  for p rediction of 
volume or weight of i nd i vidu a l  stems . 

As needs develop fo r more 
accu rate p rediction s of stand i ng crop 
i n  stands of sh rubs or you n g  trees , 
a l ternati ve app roaches to those 
tested in t h i s  st udy sh ould be tri ed . 
For ex ample , non logarith mic eq uations 
fo r esti mation of biomass paramete rs 
may be more meani ngfu l  th an the 
logari thmic eq uation s tested 



here ( T ab les 3 to 9 ) . F u rthermore , 
mean stem diameter an d mean stand 
height ,  for wh ich data were not 
gathered in this  study , m i ght be 
expected to y i eld more rel i ab le 
predictions of stand weight than was 
the case w ith D based on mean 
dia meter of the n ine l argest stems i n  
the stand and H based on hei ght of 
the tallest domi nant i n  the samp le 
stand . 

A secondary objecti ve of th is  
study , as ori g ina l ly  percei ved , was 
to defi ne the physica l  factors and 
stand h i stories that contrib ute to 
high a mounts of stan d i n g  crop i n  a 
short period of t i me and h i gh 
standing crop dens it ies per u n it 
vol u me of forest stand space . The 
1 70 locations samp led did not a l low 
t h i s  objecti ve to be ach ieved ; the 
main  value of the geograph ica l l y  
b road samp l i n g comp leted i n  1 9 79 is  
as b ack ground data to a id the sett ing 
of h ypotheses that wou ld req u ire 
detai led study at a few selected 
s ites in the field . Now that there 
are standardized methods for 
col lection and p rocess i n g  of forest 
b iomass data ( Alemdag 1 980 ) , there 
should be systematic attempts to 
docu ment several  areas where 
cu rrent l y  un man aged stands of sh rubs 
or young trees show exception a l l y  
h igh standing crop s a n d  b iomass 
accu m u l ation rates ; many of the 
stan ds l i sted i n  appendi xes of th is  
report wou ld fa l l  i nto t h i s  category . 
Some of these sites wou ld b e  su itab le 
locations for detai led studies that 
cou ld test various hypotheses about 
the rel at ive i mportance of genotyp i c  
va riation , physical  site feat u res , 
and stand histories as factors 
respons ib le for rapid accu mu lat ion of 
woody b iomass . 

As opportunities develop for 
use of s h rubs and you n g  tree stands 
as b ioenergy sou rces , there shou ld be 
spec ific su rveys to document the fu l l  
ran ge of c ircumstances that 
contrib ute to h i gh standing crop 
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den sit i es . If  vegetation management 
steps can b e  desi gned to encou rage 
the l ateral  spread of you n g  stands 
th at h ave exception a l l y  h i gh standing 
c rop den s iti es , s uch stands cou l d  
tak e on i ncreas i ngly  important roles . 
Some stands of woody spec ies th at are 
now con s i dered to be s i l vicultu ra l  
p rob lems m a y  t u rn out t o  b e  resou rces 
worthy of spec ia l  management as their  
b ioenergy potenti a l  comes to be 
better u nderstood . 

Practical Implications 

B iomass harvests by sma I I  
mach i nes cou ld take advantage of the 
rel at i vely rapid accu m u l ation of 
woody materia l  such as that recorded 
i n  t h i s  study . A lthough the 1 9 79 
fi el dwork did not exam i n e  the 
eco logica l  con sequences of s uccessive 
short-rotation b iomass harvest s , it 
was assu med that the use of s h rubby 
materia ls  as b ioenergy sou rces was 
goi n g  to b e  dependent u pon the use of 
many smal l  h arvesters i n stead of 
fewer l arge harvesters . For th i s  
reason spec ia l attention w a s  g iven i n  
th is  study t o  characteri st i cs of 
dense you ng stands , part icul arly stem 
dia meters , stand hei ghts , and 
standing crop den s it i es , that w i l l 
i n fl uence the operation of s ma ll 
harvesters . B iomas s harveste r s  for 
sh rubs and s ma l l  trees shou ld be 
s m a l l  enough to use in the sites that 
support some of the vegetation types 
samp led in t h i s  study and should be 
s u ffi c ient l y  l i ghtw eight to b e  used 
i n  wet s ites . On the other hand , 
such harvesters must b e  stu rdy enough 
to h ave a cutt ing capac ity that can 
h andle the rel at i vel y h i gh sta n d i ng 
c rop den s it i es recorded i n  you ng 
woody stands . 

I ma g inati ve devel opment of 
m u lti stem h arvesters ( Koch and Sa vage 
1 9 80 ;  You n g  1 9 80 ) for use on sma l l  
trees and sh rub s cou ld chan ge ou r 
con cepts and defi n ition s of 
non p roducti ve forest l and . I t  has 



been stated freq uently that Canada 
has al lowed much of its p roducti ve 
forest l and to revert to a 
nonproductive state . Admi tted l y ,  
p roductive forest land in  some cases 
may have become nonp roducti ve becau se 
of eros ion al  losses of h u m u s  and 
top soi l or b ecause of rai sed water 
tab les after tree remova l .  I n  other 
cases , howeve r ,  u se of the term 
non productive s i mp l y  refers to 
occupation of forest lands b y  s h rubs 
or tree spec ies not norma l l y  
harvested in  commerc ia l  forestry 
operations . The rel at ive l y  rapid 
rate at which standing crop develops 
i n  success ional stan ds after 
di stu rbances , as indicated by data 
gathered in this  study , s uggests that 
many s ites des ig nated as 
non p roductive are , in rea l ity , h i g h l y  
p roductive . Developmen t of 
app rop ri ate harvesti n g  eq uipment for 
s ma l l  materi a ls appears to be the 
major ob stacle to u se of rel ati vel y 
l ar ge areas of sh rub-dominated forest 
l ands that are now c lass ified as 
non p roducti ve lands req u i r i n g  
s i l vicultural  treatmen t .  

Al though w i l d l i fe b iologi sts 
h ave gathered con siderab le stan ding 
c rop data on sh rub and tree spec ies 
that serve as b rowse in  forest  areas 
( Telfer 1 969 , 1 9 72 ) , interest i n  
s h rubs b y  foresters h as genera l ly  
been in the con text of  their 
competi tion with desi red tree 
spec ies . Energy-consuming b rush 
con trol steps are an integral  part of 
s i l vicu l t u ral  operations ; s i m i l a r  
energy-consuming steps are used for 
p ru sh con trol a lon g power li nes an d 
road rights-of-way . To date , there 
appears to h ave been l i tt le effort 
devoted to a search for ways in w h i ch 
such ene rgy -consuming steps cou ld be 
sub sidized by bioenergy from the 
woody materia l  bei ng removed . I n  
th i s  study a rel at ively l arge number 
of the 1 70 samp le p lots occu rred on 
man -made disturbances s uch as 
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r ights-of-way or on logged a reas . 
Often in  such sites the remova l of 
u n wanted woody stands i s  ,a vegetation 
man agement or s i l vicul tura l  p racti ce . 
Where there i s  a lready a commitment 
to handl i n g  such woody materia l for 
vegetation management reason s ,  tri a ls 
shou l d  be conducted to assess the 
feasib i l i ty of using some or a l l  of 
the h arvested woody materia l for 
s ma l l -sca le locali zed b ioenergy 
p roduction . 
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APPE N D I XES 

T he fo l l ow i n g  fi ve appendix es 
con tai n  data su m mari es , methods fo r 
fi eld samp li n g ,  l aboratory 
p roced u res , and criteria u sed to 
strati fy data by vegetation type . 
These appendix es are inc l u ded fo r 
those who may be interested i n  
greate r detai l  th an is  p resented i n  
the body o f  the report . 

