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FOREWORD

ENFOH 1z the acronym for the Canadian Government's ENergy from the FORest
(ENergie de la FOR&t) program of research and development aimed at securling
the knowledge and technical competence to fFacilitate, in the medium to long-
term, & 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 reduclng dependence on petroleum and other non-renewable energy
SoOUrces.

The Canadian Forestry Service (CFS) administers the ENFOR Biomass Production
program component which deala with such forest-oriented subjects as inventory,
harvesting technology, silviculture and environmental impacts, {The other
component, Biomass Conversiaon, deals with the technology of converting blomass
Lo energy or fuels, and is administered by the Renewable Energy Branch of the
Department of Energy, Mines and Resources)., Most Biomass Productlon projeects,
although developed by CFS sclentists in the light of ENFOR program abjesctives,
dare ecarried out under contract by forestry consultants and research speniai-—
istg. Contractors: are selected in accordance with scienpe procurement
tendering procedures of the Department of Supply and Services. For further
information on the ENFOR Biomass Production program, contact

ENFOR Secretariat

Canadian Forestry Sarvice
Department of the Environment
Ottawa, Ontariag

K14 7G5

or & UF5 research laboratory.

This report is based on ENFOR project P-198 which was ecarried out under
eontraet (DSS File No. KLO11-1-0020) by the Canadian Foreatry Service and
Laval Univeraity.






ABSTRACT

Nutrient concentrations and biomass of various pomponents of six eastern
Canadian hardwoocd species, representing a range of diameter and height
classes, were determined and used to estimats nutrient masses Tor gach species
and for components, One hundred and Fifty (6 apecies x 5 components x 5
nutrients} llnear regression eguations were developed using nutrient mass,
dlameter, and height data,

Nutrient concentrations varied widely among oomponents, with
twigs/leaves, for example, containing 1Y times as much nitrogen (1.246% to
0.087%) and 17 times as much phosphorous (0.137% to 0.008%) as the stem wood.
Generally, twigs/leaves accounted for the highest percentage of nitrogen and
pheaphorous, stem wood had had the most potassium and magnesium, and stem bark
contrlbuted the greatest amount of ecaleium,

The single squations, with few exceptions, had high r? and low SEEY,
showing good £it of data to the g2imple linear model, The eguations for all
components (except twigs/leaves) of trembling aspen, sugar maple, red maple,
and lronwood were not significantly different (P« .05) and eould therefore be
combined Into a single equatlon. However, those of red oak and whilte birch
ware significantly different. The application of the four-species combinsd
equations to stand data showed nutrient removals by full-tres harvesting could
inoreass by 55% to 111% with the percentage increase in the order P = N > Mg >
K = Ca.

RESUME

Les coneentrations st biomasses des substances nutritives dans diverses compo-
santes des arbres pour six espdces feuillues de 1'sst du Canada ont &t déter-
minées et ont servi 3 estimer les masses des substancea nutritives par espice
et par composante. Les arbres d'dtude représentaient une gamme de classes de
diamdtre et de hauteur. Cent einguante éguations de régression lindaire (6
esptces X 5 composantes % 5 substances nutritives) ont Até &tablies % partir

des données sur la masss des substances nutritives, le diamdtre =t 1la
hauteur,

On a constaté gque les concentrations das aubstances nutritives
variaient oconsidérablement d'une composante & 1'autre, Par exemple, 1les
rameaux et feullles contenalent 14 fols plus d'azote (1,246 2 0,087 %) et 17
fois plus de phosphore (0,137 & 0,008 %) que le bois de la tige. En général,
les rameaux et feuilles avalent le plus fort pourcentage d'azote et de phos—
phore, le bois de la tige renfermait le plus de potassium et de magnésium, et
1'écorce de 1a tige avait 1a plus forte teneur en caloium,

Les é&guations simples, sauf quelques exceptlons, avaient une valsup
¢levée pour r* et faible pour 1'erreur-type d'estimation (SEE %), indiquant un
bon ajustement des données au mod2le linfaire simple. Les équations pour
toutes les composantes (sauf les rameaux et Feuilles) du peuplier faux-
tremble, de 1'é&rable Y suore, de 1'érable rouge et de l'ostryer de Virginie
n'étaient pas significativement différentes (P<0,05) et pouvaient Btre combi—
nées en une seule éguation. Toutefois, celles du chBne rouge et du bouleauy
papier é&talent significativement différentes, L'application des équations

