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ResumeAbstract

This annotated bibliography presents a compilation
of all published and unpublished reports produced
under Forestry Canada's ENFOR program of
research and development on the production of
forest biomass for energy purposes. The citations
and summaries for 480 reports are included,
covering the period from 1979 to 1990. These are
arranged according to several broad subject areas.
The reports are further categorized in a reference
section which provides indices by tree species,
geographic area, author, title and added keywords.

Cette bibliographie annotee com porte une
compilation de taus les rapports publies et non
publies provenant du programme ENFOR de Forets
Canada, un programme de recherche et de
developpement sur la production de biomasse
forestiere a des fins energetiques. Elle presente les
resumes de 480 rapports pour la periode allant de
1979 a 1990. lIs sont organises selon plusieurs
domaines. Les rapports sont aussi classes par
categories d' especes d' arbre, de region
geographique, d' auteur, de titre et de mots-cle

ajoutes.
The ENFOR Program is funded by the federal
Panel on Energy R&D (PERD). Le programme ENFOR est subventionne par Ie

Groupe ministeriel de recherche et de
developpement sur l'energie (GRDE).

iv



The ENFOR biomass

program
Le programme ENFOR sur

la biomasse

Etabli en 1978 dans Ie cadre d'une initiative
federate interministerielle ayant pour but
I 'exploitation des sources d'energie renouvelables,
ENFOR est un programme de contrats de recherche
et de developpement (R.-D.) visant a accroitre leg
connaissances et generer leg techniques susceptibles
de faire augmenter notablement l'apport de la
biomasse forestiere aux reserves energetiques du
Canada.

ENFOR was established in 1978 as part of a federal
interdepartmental initiative to develop renewable
energy sources. It is a contract research and
development (R&D) program aimed at generating
sufficient knowledge and technology to realize a
marked increase in the contribution of forest
biomass to Canada's energy supply.

Administered by Forestry Canada (FC), the ENFOR
program deals with biomass supply matters such as
inventory, growth, harvesting, processing,
transportation, environmental impacts, and
socioeconomic impacts and constraints (See Preface,
p. vii, for a description of ENFOR objectives.). The
program normally provides total funding for
contracted studies, the results of which become the
property of the federal government and are freely
available to the public.

Adrninistre par Forets Canada (FC), Ie programme
ENFOR porte sur Ies questions d'approvisionnement
en biomasse : inventaire, croissance, recoIte,
traitement et transport des res sources, repercussions
sur I' environnement, effets socio-economiques et
contraintes qui en decoulent (une description des
objectifs du programme ENFOR figure Ii
I'avant-propos p. vii.). Habituellement, Ie
programme finance entierement Ies etudes
effectuees sous contrat; Ies resultats de ces etudes
deviennent la propriete du gouvernement federal qui
Ies met Ii la disposition du public.

Le programme releve d'un comite technique qui
elabore les priorites, evalue les propositions et
soumet ses recommandations. Les projets approuves
sont ensuite donnes sous contrat au secteur prive.
Bien que Ie personnel de FC con90ive la plupart des
idees de projet, les propositions venant de
I' exterieur sont accueillies avec plaisir. Elles
doivent etre soumises aux etablissements regionaux
ou Ii I' administration centrale de FC. L' evaluation
de ces propositions se fait chaque annee en
novembre. Le programme fonctionne selon une
annee financiere all ant du lor avril au 31 mars. En
moyenne, on consacre Ii peu pres un million de
dollars par annee aux projets ENFOR.

A technical committee oversees the program and
develops priorities, assesses proposals, and makes
recommendations. Approved projects are then
contracted out to the private sector. Although most
project ideas are generated by FC personnel,
proposals from outside sources are welcomed.
These proposals should be submitted through the
appropriate regional establishments or FC
headquarters. Proposals are assessed in November
of each year. The program operates on the basis of
the fiscal year, from April 1 to March 31. On
average, about one million dollars are spent
annually on ENFOR projects.

The program is coordinated by FC headquarters, but
most projects are managed by one of the six
regional FC centres or by the Petawawa National
Forestry Institute (see Forestry Canada
establishments, p. 287.)

Scientists at these establishments initiate project
proposals in response to regional and national
priorities; implement and manage approved projects;
carry out in-house R&D; and propare information
reports. A scientific authority is assigned to each
project to follow its progress and serve as the
principal contact between the contractors and
ENFOR program managers. The involvement of

La coordination du programme releve de
I' administration centrale des FC, mills la plupart des
projets sont administres par I'un des six centres
regionaux de FC ou par I'lnstitut forestier national
de Petawawa (voir Etablissements de Forets
Canada, a la p. 288).

Les scientifiques de ces etablissements formulent
des projets correspondant aux priorites regionales et
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regional personnel provides the local perspective
necessary to ensure the success of this national

program.

nationales, administrent les projets approuves, font
des travaux de R.-D. et rooigent des rapports
d'infonnation. Chaque projet releve d'un
responsable scientifique qui en suit l'evolution et
sert de lien entre les entrepreneurs et les
gestionnaires du programme ENFOR. La
participation du personnel regional assure la
perspective locale essentielle au sucres de ce
programme national.

Study results are either distributed as contractors'
reports, or published in the FC Infonnation Report
series or technical journals. For comprehensive and
detailed reports on the work or for general
information, write or telephone your nearest FC
regional centre or the ENFOR Secretariat at FC
headquarters (see Forestry Canada establishments,
p. 287). To have your name added to the national
mailing list, write to he ENFOR Secretariat.

Les resultats des etudes paraissent sous tonne de
rapport de I' entrepreneur, de rapport d' infonnation
de FC ou encore dans des revues techniques. Pour
obtenir des rapports complets et detailles sur leg
travaux ou de plus amples renseignements, leg
interesses sont pries d' ecrire ou de telephoner au
centre regional de FC Ie plus proche ou au
Secretariat d'ENFOR, Ii l'administration centrale de
FC (voir Etablissements de Forets Canada, p. 288).
11 suffit d'ecrire au Secretariat d'ENFOR pour etre
inscrit sur la liste d'envoi nationale.

Nota: Au cours des six premieres annees du
programme ENFOR, Ie secteur de Ia
conversion de Ia biomasse a fait I'objet de
nombreux projets. La responsabilite de ce
secteur releve maintenant d'Energie, Mines
et Ressources Canada. Pour obtenir des
renseignements, il faut s'adresser au Groupe
de Ia bioenergie, 580, rue Booth, Ottawa
(Ontario) KIA 0E4. (613) 996-6226.

Note: During the first six years of the ENFOR
program, numerous biomass conversion
projects were undertaken. Responsibility for
this topic has since moved to Energy, Mines
and Resources Canada. For more
information, please contact that Department
at the Bioenergy Group, 580 Booth Street,
Ottawa, Ontario, Canada KIA 0E4.
(613) 996-6226.

vi



Preface Avant-propos

After the energy crisis of the 1970s due to fuel
shortage, petroleum-dependent countries started to
seek alternative energy sources, mainly through
renewable resources. Canada, with its abundance of
forest resources, initiatied a research and
development program in 1978 called ENFOR:
Energy from the Forest. Its main objectives were:
(1) to assess, in the event of an emergency, the
quantity of wood available for energy including
standing timber and residues, knows as biomass;
(2) to study fast-growing tree species for energy
plantations; (3) to establish the most suitable
harvesting methods to preserve the growing balance
of trees and stands, and to practise these methods
most economically; (4) to find the effects of
biomass harvesting on the forest soil in particular
and on the environment in general; and (5) to
improve or innovate methods for converting
biomass into liquid or gaseous fuels. Through the
years, several projects were generated through
ENFOR and many technical and scientific reports
were written dealing with various topics. These
projects are classified into two categories:
Productivity or P projects and Conversion or C
projects.

Par suite de la crise de l'energie des annees 1970,
imputable a la penurie de petrole, les pays
consommateurs se soot engages dans la recherche
de nouvelles sources d' energie, renouvelables
surtout. Bien nanti de ressources forestieres, Ie
Canada a mis sur pied, en 1978, un programme de
recherche et de developpement appele ENFOR,
Energie de la Foret. Les principaux objectifs de ce
programme etaient : (1) d'evaluer, dans l'eventualite
d'une urgence, les volumes de bois disponibles pour
la production d' energie, y compris les volumes sur
pied et les volumes de residus, designes sous
l' appellation de biomasse; (2) d' etudier les essences
a croissance rapide pour les plantations
energetiques; (3) d'etablir les methodes de recolte
qui conviennent Ie mieux a la sauvegarde du reste
des arbres et des peuplements en croissance et
d'appliquer ces methodes de la fa~on la plus
economique possible; (4) de determiner les effets de
la recolte de la biomasse sur Ie sol fore stier en
particulier, et sur I' environnement en general;
(5) d'ameliorer les methodes de transfonnation de
la biomasse en combustibles liquides ou gazeux ou
d'en trouver de nouvelles. Au fil des ans, plusieurs
projets ant vu Ie jour grace a ENFOR, et de
nombreux rapports techniques et scientifiques ant
ete rooiges sur divers sujets. Ces projets se
repartissent en deux categories: les projets sur la
productivite, dits projets P; et les projets sur la
conversion, rots projets C.

The aim of this bibliography has been to compile
all published and unpublished reports on
productivity only, and to present them with their
report summaries in an accessible format.
Consequently 480 reports, covering a period from
1979 to 1990, were compiled and categorized under
several detailed subjects. They were then placed in
five subject groups, as shown in the table of
contents, and are identified by a reference number
and author(s). These reports have either an English
summary, a French summary, or both. Please note
that even though some reports in Chapter I (the
main section of this bibliography) look identical,
they differ in their contents or publishing media, or
by the fact that one is simply an abstract of the full
report. Chapter II is the reference section and
contains seven indexes for reference purposes.
Within each index, for a given keyword, reports are
identified by their reference numbers, as listed in
Chapter I.

La presente etude a pour but de compiler taus les
rapports publies et inedits decoulant des projets P,
et de les presenter, grace a leurs resumes, au
benefice des interesses. En consequence,
480 rapports, qui vont de 1979 a 1990, ant ete
rassembles et classes selon plusieurs sujets detailles.
On les a ensuite regroupes sous cinq rubriques, tel
que l'indique la table des matieres. Ces projets sont
identifies par un numero de renvoi et par leur(s)
auteur(s). Ces rapports comportent soit un resume
en anglais, soit un resume en fran<;ais, soit les deux.
Dans la bibliographie, meme si certains rapports
peuvent sembler identiques, ils different par leur
teneur, par Ie medium de publication, ou par Ie fait
que l'un est simplement Ie resume du rapport
complet. Le premier chapitre constitue la partie
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A copy of all reports is stored at the ENFOR
Library at the Forestry Canada headquarters. Mots
of the reports are available free of charge from
Forestry Canada's regional centres (see p. 287).

principale de cette bibliographie. Le deuxieme
chapitre est la section des renvois, qui contient sept
index qui servent aux renvois. Dans chaque index,
pour un mot-cle donne, on donne Ie numero de
reference d'un ou de plusieurs rapports, numeros
qui sont les memes que ceux du premier chapitre.Despite our best effort to include all of these

reports, some may still be missing from the
bibliography; therefore, we would be appreciative of
any new information to be incorporated into the
next bibliography.

La bibliotheque ENFOR, a l'administration centrale
de Forets Canada, detient un exemplaire de tous leg
rapports. La plupart peuvent etre obtenus a titre
gracieux en en faisant la demande aux centres
regionaux de Forets Canada (voir p. 288).Finally. we gratefully acknowledge the assistance

received from Caroline Cook for data entry and
computer programming. Malgre tout Ie soin que DOUg avons mis a r{)unir ces

rapports, il se peut que des titres manquent encore a
cette bibliographie. Nous vous saurions donc gre de
DOUg Caire parvenir tout renseignement susceptible
d'etre integre a la prochaine bibliographie.

En demier lieu, nous sommes reconnaissants a
Caroline Cook de I' aide qu' elle nous a donnee pour
I' entree des donnees et la programmation.
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1. Resource assessment/Evaluation des ressources

1. ALDRED, A.H.; ALEMDAG, I.S. 1988. Guidelines for forest biomass inventory. Agric.
Can., Can. For. Serv., Petawawa Natl. For. Inst., Info. Rep. PI-X-77. 85 p. + app.

This manual describes procedures for
including forest biomass assessment in
forest inventory. The procedures cover the
collection of data in the field, laboratory
analysis, development of single-tree
biomass equations, and application of the

equations to both current and proposed new
inventories. This manual also provides statitical
knowledge related to the biomass inventories and to
the development and use of the equations. It is an
expansion of an earlier report by Alemdag (1980),
and is a more comprehensive one.

Voir 2 pour Ie fran<;ais.

2. ALDRED, A.H.; ALEMDAG, I.S. 1988. Lignes directrices pour l'inventaire de la
biomasse forestiere. Agric. Can., Serv. can. for., Inst. for. natl. de Petawawa, Rapp.
d'info. PI-X-77F. 74 p. + ann.

Ce manuel decrit des methodes qui
pennettent d'inclure une evaluation de la
biomasse forestiere dans un inventaire des
forets. Ces methodes englobent la prise de
donnees sur place, I'analyse en laboratoire,
I' elaboration d' equations pour la biomasse
des arbres individuels et I'application des

equations a de nouveaux inventaires en cours ou
envisages. Ce manuel foumit des connaissances
statistiques reliees aux inventaires de biomasse et a
I 'elaboration et I'utilisation des equations. II
developpe et complete un rapport precedent
d' Alemdag (1980).

See 1 for English.

3. ALDRED, A.H.; NIELSEN, U.; SAYN-WITTGENSTEIN, L. 1980. Logging residue
inventory by low-altitude aerial photography. Pages 275-279 in Proc. Second Bioenergy
R&D Seminar, Ottawa, Ontario, 26-27 March 1980.

Nous avons evalue la precision et l'efficacite de
l'utilisation de photographies aeriennes Ii basse
altitude pour dresser des inventaires des dechets
d'abattage dans une region recemment exploitee
pres de Mont-Laurier, au Quebec. Quarante
transects de 10 m ont fait l'objet d'inventaires au
sol et d'inventaires par photographie aerienne. Les
photographies aeriennes presentent d'importants
avantages dans certaines conditions. Nous decrivons
les methodes de photogrammetrie, d'analyse et
d'inventaire sur Ie terrain et nous formulons des
directives et des recornrnandations en vue
d'inventaires futurs.

The accuracy and efficiency of logging
residue inventories by low-altitude
photography was evaluated on a recently
logged area near Mont-Laurier, Quebec.
Forty samples, each a lO-m line transect,
were measured on the ground and on aerial
photographs. Aerial photography was
found to offer significant advantages under
some conditions. Photogrammetric, office
and field procedures are described;
guidelines and recommendations for future
surveys are given.
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ALDRED, A.H.; SAYN-WITrGENSTEIN, L. 1981. Procedures for producing forest
biomass statistics in Newfoundland forest inventory program. Pages 71-75 in Proc. Third
Bioenergy R&D Seminar, Ottawa, Ontario, 24-25 March 1981.

4.

The objectives of this project were: (1) to
develop techniques for converting existing
conventional forest management inventory
data to biomass quantities; (2) to develop
procedures for estimating the biomass of
trees and shrubs not included in the present
forest inventory (trees with diameter at
breast height of less than 9 cm, non-
commercial trees and shrubs); and (3) to
modify and test field procedures to
facilitate the collection of data for future
biomass inventory.

Les objectifs du projet sont : (1) mettre au point des
techniques de conversion des donnees existantes sur
les inventaires classiques de gestion forestiere en
quantites de biomasse, (2) mettre au point des
methodes d' estimation de la biomasse des arbres et
des arbustes non-inclus dans l'inventaire fore stier
actuel (arbres de diametre inferleur a 9 cm a
hauteur de poitrine, arbres et arbustes non
commerciaux), et (3) modifier et eprouver des
methodes de travail sur Ie terrain pour faciliter la
collecte des donnees destinees aux furors inventaires
de la biomasse.

Ainsi, des methodes detaillees ont ete mises au
point, eprouvees sur Ie terrain dans une region
pilote, et decrites dans un guide pratique de la
biomasse et dans un manuel de traitement des
donnees. Le present rapport comporte les resultats
d'une analyse statistique poussee des donnees sur la
biomasse des arbres, recueillies dans Ie cadre d'un
projet ENFOR anterieur sur la biomasse.

Detailed procedures were accordingly
developed, field-tested on a pilot area, and
documented as a biomass field guide and
data handling manual. This report contains
the results of extensive statistical analysis
of tree biomass data collected during an
earlier ENFOR biomass project.

ALEMDAG, I.S. 1980. Manual of data collection and processing-for the development of
forest biomass relationships. Environ. Can., Can. For. Serv., Petawawa Natl, For. Inst.,
Info. Rep. PI-X-4. 11 p. + app.

5.

organized so as to provide infonnation for
developing single-tree mass functions, constructing
mass yield tables, and converting volumetric
inventory figures into mass. The manual covers
both sample plot and sample tree measurements in
the field, and describes laboratory methods. The
data are recorded on FORTRAN coding fonDs;
samples are included in the manual. Definitions,
standards of measurement, lists of equipment, tree
species codes, and a method for detennining wood
density are also provided.

This report describes an attempt to develop
a standard method of collecting field data
and processing so that relationships may be
established between the aboveground
biomass of standing timber and
conventional measurable variables. Because
numerous studies of this nature are being,
and will be. conducted for various tree
species and forest types, the intent of the
report is to encourage uniformity of
approach and expression of results. The
proposed data collection procedure is

Voir 6 pour Ie frangais.
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6.

ALEMDAG, I.S. 1980. Manuel de collecte et de traitement des donnees pour
l'etablissement des relations de la biomasse forestiere. Environ. Can., Servo can. for.,
Inst. for. natl. de Petawawa, Rapp. d'info. PI-X-4. 7 p. + ann.

organisee de fournir des donnees sur Ie
developpement de fonctions de masse par arbres, la
constitution de tables de production de masse et la
conversion en masse des donnees volumetriques
inventoriees. Le manuel couvre Ii la fois Ie
mesurage sur Ie terrain de la placette-echantillon et
celui de l'arbre-echantillon, et decrit les methodes Ii
utiliser en laboratoire. Les donnees sont enregistrees
sur des formules de codification Fortran dont des
exemplaires sont inclus dans ce manuel qui presente
egalement des definitions, des normes de mesurage,
des listes d'equipement, des codes d'especes
d'arbres et une methode pour determiner la densite
du bois.

Ce rapport decrit un essai d' elaboration
d'une methode standardisee pour
I' obtention de donnees de terrain et leur
traitement en laboratoire de fa~n a
pouvoir retablir des relations entre la
biomasse amenne des arbres sur pied et
des variables conventionnelles mesurables.
Etant donne que de nombreuses etudes de
cette nature sont et seront faites pour
diverses especes d'arbres et divers types de
forets, I' auteur se propose ici de favoriser
I'uniformite dans I'approche et dans
I' expression des resultats. La methode
proposee pour I'acquisition de donnees est

See 5 for Fnglish.

7. ALEMDAG, I.S. 1981. Aboveground-mass equations for six hardwood species from
natural stands of the research forest at Petawawa. Environ. Can., Can. For. Serv.,
Petawawa Natl. For. Inst., Info. Rep. PI-X-6. 9 p.

processed for their ovendry mass. Wood densities
were also taken. Regression equations based on tree
variables of diameter at breast height outside bark
and height were developed for the ovendry mass of
forest-grown individual trees by components.
Relationships among various parameters of tree
mass were also established. In addition, average
ovendry mass of stands was calculated. Results
were summarized in tables.

Aboveground ovendry masses of tree
components and total trees for six
hardwood species from natural stands were
studies at the Petawawa National Forestry
Institute's research forest in eastern
Ontario. Eighteen sample plots were
measured, and 197 sample trees 0.1 cm
and greater in diameter at breast height
outside bark were cut, weighed and

Vair 8 pour Ie frangais.

8.

ALEMDAG, I.S. 1981. F.quations de masse pour la portion epigee de six essences de
feuillus dans des peuplements naturels de la foret experimentale de Petawawa. Environ.
Can., Serv. can. for., Inst. for. natl. de Petawawa, Rapp. d'info. PI-X-6F. 10 p.

et pese avant et apres sechage a l'etuve 197 arbres
presentant WI diametre a hauteur de poitrine avec
ecorce egal ou superieur a 0,1 cffi. On a aussi
mesure la masse volumique du bois. On a elabore
des equations de regression donnant la masse
anhydre d' arbres individuels cultives en foret, seton
leg differentes parties et en fonction du diametre a
hauteur de poitrine avec ecorce et de la taille. On a

La masse anhydre de la portion epigee des
differentes parties et de la totalite des
arbres appartenant a six especes de feuillus
a ete mesuree dans des peuplements
naturels de la foret experiment ale de
l'Institut forestier national de Petawawa,
dans I'est de l'Ontario. On a divise Ie
terrain en dix-huit parcelles, et on a coupe

5



aussi etabli des relations entre les divers
parametres de masse des arbres. En outre,
on a calcule la valeur moyenne de la

masse anhydre des peuplements. Les resultats sont
presentes sous forme de t"bleaux.

See 7 for English.

ALEMDAG, I.S. 1982. Aboveground dry matter of jack pine, black spruce, white spruce
and balsam fir trees at two localities in Ontario. For. Chron. 58:26-30.

9.

On a mis au point des equations-types pour
detenniner la masse anhydre au-dessus du sol de
parties de I' arbre et de I' arbre entier (sur tige
unique) de pin gris, d'epinette noire, d'epinette
blanche et de sapin baumier de peuplements
naturels de l'Ontario. On a etabli des rapports entre
la masse anhydre des parties de I' arbre et du bois
de tige ainsi qu'entre les masses anhydres et vertes.
On a egalement etabli la repartition de la masse
anhydre dans Ie bois de tige d'arbres
commercialisables. On a calcule la densite du bois
et on a compare la masse anhydre de bois de tige
obtenue au moyen de nos equations et de celles
d'autres rapports.

Standard equations for aboveground
ovendry mass of jack pine, black spruce,
white spruce, and balsam fir were
developed for the components and for
whole trees or single stems grown in
natural stands in Ontario. The relationships
between the component and the stem wood
ovendry masses and those between the
ovendry and the green masses were
determined. Distribution of ovendry mass
within the stem wood of merchantable
trees was established. Wood densities were
calculated, and comparisons of stem wood
ovendry mass were made between the
equations developed here and those found
in other reports.

ALEMDAG, I.S. 1982. Biomass of the merchantable and unmerchantable portions of the
stem. Environ. Can., Can. For. Serv., Petawawa Natl. For. Inst., Info. Rep. PI-X-20.
lOp. + app.

10.

Equations for estimating separately the
mass of merchantable and unmerchantable
(stump and top) portions of the stem for
variable-top diameters and heights were

derived for nine tree species. Results are expressed
as percentages of ovendry mass of the total stem
wood plus bark. Examples of application are

provided.

Voir 12 pour Ie fran():ais.

11

ALEMDAG. I.S. 1982. Methods of estimating forest biomass from stand volumes: A
case study with Ontario jack pine. Pulp and Paper Canada 83(9): 41-43.

One of the main problems that is being
encountered at this early stage of
investigating biomass relationships is how
to express conventionally collected forest
inventory data in terms of mass. There will
be no problem, of course, if the full stand
data are available by tree species, dbh and
h, and the appropriate single-tree mass
equations have been determined as well. In
the absence of these single-tree data,

En ce debut de l'etude des relations ou intervient la
biomasse, l'une des principales difficultes est
d'exprimer en unites de masse les donnees de
l'inventaire forestier recueillies de fa~on
traditionnelle. Evidemment tout est simple si
I' ensemble complet des donnees sur un peuplement
est venti Ie selon les essences, Ie diametre a hauteur
de poitrine et la hauteur, et si l'on a determine les
equations correctes de masse par arbre. Toutefois,
faute de donnees sur chaque arbre, on peut

6



however, some fairly reliable mass
estimates can still be made if the
mass/volume relationships have been
established, as demonstrated here, either on
the basis of total per hectare values or by
diameter class. The choice of method
depends entirely on the nature of the
existing inventory data.

neanmoins en arriver a des estimations de la masse
qui sont assez dignes de confiance si on a etabli les
rapports de la masse au volume, comme on Ie
demontre ici, soit a l'hectare, soit par classe de
diametre. Le choix de la methode depend
entierement de la nature des donnees actuelles
d'inventaire.

12. ALEMDAG, I.S. 1983. Biomasse des parties marchandes et non marchandes de la tige.
Environ. Can., Servo can. for., Inst. for. natl. de Petawawa, Rapp. d'info. PI-X-20F.
11 p. + ann.

Des equations de biomasse ont ete etablies
pour neuf especes d'arbres. Elles estiment
separement la masse des sections non
marchandes (souche et sommet) et
marchandes de la tige et tiennent compte

de hauteurs variables et de differents diametres it
hauteur marchande. Les resultats sont exprimes en
pourcentage de la masse anhydre de la totalite de
l'arbre comprenant l'ecorce. Des exemples
d'application sont egalement foumis.

See 10 for English.

13. ALEMDAG, I.S. 1983. F,quations de masse et facteurs de Ia qualite marchande de
resineux de I'Ontario. Environ. Can., Serv. can. for., Inst. for. nati. de Petawawa, Rapp.
d'info. PI-X-23F. 9 p. + ann.

Des equations ant egalement ete mises au point
pour prevoir les pourcentages de masse anhydre des
composantes march andes et non marchandes de la
tige. Ces equations sont fondees sur Ie diametre
marchand au fin bout de la tige et sur Ie diametre
marchand Ii hauteur de poi trine avec ecorce ou sur
la hauteur marchande et la hauteur totale de I' arbre.

Des equations ont ete mises au point pour
dix especes de resineux de I' Ontario afin
d' evaluer la biomasse d' arbres particuliers
d'apres leurs principales composantes. Ces
equations, fondres sur Ie diametre it
hauteur de poitrine avec ecorce et sur la
hauteur totale de I' arbre, donnent une
evaluation directe de la masse anhydre.

See 14 for English.

4. ALEMDAG, I.S. 1983. Mass equations and merchantability factors for Ontario
softwoods. Environ. Can., Can. For. Serv., Petawawa Natl. For. Inst., Info. Rep.

IPI-X-23. 6 p. + app.

ovendry mass. Equations for predicting ovendry
mass percentages of the merchantable and
unmerchantable copmonents of the stem were also
developed. These are based on merchantable top
diameter and diameter at breast height outside bark,
or merchantable height and total tree height.

Equations for estimating biomass of single
trees by their major components were
developed for ten Ontario softwood
species. These equations, based on
diameter at breast height outside bark and
total tree height, directly estimate the

Voir 13 pour Ie fran~ais.
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ALEMDAG, I.S. 1984. Total-tree and merchantable stem biomass equations for Ontario
hardwoods. Environ. Can., Can. For. Serv., Petawawa Natl. For. Inst., Info. Rep. PI-
X-46. 9 p. + app.

15.

Aboveground biomass equations for single
trees of 19 hardwood species of Ontario
were developed. These equations are for
estimating biomass (a) in terms of ovendry
mass for the main components of trees
based on diameter at breast height and tree
height and (b) in terms of percent of the
total stem mass for the merchantable and

unmerchantable portions of the stem on the basis of
either breast height diameter and merchantable
diameter, or tree height and merchantable height. In
addition, several other biomass relationships were
established. Computer-produced tables for preparing
the data for analysis are included in this report, and
application of the prediction equations is
demonstrated.

Voir 16 pour Ie frangais.

ALEMDAG, I.S. 1985. E.quations de biomasse d'arbres entier et de Ia tige marchande
pour Ies feuiIIus de I'Ontario. Agric. Can., Serv. can. for., Inst. for. nati. de Petawawa,
Rapp. d'info. PI-X-46F. 9 p. + ann.

16.

Des equations ont ete etablies pour la
biomasse de la partie epigee d' arbres
individuels de 19 especes feuillues de
l'Ontario. Ces equations permettent
d'estimer : (a) la biomasse anhydre des
principales compos antes des arbres a partir
du diametre a hauteur de poitrine et de la
hauteur de l'arbre, et (b) Ie pourcentage de
la masse des parties march andes et non

marchandes de la tige par rapport a la masse totale
de la tige, soil a partir du diametre a hauteur de
poitrine et du diametre marchand, ou de la hauteur
de I' arbre et de la hauteur marchande. En outre,
plusieurs autres relations pour la biomasse ont ete
etablies pour la biomasse. On trouvera dans Ie
rapport des tables produites par ordinateur servant a
preparer les donnees pour I' analyse, et une
demonstration de I' application des equations.

See 15 for English.

ALEMDAG, I.S. 1986. Estimating ovendry mass of trembling aspen and white birch
using measurements from aerial photography. Can. J. For. Res. 16:163-165.

17.

Par une etude pilote, on a verifie l' estimation de la
biomasse de la tige, de la cime et de l'arbre entier a
partir de la hauteur totale de l'arbre et du couvert
vertical au sol, mesures a partir de photographies
aeriennes a grande echelle. Les resultats ont montre
que cette methode etait praticable, a la condition
que leg photographies soient prises a un moment
optimal. Afin de confirmer ces premiers resultats
encourageants, il est necessaire de proceder a une
etude plus approfondie.

A pilot study tested the estimation of stem,
crown and whole-tree biomass of single
trees from measurements of total tree
height and crown area taken from large-
scale aerial photographs. The results
indicated the feasibility of this method.
provided the time of photography is
optimal. More extensive testing is required
to confirm these encouraging preliminary
results.

8



ALEMDAG, I.S.; BONNaR, G.M. 1985. Biomass inventory of federal forest lands at
Petawawa: A case study. For. Chron. 61:81-86.

18.

On a procooe It un inventaire des terres forestieres
federates pres de Petawawa, en Ontario. Cet
inventaire, realise suivant des methodes bien
connues, visait It produire des estimations des
parametres habituels des res sources forestieres ainsi
que des estimations de la biomasse forestiere.

An inventory of federal forest lands
located near Petawawa, Ontario was
completed. Using established procedures,
the inventory was designed to provide
estimates of standard forest data as well as
forest biomass.

The average ovendry biomass on the
18 337 ha of natural forests was 130 t/ha.
For individual forest strata, averages
ranged from 69 t/ha to 159 t/ha. By stand
component, trees equal to or greater than
8.1 cm dbh contained 96% of total
biomass, saplings contained 3% and
seedlings 1 %. By tree component, stem
wood accounted for 66% of total biomass.
Estimates were made of biomass quantities
removed; they range from 69% to 95% of
total stand biomass, depending on
harvesting method.

La biomasse a ete evaluee Ii 130 t/ha (valeur
anhydre moyenne) sur les 18 337 ha de foret
naturelle. Les moyennes pour les diverses strates de
la foret varient entre 69 et 159 t/ha. Si on considere
les composantes des peuplements, les arbres dont Ie
dhp est egal ou superieur Ii 8,1 cm representent
96 % de la biomasse totale, les gaules, 3 % et les
semis, 1 %. En ce qui concerne les parties de
I'arbre, Ie bois de tige constitue 66 % de la
biomasse totale. Par ailleurs, on a estime Ie
pourcentage de la biomasse qui est prelevee, seton
Ie mode d'exploitation; il varie entre 69 et 95 % de
la biomasse du peuplement total.

An assessment of changes required in
conventional inventory procedures for
estimating aboveground biomass indicated
that they would be minor, with no serious
effects on cost, time or precision.

Une etude des modifications devant etre apportees
aux methodes classiques d'inventaire pour pouvoir
estimer la biomasse aerlenne a indique que res
modifications seraient mineures et qu'elles
n'influeraient pas de fa~on import ante sur les couts,
Ie temps de travail et la precision.

ALEMDAG, I.S.; HORTON, K.W. 1981. Single-tree equations for estimating biomass
of trembling aspen, largetooth aspen and white birch in Ontario. For. Chron.

57:169-173.

19.

On a compare aux dimensions de leurs tiges, la
biomasse anhydre de peupliers faux-trembles, de
peupliers Ii grandes dents et de bouleaux Ii papier de
la region boreale ainsi que de la region des Grands
Lacs et du Saint-Laurent. On a etabli des equations
de biomasse des elements d'arbre selon Ie diametre
Ii hauteur de poitrine, Ie diametre avec ecorce et la
hauteur totale. Les resultats se sont reveles plus surs
dans les cas du bois de tige et de l'arbre entier que
dans ceux de l'ecorce de tige, des branches fraiches
et des brindilles avec feuilles. Les masses anhydres
en question sont legerement superieures Ii relIes des
arbres de l'Etat de New York et du nord du
Minnesota.

Ovendry mass of single trees of trembling
aspen, largetooth aspen and white birch in
the Great Lakes -St. Lawrence and Boreal
forest regions in Ontario was studied in
relation to stem dimensions. Mass
equations for tree components based on
diameter at breast height outside bark and
tree height were developed. Results were
found more dependable for stem wood and
the whole tree than for stem bark, live
branches and twigs plus leaves. Ovendry
mass values were slightly higher than those
reported for New York and northern
Minnesota.

9



20.ALEMDAG, 

I.S.; STIELL, W.M. 1982. Spacing and age effects on biomass productionin 
red pine plantations. For. Chron. 58:220-224.

On a recolte des donnees ainsi que des echantillonsde 
bois sur 155 arbres, dans seize plantations, noneclaircies 

et It taux eleve de survie, de pin rouge
(Pinus resinosa Ait.) de Ia region de Chalk River en
Ontario, ages de 27 It 54 aDS et dont I'espacement
initial variait de 1,52 m sur 1,52 It 4,27 m sur 4,27.
A I' aide de methodes normalisees de pesage et de
sechage, on a calcule Ia masse anhydre des arbres
entiers et/ou de chacun de leurs constituants, et on a
elabore des regressions afin de correler Ia masse au
diametre It hauteur de poitrine (d) et It Ia hauteur
totale (h) et de determiner Ies effets de
I' espacement initial et de I' age du peuplement sur
ces correlations. On a obtenu des estimations
satisfaisantes de Ia masse de I'arbre et de celIe de
I'ecorce de Ia tige It I'aide d'equations etablies pour
un seul arbre It partir simplement de d et h. Quant
aux autres constituants, I'espacement et I'age ont
vermis d'en ameliorer successivement I'estimation,
comparativement It celIe que procurait d2h
seulement.

Data and wood samples were collected
from 155 trees in 16 high-survival,
unthinned plantations of red pine (Pinus
resinosa Ait.) near Chalk River, Ontario,
aged 27 to 54 years, with initial spacings
of 1.52 x 1.52 m to 4.27 x 4.27 m.
Following standard weighing and drying
procedures, ovendry mass values of the
whole tree and/or their individual
components were calculated, and
regressions developed to relate mass values
to stem dimensions of diameter at breast
height (d) and total height (h), and to
determine what effects the initial spacing
and stand age had on those relations.
Single-tree equations based simply on d
and h gave satisfactory mass estimates
only for the whole tree and for the
component stem bark. For other
components the addition of spacing and
age showed successive improvements in
the estimates over those provided by d2h
alone.

APPLEBY, 

P. W. 1988. Hog fuel availability in the south coastal region of BritishColumbia: 
1985. Agric. Can., Can. For. Serv.. Pac. For. Cent., Info. Rep. BC-X-297. 24p. 

+ app.

21.

En 1985, la region de la cote sud de la Colombie-Britannique 
a produit au total 3 720 000 unites

tassees par gravite (UTG) de dechets de bois, dont
87 % de la production, ou 3 250 000 unites, a eteutilisee. 

II y a donc eu un surplus de 470 000
unites, ou 13 %. Quatre pour cent de la productiontotale 

a ete exportee.

In 1985, a total of 3 720 000 gravitypacked 
units (GPUs) of hog fuel wereproduced 

in the south coastal region of
British Columbia, of which 87%, or
3 250 000 units, were utilized and 13%, or
470 000 units, were surplus. Four percent
of the total hog fuel produced was

exported.
Les principaux producteurs de dechets de bois ont
ete les scieries (71 %), tandis que les usines de
pates ont constitue les principaux utilisateurs
(70 %). La majeure partie du sul])lus disponible net
se trouvait aux fabriques de bardeaux (39 %) et aux
scieries (31 %).

Sawmills were the major producers of hog
fuel (71%). Pulp mills were the major
users (700/0). The major portion of the net
available surplus is located at shingle and
shake mills (39%) and sawmills (31%).

Sur les 3 250 000 unites utilisees en 1985, 80 %
l'ont ete pour la production de vapeur et d'energie,
10 %, pour la production de pates, 4 %, pour la

Of the 3 250 000 units of hog fuel utilized
in 1985, 80% was for production of steamand 

power, 10% was pulp furnish, 4% was
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for "board" furnish and 6% was used for a
diversity of "local" uses.

fabrication de panneaux et 6 %, pour diverges
utilisations locales.

The net available surplus hog fuel can vary
appreciably from year to year, depending
on the level of production by the sawmill
sector of the forest industry and the level
of utilization by the pulp sector. Total hog
fuel production and utilization in 1985 was
very close to the current norm. Hog fuel
production, utilization and surplus were all
lower in 1985 than in 1977, when a similar
study was undertaken. Changes in the
production and utilization of hog fuel since
1985 could reduce the hog fuel surplus in
1987 to 230 000 OPUs.

La quantite excedentaire neUe de dechets de bois
disponibles peut varier enonnement d'une annee a
I' autre, selon Ie niveau de production par Ie secteur
des scieries de I'industrie forestiere et selon Ie
niveau d'utilisation par Ie secteur des pates. L'annee
1985 est une annee oil la production et I'utilisation
de dechets de bois ont ete tres pres de la Donne
actuelle. Une etude similaire effectuee en 1977 avait
indique une production, une utilisation et une
quantite excedentaire de dechets de bois plus
elevees qu'en 1985. Les changements survenus dans
la production et I'utilisation des dechets de bois
depuis 1985 pourraient avoir pour effet de reduire la
quantite excedentaire a 230 000 UTG en 1987.

22. APPLEBY, P. w. 1989. Hog fuel availability in the north coastal and interior regions of
British Columbia: 1986. For. Can., Pac. For. Cent., Info. Rep. BC-X-308. 4 p. + app.

In 1986, a total of 6.5 x 106 BDUs of hog
fuel were produced of which 2.5 x 106
BDUs were utilized, and 4 x 106 BDUs
were surplus. Two percent of the total hog
fuel produced in 1986 was exported.

En 1986, la production de dechets de bois s'est
elevCe Ii 6,5 x 106 unites anhydres; nous en avons
utilise 2,5 x 106 unites, ce qui laisse un surplus de
4 x 106 unites anhydres, et avons exporte 2 pour
cent de la production totale.

Of the 2.5 x 106 BDUs of hog fuel utilized
in 1986, 84% was used for production of
steam, power or heat, 12% for pulp
furnish, 2% for particleboard production
and 2% for a diversity of local uses within
the north coastal and interior regions of
British Columbia. Sawmills were the major
producers of hog fuel (90%). Pulp mills
were the major consumers of hog fuel
(60%), followed by sawmills (30%). The
major portion of the net available hog fuel
surplus (94%) is located at sawmills.

Quatre-vingt-quatre pour cent des 2,5 x 106 unites
anhydres de dechets de bois ont servi it la
production de vapeur, d'energie ou de chaleur, 12
pour cent it la fabrication de pate it papier, 2 pour
cent it la fabrication de panneaux de particules de
bois et 2 pour cent it diverses utilisations locales sur
la cote nord et les regions interieures de la
Colombie-Britannique. Les principaux producteurs
de dechets de bois etaient les scieries (90 %), les
principaux consommateurs etant les fabriques de
pate (60 %), suivies par les scieries (30 %). Ce sont
les scieries qui ont Ie plus fort pourcentage de
surplus net disponible de dechets de bois (94 %).

The net available sUI]Jlus hog fuel could
vary appreciably from year to year,
depending on the relative operating levels
of the wood product and pulp sectors of
the forest industry. Hog fuel production
and utilization in 1986 were both
significantly higher than in 1976, when a
previous study was undertaken. However,
the net available sul1Jlus hog fuel was
close to 4 x 106 BDUs in both 1976 and
1986. It is expected that gradual decreases

Le surplus net disponible de dechets de bois
pourrait varier considerablement d'annee en annee,
seton I' activite des secteurs des produits de bois et
de la pate de bois dans I'industrie forestiere. Le
volume du niveau de production et d'utilisation de
dechets de bois en 1986 etait considerablement plus
eleve que celui constate en 1976 a la suite d'une
autre etude sur Ie sujet. Cependant, Ie surplus net
disponible de dechets de bois etait de presque
4 x 106 unites anhydres tant en 1976 qu'en 1986.
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in total hog fuel production and gradual
increases in total hog fuel utilization will
result in a gradual decrease in hog fuel
surpluses under average mill operating
levels.

On s'attend a ce qu'une diminution graduelle de la
production tot ale de dechets de bois et une
augmentation graduelle de l'utilisation totale
entrainent une diminution progressive des surplus de
dechets de bois, dans des conditions normales
d'exploitation industrielle.

BELANGER, J. 1981. Inventory of logging residue in western white spruce and
lodgepole pine stands. Pages 77-81 in Proc. Third Bioenergy R&D Seminar, Ottawa,
Ontario, 24-25 March 1981.

23.

The line intersect method was used to
inventory downed logging residue from
tree-length operations in western white
spruce and lodgepole pine stands near
Hinton, Alberta. For comparison purposes,
the logging residue on 15 circular sample
plots, each containing 0.04 ha, was

weighed.

On a utilise la methode des transects pour faire
l'inventaire des residus d'abattage proven ant de
l'exploitation des ffits d'epinette blanche de l'ouest
et de pin tordu pres de Hinton (Alberta). A des fins
de comparaison, on a pese les residus contenus dans
15 parcelles d'echantillons circulaires de 0,04 ha.

BELANGER, J.; DUMONT, J.-M.; BELANGER, G. 1981. Inventaire de la biomasse
forestiere residuelle apres coupe dans l'ouest canadien. FERIC, Rapp. spec. RS-17
(ENFOR P-28). 57 p. + ann.

24.

avait pour but de comparer l'efficacite des deux
methodes d'inventaire : la technique des transects,
d'une part, et la methode de la pesee, d'autre part.

L'inventaire de la biomasse forestiere
residue lIe s'est effectuee en 1980 en
Alberta, dans une pessiere a epinette
blanche et une pinede a pin tordu. La
matiere ligneuse issue de res types de
peuplements etait recoltee selon la methode
des bois en longueur.

Les principaux resultats sont leg suivants (en poids
anhydres) : pin tordu : (pesee) -34,25 t/ha;
(transect) -32,21 t/ha; epinette blanche: (transect)

40,93 t/ha.
En plus d'evaluer les quantites de materiel
disponible II des fins energetiques, I' etude

See 26 for English.

25. BELANGER, J..; DUMONT, J..-M..; BELANGER, G.. 1984.. Inventory of forest biomass
left after logging.. FERIC, Spec.. Rep.. SR-13 (EN FOR P-28).. 104 p.. + app..

were inventoried before logging using 0.04 ha
sample plots. In Phase 2 the sample plots used in
Phase 1 were relocated after logging in order to
quantify the residues made up of tops, branches,
green stems and dead stems. All residues found in
the plot were weighed in their green condition and
the moisture content of each category of residue
was measured. The overall ovendry weight included
the weight of stumps (aboveground portion) as well
as residual trees. The following are the ovendry

In 1979, four major forest types were the
subject of a study intended to make an
assessment of the residual forest biomass
resulting from the use of various logging
methods. Black spruce, jack pine, sugar
maple and balsam fir types were selected
for this study. Logging operations were
carried out according to one of the
following methods: tree-length, full-tree or
shortwood. In Phase 1 of the project, sites
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50.7, sugar maple 77.2, balsam fir 81.2; full-tree-
black spruce 25.8, jack pine 32.9, balsam fir 72.4;
shortwood -black spruce 75.3.

weights (t/ha) for three logging operation
methods in four stand types:
Tree-length -black spruce 56.4, jack pine

Voir 27 pour Ie fran~ais.

26. BELANGER, J.; DUMONT, J.-M.; BELANGER, G. 1984. Inventory of forest biomass
left after logging in western Canada. FERIC, Spec. Rep. SR-17 (ENFOR P-28). 41 p. +
app.

Two forest stands located in the province
of Alberta, Canada, one of white spruce
and one of lodgepole pine, were
inventoried for their residual forest
biomass following tree-length logging.

also intended to compare the effectiveness of two
sampling methods: the transect method and the
weighing method.

The main results, in ovendry tonnes per hectare, are
as follows: lodgepole pine -(weighing) 34.25,
(transect) 32.21; white spruce -(transect) 40.93.In addition to estimating the quantity of

fuel available for energy, the study was

Voir 24 pour Ie fran~ais.

27.

BELANGER, J.; DUMONT, J.-M.; LAVERDIERE, M. 1981. Inventaire de la biomasse
forestiere residuelle apres coupe. FERIC, Rapp. spec. RS-13 (ENFOR P-28). 136 p. +
ann.

En 1979, quatre principaux types de
peuplements furent I'objet d'une etude
visant a inventorier Ia biomasse forestiere
residueIIe decoulant de differentes
methodes d'exploitation. Les types de
peuplements retenus pour I'etude furent Ia
pessiere a epinette noire, Ia pinede a pin
gris, I'erabliere a sucre et Ia sapiniere
baumier. La recolte de Ia matiere Iigneuse
s'effectuait selon I'une des methodes
suivantes : Ie bois en longueur, I'arbre
entier ou Ie bois tron~onne. La premiere
phase de I' etude consistait a inventorier
certains sites avant la coupe. Les parcelles-
echantillons mesuraient 0,04 ha. La
deuxieme etape consistait a relocaliser ces
memes parcelles apres la coupe et a

quantifier I'importance des residus sous forme de
cimes, branches, troncs de bois vert et troncs de
bois mort. Tous leg residus a I'interieur des
parcelles-echantillons ont ete peses a I' etat humide.
Un echantillonnage a I'interieur de chacune des
categories de residus nous a revele Ie degre
d'humidite. Le poids anhydre global comprend
egalement Ie poids des souches (partie aerienne) et
des arbres remanents. Les poids anhydres (tonnes
par hectare) suivants ant ete obtenus :

Bois en longueur: pessiere it epinette noire -56,4;
pinooe it pin gris -50,7; erabliere it sucre -77,2;
sapiniere baumier -81,2. Arbres entiers : pessiere it
epinette noire -25,8; pinede it pin gris -32,9;
sapiniere baumier -72,4. Bois tron<;onne : pessiere
it epinette noire -75,3.

See 25 for English.

28.

BELLA, I.E.; DE FRANCESCHI, J.P. 1980. Biomass productivity of young aspen
stands in western Canada. Environ. Can., Can. For. Serv., Northern. For. Res. Cent.,
Info. Rep. NOR-X-219. 21 p. + app.
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Des equations et tables sont proposees pour evaluer
les poids anhydres des parties aeriennes des arbres
dans les peuplements fermes de peuplier faux-
tremble (Populus tremuloides Michx.) ages de 40
ans et moins, dans diverses stations des forets
mixtes de I' Alberta et de la Saskatchewan. On a
determine la repartition des composantes de la
biomasse en rapport avec I' age du peuplement, et
montre que la proportion de feuilles decline avec
I'age alors que celie du bois de tige augmente. La
duree optimale des revolutions a aussi ete calculee
en se fondant sur Ie point culminant de
I' accroissement annuel moyen (AAM) de la
biomasse. Sous toutes les conditions, la revolution
optimale se situait a 30 ans environ, mais
I' evaluation de r AAM de la biomasse aerienne
maximale tot ale a varie entre 4,8 (t/ha) sur les
meilleures stations, (indice de station 24 m a 50
ans) et 2,2 t/ha sur les stations les plus pauvres
(indice de station 16 m).

Equations and tables are presented for
estimating aboveground tree component
dry weights for fully stocked aspen
(Populus tremuloides Michx.) stands up to
40 years old. growing on different sites in
the mixedwood forests of Alberta and
Saskatchewan. The distribution of biomass
components in relation to stand age was
analyzed, which indicated that with
increasing age the proportion of leaves
declines while the proportion of stem wood
increases. Optimum rotation lengths were
calculated on the basis of culmination of
biomass mean annual increment (MAl).
Optimum rotation was around 30 years for
all conditions, but the estimated maximum
total aboveground biomass MAl ranged
from 4.8 (t/ha) on better sites (site index
24 m at 50 years) to 2.2 t/ha on poorer
sites (site index 16 m).

29. BICKERSTAFF. A.; WALLACE, W.L.; EVERT, F. 1981. Growth of forests in
Canada -Part 2: A quantitative description of the land base and the mean annual
increment. Environ. Can., Can. For. Serv., Petawawa Natl. For. Inst., Info. Rep. PI-X-1
127 p. + app.

Benchmark data on the per hectare
productivity and its areal distribution are
provided for 139 ecopolitical units, formed
by combining the ecologically defined
forest regions and component sections of
Canada with its politically defined ten
provinces and two territories. This
relatively stable data base can be grouped
as required for changing technical,
economic, and political purposes, and is
summarized here at the national, provincial
and Forest Region levels of integration.

The mean annual increment to maturity for
natural stands of average actual stocking is
used to indicate the growth capacity of
productive forest land, or the long-term
level of production that can be sustained
by basic forest management requiring only
satisfaction regeneration, protection and

harvest near rotation age. For each ecopolitical unit
the following are tabulated: operability class
(economic availability), areas of productive forest
land, wildland and improved land. For productive
forest land, the relative distribution of forest types,
species composition and site quality are also
estimated. Estimates of growth are compared and
discussed in relation to other available national and
international data, and with current levels of
allowable cut and actual depletion by provinces and
species in Canada. Practical considerations involved
to improve growth through more intensive forest
management are discussed briefly. The importance
of rationalizing more reliable growth-supply-
depletion data as a prerequisite to improve forest
management decisions is stressed, and the
concluding chapter suggests conceptual guidelines,
in particular for rationalizing the integration of yield
prediction with inventory design.

Voir 30 pour Ie frangais.
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30.

BICKERSTAFF, A.; WALLACE, W.L.; EVERT, F. 1981. La croissance des forets au
Canada -Partie II : Description quantitative du territoire et de l'accroissement annuel
moyen. Environ. Can., Servo can. for., Inst. for. natl. de Petawawa, Rapp. d'info. PI-
X-IF. 133 p. + ann.

Le lecteur trouvera dans ce texte des
donnees-guides sur la productivite par
hectare et sur sa distribution region ale dans
139 unites ecopolitiques resultant de la
combinaison des regions et sections
forestieres du Canada etablies sur une base
ecologique. et des 10 provinces et des 2
territoires comme base politique. Cet
ensemble de donnees relativement stable
peut etre analyse et regroupe en fonction
de divers objectifs techniques.
economiques et politiques. Le present
ouvrage contient des statistiques au niveau
d'integration du pays, de chaque province
et de chaque region forestiere.

L' accroissement annuel moyen des
peuplements naturels de den site reelle
moyenne arrives a maturite constitue
I'indicateur de la capacite d' accroissement
des terres forestieres productives, soit Ie
niveau de production qui peut etre soutenu
a long terme en respect ant un
amenagement forestier elementaire
n'exigeant qu'une bonne regeneration, une

protection adequate et la recolte au voisinage de
l'age d'exploitabilite. Pour chaque unite
ecopolitique, on trouve des tableaux ayant trait Ii la
categorie de mise en valeur ou classe de
disponibilite economique, Ii la superficie des terres
forestieres productives, vierges ou ameliorees. Pour
les te~s forestieres productives, la distribution
relative des types forestiers, la composition par
essence et la qualite de la station sont aussi
evaluees. Les estimations de I' accroissement sont
comparees a d'autres donnees nationales et
intemationales, aux taux de coupe autorises et au
decroissement reel par essence et par province au
Canada. On traite brievement de considerations
d'ordre pratique qu'implique l'amelioration de
I' accroissement par un amenagement plus intensif
des forets. L' accent est mis sur I' importance
d'obtenir de fa~on rationnelle des donnees plus
fiables sur I'accroissement, I'approvisionnement et
Ie decroissement, comme prerequis pour ameliorer
les decisions en matiere d'amenagement forestier.
Le demier chapitre suggere des directives
conceptuelles visant en particulier la rationalisation
de l'integration des previsions de rendement tors de
la planification des inventaires.

See 29 for English.

BLAKENEY, KJ. 1980. Development and testing of a field treatment system for
logging residues. Environ. Can., Can. For. Serv., Pac. For. Res. Cent., Info. Rep. BC
X-212. 57 p. + app.

3

Full utilization of the forest resource has
long been the goal of resource planners.
The aim of this project was to identify and
test methods of reaching this goal.

L 'utilisation complete de la ressource forestiere est
depuis longtemps Ie but vise par les planificateurs
des ressources. Ce projet visait a identifier et
experimenter des methodes pour atteindre un tel
objectif.

On a procooe Ii l'inventaire et Ii la classification des
residus forestiers sur deux s.tations exploitees.
representant une gamme de concentrations et de
types de residus. lis ont ete amasses en lots et
traites Ii l'aide de deux types de dechiqueteuses
mobiles. Des echantillons du materiel traite ont ete
analyses pour en determiner les proprietes physiques

Forest residues on two recently logged
sites representing a range of residue
concentration and type were inventoried
and classified. Residues were collected into
piles and were processed using two
different types of mobile chippers. Samples
of the processed material were analyzed to
determine their physical and energy



et energetiques. Une partie des copeaux furent
transportes jusqu'a une chaudiere a dechets de bois
pour leg bn1ler. Chaque etape des travaux etait
surveillee de pres afin de determiner la productivite,
leg couts et la consommation de combustible. Les
resultats indiquent Ie cout par tonne pour chaque
etape du travail et Ie rapport entre I'energie
consommee et I' energie produite.

properties. A portion of the chipped
material was transported to a hog fuel
boiler for burning. Each phase of the work
was monitored to determine productivity,
cost and fuel consumption. Results show
the cost per tonne for each phase of the
operation and the ratio of energy consumed
to energy produced.

BONNaR, G.M. 1985. lnventaire de la biomasse forestiere du Canada. Agric. Can.,
Servo can. for., lnst. for. natl. de Petawawa. 23 p. + ann.

32.

La mesure totale de la biomasse forestiere
du Canada depasse 26 milliards de tonnes
anhydres, ce qui equivaut II 82 milliards de
barils de petro Ie, soit suffisamment pour
repondre aux besoins de petrole du Canada
pour 151 ans. Ce chiffre ne comprend pas
la biomasse de terres forestieres reservees
II des fins autres que la production et la
recolte de la matiere ligneuse.

Les teO"es forestieres non reservees
couvrent 414 millions d'hectares et
produisent une biomasse forestiere de 25,6
milliards de tonnes. La biomasse forestiere
moyenne est de 62 tonnes par hectare
(t/ha). Pour les seules teO"es forestieres

productives, elle est de 89 t/ha. La Colombie-
Britannique possede la moyenne provinciale la plus
elevee, soit 178 t/ha pour ce qui est des terres
forestieres productives, et la moyenne la plus
elevee, soit 1100 t/ha, pour les types particuliers de
forets. La quantite de biomasse forestiere disponible
it des fins energetiques, definie comme la partie non
marchande des arbres de dimension marchande
poussant sur des terres productives accessibles, est
evaluee it 4 milliards de tonnes, ou 16 % de la
biomasse forestiere totale. Cette quantite peut
repondre it environ 25 % des besoins energetiques
annuels du Canada sur une base soutenue,
comparativement it l'utilisation actuelle qui egale
4%.

See 33 for English.

BONNaR, G.M. 1985. Inventory of forest biomass in Canada. Agric. Can., Can. For.
Serv., Petawawa Natl. For. Inst. 21 p. + app.

33.

The total amount of forest biomass in
Canada exceeds 26 billion ovendry tonnes
(ODT). This is equivalent to 82 billion
barrels of oil, or enough to meet Canada's
oil requirements for 151 years. The 26
billion tonne figure excludes biomass on
forest lands reserved for purposes other
than wood fiber production and harvesting.

productive forest lands only, it is 89 t/ha. British
Columbia has the highest provincial average at
178 t/ha on productive forest land, and the highest
average for individual forest types, at 1100 t/ha.
The quantity of forest biomass available for energy
purposes, defined as the nonmerchantable portion of
merchantable-size trees growing on productive,
accessible forest land, is 4 billion tonnes, or 16% of
the total forest biomass. This quantity can supply
about 25% of Canada's annual energy requirements
on a sustained basis, compared with the present
usage of 4%.

Non-reserved forest lands comprise 414
million ha and have a forest biomass of
25.6 billion tonnes. Average forest biomass
is 62 tonnes per hectare (t/ha). For

Voir 32 pour Ie fran~ais.
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34. BONN OR, G.M. 1987. Forest biomass inventory. Pages 47-73 in D.O. Hall and R.P.
Overend, eds., Biomass regenerable energy. John Wiley & Sons Ltd. 504 p.

L' objet du present chapitre est de decrire les
inventaires de la biomasse forestiere, de les definir,
de decrire les differents types d'inventaires et ce en
quoi ils different des inventaires ordinaires portant
sur Ie volume, comment on les realise et queUes
donnees on rassemble. L'inventaire national de la
biomasse forestiere du Canada est donne comme
exemple concreto 11 est egalement question des
inventaires effectues it l'etranger. En outre, on
donne des exemples de petits inventaires ou
d'inventaires effectues dans un dessein special, au
moyen de methodes differentes. Enfin, on presente
des statistiques (nationales et intemationales) sur la
biomasse forestiere : comment eUe est repartie dans
les arbres, it queUes valeurs on peut s'attendre dans
un arbre ou un peuplement ainsi que les equivalents
en energie.

The purpose of this chapter is to describe
forest biomass inventories: to define them,
to describe the different types of such
inventories and how they differ from the
standard volume inventories, how they are
done and what data are collected. The
national forest biomass inventory of
Canada is presented as an example and a
case study, but inventories in other
countries are also discussed. Further,
examples are given of small or special-
purpose inventories that use different
procedures. Finally, forest biomass
statistics are presented: how biomass is
distributed within trees, what values one
can expect from individual trees or stands,
national and international statistics, and
energy equivalents.

Le sujet est traite de Cagan assez large: des
inventaires nationaux aux inventaires speciaux en
passant par leg inventaires d' amenagement et, tout
en insistant sur leg methodes, on presente des
statistiques II. l'appui.

The topic is covered quite broadly.
Inventories ranging from national through
management to special purpose are
covered, and, while the emphasis is on
methodology, statistics are presented.

35

BONNaR, G.M. 1988. Inventory of forest biomass in Canada. Pages 116-118 in C.
Granger, ed. Proc. Sixth Canadian Bioenergy R&D Seminar, Richmond, B.C. 16-18
February 1987.

Existing provincial and tenitorial
inventories are modified to yield biomass
rather than volume data, and augmented
with the new surveys; Total amount of
forest biomass in Canada is 26 billion
ovendry tonnes, of which 32% is residue
from merchantable trees and 19% from
small submerchantable trees.

Les inventaires provinciaux et territoriaux sont
modifies de fa90n Ii fournir des donnees sur la
biomasse au lieu du volume et ils sont completes
par de nouveaux releves. La biomasse forestiere
globale du Canada represente 26 milliards de tonnes
anhydres, dont 32 % de residus d'arbres
comrnercialisables et 19 % de petits arbres sous-
comrnercialisables.

36. BONNOR, G.M.; BABYN, M. 1984. Canada's forest biomass. Pages 89-92 in S.
Hasnain, ed. Proc. Fifth Canadian Bioenergy R&D Seminar, Ottawa, Ontario 26-28March 1984. .

An inventory of Canada's forest biomass is
near completion. It relies to a considerable
extent on existing provincial inventory
data, on a detailed national summary of
volume data completed in 1982, and on

On met la demiere main a un inventaire de la
biomasse forestiere du Canada. Pour Ie realiser, on
s'est servi en grande partie des inventaires
provinciaux actuels. d'un resume de donnees
detaille prepare par Ie gouvemement federal en
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computer-assisted data handling and
mapping procedures.

1982 et de methodes de traitement de donnees et de
cartographie informatisees.

The biomass data are obtained as follows:
(1) in the Equation Approach, new tree
biomass equations are applied to detailed
provincial plot data, and new biomass
stock tables are compiled and applied to
area data. In essence, standard inventory
compilation methods are used, with tree
volume equations replaced by tree biomass
equations; (2) in the Factor Approach,
summarized volume data (of merchantable
wood) are converted to biomass, and
factors are derived whereby biomass of the
other components (bark, branches, foliage,
etc.) are estimated. The Factor Approach is
not as accurate as the Equation Approach
and used as an alternative to it only where
necessary. (3) Many areas of non-
commercial or unproductive forest land are
included for the first time, since they may
have significant quantities of forest
biomass. Data from these sources, plus
information on access of forest lands, are
summarized in the national inventory.

Les donnees sur la biomasse sont elaborees comme
suit: (1) avec l'approche par equations, on applique
de nouvelles equations sur la biomasse des arbres II,
des donnees detail lees provenant de parcelles
provinciales, et les nouveaux tableaux sur les stocks
de biomasse qu'on obtient sont appliques aux
donnees des regions. Essentiellement, on emploie
les methodes de traitement de donnees standard, en
rempla~ant les equations sur Ie volwne des arbres
par des formules sur la biomasse; (2) avec
I' approche par facteurs, on convert it en termes de
biomasse des donnees sommaires sur Ie volume (de
bois d~ valeur marchande) et l'on etablit des
facteurs afin d'estimer la biomasse des autres
compos antes des arbres (ecorce, branches, feuillage,
etc.). Cette approche etant moins exacte que la
precooente, on l'emploie seulement en cas de
necessite. (3) De nombreuses terres forestieres non
commerciales ou improductives figurent pour la
premiere fois dans l'inventaire, car il peut s'y
trouver une import ante quantite de biomasse.
L'inventaire national contient un resume des
donnees tirees des sources nommees plus haut, ainsi
que des renseignements sur les voies d'acces aux
terres forestieres.

37.

BUNCE, H.W.F. 1989. The production of regional biomass yield tables -A feasibility
study. Pages 217-225 in E.N. Hogan, ed. Proc. Seventh Canadian Bioenergy R&D
Seminar, Ottawa, Ontario, 24-26 April 1989.

Dans cette etude, on considere qu'il est possible de
produire des tables regionales de rendement de la
biomasse pour Ie Canada. Pour firer cette
conclu!!ion, on s'est appuye sur Ie fait que les bases
de donnees utilisees pour etablir les tables de
rendement provinciales existent et qu' elles peuvent
etre converties en tables regionales de rendement de
la biomasse grace it l'application d'equations
appropriees decrivant la biomasse forestiere. II
existe egalement une serle de facteurs produits par
Ie programme ENFOR pour convertir Ie volume
marchand brut des arbres en masse. Des facteurs
ont aussi ete mis au point pour les autres elements
de I' arbre, it savoir, I' ecorce, la cime, les branches,
Ie feuillage et la souche. D'autres facteurs existent
pour prevoir Ie volume des peuplements et, par
consequent, leur biomasse, dans Ie cas des arbres
dont la taille est inferleure it la taille minimale

This 

study considers that the production ofregional 
biomass yield tables for Canada is

feasible. This conclusion is based on the
premise that the data bases used to
construct the provincial yield tables exist
and can be converted to regional biomass
yield tables by the application of
appropriate tree biomass equations. There
also exists a set of factors produced by the
ENFOR program from the conversion of
gross merchantable tree volume to weight.
Factors were also developed for other tree
components -bark, top, branches, foliage
and stump. Further factors to predict the
stand volume and hence biomass for trees
below the minimum size measured in
permanent sample plots are available. The
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resulting biomass yield tables would then
account for all Canadian forest biomass.

mesuree dans leg placettes d'echantillonnage
permanentes. Les tables de rendement de la
biomasse obtenues rendraient alors compte de la
totalite de la biomasse forestiere canadienne.

38. BUNCE, H. W.F.; BONNaR, G.M. 1989. Production of regional biomass yield tables
for Canada: A feasibility study. For. Can., Pac. For. Cent., Info. Rep. BC-X-307. 30 p.

Des tables regionales de production de biomasse
peuvent etre produites au Canada. Pour les calculer,
nous pouvons employer les banques de donnees
utilisees pour la construction des tables provinciales
et appliquer les equations appropriees pour la
biomasse des arbres. Nous disposons egalement
d'une serle de facteurs, produits dans Ie cadre du
programme ENFOR, qui permettent de calculer la
masse it partir du volume marchand brut des arbres.
Des facteurs ont egalement ete etablis pour d'autres
composantes des arbres : ecorce, partie superieure
non marchande de la tige, branches, feuillage et
souche. II existe aussi des facte~rs qui permettent
d'estimer Ie volume total (it l'echelle des
peuplements) et, par consequent, la biomasse pour
les arbres inferieurs it la taille minimale mesuree
dans les placettes permanentes d'echantillonnage.
Les tables qui pourraient etre produites rendraient
compte de la totalite de la biomasse forestiere au
Canada, exception faite des racines et de la
vegetation non ligneuse. Le rapport indique les
donnees necessaires, ainsi que leurs sources, et
presente un. plan de travail pour la production des
tables. II comprend une etude-pilote et etablit un
calendrier de six ans pour la realisation des travaux,
dont Ie cout global est estime it 1 120 000 $.

The production of regional biomass yield
tables for Canada is feasible. This
conclusion is based on the knowledge that
the data bases used to construct the
{.fovincial yield tables exist, and can be
converted to regional biomass yield tables
by the application of appropriate tree
biomass equations. There also exists a set
of factors produced by the ENFOR
program for the conversion of gross
merchantable tree volume ~o weight.
Factors were also developed for other tree
components -bark, top, branches, foliage
and stump. Further factors to predict the
stand volume and hence biomass for trees
below the minimum size measured in
permanent sample plots are available. The
resulting biomass yield tables would then
account for all Canadian forest biomass
excluding only the biomass of roots and
non-woody vegetation. This study
identifies the necessary data and their
source and provides a working plan for the
production of the yield tables. It includes a
pilot study, provides a 6-year schedule, and
makes a global cost estimate of
$1120000.

39. CHATARPAUL, L; BURGESS, D.(M).; HENDRICKSON, O.Q. 1984. A comparison of
biomass and nutrients removed in whole-tree harvesting and conventional (stem only)
harvesting. Pages 121-125 in S. Hasnain, ed., Proc. Fifth Canadian Bioenergy R&D
Seminar, Ottawa, Ontario, 26-28 March 1984.

Nutrient contents (N, P. K, Ca, Mg) for
branch, bark, and stem components of a
number of major tree species growing at
the Petawawa National Forestry Institute
were estimated using regression analysis.
An assessment of the impact of whole-tree
harvesting on site nutrient reserves was
made by comparing biomass and nutrients

On a estime par analyse de regression la teneur en
elements nutritifs (N, P, K, Ca, Mg) des branches,
de l'ecorce et du tronc d'un certain nombre
d'essences d'arbres import antes poussant it l'lnstitut
forestier national de Petawawa. On a fait une
evaluation des consequences de la recolte des arbres
en tiers sur les reserves nutritives du lieu de coupe
en comparant la biomasse et les elements nutritifs
des troncs et des arbres entiers.
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in stems with those contained in entire
trees.

CHATARPAUL, L.; BURGESS, D.M.; METHVEN, I.R. 1985. Equations for estimating
aboveground nutrient content of six eastern Canadian hardwoods. Environ. Can., Can.
For. Serv., Petawawa Natl. For. Inst., Info. Rep. PI-X-55. 19 p.

40.

among components; twigs and leaves, for example,
contained 14 times as much nitrogen (1.246% to
0.087%) and 17 times as much phosphorus (0.137%
to 0.008%) as the stem wood. Generally, twigs and
leaves accounted for the highest percentage of
nitrogen and phosphorus, stem wood had the most
potassium and magnesium and stem bark
contributed the greatest amount of calcium. The
single equations, with few exceptions, had high r2
and low SEE%, showing good fit of data to the
simple linear model.

Nutrient concentrations and biomass of
various components of six eastern
Canadian hardwood species, representing a
range of diameter and height classes, were
detennined and used to estimate nutrient
masses for each species and for
components. One hundred and fifty (6
species x 5 components x 5 nutrients)linear 

regression equations were developed
using nutrient mass, diameter and height
data. Nutrient concentrations varied widely

Voir 41 pour Ie frangais.

CHATARPAUL, L.; BURGESS, D.M.; METHVEN, I.R. 1986. Equations pour estimer
la teneur en substances nutritives de la portion epigee de six especes feuillues de l'est
du Canada. Agric. Can., Servo can. for., Inst. for. natl. de Petawawa, Rapp. d'info. PI-
X-55F. 7 p. + table.

41.

substances nutritives variaient considerablement
d'une composante a l'autre. Par exemple, les
rameaux et feuilles contenaient 14 fois plus d'azote
(1,246 % compare a 0,087 %) et 17 fois plus de
phosphore (0,137 % compare a 0,008 %) que Ie
bois de la tige. En general, les rameaux et feuilles
avaient Ie plus fort pourcentage d'azote et de
phosphore, Ie bois de la tige renfermait Ie plus de
potassium et de magnesium et l'ecorce de la tige
avait la plus forte teneur en calcium. Les equations
simples, sauf quelques exceptions, avaient une
valeur elevee pour r et faible pour l'erreur-type
d'estimation (SEE%), indiquant un bon ajustement
des donnees au modele lineaire simple.

Les concentrations et biomasses des
substances nutritives dans diverses
composantes des arbres pour six especes
feuillues de I' est du Canada ont ete
determinees et ont servi Ii estimer les
masses des substances nutritives par es~ce
et par composante. Les arbres
representaient une gamme de classes de
diametre et de hauteur. Cent cinquante
equations de regression lineaire
(6 especes x 5 composantes x 5 substances
nutritives) ont ete etablies Ii partir des
donnees sur la masse des substances
nutritives, Ie diametre et la hauteur. On a
constate que les concentrations des

See 40 for English.
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42.

COMEAU, P.G.; KIMMINS, J.P. 1986. The relationship between net primary
production and foliage nitrogen content, and its application in the modelling of forest
ecosystems: A study of lodgepole pine (Pinus contorta). Pages 202-223 in T. Fujimori
and D. Whitehead, eds. Proc. IUFRO Symp. on Crown and Canopy Structure in
Relation to Productivity, Tsukuba, Japan, 14-20 October 1985. For. and For. Prod. Res.
Inst., Ibaraki, Japan.

Production in forest stands is related to
both foliage biomass and foliage nitrogen
content, relationships that are potentially
useful as driving functions for forest yield
prediction models.

Dans les peuplements forestiers, la production est
correlee Ii la fois Ii la biomasse foliaire et Ii la
teneur du feuillage en .azote; ces correlations sont
susceptibles de servir de fonctions maitresses des
modeles de prediction du rendement forestier.

Ces deux parametres de la cime se sont reveles
correles de Cagan lineaire a la production primaire
aerienne nette (PP AN) dans les peuplements de pins
tordus (Pinus contorta var. /atifo/ia Engelm.) du
S.-E. de la Colombie-Britannique. Cependant, la
variance residuelle etait considerable. La plus
grande partie de cette variance s'expliquait par la
fluctuation de I'humidite stationnelle ainsi que par
la densite et I'age du peuplement. Les grandes
variations demon trees a la fois par I' efficacite du
feuillage et de I'azote foliaire relativement a la
PP AN semblent largement dues a des oscillations
entre la production annuelle de la biomasse aerienne
et celie de la biomasse souterraine. En exprimant
I' efficacite du feuillage ou de I' azote foliaire
relativement a la production primaire totale nette,
on a pu attenuer considerablement cette variation.
Ceci montre I'importance de tenir compte de la
production des petites racines et des radicelles
quand on compare la productivite des peuplements.

These two crown parameters were found to
be linearly related to aboveground net
primary production (ANPP) in lodgepole
pine (Pinus conform var. latifolia Engelm.)
stands in southeastern British Columbia,
Canada. There was, however, considerable
residual variance. Much of this variance
was explained by variation in site moisture
status, stand density and age. The
substantial variation exhibited by both
ANPP foliage efficiency and ANPP foliage
nitrogen efficiency appears to be largely
due to changes in allocation of annual
production from aboveground to
belowground biomass components.
Expressing either foliage efficiency or
foliage nitrogen efficiency in terms of total
net primary production reduced this
variation considerably. This demonstrates
the importance of accounting for fine and
small root production in comparative
studies of stand productivity.

43 CUNNINGHAM, R.A. 1982. Computerized mapping of national forestry inventory.
Pages 81-87 in Proc. Fourth Bioenergy R&D Seminar, Winnipeg, Manitoba, 29-31
March 1982.

The Canadian Forestry Service is cun-ently
involved in the development of the
Canadian Forest Resource Data System,
which will make use of computerized
systems to collect, classify, manipulate and
retrieve data on forest resources. One stage
of this work consists of the creation of
digital boundary files of approximately
50 000 forestry zones, and the production
of a series of statistical maps for

Le Service canadien des forots travaille actuellement
Ii la mise au point d'une banque de donnees sur les
ressources forestieres canadiennes. Cette banque
utilisera des systemes informatiques pour recueillir.
classer. manipuler et restituer les donnees relatives
aux ressources forestieres. L 'une des etapes de ce
travail consiste Ii creer les fichiers numeriques des
limites d' environ 50 000 zones forestieres et Ii
produire une serie de cartes statistiques qui seront
publiees Ii l'echelle nation ale et representeront dix
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publication on a national scale,
representing ten forestry-related variables.
In the fall of 1979, the Forestry Statistics
and Systems Branch of the Canadian
Forestry Service contracted this work to
the Spatial Research and Development
Group of Statistics Canada, now known as
the Geocartographics Subdivision. This
paper deals with the methodologies and
systems which the Geocartographics
Subdivision has been using to complete
this project.

variables utiles pour la gestion forestiere. Au cours
de l'automne 1979, la Direction des systemes et
statistiques forestieres du Service canadien des
forets a con fie ce travail au Groupe de recherches et
developpement spatiaux de Statistique Canada,
connu maintenant sous Ie nom de Sous-division de
la geocartographie. Ce document traite des
methodes et systemes utilises par la Sous-division
de la geocartographie pour realiser ce projet.

44. DAFFERN, J.G.; POLAND, J.S.; VAN LOON, G.W. 1988. Nutrient cycling and
biomass distribution in 1K plantations of hybrid poplar. Pages 129-133 in C. Granger,
ed. Proc. Sixth Canadian Bioenergy R&D Seminar, Richmond, B.C., 16-18 February1987. .

Macro- and micronutrient levels in soils
and foliage were measured at 130 sites for
a variety of hybrid poplar clones. For DNI
hybrids, ages 2-9 years, trees were
partitioned into foliar blades and petioles,
branches, twigs, bolewood, bole bark and
roots, and the components analyzed for
nutrient composition. Results and trends
are discussed with respect to biomass
production and nutrient cycling.

On a mesure a 130 endroits les niveaux d'elements
macronutritifs et micronutritifs dans Ie sol et Ie
feuillage de differents clones de peupliers hybrides.
Pour ce qui est des hybrides DN1, ages de 2 a 9
ans, les arbres ont ete repartis en brins foliaires et
petioles, en branches, en brindilles, en bois de rut,
en ecorce de rut et en racines; la composition
nutritive des constituants a ensuite ete analysee. Les
auteurs examinent les resultats en fonction de la
production de biomasse et de la circulation
d' elements nutritifs.

45. DANCIK, B.P.; HEIDT, J.D.; HIGGINBOTHAM, K.O.; TITUS, S.J. 1980.
Development of a stand growth model for trembling aspen in the Prairie provinces of
Canada. Univ. Alberta, Dept. For. Sci., Unpubl. Contractor's Rep. ENFOR P-102. 99 p.
+ app.

Le rapport resume la premiere etape d'un projet
ENFOR, sur la modelisation de I'accroissement
d'un peuplement de faux-tremble dans la Prairie.
Une vaste etude bibliographique est consacree Ii la
modelisation de I' accroissement en general et de
I' accroissement du peuplier en particulier. Un
modele preliminaire a ete construit au moyen d'un
ensemble tres limite de donnees. Ce modele predit
les caracteristiques moyennes du peuplement quand
on connait I'indice stationnel, I'age, Ie nombre
d'arbres et un coefficient qui tient compte de la
productivite des clones. On discute des limites de ce
modele et on propose de construire, dans un
deuxieme temps, un modele plus sensible, qui
repose sur un ensemble plus complet de donnees.

This report summarizes the first phase of
an ENFOR project, Development of a
Stand Growth Model for Trembling Aspen
in the Prairie Provinces. An extensive
literature review is included for growth
modelling generally and aspen growth in
particular. A preliminary growth model
was developed, using a very limited data
set, which predicts average stand
characteristics given site index, age,
number of trees, and a factor specifying
clonal productivity. Limitations of this
preliminary model are discussed and a
proposal is included, for the second phase,
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to construct a more sensitive model using a
more comprehensive data set.

46.

DA WE, E.R. 1980. Tree weight tables for Newfoundland. Pages 55-58 in Proc. Second
Bioenergy R&D Seminar, Ottawa, Ontario, 26-27 March 1980.

Whole-tree harvesting, for complete
utilization of the forest resource, requires
the conversion of conventional inventory
data to a biomass inventory. This project
represents the first phase in the provision
of tree-weight tables for the major tree
species of Newfoundland.

L 'utilisation complete des ressources forestieres
grace a l'exploitation par arbres entiers necessite la
conversion des methodes classiques d'inventaire des
ressources en methodes d'inventaire de la biomasse.
Notre projet constitue une premiere etape vers
I' elaboration des tables de calcul de la masse
ligneuse des principales especes d'arbres de
Terre-Neuve.

Nous avons procede It I'echantillonnage sur Ie
terrain de toute une gamme de tailles d'arbres et de
conditions du milieu dans une region precise. puis
fait Ie calcul des poids frais et sec (apres sechage
au four) de diverges parties des arbres. Les donnees
recueillies sont destinees It I' analyse par ordinateur.

Green and ovendry weights were obtained,
for tree components. by field sampling a
range of tree sizes and forest site
conditions in a specific region. The data
have been provided for computer analysis.

D A WE, E.R.; SUTfO N, K.; DAY, D. 1981. Tree weight equations -Data acquisition
phase, western Newfoundland, 1980. Pages 67-69 in Proc. Third Bioenergy R&D
Seminar, Ottawa, Ontario, 24-25 March 1981.