1 .  Summary of 1 0 4  Al berta samp le 
p lots by vegetation type , 
moi sture class , soi l texture, and 
ori g i n  of h ab itat ( type of 
d i stu rb ance ) 

2 .  Summary of 66 Sask atchewan and 
Man itoba samp le p lots by 
vegetation type , moi sture cl as s ,  
soi l texture , and ori g in  of 
h ab itat ( type of d i stu rbance) 

3 .  Detai led desc riptions of fi eld 
samp l i n g  methods and l aborato ry 
p rocedu res 

4 .  Foli age / wood ratios , stan d i n g  
c rop ( k g / m2 ) ,  a n d  stan d i ng crop 
den s ity ( k g / m3 ) ,  l i sted by 
i nc rea s i n g  stand age for spec ies 
and spec ies m ixtures samp led in 
1 9 79 ( T ables A to R )  

5 .  Criteria u sed to stratify data b y  
vegetation type 
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APPENDIX 1 

SUMMARY OF 104 ALBERTA SAMPLE PLOTS BY VEGETATION TYPE , MOISTURE 
CLASS , SOIL TEXTURE , AND ORIGIN OF BABITAT ( TYPE OF DISTURBANCE) 

Plot Veget ation Mois ture Soil Origin of 
no . type class texture* habi tat** 

1 aspen mesic silty clay bulldozed 

2 aspen mes i c  clay loam burned 

3 balsam poplar-willow wet /mesic loam burp.ed 

4 balsam poplar-willow mes ic clay loam bulldozed 

5 aspen-alder dry sand burned 

6 alder dry sand burned 

7 aspen mesic loamy sand burned 

8 jack pine dry sand burned 

9 j ack pine dry sand burned 

10 aspen mes i c  loam burned 

11 alder wet /mesic silt loam burned 

12 balsam poplar wet /mes ic sandy loam burned 

13 bog birch wet clay loam natural shrub 

1 4  alder wet silty clay loam road r/w 

15  alder wet silt loam road r /w (b ) 

1 6  bog birch wet organic burned 

17 larch wet organic bulldozed 

18 larch wet organic bulldozed 

19 willow wet organic road r /w 

20  aspen wet /mes ic silt loam burned 

2 1 balsam poplar-wi llow mesic loam well-site clearing ( b )  

2 2  alder wet clay road r/w 

23 alder wet clay road r /w 

* Based on soil texture classes as defined by the Nat ional Soil Survey 
Committee of Canada ( 1 9 7 4 ) . 

** b = bulldozed ; bp = borrow pit ;  r/w right-of-way 

C ont inued on next page 
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APPENDIX 1 continued 

Plot Vegetation Mois ture Soil Origin of 
no . type class texture habit at 

24 balsam poplar-wi llow mes ic clay loam road r/w 

25 willow wet clay loam road r/w 

26 alder wet /mesic clay road r /w ( b )  

27 aspen mes i c  sandy loam burned 

28 balsam poplar wet /mesic s ilty clay loam burned 

29 willow wet /mes ic organic road r/w 

30 aspen mesic loam burned 

31 aspen mes ic sandy loam burned 

32 aspen mes ic loam/gravel cutover and burned 

3 3  alder wet sand/gravel road r/w 

34 balsam poplar-alder mes ic sandy loam roadside clearing 

35  red osier dogwood wet /mesic loamy sand natural shrub 

36 aspen dry sand burned 

3 7  data not usable 

38 alder dry sand unders tory 

39 balsam poplar mesic clay loam roadside clearing 

40 balsam poplar mes ic clay loam roads ide clearing 

41 alder mes i c  clay loam cutover 

42 alder mes ic clay loam cutover ( selective ) 

43  balsam poplar-alder wet /mesic silt loam cutover ( select ive ) 

44 alder wet /mesic sand roadside clearing ( bp )  

4 5  white birch mes ic sand bulldozed 

46 balsam poplar-wi llow wet /mesic sand road r /w ( b )  

47 balsam poplar wet /mes ic clay burned 

48 balsam poplar-alder mes ic clay road r /w ( b )  

4 9  willow wet /mes ic loam road r/w ( b )  

50 balsam poplar mes ic s ilt bulldozed 

5 1  balsam poplar mes i c  loam bulldozed 

52 balsam poplar-alder mes ic sandy loam roadside clearing 

5 3  aspen mes i c  clay burned 

Cont inued on next page 
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APPENDIX 1 continued 

Plot Vegetation Mois ture Soil Origin of 
no . type class texture habitat 

54 aspen mes ic clay burned 

5 5  bog birch wet organic natural shrub 

56 lodgepole pine mes ic silt burned 

57 aspen mes i c  silt burned 

58 white birch mes ic silt burned 

59  balsam poplar dry sand bulldo zed 

60 alder mes ic gravel/s and natural shrub 

61 lodgepole pine dry sand burned 

62 lodgepole pine dry sandy loam burned 

6 3  willow wet /mes ic organic natural shrub 

64 white birch wet /mesic s ilt loam road r /w 

6 5  balsam poplar-willow wet /mesic clay bulldozed 

66 white birch mes ic silt burned 

6 7  white spruce wet /mes ic sandy loam road r/w ( b )  

68 alder dry sand road r /w 

69  alder wet organi c road r/w 

70 balsam poplar mes ic sandy loam bulldozed 

71 balsam poplar mesic sand/gravel railroad r/w 

72 alder dry sand road r /w 

7 3  alpine fir wet silt unders tory 

74 white birch wet /mesic sandy loam cutover 

7 5  alder dry silty clay well site ( b )  

76 alder mes ic silty clay road r /w 

7 7  alpine fir mes i c  silty clay road r/w 

78 willow wet organic natural shrub 

7 9  white birch wet /mes ic loam road r/w 

80 balsam poplar mes ic clay road r/w 

81 white spruce wet /mes ic silt roadside clearing (bp )  

82 lodgepole pine dry sand burned 

83 lodgepole pine dry sand burned 

C ontinued on next page 
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APPENDIX 1 cont inued 

Plot Vegetation Mois ture Soil Origin of 
no . type class texture habitat 

84 lodgepole pine dry sandy loam burned 

85 lodgepole pine mes i c  sandy loam burned 

86 lodgepole pine dry sandy loam cutover and burned 

8 7  lodgepole pine dry sandy loam cutover and burned 

88 white spruce mes ic clay cutover and burned 

89  white spruce mes i c  clay road r/w 

90 aspen mes ic clay loam roadside clearing 

91  aspen mes i c  clay loam roads ide clearing 

92 white spruce wet /mes ic clay loam - road r /w 

93  white spruce wet /mes ic clay loam road r/w 

94 white spruce mes ic sandy loam power-line r /w 

9 5  lodgepole pine dry loam burned 

96 lodgepole pine dry loam burned 

9 7  aspen wet /mes ic silty clay road r/w 

98 lodgepole pine mes ic sandy loam burned 

9 9  larch wet /mes ic sand road side clearing ( bp )  

1 00 white spruce wet /mesic loam power-line r /w 

101 alpine fir wet /mes ic loam cutover 

1 02 alpine fir wet /mesic sandy loam cutover 

103 lodgepole pine mes ic loam cutover 

104 lodgepole pine mes ic sandy loam burned 

105 lodgepole pine mes i c  sandy loam cutover and burned 
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APPENDIX 2 

SUMMARY OF 6 6  SASKATCHEWAN AND MANITOBA SAMPLE PLOTS BY VEGETATION TYPE , 
MOISTURE CLASS , SOIL TEXTURE ., AND ORIGIN OF HABITAT (TYPE OF DISTURBANCE ) 