Lt



combinées (celles des guatre espéces mentionnées) aux données des peuplements
permettent de conclure que 1'exploitation par arbres entiers peut augmenter de
56 & 111 % 1'extraction des substances nutritives dans 1'ordre suivant:
P=NZ>Meg>K-=Ca.
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EQUATIONS FOR ESTIMATING ABOVE-GROUND NUTRIENT CONTENT
OF BIX EASTERN CANADIAN HARDWOODS

INTRODUCTION

The lorest manager nas a large number of harvesting systems to choose from in
the removal of forest biomass, These harvesting systems are composed of
varlous combinatlons of harvesting methods and harvesting functliens, and the
four Dbasic harvesting methods are short-wood, tree-length, full-tree, and
completbe-trees, The first two inveolve removing only the merchantable ztema,
leaving tops, branches, and foliage on a3ite. The third and Fourth aoptions,
however, invelve removal of all above-ground material or &ll material,
ineluding roots, from the sits., With Inereasing mechanization, the third and
fourth options are becoming more and more prevalent. To gquebe Horneastle
(1980): "... full-tree logging has the advantage over other systems from a
harvesting standpolnt znd ... this actually will increase as logging tech-—
nology and utilization of residues advances." A further economic advantage ls
the reduction in site preparation costs with the removal of slash,

This trend, which enhaneces harvesting efficiency and labour produc-
tivity, has significant implications for site fertility and biologieal praduc-
Eivity, because appreclable quantities of organic matter and nutrlents are
removed Crom the site (Anon. 1979, Carlisle and Methvan 1979, Freedman et al.
1981, Kimmins 1977, Morrison 1980).

Choice of harvesting options, therefore, reguires an impact evalua-
tien on seolil fertility and aite productivity. A vital component aof such an
evaluation is & quantitative estimate of the biomass and nutrients removed in
the wvaricus harvesting options. The purpose of this study iz to derive
predictlon equations of nutrient mass for six eastern Canadian nardwood
species, uslng nutrient concentrations and bicmass of g sample of trees repre-
senting a range of diamster and height classes.

Study area

The study area was located on the Petawaws National Forestry Institute, Chalk
River, Ontario - latitude 45° 58 min. N, lengitude T7° 32 min. W.

The stands selected for sampling were naturally established, fully
stocked, mixed hardwood stands growing on shallow ablation till over bedrock.

All sites were well drained, but varled from dry te fresh in moisture regime
(Hills and Pierpoint 1960).

Species present 1in the stands were: trembling aspen (Populus
tremuloides Michx.), white bireh (Betula papyrifera Marsh.), red maple {Acer
ruorum L.J, red ocak (Quercus rubra L.}, ironwood (Ostrya virglniana [Mil1,] K.
Koch}, largetooth aspen {Populus grandidentata Miehx,), white spruce (Picea
glauca [Moench] Voss), black spruce (Picea mariana [Mi11,] BE.5.P.}, balsam Tir
{Abies balsamea [L,] Mill,), eastern white pine (Pinus strobus L.) black ash
(Fraxinus nigra Marsh.), and American beech (Fagus grandifolia Ehrh.). Only
the first six species were sampled.




METHODS

Fleld

A total of eighteen .0% ha plots wWere established in the stands, and all
Living trees greater than 5.1 em diameter at breast height outside bark
(dbhob) were tallied by species, dbhob, and total heignt.

Two or more tress of eaph species from each 5 em dbhob elass were
selected Por destructive sampling. Each tree was separated into its component
perts: iwlgs and leaves, live branches, dead branches, merchantable bole, and
Lop. Green weight was taken to the nearest 0.1 kg using a direet reading
tensiometer, and sub-samples were returned to the laboratory for oven drying
and caleulation of dry welght. Letails of field sampling can be found in
Alemdag (1980, 1981).

Laboratory

Green subsamples were oven-dried at 105°C + 3% in & forced-draught oven, and
oven—dry welght/green weight ratios ecaloulated for converslon of green
waights, Uven~dry samples were ground in a Wiley Mill te 40 mesh and
subjected to nutrient analyses.