This paper summarizes the data collection
phase for the production of tree weight
tables for the six major tree species of
western Newfoundland. Green and ovendry
weights were obtained, for tree
components, by field-sampling a range of
tree sizes, ages and forest site conditions in
western Newfoundland. Four hundred and
fifty-nine trees were sampled from 117
locations. The data were stored in the
computer system at the Newfoundland
Forest Research Centre.

La presente communication resume l'etape
d'obtention des donnees pour l'elaboration de tables
de calcul de la masse ligneuse pour leg six essences
forestieres leg plus importantes de l'ouest de
Terre-Neuve. On a obtenu leg poids, a l'etat frais et
apres sechage au four, des parties constituantes des
arbres apres echantillonnage d'arbres presentant
diverges caracteristiques de faille et d'age et
provenant de divers milieux forestiers de l'ouest de
Terre-Neuve. Des prelevements ant ete effectues sur
459 arbres poussant dans 117 endroits. Les donnees
ant ete emrnagasinees dans Ie systeme informatique
du centre de recherche forestiere de Terre-Neuve.

48.

DAWE, E.R.; SU1TON, K.; DAY, D. 1982. Tree weight equations -Data collection
phase, eastern Newfoundland, 1981. Pages 103-106 in Proc. Fourth Bioenergy R&D
Seminar, Winnipeg, Manitoba, 29-31 March 1982.

This paper summarizes the data collection
phase for the production of tree weight
tables for the five major tree species of
eastern Newfoundland. Green and ovendry
weights were obtained for tree components
by field-sampling a range of tree sizes,

Le present document resume I'etape d'obtention des
donnees pour I' etablissement de tableaux de
mesures ponderales des cinq especes d'arbres les
plus repandues de I'est de Terre-Neuve. On a
obtenu les poids de bois vert et de bois seche au
four des composantes d' arbres, en pre levant des
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echantillons d' arbres de differentes failles, plus ou
moins ages et croissant en des points varies de Ia
foret de I' est de Terre-Neuve. L' echantillonnage a
ete fait a partir de 585 arbres sillies en 130 endroits.
Les donnees ont ete enregistrees dans Ie systeme
informatique du Centre de recherches sur Ia foret de
Ia province de Terre-Neuve.

ages and forest site conditions in eastern
Newfoundland. Five hundred and eighty-
five trees were sampled from 130
locations. The data were stored in the
computer system at the Newfoundland
Forest Research Centre.

49.DAY, 

J.K.; MOSS, A. 1982. Determination of biomass and nutrient content in trees,ground 
vegetation and soil of aspen stands in Alberta: A description of objectives andprogress 
to date. Pages 109-113 in Proc. Fourth Bioenergy R&D Seminar, Winnipeg,

Manitoba, 29-31 March 1982.

Le 

document presente les objectifs du projet financedans 
Ie cadre du programme ENFOR et decrit lesresultats 

obtenus au cours des six premiers mois de
travail. L 'objectif principal du projet consiste Ii
definir Ie contenu en biomasse et en substances
nutritives d'un ecosysteme de peupliers en Alberta:
arbres, vegetation au sol et terrain. Le projet
comprend aussi une analyse de la documentation
publiee, en vue d'incorporer les resultats acquis par
d'autres chercheurs aux conclusions tirees des
resultats techniques.

The paper presents an account of the
objectives of the project sponsored under
the ENFOR program, and describes the
progress attained in the first six months of
the work. Of chief concern in the project is
the determination of biomass and nutrient
content in an aspen ecosystem in Alberta:
i.e. trees, ground vegetation and soil. The
project includes a review of the literature
germane to the subject, thus incorporating
experience garnered by other researchers
into conclusions drawn from technical
results.

50.

DENDRON RESOURCE SURVEYS LTD. 1981. La methode par transects etI' 
estimation des residus d' exploitation: Comparaison d' echantillonnagesphotogrammetriques 

et au sol. FERIC, Rapp. spec. RS-16 (EN FOR P-28). 17 p. + ann.

photogrammetrie, mais Ie volume total estime etait
inferieur a celui provenant de l'inventaire au sol. La
methode photogrammetrique est rapide et offre la
possibilite de reinventorier Ie site sans retourner sur
Ie terrain, mais elle devrait etre utilisee seulement
dans Ie cas de residus frais, laisses au sol en une
seule couche.

On a utilise la photogrammetrie etl'inventaire 
au sol pour detenniner Ievolume 

de residus d'exploitation forestiere
afin de verifier la fiabilite de laphotographie 

70 mm a faible altitude dans
un tel projet. Les resultats furent plusconstants 

dans Ie cas de la

See 51 for English.

DENDRON RESOURCE SURVEYS LTD. 1981. Logging residue survey and the line
transect method: A comparison of field and photo methods. FERIC, Spec. Rep. SR-16
(ENFOR P-28). 17 p. + app.

51.

reliability of low-level 70-mm photography for such
inventory. Although estimates of the total volume
were less from photogrammetric data than from

The volume of logging residue calculated
from photogrammetric and ground
measurements were compared to assess the
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reinventory but is limited to fresh, unilayered
residue.

ground measurements, they were more
consistent. The technique offers further
advantages in speed and opportunity for

Voir 50 pour Ie fran~ais.

DENDRON RESOURCE SURVEYS LTD. 1983. Digest of publications and reports of
the ENFOR Production Program. Environ. Can., Can. For. Serv. HQ, ENFOR Rep.P-245. 

12 p. + app.

52.

Le rapport presente des resumes et de breves
observations sur les publications et les etudes
publiees dans Ie cadre du programme ENFOR, de
meme que de courtes notes concernant les projets
sur lesquels on ne dispose d' aucun rapport. Les
projets du programme ENFOR sont egalement
enumeres et classes selon Ie sujet et la region
geographique.

This report presents abstracts and brief
comments on publications and reports
issued under the ENFOR Production
Program, as well as brief notes on projects
for which no reports are available. ENFOR
Production Program projects are also listed
and classified by subject matter and
geographic area of relevance.

DENDRON RESOURCE SURVEYS LTD. 1983. Review of the ENFOR Production
Program. Environ. Can., Can. For. Servo HQ, ENFOR Rep. P-245.. 77 p. + app.

53.

As of January 1983, ENFOR remains a
useful program in spite of recent changes
in the Canadian energy situation. The
principal recommendations involve more
emphasis on economics and technology
transfer, a shift of emphasis in biomass
availability studies, strong support of
biomass harvesting projects and lower
priority for environmental impact studies
and energy plantations.

En date de janvier 1983, Ie programme ENFOR
reste utile, en depit des changements affect ant la
situation energetique canadienne. Les principales
recommandations insistent davantage sur les
facteurs economiques et Ie transfert de technologies,
elles accordent une priorite nouvelle aux etudes de
la disponibilite de la biomasse, elles appuient
fortement les projets de recolte de la biomasse et
eUes accordent une priorite mains grande ai' etude
des repercussions sur l'environnement et aux
plantations energetiques.

DENDRON RESOURCE SURVEYS LTD. 1984. R&D needs in forest biomass
inventory methodology. Dendron Resource Surveys Ltd., Unpubl. Contractor's Rep.
ENFOR P-306. 38 p.

54.

On a examine leg methodes d' estimation de la
biomasse, dans Ie dessein d' identifier leg lacunes du
col})us des connaissances et de recommander des
mesures qui assureront un inventaire efficace de la
biomasse dans diverges conditions de croissance au
Canada. On est arrive aux conclusions principales
suivantes : (1) Les equations actuelles de la
biomasse pied par pied permettent d'estimer la
biomasse totale selon leg parties de r arbre, sans
tenir compte du principal produit de la foret
(placages, billes de sciage, bois de pate). On
recommande l'elaboration d'equations regionales

A review of the biomass estimating
methodologies was completed with the
objectives of identifying gaps in
accumulated knowledge and recommending
actions to provide the basis for efficient
biomass inventories for the different
growing conditions in Canada. The main
conclusions are as follows: (1) Existing
single tree biomass equations estimate total
biomass by tree component without
considering the prime products of a forest
(veneer, saw logs, pulpwood),
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axees sur plusieurs produits, qui donneront a la fois
Ie volume marchand et Ie volume des residus de labiomasse 

seton differentes normes d'utilisation.
(2) La recherche sur les methodes d'estimation de
la biomasse a ete trop conventionnelle; on s'estmontre 

timide dans I' emploi de la teledetection,
I' elaboration de plans d' echantillonnage efficaces et
la construction de modeles de I' accroissement et durendement. 

Des recommandations visent a remedier
a res carences.

Recommendations are made for the
development of regional multi-product
equations which will provide both
commercial volume and biomass residues
according to different utilization standards;
(2) Research into biomass estimating
methodologies has been too conventional.
The application or remote sensing
technology and the development of
efficient sampling designs and growth and
yield models has been limited.
Recommendations -are made to overcome
these deficiencies.

55. DENDRON RESOURCE SURVEYS LTD. 1987. Estimation of forest biomass using
pulsed laser technology. Agric. Can., Can. For. Serv., Petawawa Natl. For. Inst., Unpubl.
Contractor's Rep. ENFOR P-341. 30 p. + app.

L'etude, donI l'objectif etait d'evaluer l'emploi du
laser a impulsions dans l'estimation de la biomasse,
a montre que la technique etait praticable. La
correlation entre les mesures laser et la biomasse
aurait probablement ete meilleure et I' emploi du
laser aurait ete plus efficace si l'etude avail ete
effectuee dans des peuplements de coniferes donI la
forme des cimes est plus reguliere; en effet,
I' experience a ete menee en grande partie dans des
peuplements de feuillus. Les resultats auraient
egalement ete plus favorables si on avail pu
disposer de meilleures tables de cubage. La
methode recommandee pour estimer la biomasse est
d'employer des donnees obtenues par la technique
laser pour estimer la hauteur du peuplement et la
densite du couvert, puis d'appliquer res estimations
par les equations des tables de cubage des
peuplements et des rapports de la biomasse au
volume. Le cout devient Ie principal critere de
decision pour l'emploi des donnees laser dans
I 'estimation de la biomasse.

The objective of this study was to evaluate
the use of pulsed laser technology for
biomass estimation. The results of the
study have shown that it is technicallyfeasible. 

The correlation between laser data
and biomass would probably have been
higher, and the use of laser more efficient,
if coniferous stands with their more regular
crown shapes had been involved; the test
area was largely restricted to hardwood
stands. The results would have also beenmore 

favorable if better stand volumetables 
had been available. Therecommended 

approach for estimatingbiomass 
is to use laser data to obtain

estimates of stand height and canopy
density and then to apply these estimates
through stand volume table equations andbiomass/volume 

ratios. Cost becomes themain 
criterion for deciding if laser data

should be used for estimating biomass.

56. DENDRON RESOURCE SURVEYS LTD.; NORTHLAND ASSOCIATES LTD. 1982.Procedures 
for estimating Newfoundland's biomass reserves. Environ. Can., Can. For.

Serv., Nfld. For. Res. Cent., ENFOR Rep. P-146. 27 p. + app.

The objectives of the project were: (1) to
develop techniques for converting existing
conventional forest management inventory
data to biomass quantities; (2) to develop
procedures for estimating the biomass of
trees and shrubs not included in current

Les objectifs du projet etaient les suivants :
(1) mettre au point des techniques qui permettront
de convertir les donnees actuelles et traditionnelles
des inventaires d'amenagement forestier en donnees
quantitatives sur la biomasse; (2) mettre au point
des methodes d'estimation de la biomasse des
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forest inventory (trees with diameter at
breast height of less than 9 cm, and non-
commercial trees and shrubs); (3) to
modify and test field procedures to
facilitate the collection of data for future
biomass inventory.

arbres et des arbrisseaux omis des inventaires
actuels (les arbres de diametre a hauteur de poitrine
inferieur a 9 cm, les arbres d'essences non
marchandes et les arbrisseaux); (3) modifier et
eprouver des methodes visant a faciliter l'obtention
de donnees sur Ie terrain en vue d' inventaires
ulterieurs de la biomasse.

Detailed procedures were developed, field
tested on a pilot area, and documented as a
biomass field guide and data handling
manual. The report also includes the
results of extensive statistical analysis of
tree biomass data collected during an
earlier project. The procedures lead up to
the planned revision of the province's
inventory compilation software needed to
implement the biomass equations and
complete the conversion.

Des methodes detaillees ont ete mises au point,
eprouvees sur Ie terrain dans une region pilote et
etayees par un guide pratique sur l'estimation de la
biomasse ainsi qu'un guide sur Ie traitement des
donnees. Le rapport comprend egalement les
resultats d'une vaste analyse statistique des donnees
sur la biomasse des arbres, qui ont ete recueillies au
cours d'un travail anterieur. Ces travaux ont mene a
la revision planifiee du logiciel de compilation des
inventaires de la province; ce logiciel etait
necessaire a la mise en oeuvre des equations de la
biomasse et a la conversion des donnees.

EVERT, F. 1983. A national system of equations for estimating ovendry mass of
trembling aspen (Populus tremuloides Michx.). Environ. Can., Can. For. Serv.,
Petawawa Natl. For. Inst., Info. Rep. PI-X-24. 9 p. + app.

57

When applied to the sample data from individual
geographic regions, estimates of aggregate ovendry
mass of all sample trees in any of the six regions
differed from observed values by not more than 6%
with approximately half the estimates being within
2% of observed values.

This report presents a single national
system of equations for estimating the
aboveground oven dry mass of single trees
and of their individual components for
trembling aspen (Populus tremuloides
Michx.). This system is based on data from
six geographic regions across Canada.

Voir 58 pour Ie fran9ais.

58. EVERT, F. 1984. Systeme national d' equations pour evaluer la masse anhydre du
peuplier faux-tremble (Populus tremuloides Michx.). Environ. Can., Serv. can. for., Inst.
for. natl.. Petawawa, Rapp. d'info. PI-X-24F. 12 p. + ann.

donnees proven ant de six regions goographiques du
Canada. Comparees aux donnees de chaque region,
les estimations de l'agregat de la masse anhydre de
tout l'echantillon des arbres de n'importe laquelle
des six regions ne different pas de plus de 6 % des
valeurs observees, la moitie s'en ecartant de 2 %.

Le rapport presente un systeme national
unique d'equations pour evaluer, chez un
peuplier faux-tremble, (Populus
tremuloides Michx.) la masse anhydre de
I' ensemble de sa partie aerienne et de ses
elements. Ce systeme est base sur les

See 57 for English
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59. EVERT, F. 1985. Systems of equations for estimating ovendry mass of 18 Canadian tree
species. Agric. Can., Can. For. Serv., Petawawa Natl. For. Inst., Info. Rep. PI-X-59. 13
p. + app.

~

This report presents a single system of
standard equations for estimating ovendry
mass for each of 18 Canadian tree species.
Each system consists of three equations,
one for each of total stem wood, total stem
bark and crowns. When applied to the
sample data from individual geographic
regions, the overall accuracy achieved by

the equations for all species was as follows: for
total stem wood, 97 percent of estimates were
within 10 percent of observed values; for total stem
bark, 93 percent of estimates were within 15 per
cent of observed values; and for crowns, 86 per
cent of estimates were within 30 per cent of
observed values.

Voir 60 pour Ie frangais.

60. EVERT, F. 1987. Systemes d'equations pour calculer la masse anhydre de 18 essences
canadiennes. Agric. Can., Servo can. for., Inst. for. natl. de Petawawa, Rapp. d'info. PI-
X-59F. 15 p. + ann.

Le rapport presente des systemes uniques
d'equations types permettant de calcuIer,
pour 18 essences canadiennes, la masse
anhydre. Chaque systeme comprend trois
equations: Ia premiere pour tout Ie bois de
rut, Ia deuxieme pour toute I'ecorce de rut,
et Ia troisieme, pour Ie houppier. Les
donnees obtenues au moyen d'echantiIIons

preleves dans differentes regions geographiques ont
servi it verifier la justesse des equations pour toutes
les essences. Pour Ie bois de fut, dans 97 % des cas,
l'ecart entre les valeurs calculees et les valeurs
observees etait d'au plus 10 %; pour l'ecorce de fut,
dans 93 % des cas, l'ecart etait de 15 %; et pour Ie
houppier, l'ecart maximum etait de 30 % dans 86 %
des cas.

See 59 for English.

61.

FOWLER, D. 1983. Trial conversion of conventional inventory data to biomass data in
New Brunswick. Environ. Can., Can. For. Serv., Mar. For. Res. Cent., ENFOR Rep.
P-238. 20 p. + app.

Les equations de la biomasse elaborees par Ie
Service canadien des forets pour 17 essences des
Maritimes ant ete integrees au logiciel actuel de
traitement des donnees de I'inventaire des volumes
du Nouveau-Brunswick. Ce logiciel a ensuite servi
a estimer la biomasse d'une region pilote, d'une
superficie d'environ 1,24 million d'hectares, dans Ie
nord-ouest du Nouveau-Brunswick. Le logiciel
construit pour ce projet pilote servira en partie a
convertir les donnees volumetriques de l'inventaire
du Nouveau-Brunswick en unites de la biomasse.

Biomass equations developed by the
Canadian Forestry Service for 17 Maritime
tree species were incorporated into New
Brunswick's existing volume inventory
handling computer software. This software
was then used to provide biomass
estimates for a pilot area of approximately
1.24 million hectares in the northwest
comer of New Brunswick. The software
developed for this pilot project will be
used in part to convert the New Brunswick
volumetric inventory to a biomass
inventory.
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average potential whole-tree (aboveground)
harvest removals of biomass, N, P, K, Ca,
and Mg were 136 000, 310, 38; 144, 360
and 39 kg/ha, respectively. These
represented average increases over bole-
only harvesting of 50% for biomass, 170%
for N, 200% for P, 160% for K, 1000/0 for
Ca, and 120% for Mg. Thus, a moderate
increase in potential biomass yield via the
whole-tree harvest was obtained at the
expense of much larger increases in
removals of major nutrients. On average,
the whole-tree contents of biomass and
nutrients were smaller than quantities
present in the forest floor plus mineral soil.
It seems unlikely that one or several
whole-tree harvests of these natural stands,
if done on rotations of >ca. 50 years,
would result in important depletions of site
nutrient capital. However, calcium
removals as a percentage of total site
capital were large. This may be a cause for
concern, and warrants further investigation.

prelevements potentiels moyens de la biomasse, de
N, de P, de K, de Ca et de Mg, dans les parties
aeriennes des arbres, s'elevaient respectivement a
136 000, a 310, a 38, a 144, a 360 et a 39 kg/ha.
Ces chiffres r~resentent une augmentation
moyenne relativement a la recolte limitee au rut, de
50 % (pour la biomasse), de 170 % (N), de 200 %
(P), de 160 % (K), de 100 % (Ca), et de 120 %
(Mg), respectivement. Ainsi, on a augmente de
fa~n moderee Ie rendement potentiel de la
biomasse en recoltant la partie aerienne des arbres,
mais, ce faisant, on a provoque un prelevement
beaucoup plus grand des principaux elements
nutritifs. En moyenne, la teneur en biomasse et en
elements nutritifs de l'arbre entier etait inferieure
aux quantites presentes dans la couverture morte et
dans Ie sol mineral. II semble peu probable qu'une
ou plusieurs recoltes des arbres entiers dans ces
peuplements naturels, au bout de revolutions d'une
cinquantaine d' annees, appauvrissent beaucoup Ie
capital stationnel en oligo-elements. Toutefois, les
prelevements de calcium representaient un taux
eleve du capital calcique total de la station. Ce peut
donc etre un motif de preoccupation qui justifie
d'autres etudes.

65.

FREEDMAN, B.; DUINKER, P.N.; MORASH, R.; PRAGER, U. 1982. A comparison
of measurements of the standing crops of biomass and nutrients in a conifer stand in
Nova Scotia.. Can. J. For. Res. 12:499-502.

Dans un peuplement a dominance d'epinette rouge
(Picea rubens Sarg.), on a compare Ies
prelevements de biomasse et d'elements nutritifs (N,
P, K, Ca et Mg) effectues lors d'une recolte
experiment ale realisee dans deux placettes de
0,5 ha, avec ceux qu'on aurait obtenus selon une
recolte potentielle de biomasse estimee a partir de
techniques de regression et une approche stratifiee
basee sur un arbre moyen. Les deux demieres
methodes de calcul ont produit pour Ie peuplement
exist ant des estimes de recolte potentielle
sembi abIes I'un a I'autre mais qui se sont reveles
plus eleves que Ies prelevements obtenus Iors de Ia
recolte et ce, dans I'ordre de 29 % en moyenne
pour la biomasse tot ale des arbres, et de 84 % pour
N, de 58 % pour P, de 28 % pour K, de 45 % pour
Ca et de 41 % pour Mg. On attribue ces differences
au ramassage incomplet de la biomasse au-dessus
du sol lors des recoltes experimentales et a une
tendance des techniques de regression a surestimer
leg recoltes potentielles des peuplements existants.

A comparison is made of the realized and
potential harvest removals of biomass and
nutrients (N, P, K, Ca, and Mg) in a red
spruce (Picea rubens SargJ dominated
stand, as estimated by experimental harvest
of two O.5-ha plots, and through the use of
biomass regressions and a stratified mean-
tree approach. The latter two calculations
gave estimates of potential harvest removal
(standing crop) that were similar to each
other, but that were higher than the
removals estimated by the harvest method
by an average of 29% for whole-tree
biomass, 84% for N, 58% for P, 28% for
K, 45% for Ca, and 41% for Mg. The
differences are attributed to incomplete
recovery of aboveground biomass by the
experimental harvests, and to a tendency of
regression techniques to overestimate
standing crops.
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GODFREY, G.A. 1988. Feasibility study for the calibration, testing and evaluation of
the FORCYTE-11 growth simulation model. For. Can., Pac. For. Cent., Unpubl.
Contractor's Rep. ENFOR P-367. 28 p. + app.

69.

Afin d'etablir l'utilite scientifique du modele
FORCYTE-ll, qui simule l'amenagement forestier
axe sur l'ecosysteme, il taut en verifier les resultats
au moyen de resultats independants et empiriques.
Dans Ie rapport, on evalue l'utilite de trois
ensembles de donnees a cette fin. Les resultats des
essais de coupe d'eclaircie et de fertilisation du
douglas taxifolie, effectues par Ie SCF au lac
Shawnigan, comportent des donnees utiles sur
I' accroissement et Ie rendement ainsi que sur divers
autres parametres de la biomasse et des elements
nutritifs des arbres, du sous-etage et du sol, sur une
peri ode de 15 aDS. D'apres ces resultats, une
quarantaine de variables permettraient de valider Ie
modele FORCYTE. Les installations de mesure de
la productivite forestiere du Service des forets de la
Colombie-Britannique foumissent des chiffres sur
I' accroissement et Ie rendement dans toute une
gamme de classes de stations de douglas taxifQlies
sur une periode de neuf aDS. Douze variables
seraient d'ages divers utilisables pour la validation.
Dans une localite contigue au lac Shawnigan, on
etudie Ie materiel sur pied en croissance. Grace a ce
projet, on pourrait obtenir, sur une periode de 12 a
16 ans, des donnees sur la reaction de 12 variables
au scenario precis de coupes d'eclaircie qui y a ete
applique.

To establish the scientific usefulness of the
FORCYTE-ll, ecosystem-based forest
management simulator, its output needs to
be tested against independent, empirical
results. This report evaluates the suitability
of three data sets for this purpose. The
C.F .S. Shawnigan Lake thinning and
fertilizer trials in Douglas-fir contain
appropriate data on growth and yield and
various other biomass and nutrient
measures for tree, understorey and soils
over a IS-year period. From these results
approximately 40 variables would be of
use in validation of the FORCYTE model.
The B.C. Forest Service's Forest
Productivity Installations can provide
mensurational data on growth and yield for
a range of Douglas-fir site classes and ages
over a nine-year period. Potentially, 12
variables would be available for validation
purposes. Adjacent to the Shawnigan trials
is the Levels-of -Growing-Stock study. This
project can provide response data on 12
variables over a 12-16 year period for the
specific thinning scenario employed at the
site.

GRABOWSKI, T.I.; HEIDT, J.(D).; TITUS, SJ. 1981. An improved stand growth
model for trembling aspen in the Prairie provinces of Canada. Univ. Alberta, Dept. For.
Sci., Unpubl. Contractor's Rep. ENFpR P-102. 49 p. + app.

70.

In 1979-80, a stand growth simulation
model for trembling aspen in the Prairie
provinces was developed. Continuation of
this study in 1980-81 has led to the
development of a more sensitive and
sophisticated model. The original stand
growth model was improved by: (1)
incorporating a larger, more diverse data
base for the development of gro\vth
relationships; (2) predicting tree,growth
rather than aggregate stand growth; (3)
incorporating a mortality function which is
more sensitive to stand conditions. The
new aspen growth model is an individual

En 1979-1980, on a construit un modele de
simulation de l'accroissement d'un peuplement de
peupliers faux-trembles des provinces de la Prairie.
La poursuite de l'etude en 1980-1981 a mene Ii un
modele perfectionne et plus sensible, grace aux
ameliorations suivantes : (1) I'integration d'une base
de donnees plus diversifiee et plus grande pour les
correlations avec I' accroissement; (2) la prevision
de l'accroissement des arbres plutot que de
I' accroissement global du peuplement;
(3) l'integration d'une fonction de mortalite qui est
plus sensible Ii l'etat du peuplement. Le nouveau
modele d'accroissement pied par pied (independant
de la distance) resume les caracteristiques du
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Ce travail consistait a cartographier un
territoire d'une superficie de 450 000 km2
par l'interpretation d'images de satellite.
Sur Ie terrain, au cours des 100 heures de
vol, on a accumule plus de 3000 prises de
vue obliques. De plus, nous avons realise
200 parcelles-echantillons de 400 m2 et
pres de 600 etudes d'arbres afin d'evaluer
Ie volume de biomasse disponible. La
partie au sud de 540 de latitude N, soit
30 % du territoire, est cartographiee a
l'echelle de 1:125 000 et la partie nord it
l'echelle de 1:250 000. Le calcul des
volumes ligneux et de la biomasse
disponible sera effectue conjointement par
Ie Centre de recherches forestieres des
Laurentides et Ie Service de I' inventaire
forestier du Quebec.

The object of this project was to map a
450 000 km2 territory by means of Landsat. A
100-hour aerial survey allowed us to collect more
than 3000 oblique-view photographs. In addition,
we carried out nearly 600 tree studies on 200
sample plots of 400 m2 to determine the available
biomass volume. The area (30%) south of the 54th
parallel is mapped on a scale of 1:125 000, and the
northern part on a scale of 1:250 000. The wood
content and available biomass estimates will be
done jointly by the Laurentian Forest Research
Centre and by the Service de l'inventaire forestier
du Quebec.

74. HEIDT, J.(D).; TITUS, (S)J.; HIGGINBOTHAN. K.(O). 1980. Development of a stand
growth model for trembling aspen in the Prairie provinces of Canada. Pages 115-119 in
Proc. Second Bioenergy R&D Seminar. Ottawa, Ontario, 26-27 March 1980.

Le projet P-102, entrepris Ie 1er septembre 1979,
vise a etudier les publications, les donnees et les
modeles existants afin d'etablir Ie cadre d'un
modele de la croissance des peuplements de
peuplier faux-tremble (Populus tremuloides Michx.).
Le modele envisage permettra la simulation de la
croissance, de la mortalite et de la competition dans
les peuplements et l'etude des effets de l'age et de
la densite du peuplement, des caracteristiques du
milieu, des facteurs genetiques et de leurs
perturbations. Les previsions de la croissance
porteront notamment sur la biomasse et Ie volume
de cette espece prometteuse. Nous donnerons
finalement des details des etudes prevues sur Ie
terrain pour l'ete 1980.

Project P-I02 was initiated 1 September 1979
to study literature. existing data, existing
models and formulate the framework for a
model of stand growth in trembling aspen
(Populus tremuloides Michx.). The model
presented will allow simulation of growth,
mortality and competition as influenced by
stand age, stand density, site characteristics,
genetic constitution and perturbations.
Growth predictions will include biomass and
volume for this potentially important species.
Details of plans for field studies during
summer of 1980 will also be presented.

75. HENDRICKSON, O.Q. 1988. Biomass and nutrients in regenerating woody vegetation
following whole-tree and conventional harvest in a northern mixed forest. Can. J. For.
Res. 18:1427-1436.

Le contenu en biomasse et en elements nutritifs des
plantes ligneuses en regeneration et de la litiere a
ete mesure apres la recolte d'un peuplement mixte
de coniferes et de feuillus faite suivant Ie procede
conventionnel et la methode par arbres entiers.
Avant la recolte, la station localisee dans Ie centre
de l'Ontario etait occupee par un peuplement de

Biomass and nutrient contents of
regenerating woody plants and liner fall
were measured after a northern mixed
conifer-hardwood forest was harvested by
conventional and whole-tree methods.
Before harvest, the central Ontario study
site was occupied by a 95-year-old pine
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(Pinus resinosa, P. strobus) and aspen
(Populus tremuloides, P. grandidentata)
stand growing on gently rolling, gravel-free
outwash sands. Four years after harvest,
aspen abundance increased 100-fold in
both harvested areas, with higher densities
after whole-tree harvest (WTH) (4.1
stems/m2) than after conventional harvest
(CH) (2.7 stems/m2). No self-thinning of
aspen occurred between 2 and 4 years after
harvest. Total aboveground woody biomass
accumulated at 2.0 t/ha/year in the WTH
area and 1.5 t/ha/year in the CH area; the
preharvest rate was 2.0 t/ha/year. Although
WTH did not reduce initial rates of
biomass production, Populus spp. had
lower concentrations of N, Ca and Mg in
the WTH area than in the CH area. There
may be a danger that WTH on less fertile
sites in the region will produce dense,
unproductive aspen stands with low rates
of self-thinning.

pins (Pinus resinosa, P. strobus) et de peupliers
(Populus tremuloides, P. grandidentata) age de
95 ans et etabli sur un terrain de dejection sableux
peu accidente depourvu de gravier. Quatre ans apres
la recolte, l'abondance des peupliers s'etait accrue
de 100 fois dans les deux etendues recoltees, la
densite etant superieure apres Ie procooe par arbres
entiers (4,1 tiges/m2) qu'apres Ie procooe
conventionnel (2,7 tiges/m2). Aucune eclaircie
naturelle ne s'est produite avec les peupliers entre 2
et 4 ans apres la recolte. La biomasse ligneuse
totale au-dessus du sol s'est accumulee au taux de
2,0 t/ha/an dans la coupe par arbres entiers et a
celui de 1,5 t/ha/an dans la coupe conventionnelle;
Ie taux d'avant la recolte etait de 2,0 t/ha/an. Bien
que la coupe par arbres entiers n'ait pas roouit Ie
taux initial de production de biomasse, les peupliers
avaient de plus faibles concentrations de N, Ca et
Mg dans l'etendue recoltee par arbres entiers que
dans celIe recoltee conventionnellement. II existe un
risque que la coupe par arbres entiers pratiquee
dans des stations peu fertiles de la region produise
des peuplements denses et improductifs de peupliers
avec de faibles taux d'eclaircie naturelle.

76. HOPWOOD, W.A. 1982. Coordination of biomass estimation for Canada. Pages 69-73
in Proc. Fourth Bioenergy R&D Seminar, Winnipeg, Manitoba, 29-31 March 1982.

This is an ongoing project, the object of .

which is to coordinate, at a close technical
level, the development of biomass
estimation equations and their application
to the forest inventory data of all provinces
and territories, in order to generate forest
biomass estimates according to the
specifications of the Canadian Forestry
Service's Canadian Forest Resource Data

System.

II s'agit d'un projet en cours, dont l'objectifest
d' assurer la coordination technique de la mise au
point des equations d'evaluation de la biomasse et
de leur application aux donnees d'inventaire
forestier de toutes leg provinces et telTitoires, en vue
d'obtenir une evaluation de la biomasse forestiere
conformement aux specifications du Systeme
canadien de donnees sur leg ressources forestieres
du Service canadien des forets.

77.

HOPWOOD, W.A. 1982. Forest biomass inventory of Canada. Pages 78-83 in Proc.
Sixth Int. FPRS Indust. Wood Energy Forum 82, Washington, D.C., 8-10 March 1982.

Les objectifs du projet sont de dresser l'inventaire
dela biomasse d'ici 1984. Cet inventaire permettra
de determiner la quantite, la forme et l'emplacement
de la biomasse forestiere au Canada. A cette fin,
on : a) echantillonnera les principales essences
partout au Canada afin de construire des equations
de la masse des diverses parties des arbres;
b) appliquera ces equations aux inventaires

The objectives of this project are to
prepare a biomass inventory by 1984
which will define the quantity, form and
location of forest biomass in Canada. The
basic approach to preparing this inventory
involves: (a) sampling the major tree
species across Canada to derive single-tree
mass equations for various tree component
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forestiers des provinces et des territoires du Canada
afin d'estimer la biomasse. Ces estimations seront
integrees au Systeme canadien de donnees sur les
ressources forestieres par leur conversion a la
classification nationale des forets et par
I' etablissement de resumes de donnees par cellules
(unites recapitulatives telles que les feuilles de
cartes ou les cantons et townships). Les resultats de
l'inventaire de la biomasse ainsi resumes seront
publies et stockes de fa~on a etre largement et
rapidement accessibles.

categories; (b) application of these single-
tree equations to the forest inventory data
of Canada's provinces and territories in
order to generate biomass estimates. These
biomass estimates will be incorporated into
the Canadian Forest Resource Data System
by converting them to the national forest
classification, and summarizing the data by
cells (summary units such as map sheets or
townships). The summarized biomass
inventory data will be published and will
be stored so that they will be widely and
quickly accessible.

78.

HORTON, K.(W). 1979. Softwood biomass data collection in Ontario -1978.
Pages 43-44 in Proc. First Bioenergy R&D Seminar, Ottawa, Ontario, 21 March 1979.

Methodology is presented for determining
the total biomass of a predetermined plot
of trees. Details of delineating the plot,
tallying species, selecting samples and
relating green weight to dry weight are
given. Total biomass is then extrapolated
from the plots to the stand.

Presentation de la methodologie pour detenniner la
biomasse totale d'une parcelle de terrain plantee
d'un groupe d'arbres detennine d'avance. Sont
donnes, les details de la delimitation de la parcelle,
Ie releve des especes, la selection des echantillons
et Ie rapport existant entre Ie poids de la masse
verte et de la masse seche. La biomasse totale est
ensuite extrapolee des groupes particuliers au
peuplement melange.

79.

HORTON, K.W. 1981. Aspen and white birch -A major available biomass source in
Ontario. Pages 27-29 in Proc. Third Bioenergy R&D Seminar, Ottawa, Ontario, 24-25
March 1981.

En Ontario, il y plus de 12 millions d'hectares de
foret productive de peuplier faux-tremble et de
boule au Ii papier en peuplements homogenes ou
melanges de coniferes. Cependant, la quantite
d' arbres coupes represente moins de 10 % de la
coupe annuelle autorisee. Or, d' apres les equations
et les tables de rendement etablies au cours d'etudes
sur la biomasse, on estirne que la croissance
annuelle de peuplier faux-tremble et du bouleau
blanc peut satisfaire jusqu'li 16 % des besoins
energetiques de la province. Comme Ie peuplier
faux-tremble pousse beaucoup plus rapidement que
la plupart des autres arbres et se regenere par
d'abondants dragoons, l'exploitation de la biomasse
qu'il represente resoudrait les problemes pressants
qui se posent dans Ie domaine de la gestion des
forets et augmenterait considerablement la
productivite forestiere dans son ensemble.

Over 12 million hectares of Ontario's
productive forests contain aspen poplar and
white birch in pure stands or mixed with
conifers, and less than 10% of the annual
allowable cut has been utilized. On the
basis of biomass equations and yield tables
developed in these studies, it is estimated
that the annual growth of aspen and birch
could supply up to 16% of the province's
primary energy needs. The harnessing of
biomass from aspen in particular, which
grows much faster than major associated
species and regenerates abundantly by root
suckering, would incidentally solve
pressing forest management concerns and
greatly increase forest productivity as a
whole.
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HORTON, K.W.; BANDUCCI, S.R. 1980. Native poplars and white birch as an
unexploited biomass source for Ontario. Pages 51-54 in Proc. Second Bioenergy R&D
Seminar, Ottawa, Ontario, 26-27 March 1980.

82.

Selon nous, ces especes non commerciales
constituent la plus importante source inexploitee de
biomasse de l'Ontario. Nos recherches ont pour but
d'evaluer qualitativement et quantitativement cette
ressource. Nous procederons par etapes, de la fa~on
suivante : (1) elaborer les equations servant au
calcul de la masse des principales especes; (2)
dresser des tables de rendement en biomasse pour Ie
peuplier faux-tremble, par region et par classe de
productivite; (3) faire des previsions et determin~r
les endroits prometteurs en Ontario a partir des
resultats des deux premieres etapes et des donnees
des nouveaux inventaires provinciaux; (4) evaluer
les problemes de gestion et de sylviculture
pertinents et recommander des methodes pour
maximiser les possibilites. Les travaux sur Ie terrain
sont en grande partie termines et l'analyse des
donnees recueillies en (1) et (2) s'acheve.

Our thesis is that these 'weed species'
represent the greatest unutilized and
potential biomass resource in Ontario. We
aim to quantify and qualify this
generalization. Our approach: (1) to
determine weight equations for major
species; (2) to develop biomass yield tables
for trembling aspen by region and
productivity classes; (3) to predict and
locate the potential in Ontario from (1), (2)
and provincial reinventory data; (4) to
appraise relevant silvicultural and
management problems and recommend
methods for maximizing the potential.
Most fieldwork is completed and analyses
of (1) and (2) are almost complete.

83. HOWE, J.L.; POLAND, J.S.; VAN LOON, G. W. 1988. Nutrient cycling and biomass
distribution in 35K energy plantations of hybrid poplar. Pages 134-138 in C. Granger,
ed. Proc. Sixth Canadian Bioenergy R&D Seminar, Richmond, B.C.,
16-18 February 1987.

Pendant deux ans, on a mesure a 15 endroits les
niveaux d' elements macronutritifs et micronutritifs
dans Ie sol et les constituants ligneux de cinq clones
de peupliers hybrides. On a laisse des echantillons
de feuilles se decomposer sur place pendant un an
et on a mesure Ie rendement nutritif et la perte de
biomasse. Les auteurs examinent les resultats en
fonction de la production de biomasse et de la
circulation d' elements nutritifs.

Macro- and micronutrient levels in soils
and tree components were determined at
15 sites for 5 hybrid poplar clones over a
period of 2 years. Leaf samples were
allowed to decompose in the field over a
period of one year and nutrient return and
biomass loss were monitored. Results and
trends are discussed with respect to
biomass production and nutrient cycling.

INTERGROUP CONSULTING ECONOMISTS LTD. 1982. Availability and cost of
forest biomass in Canada. EMR, Conserv. and R~new. Energy Branch, ENFOR Rep.P-224. 

73 p. + app.

84.

On a etudie la disponibilite de la biomasse
forestiere au Canada dans 38 regions et selon divers
types de biomasse (residus de scieries, residus de la
coupe, biomasse obtenue grace a la recolte des
peuplements excooentaires, grace aux operations de
recuperation et de conversion des peuplements

This study has investigated and reports on
the availability of forest biomass in Canada
in 38 separate regions and in a series of
biomass categories including mill residues,
logging residues, biomass associated with
harvesting of sul])lus timber stands,
biomass derived from salvage operations
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and conversion of undesirable stands for
rehabilitation purposes, and biomass
produced under intensively managed
plantation conditions.

indesirables en vue de leur rehabilitation ou grace
aux plantations de ligniculture).

The results of the analysis indicate that
forest biomass in Canada represents an
immense renewable resource of relevance
for large scale energy conversion in most
of the study's 38 regions. The total
potential supply of forest biomass in all
regions and categories in Canada is
estimated at about 112 millions ovendry
tonnes (ODt) per year with this total
expanding slightly to about 120 million
ODt by the year 2000. Approximately
three-quarters of this biomass could be
available delivered to conversion centre
location at prices of $4S/0Dt or less.
Several of the regions considered,
particularly in British Columbia, Alberta,
Ontario and Quebec, offer sufficient
biomass supplies to meet the requirement5
of large scale energy conversion at
delivery prices of $30/0Dt or less.

Les resultats de l'analyse montrent que la biomasse
forestiere au Canada represente une ressource
renouvelable immense, qui se prete a la conversion
energetique a grande echelle dans la plupart des
38 regions etudiees. On estime a 112 millions de
tonnes anhydres les reserves annuelles de la
biomasse forestiere de toutes les regions et
categories au Canada, tonnage qui devrait
legerement augmenter a 120 Mt d'ici l'an 2000. Les
trois quarts de cette biomasse pourraient etre
accessibles et livres a des usines de transformation
au prix de 45$/tonne anhydre ou mains. Plusieurs
des regions examinees, notamment la Colombie-
Britannique, l' Alberta, l'Ontario et Ie Quebec,
possedent des reserves suffisantes pour repondre
aux besoins d'une transformation energetique a
gran de echelle au prix livre de 30 $/tonne anhydre
ou mains.

8: JOHN STONE AND ASSOCIATES Lffi. 1983. Energy from forest biomass/L'energie
de la biomasse forestiere. Environ. Can., Corp. Plan. Grp., Intergovernmental Affairs
Dir. 54 p.

Le document presente des faits faciles a assimiler
pouvant aider a la prise de decisions judicieuses. La
question principale est celIe de la durabilite de
I' exploitation. II taut tenir compte de tous les roles
des forets dans la planification du changement en
cours des demandes de res sources forestieres. Seul
un effort consciencieux peut permettre de faire
entrer et evaluer dflment dans la prise de decisions
toutes les demandes en concurrence. Sans cela, on
verra peut-etre des resultats imprevus de la
planification a court terme.

This paper presents some homely facts in
the hope that they will help us to make
more informed choices. The fundamental
issue under discussion is sustainability. The
paper makes the point that the pattern of
demands on the forest resource IS
changing, and that in order to plan these
changes, account must be taken of all the
roles that forests play in the scheme of
things. Only if conscious effort is made
will all the competing demands be
identified and weighed in the decision
making process. If this is not done there
could be some surprises as the unpredicted
results of short term planning become
apparent.

86 JONES, P.H. 1979. Energy from forest biomass in Vancouver Island. Pages 39-41 in
Proc. First Bioenergy R&D Seminar, Ottawa, Ontario, 21 March 1979.
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Un sondage a ete entrepris sur Ie potentiel de la
biomasse forestiere de 1 'lIe de Vancouver, en vue
de la production d'electricite. L'etude etait basee en
grande partie sur une estimation de l'abattage et des
residus du broyage pre-commercial. Bien que leg
residus des scieries de Colombie-Britannique n'aient
pas encore ete integralement utilises, il est a prevoir
que leg dechets de l'abattage representeront
finalement une import ante source d'energie. De
plus, ceci represente pour l'industrie forestiere une
occasion a ne pas negliger qui lui permettra de
renforcer son autonomie dans la production de
l' energie et de la vapeur dont elle a besoin.

A survey was made of the forest biomass
potential of Vancouver Island, in that it
could offer an alternative for the
production of electricity. The study was
based largely on an estimate of logging
and pre-commercial milling residues.
While British Columbia's mill residues
have not been fully utilized, it is
anticipated that logging residues will
eventually become an important source of
power. Additionally, this represents an
important opportunity for the forest
industry to become more self -sufficient in
the production of power and process
steam.

KA YLL, AJ. 1981. Biomass accumulation rates of five young, naturally regenerated
Maritime cover types. Univ. New Brunswick, Dept. For. Resour., Unpubl. Contractor's
Rep. ENFOR P-41. 32 p.

87

On presente les equations pennettant d'estimer la
biomasse du feuillage, des branches, du bois de fut
et de I'ensemble des parties aeriennes de I'arbre,
selon I'essence et la classe d'age. En general, on
observe la plus grande variabilite dans les jeunes
classes d'age (3 cause, presume-t-on, du micro-
environnement et de la concurrence) ainsi que dans
les classes d'origine non semenciere (3 cause du
type et de la vigueur du systeme racinaire des
arbres parents). A I'interieur d'une classe d'age
d'une essence, I'erreur type -et il n'y a 13 aucune
surprise -etait minimale pour les estimations
relatives 3 la totalite de I' arbre et maximale pour Ie
feuillage et les branches. L' adjonction de variables
independantes ameliore generalement I' erreur type
de I'estimation, mais non Ie coefficient de
correlation.

Equations estimating biomass for foliage,
branches, stemwood and total aboveground
components by species and age classes are
presented. Generally, the young age classes
and the non-seed origin classes had the
highest variability. Microsite conditions
and competition presumably contributed to
the former, and type and vigour of parent
tree root systems to the latter. Within a
species-age class, standard errors, not
unexpectedly, were lowest for total tree
estimates, and highest for foliage and
branch components. Inclusion of additional
independent variables generally resulted in
an improvement in the standard error of
the estimate, but not necessarily in the
correlation coefficient.

88. KER, M.F. 1980. Tree biomass equations for seven species in southwestern New
Brunswick. Environ. Can., Can. For. Serv., Marit. For. Res. Cent., Info. Rep. M-X-114.
18 p.

Logarithmic equations are given for
estimating fresh and ovendry weights of
several tree components for seven common
tree species of southwestern New
Brunswick --white pine, hemlock, cedar,
white ash, yellow birch, beech and sugar
maple. Separate equations are given for
each of 12 biomass components. For each

Des equations logarithmiques sont donnees pour
l'estimation du VOids a l'etat frais et du VOids
anhydre de plusieurs parties de l'arbre pour sept
essences courantes du sud-ouest du Nouveau-
Brunswick, a savoir Ie pin blanc, la proche, Ie
thuya, Ie frene blanc, Ie bouleau jaune, Ie hetre et
I' erable a sucre. Des equations distinctes sont
donnees pour chacune des 12 compos antes de la
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of these components, two or more
equations were selected from among all
possible equations which could be derived
from four independent variables: (1) DBH,
(2) height, (3) crown width and (4) crown
length. Stem wood comprised from
62-73% of total aboveground weight, stem
bark 5-12%, branches 13-24% and foliage
1-7%, based on the mean ovendry weights
of each component. Average DBH of
sample trees ranged from 13.1 cm for
yellow birch to 15.2 cm for white pine.
Mean ovendry weight of total aboveground
biomass ranged from 44.9 kg for cedar to
112.0 kg for beech. Results are based on
data from 46-51 sample trees per species.

biomasse. Pour chacune de ces parties, on a choisi
deux equations ou plus parmi toutes les equations
qui pourraient etre derivees des quatre variables
independantes : (1) DHP, (2) hauteur, (3) largeur de
cime et (4) longueur de cime. Le bois de la tige
representait 62 a 73% du poids anhydre total des
parties aeriennes, I' ecorce de la tige 5 a 12 %, les
branches 13 a 24 % et Ie feuillage 1 a 7 %,
evaluations basees sur les poids anhydres moyens
de chaque partie. Le DHP moyen des arbres
d'echantillonnage allait de 13,1 cm pour Ie rouleau
jaune a 15,2 cm pour Ie pin blanc. Le poids anhydre
moyen de toute la biomasse aerienne allait de 44,9
kg pour Ie thuya a 112 kg pour Ie hetre. Les
resultats sont etayes sur les donnees recueillies a
partir de 46 a 51 arbres d'echantillonnage par
essence.

89. KER, M.F. 1980. Tree biomass equations for ten major species in Cumberland County,
Nova Scotia. Environ. Can., Can. For. Serv., Mant. For. Res. Cent., Info. Rep. M-X-
108. 26 p.

Des equations logarithrniques soot donnees pour
l'estimation du poids a l'etat frais et du poids
anhydre de plusieurs parties de l'arbre pour chacune
des dix essences vegetates communes dans la
Nouvelle-Ecosse --Ie sapin baumier, l'epinette
blanche, I' epinette noire, Ie pin gris, Ie pin rouge, Ie
meleze, l'erable rouge, Ie bouleau a papier, Ie
bouleau gris et Ie tremble. Des equations distinctes
soot donnees pour chacune des 12 composantes de
la biomasse. Pour chacune de ces composantes soot
donnees les meilleures (c.-a-d. ayant la plus haute
valeur R2) equations a une et a deux variables. Les
variables independantes dont la capacite de
prediction a ete verifiee etaient Ie DHP, la hauteur,
la largeur et la longueur du houppier. Le bois du rut
representait 62 a 77 % du poids sec de l'ensemble
des parties aeriennes, l'ecorce du rut 6 a 14 %, les
branches 13 a 19 % et Ie feuillage 2 a 11 % (base:
poids moyen de chaque partie). Le DHP moyen des
arbres d'echantillonnage se situait entre 10,1 cm
pour Ie bouleau gris et 17,7 cm pour Ie pin rouge.
Les poids secs moyens de I' ensemble des parties
aeriennes se chiffraient de 38,9 kg pour Ie bouleau
gris a 144,1 kg pour Ie bouleau a papier. Ont ete
egalement inserees dans Ie present rapport des
informations sur Ie % de teneur en humidite, les
rapports du poids sec au poids a l'etat frais pour les
differentes parties, les poids moyens de chaque
partie par essence et les equations de branches des

Lorarithmic equations are given for
estimating fresh and dry weights of several
tree components for ten common Nova
Scotian tree species --balsam fir, white
spruce, black spruce, jack pine, red pine,
larch, red maple, white birch, aspen and
grey (wire) birch. Separate equations are
given for each of 12 biomass components.
For each of these components the best (i.e.
highest R2) one- and two- variable
equations are given. Independent variables
tested for predictive ability were DBH,
height, crown width and crown length.
Stem wood comprised from 62-77% of
total dry aboveground weight, stem bark
6-14%, branches 13-19% and foliage
2-11 %, based on the mean weights of each
component. Average DBH of sample trees
ranged from 10.1 cm for grey birch to 17.7
cm for red pine. Average total dry
aboveground weights ranged from 38.9 kg
for grey birch to 144.1 kg for white birch.
Also included in this report is information
on % moisture content, ratios of dry
weight to fresh weight for different
components, mean weights of each
component by species and softwood branch
equations. Results are based on data from
42-50 sample !rees per species.
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antecedents de cette station. Parce qu'ils ont ete soil
trop simplistes, soil, s'ils etaient suffisamment
complexes, trop exjgeants en donnees d'etalonnage,
ce qui en a limite les possibilites d'execution sur
certains ordinateurs, res modeles ont ete limites a la
recherche et aux applications didactiques. Une
solution de rechange consiste a combiner
I' extrapolation des antecedents et la modelisation de
processus en des modeles de « simulation hybride »
des peuplements, cap abies de classer les resultats
les plus probables ainsi que la durabilite de diverses
strategies d'amenagement des peuplements dans les
conditions prevues d'accroissement.

accurate data on the past growth of forests
on that site. Because they have either been
too simple, or, if sufficiently complex,
have had unacceptably large calibration
data requirements that have limited their
portability, they have been restricted to
research and educational applications. An
alternative approach combines 'historical
bioassay' and process-based modelling
approaches into 'hybrid simulation' stand
models that can provide a way to rank the
most probable outcomes and the
sustain ability of alternative stand-level
management strategies under anticipated
growing conditions.

98. KIMMINS, J.P.; SCOULLAR, K.A.; APPS, MJ.; KURZ, W.A.; COMEAU, P.G. 1990.
Predicting the yield and economic returns of forest management in a changing and
uncertain future: The hybrid simulation approach. Pages 247-256 in L.C. Wensel and
G.S. Biging, eds. Proc. IUFRO Conf. on Forest Simulation Systems, Berkeley,
California, 2-5 November 1988. Univ. of Cal., Div. Agric. Natl. Res., Bulletin 1927.

La prediction du rendement en volume et du
rendement economique de I' amenagement forestier
par I' extrapolation des antecedents est probablement
la meiUeure methode, si les conditions ecologiques
et les conditions d'amenagement eventueUes sont
tres semblables it ceUes de la revolution anterieure.
Toutefois, quand les conditions sont changeantes et
incertaines, on peut contester les resultats des
modeles d'extrapolation du rendement. La
prediction des rendements et la prediction
economique par la simulation des processus
ecologiques et biologiques sont en theorie
attrayantes parce qu'eUes sont capables de
fonctionner dans des conditions changeantes, mais
la complexite de cette voie d'approche a jusqu'ici
cantonne cette demiere dans la recherche et les
applications didactiques. Toutefois, la combinaison
des deux approches dans un modele hybride de
simulation (p. ex. Ie modele FORCYI'E) semble
offrir la meiUeure methode actueUement accessible
pour la prediction it long terme de la productivite et
du rendement forestiers dans un avenir changeant et
incertain.

The historical bioassay approach to the
prediction of volume and value yields from
forest management is probably the best
method if future ecological and
management conditions are very similar to
those of the past rotation. However, under
situations of changing and uncertain future
conditions, the predictions of historical
bioassay yield models are questionable.
The ecological and biological process
based simulation approach to yield and
economic prediction is theoretically
attractive because of its ability to predict
yields in changing futures, but the
complexity of this approach has so far
restricted it to research and educational
applications. However, the combination of
these two approaches into a hybrid
simulation model (eg. FORCYTE) appears
to offer the best currently available method
of predicting long term forest productivity
and yield in a changing and uncertain
future.

99. KIMMINS, J.P.; SCOULLAR, K.A.; BIGLEY, R.E.; KURZ, W.(A).; COMEAU, P.G.;
CHATARPAUL, L. 1986. Yield prediction models: The need for a hybrid ecosystem-
level approach incorporating canopy function and architecture. Pages 26-48 in
T. Fujimori and D. Whitehead, eds. Proc. IUFRO Symp. on Crown and Canopy
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elements nutritifs et la retroaction de ces derniers
sur l'accroissement, les profils d'intensite lumineuse
a r interieur du couvert forestier et les effets de
l'ombrage sur l'efficacite de la production du
feuillage. La methode hybride de prediction du
rendement est expliquee, tandis que Ie modele est
brievement decrit. L' application du modele
FORCYTE-ll en agroforesterie tropicale est
presentee comme exemple des capacites de ce
modele.

cycling and nutrient feedback on growth,
and within-canopy light intensity profiles
and the effects of shading on the
production efficiency of foliage. The
hybrid approach to yield prediction is
explained and the model is briefly
described. The application of
FORCYTE-ll in tropical agroforestry is
discussed as an example of the model's
capabilities.

101. KIRBY, C.L.; CHOW, W. 1983. A mapping and resources analysis system (MARS) at
the Northern Forest Research Centre. Pages 367-386 in Proc. Can. Inst. Survey.
Centennial Cony., Ottawa, Ontario, 19-23 April 1982.

Cette communication decrit Ie systeme d'analyse
des ressources et de la cartographie (MARS) mis en
vigueur par Ie Centre de recherche sur la foret
boreale du Service canadien des forets a Edmonton
(Alberta). MARS comprend Ie systeme RAMS du
Systemhouse Limited avec un logiciel
supplementaire qui permet de convertir
I'information cartographique polygone en une base
de donnees a grille et de dialoguer avec un
programme cartographique appele GIMMS. Le
projet rut ronde afin de : (1) demontrer comment
leg inventaires forestiers peuvent etre convert is en
previsions de la biomasse, et (2) visualiser res
inventaires pour faciliter la gestion forestiere.
MARS est capable d'integrer leg informations
cartographiques et spatiales pour permettre la mise
a jour des cartes en tenant compte des changements
causes par leg incendies de forets, la coupe des
arbres, les degats causes par leg insectes ou leg
maladies et toutes les perturbations chimiques et
autres.

This paper describes the Mapping and
Resources Analysis System (MARS)
operated by the Northern Forest Research
Centre of the Canadian Forestry Service in
Edmonton, Alberta. MARS includes the
Systemhouse Limited RAMS system, with
additional software to convert polygon map
information to a grid cell data base and to
interact with a mapping program called
GIMMS. The project was to: (1)
demonstrate how forest inventories may be
converted to biomass estimates; and (2)
have these inventories displayed to
facilitate forest management. MARS is
capable of integrating map and satellite
information for the updating of maps with
regard to changes caused by forest fire,
clearcutting, insect and disease damage,
and chemical or other disturbances.

102. LAVERDIERE, M. 1980. Exploitation a grande echelle de la biomasse forestiere. Pages
193-197 in Compte rendu du second seminaire de R&D en bioenergie, Ottawa, Ontario
26-27 mars 1980.

The objective of this study is to quantify and
qualify forest biomass left after conventional
logging operations. In 1979, sampling was
completed in four major forest types: black spruce,
jack pine. tolerant hardwoods and spruce-fir. All
logging residues (tops. branches, chunkwood) left
on the ground were weighed; residual trees and
stumps (aboveground) were measured to determine
their volume. Moisture content samples were taken

Cette etude vise II detenniner Ie volume et
la qualite de la biomasse forestiere laissee
sur place apres leg operations classiques de
coupe. En 1979, nous avons tennine leg
echantillonnages entrepris dans quatre
types principaux de peuplements
forestiers : epinette noire, pin gris. especes
feuillues tolerantes et sapin-epinette. Tous
leg residus (cimes, branches, tron~ons) ant
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biomasse et nous leg comparons au moyen de
donnees empiriques et de la thoorie statistique.
D'apres leg considerations thooriques, la facilite du
calcul et leg donnees empiriques, il taut
recommander la methode de la vraisemblance
maximale.

by using empirical data and statistical
theory. On the basis of theoretical
considerations, ease of computation and the
use of empirical data, the method of
maximum likelihood is recommended.

106. MacQUARRIE, G.D. 1983. Trial conversion of conventional data to biomass data in
Nova Scotia. Environ. Can., Can. For. Serv., Mant. For. Res. Cent., ENFOR Rep.
P-247. 19 p. + app.

Single-tree equations are available for
estimating the biomass components for
some species in the Maritimes. This pilot
study has developed techniques to
demonstrate two methods to estimate
regional biomass inventory by means of
conventional forest inventory data available
in Nova Scotia. Measurements from
permanent sample plots are transformed by
using the available biomass equations.
Actual results for two counties are
provided and details of missing data are
discussed.

Des equations pennettent d' estimer, leg diverges
parties de la biomasse d' arbres individuels de
certaines essences des Maritimes. L 'etude pilote a
vermis d'elaborer des techniques pour eprouver
deux methodes d'estimation de la biomasse
regionale a partir d'inventaires fore stiers ordinaires
effectues en Nouvelle-&osse. Les mesures
effectuees sur des parcelles pennanentes sont
transfonnees au moyen des equations de la
biomasse. Les resultats effectivement obtenus dans
deux circonscriptions sont divulgues, tandis que I' on
discute des details des donnees manquantes.

107. MAHENDRAPPA, M.K.; VAN RAALTE, G.D.; MALIONDO, S.M. 1989. Forest
biomass and nutrient inventories in New Brunswick. Pages 211-215 in E.N. Hogan, ed.
Proc. Seventh Canadian Bioenergy R&D Seminar, Ottawa, Ontario, 24-26 April 1989.

In New Brunswick, commercially
important tree species growing on good,
medium and poor sites were characterized
in terms of their aboveground biomass and
nutrients in their components and in the
belowground portions of stands. The data
are essential and useful in evaluating
importance of site classes for
considerations such as possible energy
from biomass, environmental impacts of
biomass utilization for energy,
establishment of monoculture plantations
and so on.

Au Nouveau-Brunswick, leg principales essences
commerciales sur des sites consideres bong, moyens
et pauvres, ant ete caracterisees selon la biomasse et
leg elements nutritifs que contiennent leg
peuplements en surface et dans leurs parties
souterraines. Les donnees sont utiles et meme
essentielles Ii l'evaluation de l'importance des
classes de fertilite pour determiner leg possibilites
d'utilisation d'energie proven ant de la biomasse;
pour l'evaluation des impacts pouvant provenir de
cette utilisation de la biomasse; et pour
I' etablissement de plantations des monocultures.

108. MAJAESS, F.G. 1982. Biomass inventory for Nova Scotia, Volume 3: The PSP biomass
project report. N.S. Dept. Lands and For., For. Resour. Planning and Mensuration Div.,
Unpubl. Contractor's Rep. ENFOR P-247. 42 p.

The purpose of this report is to describe
some of the basic techniques used in this
biomass project, especially the statistical

L'objet du rapport est de decrire certaines
techniques de base utilisees dans ce projet de
determination de la biomasse, notamment les calculs
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les effets de la pente, de la methode de debusquage
et de la saison d'exploitation sont evidents.

111. MANNING, G.H.; MASSIE, M.R.C.; RUDD, J. 1984. Metric single-tree weight tables
for the Yukon Territory. Environ. Can., Can. For. Serv., Pac. For. Res. Cent., Info. Rep.
BC-X-250. 60 p.

On donne les tables de masse en unites metriques
de chaque element constitutif des arbres des quatre
principales essences du Yukon. La masse de chaque
element est donnee comme une fonction du
diametre et de la hauteur. La forme generale de
l'equation pour l'epinette blanche, l'epinette noire,
Ie pin tordu et Ie peuplier faux-tremble est la
suivante : y = a + bD2H + e.

Metric weight tables. by component, are
presented for the four major tree species in
the Yukon Territory. Weight by component
is shown as a function of diameter and
height. The equation form for white
spruce. black spruce. lodgepole pine and
trembling aspen is : y = a + bD2H + e.

112. MASSIE, M.R.C. 1982. Development of biomass prediction equations for Yukon tree
species. Nawitka Renewable Resource Consultants Ltd. Unpubl. Contractor's Rep.
ENFOR P-14l. 15 p. + app.

Nine hundred trees were felled, measured
and weighed in the Yukon Ten-itory during
1980 and 1981. Then, in cooperation with
B.C. Research, biomass prediction
equations were formulated for wet and dry
weights for white spruce, black spruce,
lodgepole pine and trembling a.~pen for
seven ecoregions between Watson Lake
and Beaver (Alaska border) and between
Whitehorse and Dawson City. Three types
of equations were developed that predict
stem wood, bark, branches, hvigs and
foliage, total tree and deadwood. Volumes
for all tree stems were also calculated for
inside and outside bark.

En 1980 et en 1981, au Yukon, on a abattu
900 arbres que I' on a mesures et peses. De concert
avec B.C. Research, on a ensuite construit des
equations pour la prediction du poids humide et du
poids sec de I'epinette blanche, de I'epinette noire,
du pin tordu et du peuplier faux-tremble de sept
ecoregions situees entre Ie Watson Lake et Beaver
(frontiere de I' Alaska) et entre Whitehorse et
Dawson. Les trois types d'equations pennettent de
prooire la biomasse du bois de flit, de I' ecorce, des
branches, des rami lIes et du feuillage ainsi que la
biomasse totale de I'arbre et Ie bois mort. Le
volume de follies les tiges a egalement ete calcule,
avec et sans I' ecorce.

113. MASSIE, M.R.C. 1990. Current biomass status of red alder in Coastal British Columbia.
For. Can., Pac. For. Cent., Unpubl. Rep. ENFOR P-376 (FRDA Rep. 115).46 p. + app.

This brief report brings together and
reviews information concerning the red
alder (Alnus rubra Bong.) resource in
Coastal British Columbia. The literature
review concentrates mainly on the last 12
years, but some major earlier works were
included where pertinent. A variety of
public and private sources were consulted
to identify the current status of inventory
infonnation, management infonnation and
the utilization situation. Future information

Ce court rapport reunit et examine les
renseignements concernant la ressource constituee
par l'aulne rouge (Alnus rubra Bong.) dans la
region cotiere de la Colombie-Britannique. L'etude
bibliographique se limite aux travaux des
12 dernieres annees, sans negliger certains travaux
anterieurs, s'ils etaient utiles. Diverses sources
publiques et privees ant ete consultees pour faire Ie
point sur les inventaires, I' amenagement et
I 'utilisation. La recherche et les besoins en
information it venir soot evoques et etudies.
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(1 a 20 aDs) pins rouges (Pinus resinosa Ait.) en
plantation. Le facteur d'estimation variait selon la
classe d'age et la composante de biomasse, mais Ie
(dhp)2 fut en definitive Ie meilleur. La production
de biomasse (kg/ha) des plantations echantillonnees
avait ten dance a etre moins elevee que celIe
rapportee dans la documentation. L 'auteur en
discute les raisons.

pine (Pinus resinosa Ait.) based on
dimensional relations. The estimator varied
according to age class and biomass
component but (dbh)2 was the best overall
estimator. Biomass yields (kg/ha) from the
plantations sampled tended to be lower
than those reported in the literature.
Reasons for this are discussed.

118. MOORE, W.C. 1986. Procom-2 mapping technique for monitoring forest depletion.
Agric. Can., Can. For. Serv., Nor. For. Res. Cent., For. Manag. Note 32. 6 p.

The Procom-2 is an economic and
universal mapping tool for accurate
transfers of location-specific information
from any transparent medium. It has
continuous enlargement capabilities of 2 to
100 times. The outputs from the Procom-2
are the same as from aerial survey
techniques for map updating purposes:
lines on maps or polygons in digital data
bases.

Le Procom-2 est un moyen economique et universel
de cartographie qui permet Ie transfert precis de
renseignements localises it partir d 'un transparent,
quel qu' il soit. Il possroe une capacite continue
d'agrandissement de deux it 100 fois. Les resultats
soot les memes que ceux des photographies
aeriennes, en ce qui conceme l'actualisation des
cartes: traits sur cartes ou polygones dans des
bases de donnees numeriques.

119. MOORE, W.C.; CHOW, W. 1983. Computer mapping for biomass inventories. Pages
355-364 in B.S. Wellar, ed. Proc. Sixth Int. Sym. Auto. Carto. Vol. II: Auto.
Carto.-lnt. Perspect. Achiev. Challenges, Carleton Univ., Ottawa, Ontario, 16-21
October 1983.

The Northern Forestry Centre is
developing a computer mapping capability
as part of a geographic information system
for the western and northern region. The
initial requirement was to develop a
capability for converting forest inventory
maps and supporting data to a biomass
data base. The location-specific data
manipulations for a test inventory map
from Saskatchewan are described and
evaluated. The cost-effectiveness of
automated reinterpretation of existing data
is discussed, as is the adequacy of such
reinterpretation. Future requirements for
remote sensing and other integrated inputs
are also considered. A complete resource
analysis, mapping and information system
must be designed and developed for
practical and continuing operations in a
clear, timely, accurate and economic
manner. Further developments and
operational applications are required.

Le Centre de foresterie du Nord se dote d 'une
capacite de cartographie assistee par ordinateur pour
son systeme d'infonnation geographique pour la
region de l'Ouest et du Nord. Au depart, il fallait
convertir les cartes des inventaires forestiers et les
donnees a I' appui en une base de donnees sur la
biomasse. On decrit et on evalue les manipulations
de donnees locales pour une epreuve de carte
d'inventaire de la Saskatchewan. On discute de la
rentabilite et de I'a-propos de la reinterpretation
automatisee des donnees que I'on possede deja. On
aborde egalement les besoins a venir de la
teledetection et d'autres donnees integrees d'entree.
II faut concevoir et mettre au point un systeme
complet d'analyse, de cartographie et d'infonnation
sur les ressources pour la poursuite des operations
de fac;on opportune, precise, economique et claire.
Des ameliorations et des applications pratiques sont
necessaires.
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entre I'attenuation du feuillage et Ie sol. Des essais
pratiques complementaires sont necessaires.

and the ground. Further field trials are

required.

123. 

NORTHLAND ASSOCIATES LTD. 1980. Tree weight tables data acquisition phase -
central Newfoundland 1979. Northland Associates Ltd., Unpubl. Contractor's Rep.
ENFOR P-112. 18 p. + app.

Dans l'article, on resume en quoi consiste Ie
rassemblement des donnees pour l'obtention de
tables du poids des arbres des six principales
essences du centre de Terre-Neuve. Au cours de
I' etude, on a pese les parties de 451 arbres de
119 localites, a l'etat humide et a l'etat anhydre.
Les donnees ont ete emmagasinees dans un
ordinateur du Centre de recherches forestieres de
Terre-Neuve. Elles seront utilisees par Ie SCF pour
la construction d'equations de la masse des arbres.

This paper summarizes the data collection
phase for the production of tree weight
tables for the six major tree species of
central Newfoundland. Green and ovendry
weights were obtained, for tree
components, from 451 trees from 119
locations during the course of the study.
The data were stored on the computer
system at the Newfoundland Forest
Research Centre. These data are to be used
by the C.F.S. to develop tree weight

equations.

124. 

NORTHLAND ASSOCIATES LTD. 1982. Avalon biomass inventory pilot trial.
Northland Associates Ltd., Unpubl. Contractor's Rep. ENFOR P-240. 19 p. + app.

L' etude a ete entreprise pour elaborer et verifier des
methodes d'estimation de la biomasse des terrains
forestiers ne renfermant pas de bois marchand et
pour determiner si ce rassemblement de donnees sur
la biomasse pouvait etre combine aux donnees
ordinaires sur Ie volume des peuplements
marchands, puis integre dans leg inventaires
provinciaux pour l'amenagement forestier. Dans leg
deux etapes de I' etude, des equipes sur Ie terrain
ant recueilli des donnees sur la biomasse Ie long de
94 transects et sur 82 parcelles permanentes
d'inventaire pour l'amenagement forestier (etape 1),
ainsi que sur 301 parcelles temporaires se trouvant
sur des terrains forestiers non industriels (etape 2).
D'apres cet essai d'inventaire de la biomasse, il est
possible d'integrer leg donnees des peuplements
marchands et non marchands.

The study was undertaken to develop and
test suitable methods for estimating
biomass of unmerchantable forest lands.
and to determine if such biomass data
collection can be combined with the
regular volume data collection of
merchantable stands and integrated into the
provincial forest management inventory
system. During this two-phase study, field
survey crews collected biomass data from
94 cruise lines and 82 permanent forest
management inventory plots (Phase 1), and
from 301 temporary sample plots in non-
commercial forest lands (Phase 2). The
experience of this biomass inventory trial
suggests that it is possible to integrate
collection of biomass data from both
merchantable and unmerchantable stands.

125. NORTHLAND ASSOCIATES LTD. 1984. A review of existing data sources for
calibration of the FORCYTE-10 growth simulation model to balsam fir in western
Newfoundland. Environ. Can., Can. For. Serv., ENFOR Secretariat, Unpubl.
Contractor's Rep. ENFOR P-264. 27 p. + app.

Dans Ie rapport, on affinne que, selon leg
renseignements foumis, la base de donnees exigee
par Ie modele de simulation de l'accroissement

This report states that, on the basis of the
information provided, numerous
deficiencies exist in the available data base
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127. OUELLET, D. 1983. Biomass equations for black spruce in Quebec. Environ. Can.,
Can. For. Serv., Lau. For. Res. Cent., Info. Rep. LAU-X-60E. 11 p. + app.

Biomass prediction equations for black
spruce (Picea mariana [Mill.] B.S.P.) were
developed from sampling carried out in
three regions of Quebec: Lebel-sur-
Quevillon, Chibougamau and Baie-
Comeau. Two series of equations are
presented for predicting the green and

ovendry masses of the total aboveground tree, stem,
merchantable stem, wood and bark of the
merchantable stem, unmerchantable stem and
crown. The first series of equations uses diameter at
breast height and the total height as predictors,
while the second series uses only the diameter at
breast height.

Voir 129 pour Ie fran~ais.

128. 

OUELLET, D. 1983. Biomass prediction equations for twelve commercial species in
Quebec. Environ. Can., Can. For. Serv., Lau. For. Res. Cent., Info. Rep. LAU-X-62E.
15 p. + app.

Biomass prediction equations were
constructed for twelve commercial species
from sampling conducted throughout
Quebec. The coniferous species studied
include eastern white pine (Pinus strobus
L.), red pine (Pinus resinosa Ait.), jack
pine (Pinus banksiana Lamb.), balsam fir
(Abies balsamea [L.] Mill.), white spruce
(Picea glauca [Moench] Voss), red spruce
(Picea robens Sarg.), and tamarack (Larix
laricina [Du Roi] Koch.). The deciduous

species are trembling aspen (Populus tremuloides
Michx.) , yellow birch (Betula alleghaniensis Britt.),
white birch (Betula papyrifera Marsh.), sugar maple
(Acer saccharum Marsh.), and red maple (Acer
rubrunz L.). The equations are designed to predict
the green and ovendry masses of the total
aboveground tree, the stem, the merchantable stem,
the wood and the bark of the merchantable stem,
and the crown. The equations use the diameter at
breast height and the total height as predictors.

Voir 130 pour Ie frangais.

129. OUELLET, D. 1983. Equations de biomasse pour l'epinette noire au Quebec. Environ.
Can., Servo can. for., Cent. rech. for. Lau., Rapp. d'info. LAU-X-60. 27 p. + ann.

Des equations de prediction de la biomasse
de l'epinette noire (Picea nzariana [Mill.]
B.S.P.) ont ete construites a partir d'un
echantillonnage effectue dans trois regions
du Quebec, soit : Lebel-sur-Quevillon,
Chibougamau et Baie-Comeau. Deux series
d' equations sont presentees afin de predire
les masses vertes et anhydres de I' arbre
total (partie situee au-dessus du niveau du

sol uniquement), de la tige, de la partie marchande
de la tige, de son bois et de son ecorce, de la partie
non marchande de la tige, et de la cime. La
premiere serie d' equations utilise Ie diametre it
hauteur de poitrine et la hauteur totale de I' arbre
comme variables explicatives tandis que la
deuxieme serie d'equations utilise Ie diametre it
hauteur de poitrine.

See 127 for English.

130. OUELLET, D. 1983. Equations de prediction de la biomasse de douze essences
commerciales du Quebec. Environ. Can., Servo can. for., Cent. rech. for. Lau., Rapp.
d'info. LAU-X-62. 15 p. + ann.
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cm or more were selected in proportion to the
standing volume. For trees with a DBH of less than
9 cm, 2 trees were sampled in every DBH category.
Equations to obtain green and dry weights of the
entire aboveground tree and for each component
were formulated. No data were taken for the
belowground part of the tree.

Chaque parcelle-echantillon d'une
superficie de 0,04 ha est composee de 30
arbres-echantillons dont 20 arbres de DHP
superieur it 9 cffi, choisis
proportionnellement au volume sur pied.
Pour les arbres de moins de 9 cm au DHP,
2 arbres par classe de diametre ont ete
echantillolU1es. Des equations permettant
d' obtenir les masses anhydres et vertes
totales de I' arbre et de chacune de ses
composantes ont ete etablies. Aucune
mesure n'a ete effectuee pour la partie
souterraine de l'arbre.

133. PARKER, M.L.; JOZSA, L.A.; BRAMHALL, P.A.; JOHNSON, S.G. 1980. Impact of
climatic variation on Boreal forest biomass through use of tree ring analysis. Environ.
Can., Can. For. Serv., Nor. For. Res. Cent., Unpubl. Contractor's Interim Progress Rep.
ENFOR P-149. 9 p. + app.

L' accroissement des arbres obeit it un certain
nombre de facteurs. L'etude s'attache it la reaction
de l'epinette blanche aux facteurs climatiques qui
s'exercent dans diverses localites de la foret boreale
canadienne. La largeur des cernes annuels et les
donnees sur la densite sont derivees de mesures
effectuees par densitometrie aux rayons X dans les
localites Ie long de deux transects. Ces donnees
eclairent la relation entre l' accroissement et les
conditions climatiques en fonction de la localite
(latitude) et du temps (changements climatiques).
Ce rapport provisoire porte sur les donnees sur les
cernes annuels des arbres croissant pres de Swan
Hills, en Alberta.

Tree growth responds to a number of
factors. In this study. the investigators are
concerned with the response of white
spruce growth to climatic factors at
different locations within the Boreal forest
in Canada. Tree ring width and density
data are being derived. using the technique
of X-ray densitometry, for trees at sites
along the two transects. These data provide
information of the tree growth -climatic
response relationships with respect to
changes in geographic location (latitude)
and with respect to changes through time
(climatic change). This interim report deals
with tree-ring data from trees growing near
Swan Hills. Alberta.

134. PARKER, M.L.; JOZSA, L.A.; BRAMHALL, P.A.; JOHNSON, S.G. 1981. The effect
of climatic variation on tree rings of spruce from the western Canadian Boreal forest.
Pages 37-40 in Proc. Third Bioenergy R&D Seminar, Ottawa, Ontario, 24-25 March
1981.