Plot Vegetation Mois ture Soil Origin of 
no . type class texture* habitat** 

300 aspen mes ic clay loam cutover 

301 willow wet/mes ic clay loam bulldozed 

302 aspen-alder mes ic sandy loam roadside clearing 

303 j ack pine dry fine sand burned 

304 j ack pine dry sand burned 

305 bog birch wet organic natural shrub 

306 j ack pine dry sand burned 

307 alder mes ic sandy loam roadside clearing 

308 aspen mes ic loamy sand cutover and burned 

309 balsam poplar wet clay road r/w 

310 willow wet loamy sand natural shrub 

311 aspen mes ic loamy sand power-line r/w 

312 bog birch wet organic natural shrub 

313 willow wet sand burned 

3 1 4  willow wet /mes ic silt cutover ( selective ) 

315 alder mes i c  loamy sand cutover 

316 alder wet /mesic loamy sand cutover 

317 aspen mes ic silty clay burned 

318 willow wet organic power-line r/w 

319 hazel wet /mes ic clay cutover 

3 20 balsam poplar-willow wet clay roadside clearing ( bp )  

321 balsam poplar-willow wet /mes ic loamy sand road r/w 

322 red osier dogwood wet /mesic organic bulldoz ed 

323 red osier dogwood wet clay cutover 

324 bog birch wet organic drained fen 

325 red os ier dogwood wet clay natural shrub 

326 balsam pop lar wet /mesic clay road r /w 

* Bas ed on soil texture classes as defined by the National Soil Survey 
Commit tee of Canada ( 1 9 74 ) .  

* *  b = bulldozed ; b p  = borrow pit ;  r/w = right-of-way 

Continued on next page 
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APPENDIX 2 continued 

P lot Vegetation Mois ture Soil Origin of 
no . type class texture habitat 

327 aspen mes ic clay bulldozed 

328 willow wet loamy sand roadside clearing (bp ) 

3 29 white birch dry loamy sand road r /w 

330 aspen mes i c  silty clay bulldozed 

331 willow wet clay road r/w 

332  willow wet clay road r/w 

333 willow wet clay road r /w 

334 white birch mes i c  sand cutover 

3 35 white birch mes ic sand cutover 

336 mountain maple wet /mes ic loam cutover (select ive ) 

337 mountain map le wet /mesic loam road r /w ( b )  

338 mountain maple mesic sand cutover (select ive ) 

339 bal sam poplar mesic gravel / sand cutover ( selective ) 

340 balsam poplar-willow mesic sand former sawmill landing ( b )  

341 hazel mes ic sand cutover ( selective ) 

342 hazel mes i c  fine sand cutover (select ive )  

343 white birch mes ic sandy loam road r /w 

344 mountain maple wet /mes ic silt cutover (select ive )  

345 willow wet sand natural shrub 

346 data not usable 

347 hazel wet /mesic clay cutover ( selective )  

348 hazel mes i c  silty clay unders tory 

349 willow wet gravel / clay road r /w 

350 hazel mes i c  loam roads ide clearing 

351 mountain maple mes ic sandy loam unders tory 

352 aspen-hazel mes i c  clay loam cutover 

353 balsam poplar mes ic s ilty clay cutover 

354 aspen-hazel mes i c  loam cutover 

355 hazel dry sand cutover ( selective ) 

356 hazel mes i c  loamy sand cutover 

357 aspen-hazel mes ic sandy loam cutover 

Continued on next page 
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APPENDIX 2 continued 

Plot Vegetation Mois ture Soil Origin of 
no . type clas s texture habitat 

358 aspen-hazel mesic loam cutover 

35 9 aspen mes ic sand cutover 

3 60 aspen-alder wet/mesic clay loam cutover 

361 aspen-alder wet /mes ic clay loam cutover 

362 aspen-alder wet/mesic clay loam cutover 

363 aspen mes i c  loamy sand cutover 

3 64 mountain maple wet/mes ic clay loam cutover ( selective ) 

365 willow wet/mes i c  clay road r/w 

366 hazel mesic clay loam understory 
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APPENDIX 3 

DETAILED DESCRIPTIONS OF FIELD SAMPLING 
METHODS AND LABORATORY PROCEDURES 

Field Sampling Methods 

Each selected stand was sampled by harves ting , weighing , and 
subsampling the woody material on one main plot and within three 1 -m3 

s ample frames . The main plot was ci rcular with a radius of 2 m 
1 2 . 57 m2 ) .  Because the obj ective of this study was to seek out maximum 
rather than represent ative standing crop densities , plot centers were not 
located by rigidly defined criteria as would be used in a sys tematic or 
random method of plot es tablishment . The main criterion was to locate 
the center so that the plot fell within a part of the stand where stem 
dens ity was high and was as far as pos sible from stand edges or openings 
in the stand . In inventory work , minimum dis tances from stand edges are 
commonly specified as a way to ensure the absence of an edge effect bias ; 
ins tead of avoiding this bias , many of the sample sites of this study 
were deliberately placed to sample edge vegetation if it di splayed a high 
s tanding crop density . In cases where there was an overs tory of mature 
f ores t  or res idual mature trees af ter selective logging , plot centers 
were located to avoid any overstory stems whenever pos s ible . In the few 
cases where an overs tory stem did occur within the 1 2 . 57-m2 main plot , 
the mature stem was not harves ted . 

Within the main plot , all live and dead standing woody stems 
were harvested at ground level . The total number of live stems was 
recorded and fresh weights were obtained for each of the following 
components :  

1 .  dead standing 
2 .  all live stems 
3 .  all live stems 
4 .  all live stems 
5 .  all live stems 

woody stems ( all species combined ) ;  
of the mo s t  abundant woody species ; 
of the second most abundant woody species ; 
of the third most abundant woody species ; and 
of all other woody species . 

These various stand component fresh weights to the neares t 1 0  g were 
recorded on a portable platform scale . 

Height of the tallest dominant was recorded for each of the 
. three most abundant species , but the single stem exhibit ing the extreme 

height on the plot was arbitrari ly taken as the height for calculation of 
volume of growing space during subsequent computat ions of standing crop 
dens ity ( s tanding crop per unit volume of growing space , kg/m3 ) . This 
estimate of standing crop dens ity was obtained as a check agains t which 
to .compare standing crop dens ity es timates from 1 m3 sample frames . 

A fresh weight subsample was collected from the main plot and 
weighed af ter all of the harves ted woody material had been weighed . The 
subsample was taken from the mos t  abundant harvested species and 
o ccas ionally from one or both of the second and third most abundant 
s pecies . The subsample cons isted of suff icient stem and foliage material 
t o  provide a fresh weight sample between 1 500 and 2000 g for each of 
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foliage and woody material for each species being sampled . For de ciduous 
species , leaves and petioles ( including flowers or fruits , if present ) 
were separated from the woody material in the field and the foliar and 
woody subsample components were each weighed to the neares t gram on a 
t riple beam balance . The foliar and woody subs amples were s tored 
s eparately in bags for air drying and later oven-drying . For coniferous 
species , foliage could not be separated from stem material until the 
needles had air dried when subsamples were stored in the laboratory . 
For coniferous species , therefore , calculat ions of foliage /wood rat ios 
are based on dry weight data , but for de ci duous species these ratios were 
calculated from fresh weight data .  

Three additional es timates of standing crop dens ity were 
obtained from three separate 1 -m3 s ample frames . As with the main 
plot , there was no attempt to randomly locate these three sampling 
locat ions . Ins tead , the areas of greates t apparent stem dens ity were 
sampled.  The obj ect ive of additional sampling by cubic frames was to 
obt ain a more direct measurement of standing crop dens ity in a unit 
volume of space (1 m3 ) as an indi cation of the maximum packing of woody 
material that could be encountered by the cutting bar of a biomas s 
harves ter . The 1 -m3 sampling frames were placed so that they were 
virtually fully occupied by stem material from top to bot tom (Fig . 2 ) .  
In contras t ,  standing crop dens ity calculated on the main plot involved 
much unoccupied volume since the stand volume was arbit rarily calculated 
f rom the height of the tallest dominant , which was of ten cons iderably 
taller than the general height of the stand . 