Total nitrogen was determined by the semi-micro Kijeldahl procedure
using a sulfuriec acid - copper sulfate - potassium sulfate digeation mixture
(Bremner 1965)}. A .5 g ground sample was digested with 10 ml of the diges-
tion mixture for two hours at 160°C and then for twe Hours at 350°C. The
digest was couvled and diluted to 75 ml and an aliquot steam distilled into
boric z2cid after the addition of excess sodium hydroxide, The ammonium
content of the distillate waa then determined by titration against 0.05 N
sulturiec acid, using & methyl red - bromocresgl grean indleator,

For the analysis of phasphorus, potassium, csleium, and magnesium,
samples of 0,5 g were allowed to stand overnight in a digestion mixture
{10 ml) containing B80% nitric acid and 20% perchloric acid., After pretraat-
ment thne samples were digested to completensss {approx. 2 hours). The
digested material was diluted to 50 ml and each element determined as follows.
Caleium and magneaium were determined in 1% La by atomic abserption,
Phosphate was determined using & Technicon futocanalyser System with colour
development with ammonium molybdate - ascorbic acid - sulfuric agid.

Analyses

The analyzed nutrient coneentrations (Table 1) were multiplied by the biomass
values obtained from the sample trees to yield the respective nutrient masses
for each species and component. The resulting data were used to develop
sample linear regression equations of the form:

N=a+b -+ (dbn)*-h
where N is the nutrient mass in grams, and dbh and h are diameter at breast

height in eentimetres and helght in metres, respectively. This resulted in
150 regression eguations (6 species x 5 components x 5 nutrient elements).



In an attempt to simplify application, the equations were subjected
Lo a covariance analysis. This analysis was carried out on all species simul-
taneously, followed by a sequential removal of species from the analysis until
the majority of eguations showed no slgnificant difference in slope and level
at the .05 probability level. Species data were then poeled bo develop new
combined regression equations.

RESULTS AND DISCUSSION

It is apparent from Table 1 that nutrient concentrations vary widely among
components, The twigs and leaves, for example, contain 14 times a3 much
nitrogen (1,246% to 0.087%) and 17 times as much phosphorus (0.137% to 0.008%)
as the stem wood, The removal of the former in full tree harvesting, in spite
of its low biomass eontribution, ecan result in very significant less to the
site. Hign concentrations of N, P, K, and Mg in ironwood stems suggest that
gecumulation of these nutrients in the stem weod of this species,

The single tree equation for each species by nutrient element and
component are presented in Tables 2a to 2f. With Few exceptiaons the oosffl-
clents of determination are generally high and the estimate of relative erraop
low, showing the good fit of the data to the sample linear model. The excep—
tions were noted in the twigs and leaves component of tLrembling aspen and
white birch. The removal of red oak in the seguential eovariance analysis
made the greatest contribution to the inerease in the homogenelty of combined
equations, followed by whits birch, Tha equations for trembling aspen, sugar
maple, red maple, and ironwood for all nutrients and for all components,
except twigs and leaves, showed no significant difference at the .05% proba-
bility lewvel, The data for these specles were pooled and combined regression
equations developed (Table 3. fled oak and white birech were signifiecantly
different, so these species could not be combined inte a single regression,
The best cumbinations with respect to twigs and leaves were white birch, sugar
maple, and red maple on the one hand and Lrembling aspen/irenwood and red
cak/ironwood on the other., However, the gains in the coeffiecients of deter-
mination and estimates of relative error were not considered sufficient to
Warrant a separate set of eguations apart from the szingle- and four-species
eguations.

The fact that all the nutrient equations for the twigs and leaves
component were signiflecantly different for the Four-specles combinations,
while the nutrient egquations for the other components were not, indicate that
the former is either much more variable or more species specifio.,  The twigs
and leaves are a product of a single season's growth and development, and thus
reflect the situation in one particular year. The otbther components reflect an
average based on many years of aceumulation, where variation due to changes in
positions of Individual trees within the three dimensional stand structure
would tend to be maskead,

Differences in site and/or form could explain why the prediction
eguations for red cak, and to a lesser extent white bireh, are so signifi-
cantly different from the other Four gpacies, The Iindividual trees used if
the analysis were selected from two stand subtypes designated as red oak-white
birech and trembling aspen-maple-white birch. In the former, red oak and white
birch contributed 45.1% and 33.8% of the basal area, respectively, and Iin the



latter trembling aspen, red maple, sugar maple, and white birch contributed
S5H.7%, 18.2%, and 13.9% of the basal area respectively., The red ocak-white
birch subtype was generally confined to the dry sites and the trembling aspen-
maple-white birch to the fresh sites. The processes considered in the absorp-
tion and uptake of nutrient lons are highly complex and include basically
physical processes such as mass movement and diffusion, and active bialogical
processes lnvolving the expenditure of metabolle snergy (Kramer 1969). The
relationsnip with soil moisture is therefore not straightforward, but it is
generally accepted that molsture stress is associated with reduced avail-
ability and uptake of nutrient ifons. However, the mean nutrient concentra-
tions (Table 1) are not signifieantly different for red oak, so the statistl-

eal difference is solely associated with the nutrient mass predlctions based
on tree size,