Tree ring samples were collected from
white spruce (Picea glauca [Moench]
Voss) trees at a nwnber of sites extending
along the north-south transect through the
Boreal forest from the tree line in the
Northwest Territories to the southern limit
of the Boreal forest in Alberta. Detailed
earlywood and latewood, width and density
chronologies have been constructed using

On a preleve des echantillons d'anneaux de
croissance sur des epinettes blanches (Picea g/auca
[Moench] Voss) it differents endroits Ie long d'un
transect nord-sud qui part de I' oree de la foret
boreale, dans leg Territoires du Nord-ouest, et se
rend it la limite meridionale en Alberta. En
appliquant une technique de densimetrie it rayons X,
on a pu separer leg bois initial et final, et etablir
une chronologie des largeurs et densites. On etudie

60



19

'L.861 AJRruqad 81-91 "J'g 'puowq~!~ 'JRU!Was aw~ ~Jauao!g UR!PRURJ qpI:!S
';)OJd 'pa 'Ja~URJD oJ U! £-c1-611 sa~Rd °RPRURJ 'R:)JaqIV U! swa:JsAso~a uadsR Jo :Jua:Juo~

:Jua!J:Jnu pUR SSRWO!g °8861 'WON 'NOS~3J.3d :oH-'A 'NVHJ :'g'3 'NOS~3J.3d °L.£1

.PJON np saJ'i!!JsaJoJ
saq~Jaq~aJ sap arJuaJ ne asAIeUR.p sJnoo ua

JUOS saJruq s~UUop sa'1 .saIq!uods!p Juaw?s!R snId

JnaJneq aun.p Ja aJJ'i!WR!p un.p saJqm sap J!JJRd

V S?UUO!J:>aI?S saJJsaAIAs sJuaW?I? saI JUOS sIanb
J!OAeS Jnod JU!od ne sas!W ?J? JUO Uo!ssaJ~?J ap

SUO!Jenb? saI 'snId aa .JuawaIdnad ap s?J!suap ap
aIeJoJ awwe~ aun ms ?J!A!J~npoJd ap sa!J°~?Je~ sap

nuaJ aJdwoo 'SUR Of? v.nbsnf JURAe saIqwarJ saI Jnod

Ju!od ne sas!W JuamJ asseWo!q eI ap JuawapuaJ

ap salqeJ s~ .eqOJ!URW ne Ja URA\aq~Je,!ses

ua 'eJjaqIV ua 'saIqwaJJ sap JuawaIed!~u!Jd

'Jnp S!oq ap assewO!q eI ap sJuawapuaJ saI JaJnsaw

V J!RJS!SUO~ apm? aJJa~ ap fR!pJO1U!Jd J!J:>afqo. '1

"aJJua;) q;'JP.asa"M JsaJod
waqJJoN aqJ Je pazAIeue ~U!aq S! eJep

PIa!J A\eJ alJ.L "sJuawaJnseaw JaJaUJl!!p pug

Jq~!aq aaJJ aIqeI!I!Ae AI!PeaJ aJOw aqJ WOJJ

sJuauodwo;, a;)JJ paJ;,aIas Jo uo!J;,afoJd aqJ
JOJ padoIaAap aJaA\ suo!Jenba uo!ssaJ8aJ

'uo!J!ppe Ul "sa!J!suap pueJs Jo a~ueJ IlnJ

e U! sasseI;' AJ!A!J;,npoJd aJ!S WOJJ paA!Jap

'a~e JO SJeaA Of? OJ dn UMSe JOJ pMoIaAap

aJaA\ sa\qeJ PIa!A ssewo!H 'eqoJ!uew

pUR UeA\aq;'Je,\ses 'eJJ;:Iq\V U! 'uadse

A\U!eW 'SPIa!A SSeWO!q pooA\p.rnq aJnSeaW

OJ seA\ AprnS S!qJ JO aA!J;,afqo A.rnlU!Jd alJ.L

.6L6 1 q;)JeW12 

'O!JR:l.UO 'RA\R:I.:l.O 'JRU!W~S a~"M A~J~Uao!g :l.SJ!d .;)QJd U! OL-~9 S~~Rd .s~;)u!AOJd
~!J!RJd ~q:l. U! uadSR ~unOA Jo SPI~!A SSRWO!q pUR ~wnIoA .6L61 .g'3 'NOS"MaL3d .9f1

"HA\)l/SII!W OZ 1noqe
jO 1S0:) Ianj e aA!~ PInoA\ suo!1e:)OI asaq1

1e S1S0:) POD A\ "!Waq(v 1.JOd pug ueq:)!A\O;)

a){1!'l 'Aeg Sa!ZUaWJaA!~ lIaqdwe;)

'aAO;) JaAeaWI(!aN:)W }J°d :pa!j!1Uap!
aJaA\ saJ!S UO!JI!JaUa~ mOj 'SaI!W 017-0£ jO

a:)ueJS!p ~U!Inl!q pl!OJ :)!WOUO:)a aqJ U!qJ!A\
l!Un:)/OI"S'Z$ jO A\OI e OJ J!Un:)/OS'"fL$

jO q~!q e WOJj pa~ueJ Jl!AOWaJ jO 1S0;)

"r1j UO!II!W S'61 S! S~U!UU!qJ Ie!:)Jawwo:)aJd

WOJj (e!.iaJew pug JapJI! paJ 'qseIs ~U!~~OI

jO AJ!I!qI!I!1!Ae Ienuue IeJo,L "UO!J:)npoJd
A~JaUa JOj sseWO!q 1SaJOj jO 1S0:)

pug AJ!I!ql!(!I!Ae aqJ aU!WJaJap OJ Pue(SI
JaAno:)ue A uo paWJojJad seA\ Apms V

"~Iq!Jsnqwo:> ~I mod QA\)j/sII!W OZ UOJ!AU~.P
JJ)OO un JaI~u~g Jua~JJnod sJ!OJPua s~:> \! S!oq

~ sJJ)OO sa'] "!waqIV }J°d J~ ueq:>!A\OJ :>R'"] 'Aea
sa!Zu~W/J~A!"M IIaqdurnJ '~AOJ JaAe~a/II!aN:>W

}J°d : Juos a:> :s~!J!Juap! ~J~ JUO s~:>!JJeJ~u~g

suo!JeJs ~JJenb 'S~II!W 017 \! Of ap ~gepJeq~p ~p

~:>ueJS!P eI ~p Jna!J~JU!.I V "~J!un:>/$ OI'~Z \! $ O~'fL.
~p ~!.JI!A Juo Juawa~Iq~p ~p SJJ)O:> s""l "saqn:>

spa!d ap SUO!II!W ~61 ~p Jsa saIqes!{t!!:>Jawwo:>
S~!:>J~I:>~.P Jueu~AOJd I~!J~Jew ~p J~ agnOJ auIne.p

'oono:> ap SJuauew~J ~p allanuue ~{t!JOJ ~J!I!q!uods!p
R'"] "~!gJ~u~. p uo!J:>npo.Kf eI ~p ~nA ua ~J~!JsaJoJ

asseWo!q eI ap JJ)O:> ~I J~ ~J!I!q!uods!p eI JaU!UJJ~J~p
Jnod JaAno:>ueA al!.I Jns ~m:>a!Ja ~J~ e apm~ aun

°dd~ + °d GV °L.6I-X-JH

°d~'M °oJuI 'lu~J °s~'M °JOd O;)~d 'oAJ~S °JOd °mJ ,omJ °UOJ!AU3 °pu~IsI J~AnO;)U~AUo 
SS~WO!q :l.S~JOJ WOJJ A~J~U3 °6L.6I °a.L'l SaLYIJOSSY aNY S3NOf °H 'lflYd °srI

.p~U!umx~ s! ssewO!q
Js~JOJ [BaJog uo UO!Je!J1JA ;)!Jew!I;) Jo

J;)~JJ~ ~~ .~;)Bds pUt! ~W!J t(8nOJqJ p~!pmS

aJe Sd!qSUO!JB(~J ~JBW!I;) pUt! qJA\oii

~aJ.L .AJJ~WOJ!SU~P AeJ-X JO ~nb!uq:)eJ ~qJ

";}IE~Joq J~JOJ EI ;}P ;}SSEWO!q
EI ms s;}nb!JEW!I;) SUO!JE!JEA S;}P J;}JJ;} , I JU;}W;}{Eg~

;}U!WEX;} UO ";};)Eds;} , 1 J;} sdw;}J ;}I SUl!p s;}nb!JEW!I;)

SUO!J!PUOO S;}P UO!J;)uoJ U;} S;}JqJE S;}P ;};)UI!SS!OJ;) EI



Cette etude evalue la teneur en biomasse et en
elements nutritifs des peuplements de peuplier de
15, 30 et 45 ans en Alberta. Des donnees sur 37
terrains types servent Ii mettre au point des tableaux
de poids pour les constituants aeriens des arbres et
pour Ie poids amen total. Des equations de
regression permettent de lier Ie poids sec des
racines Ii la hauteur et au diametre des arbres. La
teneur en elements nutritifs (N, P, K, Ca, Mg, S) de
chaque constituant est evaluee Ii partir de donnees
sur la concentration en biomasse et en elements
nutritifs. Les auteurs decrivent les consequences
possibles de la recolte de differentes combinaisons
de constituants de la biomasse sur la circulation des
elements nutritifs.

This study estimated ecosystem biomass
and nutrient content in 15-, 30- and 45-
year Alberta aspen stands. Data from 37
sample plots were used to develop weight
tables for aboveground tree components
and for total aboveground weight.
Regression equations were developed to
relate root dry weight to tree height and
tree diameter. Nutrient content (N, P, K,
Ca, Mg, S) of each component was
estimated from biomass and nutrient
concentration data. Potential nutrient
cycling consequences are outlined for
harvest removals of various combinations
of biomass components.

38. 

PETERSON, E.B.; LEVSON, V.(M).; KABZEMS, R.(D). 1980. Upper limits of
standing crop density and growth rates for woody species in the Prairie provinces. Pages
245-249 in Proc. Second Bioenergy R&D Seminar, Ottawa, Ontario, 26-27 March 1980.

Summer (1979) sampling in young stands
of deciduous and coniferous tree species
and in dense stands of shrub species,
revealed that standing crop density (kg/m3)
of these stands commonly reaches the I
kg/m3 (dry weight) characteristic of mature
forest stands. High values, in excess of 4
kg/m3 (dry weight), were found in some
stands of alder, aspen and alpine fir, all
under 20 years of age. These results have
important implications for the design of
biomass harvesters.

Des echantillonnages, effectues pendant l'ete 1979
dans de jeunes peuplements d'especes feuillues et
de coniferes ainsi que dans des peuplements denses
d'arbustes ont montre que ces peuplements
atteignent habituellement une densite de 1 kg/m3
(poids sec), densite caracteristique des peuplements
forestiers matures. Certains peuplements d'aulnes,
de peupliers et de gaping de l'Ouest de moins de
vingt ans avaient meme des densites depassant
4 kg/m3 (po ids sec). Ces resultats auront une
incidence import ante sur la conception des engins
de recolte de la biomasse.

39. PETERSON, E.B.; LEVSON, V.M.; KABZEMS, R.D. 1982. Upper limits of standing
crop density for woody species in the Prairie provinces. Environ. Can., Can. For. Serv.,
Nor. For. Res. Cent., Info. Rep. NOR-X-243. 44 p. + app.

41

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 leg parties aeriennes
etaient Ie double des moyennes regionales, leg
chiffres leg plus eleves du poids anhydre etant de
16,9 t/ha et de 18,1 t/ha pour des peuplements
d'aulne et 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 comparables a
celles des peuplements de grande den site parvenus a

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 the 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

62
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142. POLLOCK, W.S. 1979. Development of a method to predict logging residues.
Timmerlin Ltd., Unpubl. Contractor's Rep. ENFOR P-23. 20 p.

It was tried to see if there was a
correlation between the standing tree data
and the dead tree material lying on the
forest floor in each forest type, and no
correlation was found. Then it was
concluded that the volume and weight of
fallen trees or components of trees lying
on the forest floor could not be predicted
from forest inventory data. It was evident
that stand origin, history and specific site
conditions are more important parameters
in predicting the volume and weight of
downed tree components lying on the
forest floor, but these parameters would be
very difficult, if not impossible to quantify
for inclusion in a prediction. The volume
of material on the ground varied from 1.7
m3 per hectare to a high of 64.5 m3 per
hectare, or from 0.6 metric tonnes per
hectare to 19.9 metric tonnes per hectare.

On a tente, mais en vain, de decouvrir une
colTelation entre les donnees sur les arbres sur pied
et sur les arbres morts gisant sur Ie sol forestier,
dans chaque type de foret. On en a conclu que Ie
volume et la masse des arbres et des parties
d'arbres gisant sur Ie sol forestier ne pouvaient pas
etre predits It I'aide des donnees de I'inventaire
forestier. II etait evident que I'origine du
peuplement, ses antecedents et les conditions
stationnelles specifiques sont des parametres plus
importants dans la prediction du volume et de la
masse des parties des arbres gisant sur Ie sol, mais
que ces parametres pouvaient etre tres difficiles,
sinon impossibles, It quantifier pour les inclure dans
une prediction. Le volume de la matiere vegetale au
sol variait de 1,7 It 64,5 m3Jl1a, soit de 0,6 It
19,9 t/ha. -

143. 

POLLOCK, W.S.; LEBLANC, J.D. 1982. Biomass equations, data acquisition phase,
Northwest Territories 1981. Pages 75-78 in Proc. Fourth Bioenergy R&D Seminar,
Winnipeg, Manitoba, 29-31 March 1982.

This paper summarizes the data collection
phase for the development of predictive
component biomass equations for the six
major tree species in the Northwest
Territories. Additional sampling was
carried out for the forest fire research and
climatological studies. Green weights were
obtained for tree components by field
sampling a wide range of tree sizes.
Ovendry weights were obtained of
component sub-samples. Three hundred
and thirty-six trees were sampled from
three locations.

Ce document resume la phase d'acquisition des
donnees d'un programme visant a definir des
equations de prevision des compos antes de la
biomasse pour les six especes arboriferes
principales des Territoires du Nord-Ouest. Un
echantillonnage supplementaire a ete execute pour
la recherche sur les incendies de foret et pour des
etudes climatiques. Des pieces de bois vert ont ete
pesees apres echantillonnage sur Ie terrain d'un
grand nombre d' arbres de differentes grosseurs. Des
pieces sechees au four, prelevees sur les
echantillons originaux, ont ete etudiees. Trois cent
trente-six arbres ont ete echantillonnes dans trois
zones.

144. 

POLSON, J.; WHITING, J. 1988. A preliminary determination of Saskatchewan non-
core area wood supply. Agric. Can., Can. For. Serv., Nor. For. Cent., Unpubl.
Contractor's Rep. ENFOR P-334. 24 p.

MSS Digital Satellite image data were
used to classify non-core area woodland
lying south of the Weyerhaeuser lease

Les donnees des images satellites numeriques a
balayage multispectral ont servi a classer les regions
boisees peripheriques qui se trouvent au sud de la

64



S9

V ~q;):JS e UO ';}J!°JeJoqel ny "S;}JqJl! S;}P s;}!JJI!d

s;}JJne, P Jns J;} S;}g!J S;}I Jns S~A;}I~Jd su°II!Jueq;)~
-snos ;}P ;}SseWO!q el ;}P sP!od ;}I ;}nb !su!e ;}g~ In;}1

~U!UlJ;}J~p e uo J;} 'S;}JqJl! S;}P J;}!ddnoq np In;}gJl!I

el J;} In;}nguol el ;}nb !su!e In;}Jneq el ';}JJ\"UJI!!P

;}I ~ns;}w e uo ";}ssewo!q el ;}P S;}leuO!g~J suo!Jenb~

S;}P J!lqeJ~, P U!Jt! IOS np snss;}p-ne ;}ssewO!q
el ~U!UlJ;}J~p Jnod s;}!J!eJd S;}P S;}JueJ-K)dW! S;}JqJl!,p

sroU;}SS;} X!P ~uu°II!Jueq;)'} e uo '0861 J;} 6L.61 u3

;)ql JO} slq'3!;)A\ AJpU;)AQ .slu;)uodwo;)
W~ISUOU puB W;).S ;);)J. WOJ} P;)U!8.qo

s~[dwusqns }O s.q'3!;)A\ ssewO!q ;)q.
puB ';)'3e 'qIP!A\ puB ql'3U;)[ UA\OJ;) lq'3!;)q

'J;)I;)WU!P }O u~~. ;)J;)A\ s.u;)w;)Jnse;)w

.suo!.enb;) ssewo!q [l!UO!'3;)J dO[;)A;)P
O. J;)pJO U! 0861 puB 6L61 U! sseWO!q

pUnOJ'3;)Aoqe JO} pa[dwus ;)J;)A\ S;);)U!AOJd

;)!J!eJd ;)q. }O S;)!~S ~J. Jofew oo.L

'd ~£ '~VZ-X-"MON °d~"M 'oJuI 'lu~J °s~"M 'J03 °JON 'oAJ~S °J03 °UBJ ,oUBJ °UOJ!AU3

°S~;)u!AOJd ~!J!BJd ~q~ JO s~!;)~ds ~~J~ Jofnw u~~ JOJ suo!~nnb~ ssnwo!H '~861 °..L 'HDNIS °9vl

"SJ;}!)SaJO} s)!npoJd ;}P aJqwou u!E)J;}:)
un U;} S~WJO}SUUJ) aJ)~ no ;}!gJ;}U~,I ;}P ;}J!npoJd

V J!AJ;}S )U;}An;:xl S;}IqeJ~P!Suo:) s;}wnIOA S;};) lnoq;}p

)Jow S!oq ;}P EW vZI ';}Je):);)4,I V ';}AnOJ);}J UO
';}!PU;}:)U!,I s'i'Jde ';}nb s!pue) 'S)U;}UUW~J ;}P ~m!)suo:)

}no)Jns )S;} I! );} e4/Ew 8f:: ;}s!Ie)o) ;:xInro eI ;}P snp!s~J

S;}P ;}wnIoA ;}I ';}UU;}AOW U3 ";}JqJe,I ;}P ;}!)Jed );}

S!oq S;}P SUO!SU;}W!P ;}P ;}sseI:) ';}:)U;}SS;} Jed s~wns~J

}UOS S;}J}}!q:) S;}I '(S~guuI~w S!oq );} snII!n;}} 'xn;}U!s~J
"X;} °d) sJ;,!)S;}JO} S)J;}Ano:) ;}P S;}dA) xned!:)u!J<f S;}I

Jnod ');} 'UO!g~J Jed UO!g~J S~)u;}s~Jd )UOS S;}wnIoA

S;}'l "J;}!)saJO} ;}!PU;}:)U!, I ;}P ;}gessed ;}I s;;ude
);} ;:xIno:) eI s;;ude Syss!EI S!oq ;}P sI;}np!SyJ S;}wnIoA

S;}I ;}UUOP uo 'eqo)!uuW ne );} uu'\\;}4:))e)fses
U;} ;}I°:)!Jge ;}U!ewop np );} J;}!)S;}JO} ;}U!ewop np

;}:)ejJ;})U!, I V S~m!S S;}:)!J):)npoJd SUO!gyJ bu!:) Jnod

°slJnpoJd ISaJoJ Jo Jaqwnu
e OIU! pdssaJOJd JO UO!IJnpoJd AgJaUa

JOJ pdZ!(!ln aq AeW SaWn(OA pOOA\ alSeA\

IueJ!J!ug!S asalll. °aJ!JP(!A\ JaIJ1! pdJJnJJO
Jaqw!1 gU!pUelS pd((!)( aJ!J JO eq JM

EW vcr a(!qA\ 'qse(s Jo A(U!I!W gU!IS!SUOJ
eq Jad EW 8v pageJaAe sanp!saJ gU!gg°'l

° (SPOOA\pdX!W pue spooA\pJl!q 'spooA\IJOS

Z!A) SMA} JaAOJ Jofew aql JoJ IuauodwoJ

daJI rue az!s aJd!d 'sa!Jdds Aq pdz!JI!wwns

rue Uo!gaJ A(ddns Aq paluasaJd
aJl! SaWn(OA pooM "eqoI!ueJi\[ pue

ue/\\aqJle)(Ses lJ! auoz aglJ!JJ aJnI(nJ!.Jge

-AJlsaJOJ aql guo(e pdIeJO( seaJl! A(ddns

aA!J JoJ pdluasaJd aJl! aJ!Jp(!A\ JaIJe rue

glJ!ggO( JalJe IJa( SaWn(OA pooA\ (enp!sa"H

.d Z .~Jnq;)oJH '.~u~J .JOd .JON '.UBJ .JOd .BqO~!UBW pUB UBM~q:)~B)[SBS U! S~!~!un:jJoddo

M~N :~Jn~:)B]nUBW pUB A3'J~U~ JO] POOM IBnp!s~"M .0661 .YHIA'lIS ~SNI'l'lOJ 'GI3"M~vT

';}nb!qdeJgo')g uo!JeUlJo)u!. P S;}W?JSAS
S;}P UO!JeS!I,)pow ;}P SUO!Jenb'} S;}P suep S;}').Ig')JU!

;}JJ~ Ju;}An;}d S;}'}S!J')wnu S;}')uuop S;};} s;}Jn°.L
'(;}JU~ J;) ;}In}x;}J) SIOS S;}I Jns S;}')UUOp S;}I J;} S;}Jnu;}J
S;}I 'sgueJ S;}I J;} Sd!qSUMOJ S;}I 'S;}IeJnJ s')J!{1?d!;}!unw

S;}P S;}J!W!I S;}I 's;}JnoJ S;}I J;}Ju;}s')Jd;}J Jnod S;}J.rn;}
S;}P ')')J:> e uo ';}JJno uti 's;}Ines ;}P SJU;}W;}Idn~

S;}I J;} s!1JJt!w S;}I 'S;}')A!JIn;} S;}JJ;}J S;}I 'SJueU!WOP

Xn;}U!s')J ;}P sJu;}w;}Idn~ S;}I 'sJueU!wop snIl!n;}) ;}P
SJOOw;}Idn~ S;}I 'ne;}.p SJno;} S;}I J;} s;}eI S;}I Ju;}!eJ')

s;}'}JU;}s')Jd;}J S;}sseI;} S;}'l 's;}'}Joos')Jd;}J SUO!g')J
S;}I Jns s;}nb!Js!JeJs ;}P J;} S;}')uuop ;}P xne;}IqeJ

S;}P ;}nb ;}W~W ;}P 000 SZI/I ;}P ;}II;}q;}').I V In;}Ino;}

U;} s;}nb!Jew')qJ S;}J.rn;} S;}P J!nPOJd e uo 'sJ!npoJd

sJu;}w;}SseI;} S;}P uo!s!:>'}Jd eI J;}n{1?A') , p J;} II S3I"HV

;}nb!.l')wnu ;}SAIeue.p ;}W?JSAS ;}I suep J;}gJt!q;} V
IOS ne S;}')UUOp S;}I J!U;}JqO.P s!UlJ;}d JUO ;}x!) ;}JnI!OA

V su°!Ae S;}Q .J;}Sn;}eqJ;}A;} A\ V ;}')pJO;);)e UO!SS;};}UO;}

'suo!Jenba 2U!IIapow SID Aq paJe(nd!(II!w
aq (II!:> p(Il! WJOJ ~J!2!p U! aJR eJep asaqJ JO

IIV '(adO(S p(Il! amJxaJ) eJep (!OS p(Il! aJnooJ
P(Il!I 'sa2(I1!J p(Il! sd!qsUA\oJ 'sa!JRpunoq

(ed!:>!unw (eJnJ 'speoJ Jo paJeaJ:>
os(e aJaM sdew 'Uo!J!ppe UI 'SMOII!M

pue s2oq 'p(Il!( paJeA!J(n:> 'J(II!U!WOP

POOA\JJos 'J(II!U!WOP pooMpJRq 'SJaA!J
p(Il! sa)(e( aJaM papn(:>U! sasse(;) 'sdew

asaqJ JoJ s:>!Js!JeJs eaJR p(Il! eJep JRlnqeJ

se IIaM se pa:>npoJd aJaM 000 ~GI:I Jo

a(e:>s e Je sdew :>!JewaqJ JO(O;) 'pa:>npoJd

suo!Je:>!J!sse(:> Jo A:>eJn;x)e aqJ ssasse

OJ p(Il! WaJSAS s!SAle(Il! ~J!2!p II S3I"MV

aqJ oJU! Jndu! JoJ eJep punoJ2 u!8Jqo
OJ pasn aJaM JJIU:>J!e 2U!M-paX!d 'eam



I' etuve et pese les sous-echantillons pour calculer
les rapports du poids sec au poids Craig ainsi que du
poids de I'ecorce au poids du bois. On a verifie
dans toutes leurs combinaisons possibles 5 variables
(D, H, D2H, D2, et D3) 0\1 entraient la me sure de
diametre et de la hauteur et qui permettraient de
calculer la biomasse. On a obtenu leg meilleurs
resultats avec un modele II- regression multiple
utilisant leg 5 variables. Un modele II- polyn6mes
utilisant D, D2, et D3 et un modele 0\1 entrait
seulement D2H ont ete presque aussi bong. Pour
chacune des 10 essences, on presente leg equations
etablies II- I' aide de ces trois modeles.

subsamples were determined in the
laboratory and were used to calculate the
dry/fresh weight ratios and bark/wood
weight ratios for the sampled tree
components. Five variables based on
diameter and height measurements (D, H,
D2H, D2, and D3) were tested in all
combinations as predictors for biomass. A
multiple regression model using all five
variables provided the best estimates. A
polynomial model based on D, D2, and D3
and a model based on only D2H were
nearly as good. Equations derived from the
three models are presented for each of the
10 tree species.

147. SINGH, T. 1982. Weight tables for important tree species in the Prairie provinces.
Environ. Can., Can. For. Serv., Nor. For. Res. Cent., For. Manag. Note 14. 4 p.

The dry weight tables presented in this
note were derived from data obtained in
field and laboratory sampling of 60 trees
of each of 10 species in Alberta,
Saskatchewan and Manitoba. Using the D
and H measurements, regression equations
were thus obtained for balsam fir, alpine
fir, white birch, tamarack or eastern larch,
white spruce, black spruce, jack pine,
lodgepole pine, balsam poplar and

trembling aspen.

Les tables du poids sec presentees dans cette note
proviennent de donnees obtenues, sur Ie terrain et
en laboratoire, d'un echantillon de 60 arbres repartis
egalement entre 10 essences, en Alberta, en
Saskatchewan et au Manitoba. A l'aide des mesures
du diametre et de 1a hauteur, on a obtenu des
equations de regression pour Ie sapin baumier, Ie
sapin subalpin, Ie bouleau Ii papier, Ie meleze
laricin, l'epinette blanche, l'epinette noire, Ie pin
gris, Ie pin tordu, Ie peuplier baumier et Ie peuplier
faux-tremble.

148. 

SINGH, T. 1983. Weight tables for important tree species in the Northwest Territories.
Environ. Can., Can. For. Serv., Nor. For. Res. Cent., For. Manag. Note 27. 4 p.

Des tables des masses ont ete preparees a partir du
diametre a hauteur de poitrine avec ecorce (D) et de
la hauteur totale de l'arbre (H), puisque ce sont les
caracteristiques les plus souvent mesurees d'un
arbre forestier. Les donnees qui ont servi a la
regression provenaient de determinations sur Ie
terrain et en laboratoire effectuees sur 336 arbres
appartenant a six essences importantes des
Territoires du Nord-Ouest.

Weight tables were prepared on the basis
of diameter outside bark at breast height
(D) and total height of the tree (H),
because these are the most commonly
measured characteristics of a forest tree.
The data used for the derivation of
regression consisted of field and laboratory
determinations made on 336 trees
belonging to six major tree species of the
Northwest Territories.

149. 

SINGH, T. 1984. Biomass equations for six major tree species of the Northwest
Territories. Environ. Can., Can. For. Serv., Nor. For. Res. Cent., Info. Rep. NOR-X-257.
22 p. /
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merchantable volume of forest trees and
related data. This information can be used
with the help of appropriate conversion
factors or equations to obtain biomass.
Each tree species was considered
individually for such conversions, and
separate prediction equations based on
provincial merchantability limits were
derived for the construction of biomass
tables.

des arbres forestiers et sur des caracteristiques
connexes. Les renseignements peuvent servir, avec
Ie concours des coefficients et des equations utiles
de transformation, a calculer la biomasse. Chaque
essence a ete prise individuellement en
consideration pour ces calculs, et des equations
distinctes de prediction, fondres sur les limites
provinciales de la qualite marchande, ont ete
obtenues pour la construction de tables de la
biomasse.

152. 

SINGH, T. 1984. Energy potential of coniferous tree species in the Prairie provinces of
Canada. Pages 85-88 in S. Hasnain, ed. Proc. Fifth Canadian Bioenergy R&D Seminar,
Ottawa, Ontario, 26-28 March 1984.

Conifers are the predominant timber and
pulpwood tree species in the Prairie
provinces. The estimated unused forest
biomass after harvest and the total energy
potential of the conifer tree species are
presented here according to merchantable
and nonmerchantable components. The
main conifers in Alberta, Manitoba and
Saskatchewan have the gross energy
potential of 15 606 PJ on an ovendry
weight basis, compared to 10 199 PJ for
the main hardwood tree species. The
nonmerchantable portions of conifers
comprise 19.7% of the total biomass
potential energy. .

Les coniferes constituent leg principales essences de
bois de sciage et de papeterie utilisees dans leg
provinces des Prairies. Des estimations de la
biomasse forestiere abandonnee sur Ie parterre de
coupe et du potentiel energetique total des especes
resineuses sont presentees selon leg composantes
commerciales et non commerciales. En Alberta, au
Manitoba et en Saskatchewan, leg principaux
coniferes ant une energie potentielle brute de l'ordre
de 15606 PJ basee sur Ie poids sec
comparativement Ii 10 199 PJ pour leg principales
especes feuillues. Les parties non commerciales des
coniferes renferment 19,7 % du potentiel
energetique total de la biomasse.

153. SINGH, T. 1986. Generalizing biomass equations for the Boreal Forest Region of west-
central Canada. For. Ecol. Manag. 17:97-107.

Living tree dry weight estimates aloe
needed for resource inventories and are

usually predicted by using equations based
on tree diameter and height for each
species. Two procedures (prediction error
sum of squares and covariance analysis)
were used to assess errors in prediction
when local regression equations were
combined to form generalized regional
equations based on sampling of similar
stands distributed extensively over well-
defined vegetation regions in west-centralCanada.

Pour I'inventaire des ressources, on a besoin de
I 'estimation de la masse seche des arbres vivants,
parametre que I'on predit actuellement au moyen
d'equations fondees sur Ie diametre et la hauteur
des arbres de chaque essence. Au moyen de deux
methodes (somme des CarTes de I' erreur de
prediction et analyse de la covariance), on a evalue
I' erreur de prediction qui resulte de la combinaison
des equations locales de regression pour I' obtention
d'equations regionales generalisees fondees sur
I' echantillonnage de peuplements semblables
repartis d'un bout it I'autre de regions floristiques
bien definies du centre-ouest du Canada.

154. SINGH, T. 1986. Prediction error in tree biomass regression functions for western
Canada. Pages 199-208 in E.H. Wharton and T. Cunia, comps. Proc. Workshop on Tree
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parties de l'arbre. Dans taus les cas, les
programmes de commande (enonces FORTRAN)
doivent etre rooiges specifiquement pour ces trois
sous-programmes afin d' effectuer les caiculs
necessaires selon Ie nombre de sous-echantillons et
de parties des arbres utilises dans une etude donnee.

components of the tree were prepared and
presented. In all cases, driver programs
(FORTRAN statements) have to be written
specifically for these three subroutines to
perform the needed computations
according to the number of subsamples and
tree components used in a given study.

157. SMITH, J.H.G.; WILLIAMS, D.H. 1980. A proposal to develop a comprehensive forest
biomass growth model. Environ. Can., Can. For. Serv., Petawawa Natl. For. Inst.,
ENFOR Rep. P-64. 47 p.

Le rapport est l'aboutissement d'une etude en deux
parties. La premiere porte sur les techniques de
pointe et definit Ie besoin de modeliser la biomasse
et les produits ordinaires du bois. La deuxieme
decrit a grands traits les caracteristiques essentielles
du systeme a developper, les donnees exigees et les
couts ainsi entraines.

This report is a result of a study in two
parts. Part I reviews the state of the art and
defines the need for modelling biomass
and conventional timber products. Part II
outlines the essential features of the system
to be developed, and estimates the data
required and costs involved.

La partie I avait pour objectif principal de
detenniner si Ie besoin existe d'un modele complet
de l'accroissement de la biomasse forestiere, qui
pourrait aider it l'amenagement des peuplements
forestiers en vue de l'obtention d'une biomasse
destinee it produire de l'energie. Apres recensement
des techniques de pointe, on a prouve les nombreux
avantages possibles d'un systeme capable de
modeliser la biomasse et les recoltes de bois. La
construction d'un systeme national de modelisation
pourrait concentrer l'attention sur les etudes
regionales et stimuler ces demieres. Un systeme
national complet pourrait integrer de nombreux
modeles regionaux qui contribueraient it faire
particulierement bien connaitre les essences et les
conditions locales.

The main objective of Part I was to
determine whether or not there is a need
for a comprehensive forest biomass growth
model that could be used as an aid in the
management of forest stands for the
production of biomass for energy. A
review of the state of the art was made and
this review demonstrated many potential
advantages from a system that is capable
of modelling biomass and timber harvests.
Development of a national modelling
system could provide an important focus
and stimulation for regional studies. A
comprehensive national system could
incorporate many regional models that
would contribute special knowledge about
local species and circumstances.

Le principal objectif de la partie II etait d'examiner
leg modeles existants des peuplements et de
recommander une strategie ainsi qu'un programme
de travail pour elaborer un modele de la biomasse.
On s'attendait it ce que, s'il etait construit, un
modele de I'accroissement fut utile it la verification
des differentes options qui s'offrent it
I' amenagement des peuplements forestiers pour la
production de la biomasse.

The main objective of Part II was to
review current stand models and to
recommend a strategy and program of
work to develop a biomass model. It was
expected that such a growth model, if
developed, would be a useful tool for
testing different options in the management
of forest stands for biomass production.
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systems as the need for forest resources
increases. Of the three transportation
systems, road transportation proved to be
the most difficult to identify in updating
the base maps.

plus difficile a identifier dans I' actualisation des
cartes de base.

161. TALISMAN LAND RESOURCE CONSULTANTS. 1981. Estimation of the quantity of
biomass following logging in B.C. forests to specified recovery criteria. Talisman Land
Resource Consultants, Unpubl. Contractor's Rep. ENFOR P-142. 38 p. + app.

Le rapport resume les conclusions de la premiere
annee d'une etude de trois ans visant a mettre au
point un systeme pour estimer la biomasse
consecutivement a I'exploitation forestiere faite
conformement a des criteres precis de recuperation
dans les forets de la Colombie-Britannique. On a
preleve en tout 250 echantillons d' arbres de
14 essences dans Ie sud de I'interieur de cette
province. Au cours de la premiere annee, on a
insiste sur I' echantillonnage et I' analyse
d'ensembles complets de donnees sur Ie pin
ponderosa et Ie meleze occidental. Le rapport porte
principalement sur les questions concernant
I' echantillonnage. Les equations de regression, les
sommaires de donnees et la conception d'un modele
thoorique font I'objet de discussions et d'un resume.

This report summarizes the findings for the
first year of a three-year study aimed at
developing a system to estimate the
quantity of biomass following logging to
specified recovery criteria in British
Columbia forests. A total of 250 sample
trees of 14 tree species occurring in the
southern interior of the province were
sampled. The emphasis in the first year of
the project was on sampling and data
analysis based on complete initial data sets
for ponderosa pine and western larch. This
report is concerned primarily with
sampling considerations. Regression
equations, data summaries and conceptual
model design are discussed and
summarized.

162. TALISMAN LAND RESOURCE CONSULTANTS. 1982. Estimation of the quantity of
biomass following logging in B.C. forests to specified recovery criteria. Talisman Land
Resource Consultants, Unpubl. Contractor's Interim Rep. ENFOR P-142. 15 p. + app.

A multiple linear regression equation using
D, H, and V and their interactions gives
the best overall results for prediction of
component and total ovendry biomass for
all species studied. The estimates obtained
from this model are very precise compared
to existing standards. Because of the
relative efficiency of the equation,
significant sampling cost reductions could
be realized. Data collection requirements
are the same as for other widely used
models. Diameter and height are the only
variables that need to be measured; other
independent variables are calculated from
existing volume equations or are calculated
as interactions of D, H and V. Coefficients
for various biomass components are

C'est une equation de regression lineaire multiple,
dans laquelle entrent leg termes D, H et V ainsi que
leurs interactions reciproques, qui procure leg
meilleures predictions globales de la biomasse
anhydre de chaque partie ou de tout l'arbre de
toutes leg essences etudiees. Les estimations
obtenues a l'aide de ce modele sont tres precises au
regard des normes actuelles. A cause de l'efficacite
relative de l'equation, on pourrait realiser
d'impartantes economies au paste de
l'echantillonnage. Les exigences touch ant
I' obtention des donnees sont leg memes que pour
leg modeles largement utilises. Le diametre et la
hauteur sont leg seules variables a mesurer; leg
autres variables independantes sont calculees a
partir d'equations du volume ou en tant
qu'interactions de D, de H et de V. Les coefficients
des divers constituants de la biomasse
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165. van NOSTRAND, R.S. 1980. Energy from Newfoundland's forest biomass: A research
and development program. Environ. Can., Can. For. Serv., Nfld. For. Res. Cent., Info.
Rep. N-X-180. 34 p.

Les forets de Terre-Neuve pourraient contribuer
substantiellement aux besoins d' energie de Ia
province. On identifie huit sources de Ia biomasse
qui sont propres Ii Ia production d'energie, et on en
estime des quantites. Les plus grandes sources qui
offrent du potentiel immooiat sont Ies bois durs
sous-utilises qui constituent 34 millions de m3 des
forets de I'lIe, et Ies bois tendres representant
22 million de m3 qui sont morts ou en train de
mourir Ii cause de I'infestation severe repandue dans
toute I'lle de tordeuse des bourgeons de I' epinette.
On donne des estimes de Ia biomasse Ii proximite
des trois papeteries situees Ii Grand Falls, Comer
Brook et Stephenville.

The forests of Newfoundland have a
potential for making a substantial
contribution to the energy needs of the
province. Eight sources of biomass suitable
for the production of energy are identified,
and quantities estimated. Major sources
offering immediate potential are the under-
utilized hardwoods which comprise 34
million m3 of the Island's forests, and the
dead and dying softwoods amounting to 22
million m3 as a result of severe Island-
wide spruce budworm infestation.
Estimates of biomass in proximity to the
three newsprint mills at Grand Falls,
Comer Brook and Stephenville are given.

166. WELLWOOD, R. W. 1979. Complete-tree utilization: An analysis of the literature
(1970-1978), Part I: Biomass of forest tree components (Revision and update of J.L
Keays, 1971). Environ. Can., Can. For. Serv. HQ, ENFOR Rep. P-15. 89 p.

Etude 

bibliographique de la biomasse des diversesparties 
des arbres, dans laquelle on note des facteursde 

variation intra- et interspecifiques et dans
laquelle on indique l'ecart des gains possibles it la
recolte. On presente egalement Ie pourcentage
moyen de la biomasse totale que l'on retrouve dans
les diverses parties des arbres.

A literature review on the amounts of
biomass in tree components, noting the
factors affecting variations within and
between species, and indicating the range
of harvest gains possible. Average
percentages of total biomass contributed by
the various components are presented.

167. 

WILLIAMS, D.H.; SMITH, J.H.G. 1980. Forest biomass growth models. Pages 215-219
in Proc. Second Bioenergy R&D Seminar, Ottawa, Ontario, 26-27 March 1980.

Models 

should assist testing of
management options and help evaluatetradeoffs 

among conventional timber
products, biomass products and various
combinations. Such models must describe
tree and stand growth and yield in biomass
and merchantable wood components
through analyses of crown and bole
development. Some conventional growth
models might be modified to perform these
functions. However, they may be limited
by inadequate data and incomplete
functional statements. New systems of
models may be needed to define and test
alternatives.

Les modeles ant pour role de nous aider a eprouver
les solutions de gestion et a evaluer les solutions de
compromis qui existent entre l'utilisation des
produits forestiers classiques, de la biomasse et de
diverses combinaisons des deux. lIs doivent pouvoir
nous permettre de determiner la croissance des
arbres et des peuplements et Ie rendement en
biomasse et en produits forestiers marchands a
partir d'analyses de la croissance de la cime et du
rut. II est possible que certains modeles classiques
de la croissance puissent etre modifies pour se
preter a de telles analyses. Toutefois, des donnees
inadequates et des instructions de fonction
incompletes peuvent constituer des obstacles et
necessiter l'elaboration de nouveaux modeles pour
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update this screening and hence arrived at
the area of the Prairies covered by
biomass. By utilizing the N.T.S. sheets. it
is possible to relate biomass cover to the
township grid across the three Prairie
provinces.

photographies perimees. Le projet visait a actualiser
ce tramage. De la, on a detennine la superficie des
Prairies couverte par la biomasse. En utilisant les
feuilles du Systeme national de reference, il est
possible de correler la couverture de la biomasse et
Ie reseau des townships des trois provinces des
Prairies.

171. YOUNG, G.B. 1980. The selection, falling, measurement, weighing and subsampling of
the main commercial species within the Prairies and NWT: Phase II (Phase I, 1979).
Woodlot Service (1978) Ltd., Unpubl. Contractor's Rep. ENFOR P-92. 17 p.

During the summer of 1979 and 1980 the
main commercial tree species of the Prairie
provinces were selected, felled, measured,
weighed and subsampled. The species
involved were balsam fir, white spruce,
black spruce, jack pine, trembling aspen,
lodgepole pine, alpine fir, larch, white
birch and balsam poplar. These species
were sampled in each of the three Prairie
provinces (Manitoba, Saskatchewan and
Alberta). A total of 600 trees were
sampled, equally divided between species
and the following diameter classes: 0-10
cm, 11-20 cm, 21-30 cm and 31+ cm.

Au COUTS de l'ete de 1979 et de 1980, leg
principales essences marchandes (sapin baumier,
epinette blanche, epinette noire, pin Brig, peuplier
faux-tremble, pin tordu, sapin subalpin, meleze,
bouleau Ii papier et peuplier baumier) des provinces
des Prairies (Manitoba, Saskatchewan et Alberta)
ont fait l'objet d'un echantillonnage, d'une coupe,
de mesures, de pesees et de sous-echantillonnages.
En tout, on a echantillonne 600 arbres, repartis
egalement entre leg essences et leg classes suivantes
de diametres : 0 Ii 10 cm, 11 Ii 20 cm, 21 Ii 30 cm
et plus de 31 cm.

172. YOUNG, G.B.; VAN RAALTE, G.D. 1979. Site-specific estimation of inventory. Pages
35-37 in Proc. First Bioenergy R&D Seminar, Ottawa, Ontario, 21 March 1979.

The objective of this study was to carry
out field measurements of total forest
biomass availability, including all tree and
woody shrub species, from root system to
needle tips, in order to project forest
biomass yields. Quantification studies were
undertaken in a selected area around
Oxford, Nova Scotia. This differs from
other conventional inventories in that all
stems were counted. It is obvious that the
largest under-utilized forest mass in the
Maritimes is that of the hardwoods.

Les objectifs de cette etude consistaient a evaluer en
chiffres la disponibilite de la biomasse sylvestre
fatale, c'est-a-dire taus leg arbres et leg especes
ligneuses, depuis la racine jusqu'a la pointe des
aiguilles des coniferes, afin d' envisager leg
perspectives de rendement de la biomasse forestiere.
Des etudes quantitatives ant ete entreprises dans une
zone selectionnee des alentours d'Oxford, Nouvelle-
Ecosse, etudes qui different des inventaires
classiques en ce sens qu'elles reposent sur Ie
comptage de taus leg francs. II est evident que la
plus considerable sous-utilisation de la masse
sylvestre dans leg Maritimes est celIe des bois durs.

173. ZSUFFA, L. 1980. Update of Canadian activities in poplar biomass production and
utilization. Pages 111-113 in Proc. Second Bioenergy R&D Seminar, Ottawa, Ontario,
26-27 March 1980.

The objective of the project is to update
and summarize Canadian activities in

Notre projet vise a mettre a jour et a resumer les
travaux canadiens portant sur la gestion du peuplier.
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d'une discussion. On connait et on plante depuis
plus de deux siecles des cultivars exotiques et
indigenes. Depuis 1909, plus de 8000 ha de
plantations de peupliers ont ete etablis et plus de
50 millions de peupliers ont ete plantes. Des
programmes de plantation de peupliers axes sur la
production sont en cours au Quebec, en Ontario et
en Colombie-Britannique, tandis que des plantations
experiment ales existent dans la plupart des
provinces.

cultivars have been known and planted for
more than two centuries. Since 1909, more
than 8000 ha of poplar plantations have
been established and more than 50 million
poplar trees have been planted. Production-
scale poplar plantation programs are
underway in Quebec. Ontario and British
Columbia. and experimental scale plantings
exist in most provinces.

Le peuplier a ete reellement sous-utilise au Canada.
Les causes en sont Ie manque d' encouragements
economiques, l'inaccessibilite de beaucoup de gros
peuplements, leur surmaturite et, par consequent, la
faible qualite de beaucoup de peuplements.

Poplar has been drastically under-utilized
in Canada. Problems are lack of economic
incentive, inaccessibility of many large
stands and the overmaturity, and
consequent low quality of many stands.

Poplar R&D in Canada, although
intennittent, has produced considerable
information over the past 50 years. The
history and present status of poplar
research in Canada are discussed and
summarized.

La recherche et Ie developpement sur Ie peuplier au
Canada. meme si ils sont intermittentes, ont
constitue un acquis considerable au cours des
50 demieres annees. L 'historique et la situation
actuelle de la recherche sur Ie peuplier au Canada
font l'objet d'une discussion et d'un resume.
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leg facteurs dont nous tenons compte ici. Par
exemple, leg facteurs leg plus importants pourraient
etre la concurrence avec leg champignons indigenes
a mycorhizes et la compatibilite des champignons
non indigenes et du sol de la station. Avant de
pouvoir dire si nos essais de preselection sont
valides, il faudra effectuer des essais sur Ie terrain.

perfonnance in at least one screening test.
However. edaphic factors associated with
specific field sites might have a greater
effect on the isolates' performance than the
factors considered here. For example,
competition with indigenous mycorrhizal
fungi and compatibility of the introduced
fungi with the soil at the field site might
be the most important factors. Before it
will be possible to say whether any of the
prescreening tests used here have validity,
it will be necessary to conduct field
testing.

177. 

BOYLE, C.D.; ROBERTSON, WJ.; SALONIUS, P.O. 1987. Use of mycelial slWTies of
mycorrhizal fungi as inoculum for commercial tree seedling nurseries. Can. J. For. Res.
17:1480-1486.

Blended mycelial slurries of a variety of
ectomycorrhizal fungi were assessed for
their suitability as inoculum for
containerized tree seedlings. Mycelium of
most fungi tested, with the exception of
Pisolithus tinctorius (Pers.) Coker &
Couch and Paxillus involutus
(Batsch.:Fr.)Fr., withstood blending well.
Viability remained high after storage in
modified Melin-Norkrans agar medium,
water, or dilute saline at either 4°C or
room temperature, indicating that slurries
are robust enough to tolerate conditions
that would be encountered in a commercial
setting. Experiments investigating methods
for applying slurries to containerized
seedlings were conducted using Hebeloma
longicaudum (Pers.:Fr.) Kummer. Slurry
infectivity dropped after it was mixed into
a peat-vermiculite growing medium,
particularly in the presence of high levels
of fertilizer. This indicated that inoculum
with fertilizer should be avoided. Injection
of slurry into the root zone resulted in the
most consistently high colonization, but
application of the slurry to the surface of
the growing medium was also effective,
the latter being more feasible in a
commercial setting.

Des suspensions de myceliums de charnpignons
ectomycorhiziens varies ant ete evaluees pour leur
applicabilite a inoculer des semis d'arbres en
recipients. La plupart des charnpignons, a
I 'exception du Pisolithus tinctorius (Pers.) Coker &
Couch et du Paxillus involutus (Batsch.:Fr.)Fr., ant
bien resiste au melange. Leur viabilite est restee
elevee apres un entreposage a 4°C ou a la
temperature ambiante dans un medium de Melin et
Norkrans modi fie, d'eau, ou d'eau salee indiquant
que ces myceliums sont assez robustes pour tolerer
les conditions rencontrees dans des situations
comrnerciales. Des experiences sur les methodes de
recherches utilisees pour I' application de myceliums
en suspension aux semis d'arbres en recipients ant
ete faites avec Hebelonta longicaudum (Pers.:Fr.)
Kummer. L' infectiosite des myceliums a diminue
apres qu'on les a ajoutes a un melange
tourbe/vermiculite. particulierement en presence de
concentrations elevees d'engrais. Le contact entre
I 'inoculum et l'engrais doit etre evite. L'injection
des suspensions de myceliums dans la zone des
racines a donne comrne result at une colonisation
elevee et consist ante. mais l'application de
suspensions de myceliums a la surface du medium
etait egalement efficace et serait plus pratique dans
une situation commerciale.
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economiques. Les criteres d'inventaire du territoire
pour la preparation des cartes de base sont decrits a
l'aide de la methode d'analyse des pays ages mise
au point en Suede pour les forets energetiques
potentielles. Dans une etude de cas, on a retenu et
analyse une superficie de 60 km2 constituee, en
milieu rural, de terres agricoles, de paturages, de
terrains forestiers, de tourbieres et de terrains
denudes ainsi que d'un habitat bati pres de
St. John's. On a dessine les cartes des restrictions
pedologiques et topographiques, de la couverture
vegetale ainsi que des modes d'occupation des sols
et on s'en est servi pour dresser une carte composee
pour designer les terrains destines aux saulaies
energetiques. On a examine la viabilite economique
des plantations ai' aide des chiffres estimatifs de
production, des couts de production et des revenus
estimatifs.

plantations in Newfoundland. Land
inventory criteria for the preparation of
baseline maps are described using the
landscape analysis method developed in
Sweden for potential energy forest. A 60
km2 rural area comprised of farmland,
pasture land, forest land, peat and barren
land, and residential land near St. John's
was selected and analyzed for a case study.
Maps showing soils and topographic
restrictions, vegetation cover and land use
were constructed and used to prepare a
composite map designating land for Sa/it
energy plantations. The economic viability
of growing plantations using estimated
production rates, production costs and
revenues was investigated.

181

HELLENBRAND, K.E.; BOYLE, C.D.; BROWN, H.L.; CERVELLI, R.L. 1989.
Comparison of methods for applying mycorrhizal fungal inoculum to containerized
seedlings in Maritime forest nurseries. Nova Scotia Res. Found. Corp., Unpubl.
Contractor's Final Rep. ENFOR P-338. 13 p. + app.

Ce travail a ete effectue pour verifier, en pepiniere,
la possibilite d'obtenir une mycorhization
constamment elevee au moyen d'une gamme
d'especes de champignons. Des semis d'epinettes
noires, cultives a la pepiniere de Terres et Forets de
la Nouvelle-F.cosse, a Wittenburg, ont ete inocules
en vertu de plusieurs regimes de traitement au
moyen d'ectomycorhizes. On a utilise 112 parcelles
multiples (environ 65 semis par parcelle multiple).
Deux techniques d'inoculation, deux traitements du
sol, deux regimes de fertilisation et sept especes de
champignons ont ete examines. Les resultats
montrent que l'on peut inoculer certaines especes
d'ectomycorhizes aux semis en recipients. Les
resultats de l'inoculation varient enormement selon
Ie champignon et la technique d'inoculation. Des
travaux supplemcntaires de recherche restent a
effectuer avant de passer a l'essai, en plein champ,
d'inoculums de plusieurs especes mycorhiziennes.

This project was conducted to test the
feasibility of attaining consistently high
mycorrhizae formation with a range of
fungal species under nursery conditions.
Black spruce seedlings, reared at the Nova
Scotia Land and Forests Tree Nursery,
Wittenburg, N.S., were inoculated under
several different treatment regimes with
ectomycorrhizae. 112 multiplots were used
(approx. 65 seedlings/multi plot). Two
inoculation techniques, two soil treatments,
two fertilizer regimes and seven fungal
species were examined. The results
indicate that certain species of
ectomycorrhizae can be successfully
inoculated into containerized seedlings.
Inoculation results vary widely for
different fungi and inoculation techniques.
Additional research must be done before
field testing of a range of mycorrhizal
species inoculants can be carried out.

182. HORTON, B.J. 1984. Improving aspen biomass yield through silvicultural manipulation
of clones. Pages 93-95 in S. Hasnain, ed. Proc. Fifth Canadian Bioenergy R&D
Seminar, Ottawa, Ontario, 26-28 March 1984.
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fondements de I'interaction entre Ies boutures et Ie
sol, Ie rapport devrait aider a la mise au point d'une
planteuse a plantoir a haut rendement. II peut
egalement aider la haute direction a evaluer de
fagon quantitative I'etat du sol; (2) neanmoins, Ia
conception d'une planteuse fiable et a haut
rendement est une tache ardue, couteuse, qui exige
beaucoup de temps (I'idee d'une planteuse a
plantoirs multiples n'est pas nouvelle et elle a ete
eprouvee plusieurs fois, sans grand sucres); (3) la
conception, I'essai et la fabrication d'une planteuse
a plantoir devraient etre confies a une {)quire de
specialistes; (4) on trouve sur Ie marche des
planteuses a rayonneur qui sont fiables et modemes.
Leur productivite n' est pas tres elevee, mais elles
peuvent satisfaire aux besoins immediats.

interaction, this report should assist the
development of a high-output insertion
planter. It may also assist management to
evaluate soil conditions in quantitative
terms. (2) Nevertheless, design of a high-
output, reliable planting machine is a
difficult and costly long-range task. The
concept of a multiple-head, insertion
planter is not new, and has been tried
several times, without great success. (3)
The design, test and introduction to
production of an insertion planter should
be undertaken by a specialized team of
people. (4) There are on the market,
currently built, reliable furrow-type
planters. Their productivity is not very
high, but they can satisfy the immediate
needs.

185. KIMMINS, J.P. 1979. Impact of short rotations and whole-tree harvest on forest nutrient
budgets. Pages 57-64 in Proc. First Bioenergy R&D Seminar, Ottawa, Ontario, 21
March 1979.

Warld population growth and increasing
demand for energy as fuel will result in a
marked increase in the use of forest
products. Resultant increased utilization of
tree parts and shorter rotations will have a
serious impact on forestry. A series of
nutrient tables has been developed, along
with a review of the pertinent scientific
literature, in an effort to predict the impact
of this increased commercialization on
forest nutrient budgets. This is based inpart 

on the development of a computer
simulation model.

L' evolution de la population mondiale et, par suite,
la demande croissante en energie en taut que
combustible et carburant, contribuera a un
accroissement marque dans I'emploi des produits
forestiers. Cette utilisation accrue des elements
d' arbres et I' ecourtement des rotations auront un
serieux effet sur la sylviculture. Outre la mise au
point d'une serie de tables des principes nutritifs, on
a procooe a un passage en revue de la
documentation scientifique appropriee, afin de
prevoir l'influence de cette commercialisation
accrue sur Ie bilan des elements nutritifs forestiers.
Ceci est base en partie sur Ie developpement d'un
modele de simulation informatise.

186. KIMMINS, J.P. 1986. FORCYTE in forestry: The need for a systems approach in
forestry education, yield prediction and management. Pages 1-25 in The E.B. Eddy
Distinguished Lecture Series, Fac. For., Univ. Toronto, November 1986.

Many of the problems that beset forestry
can be related to variations in the time and
space scales at which different levels of
forestry activity take place. These scale
differences constitute barriers to the
information exchange between different
levels of forestry that is so necessary for
successful forest management. Mechanisms

Beaucoup de problemes qui assaillent la foresterie
peuvent etre attribues aux fluctuations des echelles
spatio-temporelles auxquelles se deroulent les
differents niveaux de I'activite forestiere. Ces ecarts
d'echelle constituent, entre les differents niveaux de
la foresterie, des obstacles a I'echange de
I'information qui est si necessaire a la reussite de
I'amenagement forestier. On a besoin de
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188. KIMMINS, J.P.; SCOULLAR, K.A. 1984. FORCYTE-11: A flexible modelling
framework with which to analyze the long-term consequences for yield, economic
returns and energy efficiency of alternative forest and agro-forest crop production
strategies. Pages 126-130 in S. Hasnain, ed. Proc. Fifth Canadian Bioenergy R&D
Seminar, Ottawa, Ontario, 26-28 March 1984.

FORCYTE has evolved from a single
simulation model into a modelling
framework that enables the user to
individualize it for a wide variety of even
aged forest or agro-forestry situations.
Multispecies crop mixtures or sequences
can be subjected to a wide variety of crop
management techniques in a simulation
that examines crop yields, the economics
of crop production, and the energy
benefit/cost balance of the simulated
management. The model is currently being
tested for ecosystems as diverse as boreal
conifer forests, subtropical hardwood
forests, tropical agro-forestry and conifer
plantations, and a variety of temperate
forest situations.

FORCYTE est une base de modelisation inspiree
d'un unique modele de simulation que l'usager peut
adapter pour etudier une grande variete de milieux
forestiers ou agro-forestiers peuples d'arbres du
meme age. On peut simuler l'application d'une
grande variete de techniques d'exploitation a des
peuplements mixtes ou des sequences d' especes
multiples pour etudier la productivite, les aspects
economiques et, au point de vue energetique, les
avant ages obtenus par rapport aux couts. On teste
actuellement Ie modele en l'appliquant a des
ecosystemes tres varies tels que des carets de
coniferes boreales, des Carets de feuillus
subtropicaux, des plantations de coniferes et
agroforestieres tropicales et diverses Carets de zone
temperee.

189. KIMMINS, J.P.; SCOULLAR, K.A. 1988. Simulation of the yield, the sustainability of
yield, the economics and the energy efficiency of biomass production in forestry and
agroforestry using the flexible, ecosystem management modelling framework
FORCYTE-11. Pages 146-150 in C. Granger, ed. Proc. Sixth Canadian Bioenergy R&D
Seminar, Richmond, B.C., 16-18 February 1987.

FORCYTE-ll is an ecosystem-level
modelling framework rather than a single
model. It consists of a series of plant
growth models and a soils process model
which use empirical input data as the basis
for simulating the growth of individual
plant species and certain soil processes.
The output of these models is combined in
an ecosystem management model to
examine the yield, economic, energy and
soil fertility consequences of alternative
crop management strategies over multiple
crop rotations. Implementation of the
model on a microcomputer will be
demonstrated.

FORCYTE-ll est d'abord un systeme de
modelisation au niveau des ecosystemes. II
comporte une sene de modeles de la croissance des
pi antes et un modele des phenomenes pedologiques
utilisant des donnees empinques pour simuler la
croissance d'especes individuelles de plantes aussi
bien que certains phenomenes pedologiques. Les
resultats, combines en un modele de gestion des
ecosystemes, examinent les consequences de
nouvelles strategies de gestion des cultures, Ie
rendement de la biomasse, Ie rendement
economique, I'efficacite energetique et la fertilite
des sols. II y aura demonstration du modele a I' aide
d'un micro-ordinateur.
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fertilizer and utilization regimes and
various rotation lengths. An example is
given of how the model can be used.

l' espacement des tiges et leg coupes d' eclaircie. leg
regimes de fertilisation et d'utilisation ainsi que
diverges longueurs de revolution. Un exemple
montre son mode d'emploi.

192. KIMMINS, J.P.; SCOULLAR, K.A.; FELLER, M.C.; TSZE, K.M. 1982. Computer
modelling of intensive biomass management impacts. Pages 343-347 in Proc. Fourth
Bioenergy R&D Seminar, Winnipeg, Manitoba, 29-31 March 1982.

FORCYTE-ll is an ecosystem process
based forest management gaming model
designed for use in evaluating the biomass
yield, economic performance and energy
efficiency of different intensive forest
biomass production strategies. All major
forest management techniques used in even
aged plantation management can be
simulated, as well as some natural
perturbations: site preparation
(slashbuming), planting, coppice or natural
regeneration, biological N-fixation,
herbicide-control of competing species,
stocking control (spacing), fertilization,
commercial thinning (high, low and
random), wildfire, insect defoliation or
bark beetle attack, rotation length
(financial, volume or technical rotations),
and utilization level at thinning and final
harvest. Although the model is nolmally to
be used for a single nutrient element and
tree crop species, the model has the
structure to handle up to three nutrients
and their interactions, and can have up to
three successive tree species in a rotation
or in a mixture. FORCYTE-II also
includes a simulation of the moisture
control of growth, the effects of
management on site moisture, and the
effect of moisture in limiting fertilizer

response.

FORCYTE-ll est un modele de simulation d'une
technique de gestion forestiere basee sur
l'ecosysteme. II a pour but d'evaluer Ie rendement
de la biomasse, ainsi que Ie rendement economique
et l'efficacite energetique des differentes strategies
d'exploitation intensive de la biomasse forestiere.
Toutes leg grandes techniques de gestion forestiere
utilisees dans leg peuplements d'age homogene
peuvent etre simulees, de meme que certaines
perturbations naturelles : preparation du site
(defrichement par Ie feu), plantation, regeneration
par rejet ou naturelle, fixation biologique de l'azote,
controle par leg herbicides des especes rivales,
controle du peuplement (espacement), fertilisation,
eclaircissement commercial (fort, faible ou
aleatoire) , feux de foret, defoliation par leg insectes
ou maladies provoquees par Ie postryche ou Ie
scolyte, duree des rotations (financiere, de volume
ou technique) et niveaux d'utilisation a
I' eclaircissement et a la recolte finale. Bien que Ie
modele doive normalement etre utilise pour une
seule substance nutritive et une seule espece
d'arbre, il peut eventuellement accepter trois
substances nutritives et leurs interactions, ainsi que
trois especes successives d' arbres en rotation ou en
melange. Le FORCYTE-ll comprend aussi une
simulation du parametre humidite-croissance, des
effets de la gestion sur l'humidite du terrain et de
l'effet limiteur de l'humidite sur la reaction aux

engrais.

193. KIMMINS, J.P.; SOLLINS, P. 1989. Modelling long-term forest productivity. Pages
202-220 in D.A. Perry et al., eds. Proc. Symp. Maintaining the Long-Term Productivity
of Pacific Northwest Forest Ecosystems, Portland, Oregon, Spring 1987. Timber Press
Inc., Portland, Oregon. 256 p.

Malgre les variations a court terme du rapport de
I' offre a la demande de bois, les projections de la
croissance demographique mondiale anterieures a
I'epidemie du SIDA portent a croire que la

In spite of short-tenn variations in the
global timber supply/demand ratio, pre-
AIDS projections of world population
growth suggest that demand will exceed
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realisees, l'une d'elle a deja donne
d'interessants resultats. Nous avions en
effet prevu de cultiver des plants sous
tunnel a couverture de polyethylene et d'en
verifier l'influence sur la croissance. Le
tunnel de culture ayant, jusqu'ici trouve ses
applications principalement en horticulture,
nous avons pense qu'il pourrait etre aussi
profitable a la culture de plants d'arbre.

tunnel and to determine its effect on growth. We
believe that the tunnel, which has been used
primarily in horticulture to date, could also be
beneficial for growing tree seedlings.

195. LABRECQUE, M.; BELLEFLEUR, P.; SIMON, J.P.; POPOVICH, S. 1989. Influence
of light conditions on the predetermination of foliar characteristics in Betula
alleghaniensis Britton. Pages 497-501 in E. Dreyer et al., eds. Proc. Int. Symp. on For.
Tree Physiol., Nancy, France, 25-30 September 1988. Ann. Sci. For. Vol. 46 (suppl.).
875 p.

Toutes les caracteristiques analysees (structure,
anatomie, teneur en chlorophylle) concordent et
montrent que I'eclairage auquelles vegetaux sont
exposes in flue sur Ie developpement des premieres
feuilles du printemps suivant. Les consequences sur
I' anatomie et, particulierement, sur Ie nombre de
lacunes sont evidentes. En outre, ceci explique
pourquoi la surface foliaire specifique des semis
cultives Ii I'ombre durant I'annee « n » n'etait pas
aussi import ante. Nos resultats montrent que, Ii
mesure que I'on avance dans la saison, les
premieres feuilles subissent de plus en plus
I'influence de I'eclairage dans leur nouvel
environnement. De meme, les dernieres feuilles
semblent ne subir I'influence que des conditions
d'eclairage de I'annee en cours.

All analyzed characteristics (structure,
anatomy and chlorophyll content) agree
and demonstrate that the light conditions to
which plants have been exposed have an
influence on the development of early
leaves the following spring. The
consequences on anatomy and, notably, on
number of air spaces are evident.
Furthermore, this explains why specific
leaf area for seedlings grown under shade
conditions during year 'n' were not as
important. Our results demonstrate that, as
the season progressed, the early leaves
were more and more influenced by the
light conditions in their new environment.
Similarly, late leaves seemed to be
influenced only by current-year light
conditions.

196. 

LABRECQUE, M.; POPOVICH, S. 1987. Grades and morphological characteristics for
hardwood planting stock in Quebec. Pages 85-87 in C. Granger, ed. Proc. Sixth
Canadian Bioenergy R&D Seminar, Richmond, B.C., 16-18 February 1987.

By using techniques of tree growing under
a polyethylene-covered greenhouse, it is
now possible to produce, over one growing
season, almost all hardwood species
commonly planted in southern Quebec.
Considering these possibilities, new
grading rules for four hardwood species
are proposed. Various criteria of quality
have been analyzed and correlated with
morphological data taken from plant stems.

L 'utilisation de techniques de production, sous
tunnel a couverture de polyethylene, pennet de
produire, en une seule saison, la majorite des
especes d'arbres feuillus destines au reboisement
dans Ie sud du Quebec. Compte tenu de res
possibilites, de nouvelles nonnes de production sont
proposees pour quatre especes d'essences feuillues.
Differents indices de qualite ont ete analyses et
correles aux donnees morphologiques mesurees sur
les tiges des plants.
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de culture sermt un excellent moyen
d'accelerer la rapidite de developpement
des plants tout en garantissant de meilleurs
sucres apres la plantation.

199. LABRECQUE, M.; POPOVICH, S. 1990. Productions sous tunnel ou au champ:
influence sur la survie de plants de chenes apres plantation. For. Chron. 66 : 494 -497.

L 'utilisation du tunnel a couverture de
polyethylene perrnet d' accroitre
grandement la croissance des plants. Cette
rapidite avec laquelle les plants se
developpent peut-elle cependant affecter
leur qualite et nuire a leur chance de
reprise et de croissance apres la plantation?
Afin de verifier cette hypothese, des
plantations experimentales ant ete realisees
avec deux especes de chenes (Quercus
macrocarpa Michx. et Q. rubra L.). La
survie et I' accroissement en hauteur des
plants produits, soit en une saison sous
tunnel (PST), soit en deux ans au champ
(PAC) selon les methodes
conventionnelles, ant ete comparees. Pour
les deux especes considerees les plants
PST ant presente, apres la plantation, des
pourcentages de survie significativement
superieurs a ceux des plants PAC. Les
analyses de la variation des taux de survie
au cours des semaines et des mois qui ant
suivi la plantation nous laissent croire que
les differences observees s'expliqueraient
par Ie fait que les plants de deux ans PAC
subissent un choc de transplantation
beaucoup plus considerable que celui que
connaissent les plants PST. Tout en
perrnettant de produire en une seule saison
des plants de fortes dimensions, la culture
sous tunnel favorise aussi un enracinement
mains profond des plants a racines
pivotantes. Le choc a l'arrachage est mains
important et la reprise apres la plantation,
meilleure.

The use of polyethylene-covered greenhouse has
proven to be an effective method to promote the
growth of seedlings. Could this improvement of the
rate of growth affect quality of seedlings and their
field performance after planting? To test this
hypothesis, experimental plantations were made
with two species of oak (Quercus macrocarpa
Michx. and Q. rubra L.). Survival and growth in
height after planting were compared between
seedlings produced in one season under
polyethylene or in two years in open field
conditions. For both species. survival percentages of
the greenhouse-cultivated stock were superior to
those of the field-cultivated seedlings. Analysis of
the variation of the survival percentages during
weeks and months following outplanting leads us to
believe that the field-cultivated seedlings are
probably subjected to a greater transplanting shock.
The production of large seedlings, in only one
season under greenhouse conditions, promotes the
development of a more superficial root system.
Root damage at lifting is less important and the
chance of successful establishment after planting are

improved.

200. LABRECQUE, M.; RICHER, C.; BEAUDOIN, M.F.; POPOVICH, S. 1989. Potentiel de
croissance d' especes ligneuses destinees-a la culture intensive par courtes rotations.
Pages 151-153 in Compte rendu du septieme seminaire canadien de R&D en bioenergie,
Ottawa (Ontario), 24-26 avril 1989.
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203. LUCAS, J.S. 1980. Intensive culture of plantations to maximize biomass production.
Pages 199-202 in Proc. Second Bioenergy R&D Seminar, Ottawa, Ontario, 26-27 March
1980.

In eastern Ontario, there is an abundance
of marginal land no longer in production
for agricultural purposes but well suited for
growing forest crops. Under ENFO R, the
Ontario Ministry of Natural Resources is
producing planting stocks and establishing
intensively managed plantations of
different fast growing species at different
spacings to establish biomass yields on
typical sites. Japanese larch, tamarack and
green ash are all being investigated both in
pure blocks and interplanted with nitrogen
fixing European alder.

Dans 

I'est de l'Ontario, on compte de nombreusesterres 
qui ne sont plus cultivees mais qui sontpropices 

a la culture d'essences forestieres. Dans Iecadre 
du programme ENFOR, Ie ministere des

Ressources naturelles de I' Ontario travaille a la
production de semis et a I'etablissement de
plantations de ligniculture de diverses especes a
croissance rapide. On fait varier I'espacement afin
de determiner, pour des stations typiques, les
rendements soit en meleze du Japon, soit en meleze
laricin, soit en frene vert, chaque espece etant ou
non melangee a des aulnes d'Europe, qui ont la
propriete de fixer I'azote.

204. 

LUCAS, J.S. 1981. Intensive culture of plantations to maximize biomass production
(Phase III). ant. Min. Natl. Res., Unpubl. Contractor's Rep. ENFOR P-75. 9 p. + app.

In eastern Ontario, there is an abundance
of marginal land no longer in production
for agricultural purposes but well suited for
growing forest crops. Under ENFOR, the
Ontario Ministry of Natural Resources is

establishing intensively managed
plantations of different fast growing
species at different spacings to produce
biomass on typical sites. Japanese larch,
tamarack and green ash are all being
investigated both in pure blocks and
interplanted with nitrogen fixing European
alder. Phase III consists of the shipping
and outplanting of 73 000 seedlings and
completes the plantations established under
this study.

Dans I'est de l'Ontario, on trouve beaucoup de
terres margin ales en triche, mais qui conviennent
bien it la culture d'essences forestieres. Dans Ie
cadre du programme ENFOR, Ie ministere des
Ressources naturelles de l'Ontario etablit des
plantations de ligniculture de differentes essences it
croissance rapide, it divers espacements, afin de
produire de la biomasse dans des stations typiques.
Le meleze japonais, Ie meleze laricin et Ie frene
vert sont tous etudies en blocs purs et en plantations
intercalaires avec I'aulne glutineux, fixateur d'azote.
A I' etape III, on expediera et on transplantera
73 000 semis et on completera les plantations
etablies en vertu de I'etude.

205. 

LUCAS, J.S.; MacDUFF, W.O. 1979. Intensive culture plantations to maximize biomass
production: Phase I and II. ant. Min. Natl. Res., Unpubl. Contractor's Rep. ENFOR
P-75. 18 p. + app.

Dans I'est de l'Ontario, on trouve beaucoup de
terres marginates en triche, mais qui conviennent
bien a la culture d'essences forestieres. Dans Ie
cadre du programme ENFOR, Ie ministere des
Ressources naturelles de l'Ontario produit du
materiel de plantation et il etablit des plantations de
ligniculture de differentes essences a croissance
rapide, selon divers espacements, pour etablir les

In eastern Ontario, there is an abundance
of marginal land no longer in production
for agricultural purposes but well suited for
growing forest crops. Under ENFOR, the
Ontario Ministry of Natural Resources is
producing planting stock and establishing
intensively managed plantations of
different fast growing species at different
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pour la mesure de l'ecart entre la temperature du
thermometre mouille et celIe du thermometre sec;
(3) un pyITadiometre pour Ie rayonnement total
resultant; (4) un pluviometre a auget basculeur; et
(5) un ordinateur Campbell Scientific CR7. La
conception a ete faite au departement de goographie
de l'universite Queen's, a Kingston (Ontario), et la
mise en place et leg essais a la pepiniere forestiere
experiment ale de Pasadena du Centre de foresterie
de Terre-Neuve, durant l'ete de 1985.

measurement of dry- and wet-bulb
temperature difference; (3) a net
pyn-adiometer; (4) a tipping bucket rain
gauge; and (5) a Campbell Scientific CR7
data system. The development work was
conducted in the Department of
Geography, Queen's University, Kingston,
Ontario, and the field installation and
testing was done at the Newfoundland
Forestry Centre, Pasadena Forest Research
Nursery, in the summer of 1985.

MEADES, W.J. 1988. The integration of forest site classification and FORCYTE-10
calibration for balsam fir in western Newfoundland. Pages 29-40 in T .M. Williams and
C.A. Gresham, eds. Proc. of lEA Workshop on Predicting Consequences of Intensive
Forest Harvesting on Long-Term Productivity by Site Classification, Clamson Univ.,
Georgetown, South Carolina, 2-9 October 1987. lENBE Project A3 (CPC-10), Rep.
No.6.

La taxonomie des classifications des stations
forestieres est essentielle II I' etude comparative de
la structure et de la fonction des ecosystemes. Elle
serf en outre de vehicule de communication entre
les amenagistes et les scientifiques de la foret.
Toutefois, Ie potentiel edaphique de la croissance
des arbres dans un type de station peut etre modifie
considerablement par les ecarts des processus
biologiques provoques par un changement
d'intensite et de frequence des causes de
perturbation. Une meilleure connaissance des
processus de succession qui precedent la fermeture
du couvert est indispensable II la prescription de
mesures sylvicoles avisees, que I' on peut conserver
au cours de plusieurs revolutions. La complexite de
la prediction du resultat des strategies
d'amenagement intensif est encore doublee par la
diversite nature lIe de la vegetation preclimacique,
relativement aux combinaisons de traitements que
I' on pourrait envisager. La solution eventuelle II ces
problemes pourrait resider, du moins en partie, dans
I'integration des classifications fines des successions
dans les modeles hybrides de simulation tels que Ie
modele FORCYTE.

The taxonomy of forest site classifications
provides an essential means of comparative
studies of ecosystem structure and function
as well as the practical means of
communication between forest managers
and forest scientists. However, the edaphic
potential for tree growth on a site type can
be modified considerably by variation in
biological processes due to changes in the
intensity and frequency of disturbance. A
more complete understanding of
successional processes prior to crown
closure is prerequisite to development of
sound silvicultural prescriptions that can be
sustained over several rotations. The
complexity of predicting the outcome of
intensive forest management strategies is
further confounded by the natural diversity
of seral vegetation relative to the possible
treatment combinations that might be
contemplated. Future solution to these
problems may be found, at least in part, in
the integration of refined classifications of
seral vegetation with hybrid simulation
models such as FORCYTE.

OGAR, G.E. 1981. Effects of spacing and NK fertilizers on dry matter accumulation
and nutrient contents of two-rear-old Populus x euramericana cv. 1-45/51 and cv.
robusta DN17. Environ. Can, Can. For. Serv., Petawawa Natl. For. Inst., ENFOR Rep.
P-121. 119 p. + app.
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L' applicabilite, tant actuelle que potentielle, du
FORCYTE-II n'a ete jugee elevee que pour I'une
des seize preoccupations identifiees -la necessite de
definir des regimes d'amenagement des forets
mixtes. Son applicabilite actuelle et future a ete
jugee moyenne Ii I'egard de trois autres
preoccupations (la difficulte de regeneration de
I' epinette blanche, les effets ecologiques incertains
du materiel de preparation du terrain et I'utilisation
inadequate des donnees disponibles). Son
applicabilite Ii trois autres domaines de
preoccupation a ete jugee faible Ii I'heure actuelle,
mais potentiellement moyenne (concurrence des
arbustes et des graminees, restrictions de I'usage
d'herbicides et integration de Ia recoite des resineux
et des feuillus).

For only one of 16 identified concerns -
need to define mixedwood management
regimes -was FORCYTE-ll judged to
have high applicability both presently and
potentially. For three concerns (difficulty
of white spruce regeneration, uncertain
ecological effects of site preparation
equipment and inadequate use of existing
information) applicability of the model was
considered to be medium, now and in the
future. There were three concerns with
presently low but potentially medium
applicability (competition from shrubs and
grasses, restrictions to herbicide use and
integration of softwood and hardwood
harvests) .

211. PETERSON, E.B.; KABZEMS, A.; KABZEMS, R.D.; PETERSON, N.M. 1989. Boreal
mixedwood forest management challenges. Pages 227-231 in E.N. Hogan, ed. Proc.
Seventh Canadian Bioenergy R&D Seminar, Ottawa, Ontario, 24-26 April 1989.

On behalf of the Northern Forestry Centre,
over 50 forest managers and researchers
were interviewed in early 1988 to seek a
consensus on today's main challenges for
mixedwood management. From
northeastern British Columbia to
southeastern Manitoba the most commonly
mentioned concerns were: competition
from shrubs and grasses after clearcutting;
restrictions to the silvicultural use of
herbicides; difficulties to achieve white
spruce regeneration; uncertainties about the
ecological effects of site preparation
equipment; ill-defined management
regimes for mixedwood ecosystems;
difficulties in managing and using decayed
aspen; inadequate inventory data on boreal
hardwoods and understorey conifers; and
inaccurate allowable annual cut projections
now that hardwood species are
commercially important. Planning time
horizons remain very short for most
mixedwood forest managers but the
increasing use of hardwoods is expected to
encourage a shortening of rotations.
Today's mixedwood forest managers do
not place a high priority on nutrition
management nor on the use of boreal
biomass for energy production. Several
respondents stressed that there ru.e

Pour Ie compte de Centre forestier du Nord, plus de
50 gestionnaires et chercheurs en foresterie ont ete
interroges au debut de 1988 au sujet des principaux
problemes qui touchent actuellement I'amenagement
des peuplements melanges. Du nord-est de la
Colombie-Britannique au sud-est du Manitoba, les
problemes mentionnes Ie plus souvent etaient les
suivants : competition des arbrisseaux et des
graminees apres des coupes rases; restrictions
imposees it I'utilisation des herbicides en
sylviculture; difficultes it regenerer I' epinette
blanche; incertitudes quant aux effets ecologiques
de I'equipement de preparation des sites; mauvaise
definition des regimes d'amenagement destines aux
ecosystemes melanges; difficultes relatives it la
gestion et it I'utilisation du tremble pourri; lacunes
dans les donnees d'inventaire relatives aux feuillus
boreaux et aux coniferes de sous-etage; et
inexactitude des previsions des coupes annuelles
permissibles, maintenant que les feuillus soot
comrnercialement import ants. Les horizons de
planification restent tres courts pour la plupart des
gestionnaires des forets melangees, mais on prevoit
que I'utilisation croissante des feuillus favorisera un
raccourcissement des rotations. Les gestionnaires
des forets melangees d'aujourd'hui ne donnent pas
un haul degre de priorite it la gestion nutritionnelle
ni it I'utilisation de la biomasse boreale pour la
production d'energie. Plusieurs des personnes
interrogees ont insiste sur Ie fait qu'il serait possible
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donnees recueillies pendant leg travaux d'etalonnage
sur Ie terrain. Toutes leg entrees ont ete
documentees. Une simulation factorielle a ete
realisee en vue d'evaluer la reponse du modele a
I' eclaircie et a la fertilisation. On compare leg
resultats de cette experience avec leg resultats d'une
experience semblable realisee avec Ie modele
FORCYTE-IO. On compare leg resultats obtenus
avec leg donnees disponibles publiees dans la
documentation et celles obtenues au cours
d'experiences sur Ie terrain dans la region.

factorial experiment was conducted to
provide an evaluation of the model's
response to thinning and fertilization. A
comparison of this experiment with the
results from a similar experiment using
FORCYTE-IO is provided. Results are
compared with available data from the
literature and field experiments in the area.