To obtain the three separate 1 -m3 s amples , a metal frame was 
ass embled with its base 20 cm above ground level . The 20-cm cut t ing 
height was selected over ground level because it was thought to 
approximate the practical lower limit of stubble height that could be 
expected to result from removal of shrubs or small trees by mechanical 
biomas s harves ters . The woody material that occurred within the 1 -m3 

f rame was harvested (Fig . 2 ) , and fresh weights were obtained for all 
dead standing stems ( all species combined) and all live material (foliar 
and wood port ions of all species combined ) . The number of live stems 
growing on 1 m2 (within each frame ) was also recorded . 

Subsamples were taken from each of the 1 -m3 samples by 
cut ting approximately 1 0  cm of wood from the basal end of the three 
larges t live stems within the sampling frame . For each of these three 
s tem subsamples the following were recorded : fresh weight , to the 
neares t gram; basal diameter outs ide bark , cm; and preliminary age count . 
Thus , for each sample location nine ages and nine stem diameters were 
obtained and these data were used in subsequent calculat ions of equat ions 
that us ed bas al stem diameter ( combined with stand height ) f or predict ion 
of standing crop per unit land area . The aggre�ate fresh weight of the 
three stem subsamples was obtained for each 1 -m s ample and these stem 
segments were subsequently oven- dried for calculation of fresh weight /dry 
weight ratios . 

On the main plot , harves ting and weighing was done for only 
those woody species capable of attaining heights and dens ities cons idered 
applicable to biomas s harvesting . Scattered stems of smaller woody 
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species such as wild rose (Rosa sp) or Labrador tea (Ledum 
groenlandicum) were not harves ted . On the 1 -m.3 plots , however ,  these 
smaller woody species plus coniferous seedlings were also harves ted where 
they exceeded 20 cm in height and extended into the 1 -m.3 sample frame . 

On the main plot and in the three 1 -m.3 sample frames dead 
branches that were attached to live s tems were always weighed together 
with the living material instead of being included with the total fresh 
weight of dead standing stems . 

Laboratory Methods 

The three types of subsamples for which field fresh weights 
were available were measured and weighed in the laboratory as follows : 

1 .  three wood plus bark stem segments ,  each about 1 0  cm long , from 
the bas es of the three larges t stems on each of the 1-m.3 sample frames ; 

2 .  one foliage subsample of the dominant species , taken from one or 
more stems on the main plot and having an aggregate fresh weight between 
1 500 and 2000 g (for some plots with two or more codominant woody 
species , one or two additional leaf subsamples were also taken to provide 
data for other codominant species ) ;  and 

3 .  one wood plus bark subsample of the dominant species , taken from 
one or more stems on the main plot and having an aggregate fresh weight 
between 1500 and 2000 g (for some plots with two or more codominant woody 
species additional wood subsamples were obtained for the other 
codominants ) .  

Laboratory procedures for these three categories of subsamples 
are des cribed below. 

Stem subsamples from 1-m3 sample frames 

S tem subsamples were air dried for about 2 months and then were 
oven-dried to cons tant weight at 105 ° C .  Oven-drying generally required 
48 hr . Oven-dried samples were transferred directly from the oven to an 
electronic balance and were weighed to the neares t 0 . 1  g .  

P reliminary field count s of stem ages were verified or amended 
by checking the stem subsamples under a dis secting stereos cope . In 
rapidly growing deciduous species , especially those that regenerate from 
root suckers , firs t-year growth generally exceeds 20 cm, so that age 
determined on a stem cut at 20 cm above ground level was considered to be 
synonymous with total age . For coniferous species , which take a longer 
time than vegetatively reproduced deciduous stems to reach a height of 20 
cm, ages recorded from stems cut 20 cm above the ground would be 
underes timates of true age ; however , no adj us tments were made to the 
laboratory age counts for conif erous species to adj us t for this pos sible 
underes timate .  
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Foliage subsamples 

Foliage subsamples were air dried in the laboratory for a 
shorter period than stem subsamples . After at leas t 3 weeks of air 
drying , foliage subsamples could be oven-dried to cons tant weight within 
3 hr . Immediately after removal of samples from drying ovens , foliage 
oven-dry weight was read to the neares t 0 . 1  g .  

Wood and bark subsamples from main plot 

Woody subsamples were air dried in the laboratory for about 2 
months . Samples were oven-dried at 105 °C for about 24 hr or unti l  they 
reached a cons tant weight . The time required to reach a constant weight 
varied from 8 to 48 hr f or the smallest and larges t subsamples 
respectively . Oven-dried samples were transferred directly from the oven 
to an electronic balance and weighed to the neares t 0 . 1 g .  
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APPENDIX 4 

FOLIAGE/WOOD RATIOS , STANDING CROP (KG/M2 ) ,  AND STANDING CROP DENSITY (KG/M3 ) ,  
LISTED BY INCREASING STAND AGE FOR SPECIES AND SPECIES MIXTURES SAMPLED IN 

1979 (TABLES A TO R) 

Table A .  Aspen foliage/wood ratios , standing crop (kg/m2 ) ,  and standing crop 
density (kg/m3 ) ,  listed by increasing stand age 

Dry 
Fresh Dry standing 

Stand Stems s tanding standing crop 
Plot ht . % % per ha crop crop dens ity 

no . Age cm foliage* wood* ' 000 kg/m2 kg/m2 kg y3 
/m 

330 2 1 67 32 . 5  67 . 5  432 . 9  1 . 73 0 . 70 0 . 4 2  

317  3 258 23 . 0  7 7  . 0  95 . 5  1 . 7 3  0 . 7 6  0 . 29 

327 3 293 17 . 0  83 . 0  1 08 . 3  3 . 41 1 . 49 0 . 48 

363 3 283 20 . 1  79 . 9  20 1 . 4 2 . 3 6  1 . 13 0 . 40  

1 4 462 25 . 0  7 5 . 0  44 . 6  3 . 03 1 . 25 0 . 2 7  

97  5 4 1 2  14 . 3  85 . 7  1 0 1 . 1  6 . 40  2 . 9 6  0 . 72 

308 11 7 35 11 . 0  89 . 0  69 . 2  7 . 96  3 . 72 0 . 51 

311 11 527 11 . 7  88 . 3  95 . 5  5 . 1 7  2 . 31 0 . 44 

27  12  643 1 0 . 0  90 . 0  38 . 2  6 . 86 2 . 84 0 . 44 

30 12 621 8 . 5  91 . 5  67 . 6  11 . 86 5 . 83 0 . 94 

31 12 701 1 2 . 5  87 . 5  5 2 . 5  12 . 07 6 . 02 0 . 86 

32 12 541 9 . 2 90 . 8  66 . 8  9 . 71 4 . 87 0 . 90 

53 12 410 10 . 8  89 . 2  7 5 . 6  4 . 96  2 . 27 0 . 5 5  

5 4  12  551  7 . 9  92 . 1  36 . 6  6 . 54 3 . 28 0 . 59 

300 12 464 18 . 4  81 . 6  67 . 7  4 . 68 2 . 05 0 .44 

2 13 670 19 . 4  80 . 6  38 . 2  7 . 9 5  3 . 26 0 . 49 

7 13 695 10 . 6  89 . 4  39 . 0  6 . 53 3 . 08 0 . 44 

90 13 628 10 . 4  89 . 6  100 . 3  8 . 75  4 . 28 0 . 68 

10 13 761 8 . 0 9 2 . 0  7 0 . 8  13 . 63 6 . 63 0 . 87 

57  13  530 9 . 1 90 . 9  15 2 . 8 8 . 78 4 . 21 0 . 7 9 

91 14 748 10 . 5  89 . 5  79 . 6  15 . 57 7 . 33 0 . 9 5  

3 5 9  1 4  610 11 . 9  88 . 1  105 . 9  10 . 59 5 . 20 0 . 85  

20  18 9 68 9 . 7 90 . 3  2 5 . 5  15 .02  7 . 04 0 . 7 3  

3 6  2 9  628 14 . 5  85 . 5  2 1 . 5  14 . 7 4  6 . 40 1 . 02  

* Percentages based on f resh weight . 
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Table B. Alder foliage/wood ratios , standing crop (kg/m2 ) ,  and standing 
crop density (kg/m3 ) ,  listed by increasing stand age 