The form of the tree species will also determine whether the predic-
tien equations are different, For example, mature oak, unllke aspen, =oon
loses apical dominance and develops a broad erown wlth heavy branches. The
reason for white bireh not bulking could be related to age.

In order to establish the relative importance of each component with
respect to nutrient content, the average per cent contribution of each compon—
ent Tfor each nubtrient was caloulated for the range of sample trees within each
species, Slinge Lhere was no strong trend associasted with Gres size, the
values were averaged (Table 4). As expected from the nutrient concentrations
(Table 1) the differences among components are far less than those for
biomass. Nitrogen tended to be evenly distributed among the four components
For all species except trembling aspen and ironwood In which the twigs and
leaves contained 3BF and 40% of the total, respecbively. Phosphorus also
tended to be fairly evenly distributed, except for sugar maple and ironwood in
which UY4% and 37% respectively were found in the twigs and leaves, and red oak
in which 46% was found in the live branches. With the exeeption of red maple,
stem bark had the highest percentage (=U47%) of calcium, and with the exception
of red oak, the greatest percentage of magnesium was in stem wood. Differ-
ences within and between speclies, therefore, may need to be taken into consid-
eration,

Decision-making, with respect to harvesting system impacts on site,
needs Lo be applied Lo stand tables to ascertain the nutrient removal per
hectare. As an example, the four-species combination equations were applied
to stand data of the trembling aspen-maple-white blrch subtype to provide a
comparison between tree-length and full-tree harvesting. As shown in Table 5,
nutrient removals by full-tree harvesting lnereased by 56% to 111% over tree-
length harvesting. These figures correspond Wwell with those In the literature
(e.g. Boyle and Ek 1972, Alban et al. 1978, Freedman et al, 1981, Hornbeck and
Kropelin 1979, Kimmins 1977, HKimmins and Krumllik 1976, MHlktnen 1976, Morrizson
and Foster 1979, Wells and Jorgenszen 197%, White 1974} even though muech of it
is derived from conlfercus species, with nutrient removal being in the order
Ca > K =8 > Mg » P but the impact or percentzge [nerease as a conseguence of
full-tree Harvesting being in the order P = N » Mg > K = Ca.

As a number of authors have pointed out (Carlisle and Methven 19783,
Kimmins 1979, Morrison and Foster 1979, Wells and Jorgensen 197%) the inter-
pretation of different levels of nutrient removal on site productivity is



extremely difficult. Ever since the early ploneering work of Ebermayer (1876,
guoted by Stone 1979} in Germany and the later stimulus by Rennie (1955) there
has been an explosion of interest in nutrient eyeling and, more latterly, the
impaet of silvicultural systems on nutrlent budgets and sits productivity.
This has yielded a tremendeous amount of data on nutrient removals and
so~called available "pools" of nutrients in different components of the
system. However,; our undsrstanding of process rates and meaningful knowledge
about =0il supplies is z3till minimal, Important advances are being made by
simulation modelling of nutrient budgets (e.g. Kimmins and Secoular 1979), but
there iIs still a need for innovative methodologies and the development of a
conceptual framework and theery with which to organize and structure the very
disparate available information base,
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Table 1. Concentration of nutrient elements in tree components - Values
given are means and standard errors of the nutrients as per
cent of ovendry weight