214. RICHARDSON, J.; FUREY, W. 1982. Reforestation of areas harvested for biomass in
Newfoundland. Pages 139-143 in Proc. Fourth Bioenergy R&D Seminar, Winnipeg,
Manitoba, 29-31 March 1982.

Alternative methods of site management
are being compared following whole-tree
chipping of a white birch stand in
Newfoundland. In the absence of other
treatments, a dense stand of birch sprouts
and seedlings developed quickly. Light
ground scarification had a negligible effect
on hardwood regrowth. Severe ground
disturbance considerably but temporarily
reduced hardwood regrowth. Herbicides
controlled hardwoods sufficiently to permit
softwood reforestation. Several softwood
species have been seeded and planted on
all site treatment combinations.

Differentes methodes d'amenagement du terrain ont
ete comparees apres la transformation en copeaux
d'une recolte de bouleaux blancs a Terre-Neuve. En
l'absence d'autres traitements, un peuplement dense
de pousses et de jeunes plants de bouleaux s'est
developpe rapidement. Une scarification legere du
sol a eu un effet negligeable sur Ie repeuplement
des bois durs. Dans les sols, de Ires mauvaises
conditions ont beaucoup empeche les bois durs de
repousser mais cette situation n'est que temporaire.
Les herbicides ont contr6le suffisamment la
croissance des bois durs pour permettre Ie
reboisement des bois mous. Plusieurs essences de
bois mou ont ete ensemencees et plantees sur toutes
les combinaisons de traitement du sol.

215. RICHARDSON, J.; FUREY, W. 1984. Reforestation after harvesting white birch stands
for biomass in Newfoundland. Pages 102-106 in S. Hasnain, ed. Proc. Fifth Canadian
Bioenergy R&D Seminar, Ottawa, Ontario, 26-28 March 1984.

After full-tree harvesting of a white birch
stand in Newfoundland, birch sprouts and
seedlings develop rapidly and densely.
Scarification and herbicide treatment were
not required to permit successful softwood
reforestation. Black spruce bareroot
seedlings reforested the site better than
containerized seedlings of white spruce,
black spruce or Japanese larch, or
broadcast seeding of black spruce.

Apres la coupe d' arbres entiers dans un peuplement
de rouleaux blancs it Terre-Neuve. leg pousses et
leg jeunes plants de bouleau se sont developpes de
Cagan rapide et dense. II n'a pas fallu recourir it une
scarification et it un traitement herbicide pour
obtenir une bonne restauration des coniferes. Les
jeunes plants it racines nues d'epinettes noires ant
mieux reboise Ie site que leg plants d'epinettes
blanches, d'epinettes noires ou de melezes du Japan
en recipients. ou que leg semis it la volee
d .epinettes noires.
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Fast-growing Salix plantations can be
coppiced every one to three years to
produce biomass for liquid and solid fuels.
Willow shelterbelts can be pollarded every
five to eight years for domestic fuel. In
Newfoundland 140 salix clones are being
tested for energy plantations, shelterbelts
and multiple non-energy uses. Salix alba
clones from Italy and Romania have grown
the fastest with a mean height of 239 cm
over two seasons of growth. On the basis
of these early tests, 8-11 tonnes dry
matter/ha/year are feasible. Potential
energy plantation sites include barrens,
peatlands and converted scrub forest areas.

Les plantations de SaiL\: a croissance rapide peuvent
etre tail lees a un intervalle de un a trois ans pour
produire de la biomasse pour combustibles liquides
et solides. Des ceintures protectrices de saules
peuvent etre etetees tout les cinq a huit ans pour Ie
combustible domestique. A Terre-Neuve, on
procede a des etudes sur 140 clones SaiL\: en vue de
les utiliser dans des plantations a des fins
energetiques, des ceintures protectrices et des
usages multiples a des fins non energetiques. Les
clones SaiL\: alba en provenance d'Italie et de
Roumanie ont connu la croissance la plus rapide,
avec une hauteur moyenne de 239 cm apres deux
saisons de croissance. D'apres ces premiers essais,
8 a 11 tonnes de matiere anhydre par hectare
peuvent etre produites annuellement. Les sites
potentiels de plantations a des fins energetiques
comprennent les terrains peu fertiles, les tourbieres
et les farets de broussailles converties.

219. ROBERTSON, A. 1984. An introduction to European willows. Environ. Can., Can. For.
Serv., Nfld. For. Res. Cent., Info. Rep. N-X-226. 41 p.

La culture agroforestiere it rotation courte de rosier
et des saules en taillis remonte aux debuts des
civilisations grecque et romaine. Au cours de la
demiere decennie, leg saules ant connu un regain de
faveur en toot que source bon marche et it
croissance rapide d'energie. De nouveaux
programmes de recherche et de developpement sur
leg plantations it rotation courte sont en cours en
Suede, en Irlande, en Grande-Bretagne, en Finlande,
en Nouvelle-Zelande et, depuis peu, au Canada et
aux Etats-Unis. Le present rapport constitue une
introduction fondamentale aux saules europeens en
general et aux possibilites de certaines especes
commercialisables. Des notes historiques donnent
des exemples des premieres utilisations et des
mythes qui ant influe sur la perception et la culture
contemporaines du saule.

As a short-rotation agroforestry crop,
willow coppice and osier production dates
back to early Greek and Roman
civilizations. Within the last decade
willows have again become attractive as a
cheap, fast-growing energy source. New
research and development programs on
short-rotation energy plantations are
underway in Sweden, Eire, Britain,
Finland, New Zealand and, more recently,
Canada and the United States. This report
provides a basic introduction to European
willows in general and the potential of
commercial species in particular. Historical
notes include selected examples of early
uses and mythology that influenced
contemporary perception and cultivation of
willows.

220. ROBERTSON, A. 1984. Willow plantations in agroforestry. SPAN 27(1):32-34.

Throughout much of the northern
coniferous, or boreal. forest region in
Canada. Scandinavia and the USSR,
forestry and agricultural activities are not
particularly well integrated. at least not in
the strict sense of agroforestry. Whatever
the reason for the divergence between

Dans la plus grande partie de la foret boreale ou de
la foret coniferienne du nord, au Canada, en
Scandinavie et en V.R.S.S., I'activite forestiere et
I' activite agricole ne sont pas particulierement bien
integrees, du mains pas au sens strict ou on I'entend
en agroforesterie. Quelle qu'ait ete la cause de la
separation de ces deux disciplines etroitement
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As the demand for forest products
escalates, forest managers are increasingly
concerned about the possible detrimental
effects of intensive management and
increased biomass utilization on the
long-term productivity of forest lands. The
best estimate of the effects of current or
planned management practices on future
site productivity comes from multi-rotation
long term experiments. However, forest
planners require more immediate estimates
for allowable cut determinations. In
addition, increased public awareness of the
planning process requires that forest
managers address the problem now.
Simulation modelling can provide a means
to integrate and project forward the results
of current studies. The FORCYTE-11
computer simulation model has been
calibrated for Douglas-fir forests using
literature and inventory data. It is being
used to examine the consequences of
shorter rotations, increased biomass
utilization, and slash burning on the
long-term productivity of good and poor
quality Douglas-fir sites. Current plans are
to use the model to rank the projected
effects of different management scenarios
on long term site productivity in preparing
10-year management plans for western
Oregon.

Au fur et II. mesure que la demande de produits
forestiers monte en fleche, les gestionnaires
forestiers sont de plus en plus preoccupes par les
effets nefastes possibles de l'amenagement intensif
et de l'utilisation accrue de la biomasse sur la
productivite II. long terme des Carets. La meilleure
estimation des effets des pratiques de gestion
actuelles ou prevues sur la productivite future des
sites dont on dispose a ete foumie par des
experiences de multirotation a long terme.
Toutefois, les planificateurs forestiers ont besoin
d'evaluations plus immooiates pour determiner
quelles sont les coupes permissibles. En outre, une
prise de conscience accrue du public en ce qui
conceme Ie processus de planification exige que les
gestionnaires forestiers resolvent ce probleme des
maintenant. Les modeles de simulation par
ordinatcur peuvent constituer un outil d'integration
et d' extrapolation II. partir des resultats des etudes
courantes. Le modele de simulation par ordinateur
FORCYTE-ll a ete etalonne pour etre applicable
aux forets de pin Douglas grace a des donnees
recueillies dans la documentation et dans des
inventaires. II sert a etudier Ies consequences de
rotations plus courtes, de I'utilisation accrue de Ia
biomasse, et du bnilage de remanents sur Ia
productivite II. long terme des Carets de pin Douglas
de bonne et de mauvaise qualite. Actuellement, on
cherche Ii utiliser Ie modele pour classer les effets
prevus de differents scenarios d'amenagement sur la
productivite Ii long terme des sites, dans Ie cadre de
la preparation de plans d'amenagement decennaux
dans l'ouest de l'Oregon.

223. STRONG, W.E. 1988. Energy forests. Pages 93-95 in C. Granger, ed. Proc. Sixth
Canadian Bioenergy R&D Seminar, Richmond, B.C., 16-18 February 1987.

Research in energy crops in Newfoundland
began about six years ago using willows
(Salix spp.). A mean production level of 8
to 12 t (DM)/ha/yr is a practical objective.
Emphasis is also being placed on
biogeographical and biometeorological
studies to ensure best clone/site matching.
Willows could have a limited application
in areas which have high-cost fossil fuel
requirements.

L 'etude des cultures energetiques it Terre-Neuve a
commence il y a environ six ans it l'aide de saules
(SaiL\' spp.). Un niveau de production moyen de 8 it
12 t (ms)/ha/an constitue un object if pratique, et on
insiste aussi sur des recherches biogoographiques et
biometeorologiques en vue d 'une combinaison
optimale de clones/terrains. Les saules pourraient
trouver des applications limitees lit ou Ie cout des
combustibles fossiles est eleve.
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willows (Sa/it sppJ. Author and species
indexes are provided.

s'attaquer aux saules (Sala spp.). Cette liste est
accompagnee de tables alphabetiques des auteurs et
des especes concemes.

227. 

WILTON, W.C. 1983. Salix for biomass fuel and energy conservation. Environ. Can.,
Can. For. Serv., Nfld. For. Res. Cent., Unpubl. Contractor's Rep. ENFOR P-172. 31 p.

A research program to evaluate the genus
Salix for agroforestry and community
shelter-belt purposes was initiated by the
Newfoundland Forest Research Centre in
1980. The first stage of this program
involved the testing of clones from
selected North American and Eurasian
species. During 1981, a total of 140
different clones was collected and
established in stooling beds at Bowring
Park, St. John's, in eastern Newfoundland
and at Pasadena in western Ne\vfoundland.
The propagation and maintenance of these
clones was undertaken in 1982. This report
describes the work undertaken at the two
locations. It also presents, in tabular form,
the results of growth measurement taken
throughout the season.

En 1980, Ie Centre de recherches forestieres de
Terre-Neuve a entrepris un programme de
recherches pour evaluer Ie genre Sa/ix dans un
conte.Jde agroforestier et pour la plantation de brise-
vent communautaires. Dans un premier temps, on a
eprouve des clones d'especes nord-americaines et
eurasiennes choisies. En 1981, on a collecte
140 clones et on a etabli des planches pour leg
souches meres Ii Bowring Park, Ii St. John's, dans
I'est de Terre-Neuve et Ii Pasadena, dans I'ouest de
la province. En 1982, on a entrepris la
multiplication et I'entretien de ces clones. Le
rapport decrit leg travaux realises dans les deux
localites. II presente egalement, sous forme de
tableaux, les resultats des mesures de
I' accroissement prises tout au long de la saigon.
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32 bits. Un progiciel d'utilisation facile, PROBE, a
ete mis au point pour faciliter la preparation,
l'execution et l'analyse des nombreux passages en
machine des modeles de simulation pour des
applications telles que l'analyse de la sensibilite et
les jeux d'entreprises. Le PROBE a servi a l'analyse
preliminaire de la sensibilite du modele
FORCYTE-ll.

equipped with a 32-bit coprocessor board.
A user-friendly software package, PROBE,
was developed to facilitate the preparation,
execution and analysis of multiple runs of
simulation models for applications such as
sensitivity analysis and management
gaming. PROBE was used to conduct
preliminary sensitivity analysis of
FORCYTE-ll.

230. 

APPS, M.J.; MacISAAC, D.A. 1989. The role and use of models in decision support.
Pages 95-108 in M.J. Ker, compo Proc. 4th Modelling Workshop, Fredericton, New
Brunswick, For. Can., Marit. Reg., 24-25 October 1989.

La communication fait suite a une discussion laissee
en suspens a la premiere reunion du groupe de
travail de Forets Canada sur la modelisation
(Ottawa, 1985) : l'application, dans des situations
concretes, de modeles de recherche fondamentale.
Ce faisant, on effleure les elements d'une question
plus large, Ie role de la recherche fondamentale
dans la prise de decisions. On insiste sur la
dynamique temporelle en laissant de cote les
variations spatiales.

This paper addresses a discussion which
was left unresolved at the first Forestry
Canada Modelling Working Group
Meeting (Ottawa, 1985): the use of basic
research models in practical applications.
In doing so, components of a larger
question -the role of basic research in the
decision making process -are touched
upon. The focus of this paper is on
temporal dynamics and does not deal
explicitly with spatial variation.

On commence par examiner les differences entre les
modeles de recherche explicatifs et les modeles de
prediction qui aident it la prise de decisions. Le role
de ces demiers modeles est examine rapidement. Un
argument est donne en faveur de la prise en
consideration de l'ecosysteme dans les predictions it
l'echelon du peuplement et il est illustre par
l'exemple du modele FORCYTE-ll. On decrit un
ensemble de logiciels (progiciel PROBE) qui
codifient les principales eta pes de l'emploi des
modeles de simulation dans la prise de decision.
Enfin, on presente un exemple de simulation de
l'ecosysteme par le modele FORCYTE-ll pour
montrer les avantages de cette voie d'approche.

The approach begins with an examination
of differences between research models
which are used for understanding and
forecasting models that are used in
decision suppo11 roles. The role of
forecasting models in decision support is
briefly examined. An argument in favour
of an ecosystem view for stand level
predictions is then given and illustrated
with FORCYTE-ll. A set of software
utilities (PROBE) which codify the main
steps for using simulation models in
decision support is described. Finally, an
example FORCYTE-ll ecosystem
simulation is presented, to illustrate the
advantages of this approach.

231. BERNIER, B. 1984. Nutrient cycling in Populus: A literature review with implications
in intensively managed plantations. Fac. For., Univ. Laval, IENENFOR Rep. 46 p.

Les besoins accrus de biomasse forestiere pour la
production de pate, ou d'energie, ont souleve un
interet particulier pour les plantations denses de
peuplier cultive en taillis a courte revolution. Parce

The increasing needs for forest tree
biomass for pulp production or as a source
of energy have raised much interest for
dense plantations of poplars intensively
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Hydrology of Wetlands in Temperate and Cold Regions, Joensuu, Finland, 6-8 June
1988. Vol. 2, Publ. Academy of Finland.

On a examine, dans des tourbieres forestieres et des
tourbieres de terrains coupes a blanc dans lesquelles
on avait creuse des tosses de drainage a divers
espacements, les profils de la nappe phreatique dans
la periode du 7 mai au 21 octobre 1987. Quatre
types de vegetation (groupes operationnels ou GO)
y etaient representes. Entre les tosses, la profondeur
de la surface de saturation a diminue avec
l'augmentation de l'espacement entre les tosses et
avec la distance du fosse. Les ecarts entre la
profondeur de la surface de saturation des GO
etaient attribuables aux ecarts entre I' espacement
des tosses, la profondeur de la tourbe et la
profondeur de la couche fibrique. La frequence et la
duree de trois classes de profondeur de la surface
de saturation, representatives de regimes tres
humide, humide et sec, ont ete confrontees a la
profondeur d'enracinement de l'epinette noire.
L'espacement optimal entre les tosses a ete
considere comme celui qui permettait a la fois la
frequence la plus grande des conditions d'humidite
moyenne et la courte duree des periodes d'humidite
excessive ou insuffisante. L' espacement optimal
variait de moins de 30 m (tourbiere basse peu
arboree du GO 14) a 60 m (GO 11). Ces
espacements ont ete consideres comme specifiques
a la situation qui existe dans la station et ils peuvent
ne pas etre optimaux pour toute la duree de la
revolution.

Water table profiles for the period 7 May
to 21 October 1987 were examined in
forested and clearcut peatlands subjected to
various drainage ditch spacings. Four
vegetation types (Operational Groups,
OOs) were represented. Depth to water
decreased between ditches as ditch spacing
increased and as distance from ditch
increased. Differences in depth to water
between OOs were attributable to
differences in ditch spacing, peat depth and
depth of fibric layer. Frequency and
duration of three depth-to-water classes
that represented wet, moist and dry
conditions were compared with rooting
depth for black spruce. Optimum ditch
spacing was regarded as that which
provided the most frequent moist
conditions. combined with short-duration
wet/dry periods. Optimum ditch spacings
ranged from less than 30m (0014 Poor
Treed Fen) to 60m (0011). These
spacings were considered to be specific to
current site conditions, and may not be
optimum for an entire rotation period.

234. BIRD; G.A.; CHATARPAUL, L. 1986. Effect of whole-tree and conventional forest
harvest on soil microarthropods. Can. J. Zool. 64:1986-1993.

The effect of whole-tree and conventional
harvest on soil microarthropods,
Collembola and Acari, was investigated in
a mixed conifer-hardwood forest on the
Canadian Shield. Harvesting had a major
effect on their populations which declined
to 56 and 68% of those on the uncut plot
for the whole-tree and conventional harvest

plots, respectively. Species composition
was unaffected by harvesting although
there were shifts in dominance. It was
found that of the two forest harvesting
methods, conventional harvest had a lesser
impact on soil microarthropods. Because
the forest soil fauna is intimately involved

L' effet de la recolte d' arbres entiers et de la recolte
par la methode classique sur la faune de
microarthropodes du sol, Collemboles et Acarlens, a
fait l'objet d'une etude dans une foret mixte de
coniferes et de bois durs du Bouclier canadien. La
recolte a eu un effet important sur leg populations
qui ant diminue jusqu'a 56 % (terrain de recolte
d' arbres entiers) et 68 % (terrain de recolte
classique) du nombre present dans Ie terrain temoin.
La composition en especes n'a pas ete affectee par
la recolte, bien qu'il y ait eu des changements de
dominance. On a trouve que, des deux methodes de
recolte, c'est la recolte classique qui a eu Ie mains
d'impact sur leg microarthropodes du sol. Comme la
faune du sol des forets est intimement lire a la
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des feuilles subit de fait I'influence de la recolte du
bois.

degree of skeletonization of hardwood leaf
litter is indeed affected by timber harvest.

237. BLOUIN, J.-L. 1980. Document strategique sur la nature et Ie niveau des impacts de la
recolte de la biomasse forestiere sur Ie milieu forestier. Pages 281-284 in Compte rendu
du second seminaire de R&D en bioenergie, Ottawa (Ontario), 26-27 mars 1980.

The major objective is to find, by means of a global
approach, what strategy to adopt in carrying out
studies to determine the effects of harvesting forest
biomass.

L' objectif principal consiste a definir, selon
une approche globale, la strategie touchant
les etudes a entreprendre pour rendre
compte des impacts lies a la recolte de la
biomasse forestiere.

Through a selective review of the literature. the
effects of various activities on the components of
the environment will be determined, their
significance assessed. and their most significant
probable effects identified. The studies which reveal
the most significant effects will then be identified,
and a procedure by which to evaluate effects and
which can be applied to future forest biomass
harvesting projects will be suggested.

Une revue selective de la documentation
permettra de degager l'incidence des
diverses activites sur les composantes du
milieu, de ponderer leur importance et
d'identifier les impacts probables les plus
significatifs. Les etudes susceptibles de
rendre compte des impacts les plus
significatifs seront alors definies et une
procedure d'evaluation d'impact applicable
a des projets eventuels de recolte de
biomasse forestiere sera suggeree.

238. BLOUIN, J.-L. 1982. Monitoring des impacts de la recolte de la biomasse forestiere sur
Ie milieu. Pages 355-358 in Compte rendu du quatrieme seminaire de R&D en
bioenergie, Winnipeg (Manitoba), 29-31 mars 1982.

This project involved the setting up of a monitoring
network that will make it possible to assess the
effects of the extraction of forest biomass on the
main variables in the environment. Within the
framework determined by a biophysical inventory,
permanent pre-cutting parcels are established in an
area of about 40 km2 in Haute Mauricie (49°15'N,
74°30'N). The variables inventoried involve
regeneration (716 quadrats), moose and hare (232
parcels), small mammals (1840 traps/night), birds
(11 stations) and the aquatic environment (28
sampling sites). These data constitute the reference
basis of the monitoring program, which includes a

two-year post-cut follow-up.

Ce projet conceme la mise en place d'un
reseau de monitoring qui permettra
d'evaluer l'effet de l'extraction de la
biomasse forestiere sur les principales
variables du milieu. Dans un cadre fixe par
un inventaire biophysique, des parcelles
permanentes sont etablies avant coupe, sur
un territoire d'environ 40 km2 situe en
Haute Mauricie (49°1S'N, 74°30'N). Les
variables inventoriees ont trait a la
regeneration (716 quadrats), a l'orignal et
au lievre (232 parcelles), aux petits
mammiferes (1840 pieges/nuit), aux
oiseaux (11 stations) et au milieu aquatique
(28 places-echantillons). Ces donnees
constituent la base de reference du
programme de monitoring qui prevoit un
suivi de 2 annees apres coupe.

239. BURGESS, D.(M). 1984. The role of chemical fertilizers in intensive forestry. Environ.
Can., Can. For. Serv., Petawawa Natl. For. Inst., IEA/ENFOR Rep. 46 p. + app.
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que la modelisation ne cadre pas avec les forets
hygrophiles boreales de resineux, parce que les
mecanismes d'absorption et de transfert des
elements nutritifs derogent aux hypotheses du
modele et qu'ils sont mal connus.

inappropriate for boreal evergreen mossy
forests at this time because the
mechanisms of nutrient uptake and transfer
do not conform to model assumptions, nor
are they well understood.

241. CHATARPAUL, L. 1988. Biological and nutritional implications of harvesting biomass:
A central Ontario perspective. Pages 139-145 in C. Granger, ed. Proc. Sixth Canadian
Bioenergy R&D Seminar, Richmond, B.C., 16-18 February 1987.

Les effets de la recolte d'arbres entiers sur divers
aspects de la fertilite des sols ont ete etudies dans
une foret mixte de Centre de l'Ontario. Cette recolte
de la biomasse a produit 43 % plus de fibre qu'une
recolte classique (troncs seulement). Toutefois, la
recolte de la biomasse a augmente la perte locale de
N, P, K, Ca et Mg de 147 % (214 kg/ha), 117 %
(22 kg/ha), 111 % (98 kg/ha), 98 % (294 kg/ha) et
96 % (36 kg/ha), respectivement. Cette recolte
influence aussi significativement Ie cycle du
carbone et de l'azote, leg micro-organismes et
invertebres dans Ie sol, la fixation d'azote, la
denitrification et la nitrification, de meme que la
regeneration.

The effects of whole-tree biomass harvest
on various soil fertility processes were
studied in a central Ontario mixed wood
forest. The biomass harvest yielded 43%
more fibre than the conventional (stem
only) harvest. However, the biomass
harvest increased the export of N, P, K, Ca
and Mg from the site by 147% (214
kg/ha) , 117% (22 kg/ha), 111% (98 kg/ha),
98% (294 kg/ha) and 96% (36 kg/ha)
respectively. Bioma.~s harvest also had
significant influence on other important
processes including carbon and nitrogen
cycling, soil microorganisms and
invertebrates, nitrogen fixation,
denitrification and nitrification. Patterns of
regeneration were also affected.

242. COMMANDEUR, P.R.; WALMSLEY, M.E. 1989. The impact of biomass harvesting on
soil disturbance and surface soil erosion. Pages 239-243 in E.N. Hogan, ed. Proc.
Seventh Canadian Bioenergy R&D Seminar, Ottawa, Ontario, 24-26 April 1989.

Le but du travail est de detenniner jusqu'li quel
point la recolte de biomasse entraine une diminution
de la resistance des sols Ii l'erosion en surface, ainsi
que l'etendue de l'erosion causee par cette
diminution. On a choisi un site dans la zone
biogeoclimatique peuplee de cedres rouges de
l'Ouest et de pruches de l'Ouest situee dans la
region centrale intcrieure de la Colombie-
Britannique. On a procroe Ii la recolte de maniere
traditionnelle au cours de l'automne et l'hiver
1987-1988 Ii l'aide de debusqueuses munies de
pneus en caoutchouc. Trois traitements ant ete
etablis, soit des traitements correspondant Ii des
conditions classiques, Ii la recolte de biomasse et Ii
l'absence de recolte. Pour chaque traitement, trois
parcelles ant ete amenagees en zones de « mini-
drainage » dont les limites correspondaient Ie plus
possible Ii des discontinuites topographiques

The objectives of the study are to
detennine the degree to which biomass
harvesting would lead to a reduction in the
ability of the soils to resist surface erosion,
and the amount of surface soil erosion that
can be attributed to such a reduction. The
study area, located in the Interior Cedar
Hemlock Biogeoclimatic Zone in the
Central Interior of British Columbia, was
conventionally harvested using rubber tired
skidders during the falVwinter of
1987/1988. Three treatments were
established and consisted of conventional.
biomass and unharvested conditions. Three
plots in each treatment were set up as
'mini-drainages'. the boundaries of which
represented. as much as possible. natural
topographic breaks. A skidder was used to
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reducing the habitat of species of birds and of
certain mammals that nest in the trunks of old trees.
The large areas (approximately 40 000 ha) of
hybrid poplars concentrated around biomass
consuming plants (electric generating stations,
methanol or ethanol plants) will reduce the quantity
of habitats for certain ungulates. However, other
species, such as the snowshoe hare, could be greatly
benefited, to the point of becoming a nuisance in
the areas under cultivation.

residus sur les parterres de coupe aura it
notamment comme effet de roouire
sensiblement l'habitat d'especes d'oiseaux
et de certains mammiferes qui nichent dans
Ie franc des vieux arbres. Les grandes
superficies de culture (approximativement
40 000 ha) de peupliers hybrides
concentrees autour de centrales electriques
et d'usines de methanol ou d'ethanol
reduiront regionalement la quantite
d'habitats de certains ongules. Par contre,
d' autres especes tel Ie lievre d' Amerique
pourraient etre grandement favorises au
point d'etre nuisible aux amenagements.

245.

COULOMBE, R.; LEMAY, A.B. 1983. Evaluation des interactions possibles entre la
production de biomasse forestiere et la faune canadienne. Environ. Can., Serv. can.
faune, ENFOR Rapp. P-170. 284 p. + ann.

Toutes les forets foumissent abris et
nourriture Ii la faune. Certaines especes ont
cependant un grand besoin des forets
matures pour assurer leur bien-etre
(caribou, lynx, martre, hibou, etc.). La
coupe de ces forets contribue generalement
Ii roouire la quantile d'habitats disponibles,
diminuant par Ie fait meme leur population.
L' amenagement des forets de seconde
venue devrait egalement prendre en
consideration cette faune des forets
matures en s'assurant qu'une partie des
peuplements atteignent cet etat de maturite.
La suppression de chicots et de rondins
dans Ie but d' augmenter la recolte
contribuera Ii la reduction des habitats
disponibles, pour les oiseaux nichant dans
Ie tronc des arbres, par exemple. Ces
repercussions sur les regions forestieres
canadiennes n'ont pas fait l'objet d'etudes
poussees; il est donc difficile d'etablir des

correlations. Des etudes devraient etre entreprises
pour effectuer I'analyse globale du sujet afin de
definir les mesures preventives a prendre pour
attenuer les effets negatifs probables. Lors de
I' amenagement des forets, il faudra porter une
attention particuliere et prendre des precautions afin
de proteger d'autres especes (rares, menacees ou en
voie d'extinction). Certaines sont sensibles au bruit
et a la presence humaine (grue blanche d' Amerique,
pelican blanc d' Amerique, faucon pelerin).
L' augmentation de la presence humaine consequente
a I' amenagement intensif des forets necessitera de
plus grands efforts d'education pour prevenir des
situations filcheuses. On posse de si peu
d'information sur certaines especes de reptiles,
d'amphibiens et de poissons que seules des etudes
fondamentales sur la biologie, I' ecologie et la
distribution de ces especes permettront d'identifier
et d'evaluer Ie role de ces nouveaux concepts en
foresterie.

See 246 for English.

246. 

COULOMBE, R.; LEMAY, A.B. 1983. Evaluation of potential interactions between
forest biomass production and Canadian wildlife. Environ. Can., Can. Wild. Serv.,
ENFOR Rep. P-170. 262 p. + app.

extremely dependent on mature forests. Logging
these forests generally contributes to reducing
habitats and thus populations. Management of

All forests are suitable habitats for
wildlife. However, some species (woodland
caribou, lynx, marten, owl, etc.) are
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second-growth forests should take into
consideration these species by extending
rotations so part of the forests will serve
these species. Removal of snags and
downed logs to increase amount of raw
material contributes to reducing habitats of,
for instance, tree-nesting birds. As these
aspects have not been studied intensively
within the Canadian forest regions,
interactions can hardly be specified.
Studies are recommended to analyze the
overall problems and define measures to
prevent detrimental effects. Other species

(rare, threatened or endangered) will need specific
attention and precaution on our part in managing
forests. Some are highly sensitive to noise and
human disturbance (whooping crane, white pelican,
peregrine falcon, etc.), others are very sensitive to
harassment. Increased human presence within
managed forests will necessitate more educational
programs to prevent detrimental effects. Some
species of reptiles, amphibians and fish are so
poorly documented that only basic studies of the
biology, ecology and distribution will pennit us to
identify and evaluate interactions with these new

forestry concepts.

Voir 245 pour Ie frangais.

247. D.A. WESTWORTH and ASSOCIATES LTD. 1981. A study of the impact on wildlife
of short-rotation management of Boreal aspen stands. D.A. Westworth and Associates
Ltd., Edmonton, Alberta, Unpubl. Contractor's Interim Rep. ENFOR P-164. 25 p.

Les parcelles ctudiees etaient situees dans des
peuplements de 12, de 30 et de 60 ans, domines par
Ie peuplier. II s'agissait d'y detenniner la
productivite et la consommation de brout ainsi que
I'utilisation des peuplements par les oiseaux. Les
premieres conclusions etaient que I'abroutissement
par les ongules etait maximal dans la parcelle de
60 ans, meme si la production de brout y etait la
plus faible. L' abroutissement par Ie lievre
d' Amerique etait maximal dans Ie peuplement de
12 ans, ou Ie rosier, aliment prefere, etait des plus
abondants. Les chicots, particulierement les vieux
que I'on trouve dans Ie peuplement de 12 ans cree
par I'incendie, peuvent se reveler un element
important de I'habitat de certains oiseaux.

Study plots were located in 12-, 30- and
60-year-old aspen dominated stands to
determine their browse productivity,
browse consumption and bird use. Early
findings were that browse use by ungulates
was highest in the 60-year-old plot, even
though browse production was lowest in
this stand. Snowshoe hare browse was
heaviest in the 12-year-old stand where
rose, a preferred food, was most abundant.
Snags, particularly the older ones found in
the 12-year-old fire-origin stand, may
prove to be an important habitat element
for certain birds.

248. D.A. WESTWORTH and ASSOCIATES LTD. 1984. Impact on wildlife of
short-rotation management of aspen stands. Environ. Can., Can. Wild. Serv., West. and
North. Reg., ENFOR Rep. P-203. 134 p. + app.

L 'etude, entreprise dans Ie centre-ouest de I' Alberta
en 1981, comportait une comparaison des conditions
de I'habitat et de I'utilisation, par la faune, de
peuplements de peupliers d'ages differents, y
compris des terrains soumis it la coupe it blanc un
et deux ans auparavant ainsi que des peuplements
de 14, de 30, de 60 et de 80 ans. Les modifications
de la structure de l'habitat entre differents stades de
la succession se sont traduites par une succession
d'especes d'oiseaux, selon I'age du peuplement. La

The study which was initiated in
west-central Alberta in 1981 involved a
comparative evaluation of habitat
conditions and wildlife use of aspen stands
of different ages, including 1- and 2-year-
old clearcuts and 14-, 30-, 60-, and 80-
year-old stands. Changes in habitat
structure between different successional
stages resulted in a successional
replacement of bird species with stand age.
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densite gIobaIe des oiseaux nicheurs serait
susceptible d'augmenter en revolution courte;
toutefois I' abondance du tiers des especes
communes aux forets de peupliers subirait un grOg
recul. A cause de I'absence de grOg chicots dans leg
peuplements amen ages, leg oiseaux qui en
dependent se rarefieraient. La production de brout a
culmine dans leg peuplements de 14 ans, celIe de
graminees et d'herbes it feuilles larges dans leg
peuplements de 14 et de 30 ans, respectivement.
Une revolution courte profiterait donc aux ongules
tant que leg programmes d'amenagement
comprendront des options sylvicoles visant it foumir
it chaque espece I'abri dont elle a regain. Certains
mammiferes it fourrure devraient profiter de Ia
situation; d'autres, en souffrir beaucoup. Ainsi, Ie
lievre d' Amerique, Ie castor, Ie lynx, Ie coyote et Ie
lour bCneficieraient vraisemblablement de la
reduction du peuplier qui succede it un peuplement
melange ou it une foret coniferienne it courte
revolution, tandis que la martre, Ie pekan et
I'ecureuil raux en souffriraient.

Overall densities of breeding birds would
likely increase under short-rotation
management, however approximately
one-third of the species common to aspen
forests would undergo a significant
decrease in abundance. The absence of
large-diameter snags in managed stands
would result in a pronounced decrease in
abundance of snag-dependent birds.
Browse production was highest in the
14-year-old stands while maximum
production of grasses and forbs occurred in
the 14- and 3D-year-old stands,
respectively. As a result, short-rotation
harvesting would be beneficial to ungulates
as long as management programs include
silvicultural options designed to meet the
cover requirements of each species.
Among the furbearing mammals, some
species are expected to benefit while others
are expected to be affected adversely.
Snowshoe hares, beaver, lynx, coyotes and
wolves would likely benefit while species
such as marten, fisher and red squirrel
would be affected adversely by a reduction
in the amount of aspen succeeding to
mixedwood or coniferous forest under
short rotation management.

249. DUPONT CANADA INC. 1988. Lysimeter study on the use of biological sludge as a
fertilizer. DuPont Canada Inc., Maitland Site. Unpubl. Contractor's Rep. ENFOR P-248.
29 p. + app.

Selon I'etude, I'accroissement consecutif a I'emploi
de la boue comme engrais sera it egal, sinon
superieur, a I' accroissement que procure I' engrais
industriel utilise comme temoin. Toutefois, on
observe egalement certains problemes, imputables a
la presence de met au x lourds dans leg boues,
notamment du sodium, dont leg concentrations sont
elevees. Ainsi, leg concentrations de cet element
s'eleveraient dans leg eaux souterraines et Ie sol
ainsi que dans leg vegetaux eux-memes. On estime
que, dans Ie souci d'en arriver a des conclusions
plus detaillees et plus precises, avant la prise d'une
decision finale sur l'emploi des boues biologiques,
d'autres etudes, plus etendues et mieux controlees,
sont exigees.

Results from this study would seem to
indicate that the sludge used 8... a fertilizer
produces growth at least equal to, if not
better than, the commercial fertilizer used
as a control in the study. However, the
results also indicate there may be some
problems with the heavy metals present in
the sludge, especially sodium, \,'hich is
present in significant levels. There are
signs that the sludge produces higher levels
of sodium in the groundwater and the soil,
and also in the chemistry of the plants
themselves. It is felt that for more detailed
and accurate conclusions, before any final
decisions about the use of the biological
sludge is made, further study is required of
a more extensive and controlled nature.

118



250. ERICSSON, T. 1984. Nutrient cycling in willow. Swedish Univ. Agric. Sci.,
IEA/ENFOR Rep. 32 p.

The objectives of this paper are to
summarize the present state of knowledge
regarding nutrient cycling in willow (Sa/Ix)
plantations managed for energy purposes,
identify the major gaps and recommend
further research.

La communication it pour objet de Caire Ie point sur
I' etat actuel des connaissances sur Ie cycle des
elements nutritifs dans les plantations de saules
(Sa/ix) amenagees pour la production d'energie,
d 'en determiner les lacunes et de recommander des
recherches pour I'avenir.

Les besoins nutritifs des saulaies amenagees de
fagon intensive sont eleves car la biomasse produite
des tiges peut y atteindre de 10 Ii 30 t Ii I'hectare et
par annee sur sol fertile. La quantite d'azote
necessaire Ii une telle production se situe entre 200
et 600 kg,l11a, en revolutions d 'une annee. La
production de biomasse par unite d'azote assimilee
peut presque etre doublee par prolongation de la
revolution Ii plus de deux ans. Les besoins en
fertilisants dependent fortement de I' equilibre
nutritif du sol, de I'activite des micro-organismes
ainsi que de I' essence, de la methode de culture, de
la frequence de la recolte et du degre d 'utilisation
de la plante. Les prelevements d'azote dans les tiges
recoltees sont de 3 Ii 8 kg/t; Ie minimum correspond
Ii des periodes de revolution superieures Ii deux ans.
Les pertes d' elements nutritifs dues au lessivage des
sols seront probablement modestes Ii cause du
systeme racinaire vivace, pourvu que la fertilisationne 

se fasse pas Ii des doses elevees.

Nutrient requirements of intensively
managed willow plantations are high since
production may range from 10 to 30
tonnes of stem biomass/ha/yr on fertile
soils. The associated nitrogen required by
plants to sustain such yields amounts to
200 to 600 kg/ha when plantations are
managed on one-year rotations. The
production of stem biomass per unit of
nitrogen taken up can be almost doubled
by extending rotations longer than two
years. Fertilizer requirements are highly
dependent on the nutrient status of the soil
and the microorganism activity. The need
for fertilizers is also influenced by the
choice of species, method of culture,
frequency of harvest and degree of plant
utilization. The removal of nitrogen in the
harvested stem biomass is from 3 to 8
kg/tonne; the lower value corresponds to
harvest cycles longer than two years.
Nutrient losses due to leaching will
probably be small because of the perennial
root system, provided that fertilizer is not
applied in large doses.

251.

FELLER, M.C.; KIMMINS, J.P.; SCOULLAR, K.A. 1983. FORCYTE-10: Calibrationdata 
and simulation of potential long-term effects of intensive forest management on siteproductivity, 

economic performance and energy benefit/cost ratio. Pages 179-200 in R.Ballard 
and S.P. Gessel, tech. eds., IUFRO Symp. on Forest Site and ContinuousProductivity, 

Seattle, Washington, 22-28 August 1982. USDA For. Servo Gen. Tech.Rep. 
PNW-163.

FORCYTE is a computer simulation model
of forest plant biomass production, littetfall
and decomposition, complete with nutrient
cycling, nutrient limitation on growth and a
variety of management interventions. The
model is a computerized approach to the
estimation of the effects of varying

Le modele FORCYTE pennet de simuler la
production de biomasse vegetale dans une foret,
i'accumulation de la litiere et la decomposition, it
quoi s'ajoutent Ie cycle des elements nutritifs,
I'effet limitant de ces demiers sur I'accroissement etdiverges 

interventions des amenagistes. Le modele
est un moyen infonnatise qui pennet d'estimer
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thinning and fertilizer regimes, utilization
level and rotation length on site nutrient
budgets, stand productivity and the
economic performance and energy
efficiency of management. The model has
evolved over 5 years to its present version,
FORCYTE-IO, which is briefly described.

divers regimes de coupe d'eclaircie et de
fertilisation, Ie degre d'exploitation et la longueur
de la revolution sur Ie bilan des elements nutritifs
des stations, sur la productivite des peuplements et
sur la performance economique et l'efficacite
energetique de l'amenagement. Sa version actuelle,
Ie FORCYTE-IO, aboutissement d'une evolution de
plus de cinq ans, est brievement decrite.

Accompanying the development of
FORCYTE, there has been a series of field
research projects. Detailed biomass and
biogeochemical descriptions of age
sequences of Douglas-fir stands on both
good and poor sites have been prepared for
purposes of model calibration and testing.
The present report summarizes some of the
results of the FORCYTE-IO field studies
on Vancouver Island, British Columbia,
and presents some examples of the use of
the model when calibrated with these data.

Durant cette ~riode d'evolution, tine sene de
travaux de recherche a ere realisee sur Ie terrain. On
a prepare des descriptions detaillees de la biomasse
et des caracteristiques biogeochimiques des
douglasieres d'ages differents. dans des stations rant
favorables que pauvres. dans Ie dessein d'etalonner
et d' eprouver Ie modele. Le rapport resume certains
resultats obtenus dans I'ile Vancouver et il presente
des exemples de I'emploi du modele lorsque celui-
ci est etalonne it I'aide de ces donnees.

252. FORTIN, J.A. 1980. Root symbiosis and biomass production in mini-rotation. Pages
127-130 in Proc. Second Bioenergy R&D Seminar, Ottawa, Ontario, 26-27 March 1980.

Assuming that production of biomass and
wood fibre in short rotation plantations is
becoming necessary and knowing also that
fertilizer application represents a major
component of the total cost of plantations,
the objective of the Research Laboratory
on Tree Biology at Laval University is to
find ways of maximizing biomass
production without using fertilizers.

Si la production de biomasse et des fibres de bois
en cultures a rotation rapide devient necessaire et
que l'application d'engrais represente une
composante importante du cout total des cultures, Ie
laboratoire de recherche sur la biologie forestiere de
l'universite Laval doit se donner comme objectif de
trouver des moyens de maximiser la production de
biomasse sans utiliser des engrais.

Laboratory and field research is conducted
on ectonzycorrhizae, vesicular arbuscular
endomycorrhizae and actinorhizae to
obtain trees that would be self-sufficient at
least for nitrogen and phosphorus.
Selection, cultivation and multiplication of
highly efficient strains of Frankia spp.
(actinorhizae), basidiomyces
(ectomycorrhizae) and Endogonaceae
(vesicular arbuscular endontvcorrhizae) are
part of the research program. The
hypothesis of nitrogen translocation from
an actinorhizal nitrogen-fixing plant to an
associated tree through a common
ectomycorrhizal fungus is thoroughly
examined.

Des recherches en laboratoire et sur Ie terrain sur
des ectomycorhizes, des endomycorhizes
vesicula ires It arbuscles et des actinorhizes sont
effectuees en vue d'obtenir des arbres
autosuffisants, du mains en azote et en phosphore.
Le programme de recherche comprend la selection,
la culture et la multiplication de souches tres
efficaces Frankia spp. (actinorhize), de
basidiomycetes (ectomycorhizes) et d' Endogonaceae
(endomycorhizes vesiculaires It arbuscles). On
examine serieusement I 'hypothese du transport de
I'azote entre une plante It actinorhizes qui fixe
I' azote et un arbre avoisinant par un ectomycorhize
commun.

120



FORTIN, J.A. 1981. Uses of nitrogen fixation and other root symbioses for biomass
production. Environ. Can., Can. For. Serv., Petawawa Natl. For. Inst., ENFOR Rep.

P-78. 25 p. + app.

253.

Ce travail (P-78), ainsi que celui qui lui fait suite
(P-198), est un programme complet de recherche
etale sur quatre ans, qui se termine en 1983. Le
demier rapport d'etape precise dans Ie detailles
methodes experimentales et les realisations des deux
premieres annees.

This project (P-78), together with its
successor (P-198), is a comprehensive
program of research extending over a 4-
year period ending in 1983. The progress
report currently available details the
experimental methods, and developments
over the first 2 years of the program.

L 'objectif global est de trouver des moyens
d'accroitre la production de la biomasse et de
conserver la fertilite du sol dans les plantations
energetiques par l'emploi de l'aulne et d'autres
essences capables de former des mycorhizes ainsi
que d'autres symbioses qui permenent la fixation de
I' azote. La methode generale est de cultiver des
semis et des boutures d' aulnes, de peupliers, de pins
gris et d'autres essences, puis de les etablir dans des
parcelles repetees, en peuplements purs et en
melanges. On evaluera les effets de l'aulne sur Ie
rendement de la biomasse et la fertilite du sol. On
selectionnera, on cultivera et on eprouvera des
genotypes superieurs de micro-organismes et de
symbiotes mycorhiziens fixateurs d'azote. On
examine Ie cheminement de l'azote fixe et plusieurs
autres phenomenes connexes. Le rapport d'etape
renseigne sur: (1) la production et l'etablissement
des semis ainsi que des boutures; (2) Ie plan
d'experience et la disposition des parcelles;
(3) l'echantillonnage et l'analyse du sol; (4) la
selection des symbiotes; (5) Ie cheminement de
I'azote, de l'aulne jusqu'aux pi antes compagnes.

The overall study objective is to find
means of increasing biomass production
and maintaining soil fertility in energy
plantations by incoflJOrating alders and
other species capable of forming
nitrogen-fixing and mycorrhizal symbioses.
The general approach is to raise seedlings
and cuttings of alders, poplar, jack pine
and other species, and establish these in
replicated plots in pure stands and
mixtures. The effects of alders on biomass
yield and soil fertility will be assessed.
Superior genotypes of nitrogen-fix.ing
microorganisms and mycorrhizal symbionts
will be selected, cultured and tested.
Fixed-nitrogen pathways and several other
related phenomena are being investigated.
The progress report provides information
on: (1) the production and establishment of

seedlings and cuttings; (2) experimental
design and plot layout; (3) soil sampling
and analysis; (4) selection of symbionts;
and (5) pathways of nitrogen from alders

to companion plants.

FORTIN, J.A. 1982. Uses of nitrogen fixation and other root symbioses for biomass
production. Environ. Can., Can. For. Serv., Petawawa Natl. For. Inst., ENFOR Rep.P-198. 

90 p.

254.

L 'un des principaux objectifs du programme est de
selectionner des symbiotes mycorhiziens et fixateurs
d'azote qui sont efficaces sur l'aulne et leg

peupliers.

One of the main objectives of the program
is to select efficient nitrogen-fixing and
mycorrhizal symbionts on alders and

poplars.

Au moyen de la methode de Lalonde au tetroxyde
d'osmium (OSO4)' on a isole plus de 200 souches
de Frankia de 27 origines de deux aulnes, Alnus
crispa et Alnus rugosa. Les criteres d'evaluation des

Using the Osmium tetrox.ide (OS04)
isolation method of Lalonde more than 200
Frankia strains were obtained from
27 provenances of the t\vo alder species,
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Alnus crispo and Alnus rugosa. The
Frankia isolates were evaluated for
morphological characteristics, infectivity
and effectivity. Variations in the factors
were noted between isolates of single
provenance. On the other hand, more than
67 species of potential ectomycorrhizal
fungi on A. crispa were isolated from
carpophores. At least 15 of them did form
ectomycorrhizae with Populus tremu./oides
seedlings but only a few were able to
associate with A. crispa. Thus the alders
appear to be much more selective in the
choice of their ectomycorrhizal symbionts.
The report also describes progress of work
on growth and survival of Alnus, cycling
of nitrogen, survival of Frankia in the
field, and aUelopathic interactions between
alder, poplar and Frankia.

isolats etaient les caracteristiques morphologiques,
l'infectivite et l'efficacite de ces demiers. On a
observe des variations des facteurs entre les isolats
de la meme provenance. D'autre part, on a isole de
carpophores plus de 167 especes de champignons
ectomycorhiziens potentiels chez A crispa. Au
mains 15 % d'entre eux ant forme des
ectomycorhizes avec les semis de Populus
tremuloides, mais quelques-uns seulement ont pu
s'associer avec A crispa. Ainsi, les aulnes semblent
beaucoup plus selectifs a I' egard de leurs symbiotes
ectomycorhiziens. Le rapport decrit egalement les
travaux effectues sur I' accroissement et la survie
d'Alnus, Ie cycle de I'azote, la survie de Frankia
sur Ie terrain ainsi que les interactions
allelopathiques entre I'aulne, Ie peuplier et Frankia.

255. 

FORTIN, J.A.; CARLISLE, A. 1984. The use of root symbioses in intensive forestry.
Dept. For. Sci., Univ. Laval, IEA/ENFOR Rep. 79 p. + app.

Les auteurs decrivent la biologie des symbioses
aboutissoot it la fixation de l'azote et it la
mycorhization, leur frequence chez les arbres et les
arbustes prometteurs pour la foresterie intensive, les
moyens de maitriser les symbiotes microbiens, leur
effet sur la croissooce et la survie des arbres et leur
interaction avec les autres organismes des sols
forestiers. Les deux types de symbioses, qui
interagissent l'une avec l'autre, recelent des
possibilites considerables en foresterie intensive et
pourraient accroitre la production de cellulose et la
survie des peuplements tout en aidant it maintenir la
fertilite du sol. Nos connaissances des deux
symbioses en sont encore it leur debut. Toutefois,
malgre les techniques voulues, beaucoup de
forestiers soot insuffisamment informes de la
biologie des sols pour se servir des symbioses en
amenagement, ce qui trahit une carence de la
formation en science des sols doos les ecoles de
foresterie. Des recommandations sont faites pour
eprouver les techniques en conditions reelles,
etudier la biologie des symbioses et accroitre Ie
nombre de cours en biologie des sols doos les
etudes de foresterie.

This report describes the biology of
nitrogen-fixing and mycorrhizal symbioses,
their occurrence on trees and shrubs of
potential value in intensive forestry, ways
of handling the microbial symbionts, their
effect on tree growth and survival, and
their interaction with other forest soil
organisms. Both nitrogen-fixing and
mycorrhizal symbioses, which interact with
each other, have considerable potential in
intensive forestry and could increase fibre
yield and crop security, as well as help to
maintain soil fertility. There are still
considerable gaps in our knowledge of
both symbioses. However, even where
techniques are available, many foresters
are not sufficiently informed about soil
biology to take advantage of the use of
symbioses as management tools: this
indicates a shortcoming in soil science
education at forestry schools.
Recommendations are made to test the
techniques under forest conditions,
investigate the biology of the symbioses
and increase the soil biology content of
forestry curricula.
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256. FORTIN, J.A.; CHATARPAUL, L.; CARLISLE, A. 1983. The role of nitrogen fixation
in intensive forestry in Canada. Part II: Research carried out at Laval University,
Quebec, on nitrogen-fixing actinorhizal trees and shrubs. Environ. Can., Can. For. Serv.,
Petawawa Natl. For. Inst., Info. Rep. PI-X-29. 49 p. + app.

operational method is ready to use. Sporulating and
non-sporulating strains of Frankia were
differentiated and the ability to sporulate, as well as
the spectrum of sugars, has been suggested as a
basis for Frankia taxonomy. Operational use of
inoculated alders indicates that a good supply of
phosphorous is vital to the success of the alder.
Populus balsamifera leaf and bud leachates were
found to contain phenolic acids of the cinnamic and
benzoic series and had allelopathic effects on alder
by inhibiting growth and nodulation, reducing seed
gennination, and deforming root hairs. Contrary to
the belief that alder is highly specific concerning its
ectomycorrhizal symbionts, it was found that both
Alnus crispa and Alnus rugosa formed partners.

Field experiments consisting of A/nus and
other tree species on a variety of sites and
at different spacings were established for
future use. Preliminary results indicated
that alders greatly increased the yield of
hybrid poplar. Alder also contributed about
40 kglha/year of litter to the soil and
improved the leaf size nitrogen status of
associated Abies balsamea. Nitrification
occurred in the acid alder humus (pH 3.9).

Methods were developed to isolate and
culture Frankia symbionts, test their
effectiveness, store the symbionts in a gene
bank, and inoculate them on a large
operational scale (one million alders). The

Voir 257 pour Ie fran9ais.

257. FORTIN, J.A.; CHATARPAUL, L.; CARLISLE, A. 1984. Le role de la fixation d'azote
en foresterie intensive au Canada. Partie II : Recherche effectuee a 1 'Universite Laval,
Quebec, sur leg arbres et arbrisseaux actinorhizes fixateurs d'azote. Environ. Can., Serv.
can. for., Inst. for. nat. de Petawawa, Rapp. d'info. PI-X-29F. 56 p. + ann.

pratique de celie technologie. Les souches de
Frankia sporulantes et non sporulantes furent
differenciees; enfin, la capacite de sporulation et la
serie de sucres ant ete proposees comme donnees
de base pour detenniner la taxonomie de Frankia.
L'exploitation d'aulnes inocules montre qu'un
approvisionnement suffisant en phosphore est vital
pour Ie developpement de cette espece. Les produits
de lessivage de feuilles et de bourgeons de Populus
balsamifera renfennaient des acides phenoliques des
series cinnamique et benzolque, et ils exergaient des
effets allelopathiques sur les aulnes par inhibition de
la croissance et de la nodulation, avec comme
resultat une gennination moindre et la defonnation
des radicelles. Contrairement it la croyance voulant
que I'aulne soit tres specifique en ce qui conceme
ses ectomycorhizes symbiotiques, il se revela
qu' Alnus crispa et Alnus rugosa formaient des
ectomycorhizes avec plusieurs partenaires
fongiques.

Des experiences sur Ie terrain, it I' aide
d'Alnus et d'autres essences, it divers
endroits et selon differents espacements,
furent entreprises en vue d'etudes it long
terme. Les premiers resultats obtenus ont
montre que la presence d'aulnes
augmentait considerablement Ie rendement
chez Ie peuplier hybride. En outre, I' aulne
foumissait environ 40 kg/ha/an de litiere
au sol, et ameliorait la tail Ie des feuilles
ainsi que les conditions de fixation d'azote
de l'espece associee Abies balsamea. II y
avait nitrification dans l'humus acide
d'aulne (pH 3,9).

Des methodes furent mises au point pour
isoler et cultiver leg symbiotes Frankia;
eprouver leur efficacite; conserver leg
symbiotes dans tine banque de genes, et leg
inoculer it grande echelle (un million
d'aulnes). Tout est pret pour la mise en
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See 256 for English.
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FORTIN, J.A.; CHATARPAUL, L.; CARLISLE, A. 1984. The role of nitrogen fixation
in intensive forestry in Canada. Part I: Principles, practice and potential. Environ. Can.,
Can. For. Serv., Petawawa Natl. For. Inst., Info. Rep. PI-X-28. 91 p.

It is concluded that there are opportunities to use
nitrogen fixation in forestry in Canada, but there are
wide gaps in our knowledge about ecology and
silviculture of plants forming symbioses with
Frankia. There is a need to establish well designed
field experiments to examine the interaction of
actinorhizal symbioses with the soil and main tree
crops, as well as to examine their role as fiber
producers.

There are numerous examples of
nitrogen-fixing symbioses improving tree
growth and forest soil fertility, and there is
evidence in the literature that the use of
these symbioses can be economical. This
report discusses the ecology of the
nitrogen-fixing organisms in relation to
other soil organisms, opportunities for
genetic selection, alternative silvicultural
techniques, the effects of toxic chemicals
and the taxonomy, improvement,
propagation, pathology and utilization of
alders which produce commercial fiber.

Voir 259 pour Ie fran~ais.

259. FORTIN, J.A.; CHATARPAUL, L.; CARLISLE, A. 1985. Le role de la fixation d'azote
en foresterie intensive au Canada. Partie I : Principes, pratique et potentiel. Environ.
Can., Servo can. for., Inst. for. nat. de Petawawa, Rapp. d'info. PI-X-28F. 87 p.

pathologie 

et l'utilisation des aulnes producteurs defibre 
commerciale.

Les exemples de symbioses fixatrices
d' azote ameliorant la croissance des arbres
et la fertilite des sols sont nombreux, et il
existe des preuves dans la documentation
que l'utilisation de res symbioses peut etre
economique. Les auteurs du present
rapport etudient l'ecologie des organismes
fixateurs d' azote par rapport aux autres
organismes du sol, les perspectives de la
selection genetique, differentes methodes
de silviculture, les effets des produits
chimiques toxiques et la taxonomie,
I' amelioration, la reproduction, la

En conclusion, les auteurs indiquent que la fixationde 
l'azote peut etre utilisee en foresterie au Canada,mais 

il taut d'abord combler les lacunes dans
l'ecologie et la sylviculture des pi antes en
association symbiotique avec Frankia. Des
ex~riences sur Ie terrain bien con~ues devraient
etre menees pour examiner les interactions entre les
symbioses actinorhiziennes fixatrices d'azote, Ie sol
et les principaux peuplements forestiers, et pour
determiner Ie role qu' elles jouent dans la production
de fibre.

See 258 for English.

260. FORTIN, J.A.; GODBOUT, C.; NORMAND, P.; LALONDE, M. 1982. Maintaining
fertility through nitrogen-fixing and mycorrhizal symbioses. Pages 13-16 in Proc. Fourth
Bioenergy R&D Seminar, Winnipeg, Manitoba, 29-31 March 1982.

One 

of the main objectives of the programis 
to select efficient nitrogen-fixing and

L 'un des objectifs principaux du programmeconsiste 
a choisir des syrnbiotes mycomiziens et
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mycorrhizal symbionts on alders and
poplars.

actinorhiziens, ces demiers fixant efficacement
I' azote sur les aulnes et les peupliers.

Using the OS04 isolation method of
Lalonde et al. (1981) more than 200
Frankia strains were obtained from
27 provenances of the two alder species.
Alnus crispa and Alnus rugosa. The
Frankia isolates were evaluated for
morphological characteristics, infectivity
and effectivity. Variations in the factors
were noted between isolates of single
provenance. On the other hand, more than
67 species of potential ectomycorrhizal
fungi on A. crispa were isolated from
carpophores. At least 15 of them did form
ectomycorrhizae with Popu./us tremuloides
seedlings but only a few were able to
associate with A. crispa. Thus the alders
appear to be much more selective in the
choice of their ectomycorrhizal symbionts.

Utilisant la methode d'isolation au OSO4 de Lalonde
et al. (1981), plus de 200 souches de Frankia ant
ete obtenues de 27 origines de deux especes
d'aulnes, l'Alnus crispa et l'Alnus rogosa. Les
souches de Frankia ant ete evaluees au point de vue
morphologique, d'infectivite et d'efficacite. On a
note des variations dans ces facteurs chez des
souches proven ant de la meme source. D'autre part,
plus de 67 especes potentielles de champignons
ectomycorhiziens sur A. crispa ant ete isolees de
carpophores. Au mains quinze d'entre elles ont
forme des ectomycorhizes avec de jeunes plants de
Populus tremuloides, mais quelque-unes seulement
ant pu s'associer avec A. crispa. Par consequent, les
aulnes semblent etre beaucoup plus selectifs dans Ie
choix de leurs symbiotes ectomycorhiziens.

261 FORTIN, l.A.; LALONDE, M.; PERINET, P. 1981. Inoculation of alder with an in
vitro cultivated and efficient nitrogen-fixing microorganism at the industrial scale. Pages
43-46 in Proc. Third Bioenergy R&D Seminar, Ottawa, Ontario, 24-25 March 1981.

Cette etude porte sur I'utilisation de plantes
actinomizees fixatrices d'azote; ces demieres
pennettent d'obtenir une productivite maxirnale de
biomasse ligneuse en employant des quantites
reduites d'engrais. Une partie de cette etude
comporte I'isolation, la culture in vitro et
I'inoculation it I'echelle industrielle de micro-
organismes (Frankia) selectionnes genetiquement et
capables de fixer symbiotiquement I' azote. Cette
inoculation a ete experimentee avec succes sur un
million de plants d'Alnus crispo produits par la
Societe d'Energie de la Baie James, en vue de
restaurer des terres dans Ie nord du Quebec. Ainsi,
I 'inoculation de pI antes actinorhizees avec des
micro-organismes Frankia selectionnes est devenue
I'une des methodes les plus efficaces pour
augmenter la production de biomasse forestiere en
cultures intensives.

This study is concerned with the use of
nitrogen-fixing actinorhizal plants for
maximum woody biomass production using
limited amounts of fertilizers. A part of
this study involves the isolation, the in
vitro cultivation and the industrial scale
inoculation of genetically selected
microorganisms (Frankia) capable of
symbiotic nitrogen fixation. The feasibility
of successful inoculation was demonstrated
on one million seedlings of Alnus crispa
produced by the Societe d'Energie de la
Baie James for land reclamation in
northern Quebt..'C. Thus the inoculation of
actinorhizal plants with selected Frankia
has become one of the most useful tools
for woody biomass production under
intensive cultivation.

262. FORTIN, J.A.; LA V ALLEE, R.; PICHE, Y. 1979. Forest utilization for energy and the
role of nitrogen fixation: A literature review. Environ. Can., Can. For. Serv., Petawawa
Nat!. For. Inst., ENFOR Rep. P-9. 166 p.
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This report summarizes the available
information on the potential of using
forests for energy, the intensive forestry
techniques required to meet increasing
demands for fiber, the effects of these on
soil fertility and the possibility of using
nitrogen-fixing organisms to maintain
fertility with minimal use of fertilizers.
The basic mechanisms of nitrogen fixation
are outlined, and a research strategy is
presented. The report is essentially an
information base for research and

development planning.

Le rapport resume les renseignements que I'on
possede sur la possibilite d'utiliser les forets pour la
production d'energie, les techniques forestieres
intensives necessaires pour satisfaire Ii la demande
croissante de fibre (cellulose), les effets de ces
techniques sur la fertilite du sol et la possibilite
d'utiliser des organismes fixateurs d'azote pour
maintenir la fertilite tout en utilisant un minimum
d'engrais. Les mecanismes fondamentaux de la
fixation de I' azote sont decrits et on presente une
strategie de recherche. Le rapport est
essentiellement un corpus d'information pour la
planification de la recherche et du developpement.

Une etude bibliographique visait it rapprocher deux
facettes du meme probleme, habituellement
dissociees. D'une part, les biochimistes specialistes
de la microbiologie et les biologistes ant traite de la
fixation de I'azote en faisant abstraction du contexte
forestier; de I'autre, les ingenieurs forestiers ant
sou vent prescrit des traitements culturaux, en tenant
it peine compte des processus microbiologiques de
la foret. Cet1e dichotomie est continuellement
presente dans Ie survol bibliographique.

The review of literature was carried out
with the objective of bringing together two
facets of the same problem \\,hich are
usually treated separately. On one side,
microbiological biochemists, and
biologists, have dealt with nitrogen fixation
outside of the realm of forest utilization;
on the other side, foresters have often
prescribed cultural treatments with scant
regard for the microbiological processes
taking place in the forest. This exclusive
dualism is reflected in the review. .

263. FORTIN, J.A.; LA V ALLEE, R.; PICHE, Y. 1979. Survey and synthesis of information
relating to the use of biological nitrogen fixation in forest management. Pages 75-77 in
Proc. First Bioenergy R&D Seminar, Ottawa, Ontario, 21 March 1979.

A review of biological nitrogen fixation
technology as it relates to intensive forest
management has been completed. This
includes a literature review of the basic
knowledge of nitrogen fixation with
recommendations for the planning of future
research. It is essential that all such future
research be carried out in relationship to
other crucial factors, such as land use, fuel
conversion technology, animal nutrition
and harvesting techniques.

Une revue de la technologie de fixation de I'azote
biologique, par rapport it la gestion intense des
forets, a ete achevee. Ces travaux comprennent une
revue de 1a documentation sur les connaissances
fondamentales de la fixation de I' azote, et des
recommandations pour la planification de la
recherche future. II est indispensable que cette
recherche future soit conduite en tenant compte des
rapports avec d'autres facteurs d'importance
primordiale comme I'utilisation du terrain, la
technologie de la conversion des carburants, la
nutrition animate et les techniques applicables aux
recoltes.

264. 

FORTIN, J.A.; PERINET, P. 1981. Uses of nitrogen fixation and other root symbioses
for biomass production. Environ. Can., Can. For. Serv., Petawawa Natl. For. Inst.,
ENFOR Rep. P- 78. 63 p.
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biomasse et des elements nutritifs. La deuxieme
methode est directe, elle prevoit une recolte
experimentale par coupe rase, classique ou en
regime d'exploitation par arbres entiers, dans des
paires de parcelles de 0,5 ha chacune.

potentially harvest able tree component (e.g.
merchantable bole, branch wood, bark,
foliage, etc.) through the use of biomass
and nutrient standing crop regression
equations. The second approach is direct,
and involves the experimental harvest of
paired 0.5 ha blocks of forest, by
whole-tree or conventional clearcutting.

268. FREEDMAN, B.; MORASH, R. 1985. Forest biomass and nutrient studies in central
Nova Scotia, Part 4: Biomass and nutrients in ground vegetation, forest floor, soils and
litterfall in a variety of forest stands. Environ. Can., Can. For. Serv., Marit. For. Res.
Cent., ENFOR Rep. P-40. 14 p. + app.

This report contains data on the
concentrations and quantities of N, P, K,
Ca and Mg in different components of
forest stands; and in linerfall materials
collected monthly during a one-year

period.

Le rapport contient des donnees sur les
concentrations et les quantites de N, de P, de K, de
Ca et de Mg dans les differentes parties des
peuplemcnts forestiers ainsi que dans I' accumulation
de la litiere recueillie mensuellement au cours d'une
periode d'un an.

269. FREEDMAN, B.; MORASH, R.; HANSON, A.J. 1980. Effects of harvesting biomass
for energy on the nutrient status and long-term productivity of forest stands in Nova
Scotia. Pages 77-82 in Proc. Second Bioenergy R&D Seminar, Ottawa, Ontario, 26-27
March 1980.

Notre projet comporte la determination des teneurs
en matieres nutritives principales (N, P, K, Ca, Mg)
des arbres, de la vegetation sous-arborescente et des
sols d'une gamme de peuplement forestiers (arbres
decidus ou coniferes, matures ou immatures), dans
un eventail de milieux du centre de la Nouvelle-
Ecosse. Ces travaux visent it evaluer et it comparer
les pertes de matieres nutritives provoquees par les
coupes rases normales et les coupes rases en regime
d'exploitation par arbres entiers. Deux methodes
seront utilisees it cette fin. La premiere est indirecte;
elle s'appuie sur Ie calcul des teneurs en matieres
nutritives (et par consequent, des pertes possibles)
des diverses parties exploitables de l'arbre (par
exemple, Ie flit, les grosses et les petites branches,
I'ecorce, Ie feuillage, etc.) it l'aide d'equations de
regression de la biomasse en fonction de cette
teneur. La deuxieme methode est directe; elle
prevoit une recolte experimentale par coupe rase
classique ou en regime d'exploitation par arbres
entiers dans des paires de parcelles de 0,5 ha
chacune.

This study involves detenninations of the
standing crops of major nutrients (N, P, K,
Ca, Mg) in trees and understorey
vegetation, and in soils in a variety of
forest stands (both hardwood and
softwood, mature and immature) on a
range of site classes in central Nova
Scotia. The objective of these
detenninations is to evaluate the nutrient
removals in conventional clearcuts, relative
to whole-tree clearcut harvests. This is
done by using two techniques. The first
approach is indirect, and involves the
calculation of the nutrient standing crops
(and hence potential nutrient removals) in
various compartments within the
potentially harvest able tree component (i.e.
merchantable bole, large and small
branches, bark, foliage, etc) through the
use of biomass-nutrient regression
equations. The second approach is direct,
and involves the experimental harvest of
paired 0.5 ha blocks of forest, by
whole-tree or conventional clearcutting,
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stemwood, bark, and live and dead
branches) and of the ground vegetation
associated with each stand. The
concentrations of nutrients in the forest
floor and mineral soil, within the rooting
depth, were also estimated, and the
quantities of nutrient reserves were
calculated. The cycling of nutrients in
litterfall, throughfall and stemflow in
different stands, and inputs via ambient
precipitation were also estimated. These
various estimations were used to predict
some of the ecological impacts of potential
nutrient removals from these stands on site
quality .

Ie tapis vegetal de chacun des peuplements. On a
aussi estime la concentration des elements nutritifs
dans la couverture morte et la couche minerale de
la rhizosphere et I' on a quantifie les reserves
nutritives. On a egalement evalue la circulation des
elements nutritifs par I'intermooiaire des
precipitations dans la litiere, des precipitations au
sol et de I' ecoulement sur ecorce ainsi que les
apports par les precipitations ambiantes. Ces
diverses valeurs ont ensuite servi a prevoir certains
des effets ecologiques sur la qua lite du milieu que
produirait l'enlevement d'elements nutritifs dans ces

peuplements.

272. FREED~AN, B.; MORGAN, K.; CROWELL, M.; MORASH, R.; SWAN, D. 1982.
Post-clearcutting secondary succession in a hardwood forest in central Nova Scotia.
Pages 36)-365 in Proc. Fourth Bioenergy R&D Seminar, Winnipeg, Manitoba, 29-31
March 1982.

This contribution is based in part on a
project investigating the effects of
intensive forest harvesting on nutrient
cycling in central Nova Scotia. The work
described here concerns post-clearcutting
ecosystem development over time in a
hardwood region in central Nova Scotia.
Data were gathered by measuring various
parameters in 10 stands that had previously
been clearcut, as well as in 5 uncut stands.
This series consisted of cut stands having
ages 1, 3, 5, 6, 8, 13 and 20 years, as well
as uncut stands 40 and 75 years old.

Cet article est base en partie sur un projet etudiant
leg effets d'une coupe de boisintensive sur la
regeneration des elements nutritifs dans la partie
centrale de la Nouvelle-Ecosse. Cette etude porte
sur Ie developpement d'un ecosysteme en fonction
du temps apres une coupe a blanc dans une region
de feuillus situee au centre de la Nouvelle-Ecosse.
Les donnees furent recueillies en mesurant divers
parametres dans 10 parcelles oil une coupe a blanc
avait ete effectuee ainsi que dans 5 peuplements
n'ayant subi aucune coupe. Les parcelles avaient
subi une coupe 1, 3, 5, 6, 8, 13 et 20 ans
auparavant et leg peuplements intacts etaient ages de
40 ou 75 ans.

Preliminary data are presented that
describe the species, life-form
compositions, and biomass and nutrient
standing crops of the plant communities in
this secondary succession. The younger
communities are relatively divel"Se and
have high rates of biomass production and
nutrient uptake. Changes in the forest bird
and small mammal communities have also
been monitored, in terms of population
sizes, diversity and species composition.

Les donnees preliminaires presentees decrivent les
compositions par especes et par formes biologiques
ainsi que la biomasse et les matieres nutritives des
peuplements des communautes vegetales de cette
succession secondaire. Les communautes les plus
jeunes soot relativement diversifiees et presentent
des taux eleves de production de biomasse et
d'absorption des elements nutritifs. Les
modifications survenant dans la taille, la diversite et
la composition specifique des populations d'oiseaux
et de petits mammiferes de la foret ont aussi ete
etudiees.
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peuplements, les prelevements potentiels de la
bioma~se et des elements nutritifs lors de la coupe it
blanc des arbres entiers, relativement it la coupe it
blanc traditionnelle. Les prelevements ont ensuite
ete compares aux autres reserves et flux import ants
d'elements nutritifs des peuplements, y compris :
(i) la faille des reserves d'elements nutritifs, totaux
et assimilables, dans la couverture morte et les sols;
(ii) les quantites d'elements nutritifs dans Ie tapis
vegetal; (iii) l'apport des elements nutritifs par les
precipitations de toute nature; (iv) l'ecoulement sur
ecorce et les precipitations au sol; (v) les flux qui
accompagnent l'accumulation de la litiere. Le
document, rapport somma ire du programme de
recherche, resume et interprete toutes les donnees
recueillies et tente d'arriver it des conclusions
generales sur les consequences ecologiques des
prelevements des elements nutritifs potentiels durant
la recolte intensive des peuplements.

program were to predict the potential
biomass and nutrient removals by
whole-tree clearcut harvests of these
stands, relative to conventional clearcuts.
These nutrient removals were then
compared with the magnitudes of other
significant nutrient compartments and
fluxes in the stands, including: (i) the sizes
of the forest floor and soil nutrient pools,
in both total and plant-available forms; (ii)
the quantities of nutrients in the groW1d
vegetation; (iii) nutrients incoming via
bulk-collected precipitation; (iv) stemflow
and throughfall fluxes; and (v) litterfall
fluxes. This document, a summary report
of the research program, contains
summaries and interpretations of all the
data gathered, and it attempts to arrive at
general conclusions concerning the
ecological implications of potential nutrient
removals during the intensive harvesting of
these stands.

275. GODBOUT, C.; FORTIN, J.A. 1983. Morphological features of synthesized
ectomycorrhizae of Alnus crispa and A. l'Ugosa. New Phytol. 94:249-262.

The ability of two shrubby alders to fonn
ectomycorrhizae with kno\\'n species of
fungus was investigated. Frankia
inoculated seedlings of Alnus crispa and
Alnus rugosa were raised in growth
pouches and inoculated with a pure culture
inoculum of potential ectomycorrhizal
fungi. Ten of the 46 species of fungi used
fonned ectomycorrhizae with both Alnus
species. Only Alpova diplophloeus showed
a well distributed Hartig net; others had a
net only proximally, while others had
none. These patterns are discussed in tenns
of more or less rapid Hartig net
development. The Hartig net was always
confined to the epidennal layer of the root,
never completely surrounding it. This
situation appears to predominate in the
AngiospernlS. Colonization of young
actinorhizae by Alpova diplophloeus led to
the fonnation of ectomycorrhizal
structures.

La capacite de deux aulnes frutescents de fanner
des ectomycorhizes avec des champignons connus a
ete examinee. Des semis d'Alnus crispa et d'A.
rugosa, inocules par Frankia ant ete cultives dans
des sachets de croissance et inocules au moyen
d'une culture pure d'un champignon susceptible de
fanner des ectomycorhizes. lOdes 46 especes de
champignons utilises ont fonne des ectomycorhizes
avec les deux aulnes. Seul Alpova dlplophloeus a
fonne un beau reseau de Hartig; les autres n'ont
fonne qu'un reseau proximal, certains n'en n'ont
pas fonne du tout. On discute du developpement
plus ou mains rapide de ces reseaux. Ces derniers
ant toujours ete confines dans la couche
epidennique de la racine, sans completement
l'entourer. CelIe situation semble predominer chez
les angiospennes. La colonisation des jeunes
actinorhizes par A dlplophloeus a mene a la
fonnation de structures ectomycorhiziennes.

276. GODBOUT, C.; FORTIN, J.A. 1985. Synthesized ectomycorrhizae of aspen: Fungal
genus level of structural characterization. Can. J. Bot. 63:252-262.
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La capacite de Populus tremulolaes Michx. a
former des ectomycorhizes avec des especes
determinees de champignons a ete exploree au
moyen de la technique du sachet de croissance. Sur
54 especes de champignons essayes, 29 ant forme
des ectomycorhizes sur des plantules. Le peuplier
faux-tremble semble afficher peu de specificite vis-
a-vis leg champignons ectomycorhiziens. Chez leg

ectomycorhizes obtenues, Ie reseau de Hartig a
toujours ete epidermique et de nombreux reseaux
periepidermiques furent observes. Les
caracteristiques structurales et morphologiques des
ectomycorhizes ant ete regroupees et decrites par
genre de champignons ectomycorhiziens. Cette
fagon de regrouper leg caracteres semble possible
sans tenir compte de la plante-bote. La classificati()l[)
des ectomycorhizes est envisagee dans une nouvell(~
optique selon laquelle leg types structuraux seraient
taxonomiquement relies au genre du champignon

symbiotique.

The ability of Populus tremuloides Michx.
to form ectomyconbizae with identified
species of fungi was investigated using a
pouch technique. Twenty-nine out of 54
fungus species formed ectomycolThizae on
aspen seedlings. Aspen seems to display
little specificity for ectomYCOlThizal fungi.
Only epidermal Hartig nets were observed
in the synthesized ectomycolThizae and
periepidermal ones were frequently
encountered. Structural and morphological
characteristics of ectomycolThizae are
presented by genus of mycolThizal fungi.
This grouping of characters by genus
seems possible independently of the host
plant. The classification of ectomycOIThizae
is viewed in a new way in which structural
types would be taxonomically related to
the genus of the fungal symbiont.

277. GREWAL, H.(S).; APPS, M.J.; MACISAAC, D.A. 1989. Using the STEMS and
FORCYTE-11 computer models for mixedwood forest management. Pages 175-179 in
E.N. Hogan, ed. Proc. Seventh Canadian Bioenergy R&D Seminar, Ottawa, Ontario,
24-26 April 1989.

On a de plus en plus besoin d'outils de gestion
utilisables dans Ie cas des forets melangees de
tremble (Populus tremuloides Michx.) et d'epinette
blanche (Picea glauca [Moench] Voss) dans I'ouest
du Canada. Les methodes traditionnelles de calcul
de la croissance et du rendement basees sur des
donnees recueillies a partir de peuplements non
geres peuvent se reveler inadequates pour prevoir
les rendements resultants de I' application de
nouvelles approches de gestion des peuplements

melanges.

There is an increasing need for
management tools for forests of trembling
aspen (Populus tremuloides Michx.) and
white spruce (Picea glauca [Moench]
Voss) in western Canada. Traditional
growth and yield methods based on data
from unman aged stands may be inadequate
for forecasting yields resulting from the
expected new approaches to mixed stand

management.

FORCYTE-ll is a large forest ecosystem
simulation model that can be used to
predict and to compare forest biomass
growth and yield for alternative resource
management strategies for which there may
be little or no direct empirical data. It
permits the inclusion of more than one tree
species and accounts for inter- and intra-
species competition for light and nutrients.
However, the input data required to
calibrate the model may not be easily
available or may be expensive to collect.
An alternative approach is described in
which a traditional growth and yield model

Le FORCYTE-ll est un important modele de
simulation de l'ecosysteme qui peut servir Ii prevoir
et Ii com parer la croissance et Ie rendement de la
biomasse forestiere que l'on obtiendrait avec
diverses strategies de gestion des ressources sur
lesquelles on ne dispose pour ainsi dire pas de
donnees empiriques directes. Ce modele permet
l'inclusion de plus d'une essence et tient compte de
la competition interspecifique et intraspecifique poulr
ce qui est de la lumiere et des elements nutritifs.
Toutefois, I'obtention des donnees necessaires pour
etalonner Ie modele peut se reveler difficile ou
couteuse. On decrit une autre approche dans
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laquelle un modele classique de croissance et de
rendement (STEMS) a ete modifie pour foumir la
description de l'ecosysteme necessaire au
FORCYTE-ll. Avec cette methode, il suffit de
connaitre leg parametres classiques lies au
peuplement, comme l'age du peuplement, Ie dhp
moyen pour Ie peuplement, la densite du
peuplement et l'indice de station. Les resultats
preliminaires favorables obtenus avec l'etalonnage
du FORCYTE-ll applique au tremble nous ont
encourages II, appliquer cette methode II, des
ecosystemes melanges. Dans ce document, on traite
de l'application de cette approche II, une variete de
classes de site. Comme cette approche ne necessite
que leg parametres relatifs aux peuplements dont on
dispose normalement, elle pourrait servir de lien
pratique entre Ie FORCYTE-ll et leg bases de
donnees regionales grace II, des systemes
d'information geographiques.