Dry 
Fresh Dry standing 

Stand Stems standing standing crop 
Plot ht . % % per ha crop crop dens i t� 

no . Age cm foliage* wood* ' 000 kg/m2 kg/m2 kg/m 

41 4 173 26 . 8  7 3 . 2  398 . 6  1 . 64 0 . 59 0 . 34 

4 2  4 246 31 . 8  68 . 2  253 . 9  1 . 67 0 . 59 0 . 24 

44 6 3 2 1  15 . 3  84 . 7  270 . 6  5 . 16 2 . 36 0 . 7 3  

3 3  7 380 17 . 7  82 . 3  97 . 1  6 . 26 2 . 51 0 . 66 

68 7 360 13 . 2  86 . 8  3 9 7 . 8  5 . 43  2 . 50 0 . 69 

76 7 280 15 . 9  84 . 1  336 . 5  4 . 46 1 . 9 6  0 . 70 

23 8 435 11 . 7  88 . 3  1 2 1 . 8  8 . 41 3 . 58 0 . 82 

69  8 520 12 . 1  87 . 9  206 . 9  8 . 64 3 . 66 0 . 70 

307 8 681 19 . 9  80 . 1  2 1 3 . 3  2 . 71 1 . 33 0 . 20 

1 1  9 545 9 . 9 90 . 1  1 1 0 . 6  7 . 68 3 . 54 0 . 65 

14 9 539 8 . 8  91 . 2  9 6 . 3  11 . 42 4 . 9 9  0 . 93  

15  9 575 15 . 4  84 . 6  132 . 9  15 . 86 6 . 87 1 . 19 

6 10 249 13 . 5  86 . 5  1 0 9 . 0  2 . 37 1 . 02  0 . 41  

26  10 443 12 . 2  87 . 8  1 28 . 1  6 . 65 2 . 9 7  0 . 6 7 

60 10 380 11 . 5  88 . 5  8 1 . 2  5 . 95 2 . 69 0 . 71 

7 5  11 4 1 3  10 . 8  89 . 2  180 . 6  10 . 49 5 . 3 9  1 . 3 1  

22 12 392 18 . 3  81 . 7  1 49 . 7  5 . 32  2 . 18 0 . 5 6  

72  13 302 16 . 1  83 . 9  2 1 8 . 1  7 . 72 3 . 79 1 .3 1  

3 8  15 416 8 . 3 91 . 7  1 25 . 7  4 . 63 2 . 61 0 . 63 

316 17 320 16 . 2  83 . 8  1 9 2 . 6  2 . 90 1 . 48 0 . 4 6  

315 19 288 13 . 4  8 6 . 6  1 94 . 2  2 . 90 1 . 60 0 . 56  

* Percentages bas ed on fresh weight . 
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Table C .  Willow foliage/wood ratios , standing crop (kg/m2 ) ,  and standing 
crop density (kg/m3) ,  listed by increasing stand age 

Dry 
Fresh Dry standing 

Stand Stems s tanding standing crop 
Plot ht . % % per ha crop crop dens it3 

no . Age cm foliage* wood* ' 000 kg/m2 kg/m2 kg/m 

331 3 293 30 . 1  69 . 9  1 1 8 . 5  3 . 45  1 . 39 0 . 48 

333  3 139 29 . 5  70 . 5  304 . 0  0 . 7 6 0 . 34 0 . 24 

349 3 213 27 . 5  7 2 . 5  606 . 4  3 . 33 1 . 50 0 . 71 

332  4 192 28 . 3  71 . 7 444 . 0  1 . 04 0 . 47  0 . 24 

314 6 2 94 19 . 8  80 . 2  3 1 1 . 2  2 . 38 1 . 18 0 . 40  

25 7 423 12 . 5  87 . 5  157 . 6  4 . 45  2 . 12 0 . 50 

318 8 372 22 . 1  7 7  . 9  94 . 7  4 . 68 0 . 58 2 . 16 

345 9 750 9 . 8  90 . 2  1 1 3 . 8  15 . 00 7 . 71 1 . 03 

301 11 3 20 16 . 1  83 . 9  1 6 0 . 0  5 . 52 2 . 77 0 . 87 

328 11 426 13 . 3  86 . 7  148 . 8  5 . 90 2 . 77 0 . 65 

29 12 577 6 . 3 93 . 7  44 . 5  11 . 61 5 . 23 0 . 91 

78 12 554 5 . 2  94 . 8  150 . 4  14 . 49 7 . 20 1 . 30 

313 12 3 67 9 . 4 90 . 6  1 4 1 . 6  7 . 44 3 . 86 1 . 05 

49 13 587 13 . 7  86 . 3  52 . 7  10 . 2 2  4 . 38 0 . 7 5 

3 65 1 3  604 10 . 8  89 . 2  1 2 2 . 5  9 . 95 5 . 37 0 . 89 

19 14 544 10 . 7  89 . 3  227 . 6  8 . 70 4 . 3 7  0 . 80 

310 17 225 1 2 . 3  88 . 7  258 . 6  2 . 60 1 . 65 0 . 7 3  

6 3  1 9  297 14 . 7  85 . 3  2 6 1 . 8  12 . 10 6 . 64 2 . 2 3 

* Percentages based on fresh weight . 
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Table D .  Balsam poplar foliage/wood ratios , standing crop (kg/m2 ) ,  and 
s tanding crop density (kg/m3 ) ,  listed by increasing stand age 

Fresh Dry 
Stand Stems standing standing 

P lot ht . % % per ha crop crop 
no . Age cm foliage* wood* ' 000 kg/m2 kg/m2 

3 26 3 2 96 35 . 6  64 . 4  1 48 . 8  3 . 71 1 . 30 

353 3 27 5 26 . 1  73 . 9  197 . 4  2 . 48 1 . 09 

71 7 610 14 . 3  85 . 7  1 4 6 . 5  7 . 82 3 . 41 

339 7 200 32 . 2  67 . 8  163 . 9  1 . 9 6  0 . 7 4  

309 8 373 19 . 8  80 . 2  1 7 9 . 1  4 . 00 1 . 88 

70 9 460 17 . 3  82 . 7  235 . 5  9 . 09 3 . 85 

80 9 480 16 . 2  83 . 8  7 9 . 6  6 . 43 2 . 86 

40  10 345 18 . 3  81 . 7 24 1 . 9  2 . 8 0  1 . 28 

47 10 546 17 . 5  82 . 5  1 0 1 . 9  4 . 78 2 . 19 

50 10 647 12 . 0  88 . 0  54 . 1  10 . 22 4 . 36 

28 11 641 1 2 . 0  88 . 0  56 . 5  1 4 . 97 6 . 72 

39 11 444 15 . 9  84 . 1  1 3 1 . 3  3 . 84 1 . 67 

59 11 580 20 . 8  79 . 2  48 . 5  8 . 7 7 5 . 66 

51 12 489 13 . 2  86 . 8  87 . 6  7 . 89 3 . 53 

12 13 710 15 . 2  84 . 8  42 . 1  11 . 53 8 . 00 

* Percentages based on fresh weight . 