Live Twigs &
Stem wood Stem bark branches leaves
Nitrogen
Trembling aspen D.063%, 004 0.286+.013 0.337+.022 1.401+.062
White birch 0.,080+.006 0.302+.017 0.2 1,017 1.180+.049
Sugar maple 0.087+,006 0.394%+,006 0.187+.011 1.008+,058
Hed maple 0.083+.007 0.375£.029 0.215+£.029 0,998+ . 080
Ironwood 0.120£.011 0,608,025 D.2564,014 1.284+.107
Red Dak 0,107+.006 0.331+£.014 0.301£.026 1. 405,047
All speciez (x) 0.087+.003 0.349+,013 0.271=.,011 1.2406+.033
Phosphorus
Trembling aspern 0.006+.000 0.646+,008 0.050+,005 0.133+.004
White bireh 0.006+.001 0.024+.002 0.035+.002 0.1348+.011
Bugar maple 0.007+.001 0.030+. 001 0.020+.007 0.195+.014
Red maple 0.009:.000 0,043+ .00k 0,030+.004 0.118+.017
Tronwood D.0162.002 0,035+.,.002 0,027+.003 0.115+.014
Red oak 0.00%+ . 000 0.018+.002 0,053+,012 0.125+.0060
A11 speeies () 0.008+.000 0.032+,002 0,014+.003 0.137+.005
Trembling aspen 0,096+, 008 0.289+,024 0.318+.018 0.726+.048
White birch 0.0671+.005 0.136+.010 0L.148+.020 D.74B+.033
Sugar maple 0.096+,009 0.4304,019 0.183+.019 0.767+.052
Red maple 0,130,020 0,227+.018 0.185+.028 0.552+,0583
Ironwood &, 206,124 0.230+.014 0.11%+,010 0.612+.064
Aed oak 0.128+.008 D.165+.016 0.256+.020 0.732+.020
411 species (x) 0.109+,011 0.240+.015 0.,223+,012 0.712=,019
Calcium
Trembling aspen 0.71324.,005 1.169+.075 0.871+.084 0.912+.030
White bireh 0.1194.019 1 188+.158 0.624+. 085 D.ThG+ 024
Sugar maple 0.232:.032 2.478+.150 0.634+,053 0.882%,025
Hed maple 0.186T+.030 0.938+.0868 0.4334.061 0.660+,.048
Ironwood 0.196+.026 2.310+. 261 0.690+.074 1.366+.2093
Red oak 0.067+.005 2.334+.105 O.943+.117 1.007¢£.116
A1l speciea () 8.7137+.009 1.700+.094 B.751+.044 3.910£,. 042
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Table 1 [econt'd)

Live Twigs &
Stem wood S3tem bark branches leaves
Magnesium

Trembling aspen 0.028+.002 0,110+,007 0.132+.0049 0.242+.010
White biregh 0.028+.004 0,052+, 004 0,057,006 0,239+.012
Sugar maple 0.039+. 007 0.064+,006 0.042+.004 0.167+.009
Red maple 0.032+,.007 0.0584+.005 0,044+, 009 0.173+.009
Ironwood 0.041+.005 0.080+, 007 0.053+.004 g.230+.0012
Red oalk 0.007=+,007 a.0404 006 0.062+.005 0.179£.009
A1l aspecies {x) 0.026%.002 0.068+.004 0.073+,00% 0.208+,008
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Table 2a. Prediction equations based on dbh?-h for the nutrient
content in grams of trembling aspen

dbh = 5.2 - 1.8 em; h = 6.7 — 26.3 m;y 0 = 16

Stem wood Stem bark Live branches Twiga & l=aves Full tree

Nitrogen
g 6.2761 3.2385 22.0665 63.5344 95.1273
b 0.0p82 0.00495 D,0062 0.0052 0.0292
ke 0.8883 .9509 D.8626 0,.T45G 0.973%
SEE% 31,50 20.80 30.22 30.08 12.59
Phosphorus
a 1.5676 1.5317 5.5913 T.520% 16,1685
5] 0.0005 0.0011 0.0008 0.000% 0.0028
p2 0,7868 0.8243 0.7538 0,501 0.49070
SEE% bo.u57 39.63 ip,12 4p. 34 21.67
Potassium
a =8.7738 -1.0422 11. 4098 42,0527 43,6467
b 0.01867 0.00%3 0.0062 0.0018 0.0340
p? 0.8558 0.9672 00,8248 0.46673 0.9470
SEE% 39.80 ST 35. 0 39.38 20,38
Caleium
=i =1.5653 6. 0577 =-3.4094 55,8585 §y, 8101
3] 0,.0217 0,0480 0.0204 0.0026 a,0924
P 0.97469 0.8504 G.9318 0.4213 0.9318
SEER 14,46 91.92 25,62 45,40 24,53
Magnaaium
a 3.5680 -6, 81064 1.4955 12.0142 10,2842
3] 0.0042 0.0045 g.0030 0.0008 0.0125
2 0,8058 0.86532 0.9222 0.618g 0.9718
SEE% 30.25 41.04 26,30 3716 15,19