(STEMS) has been modified to provide the
needed ecosystem description for
FORCYTE-ll. This method only requires
the conventional stand parameters such as
stand age, average stand Dbh, stand
density and site index. Favourable
preliminary results with calibrating
FORCYTE-ll for aspen have encouraged
us to extend this method to ecosystems. In
this paper, application of this approach to a
range of site classes will be discussed.
Because this approach requires only
commonly available stand parameters, it
can potentially provide a practical link of
FORCYTE-ll to regional databases
through geographic information systems.

278. GREWAL, H.(S).; APPS, M.J.; MACISAAC, D. 1990. Using a traditional growth and
yield model (STEMS) to drive a management simulator (FORCYTE-11). Pages 225-233
in L.C. Wensel and G.S. Biging, eds. Proc. The IUFRO Conf.: Forest Simulation
Systems, Berkeley, California, 2-5 November 1988.

Le modele FORCYTE-II est un important modele
de simulation des ecosystemes forestiers dont I'objet
principal est I'evaluation des tendances du
rendement. 11 petit servir it prooire et it comparer
I' accroissement de la biomasse forestiere et son
rendement it la faveur de differentes strategies
d' amenagement des res sources sur lesquelles on ne
possede aucune ou peu de donnees empiriques. Le
principe de fonctionnement du modele est Ie
suivant : on complete la description de I' etat et de
la dynamique de l'ecosysteme, fournie par
l'utilisateur, par la simulation phenomenologique
des processus forestiers qui subissent l'influence des
mesures d'amenagement. Les donnees d'entree
exigees peuvent ne pas etre facilement accessibles
ou etre couteuses it recueillir. On petit parer it cela :
un modele traditionnel de I' accroissement et du
rendement (STEMS) a ete modifie pour foumir la
description necessaire de l'ecosysteme au modele
FORCYTE-II. Les variables d'entree dont a besoin
Ie modele soot leg parametres traditionnels des
peuplements tels que I'age, Ie diametre moyen it
hauteur de poi trine des arbres du peuplement, la
densite de ce demier et l'indice stationnel. La
methode sert it etalonner Ie modele FORCYTE-II
pour Ie peuplier faux-tremble (Populus tremuloides

FORCYTE-ll is a large forest ecosystem
simulation model whose main pul]>ose is
yield trend evaluation. It can be used to
predict and to compare forest biomass
growth and yield for alternative resource
management strategies for which there may
be little or no empirical data. The
underlying approach of the model is to
complement a user-supplied description of
the state and dynamics of the existing
ecosystem with a phenomenological
process simulation of those processes that
are affected by the management actions.
The required input data may not be easily
available or may be expensive to collect.
An alternative approach is described in
which a traditional growth and yield model
(STEMS) has been modified to provide the
needed ecosystem description for
FORCYTE-ll. Input variables needed by
the method are the conventional stand
parameters such as stand age, average
stand Dbh, stand density and site index.
The method is being used to calibrate
FORCYTE-ll for trembling aspen
(Populus tremuloides Michx.) over a range
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of site classes in Alberta, Canada, and has
potential application to other species in the
boreal mixedwood forest.

Michx.) de toute une gamIne de classes de stations
de I' Alberta. Cette methode pourrait trouver des
applications Ii d' autres especes de la foret mixte
boreale.

279. HENDRICKSON, O.Q.; BURGESS, D.(M). 1989. Nitrogen-fixing plants in a cut-over
lodgepole pine stand of southern British Columbia. Can. J. For. Res. 19:936-939.

The acetylene reduction assay was used to
estimate amounts of nitrogen fixed by
Lupinus arcticus Wats. (1.97 kg/ha/year)
and Shepherdia canadensis (L.) Nutt.
(0.78 kg/ha/year) in a regenerating
lodgepole pine (Pinus contorta Dougl.)
stand in southern British Columbia. These
amounts appear to be significant, as
lodgepole pine ecosystems are generally
highly deficient in nitrogen. Thinning of
excessively dense pine stands may provide
an added growth benefit by increasing
nitrogen fixation activity of understorey

vegetation.

A I' aide de I' essai de reduction de I' acetylene, on
estime leg quantites d'azotes fixes par Lupinus
arcticus Wats. (1,97 kg/ha/an) et Shepherdia
canadensi.r; (L.) Nutt. (0,78 kg/ha/an) dans un
peuplement de pins tordus (Pinus contorta Dougl.)
en regeneration dans Ie sud de la Colombie-
Britannique. Les resultats indiquent que ces
quantites semblent import antes etant donne que leg
ecosystemes du pin tordu sont, en general,
fortement deficitaires en azote. L 'eclaircie des
peuplements tres denses de pins pourrait permettre
d'ameliorer encore plus la croissance en favorisant
la fixation de l'azote par la vegetation en sous-
etage.

280. HENDRICKSON, O.Q.; BURGESS, D.(M).; CHATARPAUL, L. 1987. Biomass and
nutrients in Great Lakes -St. Lawrence forest species: Implications for whole-tree and
conventional harvest. Can. J. For. Res. 17:210-218.

Total aboveground biomass and nutrient
contents were measured in a mixed conifer
and hardwood stand in Ontario. Removal
of woody stems >9 cm dbh (conventional
harvest) yielded 138 000 kgiha; removal of
essentially all aboveground woody material
(whole-tree harvest) yielded an additional
52 000 kgiha, a 38% increase. Whole-tree
harvest increased N removal by 191 kgiha
(132%). Logging slash on the conventional
harvest plot added 163 kg N/ha to the
forest floor. Nutrients within various
biomass components of seven tree species
were compared. Pinus resinosa Ait., the
dominant conifer, produced the greatest
amount of biomass per unit mass of
nutrient, combining low nutrient
concentrations with a high proportion of
biomass in stem wood. Populus
tremulolaes Michx., the dominant
hardwood, had high proportions of
cation-rich bark but had a lower whole-tree
N concentration than most other species.

Les auteurs ont mesure la biomasse epigee et
l'accumulation d'elements nutritifs dans un
peuplement mixte de coniferes et de feuillus en
Ontario. L' exploitation des tiges ligneuses >9 cm
dhp (exploitation conventionnelle) s'elevait it
138 000 kg/ha; l'exploitation par arbres entiers a
ajoute 52 000 kg/ha, une augmentation de 38 %.
L 'exploitation par arbres entiers a entrame un
prelevement de 191 kg N/ha (132 %). Les
remanents de la coupe conventionnelle ont ajoute
163 kg N/ha it la couverture morte. On a compare
les quantites d'elements contenues dans les
constituants de la biomasse de sept especes d'arbre.
Pinus resinosa Ait., Ie conifere dominant, a produit
la plus forte quantite de biomasse par unite de
masse d'element, en combinant de faibles
concentrations en elements avec une forte
proportion de biomasse dans Ie bois de tige.
Populus tremu/oides Michx., Ie feuillu dominant,
renfermait de fortes quantites de cations dans
I' ecorce, mais il avait une plus faible concentration
globale de N que les aut res especes. Le
remplacement de peuplements de Pinus spp. par
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Replacement of stands of Pinus spp. by
Populus spp. represents a less efficient use
of site nutrient capital in that the latter
species produces less biomass per unit
nutrient retained in permanent aboveground
tissues. Whole-tree harvesting on
nutrient-poor sites in the Great Lakes -St.
Lawrence forest may lead to establishment
of aspen stands of low productivity.

Populus spp. represente une utilisation mains
efficace du capital d'elements de la station, parce
que Ie genre Populus produit mains de biomasse par
unite d'elements retenus dans les tissus epiges
perennes. L' exploitation par arbres entiers dans des
stations pauvres de la foret de la region des
Grandes Lacs et du Saint-Laurent peut conduire it
I' etablissement de peuplements de peuplier faux-
tremble de faible productivite.

281. HENDRICKSON, O.Q.; CHATARPAUL, L.; BURGESS, D.(M). 1989. Nutrient cycling
following whole-tree and conventional harvest in northern mixed forest. Can. J. For.
Res. 19:725-735.

Les caracteristiques chimiques du sol et de l'eau
ainsi que l'activite respiratoire du sol sont etudiees
dans une foret melangee mature, de coniferes et de
feuillus et dans des parterres de coupe adjacents,
recoltes par la methode par arbres entiers (WTH) et
la methode classique (CH), oil dominaient les rejets
de feuillus. Par comparaison a la foret mature non
coupee, les teneurs de la couverture morte en azote
et en potassium sont plus faibles dans Ie parterre
WTH trois ans apres la recolte, les teneurs en
calcium et en magnesium sont plus elevees dans Ie
parterre CH, en raison probablement des quantites
apportees par les dechets de coupe. Le pH et les
concentrations de calcium dans Ie sol mineral sont
plus eleves dans les parterres de coupe que dans la
foret non coupee. La ~ annee apres la recolte, les
concentrations des cations dans Ie lessivat de la
couverture morte decroissent dans I' ordre suivant :
parterre WTH > parterre CH > foret non coupee;
toutefois, les differences disparaissent en majeure
partie l'annee suivante. Les concentrations de NO3
dans l'eau du sol sont un peu elevees dans Ie
parterre CH, mais la quantite lessivee au-dessous de
l'horizon racinaire ne represente que 1,6 kg
N/ha/an. Les concentrations de potassium et de
magnesium dans les precipitations globales sont
plus faibles dans Ie parterre WTH que dans Ie
parterre CH en raison de la perte de lessivage du
couvert residuel. Les cations sont legerement plus
abondants dans la neige sous Ie couvert de la foret
mature. Les pluies du milieu de l'hiver deplacent
les ions NO) et H dans la couche de neige. Malgre
une respiration plus elevee du sol dans les parterres
de coupe, aucune difference n'est observee par
rapport a la foret mature en ce qui a trait aux
reserves de matiere organique; les apports par les
dechets de coupe, les racines en decomposition et

Soil and water chemistry and soil
respiration activity were studied in a
mature, mixed conifer and hardwood forest
and in adjacent whole-tree (WTH) and
conventional harvest (CH) areas dominated
by hardwood sprouts. Compared with the
uncut mature forest, forest floor contents
of N and K were lower in the WTH area
three years after harvest; Ca and Mg were
higher in the CH area, probably owing to
inputs in logging slash. Mineral soil Ca
and pH were higher in the harvested areas
than in the uncut area. During the 2nd year
after harvest, cation concentrations in
forest floor leachate varied in the order
WTH > CH > uncut area, but differences
largely disappeared the next year. Soil
water NO] concentrations were slightly
elevated in the CH area, but only 1.6 kg
N/ha/year leached below the rooting zone.
Bulk precipitation K and Mg
concentrations were lower in the WTH
area than in the CH area owing to the loss
of canopy leaching from the residual stand.
Slightly higher amounts of cations were
found in the snowpack under the mature
forest canopy. Midwinter rains caused
movement of NO] and H within the
snowpack. Despite the higher soil
respiration rates in the harvested areas, no
differences in soil organic matter pools
were observed relative to the uncut area;
harvest.related inputs of slash, decaying
roots and stumps may have offset
respiratory carbon losses. Current high
nutrient demands of rapidly growing
sprouts in the WTH area greatly exceed
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tremu./oides Michx.) a ete vigoureuse dans la
parcel Ie degamie des arbres entiers.

283. HENDRICKSON, O.(Q).; ROBINSON, J.B.; CHATARPAUL, L. 1982. The
microbiology of forest soils: A literature review. Environ. Can., Can. For. Serv.,
Petawawa Natl. For. Inst., Info. Rep. PI-X-19. 75 p.

This report discusses the activities of two
groups of forest soil microorganisms: the
bacteria and the fungi. Special attention is
paid to their participation in the decay of
major forest litter substrates, including
leaves, branches and roots. The influence
of bacteria and fungi in symbiotic

associations with woody plant roots upon cycles of
carbon and nitrogen is described. The impacts of
certain forest management alternatives are assessed
in terms of the creation or elimination of suitable
environments for the activity of soil
microorganisms.

Voir 284 pour Ie frangais.

284. HENDRICKSON, O.Q.; ROBINSON, J.B.; CHATARPAUL, L. 1985. La microbiologie
des sols forestiers -Revue bibliographique. Agric. Can., Servo can. for., Inst. for. nat. de
Petawawa. Rapp. d'info. PI-X-19F. 102 p.

bacteries et des champignons en association
symbiotique avec des racines de plantes ligneuses
sur Ie cycle du carbone et celui de I'azote. Les
repercussions de certaines methodes de gestion
forestiere sont evaluees en fonction de la creation
ou de I' elimination de milieux convenant aux
activites de ces micro-organismes.

Le present rapport traite de deux groupes
importants de micro-organismes que I' on
trouve dans les sols forestiers, soit les
bacteries et les champignons. On porte une
attention particuliere it la decomposition
des principaux debris de la litiere,
notamment les feuiUes, les branches et les
racines. On y decrit l'influence des

See 283 for English.

285. HENDRICKSON, O.Q.; ROBINSON, J.B.; RACHAR, D.B. 1984. Effects of two
harvesting methods on biological and chemical properties of forest soil. Pages 115-119
in S. Hasnain, ed. Proc. Fifth Canadian Bioenergy R&D Seminar, Ottawa, Ontario,
26-28 March 1984.

En novembre 1981, on a effectue tine recolte dans
deux parcelles d'un hectare d'un peuplement mixte
de coniferes et de feuillus de l'Institut forestier
national de Petawawa a Chalk River (Ontario).
Dans l'une des parcelles, toute la biomasse aerienne
a ete en levee (recolte d'arbres entiers) tandis que,
dans l'autre, on a effectue tine recolte classique
(coupe a blanc), d'importantes quantites de
remanents etant laisses sur Ie sol.

In November 1981, two one-hectare plots
were harvested in a mixed
conifer-hardwood stand at the Petawawa
National Forestry Institute in Chalk River,
Ontario. In one plot all above-ground
biomass was removed (whole-tree harvest).
while the second plot represented a
conventional harvest (clear-cut) with large
amounts of slash remaining on the forest
floor.

Le prelevement mensuel d'echantillons de sol dans
ces deux parcelles et dans une parcelle temoin a
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287. JOZSA, L.A.; PARKER, M.L.; BRAMHALL, P.A.; JOHNSON, S.G. 1982. Wood
production of spruce in Manitoba as a function of climate. Pages 115-119 in Proc.
Fourth Bioenergy R&D Seminar, Winnipeg, Manitoba, 29-31 March 1982.

Tree-ring samples were collected from
dominant white spruce (Picea g/auca
[Moench] Voss) and black spruce (Picea
mariana [Mill.] B.S.P.) trees along a north-
south transect through the Boreal Forest in
Manitoba in September 1981. The primary
objective was to build tree-ring width and

density chronologies using X-ray
densitometry for studying the effect of
climatic variability on tree growth through
time and space. A corollary objective was
to study and compare the growth of black
spruce to white spruce as a function of
climate under identical site conditions. This
comparison tests the validity of using black
spruce in dendrochronological studies in
the future.

Des echantillons d'anneaux de croissance ont ete
preleves en septembre 1981 d'epinettes blanches
(Picea glauca [Moench] Voss) et d'epinettes noires
(Picea nzariana [Mill.] 8.S.P.) dominantes Ie long
d'un transect nord-sud traversant la foret boreale du
Manitoba. Le but premier etait d'obtenir des
chronologies de largeur et de densite des anneaux
de croissance par densitometrie aux rayons X afin
d'etudier les effets des variations climatiques sur la
croissance des arbres dans Ie temps et I' espace. On
avait aussi pour object if I' etude et la comparaison
de la croissance des epinettes noires et blanches en
fonction du climat dans des sites identiques. Cette
comparaison permet de verifier la validite de
l'utilisation de l'epinette noire lors de futures etudes
dendrochronologiques.

288. JOZSA, L.A.; PARKER, M.L.; BRAMHALL, P.A.; JOHNSON, S.G. 1984. How
climate affects tree growth in the Boreal forest. Environ. Can., Can. For. Serv., Nor.
For. Res. Cent., Info. Rep. NOR-X-255. 30 p. + app.

Des techniques infonnatisees de densitometrie par
les rayons X ont ete employees pour analyser des
echantillons de cernes annuels preleves sur des
epinettes blanches (Picea glauca [Moench] Voss) en
Alberta, en Saskatchewan, au Manitoba et dans les
Territoires du Nord-Ouest, ainsi que sur des
epinettes noires (Picea nzariana [Mill.] B.S.P.) dans
Ie nord du Manitoba. Des suites chronologiques
d'apres la largeur et la densite des cernes ont ete
etablies pour huit emplacements de I' epinette
blanche et deux de I'epinette noire. Des rapports
etroits entre Ie climat et I'accroissement des arbres
sont indiques par de nombreuses annees de
reference, un degre eleve de synchronisation de
carottes choisies au hasard avec des chronologies
somma ires des emplacements et des correlations
elevees entre les chronologies etablies it partir des
cernes pour des emplacements distants de centaines
de kilometres.

Computerized X-ray densitometlY
techniques were used on tree-ring samples
collected from white spruce (Picea glauca
[Moench] Voss) trees in Alberta,
Saskatchewan, Manitoba, and the
Northwest Territories and black spruce
(Picea nzariana [Mill.] B.S.P.) trees in
northern Manitoba. Detailed annual ring
width and ring density chronologies were
produced for samples from eight white
spruce and two black spruce sites. Strong
climate-tree growth relationships were
indicated by numerous common marker
years, strong cross-dating between
randomly selected individual cores and site
summary chronologies, and high
correlations between tree-ring chronologies
for sites hundreds of kilometres apart.
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La subdivision de ces gran des categories pennet des
recherches plus precises. La categorisatioo des
sources de references etait quelque peu subjective,
car beaucoup de titres pouvaient entrer dans plus
d'une de nos subdivisions. Par consequent, pour une
exploration complete de la bibliographie, il faudrait
commencer par la categorie la plus precise,
remonter a un niveau plus general, pour tenniner
par la categorie la plus generale. Les auteurs sont
enumeres par ordre alphabetique, dans chaque
categorie.

models. Subdivisions of these main
categories allow more specific searches.
The assignment of a reference to the most
appropriate category was somewhat
subjective because many entries matched
more than one of the divisions. Therefore,
a complete survey of the bibliography
should start with the most specific
category, move up to a more general level
and finish off by checking the catch-all
category. Authors are listed alphabetically
under each category.

292. KIMMINS, J.P.; COMEAU, P.G.; KURZ, W.(A). 1990. Modelling the interactions
between moisture and nutrients in the control of forest growth. For. Ecol. Manag.
30:361-379.

On decrit rapidement trois grandes voies d'approche
II la modelisation de I'accroissement et du
rendement forestiers II I'echelon du peuplement : la
methode de prediction empirique; la methode
explicative fondee sur les processus; et la methode
de prediction combinant II la fois la methode
empirique et la methode fondee sur les processus
(Ia simulation hybride). On examine dans quelle
mesure les modeles s'inspirant de ces trois
methodes comprennent une representation explicite
de I'humidite et des elements nutritifs et on explore
la relation entre I'objectif de la modelisation,
I'echelle temporelle et I'inclusion de representations
de I'humidite et des elements nutritifs. On traite
brievement des processus dans lesquels
intervicnnent les elements nutritifs et I'humidite, et
qui pourraient etre representes dans un modele
explicatif, axe sur les processus et sur la duree de la
revolution ainsi que les principaux processus et
parametres modifies par les changements qui
surviennent dans ces facteurs. L' article se termine
par une proposition pour reduire la complexite
inherente d'une approche axee sur les processus
(pour sirnuler I'humidite) afin de I'utiliser dans un
modele hybride de prediction.

Three major approaches to stand-level
forest gro\\rth and yield modelling are
briefly described: an empirical predictive
approach; a process based explanatory
approach; and a predictive approach which
combines both the empirical and the
process approaches (the 'hybrid simulation'
approach). The degree to which models
representing these three approaches include
an explicit representation of moisture and
nutrients is reviewed, and the relationship
between modelling objective, time-scale,
and the inclusion of representations of
moisture and nutrients is explored. There is
a brief consideration of the nutrient and
moisture related processes that might be
represented in a process based,
rotation-length, explanatory model, and the
major processes and parameters that aI.e
affected by changes in these factors. The
paper concludes with a suggestion as to
how the inherent complexity of a
process-based approach to simulating
moisture might be simplified for use in a
predictive hybrid simulation model.

293. KIMMINS, J.P.; DE CATANZARO, J.; BINKLEY, D. 1979. Tabular summary of data
from the literature on the biogeochemistry of temperate forest ecosystems. Environ.
Can., Can. For. Serv., Petawawa Natl. For. Inst, ENFOR Rep. P-8. 104 p.

Les tables ant ete preparees a la demande du
Service canadien des forets pour servir de reference
dans l'evaluation des consequences biogeochimiques

The tables were prepared at the request of
the Canadian Forestry Service as a
reference source for use in evaluation of
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The World Commission on Environment
and Development has issued a challenge in
its report 'Our Common Future': to
demonstrate that all future developments
are consistent with a sustainable
environment and sustainable renewable
resources. In forestry, this requires
projections over at least several rotations
concerning the sustain ability of yield and
site productivity under alternative
management strategies. In the absence of
empirical experience over such long time
spans, interim estimates of sustainability
can be obtained by calibrating and using
models like FORCYTE-ll. Initially, a
simple input-output model to examine soil
fertility aspects of the sustain ability of
intensive biomass-for-energy projects,
FORCYTE-ll has been developed to
become an ecosystem management model
with which to simulate the short and
long-term effects of a wide variety of
rotation-length management strategies on
stand level production, yield, yield
sustainability and economic and energy
benefit/cost ratios. Although FORCYTE-ll
cannot address questions that relate to
climate change, it can examine the effects
of management on long-term site
productivity .

La Commission mondiale de I'environnement et du
developpement a lance un defi dans son rapport
Notre avenir (; tous : demontrer que tOllS les
developpements seront desormais compatibles avec
un environnement durable et des ressources
renouvelables et inepuisables. Dans Ie domaine
forestier, ce defi exige que I'on examine la
durabilite des rendements et la productivite des
stations sur une pCriode d'au moins plusieurs
revolutions, selon diverses strategies
d'amenagement. A defaut d'une experience
empirique qui s'etend sur une si longue periode de
temps, on peut obtenir des estimations provisoires
de la durabilite par I'etalonnage et I'emploi de
modeles tels que Ie FORCYTE-ll. Au debut, il
s'agissait d'un simple modele d'entree-sortie visant
a examiner les consequences, sur la fertilite des
sols, de la durabilite des projets de culture intensive
de la biomasse pour la production d' energie. Le
modele est graduellement devenu un modele
d'amenagement de I'ecosystcme qui permet de
simuler les effets a court et a long terme d'une
large gamme de strategies d'amenagement, dont la
duree equivaut a celles de la revolution, sur la
production, Ie rendement, la durabilite du rendement
ainsi que les rapports avantages/couts economiques
et energetiques a I'Cchelle du peuplement. Le
modele ne saurait repondre aux questions qui
touchent Ie changement climatique, mais il peut
examiner les effets de I' amenagement sur la
productivite a long terme des stations.

296. KIMMINS, J.P.; PRICE, N.; APPS. M.J. 1989. Red alder: A selected bibliography and
compilation of literature data for use in conjunction with the ecosystem management
model FORCYTE-11. For. Can., Nor. For. Cent., Unpubl. Rep. ENFOR P-197. 58 p.

This report is an extension of an earlier
report, a summary of world literature on
the biogeochemistry of temperate fol-ests,
but restricted to red alder. The data were
obtained by standard computer search of
the literature for the 1983-88 period. It is
concluded from the results of this literature
survey that users of FORCYTE-11 cannot,
at the present time, rely solely on the
published scientific literature available
through standard computer search to
provide a complete preliminary calibration
data set for red alder. Additional data
collection will be required.

Le rapport fait suite a un rapport anterieur, qui
resumait les publications mondiales sur la
biogeochimie des forets temperees, mais limitees au
cas de l'aulne rouge. Ces donnees ant ete obtenues
par des prospect ions informatisees des publications
pour la periode 1983 a 1988. De cette etude
bibliographique, on conclut que Ie modele
FORCYTE-11 ne peut pa.." pour Ie moment,
s'appuyer uniquement sur les donnees scientifiques
publiees, qui sont accessibles par la recherche
informatisee, pour obtenir un ensemble complet de
donn('es qui permettront un etalonnage pre liminaire
applicable a l'aulne rouge. Des donnees
supplemenlaires devront etre recueillies.
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species selection and various intensities of
harvesting. Future editions of the model
will incorporate thinning, fertilization and
slashbuming. The model will be dynamic
in that current growth will be modulated
by the availability of nutrients, and site
quality will respond to the general trend of

growth changes.

essences et de diverses intensites de la recolte. Dans
des versions ulterieures, il pourra tenir compte des
coupes d'eclaircie, de la fertilisation et du bnilage
des remanents. II sera dynamique; en effet
I' accroissement actuel sera module par
I' assimilabilite des elements nutritifs, tandis que la
qualite stationnelle repondra a la tendance generate
des changements de I'accroissement.

299. KIMMINS, J.P.; SCOULLAR, K.A. 1983. FORCYTE-10: A user's manual. UBC,
Unpubl. Rep. ENFOR P-8, P-71, P-197. 112 p. + app.

Le guide decrit la structure du modele informatise
de simulation FORCYTE-IO. C'est un modele de
simulation de I'amenagement forestier ronde sur
I' ecosysteme, qui vise a examiner les consequences
a long terme de I' amenagement intensif sur Ie
capital nutritif des stations, la production de la
biomasse et la performance economique ainsi que
I'efficacite energetique de divers scenarios
d'amenagement. II a ere construit a l'aide de
donnees s'appliquant a I'azote, mills tout autre
element nutritif pourrait etre examine si les donnees
necessaires etaient disponibles et si des retouches
etaient apportees au modele. Des fichiers d'cntree
des donnees propres aux stations et aux especes
permettent d'appliquer Ie modele a une large
gamme de types forestiers equiennes,
monospecifiques et d'obtenir des resultats pour une
station donnee. Un fichier d'etat initial permet de
choisir pour I' execution du modele toute condition
initiate de I'ecosysteme. Lorsqu'il sera etalonne
avec des donnees d'une zone ou d'une region
climatique ou ecologique donnee, Ie modele pourra
simuler I' amenagement dans route cette zone ou
region. Le modele est commande par des donnees
empiriques toutes les fois que cela est possible,
mais il integre egalement la modelisation de

processus.

This manual describes the structure of the
computer simulation model FORCYTE-IO;
an ecosystem-based forest management
gaming model designed to examine the
long-term consequences of intensive forest
management on site nutrient capital,
biomass production and the economic
performance and energy efficient of
alternative management scenarios. The
model has been developed by using data
for nitrogen, but any other single nutrient
could be examined if the necessary data
were available and minor changes made to
the model. Data input files that require
site- and species-specific information
permit the model to be run for a wide
variety of different even aged,
single-tree-species forest types and to
produce site-specific output. An initial state
file permits the model to be initiated from
any chosen initial ecosystem condition.
When calibrated with data from a
particular climatic/ecological zone or
region, the model can be used to simulate
management throughout that zone/region.
The model is driven by empirical data
wherever possible, but also incolvorates
some process modelling.

300. KIMMINS, J.P.; SCOULLAR, K.A. 1984. The role of modelling in tree nutrition
research and site nutrient management. Pages 463-487 in G.D. Bowen and E.K.S.
Nambiar, eds. Nutrition of Plantation Forests. Academic Press, London. 516 p.

Les variations de fom1e et de fonction entre les
differents types d' ecosystemes peuvent etre prises
en charge en gran de partie par la classification et
1 'interpretation de la variabilite des ecosystemes. On
peut considerablement faciliter les projections Ii

The variation in fomI and function
between different ecosystem types can be
dealt with to a considerable extent by
classifying and interpreting ecosystem
variability, and the difficulty of making
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diagnostiques ainsi que des tables de la
biogeochimie stationnelle, des processus de
l'ecosysteme et de prediction du rendement, ainsi
que des tables des facteurs economiques et de
l'efficacite energetique de l'amenagement; (3) la
demiere operation est la commande des resultats de
la simulation MANAFOR par l'utilisateur. Ce
demier peut choisir divers resultats selon leg fins
pour lesquelles il utilise Ie modele ou, encore, il
peut utiliser leg donnees comme donnees d'entree
d'autres programmes et modeles (analyse des
donnees et programmes graphiques, modeles
economiques, modeles de la foret entiere, etc.).

yield, site biogeochemistry and ecosystem
processes, and the economics and energy
efficiency of management; (3) The third
and final activity is user control of the
output from MANAFOR. The user may
choose a variety of output options
according to the purposes for which the
model is being used, or the data may be
used as the input to other programs and
models (data analysis and graphics
programs, economics models, whole-forest
models, etc).

302,

KIMMINS, J.P.; SCOULLAR, K.A.; APPS, MJ.; KURZ, W.A. 1990. The FORCYTE
experience: A decade of model development. Pages 60-67 in B.J. Boughton and J.K.
Samoil, eds. Proc. Forest Modelling Symp., Saskatoon, Saskatchewan, 13-15 March
1989. For. Can., Northwest Reg., Info. Rep. NOR-X-308. 180 p.

The World Commission on Environment
and Development has issued a challenge in
its report, Our common future: to
demonstrate that aU future developments
are consistent with a sustainable
environment and sustainable renewable
resources. In forestry, this requires
projections over at least several rotations
concerning the sustainability of yield and
site productivity under alternative
management strategies. In the absence of
empirical experience over such long time
spans, interim estimates of sustainability
can be obtained by calibrating and using
models like FORCYTE-ll. Initially, a
simple input-output model to examine soil
fertility aspects of the sustainability of
intensive biomass-for-energy, FORCYTE
has been developed to become an
ecosystem management model \\,ith which
to simulate the short-and long-term effects
of a wide variety of rotation-length
management strategies on stand-level
production, yield, yield sustainability, and
economic and energy benefit-cost ratios.

La Commission mondiale de I' environnement et du
developpement a lance un defi dans son rapport
Notre avenir Ii tous : demontrer que tous leg
developpements seront desormais compatibles avec
un environnement durable et des ressources
renouvelables et inepuisables. Dans Ie domaine
forestier, ce defi exige que l'on examine la
durabilite des rendements et la productivite des
stations sur une periode d'au moins plusieurs
revolutions, selon diverges strategies
d'amenagement. A defaut d'une experience
empirique qui s'etend sur une si longue periode de
temps, on peut obtenir des estimations provisoires
de la durabilite par l'etalonnage et l'emploi de
modeles tels que Ie FORCYTE-ll. Au debut, il
s'agissait d'un simple modele d'entree-sortie visant
it examiner leg consequences, sur la fertilite des
sols, de la durabilite des projets de culture intensive
de la biomasse pour la production d'energie. Le
modele est graduellement devenu un modele
d'amenagement de l'ecosysteme qui permet de
simuler leg effets it court et it long terme d'une
large garnme de strategies d'amenagement, dont la
duree equivaut a celles de la revolution, sur la
production, Ie rendement, la durabilite du rendement
ainsi que leg rapports avantages/couts economiques
et energetiques it l'echelle du peuplement.
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plantations on good and poor Douglas-fir
plantations on Vancouver Island.

nutritives en fonction de I' age dans des plantations
riches et pauvres de sapin Douglas dans I'ile
Vancouver.

KIMMINS, J.P.; SCOULLAR, K.A.; FELLER, M.C. 1981. FORCYfE-10. Pages 55-59
in Proc. Third Bioenergy R&D Seminar, Ottawa, Ontario, 24-25 March 1981.

FORCYTE-IO is a site-specific, user
controlled, management-gaming tool with
which to investigate the potential effects of
various intensities of management and
biomass harvesting on soil fertility and
biomass production. The model requires a
set of site- and species-specific
inventory-type input data on biomass and
chemistry, and information on the rates of
certain ecosystem processes. The output
includes diagnostic graphs and tables, and
predictive tables. The model can be used to
prepare energy and financial budgets as
well as biomass and nutrient budgets.

Le FORCYTE-IO est un outil de gestion base sur la
theorie des jeux, contr6le par l'utilisateur et
pennettant, pour des sites particuliers, l'etude des
effets potentiels de diverses intensites de gestion et
de recolte de la biomasse sur la fertilite du sol et la
production de biomasse. Le modele fait intervenir
un ensemble de donnees d'entree sur la biomasse et
la chimie, particulieres au site et aux especes, ainsi
que des renseignements sur les faux de certains
processus des ecosystemes. Les sorties se presentent
sous fonne de graphiques et de tableaux de
diagnostique et de tableaux de previsions. Le
modele peut etre utilise pour la preparation de
bilans energetiques et financiers ainsi que de bilans
des elements nutritifs et de la biomasse.

KURZ, W.A.; APPS, MJ. 1988. PROBE user's manual: draft version 2.00-C. Agric.
Can., Can. For. Serv., Nor. For. Res. Cent., Unpubl. Rep. ENFOR P-369. 34 p.

PROBE consists of several programs and
files which assist the user in preparing,
executing and analyzing multiple runs of
FORCYTE. Primary objectives in the
development of PROBE were to petmit the
unattended execution of large numbers of
FORCYTE runs and to facilitate
comparisons of the results of such runs.
The application of PROBE to obtain
results of multiple runs of FORCYTE
requires three different activities: (1) the
user must decide what model runs are
desired and the instructions for these runs
must be prepared; (2) the execution of the
runs; and (3) the analysis, comparison and
interpretation of the results of the runs.
Different parts of the software package
PROBE assist the user in each of the three
activities.

Le progiciel PROBE consiste en plusieurs
programmes et fichiers qui rodent it preparer, it
executer et it analyser plusieurs passages des cycles
de simulation du modele FORCYTE. Les premiers
objectifs que I' on visait en Ie mettant au point
etaient de permettre I' execution sans surveillance
d'un grand nombre de simulations avec Ie
programme FORCYTE et de faciliter la
comparaison des resultats de ces simulations.
L 'application du progiciel exige, pour obtenir les
resultats de plusieurs simulations, trois operations:
(1) I'utilisateur decide des simulations souhaitees et
il prepare les instructions it cette fin; (2) les
simulations sont executees; (3) les resultats des
simulations sont analyses, compares et interpretes.
Dans ces trois operations, differents logiciels du
progiciel PROBE interviennent.

KURZ, W.A.; APPS, MJ.; CHAN, Y.-H. 1988. PROBE: A program to facilitate user
friendly gaming with FORCYTE. Pages 160-164 in C. Granger, ed. Proc. Sixth
Canadian Bioenergy R&D Seminar, Richmond, B.C., 16-18 February 1987.
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The increasingly rational harvesting and use of
wood resources have led some forest managers and
government organizations to rase questions about
the environmental effects of a forest biomass
harvesting approach in which all wood resources are
recovered. In 1980, a study was conducted to assess
and determine the effects of harvesting on stand
reproduction, physical soil conditions, the content of
lower shrub strata and wildlife. This study analyzes
and evaluates the different factors affected by
whole-tree harvesting (concept most closely
resembling forest biomass harvesting). In the light
of these results, the study discusses the spin-off
effects associated with forest biomass harvesting.

La recuperation et l'utilisation de plus en
plus rationnelle de la matiere ligneuse ant
amene certains amenagistes forestiers et
organismes gouvemementaux 11 s'interroger
sur leg effets qu'aurait sur Ie milieu, une
recolte de biomasse forestiere, oil toute la
matiere ligneuse est recuperee. C' est ainsi
qu'en 1980, une etude rut entreprise pour
evaluer et preciser leg effets du procede de
recolte sur la reproduction des
peuplements, leg conditions physiques des
sols, Ie contenu des strates vegetalcs
inferieures et sur Ie milieu faunique. Cette
etude analyse et evalue leg diverges
variables influencees par une recolte
d'arbres entiers (concept s'approchant Ie
plus de la recolte de biomasse forestiere).
Enfin, 11 la lumiere de ces resultats, l'etude
rend compte des retombees associees 11 une
recolte de biomasse forestiere.

311 MacISAAC, D.A. 1988. Analysis of source code and data structure of FORCYTE-11.30
and evaluation of alternative data file formats. Agric. Can., Can. For. Serv., Nor. For.
Cent., Unpubl. Contractor's Rep. ENFOR P-345. 16 p.

This study was restricted to the analysis of
three FORCYTE-ll.30 modules: the setup
programs TREEGROW and FORSOILS
and the forest management simulation
program MANAFOR. The structure of the
program modules was reviewed using
source code from version 11.30 and the
FORCYTE User's Manual Vol. 1. The
source code was annotated to highlight the
main features of each program. This
information was then transferred to
detailed flow-charts which illustrate the
major structure, inputs and outputs for
each program. A detailed record of the
program structure was compiled in binder
form as an appendix to this report.

L 'etude s'etait limitee a l'analyse de trois modules
du modele FORCYTE-ll.30 : les programmes de
montage TREEGROW et FORSOILS ainsi que Ie
programme de simulation de l'amenagement
forestier MANAFOR. La structure des modules a
ete examinee a i'aide du iangage d'origine de la
version 11.30 et du volume 1 du guide de
l'utilisateur du modele FORCYTE. Le langage
d'origine a ete annote afin de souligner les
principales caracteristiques de chaque programme.
L'information a ensuite ete transposee en
organigrammes detailles qui montrent la structure
generale ainsi que les entrees et sorties de chaque
programme. Une presentation detaillee de la
structure des programmes a ete compilee sous
forme de reliure annexee au rapport.

312. MacISAAC, D.A.; APPS, M.J.; KURZ, W.A. 1989. Updated PROBE utilities for
evaluation of forest management using FORCYTE-11. Pages 193-197 in E.N. Hogan,
ed. Proc. Seventh Canadian Bioenergy R&D Seminar, Ottawa, Ontario, 24-26 April
1989.

The FORCYTE-ll forest yield and trend
evaluator model is currently being tested
with management gaming and sensitivity

Le m~le d'evaluation du rendement et des
tendances des forets FORCYTE-ll fait actuellement
I'objet d'essais avec des programmes de jeux de
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class and tree species. Indiscriminate
intensive harvesting, therefore, cannot be
recommended. Conservation of nutrients in
the foliage and slash can moderate site
acidification.

donc pas recommander la recolte intensive sans
discemement. La conservation des elements nutritifs
presents dans Ie feuillage et les remanents peut
ralentir I'acidification de la station.

314. MAHENDRAPPA, M.K.; MALIONDO, S.M.; VAN RAALTE, G.D. 1988. Potential
acidification of sites due to intensive harvesting in New Brunswick. Pages 110-114 in C.
Granger, ed. Proc. Sixth Canadian Bioenergy R&D Seminar, Richmond, B.C., 16-18
February 1987.

An attempt is made to show that intensive
harvesting results in site deterioration due
to acidification. With the observation that
in this region, the atmospheric proton input
is C.5 keg, and that hardwood forests
neutralize 80% of this acidity compared to
20-40% neutralized by softwood cover, it
is shown that the degree of potential
acidification due to intensive harvesting is
affected by site class and tree species

composition.

Les auteurs ten tent de montrer que des recoltes
intensives entrainent une deterioration des sols a
cause de l'acidification. Ayant observe que, dans
cette region, la charge protonique atmospherique est
de C.5 keg et que les forets de feuillus neutralisent
80 % de cette acidite tandis que les bois de resineux
en neutralisent entre 20 et 40 %, les auteurs
montrent que Ie degre d'acidification possible
resultant de recoltes intensives subit l'influence des
types de telTains et de la composition des especes
d'arbres.

315. MALIONDO, S.M. 1988. Possible effects of intensive harvesting on continuous
productivity of forestland. For. Can., Mant. For. Cent., Info. Rep. M-X-171. 26 p.

La recolte intensive (par arbres entiers) des
peuplements fore stiers naturels est tres repandue
dans les provinces Maritimes. Dans certains cas, on
y a recours pour augmenter la biomasse utilisable,
mais souvent Ie feuillage et les branches sont jetes
au premier dep<>t transitoire. L 'auteur examine les
effets possibles de cette methode de recolte sur la
productivite It long terme des sites, notarnment sur
la fertilite du sol. Les effets possibles comprennent
une perte importante de substances nutritives par les
composantes recoltees des arbres, une diminution It
long terme des matieres organiques du sol, une
perte de substances nutritives du sol, y compris des
cations de base, et la possibilite d'une acidification
accrue du sol.

Intensive (whole-tree) harvesting of natural
forest stands is widespread in the Maritime
provinces. In some cases, the goal of
whole-tree harvesting is to increase usable
biomass, but often foliage and branch
components are discarded at the landing
site. This report examines the possible
effects of whole-tree harvesting on
long-term site productivity, particularly on
soil fertility. Such effects might include
large losses of nutrients in harvested
components, long-term decrease in soil
organic matter, loss of soil nutrients,
including base cations and the potential for
increased soil acidification.

316. MALIONDO, S.M.; MAHENDRAPPA, M.K.; V AN RAALTE, G.D. 1990. Distribution
of biomass and nutrients in some New Brunswick forest stands: Possible implications of
whole-tree harvesting. For. Can., Marit. For. Cent., Info. Rep. M-X-170E/F. 37 p. + app.

The potential impacts of whole-tree
harvesting, increasingly practised in the
Maritimes region, on long-term site
productivity were investigated in New

On a etudie l'incidence potentielle de la recolte
d' arbres entiers, pratique de plus en plus courante
dans la region des Maritimes, sur la productivite a
long terme de sites au Nouveau-Brunswick, et Ie
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Le systeme de mesure de la difference de
temperature inverse (RTDMS) a ete con~u pour etre
installe et utilise sur Ie terrain. C'est pourquoi on
peut l'installer dans un endroit relativement eloigne
avec ires peu d'outils. De petits reglages aux
poulies du chariot sont recommandes a
l'installation. C'est la seule mesure d'entretien
mecanique necessaire. Bien entendu, l'entretien
regulier du capteur de temperature du thermometre
mouille et des piles exige des visites regulieres de
1 'emplacement.

The RffiMS has been designed for field
installation and use. For this reason it can
be installed in relatively remote areas with
a minimum of tools. Small adjustments of
the sheaves on the carts upon installation is
suggested as the only mechanical
maintenance necessary. Of course, regular
servicing of the wet-bulb sensor and
batteries necessitates regular visits to the
site.

319. McCAUGHEY, J.H.; POND, B.A. 1985. User's manual for reversing temperature
difference measurement system: Data analysis software for the DIGITAL Rainbow-100
microcomputer. Agric. Can., Can. For. Serv., Nfld. For. Res. Cent., Unpubl. Contractor's
Rep. ENFOR P-172. 58 p.

Background notes are given on radiation
balance, on energy balance, on estimation
of C and Qs and on reversing temperature
difference measurement system (RTDMS).
The data analysis software is presented,
and the RTDMS data preparation and
analysis programs are documented.

Des notes de base soot foumies sur Ie bilan radiatif,
Ie bilan energetique, I' estimation de C et de Qs
ainsi que sur Ie systeme de me sure de la difference
de temperature inverse (RffiMS). Le logiciel
d'analyse des donnees est presente, et des
renseignements sont donnes sur les programmes de
preparation et d'analyse des donnees du dispositif.

320. 

McCAUGHEY, J.H.; ROBERTSON, A.; FRENCH, C. 1989. Energy balance studies of
an experimental Salix plantation and forest cutover in Newfoundland. Pages 161-164 in
E.N. Hogan, ed. Proc. Seventh Canadian Bioenergy R&D Seminar, Ottawa, Ontario,
24-26 April 1989.

Les Corers telTe-neuviennes sont situees dans une
region sensible au climat, si bien que toute
perturbation due it I'exploitation et aux feux de Corel
peut entrainer une degradation transformant de
vastes etendues en Corer seche basse. II est ensuite
difficile de restaurer ces regions pour leg rendre de
nouveau productives. Meme si la Corer n'est pas
degradee au gens strict, la productivite typique de la
Corer boreaJe dans cette region est loin de ceUe que
I' on peut obtenir grace it des pratiques de
sylviculture intensive. QueUes que soient leg options
sylvicoles, il est necessaire de prevoir la
productivite theorique maxirnale de sites specifiques
avant d'envisager d'investir dans la gestion.
L' energie etant la source de toute forme de vie, Ie
fait d'evaluer la repartition de l'energie dans ses
differents elements, it savoir la chaleur sensible, la
chaleur du sol, l'evapotranspiration, et surtout, Ie
stockage dans la biomasse, permettra de mieux
determiner la production potentieUe de la Corel.

The forests of Newfoundland are in a
climatically sensitive region such that
disturbance by exploitation and forest fires
can lead to site degradation, whereby vast
areas can be rendered into scrub forest.
Restoring these regions to productive
forests is a difficult undertaking. Even if
the forest is not degraded, sensu stricto,
the typical productivity of boreal forest in
this region is far below what can be
achieved through intensive silviculture.
Regardless of silvicultural options, there is
a need for prediction of the theoretical
maximum productivity of specific sites
before any consideration can be given to
management investments. Since energy is
the basis of all life, it follows that
assessing the partitioning of energy into
various components such as sensible heat,
soil heat, evapotranspiration, and most

157



8~1

'L861 fJenJq~d 81-91 "J'g 'puowl{;)!'M 'Jeu!w~s GW'M A'ZJ~U~!g
ue!peueJ l{~X!S ';)OJd 'p~ 'J~~ueJD 'J U! 6£1-££1 s~~ed 'pueIPunoj/t\~N UJ~~S~A\

U! I~poW l{~OJ~ 3J.AJ'MOd ~~ Jo uo!~eJq!IeJ '8861 '[1\\ 'S3GV3W ~'d'f '3"MOOW 'tCt

.a{qe!;)')JddR aJ}~ }!t!JJnod

!nb UO!}R;)!J!J}!U9P aun,p a;)ua}s!""a,{ }u::lnb!pu!
s}e}{ns:}J Sa'"} .O'N }a ON ap s}au uo!};)npoJd

ap xneJ sal }a -'ON np UO!}RpRJg9P RI Ja uo!};)npoJd
el '-EON ap a}.lad R{ Jns Sanb!WRuAp saguuop

sap J!ua}qo Jnod aJ!O}eJoqR{ ua gs!{!Jn gJg e xnazgg

J!q:}p np amsaw ap agR}UOW un .sa{qR{a;)')pU!

no (s/,W/'3U Z'O 5) sa{q!eJ Juawaw~JJxa 'sa}uaJgJJ!p

:}J!p!wnq,p SUO!J!PUO;) sap suep Ja SUO!SR;);)O xnap
V 'sa:}J:}Ae Juos as O'N SUO!SS!w:} sa'"] .(O!JRJUO,1

ap pJOU) gu!se)[snde)l ap UO!g9J e{ ap 'agg,p SaSSR{;)
ap Ja sJuawa;)R{dwa.p awweg agJR{ aun JU11}UasgJdaJ

'saJ!Ou sa»aU!d9.p s9!pua;)u! s}uawa{dnacl ap
saqJnoJ ap Ja slOS ap uO!Je;)!J!JJ!U9P e{ 9!pm9 e uo

.AJ!A!J;,e Ja!J!JJ!Uap Jue;'!J!U~!S
AlIe!JuaJod aJu;,!pU! sJlnsaJ aq.L 'uo!J;,npoJd

OzN pue ON Jo saJeJ Jau pue 'Ae;,ap pue
uo!J;,npo.ld -'ON 'ssol .rON JoJ eJep ;'!Jau!'l

U!uJqo OJ pasn SeA\ waJsAs MOLJ-se~ e
'AJOJUJoqul aqJ Ul 'alqeJ;,aJapun JO (s/zwfJu

Z'O 5) Mol AlaWaJP'a aJaM saw~aJ
aJnJs!ow JuaJaJJ!p Japun suo!se;,;,o OMJ uo

OzN Jo SUo!ss!wa aJ!s-uo 'paJe~!JsaAU! seM
O!ll!JuO waqJJou Jo eall! ~u!se)(snde)l aqJ
U! paJu;)Ol 'sassel;' a~e pue aJ!s Jo a~ueJ e
~U!JuasaJdaJ 'spueJS a;,ruds )(;,elq aJ!J-Jsod

JdPun Jead pue l!OS U! uo!Je;'!J!lJ!uaa

.v861 q;)JCW 8Z-9Z '°!JB~uO 'CA\Cno 'JCU!W;}S aW"M A~J;}U;}O!g UC!PCUCJ
q~J!d .;)OJd 'P;} 'U!CUSCH 'S uJ V 11-111 S;}~Cd .sI!OS ~S;}JoJ O!JC~UO W;}q~ou ;}WOS

U! UO!~C;)!J!J~!U;}a .v861 "1 "1nv dMV.L VHJ :."M. f '"M3)lJVS3I"MA :. ra 'ANN3)l;)W .ZZ£

.sJU!eJJSUO;) asaqJ aJeU!W!(a OJ pep!AoJd aJe

SUO!JBpUaWWOOaJ pUt! samseaw aA!1ua:>U!

)0 AJa!JeA e ~(B!JuaJod S!qJ )0 uo!JeZ!(BaJ

aqJ u!BJJsuoo sJoJ;)e) yeuo!JfiJ!JSU!
)0 a2ueJ e iuasaJd JV .SUO!J!PUO;)

YBJU;)WUOJ!AUa pUt! SUO!J!PUO;) ;)!WOUOOa
(Buo!2aJ .f..IJSnpU! f..IJSaJO) aqJ uodn

peJ;)adxa aq p(noo SJ;)BdW! aA!J!sod a2J1!'l
.WaJSAS JUawa2BuBw a;)JnOsaJ aqJ JO)

swayqoJd aJaAaS OU asod pynOA\ (e!JuaJod

S!qJ )0 JUawdoyaAaa .e!qwn(oJ qS!J!.I8
U! a;)Jnos A2Jaua a(qe!A Ane;)!WOUOOa

ut! se (B!JuaJod 2uoJJs seq SSBWO!q 1saJod

.saJU!RJJuO:) sa:)

JaU!ll!I~,p u!jR s~sodOJd Juos SUO!IRPURUIWO:)aJ sap
anb !SU!R UO!JRlnll!Js "p S;}Jnsaw S;}SJ;}A!P :I;}!JU;}Jod

d;) ap UO!JRS!IR~J RI lu;}u~2 I;}UUO!Jm!JSU! dJpJO,p

SJn;}J:)Rj ;}P ;}!J9S ;}un 'luas~Jd V .s;}IRJuaw;}uuoJ!AU;}

SUO!J!puo:) S;}I J;} 'S"[Ruo!2~J s;}nb!wouo:)~
SUO!J!puo:) S;}I ';}Jv!JS;}JOj ;}!JJsnpU!,1 ms S;}A!J!sod

a!1JRd apueJ2 ua s;}:)uap!:)U! sap I} alpuaJJR,s

J!RJJnod uO .S;}:)JnOSS;}J S;}P uo!Js;}2 ;}P ;}WvJSAS ;}I

mod xn;}!J~s ;}W?IQoJd ;}P sed J!RJ;}sod ;}U I;}!IU;}Jod
d;) ;}P Ju;}w;}ddoI;}A~P ;:r"J .;}nb!uueJ!Jg-;}!qwOI°;) U;}

;}lqR!A Juawanb!wouoo~ ;}!2Jau~, p ;}:)JnOS ;}nb JueJ U;}

~A;}I~ I;}!Ju;}Jod un ;}1Jodwo:) ;}J'i!!JS;}JOj ;}SSRWO!q R'1

.d t~1 .9cZ-X-JH

'da"M .OJUJ 'JuaJ .sa"M .JOd .:>Ed '.Alas .JOd .UEJ '.UEJ .uOJ!AU3 .S1U!EJ1SUO:> pUE S1:>Edw!
'sa!1!un:jJoddO :E!qwnloJ QS!1!JH U! A~JaUa SSEWO!q 1saJod "2861 .'1'J. 'S'13INVa:>W1~£

.p~Z!JRlUlUnS ~JR pUt!lPunoJA\~N u! J~AO}n:)

JS~JO} e pUt! uo!Je}Ut![d AgJ~U~ f1!JU~1:u!Jadx~

Ut! }O sasse:)OJd :)!}elU![:) J~q}O pUt!
~:)ue[eq AgJ~U~ ~q} uo ApmS e }O S}[ns~"M

.~An~N-~JJ~.L I} ;)OO[q I} ~;;Idno;)
~uoz ~un soop f~ ~[efU~UI!J;;Idx~ uO!fefue[d ~un suep

s~nb!feUI![;) snssa;)oJd S~[ Jns J~ ~nb9;;1~J~U;;l OO[!q

~I Jns Jue}JOd ~pm;;l ~un,p sJeJ(ns;;lJ S~[ ~UInS;;lJ uO

.uo!!~npoJd !S~JO}
le!IU~!od }O uo!Je!~~dde J~u;:lq e ~A!g

11!A\ 'sseUJO!q U! ~geJoJs lie }O !ueJJodUJ!



On a recueilli des donnees afin d'aider a etalonner
Ie modele FORCYTE de simulation de la
croissance, en ce qui conceme Ie savin baumier,
dans l'ouest de Terre-Neuve. On a utilise la
methode d'echantillonnage axee sur la distance pour
obtenir des donnees sur la den site et la biomasse
des peuplements forestiers. L' etude a porte sur six
classes d'age en fonction de trois types de qualite
de terrain.

Data have been collected to assist in the
calibration of the FORCYTE growth
simulation model for balsam fir in western
Newfoundland. The Distance Method of
sampling was utilized to obtain forest stand
biomass and density data. Six age classes
were selected for study over three site
quality classes.

324. MORRISON, I.K.; WICKWARE, G.M. 1989. Conservative soil management for
intensively managed conifer plantations. Pages 233-236 in E.N. Hogan, ed. Proc.
Seventh Canadian Bioenergy R&D Seminar, Ottawa, Ontario, 24-26 April 1989.

In response to increasing demands for
wood fibre, Canadian foresters have been
actively seeking to increase tree gro\vth
rates by, developing and implementing
more intensive soil management practices.
At the same time as there is increased
demand for biomass for traditional
products, there are prospects that even
greater quantities could be removed for the
production of energy. This raises questions
concerning the drain of nutrients from
some sites in harvested products; this drain
may be of sufficient magnitude to lead to
diminished future site productivity. Jack
pine is a principal tree species of nol1hern
Ontario and is commonly associated with
coarse, glaciofluvial sands of low fertility.
Fertilizer trials in unmanaged or
extensively managed stands have shown
that growth in such situations is commonly
limited by a lack of N with, in some
instances, secondary deficiencies of P or
K, as well. This suggests that, under more
intensive harvesting regimes, deficiencies
of nutrients could occur in future crops. In
our study, we examined the nutrition of
young jack pine plantations. In particular,
we studied tree foliage for indications of
nutrient deficiencies.

Pour repondre aux demandes croissantes de fibres
de bois, les forestiers canadiens cherchent
activement a accelerer la croissance des arbres en
elaborant et en mettant en application des pratiques
de gestion du sol plus intensives. En meme temps,
comme la demande de biomasse destinee a des
produits traditionnels s'accroit de plus en plus, on
envisage de recolter des quantites plus importantes
pour la production d'energie. Ceci souleve des
questions au sujet du drainage des elements nutritifs
dans les produits recoltes sur certains sites, drainage
qui pourrait entrainer une diminution de la
productivite future du site. Le pin gris est la
principale essence du nord de l'Ontario et on Ie
retrouve couramment sur des sables glacio-fluviens
grossiers peu fertiles. Des essais portant sur des
engrais, realises dans des plantations non amenagees
ou soumises a un amenagement intensif, ant montre
que dans de telles circonstances, la croissance est
couramment limitee par un manque d'azote
accompagne, dans certains cas, de carences en
phosphore ou en potassium. Ceci montre que dans
des conditions de recolte plus intensives, la recolte
suivante pourrait etre touchee par des carences en
elements nutritifs. Dans notre etude, nous avons
analyse la nutrition des plantations de jeunes pins
gris. Nous avons en particulier analyse Ie feuillage
des arbres pour y deceler des carences en elements
nutritifs.

325. NORMAND, P.; LALONDE, M. 1982. Evaluation of Frankia strains isolated from
provenances of two Alnus species. Can. J. Microbiol. 28:1133-1142.

Using the OSO4 isolation method, more
than 200 Frankia strains were obtained
from 27 provenances of the two alder

Plus de 200 souches de Frankia ont ete obtenues II-
partir de 27 provenances des deux especes d'aub1e
(Alnus crispa [Ait.] Pursh. et Alnus rugosa [Du

159



091

ua sJeIos! OSZ nuaJqo !SU!R R UO 'saJQ4 SaJURId

~p s~Inpou s~I SURp ~Joze.I ~p Jn~JRX!J ~JA4dopu~

'V!)[UV.ld 

~p Ju~w~IOS!.1 Jnod JooS!I!J~Js

~p !AJ~S t! wn!wso.p ~pAxOJJ~J ~'l

'UUR + 'd 917 'dO£-X-Id 'oJU!.P 'ddR~ 'RMRMm~d ~P lRU
'JoJ lsuI "JoJ 'UR;) 'AJdS "UR:) ';)!J~V 'V1JfUV.ld s~q;)nos S~P uo!~RnIRA~ ~~ UO!~RS!J~~;)RJR;)

'~u~w~IosI 'S861 "1 "1flV~V.LVH:) :'v'r 'N1L~Od :'W '3GNO'1V'1 :'d 'GNVW~ON 'L.Z£

's!R5Ut!Jl "I mod LZ£ .I]OA

sa!lJjOS! JOJ jnJasn AIIIJ!:)a<!Sa JX:)AOJd

anb!uq:)a! S!llL .A!!A!!:)aJU! pUt! AgOjOqd.JOw
JO S!SlJq aq! uo JX:)uaaJ:)S AjSnO!AaJd

SU!IJJ!S AJ!!U;)P! O! (;)'lO) AqdlJ.f3o!ewOJq:)
P!nb!l seg Aq p;)zAjlJUt! aJ;)A\ SWS!Ut!gJO

;)q! JO Sa!IJSAI°lpAq lIa:)-ajoqA\ WOJJ SJegns

'V!;YUV.ld snu~g ~qJ U! UO!J!u!j~P S~!Jads

JOj S~SRq P!leA e se pdsn ~q ,~dA1 uo~JelnJods,

teqJ pdpu:)wwoJ~J S~ J! 'J~qJJnd 'AlaA!J~ds:)J 'SU!BJJS
V!;yuv.ld (_dS) aA~tegau aJods pUB (+dS) aA9!Sod

~JodS ~teug~s~p Ot pdsn ~q ,N ~dA.L, puB ,d ~.L,

SUJJ~t aqt teqt pdSOdOJd S! tl 'Op qJ!q,\\ ~soqt ueqJ
uagoJt!U gU!X!j U~ ~A!t~jj~ ~JOW alaA\ ~leInJods

too Op qJ!qA\ V!;YUV.ld jO SU!BJJS JeqJ pUnOj osIe se/\.\

tl 'pdJJnJJO ;r;)ueu~AOJd ~Wt!S ~qJ jO SateIOs~ awos

u~aA\taq s~JuaJajj!p JUeJ!j!ug!S 'Ja,\~A\OH 'pdJeIos~
tSJ!j aJaA\ A~qJ qJ!qA\ WOJj Jsoq ~qJ Aq pdJuanIjU!

tOu SeA\ SWS!uegJO jO AJU~!J~jj~ aqJ JeqJ pUnOj SeA\

tl 'vdS!.I:J 'V gU!JeInJOu~ Aq paJenI\!A~ s\!,\\ SU!eJJs

V!;YUV.ld ~WOS jO AJU~!J!jj~ gU!X!j-uagOJt!U aq.L

.3W!J JSJ!l 3qJ .K)l 3J3q ?;:IJJod3J
3Je SJSU:JPVUV:J 's pug SJPJ.lJi\ 'V WOJl

S3Je\OS! vJ;yuV.ld .(sJsuapvuv:J VJP.la/{da/{s

pug a/vfl v:JJ.ltCW) ;)3q3no woll S3!:)MS

Iez!qJou!J:)1! J3qJO WOJl pug (VlV/n.l.laS pug
vsouJJn/fl 'sJP.uJi\ 'vsofllU 'vdSJ.l:J) snu/V

10 s3!:);}ds 11!J3A3S WOJl S3JI!IOS! vJ;yuV.ld
OSZ 10 UO!J:)3II°:) 3JT\Jln:) 3Jnd I! U! ?;:IJlns3J

JU3WI1!3JJ S!4.L .SJueld Jsoq 10 s3Inpou

WOJl vJ;yuV.ld 3}AqdOPU3 ~U!X!1-U3~OJJ!U
3qJ 3Jelos! OJ JU3~1! ~U!Z!I!J3Js

3ql SI! ?;:Isn seA\ (VaSa) 3P!XOj}3J wn!WSa

.V!)[UV.Jd Jo AWOUOXt!J ~qJ gU!AIOS~J
U! JooJJodw! aq 00;) S!SAleOO Jegns !eqJ p~!eJ!SUOWap

SUM !I le;)!dA!e SUM AgoloqdlOW asoqM

"ddR + "d 8Z "O£-X-Id "d;}~ 'oJuI 'lsuI "JOd "PRN RMRMR};}d '"Alas

"JOd 'URJ "URJ 'UOJ!AUa 'SU!RJ1.S V!~UV.1d JO UO!}RnIRA;} pUR UO!}RZ!J;}}:>RJRq:> 'UO!}~IOS!
;}~ "v861 "'1 "1nV~V.LVHJ :'v"r 'NI.L~Od :"W 'aGNO'1V'1 :"d 'GNVW~ON "9Z£

.VJ;yuv.Jd snuag aqJ U! UO!J!u!jap

sa!:>ads paJ!1!A\1! aqJ U! pdSn dq Plnoqs J1!qJ
1!!JaJ!J:> P!IeA aqJ jO dUO se paZ!u<3o:>aJ S1!A\

JaJ:>1!J1!q:> :>!JAqdopua S!llL ° ApUt!:>!j!ug!S

A:>Ua!:>!jja J:>ajj1! OJ pUnOj S1!A\ JdJ:>1!J1!q:>

:>!JAqdopua gU!J1!InJodsuou JO gU!J1!InJods

aq.L °a:>Ut!uaAoJd pUt! SJUt!Id Jsoq OJ

paJ1!IdJ dq OJ pUnOj seA\ saJ1!IOS! adAJ (.dS)

gU!J1!InJodsuou pUt! (+dS) gU!JelnJods jO
UO!Jnq!JJsw allL °a:>Ut!uaAoJd aIgU!S 1! WOJj

saJ1!IOS! UdaA\Jdq OS{\! pUt! sa:>Ut!uaAoJd

UdaA\Jdq paJou aJaA\ SJoJ:>ej dSaqJ
U! SUO!J1!!J1! A ° A:>ua!:>!jja pUt! AJ!A!J:>djU!

's:>!JS!Jal:>1!J1!q:> 11!:>!goIOqdJOW JOj paJ1!n{\!A~

~JaA\ saJ1!Ios! VJ;yuv.Jd ~llL oguaJds (!O~

no) vso3'm snulV pUt! °qSJ~ ,J!V) vds!.J;)

multI ,.~.! ':>dqanb U! p~Juas~JddJ S~!:>ads

.V!'J!UV.ld eJue~ np se~dse sep enpueuu UO!J!U!J~P

ul suup Jes!l!Jn 1] Sep!IUA SeJyJ!J;) sep un eWWO;)

nuuo:>eJ Jse eJiqdopue,I ep eJyJ;)UJ1!;) eJ .~J!;)U;)!JJe,p
;);)ueJ~JJ!p eun 1] ~!IeJ Jse eJiqdopue,I ep JUUIruods

-uou no JUUlruods eJyJ;)UJ1!;) a'l .se;)uuueAoJd xnu

Je SeJ9q-saJUUId xnu e';I!IeJ Jse (.dS) JUUIruods-uou

Je (+dS) JUUIruods ad,{J ep seq;)nos sep uo!Jnq!JJs!P
t!'l .sa;)uuueAoJd sat eJJua Je e;)uuueAoJd aun,p

seq;)nos sat aJJue Jua!JUA smaJ;)uJ seJ .~J!;)u;)!JJe, I

Ja ~J!A!J;)eJU!, I 'senb!~OIoqd.low s;)nb9s!J~J;)UJ1!;)
set Jns a~St!q ~J~ U saq;)nos se;) ep uo!JunluA~, 'l

.~OSO nu JueweIos!,p epoqJ~w uI ep UO!Jus!I9n,I

1] ;);)t1J~ ':>eq~no nu sau'i>~!PU! ("~uaJds [!O~



191

OJ p;}~pnr 1I-3.LA:)'MOil 811M (8;}W!~;}J

JU;}W;}~I!U1!W pooMP;}"!W ;}U!J;}P OJ POOU)

8W;};)UO;) P;}!J!JU;}P! 91 JO ;}UO AIUO JOil

s:JU!1WaJ:Jp sJ!Jow 91 sap Inas un 1J luawaIIamuaA:J

J;} Juaw;}IIam;)e 'ua!q s~.Q J!Rnb!Idde,s
11-3U:)"HOd aI?pow aI anb :Jw!Jsa e uo

'd 8Z .£S£-d 'MOdN3
'd~'M S,J01:>1U1UO;) lqnduf1 'lU~;) 'JOd 'JON "ue;) 'JOd .8861 U! SJ~~euew poOi\\.p~X!w

le~Jog Aq P~!J!1U~P! sw~:>uo:> 0111-3.LA;)'MOd JO A1!I!qe:>!Iddy .6861 .g'3 'NOS'M~3d '6(:£

l~jja 1pA\0J~
aA!JH~aU H paJnpoJd sruoqdsoqd "ssewO!q

JH![Oj JJ!paJd OJ pasn aq ueJ qJ!qA\

sJuawa[a aqJ aJH N rue BJ JBqJ paAOJd

S!SA[Hue Jua!JJnu/ssHWo!q JH![Oj OJ [apow

Uo!ssaJ~aJ ~!A\daJs jO UO!JBJ![ddy "auoIJ
JH[dod aqJ jO asuodsaJ ]BW!Jdo-JHau JO

IHW!Jdo paJnpu! OOT)lOOZN jO a~Bsop IB!J!U!

aqj. "'3I1!JBds rue Hu./SseWO!q uaaMJaq
UO!JH[aJ JHau![ ~UOJJS paA\oqs sJlnsa~

'a;)UI!SS!OJ;)

I!( JnS J!JI!2~u JaJJa un J!1!5Jaxa aJOqdsoqd
a'l °aJ!I!!(oJ aSSl!wo!q I!I J!°A~Jd Jnod salqI!S!(!Jn

sJuaw~(~ sa( JUOS N Ja I!;) anb ~JJuow I! sJ!J!JJnu
sJuaw~(~/aJ!tI!(oJ aSStlwo!q JJodd1!J np aSA(1!Ut!,(

Jnod suo(aq;)~ ua uo!ssaJ2~J ap a(?pow un,p
UO!JtlS!(!Jn,"1 °auo(;) np a(t!W!Jdo-!stlnb no altlW!Jdo
asuod~J aun J!npll! 1! OOI~ZN ap s!I!J2ua,p al1!!J!ll!

asap tI"1 'Juawa;)1!dsa,( Ja 1!ujass1!wo!q 1!( aJJua
aJ!tI~ll!( u°!JI!(aJ aJJoJ aun JuaJJuow sJI!J(ns~J sa"1

.SJo}:>ej }OOW1e~J}
St! p~sn ~J~M OOf){OO9N pm! ool~zN

,~oN 's}u~wJe~J} Jaz!{!1J~j jO S{~A~{
~~4J pm! w 0"£ OJ W £"0 woJj '3U!AJeA

s~u!:)l!dS "suoseas ~U!MOJ~ OM} J~AO

p()!pmS SeM (L { NO) vJsnqOJ sn]ndOd JOj

UO!}I!Inwn:):)1! SSI!WO!q pm! ()){B}dn }U~!J}nN

oOO£)lOO9N 1;) ool)loo'N '°)l°N : uO!leS!I!IJ;)}

;)P xne;)A!U S!OJI 'i'J'i'P!SUO:J e uo 1;) w 0'( V ('0

;)P lU;)!el'i' SIUt!Id S;)P SIU;)W;):JBdS;) S;)'l O;):JueSs!OJ:J

;)P suos!t!S xn;)p lUt!pu~ (L I NO) vlsnqO.l snlndod
;)P SIU;)tU;)Idn~ S;)P JUd ;)ssewo!q ;)P uO!Jelnwn:J:Je.l

1;) S}!I!JlnU SIU;)w'i'I'i'.P UO!IWoSqB,I 'i'!Pnt'i' e uo

.0861
l[:>J~W Lc-9c 'O!J~~UO '~A\U~~O 'JUU!W~S G~~ A~J~U~O!H puo:>~ .:>OJd U! t!;c-1!;c S~~~d

"uo!~unluA~ sruoqdsol[d pUR U~~O~!N .1 (L 1 NG) v)snqo.l snlndocl p~~In:> AI~A!SU~~U!
uu U! uo!~uInwn:>:>u SSUWO!q pUR ~)[u~dn ~u~!J~nN "0861 "W 'S3HHOH ~.3.D '"MVDO "8.:£

°qS!IgU3 JOj 9'lf 33S

.V!;YUV.ld aJuag np anb!WOUOXBJ UO!J!U!J\}P eI

V aAJaS UO!JeIruods ap OOAJ aI anb \}puuwwooaJ Jsa

I! }a 'JuaWaA!J:>adsaJ aA!Jeg\}U Ja aA!J!sod UO!JeIruods

V VJ;yuV.ld saq:>nos saI ,N adA}, }a ,d OOAJ.
JUd Ja~!sap ap \}sodOJd Jsa II .saJJne saI anb aJoZt!, I

xna!w Jua!eX!J sed JUa!eIruods au !nb V!;YUV.ld

saq:>nos saI }a '}u!od a:> Jns }uawapuuJg }ua!l!J\}JJ!P

au!g!JO aw~w ap s}eIOs! sU!e}Ja:> 's!oJa}noj, .S\}IOS!

\}J\} pJoqe,p Jua!eAe saws!uugJO saI loOp aJQq,I
ap sed }!epuad\}p au aIIa,nb \}Je}suo:> e uo .vdSJ.l:J .V

Jns uO!JeIn:>ou! JnaI s?Jde a\}Jnsaw \}J\} e V!;YUV.ld

saq:>nos saU!e}Ja:> ap aJoZt!,I JaX!J V \}J!:>ede:> ej

R[ 1UOP S1R[OS! S3p SR;) 31 suep 3[!1n

1U3W3J~![n;)!JJRd ~1~A~ 1S3, S 3nb!uq;)31

~113J .~1!A!1;)~jU! Jnal1~ ~!201oqdJow

Jn3[ s~.xIR, p S~~UUO!1;)31~S 1u~w~lqRIR~Jd

s~q;)nos s~1 3A!1!sod UO5Rj ~p J3!j9U~P!,P
U!JR asn~ZI!2 ~SRqd U~ ~!qdRJ2o1ewOJq;) Jed

S:JSA[RUR ~1~ 1UO S~WS!UR2JO s~p s~JY9u~
s~[n"~;) ~p 1RSAI0JPAq,1 3P S~J;)ns sOY]

'SJsuapvuv;) .s Ja S!P!J!1t 'v zaq:) S?re~!S
JUOS SJt!IOS! sIaJ ap anb S!O} aJ~!waJd

t!I Jsa,J .(s!suapvuv;) VJpJal{dal{S Ja

alvg V;)!J.(W) :)aq?nO np sauua!Z!qJ°U!J:)t!
sa:)~sa saJJnt!,p anb !su!t! (VJvlnuas 'V Ja

vsou!Jnlg 'V 'S!P!J!1t .V'vsogn.t 'v 'vdSJ.i;)
.~ snulV Sma!SnId ap J!l.rnd V alnd alnJIn:)

.V!;YUV.ld ;}P ;}!WOUOXl1J
el J;JU!\W;}J:JP V J;}P!B Juaw;}pueJ~ Jnad S;}J;)ns

S;}P ;}SAleue.l 'snld aa °anb!dAJe J!BJ:J ;}!~Olo4dJOw



Z91

sap Ja xnRaSS!JqJR sap UO!I!I;;JdUJO:J) se:J salIne
S!OJJ SURa "J!uaAR.I Jnod Ja luaUJaIIan):JR 'auuaAoUJ

J!RI~ aI~poUJ np ~1!I!qe:J!ldde.I anb ~~P!suo:J
R uo (aIURJS!Xa UO!IRULIOjU!.I ap aIRnb~pRU!

UO!JRs!I!Jn Ja saJ!s sap uo!lemd~Jd ap JuaUJad!n~. I
ap sanb!~OIo:J') sJajja xnR JURnb apn)!)Ja:Ju! 'aq:JURIq

aJJau!d~.I JaJ~u~~~J ap ~JIn:J!jj!p) saUJ~IqoJd sap
S!OJJ ap SR:J aI SURa "JuaUJaIIa!JUaIOd la luaUJaIIan):JR

S!Oj RI \! aIqR:J!IddR luaUJalnRq J!el~ I 1-3L\;)~Od aI
anb ~~nr R uo 'sa~~uRI~UJ SI~JOj sap JuaUJa~Ru~urn.p

saUJ!~~J saI J!U!j~p ap ~1!Ssa:J'}u RI -saUJ~IqoJd az!as
sap Inas un.p SR:J aI SURa luaUJap!deJ Jua~URq:J

':J!Iqnd np suo!Jda:JJad saI Ja SIaUUO!SsajoJd sap
suo!u!do saI aUJUJo:J XnR!:JOs SJnal:JRj saI Ja 'JRUJ!I:J

nR Ja a!UJouoo~.I \! 'UO!IRS!I!In.I \! S~!l sanb!uq:Ja1

SJnaJ:JRj saI ':to aJpR:J un SURP SUO!IR:J!Idde

saIIaAnou ap JaAnOJJ I!RJJnod aI~poUJ al luOP uo5ej
RI Jns sJuaUJa~nr sap md a~~poUJ 'UO!IRS!I~poUJ

ap aJPR:J np aIIauuo!ssajoJd a:JURSS!RUUO:J aun
ms sa~sRq Jua!RJ~ SUO!IRnleA~ sa;) .salq!ssod samlnj

SUO!IR:J!IddR saI Ja saIlan):JR suo!le:J!IddR saI : anA
ap SJU!od xnap ap J!lJRd \! a~~nr ~I~ e S~!j!luap!