Dry 
standing 

crop 
denS it3 

kg/m 

0 . 4 4  

0 . 4 0  

0 . 5 6  

0 . 37 

0 . 50 

0 . 84 

0 . 59 

0 . 37 

0 . 40  

0 . 67 

1 . 0 5  

0 . 38 

0 . 9 8  

0 . 6 7  

1 . 13 
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Table E. Lodgepole pine foliage/wood ratios , standing crop (kg/m2 ) ,  and 
standing crop density (kg/m3 ) ,  listed by increasing stand age 

Dry 
Fresh Dry standing 

Stand Stems s tanding standing crop 
Plot ht . % % per ha crop crop dens it� 

no . Age cm foliage* wood* ' 000 kg/m2 kg/m2 kg/m 

62 7 381 34 . 9  65 . 1  40 . 6  7 . 18 2 . 61 0 . 68 

5 6  8 250 24 . 4  75 . 6  2 1 6 . 5  3 . 9 2  1 . 38 0 . 55 

82 8 143 42 . 7  57 . 3  338 . 2  4 . 93 2 . 37 1 . 66 

84 8 28 6 33 . 7  66 . 3  1 1 2 . 3  5 . 68 2 . 44 0 . 85 

85 8 263 34 . 5  65 . 5  1 08 . 2  5 . 1 2 2 . 08 0 . 79 

8 7  8 223 28 . 8  71 . 2  149 . 6  6 . 8 6  2 . 84 1 . 27 

61 9 380 30 . 5  69 . 5  68 . 4  8 . 17 2 . 93 0 . 7 7  

8 3  9 235 23 . 4  7 6 . 6  1 1 3 . 0  5 . 47  2 . 2 7 0 . 9 7  

8 6  9 213 36 . 8  63 . 2  235 . 6  5 . 35 2 . 19 1 . 03 

103 11 346 2 1 . 4  78 . 6  1 9 7 . 4  10 . 5 7 4 . 95 1 . 43  

95 15 471 17 . 1  82 . 9  1 1 7 . 0 13 . 54 5 . 82 1 . 24 

9 6  16 506 15 . 6  84 . 4  79 . 6  16 . 49 7 . 71 1 . 52  

98 16 510 22 . 4  7 7  . 6  35 . 8  14 . 49 6 . 35 1 . 25 

105 20 599 12 . 3  87 . 7  124 . 2  23 . 85 11 . 60 1 . 94 

104 25 615 9 . 3 90 . 7  50 . 1  26 . 36 14 . 17 2 . 30 

* Percentages based on ovendry weight . 
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Table F. White birch foliage/wood ratios , standing crop (kg/m2 ) ,  and 
standing crop density (kg/m3 ) ,  listed by increasing stand age 

Fresh Dry 
Stand Stems s tanding standing 

Plot ht . % % per ha crop crop 
no . Age cm foliage* wood* ' 000 kg/m2 kg/m2 

334 5 446 20 . 8  79 . 2  9 1 . 5  6 . 78 3 . 51 

335 5 49 8 16 . 8  83 . 2  1 6 1 . 6  8 . 7 8 4 . 47  

343 7 352 25 . 8  74 . 2  1 6 8 . 7  2 . 40 1 . 07 

329 9 248 21 . 3  78 . 7  251 . 4  2 . 05 0 . 94 

58 12 540 14 . 3  85 . 7  94 . 7  8 . 30 4 . 46 

74 12 48 5 11 . 7 88 . 3  109 . 9  5 . 5 7 2 . 85 

45 1 3  5 15 12 . 8  87 . 2  84 . 3  9 . 2 1  4 . 84 

79 14 553 17 . 1  82 . 9  120 . 9  6 . 04 1 . 86 

64 15 480 18 . 2  81 . 8  7 0 . 9  6 . 04 3 . 04 

66 15 580 14 . 4  85 . 6  157 . 5  6 . 91 3 . 66 

* Percentages based on f resh weight . 

Dry 
standing 

crop 
dens it1 

kg/m 

0 . 79 

0 . 90 

0 . 30 

0 . 38 

0 . 83 

0 . 59 

0 . 94 

0 . 34 

0 . 63 

0 . 63 
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Table G. Hazel foliage/wood ratios , standing crop (kg/m2 ) ,  and standing 
crop density (kg/m3 ) ,  lis ted by increasing stand age 

Dry 
Fresh Dry standing 

Stand Stems standing standing crop 
plot ht . % % per ha crop crop dens it1 

no . Age cm foliage* wood* ' 000 kg/m2 kg/m2 kg/m 

342 6 301 19 . 1  80 . 9  3 5 1 . 0  3 . 73 2 . 36 0 . 78 

356  7 490 2 1 . 4  78 . 6  249 . 8  3 . 27 1 . 9 6  0 . 4 0  

347 8 194 23 . 5  7 6 . 5  224 . 4  2 . 13 1 . 23 0 . 63 

341 9 317 25 . 8  74 . 2  206 . 9  2 . 7 7 1 . 44 0 . 45  

348 10 284 20 . 8  79 . 2  1 58 . 3  1 . 90 1 . 04 0 . 37 

350 10 233 28 . 1  71 . 9  236 . 3  1 . 78 0 . 9 7  0 . 4 2  

319 12 312 27 . 2  72 . 8  1 8 7 . 8  2 . 38 1 . 22 0 . 39 

366  14 362 17 . 8  82 . 2  18 1 . 5 4 . 0 3  2 . 41 0 . 67 

355 18 393 22 . 2  77 . 8  245 . 1  4 . 81 2 . 82 0 . 7 2  

* Percentages based on fresh weight . 
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Table H .  White spruce foliage/wood ratios , standing crop (kg/m2 ) ,  and 
standing crop density (kg/m3 ) ,  listed by increasing stand age 

Fresh Dry 
Stand Stems standing standing 

Plot ht . % % per ha crop crop 
no . Age cm fo1iage* wood* ' 000 kg/m2 kg/m2 

88 12  216 37 . 0  63 . 0  262 . 6  10 . 8 6  4 . 9 6  

89 13 274 32 . 8  67 . 2  38 1 . 9 8 . 37 3 . 7 0 

94 17 382 30 . 5  69 . 5  228 . 4  22 . 1 3 9 . 35 

100 17 482 18 . 7  81 . 3  65 . 3  19 . 63 8 . 9 7  

67 18 374 31 . 0  69 . 0  1 5 0 . 4  10 . 16 4 . 26 

81 23 284 29 . 6  70 . 4  17 1 . 1 9 . 5 6 5 . 1 4 

92 24 3 74 19 . 4  80 . 6  1 6 2 . 3  12 . 57 6 . 2 1  

93 24 337 37 . 0  63 . 0  1 6 5 . 6  13 . 8 3  6 . 22 

* Percentages based on ovendry weight . 

Table I .  Red osier dogwood foliage/wood ratios , standing crop (kg/m2 ) ,  
and standing crop density (kg/m3 ) ,  listed by increasing stand 

Fresh Dry 
Stand Stems s tanding standing 

Plot ht . % % per ha crop crop 
no . Age cm foliage* wood* ' 000 kg/m2 kg/m2 

35 5 243 29 . 9  7 0 . 1  1 3 4 . 5  2 . 13 1 . 25 

322 8 311 26 . 8  73 . 2  194 . 1  5 . 17 2 . 30 

323 9 295 11 . 4  88 . 6  1 29 . 7  3 . 39 1 . 80 

325  9 273 2 1 . 3  78 . 7  89 . 9  2 . 90 1 . 28 

* Percentages based on fresh weight . 