Table 2b. Prediction equations based on dbh®-h for the nutrient
content in grams of white birch
dbh = 7.6 — 32,7 om; h=9.8-21.5m; n=12
3tem wood Stem bark  Llve branches Twigs & leaves Full tree
Nitrogen
a h.2349 T.2465 =4l 1270 =T, 4369 =47.1158
b 0.0126 0.0077 0.0159 0.0149 0.0512
P 0.84249 0.8792 0.7272 0.7336 0.89432
SEET 35.89 11.18 an.93 60.00 2h, 24
Fnosphorus
a =0,.2T786 10.6883 -3.94884 -3. 12568 =6.7520
b 0.0012 0,0006 0.0018 0,0029 0.0056
P 0.911% 0,9480 0.89166 0.6120 0.9042
SEEZ 27.85 17.84 58.51 86.70 33.63
Potassium
a ~-1.2700 1.6759 -U5, 4358 =E:1507 -50.,1808
b 0.0096 0.0037 0.0138 0.0089 0.0360
e 3.9303 0.9307 0.6106 0. 8507 0,8618
SEEY 24,10 22,24 124,91 39.32 ha.7o
Caloium
a 9.8535 B9, 7831 -130.8315 =-13.7945 84,3828
b 0.0158 0.0262 0.ous7 0.o104 £.03987
re a0.8323 0.8664 0.713 0.8067 0.8552
3EE% 35.7TT 26.99 89,78 Rl.11 4o, 29
Magnasium
| 5.8145 1.8064 -10.0987 -2.9251 -6.2073
x] QL0030 0.001:2 0.0038 0.0030 g.0110
r2 0.8827 0.9201 0.71149 0,7125 0.9%309
SEES 23.88 2117 an.,02 B3.39 PE.52
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Table Z¢. Prediction equations based on dbh?®+h for the nutrient
content In grams of sugar maple

gbh = 5,2 - 20.9 em; h= 7.3 - 18.0m; n=9

Stem weod  Stem bark Live branches Twigs & leaves Full tree

Hitrosen
a —2.3939 T.6739 2.1409 3.5518 10,9533
b 0.0183 0.0106 D.0066 0.0117 0.04773
r 0.9810 0.9456A 0.9585 0.85831 0.9885
SEE% T2.5T 17-.97 17.62 31.00 0o, 37
fhosphorus
a 0.4308 0.1973 0.29z2z 0.9562 1.9778
b 0.0012 0.0010 0.0007 D.0022 0.0051
0.8930 0.9029 D.8700 0.8ug9 0.9104
SEER 20,073 28.85 31.87 34,40 26.15
Pobassium
a 2.1810 T.7607 -3.9215 5.5961 11.6081
8] 0.0769 0,0119 0.0088 0.0079 &, 0us5d
r? 0.8845 .90 0,831 0.8717 0.9208
SEER 32,44 24,42 L8.51 29.18 25,34
Caleium
a 17.5356 37.8843 3.8847 B.U813 65.7578
[¥] 0.0317 0,0698 0.0253 0, 0086 0.1355
T 0.9213 0.8213 BB.1888 0.9338 0.9161
SEER 23.20 37.14 25.10 20.05 pes T
Magnesium
& 5.2427 0.9849 -0.2777T 1.1070 T.0742
b 0.0034 0.0018 0.0018 a.0016 0.0097
P 0.7792 0.8867 0.8447 0.8917 0.8817
SEEZ 34,64 2842 bz 18 26.7Y 27.36




Table 2d. FPrediction equations based on dbh?+h for the nutrient
content in grams of red maple