JuaUJa~Ru~urn.p suo!Jsanb xne 1I-3L\;)~Od

np ~1!I!qR:J!Idde.'l "II-~}";)~Od np uo!IRnIeA~.I
Jnod aJ!UJ ap slu!od aUJUJo:J sa!s!oq:J ~J~ IUD

S~~URI~UJ xnR~Joq saUJ~lsAsO:J'} sap luaUJa~Ru~urn. I

\! saA!JRIaJ saIIan):JR sasnau!d~ suo!lsanb sa'l

aJaq.L "alntnJ aqJ U! pUt! A\OU 'UJn!paw

aq OJ paJap!suo:J seA\ Iapow all} JO

AJ!I!qe:J!Idde '(uo!JeuuoJu! gu!Js!xa Jo asn

a}enbapeu! pUt! }uawd!nro uo!}emdaJd a}!sJo 

s}:JaJJa Ie:J!goI°:Ja U!ejJa;Jun 'uo!JeJauagaJ

a:Jruds a}!qA\ Jo IC}In:J!JJ!P) swa:Juo:J

aaJq} JOd .AIIe!}ua}od pUt! ApuasaJd

qJoq IC}!I!qe:J!Idde qg!q aAt?q O} pagpn[
II-3.LJ..J~Od seA\ -saw!gaJ }uawageUt!w

pooA\pa,,!w au!Jap O} paau -SUJ;}:JuO:J

pa!J!Juap! 91 JO auo AIUO JOd "gU!gUt!q:J

AIP!deJ am SUo!}da;JJM :J!Iqnd pUt?

suo!u!do IeUO!SsaJoJd se q:Jns sJo}:JeJ Ie!:>os

pUB 'a}eW!I:J pUt! s:J!wouo:Ja 'uo!}eZ!I!}n
se q:Jns sJoJ:JeJ Ie:J!uq:Ja} aJaqA\ gU!uas

e U! suO!Je:J!Idde A\au PU!J PIno:J Iapow

aqJ A\Oq }noqe s}uawagpn[ Aq pamllia}

'~JoJ\\aweJJ gU!IIapow aqJ Jo agpaIA\Oill[
IeUO!SsaJoJd uo paseq aJaA\ s}uawssasst?

asatU "suo!}e:J!Idde aJntnJ aIq!ssod pUt?

suo!Je:J!Idde }uasald :sJu!od age}Ut!A OA\}

WOJJ pagpn[ st?A\ swa:Juo:J }uawagt?Ut!w

pa!J!Juap! aqJ O} II-3L\J~Od

Jo IC}!I!qt?:J!Iddy 'II-3L\J~Od

Jo UO!}en[1!Aa JoJ sn:>OJ Jo s}u!od
aqJ St? ua)[1!} aJaA\ Sllia}SASO:Ja pooA\pa,,!w

IeaJoq JoJ swa:Juo:J JuawageUt!w }uaJJnJ

.6861 I!Jdy 9Z-vZ '°!JR~UO 'RA\RPO 'JRU!Was cr~"M f.~JaUdO!g UR!PRUR:) ~UaAas

':)oJd .ra 'UR~OH .N.3 U! ~81-181 Sa~Rd l.~UaWa~RURW poOA\paX!W IRaJoq U! aIoJR
dARt[ ~1-3J.A:)"MOd SR t[Jns sIapow wa~sf.soJa ocr .6861 'rw 'SddY ~.g.3 'NOS'M3.L3d .0££

.UO!JR;)!IddR, P
')J!I!q!ssod aun;)nR aIq!S!A')Jd J!UaAR un suer

Ja Juawanan};)R aAnOJJ au aI?pow aI anb aJ?P!SUO;)
uo 'sJ!Jow S!oJ} Jnod 'U!Ju3 .J!UaAR, I suer dnoonRaq

JaAnOJJ ua Jua!RJJnod SI! S!RW 'SUO!JR;)!IddR.P
nad Joowanan};)R JooAnOJJ sJ!Jow X!S .J!uaAR.I suer

sauuaAow JUOS s')J!I!q!ssod sa;) S!RW 'UO!JR;)!IddR.P

S')J!I!q!ssod ap nad Juawanan};)R Ju~Juas')Jd

(snn!naJ ap Ja xnau!s')J ap S!oq ap saJIO~J sap

UO!JRJg')JU! 'sap!;)!qJaq sap UO!JRs!I!Jn, I 'l SUO!J;)!JJsaJ
'S~U!Wl!.J'3 sap Ja XnRaSS!JqJ1! sap a;)uaJJn;)uo;))

sJ!JOW saJJnR S!OJ.L .J!uaAR. I suer J~ Ju~wanan};)R

")g!}!W J!RJ') aI?pow np UO!}R;)!IddR.P ').J'3ap
aI anb ')J')P!SUOO R uo '(SaIq!uods!p sJuawaug!asuaJ

sap UO!}Rs!I!Jn as!RAnRW '(OS np UO!JRJRd')Jd

ap Ia!.l')JRw np su!R}Ja;)U! sanb!goIo~ sJaJJa 'aq;)ue(q

aJJau!d'). I ap aI!;)!JJ!P UO!JRJ')U')g')J) sJ!}OW S!OJJ

Jnod .(S')gueI,)W sJuawa(dn~d sap JuawagRU~Wl!,p

saW!g')J saI J!U!J~P ap ')J!ssa;)~u) uo!}Rdn;x)O~Jd ~p

.swa;)UO;)

P3!J!JUap! ~JqJ JOJ uO!Je;)!ldde alqe~saJoJ
JO Juas3Jd ou aAeq OJ paJap!SUO;)

seA\ I I-3.LA~"MOd .swa;)uoo ,,!S

papnl;)U! I I -3.LA~"MOd Jo uo!Je;)!ldde q'3!q

AIJ1!!JU;}Jod Jnq A\01 ApUas3Jd .AJ!I!qe;)!ldde

UIn!p3UI AIIe!JuaJod Jnq A\01 Apuas;}Jd

qJ!A\ (S!S;}AJeq pooA\pJeq vue pooA\1Jos Jo
uo!JeJ~;}JU! vue ;}sn 3P!;)!qJ3q O! Suo!!;)!jJsaJ

'S;}sseJ2 vue sqnJqs UIOJJ UO!!!JMUIO;)

sw;}:)UO;) ~JqJ 3J3A\ aJalJ.L .amJnJ

3qJ U! vue A\OU 'UIn!paUI 3q O! paJap!suo;)

seA\ 13poUI aqJ Jo AJ!I!qe;)!ldde (u°!JeUIJOJu!

~U!Js!Xa Jo asn 3Jenb3peU! vue !uaUId!nba

uo!JeJedaJd aJ!s Jo sJ;)aJJa 1~;)!~OIOOa
U!eJj3;)Un 'uo!JeJ3Ua~3J a;)lUds a!!qA\ Jo

AJln;)!JJ!p) Sw~;)UO;) ~~Jq! JOd .AIIe!!U3!od

vue Apu~s;}Jd qJoq AJ!I!qe;)!ldde q~!q ~Aeq



£91

"SUOO~R.Ip ;}P !U;'UU;'!AOJd !nb S!u;'UJ;'ldn;,d
s;,p ;':)URSS!OJ:) ;}P S~UUR S;}J?!UJ;'Jd 0 I s;,p SJno:) nR

Sj!!!J!nU S!U;}UJ;;II;;I s;,p !;, ;}SSRUJO!q RI ;}P ;}nb!UffiUAp
RI ;}P S!~SR S;'I SnO! ;}nb !su!R !U;}UJ;}ldn;,d

np S;}~~,P ;}UJUJR~ ;}Un ;,!nO! Jns ;}J!RU!:)RJ

;}SSRUJO!q RI I;} ;}J!R!IOj ;'SSRUJO!q RI IUDS S;}J!?UffiJRd
;}P ~! ;}:) ;}P S;}ldUJ;}X;} S;,p 'J;}!ldn;,d ;'1 JRd S;;IU!UJOP

S;'UJ?!SASOO;;l S;}I SURP '!SU!V ";'lq!SU;)S IS;} ;}1?poUJ
;}I SI;}nbxnR ;};;IJ!U;} ,p S;)J!?UJRJRd S;)I Jnod s~uuop ;)P
noo ;)wssod uo SJ;)!!s;)J°j S;)UJ?!SASO;)'} xn;)JqUJou ;)P

Jns ';}J!no u3 "S~UUOP ;}P dnO:)nR;}q ;}~!X;} ;}1?poUJ

;}I : ;}1:)R!SqO ;}J!nR un Jns !u;}!nq ';;I!!X;}ldUJo:) RS

;;Ii3IRUJ ';)I?poUJ ;}I !U;)S!J!!RUJ !nb xn;);) "S;)UJv!SASO:);;I
S;}P UO!!RS!I;;IpoUJ RI sed !S;}, U IRd!:)u!Jd !?J;;I!u!, 1 lOOp

xn;);) sno! J;)P!UJ!!U! Jnod ;)X;)ldUJo:) !U;)UJUffiS!jjnS

IS;} ;}1?poUJ ;)1 ;)nb ;}:)JRd ;;I!!UJ!I IS;) ;)4:)J;)4:);)J

RI ;)nb sU!j S;)J!nR,p I} II-~A;)~Od ;)1?poUJ np

!OldUJ;),1 'In;)!nR,1 S?JdR,a ";;I!!I!q!SU;)S RI ;)P S;)SAIRUR
sJn;)!Snld;)p s!R!lns;;IJ S;)I ;)nb !SU!R 1I-3l.A;)~Od

;}1?poUJ np A\O~D33~l. ;)UJUJRJ~oJd np s;}nb!4dRJ~
s!R!Ins;;IJ ;)P U;)tU!;)'}ds un ;}!Jodwo:) !JoddRJ ;)'1

.u!2po Ja){:>ns
Jo spue}s U! }uaWdO{aAap JO SJl!aA 0 I }SJ1J

aq} U! S:>!UJI!uAp }Uap}nU puR sseWO!q JO
s}:>adse lie puR 'sa2e pue}S JO a2ueJ e JaAO

sseWo!q }OOJ puR a2e!{oJ apn{:>U! Ja}}e{ aq}

JO saldwexa 'SWa}SAso:>a pa}eu!wop-uads1!

JOd .aA!}!suas S! 1I-3L\J~Od
q:>!q1\\ O} SJa};)weJl!d }ndu! JOJ 1!}1!p

Jood aJ1! aJaq} swa}SASOOa }saJoJ AueW JOJ

'Uo!}!ppe OJ .spuewap R}ep q2!q s,{apow
aq} S! uo!}e}!w!{ 2u!u!ewaJ e 'A}!xa{dwo:>

S}! Ja}sew oq1\\ asoq} JOd '2u!{{apow

Wa}SAso:>a S! }saJa}U! A.rnw!Jd asoq1\\ asoq}

}da:>xa lie O} 2u!}ep!w!}u! aq O} xa{dwo:>

AIIUa!:>!uns S! {apow aq} asne:>aq pal!UI!{
aJl! 1001 q:>JI!asaJ R se ueql Jaq10 sasodJnd

JOJ {{-3L\J~Od JO sasn 'uo!u!do

,sJOqlne aq} uI .sasAleue A}!A!}!SUas

leJa."as JO s}lnsaJ aq} puR 1I-3L\J~Od
JO wef3oJd A\O~D33~ aq} WOJJ 1nd1no

{e:>!qdeJ2 aldUJl!s R su!t!}UO:> JJQdaJ S!4.L

°ddu + °d ~Ol °v1£-d'MOdN3 °dd'M S,JO:j.:)UJ:j.UO;) lqndufl '°:j.Ud;)
°JOd °JON "UU;) °JOd °UPUUU;) 'u:j.JdqIV U! SWd:j.ShSO:)d uddsu JOj ){JOA\dWUJj ~U!Ildpow

11-3.LAJ'MOd dq:j. JOj :j.dSU:j.UP IUU!WOU V °6861 °H-oA 'NVH;) :og03 'NOS'M3.L3dI~:£

"SaIlaUUO!J1!J~do SUO!S!:)~p
saT sas!Jd JUOS ':to n1!aA!U n1! Sanb!SAqdo!q s~uuop

ap anbU1!w Ja :sagIJJ~-snos ap saJ~j!Uo:) saT Jnod

Ja xnlJ~Joq snIl!naj sa( Jnod saJn~Il!~w saJ!IJJuaAU!,p

s~uuop ap U!°s~q ~!JJnod ~(qwaJJ np UO!J1!s!(!Jn
}~ uO!1sag : S1U1!A!nS saw~(qoJd S!OJ1 sap SIJ:) a( SU1!p

a{q!s!A~Jd J!uaA1! un SU1!p !U Juaw;)Ilan}:)1J a(qlJ:)!{dd1!

s1!d 1!1J1~,U II-3J.,\;)~Od a( anb ~~P!SUo;)

1! uO 'S1?JOj sap UO!11!:)!j!U1!{d 1!{ SU1!p sguO{ sn(d

SUOZ!JOq sap ;)aA1! JaIl!IJA1!JJ ap U!°saq 1a :sa}Jno;)

SUO!11!10J ;);)AIJ a!Ja1SaJOj ap S;)poqJ~w ap Ju!od

n1! as!w :s~gU1!(~W S!oq ap SJ?JOj sap ~J!A!J;)npoJd

1!( aJ1!OJ;);)1J Jnod saq;)Jaq;)~J S;)P J;)n};)ajj;) , p

U!osaq :s;)'}gU1!(~W sJ?JOj ap JulJuaAoJd asS1!wo!q

IJ{ ap J!1JIJd V a!gJau~,p uo!J;)npoJd :s~gU1!{~W S1?JOj

ap xn1!~JOq saw~1SASO;)~ saT SU1!p aIlauuO!1!JtnU
uo!Jsa~ :sa(q!ss!UJJ.xI saIlanuU1! s.xlno;) sap

s{n;){IJ;) saT Jau!jjlJJ ap U!osaq : SJU1!A!nS saT aJdwo;)

uo 'J!UaA1!,{ mod ~Aa{~ 1U;)WaIla!1UaJod s!1!w 'a{q!lJj

1uaw~Ilan};)1! 1sa II-3.LA;)~Od np ~J!(!qlJ;)!{ddlJ,{

s(anbsa{ Jnod saw~(qoJd sa( !WJ1!d "J!UaAIJ,{

Jnod ~uuaAow 1UaW~Ila!1U~Jod s!1!w luawow a{

mod a(q!1!j a~{~A~J Jsa,s ~J!(!qlJ;)!(ddlJ,{ '(SnIl!naj ap

Ja saJ~j!uo;) ap saJ{o'.)')J sap UO!J1!Jg~JU! 1a S~P!;)!Jsad

sap UO!JIJS!{!tn.I V s~sodw! su°!1;)!JJsaJ 'sa~U!urnJg

"apew
aJ1! SUO!S!;);}P (t!uo!JeJado q;>!qA\ Je are;>s aqJ

Je e!Rp [R;>!SAqdO!q jO )f;>e[ !u;wn;> aq! pUB

:SJaj!Uo;> AaJO!SJapUn pUB SPOOA\pJ1!q [eaJoq
JOj R!RP ,{JO!UaAU! Ja»aq JOj paau :uadse

paAR;>ap jO asn pUB !Uama'3eUBW :swa;>UO;>

P~!j!Juap! aaJq! JOj UO!!R;>![dde a[qeaaSaJOj
JO !uasaJd ou aAeq O! paJap!Suo;>

SRA\ II-~J'80d °'3U!UUB[d !Sa.JOj U!

SUOZ!Joq am!! Ja'3UO[ lp!A\ )fJOA\ O! paau aq!

pUB :,(JJsaJOj Uo!!eJOJ-tJoqs jO JuaWdO[aAap

:A!!A!J;>npoJd pooA\paX!W aseaJ:Ju!
OJ q;>JeasaJ JOj paau :ssemo!q pOOA\pa,,!w

mOJj uO!J;>npoJd A'3Jaua :swaJsAsooa

pooA\paX!W reaJoq U! !UaWa'3eUBW

UO!J!JJnu :SUO!JR[rore;> In;> [enUUB a[qeA\OIIe
aU!jaJ O! paau :papn[;>U! 1I-3.LAJ'80d

jO UO!Je;>![dde q'3!q AIIe!!ua!od
!nq A\O[ ApuasaJ<l qJ!A\ swa:>UOJ " (s!saA.rnq

pooA\pJ1!q pUB pooA\ijos jO UO!!eJ'3a!u!
pUB 'asn ap!;>!qJaq O! SUO!!;>!J!saJ

'SaSSRJ'3 pUB sqnJqs WOJj UO!!!!adwo;»

AJ![!qR;>![dde wn!paw AIIe!!ua!od
!nq A\O[ A[JuasaJ<l q!!A\ swa;>uo;> aaJq! aJaA\



1791

'd 

£££ 'v£Z-X-"MON 'd~"M 'oJuI 'lu~J 's~"M 'JOd 'JON "AJ~S 'JOd '~J "~J 'u°.I!Au3

'S~;)U~J~Joo P~~;)~Ii:1S :~uoz ~S~JoJ 1~~Jog ~q~ U! uo!~~lnwn;);)~ SS~WO!q uo UO!~~~A

;)!~~W!I;) Jo ~;)~dWI '£861 'a'"M 'SW3ZgY)I :'W'N 'NOS"M3.L3d :'g'3 'NOS"M3.L3d 'v££

.ssewo!q JsaJo) IeaJoq )0
saJnseaw pUR SJaJaweJed ;)!JeW!I;) uaai\\1aq

sd,qsuO!leIaJ paJuawn;>op )0 S!SaqJuAS
~u!Auedwo;);)e ue qJ'A\ 'Sa;)uaJa)aJ 00£

AIaleW!xoJdde )0 AqdeJ~O!Iq!q paJeJouue
ue U! JInSaJ II!A\ A\a!AaJ S!~ .sa!pmS

aU!laaJl puR :sa!~S ;)aJJ IeaJoq )0 PIa!A
pUR q}A\OJ~ :auoz {RaJoq )0 uoseas gU!A\O~
:auoz le"Joq U!qJ!A\ UO!Je!JeA ;)!JeW!I;) :auoz

{R"Joq U! "gueq;) ;)!JeW!I;) :auoz {RaJOq U!

sd,qsuO!Jel"J q}A\OJg/"JeW!I;) :"UOZ I~aJoq

)0 aleW!I;) :UO!JeJagaA {RaJoq )0 sseWO!q

:sa!lo~aJe;) gU!xapU! gU!A\OIlO) aqJ OJU!

paZ!uegJO puR paA\a!AaJ AIaA!J;)aIaS uaaq
seq Sa!;)ads aaJJ {RaJOq )0 saJeJ q}A\O~ puR

SJalaweJed ;)!JeW!I;) Uaai\\1aq Sd!qsuO!JeIaJ
uo aJnjeJaJ!I )0 Junowe agJeI a~

'a!IqIJty yty IJ 'aIIJyJoq ;JJ?!tsaJoJ aSSIJlUO!q

IJI ap SalnSalU saI ta sanb!tIJlU!IJ SaJt?lUIJJIJd

saI aJtua SytualUnJOp slJoddIJJ sap as'i'4tuAS

aun,p ayUgIJdlUOJ:>R 'saJt!t 00£ UOJ!Aua,p aytOUUIJ
a!4dIJJgO!Iq!q aufl "tualUaS!oq ap al!lU!I IJI Jns sap"!y

:aIIJyJoq auoz ua saJq.m,p saJ'i'dsa sap lualU"pUaJ

t~ ~JURSS!OJJ :aIIJyJoq auoz ua aJURSS!OJJ ~p
UOS!RS :~JeyJoq auoz IJI ~p Jn~!J~}u!,I V sgnb!}IJlU!IJ

saJu~J~JJ!P :aJe~Joq ~uoz IJI ~p Sanb!IIJlU!IJ
SOO!}R!.J1!A :aIR;;uoq ~uoz ua ~JURSS!OJJ/IIJUl!IJ lJoddIJJ

:aJey.!<>q aooz RI ap tIJUl!IJ :aIIJ~Joq UO!}IJI~gyA RI ap

asSIJlUO!q : sa!JogytRJ u~ aySSRIJ ta ay!J} 'ay!pm~ yty

R aIR~Joq auoz ua SaI'i'!}S~JOJ s~J?dsa s~p aJURSS!OJJ

ap xnIJt saI }a sanb!}IJUl!IJ saJ}\,UIR.md saI aJ}ua
SlJoddIJJ xnR ayJJIJSUOJ UO!IIJlu"lUnJOp atUIJpuoqIJ, 'l

"c86I
q;)JUW I£-6c 'RqO:j.!URW '~~d!UU!A\ 'JRU!W~S a~"M ~J~U~!a q~od ";)oJd uJ L£I-6cI

S~~Rd .S~;)U~J~J~J P~:j.;)~IdS :~uoz :j.s~JoJ IR~Jog ~4:j. U! uo!:j.RInwn;);)R SSRWO!q uo UO!:j.R~A

;)!:j.RW!I;) Jo :j.;)RdWI "c86I .a""M 'SW3ZaV){ :"W"N 'NOS"M3.L3d :"a.3 'NOS"M3.L3d "£££

.JoJe{nw!s
luawagl!uew IsaJOJ paseq WaJSASOOa
ue SI! pasn aq p{nO;) {{-3.LA;)"MOd

4;)!4/\\ JaAO sueds aw!J a4J pug OO!Je!-ll!A
JO agueJ a4J oJU! SJ4'3!SU! pap!AoJd

sasAIeue f.J!A!I!SOaS allL 'sJoaoodwo;)
ssewO!q J1!JaAaS JO Sa{qe!J1!A JuawaJ:JO!
pug sseWO!q papnI~O! AJ!A9!SuaS Iapow

Jo JOle~!pu! ue se asn JoJ paJ;)aIas Sa{qe!-ll!A
JndlnO allL 'Jndu! eJep Jo SPU!)[ J1!JaAaS O!

sague4~ OJ f.J!A9!Suas JOJ paJsaJ se/\\ Iapow

allL lapow 11-~A;)"MOd alp aJeJq!J1!~
oJ saJ!s APnJS PIa!J e}JaqIV O/\\J WOJJ

eJep Jua!.JJnu pasn pug uadse U! gO!I;)A~
10a!.JJnu 00 aJnJeJal!I pa/\\a!AaJ J;)afoJd S!llL

.saWQISASO;);;I saI Jns

~XU aJQ!ISal°J UO!lsag ap JnaJeInw!S alUUJO;) aJ~Jd
as I 1-3U:)'tlOd saIlanbxne sdwaJ ap sapo!J;;Id

saI Ja SUO!Je!JeA ap awweg eI JnS SUO!le;)!pu!

sap Juass!wnoJ s;;lJ!I!q!suas ap sasA{t!ue sai

.sJOOW;;lI;;I sJuaJ;;IJJ!p sap asseWo!q eI Ja assewo!q
eI JuaqoIgua uO!Je;)!J!J;;IA alIa;) ap anA ua sa!s!oq;)

saIqe!JeA s~ .s~UUop ap sJuawagueq;) SJaA!p V
aIQpow np ;;IJ!I!q!suas eI ;;I!J!J;;IA e uo .II-3U:)'tlOd

aIQpow aI JauuoIeJ;;I,p U!JP. eIJa<J\V ua sa{t!uO!g;;lJ
sapm;;l xnap Jed sa!II!an;)aJ sa;;luuop sap as!I!Jn

Ja aIqwaJ} aI suep SJ!I!JJnu sluaw;;II;;I sap uO!JeIn;)J!;)
eI Jns UO!JeJuawn;)Op eI au!wexa JafoJd a:)

°L861 AJRnJq~d 81-91 'O;)°g 'puowq~!"M 'JRU!W~S a"8"M

~J~UOO!g UR!PRUR;) q:l.X!S '~OJd °p~ 'J~~URJD ';) U! t~1-1~1 s~~ed °RPRUR;) 'R:j.J~IY U1
SW~:l.SASO~~ UOOSR JoJ I~poW uo!:l.RInw!s q:j.A\OJ~ 11-3.LA;)"MOd Jo UO!:l.RJq!IR;) °8861 odor

'SNIWWI)I :'a°"M 'SW3ZgY)I :owoN 'NOS"M3.L3d :oH-o A 'NYH;) :og'3 'NOS"M3.L3d

'~ff



591

u';) !nb s';)J!W!I s';)I J';) s';)w~lqoJd s';)l ';)JIUOW

Ju';)wn:>op ';)'1 o';)nb!uq;)';)J ,;)nA ';)p lu!od np ,;);)lJld ';)s

uo !S ";)Iq!t!J S~JJ JS';) ';)I~poW np UO!llJwwIJJ~oJd 1J'1

II!'" ;}J;}LJ p;}ssn;)s!p suo!}e}!w!I pUt!
SW;}IQoJd ;}LJ.L .~;}'" AJ;}A S! gU!WWtlJgoJd

s.3.LAJ"MOd iU!OOA\;}!A Ie;)!UlJ;);}} e WOJd

.uo!2';)J ~U;);) ~p pJe2';) , I
V ~I?poW np ';)}!I!qe:>!Idde,I }~ ~p°!J';)d ~u~:> }ueJnp

';)}Jn~q }S~,S uo sI~nbxne s~w?IqoJd s~I '~An~N-~JJ;).L

~p }s~no,I ~p J~!wneq U!des ne ';)nb!Idde '3.LAJ'MOd

~I?pow np uo!}enleA';),p }~ ~2euuore}';),p xneuo!2';)J
XneAeJ} S~p ~nb!Jo}s!q,I ~:>eJ} }u~wn:)Op ~'l

.UO!gaJ S!4J OJ spJegaJ 4J!A\
Iapow }O SnJEJS a4J pUt! aW!J S!4J gupnp

paJaJuno;)ua swa[qoJd a4J 'PUt!IPunojA\aN
waJsaA\ U! J!} umSIEq JO} J;)afoJd

UO!JBn{t!Aa/UO!JEJq!IE;) 3.LAJ"MOd {t!uo!gaJ
a4J }O AJoJS!4 a4J sJuawn;>op JJQdaJ S!1:U

'd 1G' °v9G'-d ~OdN3 "d~~ S,JO~:JRJ~UO;) 'Iqndun .,~U~;) °s~~ °JOd °PTJN 'O~;) "JOd

°P~Ipuno}A\~N U! ~:J~foJd UO!~RJq!IR:J 11-3.L}..;)~Od ~q~ Jo ~nb!~!J;) "0661 °aoa '3)lId oSEE

'sIaAaI IR;>OI pUt!
Jt!UO!g~J JO SUO!J!puoJ J!JRW!IJ pUt! swaURd

UO!JRlnJJ!J J!J~qdSOWJR gU!JRfiJJnu Ua~A\1aq

sagO:JfU!I aqJ punoJt! JaJuaJ aJUt!1.Jodw!

IRJU~Wt!pUnJ JO asoqJ 'sd!qsuO!JRIaJ

sSt!wO!qjaJRW!IJ OJ gu!U!R1.J;xI sdRg

agpalA\OU:Jf AUt!W aqJ gUOWY .AJO}S!q aJ!J

}S~JOJ pUt! UO!Ssa:>Jns Jt!J!goI°Ja 'SJu~!J}nU

pUR aJfiJS!OW I!OS '(}J;xISt!) AqdRJgodO}

JO saJuanIJU! gU!IIOJ}UOJ-q}A\OJg

aqJ Aq pa)(St!w aq ARW UO!}R!Jt!A

J!JRW!IJ Aq paJnpu~ sagUt!qJ A}~A~JJnpoJd

}SaJ°d .S~IqR!Jt!A P~JRI~J-aJfiJs~ow Op Ut!qJ

SW~JSASOJa }S~JOJ IRaJoq U! A}~A~}JnpoJd

AmW!Jd JaAO SIOJ}UOJ sno~qo ~JOW

J.J~xa salq°!Jt!A paJRIaJ-~JfiJRJ;xIwa} 'SJOJJRJ

J~}RW!IJ aqJ gUOWY .A}~A!}JnpoJd U!
aSO~JJap R gu~SnRJ asoq} pUt! A}~A~}JnpoJd

AJRw!Jd Jau U~ asR~JJU! Ut! gU!SnRJ

~soqJ OJU! p~dnoJg aJaA\ S~!Jads ~J} IR~Joq

JO S~JRJ qJA\OJg aJuanlJu~ }R4} SJO}JRd

le;)OI 1a IeUO!~;;IJ neaA!U ne sanb!Jew!I:>

SUO!J!puo:> sat Ja anb!J~4dsowJe uo!JeIn:>J!:>

eI ap suo!JenJ:>nIj sat aJJua Suo!JuIaJ sat JuawaJuo:>
sa{t!Juawepuoj snld sat 'Jafns aI Jns J!J~nbJu
1} aJoJua a1SaJ I!,nb saJuesS!UUUOJ sat !w.rnd

"SJna!.l;;lJue sa!puaJu! sap 1a anb!~OIo:>~ uo!ssa:>:>ns

eI ap 'Ios np Sj!J!.l1nu sJuaw;;II;;I sap 1a ;;IJ!p!wn4,I ap
'(uo!J!sodxa) a!4deJ~odoJ eI ap 1ajja,I Jud sa;;lnbsew

aJ1~ 1uaAnad sanb!Juw!IJ SUO!JU!JeA sat Jud sa~sneJ

aJ~!JsaJoj ~1!A!JJnpoJd UI ap su°!JuJ!j!POW sa.,
"~1!P!wnq, 1 1} s~!I sma1Jej sa( anb Ie~Joq Ja!JsaJoj

aW?1sAsoo~.I ap aJ!1JW!Jd ~1!A!J:>npoJd eI JuawaIq!S!A

snId Juass!~~J sanb!UJJaqJ sJnaJJuj sat 'sanb!JeW!I:>

SJnaJJej sat !w.rnd "JuaW!Jd;;IJ UI !nb sanaJ Ja
aJ!1JW!Jd ~J!A!JJnpoJd UI ap a~Jau Uo!JuJua~nu aun

1uaS!.loAej !nb saIlaJ ua sa9dnoJ~ ~J~ Juo saIe~Joq

saJuassa sap aJuess!oJJ eI Jns saJuanIju! sa.,"sde~ a~paIA\Ou){

pUB sd!qsuO!JelaJ ssewo!q-aJew!I:> IeaJoq
'sIaAal ap!xo!p uoqJe:> :>!JaqdsowJe uo

~U!wnq sseWO!q IeaJoq jO a:>uanuu! 'saJeJ

uo!Jelnwn:>:>e ssewO!q \1!a.x>q a:>uanuU! JeqJ
sassa:>oJd JO sJoJ:>ej :>!JeW!l:> jO S!SaqJuAS

e JOj UO!JeUJJOjU! pUnOJ~){:>eq Sap!AoJd

'I861 jO pua aqJ OJ dn sa:>uaJajaJ ~U!JaAO:>

'sa:>u"JajaJ 6Z£ jO AqdeJ~O!lq!q paJeJouue
uv "epeue:) wOJj UO!JeUJJOju! uo s!seqdwa

q1!A\ 'sa!JJuno:> ue!AeU!pue:>s aqJ puB
""l:!'S"S'{l aq1 'e:>!Jawy q!J°N U! sa:>Jnos

WOJj paA\a!AaJ SUA\ Sa!:>ads ~J IuaJoq

jO saJeJ qJA\OJ~ puB salqe!J1!A :>!Jew!l:>
U"aA\J;:Iq sd!qsuo!JelaJ uo aJn}eJaJ!I a({.L

"S;}:>uuss!euuo:> sou ;}P s;}un:>e( S;}P !;} le'}Joq !eW!I:>

;}I !;} ;}ssewo!q el ;}J!U;} suo!!el;}J S;}P ';}nb!J'}qdsoWte
zO:) ;}P suo!!ej}u;}:>uo:> S;}I ms ;}sseWO!q ;}n;}:> ;}P

uo!!snqwoo el ;}P ;}:>u;}nIJu~, I ;}P ';}le'}Joq ;}ssewo~q el
;}P uo!!elnwn:>:>e, I Jns !u;}nuu! !nb s;}nb~!eW!l:> uou

!;} s;}nb!!eW!l:> snss;}:>OJd S;}P !;} sJna!:>eJ S;}P ;}S~q!ul..s

el !uus!t!J ;}seq ;}P uo!!e!u;}wn:>op ;}un ;}m~!Suo:> !;}

1861 ;}P lI!J el ,!,nbsnf !ue((e sa:>uaJ'}j'}J 6,( aldwo:>
a'}!OUUU a~qdeJgo~lq~q e'l "\fiouns ;}uua!peuu:> anb

!su!t! saAeu~pue:>s !;} Sanb!I'}!AOS 's;}u~e:>!J'}UI1!-pJOU
suo~le:>!(qnd S;}( '}qolgU;} e sa(e'}Joq

S;}:>u;}ssa sap ;}:>uess~oJ:> e( !;} sanb~leW!(:> S;}(qe!.lt!A

S;}I ;}J!U;} suo!!el;}J sap anb~qdeJgO!lq!q apm'} ;}Ufl



991

ap dnooneaq a~!Xa !nb axaIdwo;) Juawaw~J!xa
aI~pow un Jsa 1I-3.LA;)'MOd aI~pow a'l

JO Junowe Jeai8 e saJ!nbaJ q:>!qA\. lapow

xa[dwo:> A[awaJJXa Ul! s~ I I -3J.A::>"MOd

°ddR + °d DC' °19£-d ~OdN3 °dd~ S.JO~;)RJ~UOJ "rqndufl 'o~UdJ "JOd "~!JRW 'oAJdS °JOd

'URJ ,oURJ O;)!J~V °11-3.LAJ~Od 10 swq~!JO~rR dq~ o~ dP!n~ V °8861 °God '.LflO3ffi"M °L££

.Hd A\.°IJwa)s JoJ anJ) seA\.
aSJaAaJ all) pUR ase:> AJaAa u! I{t!JllgnOJq)

JO )I!ll) URq) JaA\.°1 SI!A\. Ja)eA\.u!t!J JO Hd

alU .paAJasqo alaA\. 'Ja)eA\.lI!eJ JO AJ)s!waq:>

alII JalIe O! At!I!qe J!aql U! 'spooA\.)Jos

pUR SpOOA\.pJl!q all! uaaA\!aq sa:>OOJaJJ!p
Jofew oN 'u!eJ all! Aq SUA\.OJ:> ~J!

WOJJ pall:>eal aJaA\. s!ua!J!nu Jaq!o aq! IIV

.sa!doUR:> aall all) Aq paqJOsqe aJaA\. lI!eJ

all! U! N aII!J)!u pUR le:>e!uowwe 'SPUR)S
alII I{t! uJ 's a!I!JIns se pamseaw seA\.

mjlns pUR 'd all!qdsolld se pamseaw seA\.

SnJ°lldsOlld 'N a)I!J)!u pUR N wn!uowwe se
paJnsl!aw SI!A\. uagOJ!!N 's pUR IJ 'gw 'eJ

')1 'd 'N JOJ paZA{t!UR aJaA\. e!!oos eAoN

U! spuels IUalaJJ!p )1fJ!a Japun pa):>aII°:>

A\.°ljwa!s pUR I{t!JqgnOJll! pUR 'suo!!e:>O1
JnoJ II! pa!:>aII°:> UO!!I!!!d!:>aJd )[Ina

"e;)JOO9
JnS Ju~weIno'J'}.I ~p Hd ~I Jnod ~IJJA J!IJJ9 ~SJ~A!J!.I

J~ 'IOS ne suo~JIJJ~d!;)9Jd sap !nl~;) 1} Jn~!J9ju! J!eJ9

e!nId ep nee. 1 ~p Hd el 'se;) s~1 snoJ SUlJa "e!nId

~p ne~.I ~p s~nb!lU!q~ s~nb~JS!J9J;)IJJIJ;) s~I J~~j~pow

~p 9J!;)lJdlJ;) Jn~I SUlJp xn~u!s')J S~I Je snll!nej

s~I ~JJU~ ~Jn~rIJW ~;)U~J9jj!P ~un;)nlJ 9AJ~sqo IJ. U

uo "~~nId IJI JlJd s~lU!;) s~p S9A!SS~1 91') IUO Sj!I!JJnu

slu~w,)I9 S~JInIJ s~I sn°.L "J~!IS~JOj IJ~AnO;) ~I

JlJd ')qJosqlJ ')1') IJ ~~nId IJI ~p ~nb!JI~U I~ le;)lJ!uOwwlJ

~IOZIJ.I 'Slu~w~Idnad S~I snoJ suea "~Ss°::>3-~lI~AnoN

eI ~p sJuew~Idn;xf J!nq ep e~Jo'J'} Jns JUaW;)Ino'J'}. I

~p J~ IoS ne uo!JeJ~d!;)9Jd eI ~p ~nb ~s!J!e

s9J!{1J:)()I ~JJenb ~p S~{1JJOI suo!llJl~d!;)')Jd s~p (s~JlJjInS

enb JUlJJ ue) S J~ I;) 'gw 'IJ;) '~ '(s~JlJqdsoqd ~nb

JUlJJ ue) d '(enb!JJ~u Je {1J;)e~uoWW1!) N ')sop e uo

"ddR + 'd z£

'Ov-d 'd~"M "MOdN3 '1u~:) 's~"M 'JOd ":J.!JRW '"AJ~S "JOd "UR:) '"UR:) 'uOJ!AU3 "SpUR:J.S :J.S~JO}
}O A:J.~!JP.A R U! i\\OIJW~:J.S pUR nRJq~nOJq:J. 'UO!:J.!SOd~p )[Inq :J.U~!qwV :£ :IlRd 'R!:J.O:)S RAON

IRJ:l.U~:) U! S~!pmS :J.u~!l:J.nu pUR SSRWO!q :J.S~JOd 'S861 '£1 'NVWQ33"Md :'(1 '"M3DWd '9££

.P~uueld ~JB ~Jmeu S!qJ jO S~A!Je!J!U!

~U!II~POW J~qlJnj Aue j! p;)J~P!SUO:>

~ Plnoqs pug J!J~W seq SJ~dOI~A~P ~qJ

Aq U~'\RJ q::>eoJdde ~U!II~POW ~qJ 'J~A~A\OH

.AIUO suo!Je:>!ldde leuo!Je:>np~ pUR q:>JB~~J

JOj p~sn ~ I~pow S!qJ JeqJ p~Js~~ns

S! JI lSJ!j SUO!J:>!p~Jd SJ! ~lJ!Jep!leA AfJMOJd
JnoqJ!A\ Jse~1 Je 'SUO!S!:>ap JU~W~~eURW

AJJS~JOj ~){RW OJ p~sn ~ JOU l~poW S!qJ

JeqJ p~pU~WWO:>~J AI2uOJJs S! J! 'sw~lqoJd

~s~qJ U~A!D l~pow ~qJ 2lJ!Jm:>IUJs~J
AI~J~ldwOO JnoqJ!A\ JO UO!JeJu~wn:>op

J1!::>!uq:>aJ P"1!eJ~p JnoqJ!A\ In:>::>o Jou

Plnoqs ~:>ueu~JlJ!ew ~po:> pUR ~lJ!wweJ'3oJd

J~qJJnj JeqJ JI~j S! JI .p~se~I~J AIJ1!!:>!jjO
S! J! ~:>UO I~POW ~qJ jO SJ~sn Ie!J~Jod

~qJ JOj Ju~JJ~J~p e ~ OJ ~AOJd II!A\

q:>!qA\ sJoJ:>ej ~s~qJ S! J! 'JueJJodtll! Allenb3

.sUO!J:>!p~Jd S,I~POW ~qJ jO AJ!I!q!P"J:>

pug AJ!I!qe!I~J ~qJ J:>ajjR AISnO!.1~S

'uO!JeS!I;;JpolU ap adAJ
ro aJA!nsJnod J!OA;;JJd uo !S UO!JeJ;;Jp!SUO:> ua as!Jd

aJJ~ J!BJAap Ja s;;JJ!JBnb sap ap\>ssod smaJda:>uo:> say

Jed a'}JdoptJ aq:>OJdde.p a!OA tJl 'S!OjaJn°.L 'UO!JelUJOj

tJl Ja aq:>Jaq:>aJ tJy Jnod anb al~polU al JaS!I!Jn.u

ap '}sodOJd Jsa II "SUO!J:>!P9Jd sal pJoqe.p Jap!ltJA

00 ua!q soos SU!°lU np .Ja!JsaJOj JualUageu9Uffi, p

SUO!S!:>;;JP say al~polU ay Jns Japuoj sed

au ap ;;JPOOlUlUO:>aJ JualUaJjOj Jsa y! 'salU?lqOJd sa:>

ap nuaJ aJdlUO;) 'al?polU np aJ?ldlUO:> UO!JeJn}:>nJJsaJ

!U a'}II!BJ9P anb!uq:>aJ uO!JeJualUn:>op soos agepo:>

ay J!uaJU!tJlU ap no UO!JelUUffiJgoJd tJy aJA!nsJnod

ap alq!ssodlU! Jsa I!.nb alU!Jsa uo ";;Jq:>JelU

ay Jns S!lU JualUaIIa!:>!jjO eJas al~polU aI pU1!nb

sya!JuaJod SJnaJtJs!I!Jn say JUOJaJnqaJ !nb sJnaJ:>ej sa:>

Juos a:> 'SJU1!JJOdlU! JualUaleg;;J sJ!Bd 'SUO!J:>!p')Jd sap

'}J!I!q!p')J:> tJy Ja '}J!I!qtJ!j eI JOOlUaAeJg JuOJ!JPU!°Uffi



191

.'[SOJ S!qJ JOJ AJBSS3;>;}U
~ II!M I I-3.LA;)"tlOd so q;)ns SI;}pow

uo!lelnw!s .sPuel JS;}JOJ Jo AJ!A!J;)npoJd
UJ.I;}I-~UOI ;}qJ uo s;};)!J;)eJd AJJS;}JoJ JU;}JJn;)

Jo sJ;)edw! ;}qJ J;}P!SUO;) AllnJ;}JI!;) SJ;}~euew

JS;}JoJ JeqJ pueW;}P II!M ;)!Iqnd ;}~
.;}UOP ;}q Plnoqs '[JOM ;}qJ Jnq 's.rn;}A M;}J

J;}qloue Ise;}1 Je ;})(I!J Plno;) SJ;}S eJep ;}S;}qJ

Jo ~U!Js~J pue Ju;}wdOI;}A;}P ;}({.L .S;}!;)MS
IU;}J;}JJ!P JoJ SJ;}S eJep ~JeJq!le;)-II;}M

Jo AJ!I!qel!eAe uodn SPUM;}P

1001 Ju;}w;}~euew e so I I -3U;)"tlOd

Jo AJ!I!Jn lemU;)A;} ;}({.L lu;}w;}~euew

JS;}JoJ OJ ;}np ~;)ueleq uoqJl!;) U! S;}~ueq;)

UJ.I~J-~UOI Jo s~Jew!Js;} peoJq ~U!)(I!W
JoJ InJ~sn ;}q Aew I;}pow ;}({.L .s'3U!JJ;}S

dOqS'[JOM lI! sJ;}~euew JS;}JoJ OJ ~lI!I;)A;)

Ju~!Jlnu pue A~OIO;);} Js~JoJ Jo S;}ld!;)u:!Jd
;}qJ ~u!JeJJsuow;}P JoJ InJ;}sn AJ;}A osle

S! I;}POW ;}({.L .sle:!JJ uo!Jep!leA WJ;}J-~UOI
PUg ~U!II~POW uo!JelnW!s 'q;)JI!;}S;}J ss;}:)OJd

s;}pnl;)lI! q;)!qM urnJ~oJd q;)J1!;}S;}J lIeJ;}Ao

ue Jo IJ\!d se p;}sn ~ Plnoqs I I -3U;)"tlOd

'Alle;}PI 100J q;)JI!;}S;}J e so IRJ;}Sn S!

JI .P;}uopueqe ~ JOU Plnoqs J! JeqJ ;}S!wOJd

q~nou;) SMOqS I~pow II-3.LA;)"tlOd;}~

"saJ!1!ssa;)~u !UOJas I 1-3.LAJ~Od

al~pow al anb slat uo!!1!lnW!s ap sal~pow

sal 'U!J au;};) V "SJa!!saJoJ sU!1!JJa! sap aUJJa! ~uOI V

~!!A!!;)npoJd 1!1 Jns salla"!;)1! saJ~!!saJoJ Sanb!I1!Jd sap

SUO!ssroJad~J sap a!dwo;) luawaSnau~!os IUauua!1

Sl!,nb sa!s!~1!u~W1! sap 1!Ja~!Xa ;)!Iqnd ""l "aJ!1!j
!!1!JPn1!J I!,nb 1!1!A1!J! un ISa,;) S!1!W 'sa~uu1! sanblanb

aJo;)ua su!°w n1! aJpuaJd lua!1!JJnod s~uuop

ap salqwasua sa;) ap UO!I1!;)!j!J~A 1!1 !a UO!!Ualqo, '1

"sa;)uassa sa!uaJ~jJ!p V salq1!;)!ldd1! 'S~UUOI1!!~

ua!q sa~uuop ap salqwasua,p a;)uals!Xa,1 ap
puad~p !uawa~1!u~W1!,p uaAow ap aJ!!! V alla"!uaA~

~!!I!!n uOS "Ja!!saJoJ !uawa~1!u~w1!, I V salq1!!ndw!

auoqJ1!;) np U1!1!q np aUJJal ~UOI V SUO!!1!;)!j!pow

sap a{1!J~u~~ UO!!1!W!!sa,1 V J!AJas !uawa{1!~~

!nact II "sJ!!!J!nu s!uaw~l~ sap al;)A;) np !a aJ~!!saJoJ

a!~oIOO~,1 ap sad!;)U!Jd sal 'sJa!lal1!,p SJnoo n1!

'sa!s!~1!U'JW1! xne Jau~!asua Jnod al!ln S\,J! luaWal1!~~

!sa al\'pow ""l "aUJJa! ~uol V UO!!1!p!leA ap s!1!ssa sap

!a sal\'pow J1!d uo!!1!lnw!s 1!1 'snssa;)oJd sap ap"!~,1

puaJdwo;) !nb aq;)Jaq;)aJ ap leqol~ aWW1!J~oJd

un SU1!p JaJ~sU!,s luawale~P! !!1!JAap aq;)Jaq;)aJ

ap al!!n uaAOw aJ "~uuopU1!qe aJI~ S1!d !!1!JAap au

1I-3J..AJ~Od al\'pow al 'Jna!!awoJd !uawW1!s!Jjns

°d 8 °vL£-d "MOdN3 °d~"M S,JO~~gJ~u°:J lqndufl 'o~u~:J °JOd o~ed

'oue:J °JOd O[I-3.LA:J"MOd Jo UO!SJ~A }{Jgwt{~u~ ~t{~ Jo uo!~gnIgA3 °0661 ocr 'SH:JYS °8~:£

'Iapow ;)l{J JO JndJno ;)l{J Aq 1;)W aq

ue:> S;)A!J:>;)[qo asal{J Jal{Jal{A\ pue S;)A!J;);)[qO

J!;)l{J JO 2lI!pue1SJ;)pun p002 U ;)AUl{

1Snw Jasn ;)l{1 II-3J.AJ~Od Jo sqns.u

al{J l{J!M Juap!Juo:> I;);)J 01 alqu aq oJ. .;)SUa

l{1!M 1as uJup al{1 Jo SUO!1U!JP.A Auuw urn

01 J;)sn ;)l{J 2U!MOlJU 'AI;)SOOWW! ~!J!IdW!S

ooaq sul{ S!l{J '~U2!S;)p SUM 390~d ;):>U!S

.pJUMJOpl{2!UJJS AIJ!UJ S! l;)poW ;)l{1 2lI!uunJ

'S;)I!J U1UP ;)l{J lI! P;):>Uld pue pal;)l{1U2

S! U1UP al{J ;):>UO .U1Up mdu! ~J!nb;)J

;)l{1 PlI!J 01 SJ;)l{:>JP.;)saJ Jal{10 1:>U1UO:>

JO aJn}UJ;)J!1 ;)l{J 01 wn} OJ ;)AUl{ 1SU;)1 1U

II!M Jasn a4J. .APn}S S!l{1 l{J!M ;)SU:> al{1 SUM

SU 'Iapow ;)l{J JOJ UO!1UWJOJU! AJUSS;):>;)U

al{J lI!RJqO 01 JU;)W!JOOX;) ue 1:>npuOO 01

AJUSS;););)U S! 1! S;)W!J;)WOS 'Ja1ndwoo al{1 uo

2u!uunJ AIIRn}:>R aloJ;:Iq 'fJOM punoi3'f:>uq

"al'?pow np SI1!ijnS:;lJ xn1! aJj;1J'J SIU!a»1! aJI~ IUaAnad

Sj!IJafqo saJ !S J!OA:;IJd I~ J~!wap aJ ~p Sj!IJafqo

sal alpuaJdwoJ U~!q I!OP Jn~l1!s!I!Jn,1 'al,?pow np
sJ1!ijns:;IJ s~1 JaA1! as!\! ,II} J!IU~S as mod "S~UUOP ~p

aIqw~sua,1 ap S~JU1!!J1!A sasn~Jqwou ap au!l{J1!w ua

a'J1!sS1!d ~I ':;II!I!J1!j JaA1! 'as!JOln1! alI~ la ~!j!Idw!s

lOOW~pU1!J'J Js~ '3HO~d Ia!J!'JoJd np IU!od n1! as!w

1!1 s!ndap '!J-alla;) "aldW!s IU~WaA!I1!laJ IS~ aI'?pow

np UO!lnJ:;Ixa ,I 'sJa!l{J!j saI SU1!p sa:;lU!S1!'J1!WW~
la s~!un:;lJ s~:;Iuuop s~1 S!Oj aun .s~:;I'J!xa

~Jlua,p s~:;Iuuop sal J~AnOJI Jnod sJnal{JJal{J

SaJln1!,p I} Jass~lp1!,S no SUO!I1!J!lqnd s~1 J~ijnsuoJ

SU!OW n1! 1!JA~p Jnal1!s!I!ln, 'l "~pn):;I au;);) Jnod

S1!J al :;I1:;I1! 81aJ aWWOJ 'al,?pow n1! saJ!1!ssaJ:;Iu

Sloow~u'J!asu~J saI J!ualqo mod saJua!J:;Idxa

sap I} J~WJOJd s!ojJ1!d In1!j II "Jn~I1!U!PJO
Jns J~UUO!JJUOj J!o...nod ap JU1!A1! sJ!J1!JBd:;lJd



891

as~wo!q BI ap UO!JHJ!Oldxa,1 ap salq!ssod sJaJja
saT J!U!j;;lP Jnod Ju!od nB as!w ;;IJ;;I H 'a;)HpnS ap

;;IJ!un JRd aunHj HI ap ua!Jnos ap s;;lJ![!q!ssod s~1 Jns

Juawaua!Juassa ~SHq 'anb!JBW;;lJSAS ~PO4J;;Iw au[l

UO uo!};)npoJd ssewo!q }S~JoJ Jo sJ;)edw!

le!Ju~}od ~U!UJJ~J~p OJ p;xlOI~A~p uaaq seq
S~!}!I!qede;) JJoddns }!un PORT uo AI!.n!W!ld

paseq q;)eoJdde Apms ;)!Jew~JAs V

.c861 q;)JRW 1£-6c
'RqO~!URW '~OO!UU!M 'JRU!W~S aw~ I.~J~UOO!g q:)Jn°d ';)OJd U! LL£-£L£ S~~Rd .;)~~no

pUR O!JR~UO w~q~nos JO SUO!~RIndod UR!q!qdwR pUR ~I!~d~J uo UO!~;)npoJd SSRWO!q

~S~JOJ JO SIR!~U~~od ~;)RdWI 'c861 .3"1 '.LH:JI'1 :.rd 'NOSNIH:J.LOH :'v'a 'SWWIS .017£

.xneu~!JO sap
Ja sJJa:) sap 's!J!deA\ sap JeJ!qe4,p sarewaA!4 saJ!e

sar aJUt!lJodUJ! uo5e) ap eJaJO!I~uru UO!JeJ-?dn:)~J
ap adnoo er anb Juanb!pu! sJeJrns~J s~ .sAeuaJOO)l

Jsea sar sUt!p sJ~JO) sap Juawa~eu~we, I ;)aAe lJoddeJ
ua s~rn~uo sap uo!Jsa~ ap SlJo))a sap anb!JoJS!4 )aJq

un Juawa{R~~ JuaJuas~Jd sllluawauuoJ!Aua,1 ap Ja

Ja!JsaJo) lJaAno:) np suo!Je:)!)!pow ap a:)uanUU!.r Ja
suo!Jerndod sap ~J!suap er 'arrawa)-saunaf slJoddeJ

sat 'sJeJ!qe4 sap uo!Jes!I!Jn,p sanb!Js!J~J:)e.rn:)
sar awa;Juo:) !nb a:) ua sJeJrns~J sat JuasAleUt!

sJnaJne s~ lUawa~!auua.p sasser:) saJuaJ~))!p Jnod
a;)\}dsa anb114:) Jnod savln:){R:) ~J~ JUO Juawa~Jaq~4.p

s~J!:)ede:) s~ .al~pow ar suer sa~J~~JU! ~J~
JUO uo!JeJuawn:)op 11r sUt!p sanuaJuo:) s~P!AJa:) sar

Jns as11q ap sanb!~oto:)~ Ja sanb!~oro!q sa~uuop saG

"sJa!rn:)!jJ1!d sJU.1wa:)erdwa.p ~J!A!J:)npoJd ap sa:)!pu!
sat Ja Juawa~!auu~, p sasser:) sar ;)aAe sa!rqeJ~

~J~ Juo sa:)Ut!puodsaJJo:) sap Ja 'SavSAreUt! ~J~ JUO
sa~uuop s~ "anb!uUt!J!Js-a!qworO;) er ap Ja!JsaJo)
lJaAno:) np 000 OZ/I ne sa~s!J~wnu sajJ1!:) ap a~J!J
~J~ 11 tan}:)11 Ja!JsaJo) lJaAno:) ar JnS uo!JeUJJo)U!, 'l

.l..pUt!:>!j!~!S
asoow PU1! Jaap ')[la JOj sa'3Ut!J JaJU!A\

a:>Ut!4u~ I1!A\ sl..1!U~JOO)l JS1!3 ~4J U! '3u(3'30I

a'31!AI1!S J1!4J A\04S sJInsaJ atU .paJu~saJd
OS[l! S! Juawa'31!u1!w JsaJOj OJ uo!J1!IaJ

U! sl.1!uaJoo)l JS1!3 a4J U! Ju~wa'31!Ut!w
aJ1!In'3Un Jo f.JOJS!4 Ja!Jq V .passn;>S!p aJl!
JUaWOOJ!AUa pUt! J~AO:> JsaJOj '3U!'3Ut!q:> OJ

asuodsaJ U! sa!J!suap Uo!J1!Indod pUt! 'SO!J1!J

aI1!waJ- JI1!:> 'swaU1!d asn J1!J!q1!4 'sqnsaJ

a4J Jo S!S1!q a4J uo .sasSl!I:> A\OUS JuaJajj!p

JoJ sa!:>ads I.q paJ1!In:>I1!:> aJaA\ SUO!J1!Indod

~Iq1!U!1!Jsns lapow uo!J1!Indod aJ1!In'3un

a4J oJU! paJ1!JodJo:>U! pUt! aJnJtUaJ!I
~4J WOJJ ua)[1!J ~J~A\ sa!:>;xIs P!AJa:> uo 1!J1!p

aU!las1!q I1!:>!'3010:>a pUt! I1!:>!'30IO!9 .sanI1!A

I.J!A!J:>npoJd :>!J!:>ads-a'3Ut!J pUt! sass~I:>
A\OUS OJ paJ1!IaJ pUt! pazl..{l!Ut! ~JaA\ ~J~p

allL .sd1!w JaAOO JS~JOJ 1!!qwnIoJ qS!J!Jg

000 Oc: I P~Z!J!'3!p a4J WOJj pau!1!Jqo
S1!A\ JaAO;) JsaJoj JuaJJn:> uo uo!JeUJJoJUJ

.s;}nb!}s!Jg}~em~
s;};) ;}p aJ~!wnT eT Ii! }e}!qeq.p aJ~!}ew ua s~P!AJa~

ap sa}UBpuodsaJJo~ sa~sa sap slI!°s~ saT ~sf.~ue
}UO }a ~!pm~ ma};Jas np s;}nb!}e1U!T:)O~gO!q S;}UOZ

-snos }a sauoz S;}P sanb!}s!J~}~em~ saT J!Tqe}~ Jnod

(£861) sJna}eJOqello~ }a g!Z}fl.P }a (696T) eu!feJ)l

ap suo!}e~!J!sseT~ saT ~s!T!}n }UO slI .saJ~}dogTo~
sap md sgnbeue snpJo} su!d sap uo!}eJgdn~~ ap

oonoo aun s~Jde 1;} 1UBAe sf.eu;}}oo)l }se3 S;}P UO!ggJ

eT ap a}!qf1\ aJY!A!J eT ;}P In;}};Jas ;}T Ja}Joddns }n;}d
anb spa~ ap }a xneug!Jo.P 's!}!deM. ap SUO!}eTndod

saT Ja1U!}sa.p U!JR }!nJ}SUO~ sg[nguo.p suogeTndod
sap ~S!~J~u~g aI~pow un }u;}}uas~Jd sJn;}}ne sa'"]

'sa!~ads
P!A.Ja~ gU!Puodsaj;Jo~ Aq sJuawaJ!nbaJ

J1!J!q1!q JO UO!ssroS!P aqJ JoJ S!S1!q
1! S1! 1!all! ApmS aqJ JOJ sauozqns pOI! sauoz

~91!W!I~oogO!q aqJ aq~sap OJ pasn aJaA\.

(£861) Iv 13 g!ZJn pOI! (6961) 1!u!f1!J)I
JO sawaq~s UO!J1!~!J!SS1!I~ waJSASOOa ~~

'SA1!U~JOO)l Js1!3 aqJ Jo 1!~lI! J~Arn ~J~/t\.

~qJ U! au!d ~Iod~gPOI ~g1!W1!p-~p~aq

JO gU!ggoI ~g1!Af1!S J~JJ1! pOI!
~JOJaq J~~p pOI! ~soow "Ila JO SUO!J1!Indod

~Iql!U!1!Jsns ~J1!W!Js~ OJ padOI~A~P S1!A\.