Dry 
standing 

crop 
dens it� 

kg/m 

2 . 30 

1 . 3 5  

2 . 45 

1 . 8 6  

1 . 14 

1 . 81 

1 . 6 6  

1 . 85 

age 

Dry 
standing 

crop 
dens it� 

kg/m 

0 . 51 

0 . 7 4 

0 . 61 

0 . 4 7  
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Table J .  Bog birch foliage/wood ratios , standing crop (kg/m2 ) ,  and 
standing crop density (kg/m3 ) ,  listed by increasing stand age 

Fresh Dry 
Stand Stems s tanding standing 

Plot ht . % % per ha crop crop 
no . Age cm foliage* wood* ' 000 kg/m2 kg/m2 

1 6  1 0  228 16 . 3  83 . 7  3 7 7  . 2  2 . 01 1 . 13 

55 11 206 17 . 0  83 . 0  309 . 6  2 . 2 7 1 . 34  

13  12  132 24 . 1  75 . 9  323 . 1  1 . 60 0 . 85 

305 12 141 18 . 3  81 . 7 507 . 7  1 . 5 5  0 . 98 

3 12 18 204 2 1 . 7  78 . 3  853 . 1  2 . 66 1 . 79 

324 18 300 14 . 5  85 . 5  364 . 5  5 . 09 3 . 12 

* Percentages based on f resh weight . 

Dry 
standing 

crop 
denS it1 

kg/m 

0 . 50 

0 . 65 

0 . 6 4  

0 . 69 

0 . 88 

1 . 04  

Table K .  Mountain maple foliage/wood ratios , standing crop (kg/m2 ) ,  and 
standing crop density (kg/m3 ) ,  lis ted by increasing stand age 

Dry 
Fresh Dry standing 

Stand Stems standing standing Crop 
Plot ht . % % per ha crop crop denS it1 

no . Age cm foliage* wood* ' 000 kg/m2 kg/m2 kg/m 

338 5 194 29 . 2  70 . 8  320 . 7  2 . 67 1 . 46 0 . 75 

344 5 392 25 . 9  74 . 1  66 . 8  3 . 70 1 . 7 7  0 . 4 5  

351 9 333 25 . 6  74 . 4  188 . 6  2 . 56 1 . 45 0 . 4 3  

3 3 7  1 3  446 20 . 0  80 . 0  105 . 8  6 . 61 3 . 35 0 . 7 5  

336 16 511 16 . 6  83 . 4  105 . 0  8 . 51 4 . 91 0 . 9 6  

3 6 4  16 424 14 . 1  85 . 9  159 . 2  6 . 0 6  3 . 46  0 . 82 

* Percentages based on f resh weight . 
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Table L .  Jack pine foliage/wood ratios , standing crop (kg/m2 ) ,  and 
standing crop density (kg/m3 ) ,  listed by increasing stand age 

Fresh Dry 
Stand Stems s tanding standing 

Plot ht . % % per ha crop crop 
no . Age cm foliage* wood* ' 000 kg/m2 kg/m2 

8 6 220 35 . 3  64 . 7  56 . 5  2 . 44 0 . 89 

9 7 244 38 . 4  61 . 6  53 . 3  3 . 9 2 1 . 44 

304 12 246 17 . 3  82 . 7  1 89 . 4  3 . 29 1 . 23 

306 13  428 25 . 1  74 . 9  124 . 9  7 . 05 3 . 06 

303 43 322 9 . 8 90 . 2  9 7 . 8  5 . 92 3 . 41 

* Percentages bas ed on ovendry weight . 

Dry 
standing 

crop 
dens it3 

kg/m 

0 . 40 

0 . 59 

0 . 50 

0 . 72 

1 . 06 

Table M.  Larch foliage/wood ratios , standing crop (kg/m2 ) ,  and standing 
crop dens ity (kg/m3 ) ,  listed by increasing stand age 

Plot 
no . 

1 7  

18 

99 

Age 

8 

8 

11 

St and 
ht . 
cm 

200 

261 

389 

% 
foliage* 

2 1 . 2  

18 . 4  

17 . 1  

% 
wood* 

78 .8  

81 . 6  

82 . 9  

Stems 
per ha 

' 000 

1 1 6 . 2 

158 . 4  

54 . 9  

* Percentages based on ovendry weight . 

Fresh 
s tanding 

crop 
kg/m2 

2 . 90 

3 . 56 

7 . 28 

Dry 
standing 

crop 
kg/m2 

1 . 17 

1 . 28 

2 . 36 

Dry 
standing 

crop 
denS it3 

kg/m 

0 . 58 

0 . 49 

0 . 61 
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Table N .  Alpine fir foliage/wood ratios , standing crop (kg/m2 ) ,  and 
standing crop density (kg/m3 ) ,  listed by increasing stand age 

Fresh Dry 
Stand Stems standing standing 

Plot ht . % % per ha crop crop 
no . Age cm foliage* wood* ' 000 kg/m2 kg/m2 

7 7  1 5  430 20 . 4  79 . 6  85 . 2  12 . 88 4 . 89 

101 18 283 28 . 4  71 . 6  89 . 9  9 . 59 4 . 22 

102 25 515 19 . 9  80 . 1  7 5 . 6  12 . 70 5 . 57 

73 33 368 26 . 4  73 . 6  85 . 2  8 . 9 6  3 . 79 

* Percentages based on ovendry weight . 

Dry 
standing 

crop 
dens it� 

kg/m 

1 . 14 

1 . 49  

1 . 08 

1 . 03 

Table o. Balsam poplar - alder foliage/wood ratios , standing crop (kg/m2 ) ,  
and standing crop density (kg/m3 ) ,  listed by increasing stand age 

Dry 
Fresh Dry standing 

Stand Stems standing standing crop 
Plot ht . % % per ha crop crop dens it� 

no . Age cm foliage* wood* ' 000 kg/m2 kg/m2 kg/m 

34-1** 4 181 30 . 6  69 . 4  1 3 5 . 3  2 . 11 0 . 82 0 . 45 
-2 33 . 7  66 . 3  

4 8  4 29 1 27 . 0  73 . 0  1 0 1 . 0  2 . 49 0 . 99 0 . 34 

43-1 13  640 12 . 6  87 . 4  9 6 . 3  12 . 0 2  5 . 23 0 . 82 
-2 8 . 2  91 . 8  

5 2-1 13 620 11 . 9  88 . 1  1 48 . 0  12 . 20 6 . 3 1 1 . 02 
-2 10 . 4  89 . 6  

* Percentages based on fresh weight . 

** 1 = Foliage /wood percentages for balsam poplar . 

2 = Foliage/wood percentages for alder . 
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Table P .  Balsam poplar - willow foliage/wood ratios , standing crop (kg/m2 ) ,  
and standing crop density (kg/m3 ) ,  listed by increasing stand age 

Fresh 
Stand Stems standing 

Plot ht . % % per ha 
no . Age cm foliage* wood* ' 000 

4-1** 3 260 30 . 5  69 . 5  1 7 6 . 2  
-2 30 . 4  69 . 6  

6 5  3 320 28 . 1  71 . 9  1 1 9 . 4  

340-1 6 334 1 7 8 . 3  
-2 20 . 9  79 . 1  

24-1 7 393 20 . 8  79 . 2  81 . 1  
-2 3 1 . 6  68 . 4  

3 21-1 8 403 256 . 2  
-2 23 . 6  7 6 . 4  

320-1 10 572 1 9 5 . 8  
-2 1 2 . 7  87 . 3  

3-1 12 650 13 . 6  86 . 4  74 . 0  
-2 20 . 1  79 . 9  

2 1-1 13 755 4 . 3  95 . 7  34 . 2  
-2 9 . 4 90 . 6  

4 6-1 13 434 2 1 8 . 0  
-2 1 2 . 5  87 . 5  

* Percentages based on f resh weight . 