doh = 5.9 - 20,3 em; h = 9.9 — 16.6 m: n= 6

Stem wood Stem bark Live branches Twigs & leaves Full tree

Nitrogen
a 5.4280 =2, 7588 -13.2145 6.5365 -3.9853
o 0.0112 0.0125 0.0190 0.0170 0.0586
ks 0.8834 0.8840 0.8097 2.49502 0.9951
SEE% 31.591 uy, o7 6h, BR 20,34 a7.32
Phospharus
a 0,90437 -0,.1220 =1.9132 1.3837 0.3342
b 0,0003 D.0012 0. o027 0.0017 0.0065
r? 0.395493 0.9045 0.7883 0. 4217 a.8104
3EER 14,98 07 .81 71.63 91.58 ug, 37
Potasslum
a -G.2U27 2.7534 =11.7351 5.0414 —10.2377
b 0.0259 0.0043 0.0167 0.008Y4 0.0533
r? 0.58955 0.9511 0.8628 0.9161 0.9881
SEE%Z 07 .54 18.68 55.15% 25.18 12.02
Caleium
a -5,.5624 7.1510 -20.6750 10,1294 -0.4130
o 0,.0332 0.02119 0.0350 0.0091 0,0942
P2 f.9359 0.0748 0.6720 0,6722 0.94U8
SEEE 28.58 14,60 971.30 50,25 25.54
Magnesium
= -3, 45682 -0, 4548y -3.4685 1.2701 -6,749%
b 0.0078 0.0017 0004y 0.0030 .01 7d
p¥ 0.9503 0.9620 0.6425 0,9051 0,981
SEE% 27.493 22.43 o7.21 2845 12




Table Ze. Prediction equations based on dbh®+h for the nutrient
content in grams of ironwood

dbh = 5.2 —18.5 em; h = 6.3 - 11.9 m; n =5

Stem wWood Stem bark Live branches Twigs & leaves Full tree

Nitrogen
a 2.6913 3. 7450 0.2867 2.8662 g.5606
#] 0.0169 0.0085 0.0104 0.0254 0. 0591
n 0.9724 0.9438 D.98490 0,9838 0.9935
SEEY 1F.67 19,93 12,14 13.90 08,548
Phaosphorus
a 0.9645 D.2323 0.1%37 0.5167 0.8687
b 0.0015 0,000l 0.0008 0.0022 0.0049
r® 0.9370 0.9257 0.94985 0.9709 0.9900
3EEZ 20.51 22.59 03.85 17.25 09,16
Potassium
a 5.1251 1.9529 1.2849 0.8832 9,250
5] 0.00G8 0.0020 0.0034 0.07137 0.0289
re D.5036 0.6962 0.8187 0.9929 0.5826
SEEZ B3.63 By, q7 uu, 03 09.97 39.25
Caleium
a 10,6245 22,2248 10,1564 -25.2331 17.7724
b 0, 0200 0.0174 0.0202 0.0642 D.1220
5 0.9497 0. U47T7Y 0.67495 0.8646 0.9923
SEE% 15.28 B2.T79 58.41 BG.51 09.33
Magnesium
E] 1.1228 0,2604 =Q.1728 -0.69489 0,.5186
b 0.0057 0.00711 0.002y 0.0063 0.0155
re 0.98A/73 0.9963 0.97400 (1.9350 0,9851
SEER 12.08 06, oY 21.90 33.90 14,12




Table 2f. Prediction equations based on dbh?®+h for the nutrient
centent in grams of red oak

dbh = 5.5 — 38.9 em; h = 8.1 - 23.0 m; n = 15

Stem wood Stem bark Live branches Twigs & leaves Fuil tres

Hitrogen
A 33. 4554 51,7351 -Th.3143 20,0612 18.8919
B 0.0152 0.0078 0.0185 0.008Y 0.0499
2 0.0227 0.9355 0.8153 0,8183 0.9558
SERET 20,24 15.78 58.08 32.57 17.15
Phosphorus
] 1.2630 1.8648 -6.138Y 1.4948492 -1.0549
b 0. 0005 0,0005 0. 0024 Q.0007 o, 0041
p? 0.6773 O.8411 0.8241 0.82494 0.9098
SEET 25.65 27.13 47 .50 30,70 26,40
Potassium
a 56,1135 11.6658 -65.8078 7. 4586 9,385
b 0.21617 0.0048 0.0161 0.00u8 .0417
P2 J.493049 o.7041 0.7TUTG 0.7384 0.8953
S5EET 17.55% un., 6l TO.6T 37.83 27.59
Caleium
a 24 hukT 307 .4893 =279,6794 —-22.2658 23,9479
b 0.0084 0.0566 0.0628 0.0104 0.1382
re 0.8183 0.B813 0.8337 0.6702 0.49492
SERE 31.44 21.22 RG6.58 9. 47 T8.74
Magnesium
a -4.0035 5.0856 =11.94371¢ 2.5527 -8.2826
i) g.0017 0.0004 0.0037 0.0010 0.0067
i 0.6314 0.7615 a.7425 0.8241 0.8427
SEES. TT7.56 31.91 69 .05 31.76 39.29
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Frediction equations based on dbh®+h for the nutrient content
in grams of trembling aspen, red maple, sugar maple and
lronwood combined