Iapow UO!J1!Indod ~J1!Ingun paz!f1!Jau~g V

.d s£ .£O£-X-;)g .d~~ °oJUJ 'lU~;) .JOd o~ud 'oAJ~S °JOd .UU;)
'.UU;) .~!J~V O~~BU!BJP J~A!~ ~~!l{A\ ~l{~ U! (SP!AJ~~) s~~BIn~un uo ~U!~~OI ~A!SU~~U! JO

~~~JJ~ ~l{~ JO UO!~BW!~S3 °8861 O;).~'W '3ISSVW :od '33WVN;)W :°0 'Z'lQH~30H;)S °6££



69T

°sauoI:> !saJood aq! ueq! N Jo

!!un Jad mats aJOW %9°It-8.lZ pa:>npoJd

sa!:>ads U!q!!A\ sauoI:> Jl!}uaW!Jadxa

}saq aq! rue 'sa!:>ads Jaq!o ueq!
aJOW %I.££ pa:>npoJd (sa!:>ads !saq aq!)

v[vl{da:Jo!.la -'7[VS oN Ie!O!/ssewO!q Jo o!!eJ
aq} U! sauoI:> rue sa!:>ads ~uowe pa!s!Xa

uo!!e!JeA }ue:>!J!~!S .uo!!:>npoJd ssewO!q
uo AI!Jt!w!Jd papuadap 'IaAaI !ua(U!eaJ!

awes aq} !e 'tuatua:> !ua!J}nu Ie!°.L lua!uo:>

pug uo!!eJ!ua:>uo:> !ua!J!nu uo sauoI:>

ueq! }:>aJJa Ja~Jt!I e peq sa!:>ads °pa}:>aIas

aq Plno:> ssewo!q Jo }!un Jad s}ua!J}nu Jo

S}unourn Jallews paAoWaJ }eq} sauoI:> pue

sa!:>ads 'snq.L .sauoI:> pue sa!:>ads uo osIe

}nq s}uaWleaJ} uo AluO IOU papuadap S}ueId

aql U! a~e}dn }Ua!JlnU pue UO!leJ}oo:>uo:>

lua!J}nu }eq} paA\oqs !ooW!Jadxa
allL ° (pappe Jaz!I!JJaJ au) s}ueId IOJ}uo:>

q}!A\ paJedwo:> aJaA\ pue suo!}nIos !oo!J!nu

a}aIdwo:> ~u!sn '(AIaA!!:>adsaJ 'Z80.0 pue

IlO.O '90.0) uo!!!ppe Jo sa}eJ Jl!!!uauodxa

}e pandde (e4/N ~)( 00£ JO O£Z '£ZI

O} }Ual!1A!nba) uo!!eZn!JJaJ Jo sIaAaI ~JQ}

O} pa}:>afqns aJaA\ S}ueId .SARp £ I I JoJ

pugs AurnoI pa}}od U! S~U!!!ro WOJJ paS!RJ
aJaA\ 'q:>ea sauoI:> aA!J Aq pa}uasaJdaJ

'.unN Vn8!Xd 's pue lqnw vppn[

oS 'oxq:>!W v[vl{da:Jo!.la XJ[VS .pa}enJl!Aa
pug paAJasqo aJaA\ sauoI:> J!aq} pug sa!:>ads

A\OII!A\ ue:>!Jawy q}JON awos Jo A:>ua!:>!JJa

N pug sn}e!s )I pue d 'N U! sa:>uaJaJJ!G

'sJueUJJopad slI!°W saI sauoI;) sa[
anb N ap ~J!un md a2!J ap snId aiD 9'ltT Ja 8' LZ aJJua

J!npoJd Juo saUOI;) SJnalI!aw saI Ja sa;)~dsa saJJnl!

saI anb snId 0/0 1'5;£ J!npoJd I! (a;)-?dsa aJnan!aw

eI) vzvl{dtJ.7oJ.ltJ 171vS '[I!IOJ N/assl!wo!q O!JI!J

aI suep sauoI;) saI Ja sa~dsa saI aJJua sa~A.Jasqo

~J~ JUO saA!JI!;)!j!u2!s SUO!JI!!JI!A saG "assewo!q

ap UO!J;)npoJd I!I ap JUaWaIl!d!;)lI!Jd UO!J;)UOj
~J~ e 'JuawaJ!I!JJ ap nl!aA!U aw~w un Jnod 'sj!J!lJnu

sJuaw~I~ ua Jl!JOJ nUaIUO;) a'l 'Sj!J!JJnu sJuaw~I~ ua

nuaJuo;) aI Ja UO!JeJJua;)UO;) I![ I} JUI!nb saUO[;) saI anb

pueJ2 snId Jajja un na luO s;};)Qdsa sa'] 'assl!Wo!q

ap ~J!un md sa;:lAa[~Jd s~J!IUI!nb saJ!lad sn[d sap

aseq eI Jns S~UUO!J:>aI~s aJJ~ ;)UOP lua!l!.lmod sauOI;)

saI Ja sa:)\'dsa sa'] 'saUO[;) sap Ja sa~dsa sap !ssnl!

s!ew sluawaJ!I!JJ sap Juawa[nas sl!d lua!epuad~p

au salueId saI suep sluaw~I~,p sJuawaA~I~Jd

saI Ja sJuaw~I~,p SuO!leJJua;)uo;) saI anb

:}lJuow I! a;)ua!l~dxa, 'l '(JueS!I!JJaj ap JnOrl! SUI!S)

SU!oW~J SJueId sap I} s~mdwo;) ~J~ JUO Ja 'SaJ~Idwo;)

SaA!J!lJnu suo!JnIos sap JUI!S!I!ln ua (JU;)WaA!J:JadsaJ

Z80'0 Ja ILO'O '90'0) Jnorl!,p SIa!Juauodxa xnl!J sap

I} s~nb!Idde (I!q,lN 2)[ 005; no 05;Z '5;ZI I} JuaII!A!nb~)

uo!Jes!I!JJaj ap Xnl!aA!U S!OJI I} s!wnos ~J~ IUO

SJueId sa'] 'smor £ 1 1 ap apo!J~d aun Jnod saJn}noq

ap l!JJed I} sJod ua S~A!I[n;) ~J~ Juo 'un;)l!q;) saUO[;)

blI!;) md s~Juas~JdaJ "JJnN vnSJxa 's Ja '[qnw vpJ.7nl

's "xq;)!W VIVlfda.7°J.ltJ :\71vS "PJON np anb!l~WY ,p

saInes ap (SaUOI;) SJnaI Ja) sa~dsa sanb[anb

SUl!p sa;:lnJl!A~ Ja sa~A.Jasqo ~J~ Juo N ap ~1!;)I!;)!jja. [

Ja )I Ja d 'N ua SJn}I!JS sa[ suep sa;)uaJ~jj!p saG

0£681-8881:02 °S;)~ °lOa or °ueJ °Si\\OU!i\\ ueJ!l;)WY q:jJ°N ;)WOS U! AJU;)!J!]];) N

pue 'sme~s )l pue d 'N U! uo!~epeA °0661 O(w)Oa 'SS3D~flg ~°'l 'YddflSZ ~ow 'NOWIS °117£

'UO!JewaA!q,p JeJ!qeq,I Ja uo!J;)npoJdaJ-Jsod Jel!qeq,I
'a~eAaI?,p Ja uo!J;)npoJdaJ ap JeJ!qeq,I : a!A ap aI;)A;)

np Sanb!l!J;) saseqd S!OJI saI Jns alJod aII3 'assewo!q

eI ap uo!JeJ!OIdxa, I JuawaIqeqoJd J!t!Jau~JJua, nb

sJuawa~Ut!J?p xne saIq!suas snId Juass!eJed

!nb SaI!JdaJ ap s;}:)ydsa saI Jns ~xe JuaWaJ~!ln;)!lJed

snId Jsa apn)~, 'l 's~JaroJd sJuawaddoIaA~p
saI Jns anb JQJnId SIa!JuaJod sJuawaddoIaA?p sal Jns

Ju;}:);)e, I Jaw alIa s!ew 'snA?Jd Ja sIan);)e aJ~!JsaJoJ
assewo!q ap sawwei3oJd saI asAIeue apn)?, 'l

'a!q!qdwe auneJ eI Ja SaI!JdaJ saI Jns aJ~!JsaJoJ

lUJ!quq g{J!j;)JU!AU;)AO

pUt! JBJ!qRq gU!~;)Jq-Jsod '!U!!quq gu!Jt!;)J
pun gU!~aJq :S;)gU!S ;)I;)I..;)-;),J!I {1!;)!!!J;)
;);)Jq! SJ;)P!SUO;) pUt! SWUJgoJd SSRWO!q

WOJ,J !Ins;)J O! I..I;))[!I S;);}Ut!qJmS!p O!

;)A!!!SU;)S P;)J;)P!SUOO S;)!~S ;)I!!d;)J SpmMO!

~J;);)J!P S! s!SRqdw3 .s!oowdOI;)A;)P
P;)J;);)foJd J;)AO s!u;)wdOI;)A;)P IU!!oo!od

s;)Z!suqdW;) !nq 'sWUJ'3oJd SSRWO!q

!S;)Jo,J ~J;);)foJd pUt! gU!!s!Xa SMa!AaJ I..pms

allL .SuO!!RIndod Ut!!q!qdwu pUt! ;)I!!daJ



Qt.I

aJ?!A!J uI ap U!ssuq np !a MOpUaw !UOW np UO!g~J

uI ap s!uapu;)~p Iu!uap!;);)O az'iJj~w np !a ju!uap!;);)O
uAnq! np OOnO;) Uj s?Jdu !a !UUAU 'noq!J1!;) aj !a pa;)

aI '!!!dUM aI (q :!S3-AUUa!OO){ ap jUUO!g~J !;)!J!S!P

np 'a!!qA\. aJ'iJ!A:!J Uj ap UO!g~J Uj SUUp SaJAjO;)S Saj
J1!d s~nbu!!u snpJo! sU!d sap uo!!eJ~dn~J ap oono;)

UI s?Jdu !a !UUAU 'pa;) aj !a JUug!JO,I '!!!deM aj (U
: Sa!UUA!nS sa~sa saj zaq;) aJq!j!nb~ ua J!ua!u!I!W

!!uAnod UO,j anb sj!!;)ajja saj Jaw!!sa Jnod s~jnguo,p

suo!!ujndod sap IUJ~u~g aj'iJpow un !!I1J!SUO;) e uo

J~A!~ Ut!Juna ~qJ pUt! R~JI! U!RJUnOW

J\\OPR~W ~qJ U! )(;)OIw~q pUt! Jl!peJ
p~J W~JS~M JU~pR;)ap JO IRAowaJ J~JJR

pUt! ~JOJ~q noq!JI!J pUt! J~~p ')[(~ (q) pUt!
'SAeU~JOO)l Jse3 ~tp Jo e~JI! J~Arn ~J!qA\

~q. U! ~u!d ~Iod~~POI pe~RWt!p-~p~aq

~U!~~01 JO ~~eAIRS J~JJR pUt! ~JOJaq
J~~p pUt! ~SOOW ')(I~ (R) JO Suo!JRlndod

~IqeU!eJsns ~Jew!Js~ OJ padOI~A~p SRM

I~POW uO!Jelndod ~JRln~Ufl paz!IRJ~U~D V

"ddR + "d 66 "6I£-d "MOdN3 'd~"M S,JO~;)R~UOJ'{qndufl 

"P~'l ~uR:j.InsuoJ O;)S~R.L "J"a U! (SP!AJ~;) ~J!IPI!A\ ~S~JoJ uo SUO!~Rn~!S IRAOW~J
SSRWO!q IR!;)~ds Jo ~;)~JJ~ ~q~ Jo UO!~RW!~S3 "S86I "G.L'l S.LNV.L'lflSNOJ OJS3V.L "£t£

.s~nb!uq~J '3U!'3'3°I J1?UO!JU~AUO;)UOU
~lUOs JOJ JU~lUaJ!nbaJ t! pUt! uo!Jdrus!p

I!OS It!uO!J!Ppt! ~Iqt!J~P!SUO;) II! JIns~J
PInoh\. SlU~JSI.S JOOJ pUt! SdlUmS Jo iJ~AO;)~J

'IOJJUO;) ~S1!~S!P JOOJ Jt! p~lU!1! SUO!Jt!mo
UO!J;)eJJx~ drums uo S~!pmS I.q peJt!;)!PU!

sy .s'3oI IJ1?lUS I.I~A!Jt!I~J Jo '3U!pJ1!1. ~Iqt!u~
OJ SI!t!JJ pUt! spt!OJ t!JJX~ JoJ JualU~J!nb~J

t! JO sI!1!JJ put! speOJ '3II!Js!X~ uo ;)!JJt!JJ U!

~S1!~J;)II! ue lUOJJ JInsaJ I.I~)(!I II!A\ sJ;)edw!

I!OS Ie;)!sl.qd pase~J;)u! I.uy .sw~Jsl.s

It!UO!JU~AUO;) I.q I.I!.l1!lU!Jd P~A~!q;)t!
;}Q PInoh\. iJ~AO~J q;)ns .pooh\.lU~JS I.IU!1!W

~AIOAU! PInoh\. iJ~AO~J pooh\. It!uO!J!PPY

.peSS~SSt! e!qlUnIO;) qS!J!J8 II! '3II!JS~AJ1!q
SSelUO!q p~S1!~J;)U! OJ SIInS~J q;)J1!~S~J

JO ~;)Ut!A~I~J ~qJ pUt! 'paz!J1!WlUnS S!

'OL.6I ~U!S peqS!Iqnd J1?!J~Jt!lU I.IJ1!Iro!JJ1!d
'qlA\oJ'3 aaJJ uo sJ~JJ~ Ju~nbasqns

~qJ put! '3II!Js~AJ1!q Js~JoJ Jo sJ;)edw!

I!OS It!;)!sl.qd 4J!h\. '3U!J1?~P ~Jmt!J~J!'l
.1.1J~!Jq peA\~!A~J S! SJ~AOJn;) WOJJ

iJ~AO~J pooh\. past!~J;)U! pJ1!A\OJ P~J~J!P

SUO!Jt!JMO Jo ~Jmt!U ~llL 'W~;)UO;) sn°!J~s
JOJ J~»elU t! snqJ S! I~A~I ,UO!Jt!Z!I!Jn ~SOI;),

~ql puol.;}Q ~AO~J pooh\. '3U!S1!~J;)U!

lUOJJ IInS~J l.elU Jt!4J SI!OS UO SS~JJS
J1?UO!J!PPY .sdOJ;) ~JmnJ JOJ A.!A!J;)npoJd

p~;)npeJ I.PUt!;)!J!u'3!S '3u!snt!;) ~J1!
suo!Jt!J~do ~luOS Jt!4J UA\oqs st!q SI!OS uo

'3U!IS~AJ1!q Js~JoJ Jo SJ;)t!dUl! no q;)J1!as~'M

'sa[I;;IUUO!JU;;lAUO~ uou

aJ~!JsaJOJ uo!JeJ!OIdx;;I,p sanb!uq~aJ ;;Ip uo!Jes!I!Jn,I

J!I!Ja~!xa Ja IoS np Juawa~ueJ~p aI J!eJaJua~ne

anb!JeW~JSAS ;;I~eq~noss~p a[ 'S;;lJ!uu!~eJ

sa!peIew saI ;;IJJJeqwo~ IJ sa~u!Jsap a~uq~noss~p

ap SUO!JUJ~O saI Jns sapm~ s;;ll JU;;IJJUOW

aI awwoJ 'saJ!Jad Ju;;IwaA!JuIaJ saIl!q ;;Ip a~unbsnq~p
aI Jnod su!waq~ XneaAnOU ap UO!J~nJJSUO~ eI 1} no

SJ;;I!JSaJ°J Su!waq~ Ja saJnOJ s;;lI Jns UO!JulroJ!~ uI ap

UO!Je~!J!suaJU!,I 1} S~!I Ju;;I!I!Jas 10S ~I Jns sI~muaA~

Sanb!SAqd sJaJJ~ s.:Y"} 's~nb!sSUI~ sapoqJ~w saI
Jl!d JuawaII;;I!JuaSs;;l nu~Jqo J!eJ~s J~ JI)J ~p S!oq U;;l

Jno}Jns J!eJ;;IJs!SUO~ ;;IJ!eJu~w~Iddns J;;I!JS;;lJOJ I)J~;;IJ ~'l

'anb!uURJ!Jg-a!qwoIOJ ua ;;ISSUWO!q ;;Ip uO!J~npoJd

eI ~p Ju;;lwass!OJ~~e,I Jnod sJuJIns~J s~p a~u;;lu!JJ~d

eI anIeA~ Ja 'S;;lJqJU s~p ~Ju;;lnb~sqns ;;I~UUSS!OJ~

eI Jns Ja IOS al Jns UO!JUJ!OIdxa,p s;;lpoqJ~w

sap Sanb!SAqd S;);)U;;IP!~U! s~p JURJ!UJJ 'OL61 ~p J!)JI!d

1} Jno}Jns 'a!qdeJ~O!Iq!q el ~Im!de~~J II 'saseJ s~dno~

saI Jns nJ:x}J aI ;;IJJ!OJ:);)e IJ S~~U!JS;;lp SU09UJ~0

s~l anAaJ U;;I JU~W~A~!Jq ;;Issed JnaJne, 'l .ueJ~!nbu!

J~rns un sJOle Jua!A~p « ~A!SU~JU! UO!Jes!I!Jn,p »

l!nas np 1}Iap-ne I)J:x}J ~p xneJ ;;II ;;Issnod

u°.l !S los ne ~sodw! ~J!I!JU~w~Iddns SS~JJS a'l

's~JURA!nS saJIo~~ sap ~J!A!J~npoJd ~p ~A!JU~!J!U~!S
ass!eq aun JU;;InboAOJd s;;lpoqJ~w sau!e}J;;I~ ~nb

~JJUO1U~p JUO sIOS saI JrlS ;;IJ~!JS~JOJ UO!JeJ!Oldxa,p

sapoqJ~w s~p sJ~JJa s~I Jns S~S!{I!~ s~q~J~q~aJ s~'l

°d VZ °IO£-X-;)g °da"M °oJuI 'lua;) °JOd °;JRd 'oAlas °JOd OUR;) 'OUR;) o:)!iB'y °A\a!AaJ V
AJaAO;JaJ SSRWO!q paSRaJ;JU! O~ a;JUaJaJaJ ~!A\ SI!OS JO sa!padoJd IR:)!SA-qd uo ~U!~SaAJR-q

~SaJoJ JO S~;JRdWI °8861 °g°"M 'H.LIWS ~°"M°d '"Mfl3GNYWWO;) ~..L°r 'HSIGNV.LS "2t£



III

O;}pew ;}q ue:) sJua~JeJs aA!J!U!Jap

Aue ;}JOJ;}q paJ!nb;}J ;}JP. sJJoJJ;} J;}qJJnJ Jnq',\\01 

S! uo!2~J ;}qJ JO SUO!Jelndod ue!q!qdlUt!
pug ~1!Jd;}J uo (sUO!JeJueld) uo!J;)npoJd

ssewo!q JS;}JoJ ;}A!SU;}JU! JO sJ:)edlU! JoJ
IR!lu~lod ~41 IRql Is~22ns ~Jep OJ s2lJ!pU!d

J3:>uOOOJd 3S 3P !URAI! S!eW 'S3{q!l!j !U3!I!J3S UO!~~J

I!{ 3P su3!q!qdwe S3p !3 s3{!!d;)J S3p Sj!!:);)jj3 S3{
JnS (SUO!!I!!UR{d) 3JV!!S3JOj 3SSI!WO!q I!{ 3P 3A!SU3!U!

uo!!:>npoJd I!{ 3P SdII3!IUd!od SOO!ssn:>Jdd~J S3{ 3nb

3J!°J:> I} IU3!Jod SUO!!I!II!ISUO:> Sd{ 'Jnof ~:> l},nbsnf

.a:)epns ap s!Jq~p ap a:)ut!puoqe aun Ja xnauuolqes

sloS sap 'xnaq;:>OJ sJuaUl~JnaIJje sJuanb~Jj ap
'sap!UJnq saJJaJ ap dno:)neaq JuaUIJajuaJ sua!q!qdUJe

xne Ja Sal!Jdal xne xna!UI al JuaUUa!Auo:) !nb

sJeJ!qeq s.:Y] .salemJln:) s~pm!Jde sap 51 1J I:: a!Jo~~Je:)
el suep Jjednld el mod Jua!eJas sa~s!l!Jn saJJaJ

s.:Y] .saJ:)e 000 OZ uoJ!Aua,p eJas UO!~~J anbeq:)

suep a~Jueld aleUl!xeUl a!:)!padns el 'oooz ue,1 !:)!,P
anb J!oA~d uo .eJP.~e!N np alnSU!u~d el Ja O!JP.JuO,1

ap Jsa.I Juos ap!Jqf.q Ja!ldnad np uO!J:)npoJd
el 1J J!AJas ap salq!Jda:)sns snld sal SUO!~~J

s.:Y] .u!RJJaJ ap s~J!un,p alqUlasua un uolas 'UO!~~J
el ap sua!q!qdwe sal Ja Sal!JdaJ sal Jns (sa:)uassa

saJJne,p Ja alnes al JUaUlale~~ s!eUl 'ap!Jqf.q

Ja!ldnad al JuaUla{1!d!:)u!Jd) aJ?!JsaJOj asStJUlo!q
ap uO!J:)npoJd el ap salq!ssod SUo!ssn:)Jad~J
sap uO!Jen{1!A~,p apoql~UI aun aJuasvJd uo

.S!JqdP a:)l!jJns Juepunql!
pUI! S!!OS f.PUI!S 'sdoJ:)Jno f.~:)oJ JuanOOJj

:spuepaA\ JURpunql! ~lI!U!1!JUO:) asoqJ
all! SUR!q!qdwe pUR sa!!JdaJ OJ paJ!ns JSOW

SJI!J!qI!H 'SPUR! AJ!!!ql!dl!:) J1!Jm!ro!J~u ~-£

SSI!!:) f.psow aq P!noA\ paz!l!Jn spue'l .0002
lI!af. aqJ f.q saJ:)1! 000 02 f.laJI!W!xoJddl!

JI! pdJ:)afoJd all! UO!JI!:)O! q:)l!a JU suall!

paJul!!d wnlU!XI!W .I!all! I!lI!~I!!N aqJ pUR

o!.Jl!JuO waJsl!a lI! dll! a:)l!!d a)[UJ OJ f.!a)[!l

JSOlU S! uo!J:)npoJd lI!!dod P!Jqf.q aJaqA\

sl!aJV .paJuasaJd S! 'sJ!un u!I!JJaJ jO waJsf.s
I! uo pasl!q 'uo!~aJ aqJ jO SUR!q!qdwe

pUR sa!!JdaJ uo (sa!:)ads JaqJo pUR

SA\oJJ!A\ OS!I! Jnq 'lI!!dod P!Jqf.q f.l!.Jl!W!Jd)

uo!J:)npoJd SSl!lUO!q JsaJOj jO SJ:)l!dlU!

J1!!JuaJod aqJ ~lI!ssassl! JOj ,(:i,°lopoqJaw V

.dd~
+ .d OL1 .9ZZ-d "MOdN3 .d~"M S,JO~;)UJ~UOJ .Iqndufl '.AJ~S .PI!A\ .u~J '.uuJ .u°l!Au3

.~~no pU~ O!JU~UO w~t{~nos JO SUO!~Ulndod uu!q!t{dwu pu~ ~I!~d~J uo (SUO!~~~UYld)

uo!~;)npoJd SSUWO!q ~S~JoJ ~A!SU~~U! JO s~;)udw! Ie!~u~~od .£861 .G.L'l S3.LVIJOSSV
GNV'lH.L"MON :.G.L'l dflO"MD SNOI.LVJI'lddV 'lV.LN3WNO"MIAN3 3H.L .tV£

';)~!;)U IJj JS;) JUIJJ!W!j

In;)J:)IJJ ;)j "J'p ;):) SUIJO 'S;)jqlJ;)~!j~~U ;)WWo:)

S~J~P!SUO:) JUOS S~P!AJ;):) S;):) Z;)q:) S!oq np ;)dno:)

IJI ;)P sJ;)JJ;) S;)j ;)nb ;)\q!IJJ !S JS;) Js;)nO-!..lJu;)JOO)l

;)P .J'p ;)j SUlJp Jl;):) np J;) !J!dIJM np sJ!J:);)JJ;)

S;)P ~J!SU;)P 1J'l ';)A!JIJ~~U UO!SsroJOO~J ;)Un:)nlJ

V PU;)UIJ ,S ;)U UO 'S;)JJ;)J S;)SslJq xnlJ ;)~S!jR:)Oj JS;)

oono:) Rj !S ';)~IJJUOW ;)P noq!JR:) nlJ ;)l!nu 'S;)JR!:)~S

S;);)UlJJSUOOJ!:) S;)U!RJj;):) SUlJp 'JnOO nR;)JlJjd ;)P

sJ?JoJ S;)P S~A;)j~ s;)!JJRd S;)j SUlJp (;)Z~j~W J;) R!..nqJ)

SJU;)PR~P s;uqJR S;)P Uo!ss;)Jddns Rj ()nb S!pUIJJ

'JR~!lo ,I ()P J() Jl;):) np '!J!dIJM np J()A!q, p sJ;)!JJRnb

S;)j JU()W()jq!SU()S RJ;)JO!j~urn JS3-!..RU()JOO)l ;)P
.J'p ()j SUlJp UO!JRJ~n~J ;)P ()dno:) Rj S~JdR J()!JS;)JoJ

Jj()AnO:) np UO!JR:)!J!POW IJj ()nb JU()JJUOW ;)S!..jRUIJ, j

()P SJRJjnS~J S()'l '000 Oct! ()P ()JI()q:)~,jl} ()nb!UUlJJ!l8

-()!qwOjoJ IJj ()P ()J~!Js;u°J ()JnJjaAnOO Rj ap

s~s!l~wnu S()JJR:) ()P S~l!J ~J~ JUO ;)JI()nJ:)1J ;)J~!JS;)JOJ

aJnJj()AnO:) Rj JnS sJU;)Wa~!;)SU()J S.r} lsano

-!..RUaJOO)l ()P JRUO!~~J J:)!JJS!P ()j SUlJp 'UIJ:)uno

.SAuua100)l1SaM aq1 U! J01:>U} ~U!1!W!I

aq1 S! MOUS .aIq!~!I~aU paJap!suo:> S!
sP!AJa:> asaq1 uo IuAowaJ JaqW!1}0 s1:>a}}a

1t1q1 'Mol OS aJ1! tlaJ1! ApmS AUUa100)l 1Sa M

aq1 U! Jaap pUtl )[la }O Sa!1!SUap UO!1UIndod
'pa1:>adxa S! 1:>tldW! ou 'SPUtlIMOI

01 paU!}UO:> S! ~u!11n:> }I "noq!J1!:> u!t!1unOw

1:>afltl AIasJaApU 'Sa:JUtl1SWroJ!:> {1!!:>ads
Japun 'AUW S1SaJO} pUt!Idn }O Suo!1t1AaIa

Jaq~!q lI! 'I:>OIwaq-J1!pa:> 1uaptl:>ap
}O ItlAowaJ StlaJaqM 'asoow pUt! Jaap

"IIa JO} sa~Ut!J Ja1U!M a:>Utlqw ApUtl:>!}!~!S

II!M SAtlW100)l 1St!3 aq1 lI! ~U!~OI a~tlAItlS
~U!MOIIO} JaAOO 1SaJO}}0 UO!1t1:>!}!pow

1t14} MOqS S!SA{1!Ut! a4}}O S1InsaJ
attL "Sdtlw JaAOO 1SaJO} tI!qwnIoJ qS!1!JH

000 oz:r paz!1!~!P aq1 WOJ} pau!t!1qo
SUM JaAO:> 1SaJO} 1UaJJro uo UO!1t1UJJO}UI

.sAtlUa100)l1SaM aq1}0 paqSJa1t1M



Zl..I

SUOfJU!-JI!A sap JuaJ~~Jd O.l/JI1 UJ aJnJIro ua sJfJ!JJnu

sUfosaq saI anb JuaJJuow sJuJInS~J saI :SJP!.lJI1

.VJa V/vnUJS .V 'v.lqlU 'v 'v.?Juodv!"V 'vuv.?UJ

'v 'vsouJ/n18.v 'vdSJ.I.? snulV,P sauOI;) SJaA!p
ap O.l/JI1 UJ UOfJU~l!dOJd UI~!PnJ~ U uO .VJ:J[UV.ld

~ S~f;)OSSU aJozu ,p sa;)fJJuxfJ sauua!Zf4JOUfJ;)U SaJUIIId

S3p s3nbfJ~u~~ J3 s3nb!~OIOfSA4d s3nb!JSfJ~J;)UJ1!;)

S3I J3!PnJ~,P U3AOW uoq un JS3 snssfJ 3P 3JnJln;) U'l

sg lIaM se :)!j!~SJafu! pafe:)!pU! SJPJ.I!.'.

'V pOI! VIVnU!S 'V 'v.lqn.l 'V 'v.?!uodv!

'V 'vuv.?U! 'V 'VSOU!ln,3'v 'vdSJ.I.? snu/V

jO sauol:) SnO!JeA jO uo!fe~edoJd O.lI!.'.

U! aqf jO sa!pms 'V!;yuv.ld qf!M pafe!:>osS1!

SfOl!ld leZ!qJOU!f:)e ~U!x!j-ua~OJf!U aqf

jO sa!pms 11!:)!faUa~ pOI! le;)!~010!sf..qd JOj
100f alqenleA e Safm!fSuO:) amnn:) anss!.L

°tJS6 I t{:)JRW S'l-9'l 'O!JR:J.UO 'RMRUO

'JRU!Was QW"M f.~Jauao!H UR!PRURJ t{:J.J!d °:)oJd °pa 'U!RUSRH oS U! 66-96 sa~Rd °v/nJag
pUR snU/V ~U!X!}-U~~OJ:J.!U }O ~Jmln:) ~nSS!.L °t?S6 I oW '3QNO'lV'l ~ 'W'd 'A V'lHW3"M.L °9tJ£

.saUOI;)
snu/v IIR UO uo!JeInpou %001 paA\oqs

SU!I!JJS VJ:Jfuv./d OA\J }O saJnJIn:J aJnd gu!sn

SIsal uopl!(npoN .sa!:>ads IIR JO} %001 seA\

aJI!JJsqns II!!;)!}!~ UII OJ Ja}sUt!JJ gU!A\OIlO}

IeA!AJns .aSOJ;)ns UIIqJ Jauaq sauoI;)

.JOOJ-OJ-JIn:J!}}!P. aqJ }O gupOOJ pa}oWOJd

asO;)nIg 'wn!paw gU!JOOJ aqJ uI .sa!;)a<!s
JaqJo aqJ U! paAJdsqo aJaA\ sauoI;) .JOOJ

-oJ-JIn:JU}!P. pUll .JOOJ-OJ-ASea. seaJaqA\

'%001 paJooJ v./qn.J 'V pUll VSOU!ln/S.v}o

sauoI;) IIV .VHI Wrl 1 gU!pnI;)U! um!paw
SW qJguaJJs-}IRq uo s)(aaA\ £ U! paJooJ

sa!:>ads IIV .suopeJJua;)uo;) JuaJa}}!p }~ }nq

sa!:>ads JaqJo III! JO} umUJ!Jdo seA\ asoonIg

aI!qA\ asoJ;)ns uo qJ.-\\OJg POOg paA\oqs

vsou!Jn/S 'V AIUO .sa!;)a<!s qJ!A\ pa~A

wn!paw UOpe;)!IdpInW aqJ U! pasn aq O}

J1!gns }O uopeJJua;)uo;) pUt! ad.\} umUJ!Jdo

allL .sa!;)a<!s qJoq JO} e!paw sapAeIH

pUt! WdM Ut!qJ qJ.-\\OJg Ja»aq APUII;)!}!Ug!S
JO Ienoo pa;)npu! wn!paw SW aq}

aI!qA\ 'sa!;)a<!s qJoq }O JeqJ JOU Jnq vdSJ.I:J

'v pUll VSOU!ln/S.v}o qJA\OJg 'AIaAp:>adsaJ

'pa~oddns e!paw sapAeIH pUll WdM

allL .aJnJIn;) 0./1!.1 U! JO} sJuawaJ!nbaJ

J!aqJ U! SUOne~A ;)u!:>adseJJU!
se lIaA\ se ;)!}!:>adsJaJu! paJe;)!pU! SJp!./!.1

'V pUll VjlJnU!S 'v 'v./qn./ 'V 'v:J!uodv!

'v 'vuv:JU! 'V 'VSou!ln/S 'V 'vdSJ.I:J snu/v

}O uopegedo.xl 0./1!.1 U! aqJ uo sa!pnJS

.sj!J!sod ~J~ Juo V!J{uv.Jd ap saqJnos xnap

ap saJnd samJlnJ ap ap!u,1 ~ s~J!SOPOU ap UO!JUUUOj

ap s!ussa sal 'snu/V, P sauoIJ sal snOJ zaq;) .saJuassa

sal saJnoJ zaqJ % 001 ap ~J~ u la!J!)!JJ1! JuJJsqns

ms UO!JUJUUldsUUJJ s~Jdu a!AJns 1!'l .Juawal!J!j)!P

JuaU!JuJua, s !nb sauoIJ sap Juawau!JuJua, 1

'asOJJns al anb xna!w '~nboAOJd U asoonl2

al 'JuaUJaU!JuJua,p na!l!w al suuG .saJ~dsa saJJnu

S;}I zaqJ S~AJasqo ~J~ JUO al!J!jj!P Juawau!JuJUa,p Ja

al!Juj JuawaU!JuJua,p S;}UOIJ S;}P ;}nb S!puuJ '% 001

~ S~u!JuJua Juos as v.Jqn.l y,p Ja vsou!ln/8 y,p

sauoIJ sal sn°.L .(8IV) anb!JAJnqIAIOpU!

;}P!:>u,p Wrl 1 ;}P ~UUO!J!PPU '~!J!OW ;}P ~nl!p

SW n;}!I!W ;}I suup S;}U!UW;}S S!OJJ ~ S;}~U!JUJU;} Juos

as s;}:>uasS;} S;}I s;}Jn°.L .S;}luaJ~j)!P SUO!IUJIU;}JUOJ

sap ~ s!1!W 's;}:>uass;} saJInU sal Salnol Jnod IUW!ldo

J!UI~ ;}so:>nI2 ;}I ;}nb S!PUUJ ';}soJ:>ns al Jns ~snod

ua!q U vsou!ln/8 .V In;)s .S;}Juass;} sal uolas lua!JUA

UO!JU:>!ldmnw ;}P n;}!I!w ;}I SOup Jas!I!Jn ~ S;}J:>ns

;}P xnuw!Jdo UO!JUJJU;}JUOJ UI J;} OO,{J ;}"1 .;}:>UUSS!OJJ

UI xn;}!W Ju;}walq!suas no JuawwaJ~jj!Pu! as!J°AUj

ua SW n;}!I!w ;}I ;}nb S!puuJ 'S;}Juass;} xnap sap uou

s1uW iU;}UJaA!J:>adS;}J 'vdSJ.J:J y,p Ja vsou!Jn/8 y,P

;}:>UUSS!oJ:> UI ~ JU;}UU;}!Auo:> S;}PAUI8 ;}P J;} WdA\.

J.:na!I!W s;}'"J .0.Jl!1\ U! s~A!Jln:> Juos Sl! puunb 'sU!os~

sJn;}1 suup s;}nb!j!:>~S1!JJU! Ja -J;}JU! SUO!JU!-n!A

S;}P Ju;}W!Jdx;} SJP!.J!I\ .VJ;} 1J1vnu!s 'V'v.Jqn.l .V

'v:J!uodv! y 'vuv:JU! 'V 'vsou!Jn/8 Y 'vdSf./:J snu/V

°661-681:£ a~InJ U~~JO anss!.L naJ 'Ju~Id °sa!;)oos snu/V ~U!x!J-ua~oJ'J!u UaAaS

JO uo!'Ju~udoJd O.l1!(\ U! JoJ s'JuawaJ!nba~ .17861 .W '3GNO'lV'l :.W.d 'AV'lgW3~.L 0£17£

.s;}J!ess;}:>~u
Juos XneAeJJ S;}JJne.p ';}A!J!U!j~p uo5ej ;}P



fL.I

UO!JeJO!I~we .p xn;)!;);;Ud U;)AOW un ;)WWO;) ;)nUUO;);)J

JoowJU!ew JS;) xneJ~g~A SnSS!J S;)P alnjIn;) e1
UO!JeJO!I~we :)!J~u~~ ~qJ JOj IooJ ~IqenIuA

e se P~Z!U~o:JaJ MOU S! ~JmIn:) ~nss!J JURId

"d £1£ "~JaqIap!aH u!pag ~BpaA-Ja~u!Jds "I saaJ.L :1 loA "AJ:l.SaJOd pue

am:l.In:)!l~V U! A~oIouq:)a:l.O!g '"pa '[B[Bg "S" d" J,.. U! 1A Ja:l.dBq;) "saSO!qwAs 0:1. pJR~aJ q:I.!A\
odds snu/VJo am:l.In:) anss!.L "9861"W '3GNO'lV'l :"d '.L3N1"M3d :"W"d 'J,..V'lHW3"M.L

.SJ!1!q )OOJ J,Joqs AII1!WJouQ1! pUt! A\;)}

p1!q ;)UOI;) S!qJ J1!qJ ~J1!;)!pU! (.PON) f7-;)V
}O SJOOJ ;)qJ }O suo!J1!AJ;)sqo l1!;)!~OIoqdJoW

"(+PON) S-;)V pUt! (+PON) Z-;)V
S~UOI;) ~qJ Ut!qJ SS;)l s~w!J OZ o~ 01 s;)Inpou
}O J~wnu 1! qJ!A\ Jnq ;)J1!Inpou OJ SJ;)PUt!Id

f7-;)V ;)qJ }O %8£ p;);)npU! 'f7-;)V JUt!Id
J~qJow ;)qJ uo ~;)npoJd ;)Inpou ~nb!un ;)UO

WOJ} ~J1!IOS! 'INNV V!;yuV.id 'U!1!JJs ~uO
"~Js~J SU!1!JJs V!;yuV.id U;)A~S alp }O 9 q~1A\

~u.!J1!InpOU-uou S1!A\ (.poN) f7-;)V auol;)

~qJ JlJqJ ~JIJ;)!pU! sU!lJJ}s V!;yuV.id UaA;)S

~U!sn sJsaJ u01JIJlnpoN "sa~IJ~S ~U!JOOJ pUt!
UO!JIJ;)!Id9Inw 0./1!1\ U! aqJ ~U!Jnp JIJ~ns }O

su01JIJJJu~;)UO;) pUt! SPU1)( JuaJaJj!p ~J1nbaJ
;)JnJln;) U! vds!./:> "V }O sauoI;) JuaJaJj1P

aq.L .paJIJ~lJdo.KI 0./1!1\ U! aJaA\ V!;yuv./d q~1A\

(+poN) aJlJlnpou OJ ~!I!qlJ J1aqJ JO} UA\OU)(

'S-;)V pUIJ Z-;)V 'vdSJ./:> .V}O saUOI;) JaqJo
OA\J pUt! (.poN) f7-;)V IRnp!A1pu! P;)J~Ias

S!4.L "V!;YUV./d qJ!A\ (.poN) ~U9Rlnpou
-UOU SIJ paJ~las S1!A\ 'V-;)V 'IRnp!A!pu!

;)UO 's~u!uaaJ;)S pUt! su09Rln;)Ou! aA1ss;};);)ns

£ Ja~N '!OIdDW pUt! oxa(DV)INDV

'(DV) IN;)V SU!1!J}S V!;YUV./d
aqJ }O ~JnJx1w I: 1 : 1 IJ qJ1A\ paJ1!ln;)Ou! aJaA\

vdSJ.i:> snu/V }O S~U!I~;)S 000 009 awos

"s)Jno;) Juawaleuuoue
Ja xnaJqwou nad Jua!eJ'} auol;) a;) ap sJueqJosqe

Sl!od sal anb '}JJuow e (-PON) V"JV,P salI!;)eJ sap

anb!'3°1oqdJow uawexa,' "+PON xnap snoJ 'S-JV Ja
Z-JV sauol;) sal zaq;) anb salnpou ap slI!°W S!Oj OZ

V OI ;)aAR S!RW 'V-JV salnJueld sap % 8£ zaq;)

salnpou ap uo!Jeuuoj el '}nbOAOJd e 'f7-JV aJ~W
aJueld el Jns aJ!npoJd anb!un ?J!sopou aun.p a?los!

'INNV VJ;YUV.ld 'aq;)nos auf} 'V!;YUV.ld ap s~AnoJd'}
saq;)nos Jdas sap ,,!S :>aAe s'}J!sopou ap sed J!RUUOj

au (.poN) V-JV auol;) al anb '}JJUOW Juo V!;YUV.ld

ap saq;)nos Jdas :>aAe s'}J!SOPOU ap uo!Jeuuoj

ap S!RSSa sa, .0.l1!1\ U! Juawau!;)eJUa Jnal Ja
UO!Je;)!ld!ijnw Jnal JueJnp saJ;)ns ap Suo!JeJJua;)uo;)

saJuaJ'}jj!p ap Ja sadAJ sJuaJ'}jj!p ap lI!°saq
na Juo aJnijn;) ua vdSJ.I.? 'V,P sauol;) sJuaJ,}JJ!p

sa'l 'O.lI!1\ U! S?!ld!ijnw '}J'} Juo V!;YUV.ld :>aAe
(+poN) S?J!sopou sap JGUUOj Gp '}J!;)ede;) JnGI Jnod
snuuoo (S-JV Ja Z-JV) vdSJ.I.? V,P sauol;) saJJne

xnap anb !SU!R np!A!pU! JaJ 'V!;YUV.ld ;)aAe (.poN)

s'}J!sopou ap sed JueWJOj au ammo;) ?UUO!J:>aI?S

?J? R 'V"JV 'np!A!plI! un 'SaA!SSa;);)ns SUO!J:>aI?S

Ja suo!Jeln;)OlI! S!OJJ s~JdV 'saleg'} suo!)JOdoJd
ua V!;YUV.ld ap !OldOW Ja oxa(OV)INOV

'(OV)IJV saq;)nos sap aguel?W un ;)aAR s'}ln;)OU!

?J? Juo vdSJ.I.? snU/V,P s!was 000 009 anblano

°61-1-11-1:81-
y!OS pUB 1.UBYd °l{SJnd (l!V) vdSJ.I.? snU/V JO saucy;) ~U!1.Bynpou-uou pUB ~U!1.Bynpou JO

UO!1.U~BdOJdOJ;)!W pUB Uo!1.;)~yas °17861 ow '3GNO'lV'l :oX '3WS3N :owod 'A V'lgW3~.L

.uo!snJ ;)!wseIdoJOJd
Aq VlnjaE! OJ snu/V jO ,saua2 ;)!JO!qwAS,

aqJ JO JajsUt!JJ aqJ pJl!A\OJ daJs JSJ!J
11 S! S!IlL .v.la}j.liCdvd VlnjtJE! pUt! vsou!jn/8

snu/V qJoq JOj pau!1!JU!lIW AIaU!JnOJ
pUt! pau!1!Jqo aJaA\ saJnJIro II;);) P!nb!I

pUt! sasnIIlI:J 'AIlI!U!d .sauoI:J snu/V Ill! jO

uo!JeInpou %00 I paA\oqs sU!eJJs V!){UV.ld
Jo samJIn;) aJnd 2U!sn sJsaJ uo!JlIInpoN

°aJnJIn:J O.lI!" U! JOJ sJuawaJ!nbaJ

J!aqJ U! SUO!JlI!JI!A ;)!J!:JadseJJuf

"anb!wSRIdoJOJd uo!snJ JlJd VJnliJ[J
V S7lU/V,P « sanb!Jo!qwf.s sau?~ » saI JaJ~JsueJJ

ap anA ua a!Idwoo:>R adRJ~ aJ?!waJd RI ap J!~R,S II

"sa'}nb!daJ JuaWaJ?!In~~J R uo,nb tJJiJ!u.{dtJd VJnJiJ[J

ap Ja tJSOU!ln/8 S7lU/V,P UO!SUMSnS ua saInIla:>

ap Ja sIR:> ap saJnJIro sap aJ!npoJd V !ssn~J R uo

'U!JIg "S7lU/V,P sauoI:> saI snoJ zaq:> st!:> sap % 001
suep s~J!SOpoU ap UO!JRUJJOJ na R f. I! 'tJ!'J{utJJd ap

saq:>nos ap saJnd saJnJIn:> sap :>aAR s~nJ:>;)JJa sJsaJ

saI SURa "sanb!J!~dsRJJU!,nb sanb!J!:>'}dsJaJU! JueJ



vlI

Jnod (~J!JmRW 'l S~JqJR) SUR 09 Ja SUR Of 'SUR

SI-OI ap s~2~ S!oq S~p a!pm~ UO 'S~!ClqwaJJ sal
SURp (SUR Of) UO!JCJOJ aURa;) RI aunCj CI Jns J!CJnc

sJajja slanb Jau!uuaJ~p ap lJ!jC (RuaqIV) Aaqwffi ap
s~Jd aA!JRJRdwo;) apm~ aun Ju~waJJam;)R as!IR~J uo

OJ -0 I U! P~IR~!JS~AU! ~u!;:Jq S! ~J!IPl!A\ Aq
~sn pUR A.!IRnb JRI!qRH .~J!IPI!A\ UO UOOSR

JO ~U!JS~A.mq UO!JRJOJ (JP.~A-O£) }Joqs JO

SJ:>aJJ~ ~ql ~U!UJJ~J~p OJ R}J~qIV .A;:JqW!""lI
JR~U ARA\J~pUn S! Apms ~A!)RJRdwo;) V

"'l861 tI;JJRW 1£-6G 'RqO1.!URW '~ad!UU!M 'JRu!was
a::J8~ A~JaU~!H tlpnod ';JOJd uJ 18£-6L£ Sa~Rd 'SpUR1.S uadsR IRaJog }O 1.UaWa~RURW

UO!1.mOJ P°tlS}O a}!IPI!A\ uo 1.;JRdWI 'G861 '~'D 'SN~OH :'v.a 'H.L'MO~S3M

.saJ~J!wWt!w Ja Xnl1aS!O sap Jed sJa!JsaJoJ

ap SJuawaldnad sap UO!Jl1s!I!Jn,j JrlS a~eJJnoJ

ap ~J!I!q!uods!p 111 Ja JI1J!qI14,1 ap uo!J!sodwo:)

111 ap ;);)uanuU!, 1 JuOJaU!WI1Xa saJna!J~Jln
sapnJ~ s;}'"} .saJnJew sJuawajdndd ap no sJu~wajdndd

saun~r sap sJuaJ~JJ!p Juaw~JJ~u Juos sa~uUl!.p

~U!111uaJJ aun.p sJa!JsaJ°J Slu~w~jdn~d s~1 'InOJq ~p
UO!J:)npoJd ap J~ leJ!qe4.p ~JnJ:)nJIS ~p aWJ~1 u~,nb

Juanb!pU! 'JUI!pudd~:) 'xne!J!U! sJellns~J s;}'"} .s~jeu!J
suo!snl:)uo:) ~p JaJ!J u~ }n~d ~u uo J~ saJ!eu!w!j~Jd

SlOt s~p 1UOS sJl1ljnS~J s~'l .~uneJ ej Jns ajqw~JJ-xneJ

ap UO!ISa~ 111 ap ~WJ~J Jjno:) 1} SI~JJ~ s~1 Jns sue

S!OJJ ap apnJ~ aun,p as114d aJ~!w~Jd ej JuaJuas~Jd~J

1861-0861 JaA!4, 1 luepu~d S~S!Jd~Jlua s~PnJ'J s~a

'SIRwurnw pUt!
spJ!q Aq spURtS }SaJOJ JO asn uo A}!I!qRI!t!An

a'3RJOJ pUt! UO!}!SOdWO;) }R}!qnq JO

a;>uanIJU! aq} aU!urnxa II!A\ sa!pn}s aJn}n,1

'uO!I;>npoJd aSA\OJq pUt! aJn};>W}S }n}!qRq
JO SUUal U! SpURtS aJn}ew pUt! SpUt!}S

'3unOA WOJJ Alle!IUt!}sqns JaJJ!P spUt!}S PIa

JRaA-O£ IRql 'JaAaA\oq ale;>!pU! op SnnsaJ
IR!}!UI "UA\RJp aq }aA }OUue;) suo!snI;)uo;>

IRU!J pue AJeU!W!IaJd aJoJaJaq} am SnnsaJ
aql. "aJ!IPI!A\ uo uddS1! Jo }uawa'3eUt!w

UO!}eIOJ-jJoqs Jo SI:>dJJa aq} uo APn}S JeaA-£
e Jo aS1!qd }sJ!J alp }uasaJdaJ 18-0861

Jo Ja}u!A\ aql '3U!Jnp pa};>npuoo sa!pn}S

"1861 q:JlRW ~2-v2

'OPR:j.UO 'RA\RUO 'lRU!W~S a~"M A~l~U~O!g Pl!~ ":)Old UJ ~6-£6 S~~Rd "SpUR:j.S UOOSR

IR~log JO :j.U~W~~RURW UO!:j.R:j.Ol 1l0qs JO ~J!IPI!A\ UO :j.:JRdWI °1861 "VOa 'H.L"MOMJ.S3A\

.saso~qu},(s IeZ!Q.UO;)AW vue lRZ!qJ°O!J;)~
J!aqJ OJ pJe~aJ qJ~A\ passros~p s~ SJapueId

Jap[e paJe~edoJdoJ;)~w aqJ Jo UO!J~Z!I!Jn

aqJ 'aJolUJaqJJnd .sJaplR Jo a.JnJIn;)
anss~J IIa;) pUR uo~Je~edoJdoJ;)~W aqJ SJaAO;)

A\a~Aa.J S~11.L .UO!Jex~J Ua~OJJ~u ;)~JO~qwAS

JO APnJS 0./1!'\ u! aqJ JOJ paz!seqdwa
SeA\ 'aJnJIn;) II;};) vue JSeIdoJoJd JeIro!JJed

O! 'aJnJIro anSS!J JueId JO ;};)ueJJodW!

al1.L .AJJSaJoJ S,A\OJJOWOJ JOJ SIOOJ
Inj.laA\od JuasaJdaJ Op AaqJ Jnq 'dOIaAap OJ

Ja~UOI a~J II!A\ uo~Jex~J Ua~OJJ!U ;)~JO~qwAS
JO UO~JeInd~uew vue SaaJJ JsaJoJ JO

uo~Je;)~J~pow ;)!JaUa~ 'UO!JeZ!p!.lqAq ;)~Jewos
a'!~I suO~Je;)~Idde JaqJO .uo~J;)aIaS JueJnw

JO OO~JeAJasaJd Iood aua~ 'sadAJOua~

paJ;)aIaS JO Uo!J~~edoJd ssew 'SaUOI;)

;};}JJ-aseas~p JO uO~J;)npoJd JOJ se 'amJnJ
Jeau aqJ U! AJ~IeaJ e (awo:>aq II!A\ JO)

ApealI~ ale AJJsaJoJ 1R!;)JalUlUO;) U! a.JnJIn;)

anss!J )0 suo!Je;)!Idde awos .saa.JJ )0

"na!1 }uauuop

salla sallanbxn8 SaUUa!Z!4JO;)AW }a sauua!Z!4J°lI!};)8

sasO!qw!..S sal Jnod 'UO!}8g8dOJdoJ;)!w J8d sanua}qo

sauln8,p salnJu81d ap !Oldwa,1 ap aJn;)s!p uo

'aI}no U3 "sauln8 sap aJ!8InlIa;) }a aJ!R(nss!} alnJln;)

81 }a UO!J8g8dOJdOJ;)!W 81 Jns a}Jod apnJ~, 'l "a}OZIJ,1

ap anb!}O!qwAs UO!}8X!J 8( ap O.lI!1\ U! apnJ~, (
mod ~ug!lnOS ~J~ 8 'saws8(do}OJd s~p alnJ(n;)

81 Ja!ln;)!}J1!d ua 'xn8J~g~A snss!} sap aJnJln;) 81

;}P a;)UB).K)dW!, 'l "lI!8W;}P ;}P ~!JaJsaJoJ 81 I} sJUBss!nd
suaAOW sap }U;}JJJO salI~ S!8W 's~~ug!O(~ sn(d Juos

'a}0Z8.I ;}P ;}nb!}O!qwAs UO!J8X!J 8( ~p uo!}8(nd!UBW

81 }a SJa!}saJoJ S~JqJ8 S;}P anb!}~u~g UO!}8;)!J!poW

81 'anb!}8WOS UO!}8P!JqA4,( ammo;) 'SUO!}8;)!(dd8

saJ}n8,Q 'S}UBJnw sap Jauuo!}:)dI~S mod no

sa~sa sau!R}Ja;) ap anb!u~g au!ow!J}8d a( JaAJas~Jd
Jnod 'sad!..}ou~g slI!8}Ja;) aA!SSBW U058J ~p Ja!(d!}(nw

Jnod 'a!p818w ap s}dwaxa sauoI;) sap aJ!npoJd Jnod

aldwaxa J8d 'J!UaA8 a4;)OJd un SUBp }UOJpUa!Aap

al no ~}!J8;;U I}r~p Juos suo!}8;)!(dd8 SaU!8}Ja;)

'alla!J}snplI! a!JaJsaJoj U3 'saJqJ8 sap anb!J~u~g



SlI

"aIRUOI;) UO!JRnIRA:},I ap Ja UO!J;);}I:}S

RI ap sa:}ssnod snId sapm:} sap JuauuaJdwo;)
Ja 'sanb!j!~sJaJU! sap!JQ!.4 saI Ja sa~sa

saI zaq;) sanb!w!.zos! saIla!JoJ;)Rj SUOS!R!I saI Ja

~J!WJ~q,p sapow saI 'aJlJ!od ap ;}')S!OJ;) UO!JRS!U!IIOd
RI Jns JualJod sJno;) ua JuawaIlam;)R saq;)Jaq;)aJ

sa'] .assewo!q RI SURP UO9R(nWn;);)R JnaI Jns Ja
sj!JpJnu sJuaw~I~ ua apURwap RI Jns sapm~ sap anb

!SU!t! 'anb!j!;)'}ds ~J!I!q9Rdwo;)lJ!,p Ja UO!JRP!Jq!.q,p
sapm~ sap :}S!(R:}J R UO .sa;)?<fsa sa;) ap

aIqwasua,I ap J!}JRd '1 saJ!Rj :}J:} Juo SUO!J;);}(~S sa'"}
.salR~JOq suo!2~J sa( s!Jdwo;) !. 'RpRUR:) nR suo!2:}J

sJna!snId SURp sa~sa sa;) aAnOJJ UO "Sl.lV/Ol}iJd.S

Ja VJ!lliJd.S 'vp/:Jn/ 's 'vnillXiJ "S 'V/VlfdiJ:J°l.liJ 's

'.lO/O:JSlP 's 'VUVlqqiJq 's 'SiJp/o/vpil,uuv
XJ/VS : Juos sa:}!pm~ sa;)~sa sa'] luawapuaJ

lnRq V aInRs ap sauo(;) sap 'sasnanawoJd snId saI
sau~2!PlJ! sa~sa sap UO9RP!Jq!.q Ja UO!J;);}I:}s J1!d

'JlJ!od nR aJnaw ap Jnq a( SURP Juaw;,s!oJ;) aI Jns Ja

sanb!J:}u~2 SJ;);}dSR sa( Jns saq;)J;)l{;);}J sap '~OdN3

awWRJ2oJd np aJPR;) aI SURp 'au!RJJ1!d uo .pJ1!2~

Ja;) '1 sasn;'JJawoJd s?JJ JU;)IqW;)S S;)U!R;)!J~UJR-pJOU
sa~sa sJna!SnId 's!ojaJno]. 'RpRUR:) nR S;)Iq!uods!p

sed Juos au anb!J:}2J;)u:} UO!JRJURId ap sa~dsa

awwo;) sJna!J'}dns Juos !nb a(nRS ap sauo(;) sa'"}

.s~!pmS uo!JenIeA~ vue UO!};)~I;)S IeuoI;)
J~qJJnj se II~A\ se 'SP!.lqAq ;)!j!;);:IdSJ~}U! vue

S~!;);:Ids U! s~~e"U!I ~ux..{zOS! vue sW3ued

~;)ueJ!J~qu! 'S~U!SSOJ;) UO!JeJ~U~~ p~ueApe
UO Sn;JOj ss~J~oJd U! A\OU S~!}!A!};)e

q;)Je~S~~ .P~}~Idwo;) ~J~A\ 'uo!}eInwn:xJe

ssewO!q vue puew~p }~!.l}nu

jO S~!pmS vue 's~!pms A}!I!q!}edwoou!

S~!;)~S vue uO!JeZ!p!JqAH .s~!;);:Ids ~s~q}
jO ~~ueJ ~qJ J~AO ~pew ~J~A\ SUO!};)~I~

.S~J!S Ie~Joq ~U!pnI;)U! 'epeueJ U!
S~}!S jO ~~ueJ ~P!A\ e uo punoj ~Jt! S~!;)~S

~s~qJ.. .s.uVfoJlad.s vue VIJ//ad's 'vpJ.?n/ 's

'vn8Jxa 's 'VfVlfda.?oJ.la 's '.lO/O.?SJP 's

'vuVJqqaq 's 'saPJo/vp8,{"um XJ/VS
:~Jt! Apms J~pun S~!;)~S ~4J.. le!}u~}od

}S~Je~i3 ~q} ~U!A\oqs S~!;)~S ~A!}eU

jO uo!}ez!p!JqAq vue UO!}:);}I~s Aq S~UOI;)

,\\OIl!A\ ~U!PI~!A-q'3!q jO }~wdOI~A~P

~q} Je p~w!t! q;)Jt!~S~J ~U!p;:I~Jq vue

;)!J~u~~ ~U!JJoddns S! ~OdN3 le!}u~}od

~~Jt!I A\oqs S~!;);:Ids ue;)!.l~wV qJJON

{t!J~A~S 'J~A~A\OH 'epeueJ U! ~IqeI!t!Ae }OU

~Jt! suO!}eJueId A2J~u~ U! ~sn JOj JO!.l~ns

U~AOJd u~ ~Aeq }eq} S~UOI;) A\01l!A\

"68611!Jdy 9Z-tTZ 'o!Ju~uO 'UA\UUO 'JUU!UJ~S a~'M A'ZJ~UOO!H UU!puuuJ
q~U~A~S ";)OJd "P~ 'UU~OH °N"3 U! 6tT1-StT1 S~~Ud 'UO!~UZ!P!Jqf..q f..q uo!~;)npoJd A'ZJ~U~

JO} SA\OIl!A\ gU!PI~!f.. qg!q }O ~u~UJdOI~A~a '6861 O(w)"a 'SS3D'MflH :°'1 'YMflSZ '1S£

'saJelngun pug
eUnej!Ae Aq asn jO sawmS aA!JeJedwoo S1!

lIaA\ se uo!J;)npoJd asA\OJq pug oo!J!sodwo';)
pUt!Js JsaJoj jO AJOJUaAU! ue sapnI;)U! ApmS

aqJ. .(PIO SJeaA 09 JaAO) spueJS aJmew

pUt! spueJS Plo-JeaA-O£ 'spueJS Plo-JeaA-SI

"aUnBj!AB,[ la S~[nguo sa[ JBd UO!IBS![!ln

Jna[ Jns SaA!IBJBdwo;) sapnl~ s~p la InoJq ap

uO!I;)npoJd B[ ap UO!IBn[BA~ aun 'S!oq sa;) luasodwo;)

!nb sa;)uassa sap aJ!BluaAU! un lu~waIBg~ puaJdwo;)

apm~, 'l "~S![!ln S~[ !;)-~"~;) lU~WWO;) J!OABS 1~ ~UnBj

B[ V lUaljjO s[!,nb IBl!qeq,[ ap ~1![enb B[ ~Jl!euuO;)



9l.1

suo!ssroJ;xI:;IJ saI Ja :;IJ!I!qI!JuaJ I!I Jau!1WaJ9P
ap Jsa J!J:>afqo aJJnl!. 'l "a!pua:>u! un s'i'Jdl! Jul!JsaJ

S!oq np Ja ;xIno:> ap snp!s?J s"p aJdwo:> nuaJ I! uO
"uo!Jnq!JJs!p ap Ja all!I!J ap 'a~dsa.p '?J!Juenb ap

saUlJaJ ua saIq!uods!p adno:> ap snp!S?J saI JanII!A?p
!!I!J? !afoJd a:> ap sJ!J:>afqo xnl!d!:>U!Jd sap un. 'l

JOJ p;)dOI;)A;)P U;);1Q seq uo!}eUIJOJu! S!~

.uo!}nq!J}s!P pUB ;)Z!S 'S;)!:JMS 'A}!}UBnb
JO SUU;)} U! S;)np!S;)J pooA\ ;)IqeI!t!Ae

;)qJ Jo UO!}!U!J;)P J;)}};1Q e u!t!}qo O} S!

}~roJd S!q} JO S;)A!}~rqO U!t!W ;)q} JO ;)UO

"AJ!;)!JJ~I;) ;)JeJ;)~g OJ

PUg UO!g;)J ;)qJ Jo S~;)U gu!Je;)q Jt!!JJsnpU!
pUR ;)!JS;)WOP ;)qJ J;);)W OJ IR!JU;)Jod ;)qJ seq
poO/\\ ~Z!I!Jnun Apuas;)Jd ;)4.1 "J;)A\od puR

gU!JR;)q JOJ AJ!;)!JJ;);)Ia pUR I;)nJ JSO;)-A\OI JOJ
PURW;)P e S! ;)JaqJ S;);)U!AOJd ;)!J!t!.Id Jt!JJua;)

OA\J aqJ UI ";)Sn OJ Jnd ;)Q PI no;) q;)!qA\ S~JJ

~gRurup-;)J!J puR peap Jo sa!J!Juenb ;)gJRI
U!RW;)J ;)JaqJ 'UO!g;)J S!qJ U! ;)A!SuaJX;) puR
UOWWO;) AI;)JeunJj°Jun 'S;)J!J JS;)JoJ J;)JJV

"poOA\ ~snun Jo S;)!J!Juenb ;)gJRI U!ew;)J

;)J;)qJ ueA\aq;)JeJfS1!S puR eqoJ!uew Jo
sJsaJoJ Ie;)Joq aqJ U! gU!ggoI OJ Ju;)nbasqns

O?J!;)!JJ;);)I? P uo!J;)npoJd \!I SU\!P
J;) ;)~\!JJn\!q;) ;)P S!oq U;) UO!~?J \!I ;)P sl;)!JJsnpu! J;)

S;)W;)JU! sU!°s;:Iq xn\! ;)J!\!JS!I\!S 1!\!JJnod ?S!I!InU! S!oq

~ .;);)~\!JJn\!q;);)1 J;) ;)!~J;)U? P UO!I;)npoJd \!I Jnod

?q;)JI!W uoq ?J!;)!JJ;)3I? P J;) ;)lq!lsnqwo;) ;)P ;)pU\!W;)P
;)un ;)JS!X;) I! 's;)!J!eJd S;)P S;);)U!AOJd xn;)p S;);) SU\!Q

.S?S!I!Jn ;)J}~ Ju;)!eJJnod !nb S?~\!WUJoPU;) no S}.IOW

S;)JqJl!, P S?J!JU\!nb S;)pU\!J~ ;)P ;)IS;)J I! 'UO!~?J ;)JJ;);)
SUt!p SJn;)JeJseA?p J;) sJu;)nb?JJ Ju;)w;)sn;)Jn;)qJew

i~JoJ ;)P xn;)J S;)I SvJdy O?S!I!JnU! S!oq
;)P S?J!JU\!nb S;)pUt!J~ ;)P ;)JS;)J I! 'ueA\;)q;)Je)fses \!I ;)P

J;) eqoJ!Ut!W np S;)Je?JOq SI~OJ S;)P ;)dno;) \!I SvJdy

'd £v '6L.£-d "MOdN3 "d~"M W!J~~UI s.J°~~eJ~uo;) lqndufl ";)'g

'J~Ano~ueA ":)aSS'! pue SU!II°;) 'P!~"M "UeM~1.[~~e){Ses pue eqo~!Uew :~J~U~ JO} J~W!~

P~II!){-~J!} pue 1.[seIs ~U!~~OI ~U!Z!I!~n }O f.~!I!q!Se~} ~!WOUO~ '066 I '[)J 'A3N3)J,!'lg "£S£

.~}U;}W;}IdW! prrn POOOI;}A;}P

~ UO!}m!}sqns I;}nJ prrn ~u!pt!J~dn
prrn ';}~t!JO}S I:3J;}U;} 'AJ;}AO~J }t!;}q

;}}St!M 'UO!}t!AJ;}SUOO JO S;}JnSt!;}W ;}A!}:>;}JJ;}

-}SO:> rrn:> UO!}t!JOOO UtI U!q}!M s;}:>rrnlt!q

prrn ;}~esn I:3J;}U;} Jo ~u!prrn}sJ;}pun ~I!e};}p

e ~u!u!e}qo Aq AIUO .uo!}dwnsuo:> A~J;}U;}

~U!:>n~J JO UJeJ'3oJd e q:>unt![ O} q:>!qA\

WOJJ }U!od ~U!JJt!}S InJ}!nlJ }SOW ;}q} St!M

}!pne A~JaU;} ;}A!su;}q;}Jdwo:> t! }t!q} ~S;}J}S

rrnWJ!t!q:> ;}:>U;}J;}JUO:> ;}q,L .UO!}t!AOUU!
[t!:>!~OIouq~} prrn uo!}t!AJasuo:> ';}Sn

A~J;}Ua }Ua!:>!JJa aJ()w q~nOJq} uo!}dwnsuo:>

A~JaUa [t!!JJsnpU! JO UO!}:>npaJ JO Spoq};}W

Sp.rnMO} ~}:>aI!P St!A\ ;}Waq} U!t!W ;}qJ

';);)UaJ;}Juo:> S!q} U! }t!q} Sa}t!}S JJod;}J ;}tU

'salq!Jsnqwo:J
sap tuawa:>eldwaJ ap anb !su!e uo!}es!wapow

ap 'a!2JaU?,1 ap a2e~;){)Js ap 'anpJ~d Jna{1!4:J
el ap uo!}eJ~n:J~J ap 'a!wouo;)'},P sa:Je:J!JJa saJns~w
sap Janb!ldde Ja Jau!2ew! moo uo,l anb as!JdaJJUa,1

SU1!p a!2JaU?, I ap uo!}ewwosuo:J el ap ~11!eJ~p
U1!1!q un tU1!ssalp ua,nb Jsa,u a;) .uo!}ewwosuo:J

el ap t~ldwo:J U1!1!q un led t!essed a!2Jau~. I

ap a!wouo;)'},p awweJ2oJd un,p t.md~p ap Ju!od

Jnamaw al anb t!IIJ al ms ~JS!SU! e a:JuaJ:JJuoo III ap

tuap!s~Jd a'l 'anb!U4;);)J UO!}IIAOUU!, I ta UO!}IIAJasuo:J
eI 'a!2JaU~,I ap a:Je:J!ya snld UO!}IIS!I!}n,I led

a!Jtsnpu!, I SU1!p a!2Jau~, I ap a!wouo;)'} , P sapo4J~w
sal ms t!etJod a:JuaJ~Juoo el ap led!:JU!Jd aw~4J a'l

.d 11 .86c-d ~OaN3

.da'M S,Jo:j.;)~J:j.UO;) lqndufl '.:j.u~;) .s~~ 'JOa O;)~d '.Alas .JOa '00;) "00;) ';)!J~V °4snpUI
U! :j.u~w~~~u~w pu~ S;)!WOUO;)~ A~J~U~ UO SS~J~UO;) u~~dom3 °t861 ° ()I 'A3N3)1V'lH °cSt

'J1mq~1uaHjS~!WOUO~3 8t'



III

wea}s JO }SO:> aq} URq} JaA\oI ApUR:>!J!~!S

S! pUR pURIPunojA\aN IeJ}ua:> u! s}saJoJ

II!Jnjl!U WOJJ ssewo!q Aq pa}eJaua<a wea}S
JO }SO:> aq} O} Jt!I!W!S AJaA S! a}eW!}Sa atlL

.fD Jad £9.9$ S! SStlWO!q UO!}elURId WOJJ

pa}I!Jaua<a wea}s JO }SO:> aq} 'JjodaJ S!rp U!

pasn suo!}dwnsStl :>!J!:>ads aq} JO s!seq aq}
uO .sIanJ aA!}eWa}{e Jo }SO:> arp URq} JaA\OI

JO O} Ienba S! SStlWO!q uO!lelURId WOJJ

A<aJaua JO }SOO aq} uaqA\ a:>mos A<aJaua

aIqe!A e paJap!suo:> aq AIUO II!A\ suO!}e}URId

A<aJaUa WOJJ ssewo!q 's)(:>Q}spaaJ

A<aJaua Jo Jawnsuoo {e!:>Jawwo:>

JO Ie!J}snpu! UR JO }U!o<!A\a!A arp wold

xnap sal Ja~ua.J.In~uoo ~uop J!e.J.Inod Sanb!I~'3JaU~
suO!JeJueld sap assewo!q e'l lnozew np ~~J!J In;xleA

el ap Jl)o~ al anb asseq sn(d JuawalqeJ~P!suO~
Jsa !nb Ja aAnaN-~.J.Ia.L ap ~Jlua~ np sa(IaJmeu

sJ~oJ sap assewo!q e( ;}P ~J!I Jn~deA e( ap Jl)o~
np aq:>oJddeJ as !nb uO!leW!ISa 'ro/$ £9'9 1;1 aA?(~,S

suO!JeJueld sap assewo!q el ;}P ~J!J JnadeA el
;}P JI)OO al ').JoddeJ ne s;}JdOJd sas?qlodf.q sa( uoI~

.S;}Iq!Jsnqwo~ s;}JJne sap Jl)o~ ne In;}!J~Ju! no Ie'3~
eJas aJ!J ua uo,I anb a!'3Jau~.( ;}P Jl)o~ a( anbsJo(

anb a!'3Jau~.p a(qe!A a~Jnos awwo~ a;;u~P!SUO~
eJas au sanb!J~'3Jau~ suo!leJue(d sap assewo!q
e( '(e!~Jawwo~ no Ia!JJsnpu! JnaJes!(!ln.I Jnod

.ddB + .d 8£ .Z9£-d .d;}~ ~OdN3 '.~U;}J .JOd

.PUN '.AJ;}S .JOd .UBJ '.URJ .;)!J~Y .puBIpunoj/t\;}N U! SUO!~B~UBld f.:BJ;}U;} p;JSodoJd WOJ}

pooMI;}n}}o uo!~!sod ;}A!~!~;}dwo;) ;}1{.L .8861 .a.L'l S3.LYDOSSY aNY ~3HJ.L3'ld .a .~~£

lU;3W;3UUO!J;)UOj ;3p
S!tlJj s;3I ms };3 ;3JAn;)O.p-U!I!W I!I JnS 'UO!II!WJOjSUI!JJ

;3U;};) 11 S;3J!t!SS;3~U SUO!JI!S!I!qoWW! S;31 JnS 'S!oq
ntl S~J~!pnl!q;) U;3 ze~ nl! SaI~!pnl!q;) s~I J~WJOjSUI!J}

;3p '.;JJ!I!q!ssod I!II1 anpU;3J'.;J Ju;3Wall!~'.;J }S;3.S
;3}~nbu;3. 'l .UOS!tlJA!1 ;3p J;3 }JodsUI!JJ ;3p SJI)O;) xnl!

};3 }uawauuo!s!AoJddl!.I 11 '.;Jq;)I!JJI! JU;)WaII!~'.;J }S~.s

00 .~J!tlJ!I!W ~sl!q tlI ap s'.;JS!oq SJaA!p S;3P !o(dw;3.I
Jns }a OO!~'.;JJ tlI ;3p S'.;JOUOpul!ql! su!t!JJaJ SJ;3A!P

JnS S~P!JqAq SaJqJl!.p UO!JI!JUI!(d I!I 'S~!J;3!;)S ~p

SJ~q;)'.;JP s~I 's'.;JS!oq SJ;3A!P s~I ms '.;J}Jod I! ~J~nbu~. 'l

.SJSOO ~U!JRJ~O pUR J~M.odURW
'JSO;) IRJ!dR;) '~U!.l!) pooM. OJ SR~ WOJ)

SJal!oq gU!JS!Xa aq! gU!JJaAUO;) )0 At!I!q!SRa)

~qJ paJ~AO;) OSIR UO!JRg!JSaAU! ~1:lL

.p~JRg!JSaAU! U;);:Iq OS{1! ~ARq f...J~A!lap pUR
UO!JRJJOdSURJJ q!!M. pa!R!;)()SSR S!SO;) pUR

Alddns ~q.L .dill\!;) asRq aq! U!q!!M. S!OlpooM.

SnO!JRA ~q! )0 ~sn aq! pUR R~JI! aq! U!q!!M.

SJOI paUOpURqR pa!JRA aqJ UO SaaJJ P!JqAq

)0 UO!JRJURld aq! 'aJSRM. II!W 'SJOlpooM.

SnO!JRA ~qJ paJ~AO;) UO!JR~!JSaAU:! al:lL

's~nb!J~~J~U~
SUO!JUJOOId xnu J~ J~!Js~JOj Ju~w~~uu~urn,I 1J

'S~JqJ1J s~p Uo!JuJ~dn~J ~p ~dno;) uI 1J 'sJu\}w\}IdnM

S\}P UO!SJ\}AUO;) uI 1J '\}dnoo uI \}P J\} \}~U!;)S np
snp!s~J xnu s\}np S!oq U\} S~J!I!q!uods!p S\}I J\}nIuA~,p

s!nd 'S!oq U\} J\}JU\}W!IU S\}I J!oAnod 1J UO~Uj

\}P 'Zt!~ nu J~ JnoZt!w nu S~Ju~W!J1! 'U\)PJO8 \}P

\}J!I!J!I!W \}suq gI ~p s\}!J\}jjnuq;) s~I J\}UJJOjSOOJJ \}P

~J!I!q!ssod uI J~U!UJJ\}J~p \}P J!uJ~ I!UAujJ np J\}[qo, 'l

.UO!JEJUtJld f..~J3ua pUt! Juawa~tJUt!w

Jaq\:u!J 'a~tJAltJs aaJJ 'UO!SJaAUO;)

pUt!JS 'anp!SaJ ~U!~~01 pUt! II!W WOJj
alqEI!tJAtJ pooM jO f..J!JUt!nb aqJ ssasstJ pUt!
uo!J;)npoJd f..~J3ua paJ!j-pooM OJ UapJog

.g.d.:) JE SJUt!ld ~Jaua paJ!j-StJ~!I!O

~U!JJaAUO;) jO f...!I!q!stJaj aq. au!WJaJap
o. SEM J~[oJd S!q. jO aA!.;)a[qo a~

"d vv "8ZZ-d "d~~ ~OdN3 'lU~;) "S~~ "JOd S~)[g'l ~g~JD '"AJ~S "JOd "~;) '"~;)
'UOJ!AU3 "~Ugld I~nJ SSgWO!q g o~ U~pJog "g" d";) ~g ~~Id ~U!~g~q Sg~/I!O ~ Jo UO!SJ~AUO~

~q} uo APfi:1.S A~!I!q!Sg~d G861 "a.L'l S3.LYI;)OSSY aNY ~3N~n.L "D S3'l~YH;) "v~£

'UO!}RZ!I!}n }o }u!od R O} S~np!S~J pooA\

~s~qJ '3U!J~A!I~P pUt! '3U!J~q}R'3 }O A}!I!q!SR~}

;)!lUOUOO~ pUR IR!;)Ut!U!} ~q} ~U!umx~
O} S! ~A!};)~fqo J~q}Jn} v 'saJ!} }S~JO} lUOJ}

pooA\ ~wnq pUt! S~np!S~J '3U~'3'301 q}oq
'snp!S?J

sa~ ap JJOdsUtlJJ np Ja aJlo~?J HI ap sanb!wouo~?



8l1

.sJ!}e'3~u aJ}~ 'SUO!}Rn}!S SaU!R}Ja;) suep
'a~w }ua!eJJnod Sf! }a SI!np~J }uawa{qRJ~P!SUO;)

SJo{R IUOS S;)'3RlueAR S;){ ';){q!lsnqwo;)O!q
np ~q;)mw np U;)AOW {;)n};)R x!Jd ;){ }Ual~lJ;)J SJn;){eA
sa;) anb asod uo !S '}.led aJ}nR,O .sa(qRJ~P!SUO;) IUOS

s}au sa'3R}ueAe sa( SJO{R ';){qR5R(dUJ;)J a!'3J;)u~,( ap

sa{R!;)OS SJna{eA S;){ }UaUJal~(dwo;) }U;)S!npRJI SJn;){eA
sa;) anb asoddns uo !s .s}!npoJd sa(q!}snqwo;)o!q

sap sa{R!;)Os SJrl~(eA S;)( }URq;)nO} sas\,qlod..(q
xne sa{q!SU~S }UOS S(!,S aUJ~w '~I!{!q!Suas e{ ap

SasA{Rue,p awwe'3 ;)un a}no} \! s!wnos }UOS S(! puenb

Sap!{RA }u;)}saJ sa'3R}ue,\R sa;) .Iu~(no;)~p ua !nb

s~nb!uq~} SUO!leAOuU! s~p aIIan}u~A~ UO!IR;)!{ddR,{
JrlS luepUOJ as ua '.0 ~ .~ R( ;)P Sa(qRJ~P!SUO;)

sa'3e}ueAe saT ;)J}UOW ;)pn}~, 'l .S!oq ap ;)Iyd e( ap
uo!}e;)!JqeJ e{ Jnod xnR;)do;) ua }a S~(q!}snqwo;)O!q

u~ JaUJJojsueJ} S;){ ap U!~SS;)P a{ suep

'saJ!°}!sueJ} S}~P sJ~!waJd xnR xn;)u'3!{ snp!s~J S;)P

}uaw~}!l!J} a{ }a }JOdSURJ} a( Jns }ue}Jod '~OdN3,P

~JPe;) a{ suep '.0 ~ .~ ap ~wwRJ'3oJd-snos
un }!l!~'3RS!AUa sJna!J~}ue S~JndRq;) s~p ~SA{Rue, 'l

.11 adR}~,{ \! ;)~sodOJd UO!}en{RA~,p apoql~w
e{ ap ~{dW;)xa un }ueuuop U;) '~OdN3,P aJPR;)

a{ suep s!.ldaJ}u~ s~de}~ S!OJ} u~ }u;)waddo{aA~p

-aq;)J;)q~J ap {!l!AeJ} un In{;)uo;) }JoddRJ a'l

.SUO!Jem!S awos U! aA!Je2au aq Plno:>

pue pa:>npaJ Ane!JueJsqns all! sJ!}auaq

aqJ uaqJ '(an}o!q }O a:>!Jd Ja)[ll!w JuaJJn:>
a2eJaAe aqJ J:>aI}aJ oJ pawnsse all! San(eA

(e!;)Os aqJ }! 'pueq JaqJo aqJ uo le!JueJsqns
all! sJ!}auaq Jau aqJ uaqJ 'pa:>eldaJ

aq p(no:> JeqJ A2Jaua }O sanleA Ie!;)Os

aqJ J:>auaJ Ann} Ian}o!q JO} sanleA Ie!;)OS

JeqJ pawnsse S! J! }I .pa:>npoJd sIanjo!q

}O san{l!A {I!!;)OS aqJ Jnoqe suo!Jdwnsse
OJ aA!J!SUas all! AaqJ q2noqJ{I! 'S!SA{I!ue

AJ!A!J!SUas Juanbasqns }O a2ueJ e Japun
JsnqoJ all! sJ!}auaq asaq.L .sUO!JeAOUU!

(e:>!20(ouq:>aJ sJ! }O UO!Je:>!Idde (e!JuaJod
e uo paseq aw~ aqJ WOJ} sJ!}auaq aA!J!sod

(e!JueJsqns A\oqs Apms aqJ }O sJlnsaJ

allL .sd!q:> d(nd vue Ianjo!q oJU! 2u!ssa:>QJd
JO} sanp!saJ 2u!PueI }O JuaW}eaJJ

vue JJodsueJJ aqJ qJ!A\ pama:>uo:> aw~
~OdN3 }O weJ2OJdqns auo paJap!suo:>

sJaJdeq:> sno!AaJd aqJ }O S!SA{I!ue

allL "II aseqd U! pasodoJd A20(opoqJaw
uo!Jen(eAa aqJ }O a(dwexa ue 2U!JuasaJd

Aq JuawdolaAap vue q:>ll!asaJ ~OdN3 }O
Apms aseqd-aaJqJ aqJ SaJaldwoo J-JodaJ S!llL

'ddR 

+ .d 09 .81£-d ~OdN3 .d;)~ S,JO}~RJ}UOJ lqndufl '.J.g 'J;)AnO~URA .'P}'1 q~JR;)s;)~

SI;)!URa~W .wRJ~oJd UO!}RZ!URq~;)W Jo S!SAIRUR ~!WOUO~3 :111 ;)SRqd :}U;)WdOl;)A;)P

pUR q~JP.;)s;)J ~OdN3 JO UO!}RnlRA;) ~!WOUO~3 .8861 .'1'.1 'S'l3INVa~W :.V '~33~f) .9S£

.q;)JI!as~ i.;JJsaJOj aJnInW!Js
pun PunI JsaJOj {BU!~JI!W aZ!I!Jn AIaA!J;)ajja

'Sa;)!AJaS pun Spoo~ {B;)OI UO S~m!puadxa

aSnaJ;)U! 'sanuaAaJ JuaWUJaAO~ asnaJ:)U!

'sa!J!unJJoddo JuawAOIdwa {BJru aIqnU!nJsns
ap!AoJd 'I!O paJJodW! uo a;)uapuadap

s ,punIPunoj1\\.aN ~U!;)npaJ U! Js!ssn

PInOM suO!JnJunId al{.L .PunIpunoj1\\.aN
U! sUO!JnJunId A~JaUa jO JuawdoIaAap

aqJ WOJj anJ:);)n PInO;) sJ!jauaq

;)!WOuo:)a pun {B!;)Os aA!J!sod AunW

.aJ~!JsaJOj a4~J~4~aJ
el Jalnwps ~ Ja xnlJu!'dJew sJa!JsaJoj sU!eJJaJ sal

a:>e~!jja u05ej ap Jas!I!Jn ~ 'xnlJ~ol sa~!AJas Ja sua!q
xne sa'}J;)esuo~ sasuad';)p saI anb !sU!1J a~U!AoJd IJI
ap saJJa:>aJ sal aJJ!OJ~~1J ~ '11JJru na!I!W ua salqlJJnp

S!Oldwa,p suo!se~;)O sap Ja'}J~ ~ '~}Jodw! ~IOJJ~d
np J!4~OOJjjIJ,s ~ a~U!AoJd e[ Jua!eJap!e suO!JeJoo[d

sa;) "aAnaN-aJJaj. ~ sanb!J~'dJau~ SUO!JIJJOOld
sap JnaleA ua as!w IJI ap Jalno~';)p Jua!:1JJJnod

sanb!wouo~';) Ja xne!~os Sa'dIJJOOAIJ xnaJqwou aa
"uma!s jO UO!!RJaua~ at{! JOj

PlrnIPuno,JA\aN IRJ}Ua';) U! pasn s)(:>o!spaaj
JOfRW oJ\\! at{! q!!A\ a!adwo:) PInoo SSRWO!q

UO!!e!lrnId A~JaUa !Rt{! !sa~~ns s~UWu!j

aq! 'ApuanbasuoJ l!O Ianj WOJj pa!RJaUa~

.J~eA ap UO!J:)npoJd eI Jnod aAnaN-aJJaj.
ap aJJua;) aT suep S~S!I!Jn salq!Jsnqwo:) xned!:)u!Jd



6lI

ua 'anb Ja sJ!OJJ~ JUa!BJ~ SajqB!A Juawanb!wouoo~
uo!JeJ!ojdxa,p saJieAJaJU! saj anb ~AJasqo e uo.SJaJfi1;)n)nunw

Ju;)wd!noo pun SJoJnJado waJSAS 2lJ!JsaAJt!q

WOJ) pau!t!Jqo SanJt!A JSOO Juauodwoo 2u!sn

Ian) 20q )0 SJSO;) paJaA!Iap 2lJ!Jnln;)Jt!;)

Aq p;)JsaJ aJaA\ SUO!Jnnoo aq,L .saA!JnwaJln

uo!lnJn2!)uoo waJSAS 2lJ!JsaAJt!q

2u!s!wOJd ISOW aqJ JO) paJnInWJO) alai\\.

JOSS;);)OJd anp!sa'M 2lJ!220"] aqJ (q) pun
J;)JS;)AJRH au!qwo;) aqnJ;) aqJ (n) uo pasnq

SW;)JSAS 2lJ!Js;)AJnq Ian) 20q )0 (slapow

uo!JeInlli!s JaJndwo;) suo!Jnnoo JSO;)

la!l:JJ1!W ap sJU1!:>!.lq1!J sa[ Ja aJ[o:x;>.I ap saWvJSAS
sap sJU1!J!o[dxa sa[ .I1!d s:Jn'3[nA!p sJI)O:> ap sJuaw:J[:J

sap ap!1f.[ ~ 'S!oq ap sJaq:x;>p sap 'UOS!1!J.\![ 1![
t! 'sJI)OO sap [ro[1!:> .I1!d s~Ano.ld:J :JJ:J JUO suo!J1!nb:J

s~ ..lossa.?o.ld al1p!sa'd gU!ggo1 a[ (q Ja .lalsaiuvH
aU!qlUo.J aqv.l.J ~[ (1! : .Ins S:JpUOj S!oq ap SJ~q;):JP

sap aJ[oo:J.I ap SaWvJSAS sap (S:JS!I1!lU.IOjU! UO!J1![nw!s
ap sa[~pOW) SJI)O;) s~p suo!J1!nb9 sa[ ![q1!J:J 1! UO

's.lnanawo.ld sn[d sa[ aJ[o:x;>.I ap saW~JSAS sa[ .lnod

"ddu + "d ££ "9££-d "MOdN3 'd;)"M S,JO};)UJ}uoJ lqndufl 'lU;)J "JOd S;)){u'l }U;)JD '"URJ

"JOd "JOSS;);)oJd ;)np!S;)"M ~U!~~O'l pUR J;)}S;)AJUH qsrug ;)U!qWOJ ~UJJ :SW;)}SAS O~
~U!Sn I;)nJ ~oq ~U!;)npoJd JO S!SAIUUU }soJ '6861 "a.L'l S3.LY!JOSSY aNY DNIddDI '8££

.(.LOO/£~$
JI! JA/.LOO 000 OV) {l!U!UU;)J d!q:>

pOOM I! pUI! ~(.LOO/V~$ JI! JA/.LOO 000 01)

JOJ:>I!JJUO:> ;)2ml ~(.L00/19$-~~$ JI! JA/.LOO

OO~£) JOJ:>I!JJUO:> ;)z!s-wn!~w :(.LOO/VP$

JI! JA/.LOO 0~6) [1!WA\I!S p;)JI!J2;)Ju! ;)pnl:>u!

p;)Jl!n[I!A;) SW;)JSAS uo!J:>npoJd d!qJ .SJ;)l!1!JJ

dwnp ;)wn[oA-;)2m[ pUt! :SUJ;)JSAS AJ;)A!l;)P

J;)u!l1Juo:> :SJapl!o[ ~q:>l!lJI! ql!M SJadd!q:>

P;)lunow-)j:>rul ;)[I!:>s-;)2m[ ~UO!l:>npoJd

;)[I!:>s [1I!WS JOj sU!q d!q:> ~q:>I!»1!

qJ!M SJadd!q:> ;)[!qow ;)ll!:>s-wn!~W

papn[:>u! SUO!J!puo:> PUt!ysI pmMp3

;):>U!Jd JOj aA!J:>I!JJJI! JSOW A[1I!:>!WOUO:>;) pUt!

A[1I!:>!uq:>aJ SI!M Jl!qJ Ju;)wd!nro uo!J:>npoJd

d!q:> pooMyanj allL .P;)qS!yqI!JS;) ;)J;)M

Ja)jJl!w yl!!J,uap!SaJUOU ;)q1 JOj .L00/£9$

pUt! YI!!Juap!SaJ JOj .L00/89$ jO s;):)!Jd

2U!1!a:> 's;):>!Jd y!O V861 jO S!SI!q ;)ql uo

.OOOZ JI!;)A ;)qJ Aq .LOO 000 011 pUt! '0661

Aq .LOO 000 9~ '98/~861 U! .LOO 0098 aq

OJ ~J:>;)roJd S! l;)nj d!q:> pooM JOj pUt!W;)O

"(J/$ £s ~ UI1/J 000 017) Xnl1~O;)

~ l11U!WJeJ el Je (J/$ 17S ~ Ut!/J 000 01) JneueJdeJJua
SOJg el :(J/$ 19 ~ SS ep UI1/J OOS£) ueAow

JneueJdeJJue,1 :(eJPA4Ut! euuoJ/$ 1717 ~ Ut!/seJPA4Ut!
seuuoJ OS6) ~JgvJU! e!Je!;)s I1j JueuueJdwo;)

s~nJ1!A~ ~J~ JUO !nb xnl1edo;) sap UO!JI1;)!JqI1J ep

SaW~JSAS se'] "euuaq ~ senbJOweJ-!wes sessofJ ep
~sJneueJuoo J11d J.lodsUt!JJ ep sew?JSAS sap :sexeuUt!

sJnagJ114;) ;)eAI1 UO!W1!;) JnS se~Juow sesneJanb!4;)~p