** 1 = Foliage/wood percentages for balsam poplar . 

2 = Foliage /wood percentages for willow. 

crop 
kg/m2 

2 . 70 

4 . 49 

3 . 85 

3 . 90 

4 . 92 

7 . 07 

5 . 59 

26 . 31 

7 . 66 

Dry 
Dry s tanding 

standing crop 
crop dens it3 
kg/m2 kg/m 

0 . 96 0 . 37 

1 . 7 3  0 . 54 

1 . 89 0 . 56 

1 . 42 0 . 36 

2 . 21 0 . 55 

3 . 16 0 . 55 

3 . 51 0 . 54 

13 . 0 6  1 . 7 3  

3 . 7 0  0 . 85 
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Table Q. Aspen - alder foliage/wood ratios , standing crop (kg/m2 ) ,  and 
standing crop density (kg/m3 ) ,  listed by increasing stand age 

Dry 
Fresh Dry standing 

Stand Stems standing standing crop 
Plot ht . % % per ha crop crop denS it3 

no . Age cm foliage* wood* ' 000 kg/m2 kg/m2 kg/m 

362 3 332 25 . 1  74 . 9  202 . 9  3 . 74 1 . 69 0 . 51 

360-1** 4 310 17 . 9  82 . 1  1 1 1 . 5  3 . 81 1 . 7 5  0 . 5 7 
-2 2 1 . 1  78 . 9  

361 4 379 18 . 2  81 . 8  148 . 8  4 . 40 1 . 8 7  0 . 49 

302-1 9 576 13 . 0  87 . 0  1 3 3 . 7  6 . 67 3 . 26 0 . 5 7  
-2 15 . 9  84 . 1  

5-1 12 628 11 . 2  88 . 8  7 7  . 2  6 . 65 3 . 01 0 . 4 8  
-2 15 . 3  84 . 7  

* Percentages based on fresh weight . 
** 1 = Fol iage /wood percentages for aspen . 

2 = Foliage/wood percentages for alder . 

Table R .  Aspen - hazel foliage/wood ratios , standing crop (kg/m2 ) ,  and 
standing crop density (kg/m3 ) ,  listed by increasing stand age 

Dry 
Fresh Dry standing 

Stand Stems standing standing crop 
Plot ht . % % per ha crop crop denS it3 

no . Age cm foliage* wood* ' 000 kg/m2 kg/m2 kg/m 

352 3 245 19 . 7  80 . 3  396 . 3  3 . 05 1 . 40 0 . 57 

35 7-1** 8 579 12 . 9  87 . 1  17 5 . 0  6 . 2 5 3 . 16 0 . 5 5 
-2 22 . 8  77 . 2  

358-1 10 639 13 . 9  86 . 1  380 . 4  6 . 5 6  3 . 55 0 . 56 
-2 28 . 5  7 1 . 5  

3 5 4  1 2  621 6 . 3  93 . 7  1 7 5- . 0  7 . 39 3 . 9 5 0 . 64 

* Percentages based on f resh weight . 
** 1 = Foliage/wood percentages for aspen . 

2 = Foliage /wood percentages for hazel . 
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APPENDIX 5 

CRITERIA USED TO STRATIFY DATA BY VEGETATION TYPE 

A relatively high proport ion of the sample stands in this s tudy 
were from sites that were in early stages of succes s ional development 
following a dis turbance . The woody species that dominate such sites are 
extremely variable in species makeup . For example , balsam poplar occurs 
s omet imes in pure stands , sometimes mixed with willow, and sometimes with 
alder on areas where there are no obvious site differences to explain 
such variations in species composition . Becaus e such young stands lacked 
the characteris tic and predictable species compos ition of more mature 
s tands , it was necessary to select several arbitrary cri teria for 
assignment of sample stands to specif ic clas ses of vegetat ion type . 

The sampled stands were divided int o  three main categories : 
( 1 )  s tands dominated by tree species only ; ( 2 )  s tands dominated by both 
tree and shrub species ; and ( 3 )  stands dominated by shrub species only. 
Vegetation types recognized within each of these three categories are 
lis ted below . 

1 .  Stands dominated by tree species : 

aspen 
balsam poplar 
white birch 
larch 

lodgepole pine 
j ack pine 
white spruce 
alpine fir 

2 .  Stands dominated by both tree and shrub species : 

aspen-alder 
aspen-hazel 

balsam poplar-willow 
balsam poplar-alder 

3 .  Stands dominated by shrub species ! 

alder 
willow 
bog birch 

red os ier dogwood 
mountain maple 

Within categories 1 and 3 ,  only the name of the dominant 
species was used to name the vegetation type . In every cas e the dominant 
species made up at leas t 50% of the total fresh weight of live s tems . 
Category 1 generally included those stands where no shrub species made up 
more than 10% of the fresh weight of the dominant tree species , except in 
plots 6 ,  1 8 ,  57 , 90 , 326 , 3 2 9 , and 344 , as explained in the table below . 
Category 3 included those stands where no tree species made up more than 
10% of the weight of the dominant shrub species , except in plots 1 9 ,  2 5 , 
3 5 , 307 , and 356 , as explained on the following page . 
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Total no . 
Fresh wt . live stems 

Plot Original Reclas s ification proport ion , on plot , 
no . classification ( category) tree/ shrub tree /shrub 

6 j ack pine-alder alder ( shrub ) 1 . 0/ 1 . 7 1 2/ 1 1 0 
18  larch-bog birch larch ( t ree ) 6 . 0/ 1 . 0 7 3 / 1 0 3  
5 7  aspen-willow aspen ( t ree ) 8 . 0 / 1 . 0  9 7 / 29 
9 0  aspen-willow aspen ( tree ) 4 . 5 / 1 . 0  35/56 

326 balsam poplar- balsam poplar 6 . 0 / 1 . 0  97/63 
chokecherry ( tree ) 

3 29 white birch- white birch 5 . 0/ 1 . 0 280 / 1 5  
pin cherry ( tree ) 

344 balsam poplar- mountain maple 1 . 0/4 . 0  15/48 
mountain maple ( shrub) 

Within category 2 ,  names of the dominant tree and the dominant 
s hrub were used to designate the vegetation type . The tree name was 
always lis ted first even though the total fresh weight of the dominant 
shrub sometimes exceeded the total fresh weight of the dominant tree 
species , as in plots 2 4 , 2 5 , 34 , 4 6 , 5 2 , 320 , 3 2 1 , 340 , and 360 . In only 
two cases ( plots 2 5  and 34 ) did the dominant tree species weigh less than 
2 5 %  o f  the weight of the dominant shrub . This method of naming the mixed 
s tands of category 2 ,  with emphas is on tree species rather than shrubs , 
was adopted because tree species have potential to be of commercial value 
and would eventually dominate the stand even though at present they may 
be only codominant with shrubs on a standing crop basis . 

The arbitrary method used to name the mixed tree/shrub stands 
of category 2 created several anomalies . At five sample locations (p lot s 
1 9 ,  2 5 , 3 5 ,  307 , and 3 5 6 )  the dominant tree species , although weighing 
more than 10% of the dominant shrub species , occurred too sparsely within 
the stand to justify inclus ion of the plot in category 2 .  For example , 
in plot 307 the dominant tree (aspen ) weighed 2 6 %  of the weight of the 
dominant shrub (alder)  but only four aspen stems occurred on the plot , 
compared to 235 alder stems . Consequent ly , plot 307 was assigned to the 
a lder vegetation type of category 3 and not the aspen-alder type of 
category 2 .  

The final assignment s of sample plots to specific vegetation 
types are shown in Appendix 4 .  