Stem wood  Stem bark Live branches Twigs & leaves Full tree
Nitrogen
a 15.7071 5.2850 11.4067 35.8025 68,1560
b 0.0080 0.0095 0.0067 0.0063 ¢.030%
it 0.8895 0.5624 0.8771 0.7980 0.9703
SEE% 32.30 25,60 42.79 40.85 18.55
Fhosphorus
a 2.0182 0.1752 2. 032y 5.3360 3.5629
b 0.0005 g.o0z2 0.0009 0.0005 0.0031
P2 0.8128 0.8821 0.8009 0.5340 0.9150
SEE% by 76 49.73 54.05 54.85 30,57
FPotassium
a 1.8103 1.1689 6.4982 25.1635 34.6369
b 0.0164 D.00a9z 0.0065 0.0025 0.0346
r2 0.8918 0.9638 0.8574 0.6056 0.G58T7
SEE% by.58 26,44 50. 21 49,86 25.58
Caleium
a 21.6035 15,4365 10,0885 37.13% BYy,.2518
b 04,0211 0.0475 0.0203 0,003Y4 0.0922
P2 0.9683 0.8755 0.9363 0. 201 0.9438
SEEg 22.24 50,20 34,02 69, 21 30.37
Magneaium
a I,og7s -6, 1894 -0.9622 B.623Y 3.5558
b 0.0042 0,004y 0.0030 G. 0010 00127
r? 0.9205 0.8979 0.9357 0.7060 D.9778
SEE% 36.31 56.50 37.79 hg, 69 20,18




Table 4, Perecentage distribution of each nutrient among components,

Stem Stem Live Twigs & Full
wood bark oranches leaves tres
Nitrogen
Trembling aspen 19,3 21.0 22.0 37T 100
White bireh 29.8 19.7 21 .6 24.9 100
Sugar maple 33.2 26.8 14,5 25.5 100
Hed maple 22.8 19.7 2h.0 33.5 100
Iranwood 28,4 17.8 14,0 30.8 100
Red oak 35.4 22.6 22.1 19.9 100
Phosphorus
Trembling aspen 13.4 22.49 31.8 31.9 100
White birch 24.5 14.8 25.9 3.8 100
Sugar maple 23.5 18,3 14,0 by .z 100
Red maple 13.0 17.4 20.9 3357 100
Ironwood 2902 10.0 13.6 FT.2 100
Red oak 15. 4 16.8 h5.7 227 100
Potassium
Trembling aspen 34y 21.1 19.9 244 100
White bireh 32.7 153.7 25.3 28,13 100
Sugar maple 35.3 0.2 T4 20.4 100
Red maple i5.8 0.4 23.8 20.0 100
Ironwood k2.6 12.7 13.0 31.8 100
Red oak 49.G 13.8 23.4 12:9 100
Calcium
Trambling aspen 20.9 5.7 19.4 14.0 100
White bireh 20.0 3.8 31.3 g.9 100
Bugar maple 24.0 52.6 16.4 7.0 100
Red maple 32.4 25.7 28,4 13.5 100
Ironwood 26.0 39.0 25.58 9.4 100
Red oak 7.6 60.2 26.3 5.9 100
Magnesium
Trembling aspen 33.8 21.0 22.6 22.8 100
White birch 3T.5 4.3 23.0 25.2 100
Sugar maple 3.8 18.3 13.8 17.1 100
Red maple .5 10.5 21 .1 23.9 100
Ironwood 47.9 9.7 T2.5 29.9 100
Red oak 22.4 23.1 33.7 20.8 100




Table 5.

Impact of full-tree (FT) versus tree-length (TL) harvesting
on nutrient removal in a mixed hardwood stand as predicted
by the combined equations for trembling aspen, red maple,
sugar maple, and ironwood.

Tree length Full tree Differance Difference/

Nutrient narvesting narvesting (FT-TL} Tree length
{kg/ha) (kg/ha) {kg/ha) (%)
Nitrogen 99 209 110 111
Phosphorus 1 23 12 109
Potassium 132 210 78 5
Caleium 263 568 205 56

Magnesium

42 T3 g T4
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