seSSOJg ep ~eJJe4;)v eJ!J~d ~ UO!J;)npoJd I1j Jnod

'xnI1MO:) ~ seuu~q ep sevJop 'euu~AOw eJJ!I1J ep

sej!qow sesneJenb!4;)~p sap : J!l1ueJdwo:) 'pJl1nOP3

-e:)u!Jd-np-ell,j sUt!p eJs!xe !nb UO!Jl1nJ!S I1j Jnod

JUt!AI1JQI1 snjd ejtuew~nb!wouo~ J;:I Ju~wenb!U4;);:1J
~lvA(}J Jse,s !nb 'sejq!Jsnqwo;) xnl1~do:) sap

UO!JI1;)!JqI1J ep je!J~Jl1w e'] "17861 ue JnOZI1W np x!Jd

el S?Jdl1,p 'sje!Ju~P!SvJ uou Je sl;:1!Juep!s~J s~4:)J11W

sel mod eJPA4Ut! euuoJ/$ £9 ep Je 89 ep puoJl1jd

un ~ln:)jl1:) u uO "OOOZ UI1,j JUt!AI1 000 OIl Je 066I

JU11AU 000 9S '986I-S86I ue seJPA4Ut! seuuoJ 0098

eJPU!aJJI1 J!I1JAap xnl1~o:) sa;> ep epUt!wap 11']

'xnRadO;)
sal Jnod IRJJUa;) IRU!UU;)J un,P UO!JR?J::J el s!Jdwo;)

A 'aW~JSAS ne SUO!JRJO!I?urn S;)P J;)puewwo;)aJ

\! Ja 'pJRnoP3-a;)U!Jd-np-;)II.1 SURP 'S!oq ;)P xneado;)

;)P ;)UUOj snos ;)lq!JSnqwoo U;) JU;)W;)UUO!s!AOJddR.P

;)W~JSAS ;)1 J~U!urnX;) \! J!eS!A ~pm? 'l

luu!uuaJ d!q;> pooM
Paz!II1JJua;, u }O Juawqs!IquJsa aqJ ~u!pnI;>U!

waJsJ..s ~O!Js!xa aqJ OJ sJuawaAoJdw!

puawwooaJ O} vue PueIsI PJl!Mp3
a;>u!Jd uo waJsJ..s J..Iddns (an) d!q;> pooM

aqJ au!WI1X;J oJ p;JUUOjJOO SUM J..pms ;J~

'ddR + 'd 221 °262-d °da~ ~OdN3 '+uaJ

'sa~ 'JOd +!JRW "AJas 'JOd 'URJ "URJ '~!J~V 'puRlsI pJRJ\\P3 a~u!Jd JoJ saA!1.Rwa1.IR
uo!1.~npoJd d!q~ pooJ\\ Jo uo!1.RnIRAa ~!UlOUO~3 0~861 °a.1'1 dnO~D DNI.1'1nSNOJ V3I 'L~£



081

a!Uas9.1<l JnaJne. 'l °xneJUaWaWaAnO~ saJ!eUUO!JSa'J
saI snId ua snId ap aSSaJ?IU! !nb uo!lsanb

aun Jsa °0 ~ °"H ap sawweJ~oJd sap UO!len{BA9. 'l

Ut! sJuasald JJodaJ S!~ "SJa21!Ut!w q;)JI!asaJ

JuawUJaAo2 JOJ a:)Ut!JJodw! 2U!A\oJ2
Jo :>!doJ I! S! swl!J2oJd a~"M JO UO!Jl!nJl!A3

.d v~ .vO£-X-;)H
.d~~ .oJuI 'lu~J 's~~ .JOd .;)Rd '.AJ~S .JOd .URJ '.URJ .;)P~V .wRJ~oJd ~OdN3 ~1p

o~ UO!~R;)!IddR UV :Q~~ AJ~S~JoJ JoJ )[JOA\~W1?JJ uo!~RnIRA~ UV .8861 .".L 'S'3INVQ;)W

.SJU!RJJSUOO ~;}qJ
;}JRU!W![;} OJ P;}p!AOJd ;}JI! SUO!JRPU;}UJillOO;}J

pUt! S;}JnSR;}W ;}A!JU;}:JlI! )0 AJ;}!JI!A

R ~[R!JU~IOd S!qJ )0 UO!JRZ![U;}J ;}qJ lI!UJJSUO:J

SJOJ:JR) [UUO!Jm!JSU! )0 ;}~Ut!J U lu;}s;}Jd JY

.su°!J!puo:J [l!JU~WUOJ!AU;} pUt! SU°!J!PUO:J
:J!WOUO;>;:J [l!UO!~~J .i\JJSnpU! JS;}JO) ;}qJ uodn

P~J:JMX;} aq p[no:J SJ:JRdW! ;}A!J!Sod A[;}2J1!'l
.W~JSAS JU;}W;}2RURW ;}:JJnOS;}J ;}qJ JO)

sw;}[qoJd ;}J;}A;}S ou ;}sod p[noA\ [u!JOOJod

S!qJ )0 JU~WdO[;}A;}a .u!qwn[oJ qS!J!J8
lI! ;}:)Jnos A2J;}OO ;}[qU!A AIIU:J!WOUOO;}

Ut! su [u!Ju;}Jod 2uoJJs suq SSUWO!q JS;}JOd

.s~JIn;)!JJ!p S;);) J;)IUOlWnS Jnod IU;)w;)~eJno;)u;), p

S;)Jns;)w s;)JuaJ~JJ!p apuewwo;)aJ uo : la!lualOd a;)

ap uO!JeJ!Oldxa,1 JuaAeJlua allauuO!In)!ISU! ;)JnJeu ap

SJnaJ;)eJ SJaA!p 'JU;)wallan);)V .aleuO!~~J ;)!wOUO~, 1
Ja JU;)wauuoJ!Aua,1 Jnod anb aJy!ISaJoJ a!JlsnpU!,1

Jnod JoeJ 'sJ!I!sod SyJJ sJaJJa sap Jaldwo;)sa

Jnad uo 'J!RJ ua :sa;)JnossaJ sap uo!Jsa~ el ap

salqesuodsaJ xne asna!J~s ~Jlro!JJ!P aurone l!eJasod

au la!JualOd lal un,p uo!JeJ!Oldxa, 'l .anb!wouo;)~

ueld al Jns alqe!A a!~Jau~,p a:unos aun aJuas~JdaJ

aJY!JsaJoJ aSSRWO!q eI 'anb!uueJ!J\:I-a!qwoloJ u3

.1861 q;)JRW £G-VG 'O!JP.1.UO
'RA\R1.1.0 'JRU!W~S Q~~ A~J~U~!g pJ!tlL .;)OJd U! G81-181 S~~Rd .S1.U!RJ1.SUO;) pUR S~;)RdW!

'S~!~!unpoddO :R!qwnIoJ qS!1.!Jg U! A~J~U~ SSRWO!q ~S~JOd .1861 .'1'1, 'S'13INVQ;)W

.Jnof/sauuoJ OZI '! u!ddRJ2 JRd a2enbsnq:Jp

'anb!UR;)'}w a2ednoJ2-a2eJJRqe.p SaW?JSAS ap
Ja Jnof/sauuoJ OZI ~ alq~;) JRd a2Rnbsnq:Jp 'IanURW

a2RJJRqR,p SaW'(}JSAS ap J!2R.S I! :(SJa!JUa SaJqJR.p
xneadoo ap aJ.1aA aUUOJ/$ LZ-~Z) a.lq!J el ap lan};)e

x!Jd np nuaJ aJdwo;) salqR!A JUOS S:JnIRA:J SaW'(}JSAS

Jdas sap xnaa .saJuepuad:Jpu! sas!JdaJJua.nb
JURJ ua anb!wouo;)'} anA ap Ju!od np S:JnIRA:J ;;JJ:J

Juo Jnof JRd SaJ.1aA sauuoJ 001 Ja O~ '~Z Jues!npoJd

SJa!Jw saJqJR. p xneado;) ap aJI°;)'}J ap saW'(}JSAS saG

.ARP/S~UUO} a'll }R SW~}SAS J~PP!:JfS-~IddRi3

'J~4Junq-J~II~J pUt! ARP/S~UUO} OZI

}R SW~}SAS J~PP!:Jfs ~IqRJ 'A\RSU!R4;) gU!;}Q

~S~4} :sd!4J ~J}-IInJ Jo ~UUO} U~Jg/LZ-!;Z$

Jo ~J!Jd J;}Q!J }U~JJnJ ~4} }U ~IqU!A

;}Q O} p;:IU!UJJ~}~P ~J~A\ OA\} 'p;:I}UnJRAa

SW~}SAS U~A~S a4} JO 'sassau!snq

}uapuadapu! su pa}Un[UAa AIIU;)!WOUooa

~J~A\ AUP/S~UUO} ua~i3 001 pUt! a!; '!;Z

gU!JnpoJd SW~}SAS gU!}SaAJU4 d!4J ~J}-IInd

'L861 furuq3d 81-91 ";)'g 'puow"({:>!"M
'JeU!W3S a~"M AgJ3U30!g UU!P~UU;) 41X!S ';)OJd 'p3 'J3gu~JD ';) U! 6L1-SL1 s3g~d 'sw31SAS

:JJodSU~J1 pu~ gU!1S3AJ~4 SS~WO!q II~WS Jo uO!1~mg!Juo;) '8861 'r 'DNIddDI '6S£

"qgnou;) qg!q JOU S! ;)nleA J;)){J1!W I;)nj goq
;)tlL ";)nU;)A;)J S;){I!S I;)nj goq UO AI;)IOS AI;)J

OJ ;)J;)M A;)qJ j! S;)SS;)U!Snq JU;)PuM;)PU! se

;)IqeJ!joJd ;:Jq OJ '";)J;) ;);)IrnJS!P uo!JeJJodsIrnJJ
se q;)ns SUO!J!PUO;) gU!JeJMO jO

;)gIrnJ e wnlU!Jdo OOJ gu!J!nb;)J ,.~! 'MOJJ1!U

OOJ pdJ;)P!SUOO ;:Jq AI{I!J~uag PlnoM s~gIrnJ

;)S;)qJ 'J;)A;)MOH "pd!j!JU;)P! ;)J;)M UO!JemO
;)lqe!A Al{1!;)!WOUO~ jO S;)gmu MOJJ1!N

.~~A~I~ JUdWWI!S!JJns sl!d Js~. u ~4;)JI!W ~;) ~p Jn~II!A

I!'l .S!oq ~p sJ~4;)~P S~P S~JU~A S~P SnU~A~J S~I Jns

~nb JaJdwo;) JU~!I!A~P ~U s~lI~ !S S~(qI!J!JoJd Jua!os

S~JUI!pU~~PU! s~s!Jd~JJu~ s~I ~nb Jnod s~fI!w!Jdo

doJJ (JJodsUl!JJ ~P ~;)UI!JS!P I!( ~Idw~x~ Jl!d)
UO!JI!J!OIdx~.p SUO!J!PUO;) ap aIqwasua un Jua!l!Jag!x~

SI! 'J~JJ~ U3 .sJ!OJJ~ doJJ ~wQw Jua!I!Jas S(! '(I!J~u~g



181

.UO!~RZ!mn
SSRWO!q paSRaJ:)U! JO) aA!JUa:)U! JalpJn)

R SU!RWaJ A:)ua!;)!)JnS-)las AgJaUa Ja~RaJD

.slan) I!SSO) asRq:)Jnd O~ AJ~UnOO aq} ap!s~nO

pajjodxa URq~ JaqJRJ pU1!IPuno)A\aN U!
paJRln:)J!;)aJ pUR paU!R~aJ anUaA~ )0 sUJJaJ

U! J!)auaq ~UR:)!)!Ug!S AJaA R SJa))O AJJSnpU!

SSRWO!q JsaJO) JR:>OI R )0 JuawdOlaAap

aqJ 'aA!J:)adsJad :)!WOuo:)a-O!;)OS
R wold lR:)!wouo:)a S! JRqA\ au!UJJa~ap OJ

S!SRq J;)afOJd Jad R Uo paJap!Suo:) aq ~snw

a:)JnOsaJ S!qJ 'JaAaA\OH .SSRWO!q ~saJO)

)0 saAJasaJ agJt!1 su!R~uoo PURlpuno)A\aN

";)sSt!WO!q el ;)~elueAep J;)S!I!Jn
Jnod ;)J!EJU;)W~lddns JU;)w;)~eJno;)u;) un ;)JS;)J ;)pueJ~

snld ;)nb!J~~J;)U~ ;)!;)J1!lne ;)Un "S;)I!SSOJ S;)lq!Jsnqwo;)
;)P Jeq;)e. 1 Jnod snld JU;)}JOS U;). U SI;)nbs;)1 ';)An;)N

-;)JJ;)j, V SnU;)A;)J S;)P ;)~el;)A;);)J ;)1 I;) UO!JeAJ;)SUO;)
el Jnod s~nbJ1!w S~JJ s;)~eJueAe S;)P ;)JJJO ;)J~!IS;)JOJ

;)SSt!WO!q el ;)P ;)le:JOI ;)!JISnpu! ;)un.p UO!SOI~.1
';)nb!wouo;)~-O!;)OS ;)I~ue un UOI;)S ";)leJ~U~~

;)I~~J el ;)p SJoq;)P U;) ;);)JnOSS;)J ;)j};);) ;)P ;)Idwo;)

J!U;)J l;)fOJd ;)nbeq;) Jnod lneJ I~ ';)nb~wouo;)~
JS;) !nb ;);) J;)U!UJJ;)J~p ;)P lJ!Je 's!oJ;)Jnoj, ";)J~!JS;)JOJ

;)SseWo!q ;)P S;)AJ;)S~J S;)JSt!A ;)P ;)I~;);)J ;)An;)N-;)JJ;)j,

°ddR + °d 9L .£9£-d .dd~ ~OdN3 'lUdJ °JOd .PUN '.AldS .JOd °URJ '.URJ O;)!13V
.puRIpunoJMdN U! dSn A~Jt)Ud SSRWO!q ~SdJOd °8861 °G.L'l S3.LVIJOSSV GNV'lm~ON .£9£

'UO!'i1;;JJ I!I SU1!p alU~'i1 ~:> ~p a!J}snpu!

~un.p anb!wouo~ }:>l!dlli!.1 ap a}n:>s!p Jna}nl!.!

's.rnnop ap su°!ll!W L I }a 6 aJ}U~ J~!JI!A }!l!JJnod
all!}o} aAl!d ~p addolaAua.1 }UOP sauuosJad OLS

'l 00£ ~p J!l!J~!o}dwa !nb S!oq ~p S~nanp!S;;JJ
saJq!J ap a!J}snpu! aun ~nb!uU1!J!Jg-a!qwolo:)

I!} ap aJg:> I!I Jns Ja}U1!ldw!.p alq!ssod Jsa I! 'sa}qI!II!A

Juos Sa'}:>U1!AI! sas?4}odA4 sal !S 'sanb!wouo:>;;J

sJn~J:>I!J saJml!. p J~ tJodsUI!J} ap S}I)O:> sal
'OOOZ' U1!,} 'l.nbsnf aloJJ'}<i np x!Jd al Jnod SO!Jl!u;;J:>s

sma!sn}d ap nuaJ a}dwo:> saJq!J ap ~nA'}Jd apU1!wap
11} 'sJuaJ;;JJJ!P s;;JP;;J:>QJd 0 I Jl!d S~Jq!J sap Ju~waJ!l!JJ

ap Ja UO!}:>I!JJxa.p }I)O:> ~I 's~}q!uods!p sananp!s;;JJ

saJq!J sal }uauuaJdwo:> salql!!J11A sal JUOp 'aldw!s

~}?pow un.p ap!I!.1 'l a;;J!pm;;J ;;J};;J I! ~nb!UUt!J!Jg
-a!qwol°:) I!I ap aJ,?:> I!I Jns S!oq ~p S~nanp!s;;JJ

Salq!J ~p a!JJsnpu! ~un Ja}U1!ldw!.p ;;J}!I!q!ssod 11!

'passros!p s! uo!~aJ aqJ UO AJJsnpU! MaU

t! q;)nS )0 J;)t!dW! ;)!wouo:)a allL 'Sa~t!M

U! UO!II!W l 1$ pUt! 6$ U~A\Jaq ap!AoJd

Plno;) pUt! aldoad OlS OJ 00£ Aoldwa

Plnoo AJJsnpu! Ut! q;)ns "JSt!oo t!!qwnloJ

qS!J!Jg ;}qJ uo AJJsnpu! J::Iq!) pooM {t!np!SaJ

t! JO) It!!JuaJod t! S! aJaqJ 'ApmS S!qJ

U! pawnsse SUO!J!PUO;) aqJ Japufl °SJOJ;)t!)

;)!wouo:)a JaqJO pUt! SJSO;) uo!}t!JJodsUt!JJ

'000, Jt!aA aqJ OJ dn s°!Jt!U;};)S a;)!ld

I!O It!JaAas )0 }q~!I U! J::Iq!) }t!4J JO) pUt!wap

paJ;)adx;} ;}qJ 'SW;}}SAS }UaJa))!p U;}} ~U!Sn

J::Iq!) aq} ~U!ssa;)oJd pUt! ~U!};)t!JJXa )0 }SO;)

aqJ 'alqeI!t!At! J::Iq!) {t!np!saJ )0 }unoUJt! aq}

sapnI;)U! I;}pow allL lapow aldw!s t! ~u!sn

paJe~!}SaAU! St!M }St!OO 'J'g ;}4J uo AJJSnpU!

Jaq!) pOOM {t!np!SaJ t! JO) {t!!Ju;}}od allL

'dde + 'd 6£ '68Z-X-JH 'd~"M 'oJUJ "AJ~S 'JOd 'URJ "URJ ':>!Jgy '-.seo:>
e!qwnloJ 1{S!~!JH ~l{~ uo uo!~~npoJd J~!J pUR I~nJ Ienp!s~J Jo S~!wouo:>~ ~lU 'L.861

.H.D 'DNINNVW :'d 'A3'l)lVO :'0 'NOSNIHO"M :.J'"M.W '3ISSVW :'S.D '3'lDYN "'l9£

'pepuawwooaJ
s! q;)eoJdde UO!!enJBAa ;)!WOUOOa

Ut! 'Al[I1U!d .spoq!aw a[q!ssod sau!pno pUt!

'aJn}I1Ja!![ ~u!!s!xa aq! sA\a:!AaJ 'a[q!ssod

S! OW'H }O UO!!enJBAa ;)!WOUO;)a Jaq!aqA\

}O uo!!sanb aq! ~U!A\a!AaJ q!!A\ SU!'3aq
!I .A~JaUa JO} SSeWO!q !SaJO} }O UO!!eZ![!!n

aq! q!!A\ pa!e!:)OSse SanSS! uo q;)Jt!aSaJ

!;)npUOO O! pepUa!U! weJ~oJd OW'H

!uawwaAo~ e S~ q;)!qA\ 'weJ~oJd 'HOdN3

aq! JO} )[JoA\aweJ} UO!!enJBAa ;)!WOUOOa

°apUl!WUlo:>aJ I!,nb al{:>oJdde,I
anb!pu! I! Ja U!J aJJa:> Il saIqes!I!Jn sapol{J~w SaSJaA!p

aJuas;;ud II la[ns al Jns aJUI!Js!Xa uo!JeJuawn:>op eI
anAaJ u:) aJ!nsua assed II °0 ~ °'8 el ap anb!wouo:>~

uO!Jen{t!A~ aun Jan}:>aJJa,p ~J!I!q!ssod eI JaSAIeUe
md a:>uaWUlOO II °sanb!J~2Jau~ sU!J sap Il aJ~!JsaJoJ

assewo!q eI ap uo!Jes!I!Jn,I ms JueJJod °0 ~ "8

ap {t!JoowaUJaAno2 awUIeJ2oJd "80dN3 awweJ'3oJd

aI Jnod anb!wouo:>~ uo!JenleA~,p alpe:> un



Z81

tS3 I!,nb 3;) V JJoddeJ Jed tU3W3A!te;)!J!~!S

J3tu3w~ne t!eJA3p Jn3!J';)tU!,I 3P S3U!Sn
s3I led ;;lARd I3Jnteu ze~ np X!Jd 3'1 'pJnOI I3nJ

np X!Jd S3p 3:}qUJeIJ 3un,nb 3S°l{;) 3Jtne Jns J3pUOJ

3S tU3A!OP Xn3U~!I St~l{:)';)p S~p 311J;);)e UO!teS!I!Jn,I

suep J!tS3AU!,P SUOS!eJ S~I 3nb 3J!P-IJ-tS3,;) 'SI~nt;)e

s~~euuOt xne JJoddeJ led ~Iqetou u°!Jetu3~ne

3un V ~JPu3ue,s sed t!OP 3U UO 'xn~U~!I St3l{;):}p

S3p uo!teS!I!tn,I 3P tS3 !nb ~;) Jnod 's';)nb!pu! tUOJ3S

3IOJt';!d ~I Jns J3S!WOUO;):} V tueS!A S~J!eIU3W';)Iddns

StU~W3SS!JS3AU!,P nad 3nb 3!J!U~!S atsapow
uo!teJofew ~un '3!~J3U:},p ~!WOUO;):},p s~IqeIU~J

snId S3I saJnsaw S~I ~;)eld U3 S!W 13 nuataJ IJf';)p

e 3!JtsnpU!,I 3UIUJO:) .pJnoI tnOZRw np X!Jd np 3II~';)J

3;)ueSS!OJ;) ~Iq!eJ S~Jt 3un t!oA';)Jd uo '3UU~t ~UOI Y

JO!JaJU! OJ Sl!~ lemJeu JO a;)!Jd a{{.L .a;)!Jd

I!O l~nJ AAl!aq ~lI!JI!{t!;)Sa AIP!dI!J e ueqJ

JaqJo SUO!JI!Jap!SUO;) uo paseq aq Plnoqs

AJ!I!ql!dl!;) UO!}l!z!I!Jn aJseM pooM papuedxa

lI! ~lI!JSaAU! JOJ a{t!UO!JeJ aqJ 'S! !elll
.SlaAal !UasaJd WOJJ aseaJ;)U! !ue;)!J!~!S

e !;)a<!xa !OU PlnOM auo 'UO!!I!Z!I!!n

POOM aJSeM O! pJe~aJ q!!A\ °pa!J!!snf

aq PlnOM sJUaW!SaAU! ,I!O-JJO, {t!UO!!!ppe

/\\~J !eqJ AldUl! PlnOM sa;)!ld I!O lanJ
AAl!aq U! aSl!aJ;)U! JS~poW aq! 'SaJnSeaW

UO!JI!AJ~SUO;) ~JaUa aA!J;)aJJa-JsO;) !SOW aqJ

paJu~Waldw! Apl!aJ{t! sl!q AJJSnplI! aqJ JeqJ
uaA!D .qJi\\OJ~ Il!aJ anJ!1 AJaA saJe;)!pU! I!O

lanJ AAl!aq JO Jsl!;)aJOJ a:>!ld UJJaJ-~uoI alll

"ddR + "d 91 "9~G-X-JH "da"M "oJUJ 'luaJ "sa"M'lad 

":>Rd '"Alas "lOd "URJ '"URJ ":>!lgy "SII!W dInd R!qwnIoJ qS!~!lH o~ palaA!Iap SSRWO!q
Jo anIRA aq~ uo sa:>!ld SRg IRln~Ru pUR I!O AARaq Jo ~:>RdWI "17861 "f:) 'NOSNIHO"M "99£

.OOAJ pueJS
q;)ea JOJ paJuawn;)Op am pooA\ paJ;)eJJxa

JO anIeA Ja'!mw vue 'Jsoo ;);)ueuaJu!t!w

PUg UO!JI!;)!J!p°W Juawd!nba 'paJ;)eJJxa
aWn[OA 'ISO;) JoqeI JO spJO;);)~ .pOOA\IanJ

S! J;)npoJd pua AJeW!Jd allL .pOOA\JJOS

aJn}l!wW! vue :pooA\pmq JueJaIOJJpoOA\JJOS
aJn}ew :pooA\pmq JueJaIOJU!JpOOA\JJOS

aJn}ew :pOOA\pmq JueJaIoJ

(aZ!s aIod) amJeww! :sad,4;.J pueJS JnoJ
U! Jno pa!JJe;) Sl!A\ Juawd!nro aIe;)S-If1Jws

pa!J!pow ~U!sn ~u!JsaAJeq aA!J;)aIas

"s!IqeJ~ Juos J!I!JJxa S!oq np.apueq;)JP.w
JnaleA eI anb !sU!e 'sJuawad!nb~ sap ua!JaJJua,p

Ja UO!Je;)!J!pow ap SJI)O;) sal 'nuaJqo awnloA
aI 'aJAnoo. p-u!l!w ap sJI)O;) saI 'Ja!JsaJoJ JUaWaldnad

anbeq;) JnOd 'a8eJJneq;) ap S!oq al Jsa led!;)u!Jd
leU!J J!npoJd a'l "S~!J!pow sJuawad!n~ sJ!Jad

ap uaAOw ne satreJ ~J~ JUO sadno;) sa;) "aunaf aJPuaJ

S!oq :JueJ~IOJ Jnp s!oqjaJlnpe aJpu~J S!oq :JueJ~IOJu!
Jnp s!oqJaJlnpe ~JpuaJ S!oq :(ne~Jod) aunaf

JUt!J~IOJ Jnp S!oq : sJa!JsaJoJ SJu~waldn~ ap SadAJ
aJJenb suep ~m;)aJJa ~J~ e aA!J;)al~s adno;) ~ufl

'd 8 '6£1-X-W 'd~'M 'oJuI 'lu~J
'S~'M 'JOd l!JuW "AJ~S 'JOd 'uuJ "uuJ 'UOJ!AU3 'PUUISI pJUA\JY3 ~:>U!Jd uo SUO!1!puO:>

puu1s 1U~J~JJ!P In°J J~pun pooA\I~nJ ~U!1S~AJuq Jo s:>!wouo:>~ ~4.L °2861 'Joa 'S'M3.L3d '£9£

"sa~ll!eJ:}p suo!JeWJoJu!
sap }uaJuas~Jd xne~lqeJ xnaJqwou aa "saJ!1!nuue sap
suep s:}uuop }UOS a(R!;)Jawwo;, ;u~!JsaJoJ a!JJsnpU!,T

ap smaJ;,npoJd saT Jns sJuawaug!asuaJ sa'l
"Ja!ldnad np sJ!npoJd SJaA!p saT Jnod s:}4;'Jew sap Ja
'SJa!Tdnad sap ana!JuaJod Ja ananJ;,e uo!Jes!I!Jn,1 ap
'sJa!Tdnoo ap aJ!1!JuaAU!,T ap UO!J;,uoJ ua s~u!umxa
JUOS uO!Jen(RA:} ana;, ap sJeJlns:}J sa'l "8861-L861
Jnod uO!JenTeA:} aun,p Jafqo,T J!1!J JUO eJJaqlV ua

Ja!ldnad np (R!;'JaWWO;' Ta!JuaJod al Ja uO!Jes!I!Jn, 'l

"UO!)RUJJOjU! paI!R)ap ap!AoJd

saIqR) snoJawnN "sa!.lO):>aJ!p U! pap!AoJd
S! sJa:>npoJd AJ)snpu! )saJOj 1R!:>Jawwo:> uo

UO!)RUJJOjUI "s):>npoJd pooA\ JRIdod SnO!JRA

JOj S)a'fJRW pUR 'JRIdod jO UO!)RZ!I!)n
1R!)ua)od pUR )uasaJd 'iJo)uaAU! JRIdod jO

sUJJa) U! passn:>s!p am s)InsaJ allL "88-L861

JOj passasse SRA\ R)JaqIV U! JRIdod

jO 1R!)ua)od )a'fJRw pUR UO!)RZ!I!)n allL

°ddB + °d 9'l o~O£-X-~ON °d~~ °oJuI '°1.u~;) °JOd °JON

'OUR;) °JOd °B:JJ~qIV U! JBldod Jo IB!1.u~1.od 1.~){JBW pUB UO!1.BZ!I!1.f1 °6861 °IM 'O~aNO °v9£



f81

sap sJa!Jua snmna} sap anb !SU!H xnau!s~ ap
saq;)URJq sap Ja saW!;) sap UO!JHJydn;)yJ H'l "Syly!;)OS

xnap sap aun;)Hq;) Jnod aJUHAHJJIH luaUlanb!uq;)a1
Ja JuaUlanb!Ulouo;)~ J!Hly a(q!JsnqUlO;) S!oq

ap adno;) HI ap snp!s~J SOJ~ sap anb !SU!H snIl!na} ap
snp!s~J sap Ja sJuaUla(dnad sap al(o;)'}J H'l "jJOdSURJJ
ap Ja a~HJanb!q;)'}p ap 'allo;)'}J ap su!~ua Ja saUl'i'JSAS

SJaA!p ~AnoJd~ H uo "xnHado;) sa;) Jas!I!Jn,P
s:}J!I!q!ssod sal Ja s:}~URI:}UI sluaUlaldnad sap

Ja aJ~d ap S!oq np adno;) HI ap snp!s~J SaJJnH sap
anb !SU!H xnaU!s:}J sap saq;)UHJq sap Ja saUl!;) sap
'snIl!na} sap 'JalIJJq '.! xnHado;) ua 'UO!IHUlJO}SURJJ

t!1 ap sanb!uq;)aJ Ja sanb!Ulouo;)'} S~I!I!q!ssod
sal Janlt!A:} , p J!HJ:} S!HSSa sap }!J;)a[qo IHd!;)U!Jd a'l

"sau!sn sap xnap SURp JnadHA HI ap aJ!npoJd ap U!}t!
'pJnol JnOZRW np la!J.rnd IUaUla;)HldwaJ ua 'xnHado;)

ua a:}Janb!q;)~p aJ'i'!JsaJO} asst!Ulo!q ap sap!Ulnq
J 000 08 ap snld yS!I!Jn Juo salla s(anbsap sJno;) nt!

s!t!ssa,p aJqwou u!t!jJa;) un S!JdaJlua luO salla '£861

'.! 8L61 aa "O);)u!AOJd HI sut!p S!oq ap aIla!JJsnpu!
aJl°;)'}J t!1 ap % 08 u°J!Aua aJuas:}JdaJ !nb

0);) 'a:}UUt! anbt!q;) aJ!ou aJJaU!d~,p la Ja!UffiHq U!dHS

ap saqro saJJ~UI ap UO!II!W 9'1 anblanb JuaJl°;)~J
s:}J:}!;)OS sO);) 'alqwasu3 1 000 009 as!(I!IOI aIlanuUH

uo!J;)npoJd Jna'l "aAnaN-aJJaj. 'lll!wno[ Ja!dl!d
ap sau!sn S!OJJ JUaJ!Oldxa 'pal!UI!'l PURIPunojA\aN

JaJI!J\\og Ja a;)!Jd-!q!l!qy 'SaJ?!ISaJo} S~I,?!;)OS xnaa

JO) aA!JJeJJJe AlIeJ!uqJaJ pUt! AlIeJ!WOuooa
seM 'Ian) JO) SJaAOJro WOJ) anp!saJ ~U!~~OI

)0 sa;Ja!d a~JeI pUt! s(Bnp!saJ pooMplt!q
pUt! 'SpUt!JS pooMpJeq )0 ~u!JsaAJt!H .paJsaJ

seM swaJSAS pUt! Juawd!noo ~u!J.lodsUt!JJ

pUt! ~u!dd!qJ '~u!JsaAJt!q )0 AJa!JeA

Y 'SpUt!JS pooMpJeqJpooMJ)OS mOJ) pUt!
SJaAOJnJ pooMdlnd WOJ) sanp!SaJ ~u~OI

JaqJo pUt! 'saqJUt!Jq pUt! sdoJ pooMJ)OS

'spooMpJeq paZ!I!Jnun WOl) sd!qJ pOOMIan)
~u!sn pUt! ~lI!JnpoJd )0 AJ!I!q!Sea) (BJ!uq;JaJ

pUt! (BJ!WOUO;Ja aqJ ssasse OJ seM sIe!.!J

aqJ )0 aA!JJa[qo (Bd!Ju!Jd atJ.L 'SII!W aqt
)0 OA\J Je weals aJnpoJd OJ I!O ;)-Ja)(unq

JO) JuaWaJeldaJ le!tJed e se ssewO!q

JsaJo) padd!qJ )0 sauuoJ U~J~ 000 08 Ut!qJ
aJOW pasn sa!Ut!dwoJ aqJ qJ!qA\ U! aJeId

)(ooJ sIe!JJ )0 Jaqwnu e £861 OJ 8l61 wold

"aJlI!AOJd aqJ lI! tsaAJt!q poOA\ (B!JJawwoJ

aqJ )0 %08 Jnoqe JO) ~lI!Juno;);)e
'Allenuue pooMdlnd aJruds )(Jelq pUt!

'l!) wes(Bq )0 fW UO!II!W 9"I awos JsaAJt!q

sa!uedwoo asaqJ 'JaqJa~o.1 "sauuoJ 000 009
JnoqlJ )0 uo!JJnpoJd (BnuUt! (BJOJ e qJ!A\

pulJlpunojA\aN U! SII!W JlI!JdSMaU ~JqJ
aJIJJado 'paJ!W!'l pUt!IPunojA\aN JaJeMog

pUt! aJ!Jd-!q!J!qy 'sa!Ut!dwoJ JsaJO) 0A\.1

° AI ~wnl° A 'vg ~J~UOO!g

o~Jd "SP~ 'PJ~'B~II3 "V pu~ SnaU'B3 °H U! 8L -£L S~'B~d o~P~u~J 'Pu~IPunoJMaN U! ~Jaua
~~aq I~!J~snpu! JO] SS~WO!q ~saJo] 'BU!Z!I!~n °17861 °goV '3SVJ :"S""M 'GNV"M.LSON NY A °89£

'aseq ap anb!UJouo;)~
}uaUJapuoo al }a SUO!leJ~do sap aJn~JaAUa,1

'UO!Jt!}!Oldxa,p }a UO!Jsa~ ap saPO41~UJ sal Jns

aJJQd asAleue, 'l .~II!el~p laUUO!leJ~do la anb!UJouo;)~
anA ap }u!od un,p saill!I!JeW sal SImp sJa!}ua

saJqJt! ,P xnt!OOO;) ap uo!};)npoJd ap s'aS!JdaJ}ua

bu!;) ap St!;) ap sapm~ sap }ua}uas~d sJna}nt! sa'l

.e;)~WJoJ.l~ ;)!wouooe
;)!SlJq pUIJ e{IJ;)S {lJuo!JIJJedo 'Sempe;)(}Jd

JueweglJulJw p~ gu!JIJJedo }O eplJw
SIJA\ S!SI.IIJ~ UV .UO!JIJU!WlJXe {lJUO!JIJJ~O

p~ ;)!WOUOOe eA!SUeJXe JUeAUepun
q;)!qA\ SJOJ;)IJJJUO;) d!q;) eeJJ-lln} eW!J!-II!W
eA!} }O Se!pmS ese;) sJueseJd JJQdeJ S!~

°L861 AJBnJq~d 81-91 'oJoa 'puowq;)!"M 'JBU!W~S G'8"M A'EJ~uao!a
UB!PBUBJ q~X!S °;)oJd °p~ 'J~~UBJD oJ U! 1781-081 S~~Bd °SW~~SAS ~U!1S~AJBq SSBWO!q

Jo S~;)U~!Jadx~ IBUO!~BJ~do Jo s~!pn~s ~SBJ °8861 or 'DNlddI)l ~or 'A)lSA\ONVa"Mfl °L9£

"{t!0;> JO ~Jst!A\ pooA\ ~U!JnJ!Jsqns

pUt! s~Jns1!~W UO!J1!AJ~SUOO A~J~U~

~U!JU~W~ldw! Aq S1!~ J1!JnJeu WOJj A1!A\1!

q;>I!A\S OJ SII!W J°!l~JU! ~~1!Jno;>u~ II!A\

S~S1!~J;>U! ~;>!Jd I1'3!H 'SI~A~I Ju~JJn;> WOJj

AIIUt!;>!j!U~!S ~11!J1!;)S~ OJ JS1!;>~JOj S! SII!W

.uoqJeq;) al no
xnauj1!1 sJaq;)'}p sal Jed J,,;)eldw"J "I I} J" "!~J"U~.I
ap "!WOUO;)~.p saJnsaw s"p J"n}!JslI! I} 'laJn}eu ZI!~

al Jauuopueqe I} In''!J~Ju!.1 "p s"u!sn sal JuoJaJ!;)u!
alpJO J";) ap SuO!leJo[ew saG luawallan};)e



1781

ap oonoo ap S!Jqyp sap UO!luJydn~J Uj 'agu!;)s
ap salI!q sap Ja aJyd ap S!oq np alIaUUO!I!PUJJ aJ{O;)yJ

e{ Ja asseWo!q e{ ap ayJ'l,yJU! aJ{O~J e{ yJJodwo;)
e !essa aw?!s!OJJ aj 'Sygue{yW sJuawa{dnad sap

suep xnaU!syJ ap oono;) e{ ap S!Jqyp sap Ja s{anp!syJ
snlI!naj sap yJydroyJ e uo 's!essa xnap suea 'sJa!Jua

saJqJt! sap assewo!q e{ ap al{O~J e{ ap sanb!go{o;)y
suo!ssn;)JadyJ sat Ja anb!wouo~ yJ!{!qRS!ej

e{ Jan{eAy,p u!Je synJ:}ajja yJy Juo s!ussa S!OJ.L

~U!"ro POOA\!jOS jO ~~eATes '~U!}S~A.It!q

pooA\d[nd rue ~OTA\eS yBUO!}U~AUO:> rue

ssewO!q p~}eJ~~}U! P~ATOAU! yB!J} pJ!q} ~~
'spue}S pooA\P"'X!W jO SJ~AO}n:> WOJj S!.JQ~p

~U!~~O[ POOA\JjOS ~WOS pue pooA\pmq

Tenp!S~J jO TeA~!J}~J P~ATOAU! OA\.L

'~U!}S~A.It!q SseWo!q ~~J}-~ToqA\ jO S}:>~jj~

yB}U~WUOJ!AU~ rue A}!T!q!se~j :>!WOUOO~
~4} ss~sse O} }no P~!JJ1!:> ~J~A\ ST1J!J} ~aI~

'ddtJ + 'd Sf 'f171-d 'dd"M "MOdN3 'ludJ 'Sd"M °JOd °PIJN 'oAJdS °JOd 'utJJ "utJJ 'UOJ!AU3

ldnJ ~oq putJ pooA\dInd JO uo!~;)npoJd JOJ ~U!~~OI pd~tJJ~d~UI 'IS61 'J'M 'NO.L'lIM 'Ol.,f

"~JsaJ SUO!J!PUO;) pUBJS pUB

waJsl..s 2u!JsaAJRq aqJ qJ!A\ aA!J:Jajja-JSO;)

tOO S1!A\ UO!JeJMO pooA\lanj-pooA\dlnd

paJeJ2atlI! UB U! SpURtS pooA\plt!q

-POOA\JjOS ~X!w WOJj SpooA\pJeq aloqA\

pUB 'saq;)ueJq pUB sdoJ POOA\1jOS jO a2eAles

alli. "I..uedwo;) aqJ JOj UO!teJMO UaAa

-)(eaJq ueqJ Jattaq e S1!A\ [anj JOj SJaAOtn;)

WOJj Sanp!SaJ 2u!220[ jO sa:Ja!d a2Jel

PUg s[enp!saJ pOOA\pJeq 'SpURtS pooA\pJeq
jO 2u!tsaAJRH "paJsat aJaA\ swatsl..s

pUB Juawd!nba 2lI!JJodsUBJJ pUB '2lI!dd!q;)

'2lI!JsaAJeq sno!.ffi A "PUB[punojA\aN

"fOOJg JawoJ lI! Il!W JU!JdsA\au
s ,JaJeA\og te weaJs jO uo!t;)npoJd

aqJ JOj spUt!Js poOA\pJeq-pOOA\tjOS paX!w

pUt! SJaAOJn;) pooA\d[nd WOJj sanp!saJ

2u!~0[ JaqJo pUB 'saq;)Ut!Jq pUB sdoJ

poOA\1jOS 'spooA\pJeq paz![!Jnun 2lI!wnq

pUB 2u!dd!q;) '2u!JsaAJRq jO At!l!Q!S1!aj

[e;)!uq;)aJ pUB [e;)!wouooa aqJ au!UJJatap Ot

S1!A\ aA!J;)afqo [ed!;)U!Jd alli. "[!O J-Ja'funq

JOj Juawa;)e[daJ le!Jjed e S1! SS1!WO!q

JsaJoj 2u!z![!Jn le!JJ qJuow-OZ e pataldwo;)

I..pua:JaJ ~J!W!'l pUB[punojA\aN JateA\og

's~AnoJd~ SJUaWaldnad sap J1!J~,1 ap
Ja aJ1oo~ ap Saw~JSAS sap nuaJ aJdwo:> 'SJI}O:> xn1!

JU1!nb ro1!:>!jja ~J~ sed 1!,U 'alq!Jsnqwo:> S!oq np Ja

aJyd ap S!oq np a')J~~JU! UO!J1!J!Oldxa aun,p aJPe:> al

SU1!p 'S~~U1!I~W sJuawaldnad sal suep sJa!Jua snlI!naj
sap Ja xnaU!s9J ap s;)4:>ueJq s~p J;) saw!:> s~p

uo!JeJ~dn~J e'1 '~J~!:>os el Jnod alqeJu~J ~nb snld

~J~ 11 a1q!Jsnqwo:> S!oq al Jnod S~J!oldxa sU!11JJaJ

sal SU1!p adno:> el ap snp!s~J SOJ~ sap anb !sU!e

snlI!naj ap snp!s~J sap 'sn\l!naj ap sJuawa\dnad sap
aJ1°:>~J 11'1 's~AnoJd~ ~J~ JUO JJodsU1!JJ ap Ja xneado:>

00 UO!J11JUaW~1!Jj ap 'aJ\o~J ap saw~JsAs Ja su!~ua

SJaA!O 'aAnaN-aJJaJ. "[OOJH Jawo;) 11 JaJeA\oH
ep {t!wno[ Ja!ded ap eU!sn,111 JnadeA ap uo!J:>npoJd

111 mod 'S~~U1!I~W sJuawa\dnad sal SU1!p Ja aJyd

ap S!oq np UO!J:>npoJd ep sU!eJJaJ sal Jns adno:> 111 ap

snp!s~J saJ}n11,p Ja xnaU!s~J ep s~4:>U1!Jq se1 Ja seW!:>
sa1 'Snll!Mj se1 Jall)Jq ap Je xneado:> ue aJ!np~ ap

'Ja}I°:>~J ap ~J!I!q!ssod 111 'anb!U4:>dJ Ja anb!wouo:>~
U1!1d al ms 'Jau!UJJaJ~p ep J!1!J~ !esse.1 ap j!J:>e[qo

111d!:>u!Jd a'1 'pmol JnoZt!w np la!JJed Juawa:>e\dwaJ
ua aJ~!JsaJoj assewo!q el ~s!I!Jn 11 alia 1anbnp

SJnoo n11 S!OW OZ ap a')Jnp aun. P !essa un JaU!UJJ~J

ap Jua!A paJ!w!'1 pUt!IPunojA\~N J~leA\oH 9J~!;)OS 11'1

11° A '£8 wnJ°d
A~J~U3 POOA\ lsnpuI S~dd lUJ 1{"!U~A~S ":>Old U! tT9-19 S~~gd l~nJ ~A!"!gW~"!lg ug Sg

SSgWO!q :JS~JOJ ~U!"!S~AJRH '£861 '~'S 'A3'1~flW ~'g'y '3SY;) ~'S'~ 'aNY~.LSON NY A '69£

"pe!sa! SUO!!WUO;) pue!S pue
SWa!SAS ~u!!saAJl!q aq! q!!A\ aA!!;);}JJa-!so:>

!OU seA\ uo!!emo pooA\[anJ-pooA\d[nd

pa!eJ~a!ll! Ut! U! spUt!!S pooA\pmq

-pooA\!Jos peX!W WOJJ spooA\pmq aloqA\
se naA\ se saq:>ueJq pUt! sdo! pooA\!Jos

Jo a~eAteS alll. "sa!uedwo:> aq! Jo q:>ea

.s~AnOJd~
S.u~w~ldnad s~p .e.~.1 ~p .~ ~.loJ~ ~p S~W~.SAS S~p

nu~. ~.dwoJ ~JeJ!JJ~ sed .!e.~. u ~lq!.snqwoJ S!oq
~p .~ ~.~d ~p S!oq ~p ~dnoJ ~p ~~J~~.U! UO!.I!J~O

~un.p ~JPeJ ~1 sunp 's~~uel~w S.u~w~ldn~d



S81

'I..1JsnpU! sJ;,npoJd
Js~JO} ~qJ OJ {t!J!de;, J;)eJue OJ f..1ess~~u S!

s~lqe!JeA A~)( OJ AJ!A!J!SU;}S ~IU!I qJ!M. %0£
}O Wm~J }O ~JeJ V '~A!J;)eJue AIIe:)!WOUOO~
aJe SII!W p~sodoJd ~qJ }O ~uou 'SUO!J!Pu"O;)

;)!WOUO;)~ Ju;}s~Jd ~qJ J~PUfl '%0 I

OJ %£Z WOJ} Wm~J }O ~JeJ ~qJ ~;)np~J

II!A\ spms }O ~;'!Jd 2U!II~S ~qJ U! uo!J;,np~J

%£1 V 'J~wnl}o V/WQJW 000 O£I }O
AJ!;)ede;) uo!J;,npoJd lenuue uR 2U!A~q pUR

A2J~u~ p~seq;)Jnd 2u!z!I!Jn JURld Jaqwnl

pms e U! S! 'wmaJ ;,!WOUO~ }O suuaJ

U! 'uadse }O uO!Jez!I!}n paJe;)!pu! Jsaq ~~

'saJueU!UJ.IaJ~p Sa(qlJ!.mA xnlJ a(q!SUaS
nad J!OS !nb % o£ ap njoJd un JnlJj I! 'sJa!}saJOj

sJ!npoJd sap a!JJsnpU!,I SJaA xnIJJ!dlJ;) sal JaJ!JJIJ JnOd

'aJueAIJJUIJ Juawanb!wouo~ Jsa. u sa~sodoJd sa!Ja!;)s

sap aun;)nlJ 'sanam;)1J sanb!wouo;)~ SUO!}!PUO;) sal

suea '% 01 1.1 £2 ap SJ!jOJd sa( nIJJ!np~J aJu;,d.mq;)
ap S!oq np aJuaA ap X!Jd np % SI ;,p uo!};)np~J

auf} .saq;)ue(d-spa!d ap su°!II!W OSI ap aJJ~ J!IJJJnod
ananuue uo!J;)npoJd IJ( Joop Ja a!~J;'u~ uos J!IJJaJ~q;)1J

!nb aJua<l.mq;) ap S!oq ap au!sn aun ua J!tJJaJs!suo;)

Ja!Idnad np a(qIJJ!joJd sn(d IJI a~s!(~pOW OO!JlJs!(!Jn, '1

'S;):)!.Id ~U!II;)S
J;)qwnl pue SJSO:) A~J;)U;) 'SJSO:) ~oI 'SJOJ:)R}

UO!SJ;)AUOO U! SUO!JRnJ:)nu OJ ;)A!J!SU;)S
AI;)WaJJX;) ;)Jt! JUaWJS;)AU! uo WnJ;)J

}O SaJRJ a4J JR4J ;)JR:)fPU! AIJt!;)I:) sijns;)J ;)\U
'SSRWO!q uadSt! ;)lqRJaAO:);)J AI!St!;) WOJ}

p;):)npoJd A~J;)U;) ~U!pnl:)U! 'sJ:)npoJd p001\\

}O X!W :)!WOUo:);) wnw!Jdo ;)t:p ;)U!UU;)J;)P
OJ slapow U~!S;)P II!W I:: 1 ~U!ZA{t!Ut! pUt!

~U!dOI;)A;)P U! ~sn St!1\\ u;)dSt! }O £w 009

}O ~U!II!W pUt! 'JS;)AJt!4 {t!nJ:)R ;)4J WOJ}
~J;)4JI!~ I!Jl!p ;)SRH .p;)JRnIRA;) ;)J;)1\\ RJJ;)QIV

}O RaJt! a){t!'l aARIS ;)4J U! (siJPJoznUliJ.ll

snzndOd) uadsl! JO} spo4Jaw ~u!ssa;)OJd pUt!

~U!JS;)AJt!4 [IJUO!JU;)AUO:) a4J JJodaJ S!qJ uJ

"S!oq np aJUaA
ap x!Jd xne Ja a!gJ;Ju:;I,I ap sJl)o:J xnIJ 'sau!q sap

sJI)O;) xnIJ 'UO!SJaAuo:J ap smaJ:JIJj sap SUo!JIJnJ:JnIj

xne saIqIJJ:;IU{nA Juaw~w~JJxa Juos Juaw~SS!JsaAU!, I

ap SJ!joJd saI anb JuawaJ!IJI;) JuaJJuow sJIJJIns:;IJ

s;)'] .Ja!Idnad np aIqIJJ'Jdn;)'}J assIJwo!q IJI ap a:;lJ!J
a!gJau:;I,l s!Jdwo;) A 'S!oq np sJ!npoJd ap aIIJlU!Jdo

anb!wouo;)'} awwIJg IJI Jau!WJ;)J:;IP Jnod sa!Ja!;)s

sap In;)Ie;) ap saI'i!pow £ I JasAIIJue I} J;) J;)JoqIJI:;I1}
!AJaS JUO Ja!Idnad 3P (w 009 ~p sIa:;lJ agIJ!:Js np anb

!sU!e aJI°;)'}J eI ap J!)J1Jd I} sa!un~J asIJq ~p S;)'}UUop
s;)'] "eJJaqIV 00 'aAel;)s3,1 ap ;)IJI J!Jad np UO!g:;lJ

eI suep (sap!o/mua.JJ sn/ndOd) ~Iqw~JJ-xnIJj Ja!Idnad
np UO!JIJWJOjsueJJ ap Ja aJ[o;)'}J ap S~II;)UUO!J!PIJJJ

sap04J:;Iw S~I an[IJA:;I uo 'JJoddIJJ aI SUUQ

°dd~
+ °d 6171 'LOZ-d ~OdN3 °dd~ S,JO~:>~J~uoJ lqndufl "~UdJ °Sd~ °JOd 'JON 'oAJdS °JOd

'uuJ 'ou~J °UOJ!AU3 °ssewo!q uddse WOJJ f..~JdUd pu~ s~:>npoJd pooh\. uddse JoJ uo!~~Jddo
Pd~~iad~U! ue Jo ~udwdOldAdG 'Z861 °ill,] S3JIA'M3S 3J'MflOS3'M GNV']GOOMTLf

'uO!leIS eI
Jns SJuawaIdnad sap a;)lmSS!OJ:> eI ~ no uO!I:>npoJdaJ

eI ~ Sj!ssa;)xa SJ~~~P ap ~nbOAOJd sed e,u alIanp!S~J

aSStlWo!q eI ap UO!JeJ~n:>~J e'l 'al~d ap S!oq np
adnoo RI ap S!Jq~p sap UO!leUJ.IOjSlmJI eI Jnod SOJ~

dOJJ ~I~A~J Jsa,s .ldJSdtUVqdJlf.J Z'Z' :Y.lvq.l°W xneado:>

S;)P ;)JIOO~J ;)P U!~ua, 'l 'saJ~!:>ueu!j saJj;)d ;)P SU!OW
;)1 ~u!RJJua e S~JIO~J ~r~p s~glmI~w SJuawaIdn;)d

saI Simp Ju;)wanb!un snlI!n;)j sap aSseWo!q eI
ap UO!JeJ~n~J 1!'l 'anb!wouo~ ueId ;)1 Jns a!ssn~J

SU!OW eI ~J~ e 1noq;)p S!oq np ;)1I;):> ;)JJno 'xn;)U!s~J

'e}!s 2U!f\\oJ2 eq}
O} JO oo!JJnpoJdeJ OJ e2ewep eA!SSeJX~ U!

JlnS~J JOU P!P SSeWO!q Jenp!S3J JO e2eAles

'S!Jq~p 2U!JJnJ pooI\\dlnd 2u!ssaJOJd
JOJ e2Jel OO} p~AOJd J~JseAJeqd!qJ

ZZ 'IJeqJOW ~tlL 'SSOl Je!JueU!J }S~lJewS
~q. U! paJlns~J SJaAOJnJ pooI\\p~X!W

WOJJ AlUO SSeWO!q pooI\\pJeq JO

~2eAJeS lnJss;};);)ns }se~l ~qJ Alle;)!wOuoo~
sef\\ J~W!} 2uWueJS O} Uo!J!ppe U! s!Jqep



981

;)p !;) oono;) ;)p ;)W~!SAS np uos!Rmdwo;) Rl

'w,! Of1I ;)P !U;)!UJ;;J JJOdSURJJ ;)P S;);)URJS!P S;)I ;)nbsJOI
% f1I ;)P JgdW! S~JdR J!joJd ;)P xnRJ un ;;JUUOP

11 S;);;JA!Jd S;)JnOJ S;)P Jns SJ;)nU;) S;)Jqm S;)P JJodSURJJ

;)P ;;JS!UR~W JU;)W;)J~9U;) ;)W~JSAS ;)[ ;);),\R S;)J~nU;)

S;)'3n ;)P UOnRJ!OIdx;). P ;;JS!UR;);;JW JuaW;)J~!JU;)
;)W~JSAS np uos!Rmdwo;) 111 's"9A!Jd S;)JnOJ sap

Jns s;)'3mq;) S;)ssoJ'3 ;)P JaJJOdSURJJ Jnad UO. I ;)nbsJOI

;)JURAUJJJR JS;) UOnRUJJOjSURJJ ;)P aIuJJu;);) ;)u!sn
;)un SJ;)A SJanua saJqm sap JJOdSURJJ ;)P J;) aJI°;)9J

ap Uonou UI anb ;)JJUOW anb!wouo~ ;)SAJUUR.l

JO S~:>OO.S!P 2U!lneq .e %.,.1 Jo Wm~J
Jo ~.eJ Xt!.-J~.Je 00 paPI~!A speoJ ~.eA!Jd

J~AO 2u!lneq W~.SAS ~aJ.-nnJ paZ!ooq:>ew

AnnJ ~q. q}!A\ W~.SAS paZ!ooq:>ew

AnnJ q~u~I-~J. ~q. Jo uos!JI!dwo:>
~IJ.L .speoJ ~.eA!Jd J~AO p~lneq ;:Iq Aew

speol ~2J1!I ~J~qA\ ~A!.:>eJue S! 2u!ss;);)OJd
JoJ .ueld ft!J.u~:> e o. S~J. nnJ 2u!Ineq

pUR 2U!.s~AJI!q JO .d:};)uo:> ~q. .eq. ~.e:>!pU!

S!SAft!Ue :>!WOUO:>~ ~q. JO s.InS~J ~IJ.L

.PIa!A ssewo!q A2Jaua Ienuue aqJ
aJ\!w9sa OJ SUO!J!puo:> uazoJ}un pue uazOJ}

qloq U! ua)feIJapun aJaA\ sJuaW!Jadxa
PIa!} aq.L .sqJ2uaI aaJJ ueqJ JaqJeJ

saaJJ nn} qJ!A\ papeoI SJaI!eJJ J1!2aI-AeA\q2!q

pmpuelS }O 2uweOI awnIoA aIqeJueq:>Jaw
aql A}!luenb OJ pue spoqJaw J1!JuaW!Jadxa

JsaJ 01 'spoqlaw 2U!JsaA1l!q P!)(s-pue-Jn:>
pue JapmA\JO}-Jana} aqJ Aq paJaAOOaJ

sseWO!q A2Jaua aql}O saJew!Jsa ap!AoJd OJ

pau2!sap sJuaw!mxa PIa!} aA!}}O s2uwu!}
aql saZ!Jewwns os(e IJOOaJ S!llL .s20I JO

sql2ua( aaJI se q:>ns sJ:>npoJd IeuO!JuaAuo:>
ql!A\ uO!J:>unfuo:> U! sseWo!q A2Jaua

JaAo:>aJ 01 pau2!sap SllaJSAS 2U!JsaAJeq

JsaJO} U! 2U!JSaAU! ql!A\ paJe!:>Qsse
qIJOA\ :>!Wouo:>a aql 2u!U!umxa S!SAJ1!ue

ue }O slInsaJ aqJ sluasaJd J-K>daJ S!llL

'anb!!~gJau~ asseUJo!q ua
lanuue !uaUJapuaJ al J;)UJ!!sa.p U!J11 ~Iag uou !a ~Iag
IOS Jns sas!JdaJ!ua ~!~ !UO u!11JJa! al Jns sa;)ua!J.;Jdxa

sa'"} 'saJ?9ua sag9 ap anb JQJn(d sJa9ua saJqJe.p
sa~gmq;) !a sa!nOJ sal Jns Ja(n;)J!;) V sa~s!Jo!ne

saJ!ell!PJO sanbJoUJaJ-!UJas ap 'pueq;)JeUJ aUJnlOA ua
'agmtp el Ja!J9uenb !a saJt!!ua1.lJ!J.;Jdxa sapoq!~UJ sal

JaAnoJd~.p U!J11 'agenbsnq~p np !.\!ns age!!eqe.1 V
!a asna!Jod-asnaneqe. 1 V a;)~i3 ;)';)J~dn~J anb9~gJau~

asseUJo!q el Ja1.lJ!!sa V !Ua!eS!A !nb ll!eJJa!
al Jns sa~m:>aJJa sa;)ua!J~dxa bll!;) ap uo!snl;)UO;) el

!uaUJaJt!g~ aums~J !JoddeJ a'"} 'salI!q sap no saJ?9ua
sag9 sap anb Sl~! slauuo!!!peJJ s!!npoJd sal anb

sdUJa! ~UJ~UJ ua anb9~gJ~U~ asseUJo!q 111 JaJ~dro~J

V !ueS!A ~J?9saJoJ aJIO~J ;)P S~UJ~JSAS s~p suer
!uaUJass9saAll!.1 ap !ue(no~p ~nb!UJouo;)~ Jna(eA

el ap uawex~ un.p sJe!(ns~J s~1 a!uas~Jd !JoddeJ a'"}

°dde + °d L9 O(GG£-d "MOdN3) L£-"MS °d~M o:>~dS 'JI"M3~ o~U1d )[:>ef U! ~U1SS~:>OJd

IeJ~u~:> pUR ~U!~S~AJeq ~~J~-IInJ p~~eJ~~~U! JO S:>!WOUO:>~ ~tU. °9861 °d '"l3GNflZ o£L£

'S!oq np ~)U~A ap X!.ld np )~ ~!~.I~U~,I

~p J~ S)OIl!q s~p )1)0:) np 'UO!S.I~AUO:) ~p s.lro):)l1j

S~p SUO!)I1!J'P.A S~p ~:)u~nIJU!,I )uaUJ~).Ioj )!qns
S)U~UJ~SS!)S~AU! S~p )U~UJ~pU~.I ~I ~nb )u~nb!pu!

s)I1JIns~.I s\:rl .~!Idn;)({ ~p ~~ds~ ~u~:) ~p ~sseUJO!q

111 ~p .I!).J1!d V ~~.I~U~,p uo!):)npo.ld 111 s!.IdUJo:)
A 'S!oq ~p s)!npo.ld ~p ~nb!UJouo~ snId ~I ~~U1!I~UJ

~I ~U!uua)~p ~p U!J1! .ln~Ao.lq ~p s~I~poUJ fI
J;)SAJI!ue V )~ .la.loqI1I~ V !A.I~S )UO I1J.1;:1qIV u~

~AI1I:)S3,I ~p :)111 J!);)({ np UO!~'}.I 111 suep (sap/o/mua.J]

sn/nt/°d) ~lqUJ~.I)-xnl1j .I~!ldn;)({ ap EUJ 009 ap
a~I1AOJq np Ja a)loo';).I 111 ap sa!II!an:)a.I sa';)uuop saG

.Jaqwnl jO s;}:)!Jd
gU!\I;JS pUt! SJSO;) AgJ;JU;J 'SJSO;) goT 'SJoJ;)ej

UO!SJ;JAUOO U! suo!Jen};)nu OJ ;}A!J!SU;JS

AI;JW;JJJX;J ;}Jt! JU;}W}S;JAU! UO wnJ;}J jO S;}JeJ

JeqJ ;JJe;)!pU! sJlns;JJ ;}£li .sseWO!q u;}<fse

WOJj AgJ;JU;J jO uo!JeJ;,u;Jg ;JqJ guwnl;)O!

'sJ;)npoJd pooA\ jO X!W ;)!WOUO;);} WfiW!Jdo
Ut! ;JU!WJ;JJ;Jp OJ SI;Jpow ug!S;Jp II!W £ 1

;JzAleUt! pUt! dOI;}A;}P OJ p;}sn seA\ eJJaqIV

jO UO!g;JJ ;J)[1rl ;JAeIS ~qJ U! (saPloznUla.ll
snzndOd) u;Jdse jO fW 009 jO gU!II!W pUt!

gU!JS~AJt!q Jt!npe ~qJ WOJj p~J~qJeg eJea

'L861 fJ~ruq~d
81-91 "Jog 'puowq:)!~ 'J~U!W~S G~~ A~J~U~!g U~!P~u~J q~X!S °:>OJd °p~ 'J~~U~JD

'J U! tL1-GL1 S~~~d 'SS~WO!q u~ds~ WOJ} A~J~U~ pu~ s~:)npoJd pooh\. uoos~ JO} UO!~~JOOO

p~~~J~~~U! U~}O ~u~wdOI~A~G '8861 °ill'l S3JIA~3S 3J~flOS3~ GNV'lGOOM GL£



L81

"S;)!J!I!;)eJ ~U!SS;);)OJd J1!JJOO;)

U! JU;)UJJS;)AU! JnoqJ!A\ %ZZ JO wnJ;)J

JO ;)JeJ e ~Je;)!PU! UJ;)JSAS p;)Z!ueq;);)UJ-AIInJ

qJ~U;)I-;);)JJ ;)qJ pug UJ;)JSAS P!){S-pue-Jn;)

qJ~U;)I-;);)JJ ;)qJ Jo uos!JedUJo;) ;)IJ.L "UJ){ 0171

luawaJ!l!JJ
ap saleJJua;) suO!Je\IeJsU! sap suep JuawasS!JsaAU!

sues % U ap J!JOJd un ,}I'}A'}J e sJa!Jua

saJqJ1! J1!d uO!JeJ!o\dxa,p '}s!ue;)'}w JuawaJ;;I!Jua

aw;;lJSAs np .a saJ;;I!Jua sag!J sap agenbsnq'}p



881

sap J!).JI!d V lJodsueJJ ap saIew!xew saJueJs!p saI
aJ!np:}p ap JaWJad alIa .(ZI!~ no mMeA ':}J!J!JJJaI:})

a!~Jau:},p saWJoJ saJuaJ:}JJ!p ua UO!SJaAUOO JnaI V
Ja aU!sn,I V lJodsueJJ In;)I V 'lJodsueJJ aI JU;)naWJM
alI!l!J eI Ja auuoJ eI JUOp J!npoJd un ua UO!SJaAUOJ
JnaI V 'J~JOJ ua snp!S:}J S;)P aII°'.):}J eI V aJ!essaJ:}u

a!~Jau:}, I ap aJdwoJ Jua!J apoQl9w aJJoN .sJa!JS;)JoJ
snp!S:}J sap uO!Jes!I!Jn,I ap a:}J!J anau a!~J;)u9,I
ap UO!Jen{t!A:},p ;)poql:}w aun SUOA!JJ9P snoN

aql WOJd "(seg 'weals' ,{1!;)!JI;)aIa)
,{gJaua }O sWJO} sno~A 01U! UO!SJaAUO;)

PUg IUt!Id e 01 UO!lelJodsUt!J1 'aZ!s

pUt! WJO} aIQelJodsUt!J1 e OlD! UO!SJaAUO;)

'tSaJO} aql U! UO!I:>aII°;) anp!saJ JO}
s1uawaJ!nbaJ ,{gJaua aql 1unO;);)e 01U! sa)(t11

poqlaw a4.L "anp!saJ 1SaJO} }O UO!1eZ!I!1n
aq1 WOJ} WmaJ ,{gJaua lau aqt gU!1enJl!Aa

JO} poq1aw e saq!J;)sap Jaded S!4.L

°0861 q~J~W a-9Z 'o!Je:J.uO
'~M~no 'J~U!Was a~~ A~Jauao!g puo~as °;)oJd uJ LL1-£L1 sa~~d °suo!:J.do :j.SaJoJ

aq:J. WOJJ A~JaUa JO S!SAI~U~ A~Jau3 °0861 oN 'S~3J..3d :O;)°d 'H;)O'lflON)I :orw 'HSV °9L£

"QS!lgU3 JO} 1;' If aas

S3p s3nb!Js!J~J:>HJ8:>

S3p S3U!HJJ3:> :>3AH UO!JHI3J U3

s3Iqe!J8A S3:> JOOJJ3W SUO!JHnb\] S3p ~!pm~

!SSnH e uo 'O!-ffiJUO U3 Joossnod s3nII!n3j

s3~ds3 81 J3 s3sn3U!s~J S3:>?dS3 01

J!eJJodwo:> UOII!Jooq:>~. I :3J~!JU3 38!J

el Jnod auu3Aow Jn3{BA HS J3 38!J HI 3P

SJn3Jneq S3JU3J~jjW V S3JqJ8 Z'5;91 3P S!oq

np 3nb!wnlOA 3SSHW HI ;;IU!WJ3J~P H UO

'e[qu~A Jse e~dse enbeq;) ep eUUeAOW
me[UA Ut enb aJ!P Jned uo 'a[q!uj Jse eJ\>!Jua e~!J

U[ ep enb!WntOA essew U[ ep UO!JU!JP.A U[ anb ~uuop

JuuJ~ 'Juupuede;) 'se[qe!j uo!JeW!Jse.p suo!Jenb;} sep
Je[n1U.JOj ep e[!;)!jj!P Jse [! 'sanu~J Juos se[qeJnsew

se[qU!JP.A set Je 'sJe!Jue seJqJP. sep Je senbs!p

sep s~J!suep set eJJue Suo!JuteJ saT aWWO;) 'sa.lqJP.

"d G'I "d~t-X-Id "O}U!,P °dd~"M
'~A\~A\~~ad ap o~~u °JO} "~SUI '"JO} °U~:) "AJas '"U~;) ":)!iliV "O!Ie~UO ua ~~ssnod saJ?!~aJo}

sa:)uassa 8G' ap S!oq np anb!WnIOA ass~w ~I ap UO!~~!J~A o~861 °Sl 'DVaW3'lV o~L£

.S!I!5ueJj ~I mod SL£ -'JOA

";}:>uap!)uo:>
q}!M p;}sn ~ Ut!:> s;}!:>ads q:>R;} )0 S;}!}!suap poOM

;}gRJ;}AR 'IIRWS ~ O} puna) SRM A}!SU;}P pooM ~JJ

UO UO!}R!JRA ;}:>U!s 'J;}A;}A\OH .ASR;} }OU ;}Jt! suo!JRnb;}

UO!JRW!}S;} ;}(qR!(;}J gU!dO(;}A;}P pUt! )(R;}M f.J;}A

;}JR S;}(qR!J1!A ~J} ;}(qRJnSR;}W q}!M S;}!}!SU;}P pooM

;);}J} pUR )(S!P )0 Sd!qsUO!JR(;}J ;)q} }Rq} puna) SRM

11 .S;)!IS!Jal;)eJeq;) aaJ) SnO!JeA 01 saIqe!Jl!A
asaql gu!leIaJ palsal aJaA\ sIapow uo!lenba

awos .0!JeluO U! Sa!:X}({s pooA\pJeq 8I
pue pooA\I}OS OI }O SaaJl aIdwes Z~9I }O

S!seq aql uo pa!pmS aJaA\ swals }O Al!Suap
pooA\ ;)!seq ageJaA1! pue walS alp guoIe

slqg!aq luaJa}}!p Ie Al!Suap pooA\ ;)!seq a~

'd G1 'Sv-X-Id .d~"M .0JUJ '-:J,suI .JOd .PBN BA\BA\B1.~d '.AJ~S .JOd .UBJ '.UBJ

.:)!J~V .°!Je:J.UQ mOJJ S~!:)OOS ~ 8G Jo UO!1.B!JeA A1.!SU~P POOi\\ .17861 .Sl 'DVGW3'lV .vL£

UO!'J~s!I!'Jn 'J~ '~'JIO~'}.I ~I ~p UO!'J~S!U~~'}W

/UO!'J~Z!I!'Jn pU~ '~U!'JS~A.I~q JO UO!'J~Z!U~q~~W .S



681

xne saw~IqoJd xnaJqwou ap aJuas?id sa;)uassa

xnap sa:> ap !JJnod S!oq ap ageJua:>Jnod JjOj a'l .Jal!J

00 J!BJJnod uo,I anb age!;)s ap sall!q ap awnIoA

aIq!Bj S~JJ np uos!eJ ua Jadno;) ~ sanb!wouo;)~
sed lUOS au anb!UUel!Jg-a!qwoI°;) eI ~p Jna!J~JlJ!.I

ap ap!wnq auoz eI ~p sJuape;)~p saz\l'~w ap

la seAnql ap sluawa,dn;xl s~p ageJu~;)Jnod JjOj un

pUt! '3U!II!WA\RS U! SW;}lQoJd AUt!W S;}~R;}J;)

S;}!;)OOS '[;)OIW;}q pUt! JR~;) q~oq U! pooM

P;}AR;X}P )0 ;}'3RJU;};)JOO q'3!q ;}If.L .P;}J';,AOO;}J

S;}WfllOA '3°1MRS Mol AJ;}A ;}qJ )0 ;}SnR;)~

'3°1 OJ lR;)!WOUO;);} JOU ;}Je R!qwnl°;) qS!J!J8

)0 J°!J;}JU! ;}qJ U! spUt!Js )(;)OIW;}q-JRP;}:) Jl~

J;}A\ JU;}PR;X}P ;}qJ )0 ;}'3RJU;};)JOO ;}'3JRl V

'ddB + °d 1-9 '16Z-d
pUB t81-d ~OdN3 'd~~ S,JO~;)BJ~UOJ °Iqndufl 'q;)UBJg 0~U3 "JOd 'U!W °J'a '~1~ ~~A\

J°!J~~U! B!qwnIoJ qS!~!Jg ~q~ U! SpUB~S JBP~;)-)[;)°lw~q U! SSBWO!q IBnp!S~J ]0 ~U!ss~;)oJd
pUB ~U!~S~AJBq ~q.L 0£861 'HJNV~9 f)NI~33Nlf)N3 S.LS3~Od dO A~.LSINIW °Joa '81-£

lu~wss;}Sse
;)!WOuO;)~ {1!uo!t!peJt qt!A\ uo!t;)unfuoo u!

S!SA{eue A~J~ua ~sn pue etep uo!tdwnsuo;)
A~J~U~ ~lI!~~0{ t;)~"OO Ot ~~eJnOOU~

S! f..ItSnpuI tS~JOd ue!peueJ ~tlL 'St;)~foJd
AIddns A~J~ua JO Stu~WSS;}Sse f.t!{!q!se~J

U! ~AoIdw~ ~ S~SA{1!ue ;)!WOUOO~
pUR A~J~U~ q!oq teq! p~pU~WWOO~ S! tI

'allaUUO!J!peJJ anb!UJouO;)1
uo!JenIeA1.1 anb sdUJaJ aUJ~UJ u~ anb!J1~J;)U1

~sAreue.I Jas!I!Jn.p J~ aJ~!Js;)JoJ uo!JeJ!OIdx~.I ~p
JuaUJoUJ ne ~!~JaU1.p UO!leUJUJOsUO;) ei Jns s~uuop

s~p J!1I!~n:>aJ I} ~uu;)!peue;) aI~!Js~JoJ ~!.IJsnp!J!.I
~~eJno;)u~ uO 'a!~J~U1 u~ Ju;)UJauuo!s!AoJdde.p

sJ~foJd s~p 1J!I!qes!RJ ei J~nreA1 Jnod anb!UJouoo1 J~

anb!J1~JaU1 ~AIeue.I JaAoIdUJ~.p 1pueUJUJO:>aJ Jsa II'swaJSAS g~ggoI I1!uo!JuaAuo;)
JOj1!J1!p uo!Jdwnsuo;) AgJaUa WOJj

paJ;)afoJd aq Ut!;) anp!saJ JSaJOj g~JsaAJ1!q

JOj sJuawaJ!nroJ AgJdUa J1!qJ UMOqS

S! JI 'SUO!J1!Jado g~ggoI jO A;)Ua!;)!jja

aqJ g~U!UUaJap JOj JCgoIopoqJaw JUt!JJodw!
U1! S! S!SAII!Ut! AgJaUa J1!qJ saJ1!JJsuowap

ApmS a~ 'p~npoJd aq PInoA\
AgJaUa Jau aA!J!sod I1!!JUt!Jsqns J1!qJ SA\oqs

O!JI!J Jnd~-JndJno AgJaUa a~ 'paJuasaJd

S! PUt!IsI JaAnO;)Ut! A uo WaJSAS uo!J;)npoJd

JsaJoj aqJ WOJj AgJaUa Ut! jO JuawssaSS1!

AgJaua UV 'as1!q 1!Jl!p aqJ ap!AoJd sa!pmS

aS1!;) Ut!!p1!Ut!;) waJsaA\ pUt! waJS1!a pUt!

aJnJ1!JaJ!I Ut!;)!Jawy qJJ°N pUt! Ut!ooOJna
jO A\a!AaJ V .AgJaua JOj anp!saJ JsaJojjo

UO!SJaAUO;) pUt! uo!J1!JJodsUt!JJ 'g~JsaAJ1!q
aqJ OJ pa!Idd1! S! S!SAJ1!Ut! AgJdUa

"adno:J ~p SI~UUO!}!PRJ} S~W~}SAS

S~I J1!d ~!'3J~U~,p UO!}RWWOSUO:J RI JnS S~~UUOp

S~P S~lodRJ}X~ ~J}? }U~Anad SJ~!}S;}JOj snp!s9J s~p
~}I°:>9J RI ~p s~nb!}~71J~U9 SU!os~q s~1 ~nb ~J}UOW

~113 "adnoo ~p SUO!}RJ;;1dO S~p ~}!:JR:J!jj~.I J~U!UJJ~}~P

Jnod ~}UI!.}Jodill! ~poq}9W ~un }S~ ~nb!}~'3J~U9

~sAJRUR.I ~nb ~J}UOW9P ~pm9,'l1~!}UI!}sqns }~U U!R'3

un }!RJPu~!}qo uo,nb ~J}UOW ~nb!}~'3J~U~ }U~W~pU~J

~'l"J~AnO:JURA ~I!,I SURP 1?JOj RI ~p ~!'3J~U9,1

~p UO!}RJ;;1dn:J';)j ~p ~W~}SAS un,p ~nb!}~'3J~U~

UO!1RnJRA~,1 ~}U~S~Jd UO 'RpRUI!;) np Js~no,1 SURP
1~ 1S~,1 SUI!p SR:J ~p s~pm~,p ~nb !SU!R S~U!R:J!J9WR

-pJOU 1~ s~uu~;;1dOJn~ SUO!JR:J!lqnd s~p U~WRX~, I
~p }U~!AOJd S~9UUOP ~p snwo:J ;}'"] "~!71J~U~ U~

SJ~!JS~JOj snp!S~J s~p UO!}RUJJOjSUI!J} RI \! 1~ .}JOdSUI!J1
nR '~}IO:>9J RI \! ~~nb!lddR }S~ ~nb!1~'3J~U~ ~SAJRUI!, 'l

°dde + °d 6L °6S-d

°d~"M "MOdNa 'lsuI .JOd .peN e1\\e1\\e1~d 'oAJ~ °JOd °ueJ '.ueJ °UOJ!AU3 °SUO!1do 1S~JOJ
~~ moJJ AgJ~U~ JO S!SAIeUe A'BJ~U3 .0861 oN 'S"M3.L3d :oJod 'HJO'lHON)I :orw 'HSV °LL£

.S3:>ue}S!P uo!}eJJodsueJ}
3lqeA\0lIe wnw!xew S}S3SSnS poQ}3W

3qJ 'S3!:>U3!:>!jj3 fJ3AOO3J I..SJ3U3 jO S(3A31

SnO!JeA JOj pue 'S3Z!S }ue(d UO!SJ3AUO:>
's}ndlJ! I..SJ3U3 3S3q} jO UO!}eUJ!}S3

.a!~Jau~, I ap UO!IRJgdn:)gJ ap luaUJapuaJ
np smalRA SaSJaA!p Jnod 'UO!SJaAuo:) ap aU!sn,1

ap an!R} RI ap }a SJ!}RUJ!}Sa sanb!}~~Jau~ S}IJ°:)



061

'aJ!npoJd a!gJaU~,1 Jns ""}wwosuo~ a!gJau~,1 ap

}JOddRJ al Ja adRJ~ anbRq~ IJ alq!lsnqwo~ ap auuoJ
Jl!d Jl)o~ np SJnalRA sal suoJuas~Jd snoN 1!npoJd

np UO!JRWWOSUO~ RI Ja JI)OO al anb !SU!R ~J!A!J~npoJd

RI JaU!UJ.IaJ~p ua,p s!WJad R snou ~p~~oJd np sadRJ~

sap aun~Rq~ ap algJJuo~ a'l 'adno~ ap sJaq~~p
xnR a~JuaW!IR aJ?!pnRq~ aun mod alq!Jsnqwo~

ap J!AJeS ap u!jR a~lJodsueJJ ~Jg R sJ!npoJd sa~
ap a!lJRd aun 'JuawaIRU!d 's;)nb!l:}gJau~ Ja Sanb!SAqd

s:}J:}!.KloJd sal JaU!WJaJ:}p ua,p u!jR snuaJqo sJ!npoJd

sap SUOil!Jueq;)'},p asAIRUR,11J ~p:}~.ld aJ!nSua
SUOAR snoN 'sal!qow sasnaJanb!q~:}p-sasnadno~

ap sadAJ xnap ap ap!R,11J S:}WJOjSURJ} s!nd

SRJOO S!W pJoqR,P InoJ JU~!RJ:} snp!s~J sa'] 'snp!s:}J

ap sadAJ ap J;} SUO!IRJJU;}~UOO ;}P awweg ;}un ;}JnoJ

JuaJoos~Jd !nb Ja S~J!OIdxa JU;}WW;};)'}J SJU;}W~~Rldwa

xn;}p suep agRIJRqR,p snp!s:}J S;}P UO!IR~!j!SSRI~
RIIJ J;} aI!RJU;}AU!,11J :}p:}~Jd SUOAR snON

'pa;)npoJd AgJ;)ua OJ
pawnSUO;) AgJ;)U;) )0 O!JeJ ;)qJ puB UO!Jemo

aqJ )0 aseqd q;)ea JO) auuoJ Jad JSO;) aqJ

MOqS sJInsa"M 'uo!!dwnsuo;) Ian) puB JSO;)
'AJ!A!!;)npoJd au!UJJ;)Jap OJ paJoJ!UOW S1!M

)fJOM aqJ )0 aseqd q;)e3 ,gu!wnq JO) Ja{!oq
Ian) paggoq e OJ paJJodsueJJ seM f1!!.IaJeUI

padd!q;) aqJ )0 UO!JJod V 'sa!JJadoJd
AgJaUa puB Ie;)!sAqd J!aqJ aU!UIJaJap

OJ pazAIeue aJaM f1!!.IaJ1!UI passa;)oJd

aqJ )0 saIdwes 'sJadd!q;) aI!qoUI )0 sadAJ
Ju;ua))!p OMJ gu!sn Aq passa;)OJd puB SaI!d

OJU! paJ;)aIl°;) aJaM sanp!s;)"M 'pa!)!sseI;) puB

p~!.I°JuaAU! ;uaM adAJ puB UO!JeJJU;);)UO;)

~np!saJ )0 agueJ e gU!Juas;udaJ saJ!s

paggoI Apua:)aJ OA\J uo sanp!saJ JsaJOd
..nq ~;) ~.lpu!~"e.p

.UOJn~lW~d !nb s~po4.;;Iw s~p J~AnoJd;;l t! .~

J~U!lW~.;;IP t! ~S!A .~foJd ~JJON 's~J?!Js~JOj S~SS~4;)!J
s~I .u~w~U!~Id J~S!I!m.p U~AOW ~l sdw~~UOI

s!nd~p .u~4;)J~4;) S~;)JnOSS~J s~p S~J!RUUO!.s~'a s~'l

leo~ S!q} ~u!q;)e;)J jO spoq};)W }S;)}

pue Aj!}Uap! O} seA\. };).1fOJd S!q} jO lli!t! ;)IU

"SJauue\d ;);)JnOS;)J jO reo~ ;)q} OO;:lq ~UOI

S1!q ;);)JnOS;)J }saJOj ;)q} jO uo!}eZ!I!}n IInd

°0861 q;)JUW LG-9G 'O!JU~UO 'UA\uuQ 'JUU!W~S aW"M A~J~U~!H pUO~S ";)oJd ul ££-6G
S~~Ud "~J~U~ o~ UO!SJ~AUO;) ~u~nb~sqns puu uo!~u:JJodsUUJ~ ~~U~!I!;)uJ o~ s~np!s~J ~U!~OI

JoJ W~~SAS ~U~W~U~J~ PI~!J U Jo ~U!~S~~ pUB ~u~wdOI~A~a °0861 Or)! 'A3N3)!V'lH °6L£

.J~fded V s~Jt!d s~p ~fJJsnpuf, y suep ~J~fW~Jd
~J~fJew ~p JfAJ~S JU~Anad sYf 'JU~W~n~mU~A~

1~ SJ~fYOJJ';)d sJfnpoJd s~p Ju~w~:)eydw~J u~ '~f2J~u~

u~ s~WJoJsueJJ ~JJ~ Ju~An~d ~dno:) ~p snpfs~ ~p

dnooneaq '~JJno U3 .uOfJeJue[d ey V ~yqeye~Jd [OS np

uofJem~Jd ey ~p ~Jfss~:)~u ey J~UfwfY~ Jnad suofJeJs
S~J suep ~n~npfs~J ~ssewofq ey ~p ~Jyoo~J e'l

"AJJsnpu! dlnd
aqJ JoJ )(:>0Js ap!AoJd I.Iq!ssod vue sJ;,npoJd

WnaloJJad a;,eldaJ OJ Ie!JuaJod I.~Jaua

seq anp!saJ ~U!~~OI Jo sa!J!Juenb a~mI
aqJ 'JaqJJnd "uo!JemdaJd aJ!S ~U!Jueld-aJd

JoJ I.J!ssa:)au alp aJeU!W!Ia I.ew saJ!s asaqJ

WOJJ ssewO!q Ienp!saJ S!qJ ~U!JSaAJP.H

"al!~!JJ!P S~J} a}saJ }uaUJas!oqaJ al anb a!J!u2!s S!oq
ap soo~!d sa~ ap }ue}JodUJ! aJqUJou a'l "sa?s!uoqm:>

anb }UaAnOS luOS au seAnq} sap }a saz?(?UJ
sap sal1!q saSSOJg sal llUq snUJnq.l ap "puoJOJd
aq~noo el }!~U!we }a s"U!J SaJ~!leUJ sal au!UJ!I?

!~-!nl00 !S a~w "J!sua}xa age(IJJq al }UaAnOS }sa
suo!}e}s sap UO!}el!(!qeq?J ap al1am~1! apoq}?UJ e'l
luawaS!oqaJ al }ueAe S}U"ueUJ?J sap uo!}eU!Ul!I?1

}a 108 np uo!leJed?Jd e( alqusu"ds!pu! puaJ
!nb 00 'oonoo el s~Jde a~u(d Jns ?uuopueqe ~uop

}sa la!J?}eUJ 00 ap a!}Jud apueJg sn(d t!'"] "xneado~
ua age}anb!q~?p ap SUO!}U([U}SU! xne ta sa!Ja!~s

"qg!q SU!U~J uo!}e}s;)Joj;)J
10 A){n:)!ll!p ;)q} sun;)W s;}:);)!d ;)S;)q}

1° J~wnu }un:)!l!ug!S ;)llL .~JJt!q:) AluO
U;)ll° ;)Je sgO{ JeP;):) pun )[:)OIW;)q J;)!Ae;)q

;)ql 'J;)A\!1 jlnp ~;)P ;)qI s;):)np;)J pun

s{1!!Jal\!W J;)U!j ;)qI ;)}\!U!W!I;) s;)OP poq};)W

S!ql qgnoqllV "gU!wnq }se:)peoJq 0;)}1°
S! UO!I\!I!!!q\!q;)J ;)}!S jO poq};)W }u;)s;)Jd ;)IU

"UO!I\!}S;)J01;)J O} Jo!Jd AJeSS;):);}u {1!sods!p

qseIs pun uo!}eJe~Jd ;)}!S gU!){1!w 'gu!'ilgoI
JaIl\! ;)}!S UO su!U~J {1!!J;)}ew S!q} jO

A}!JO[\!W ;)q} ';)JOj;)J;)llL 'S;)!}!I!:)el gU!dd!q:)



161

se'l .s'}AnoJd'} IuOS tJOdSURJ} ep Ie xnRedoo ue
uo!}:>np'}J ep 'e}I°;)'}J ep su!2ue Ia SeUl?}SAS SJeA!O

.)(OOJH JewoJ ep JRwnof Je!dRd ep eU!sn,I ~ In;x!RA
RI ep aI!npoJd ep U!JR 'S'}2UR('}UI SIueUleIdned

sep enb !SU!R e}~d ep S!oq eI Jnod S'}}!OIdxe SU!RJJe}
sep edno:> RI ep snp!s'}J SeJ}nR,p }e xneu!s'}J sep

seq:>URJq seI Ie eUl!:> RI enb !SU!R S:)S!I!}nu! snll!neJ
seI JeIl}Jq ep Ie xnR;x!O;) ue eJ!np'iU ep 'Je}I°:>'iU ep
enb!Ulouo;)'} Ise I!,S JaU!UJJe}:)p ep 1U~Ule(Rd!:>u!Jd

'U!JR 'eJ?!}saJoJ eSSRUlO!q IJI JlJd pJnoI InoZRUI
eI e!!JRd ue JroRIdUlaJ V a}s!suo:> !nb SUR xnep

ep !RSSe un s!JdeJ}ue R .P}'l pURIPunojA\eN Ja}RMOH

puR }u;}wd!noo 2u!}JodsueJ} pUR 2U!dd!q:>

'2u!}s;}A.mq sno!Je A °1I!W }U!JdsM.;}u

)(OOJ8 J;}woJ J!;}q1 }e uJI!;}}S }O uo!}:>npoJd

;)q} JO} 'spue}S pooM.pJl!q-pooM.}}OS P;}X1W

WOJ} puR Sj;}AO}n:> pooM.dInd WOJ} s;}np!s;}J

2u!22oI J;}q}O puR 'S;}q:>ueJq puR sdo}

poOA\}}OS 'spooM.pJeq p;}Z!I!~nun wnq pUR

d!q:> '~S;}A.mq o~ ;}Iq!se;}} AlIe:>!wOuo:>;} S! ~!

J;}q~;}qA\ ;}U!U1J;}~;}P o~ S! ;}A!~;);}rqo Ied!:>upd

;}lJ.L 1!0 J-J;})(Unq JO} ~U;}w;}:)~IdaJ {I!!~d
~ se ssewO!q ~S;}JO} 2u!Z!I!~n Iep~ Jl!;}A-Z ~

2u!~:>npuo:> S! .p~'l pueIPunojA\;}N J;}~eM.°8

'd 911 '161-d
'de"M "MOdN3 'lue;) "se"M "JOd 'PUN "AJes "JOd "UE;) "UE;) "UOJ!AU3 '{en] eA!1.Ewe1.IE

ue se sseWo!q 1.seJOj ~u!~SeAJeH '£861 'G.L'l GNV'lGNflOdA\3N "M3.LVA\OH

"pe.;)aIlOO osJe ~A\ s.!qeq
gU!wnq pOOA\ uo UO!.RWJO)U! Jarpo "a~qd

puo;)as all. pa.fiJ!.sUO;) sa.eJ uo!.dwnsuo;)
pooA\ Ian) ;)!.sawop )0 AaA.mS V

"aJfiJRJd.!I gU!.S!Xd ApuasaJd dq. )0 A\3!AaJ
R )0 Pd.S!SUO;) asRqd .SJ!) a4.L "agueq;)

S!q. A)!.uenb o. Ud)[l!lJdpun SRA\ AaA.JnS
e 'SJRdA .ua;)dJ U! uo!.dwnsuo;) pooA\ Ian)

;)!ISdWOP U! d~aJ;)U! ue )0 S!~q 3q. uo

.S!II!~n;)~J JU~W~IRg~ ~J~ JUO
PJl!g~ }~;) V S}U~w~ug!~SU~J S~JJnR, a .~nb!Js~wop

~Iq!Jsnqwo;) ~nb JURJ u~ S!oq ~p UO!JRWWOSUO;)

~p xnRJ s~I Jns }!RJJod ~sR4d ~PUO;)~S R'l .~JUR}S!X~

UO!}R}U~Wn;)op RI ~p ~nA~J ~un u~ }!RJS!SUO;)

~SR4d ~J~!w~Jd R'l .~nb!}s~woP ~Iq!}snqwo;) ~nb
}OR} u~ 'S;:I'}UUR S~J~!W~P S~;) 'S!oq ~p UO!JRWWOSUO;)

RI ~p UO!JR}u~wgne,I JnS ~s!Jd~JJu~ ~J~ e ~pm~ ~ufl

"6L6I q;)JUW I'l 'O!JU1.uO 'UMuno 'JUU!W~S aw~ A~J~U~!g 1.sJ!d ";)oJd
U! ~~-6v S~~Ud "puulpunoJM~N U! uo!1.dwnsuo;) I~nJPooM ;)!1.S~WOa "6L6I "g'S3'lOg

.saug!I SapURJg sas
SURp }!J~P }Sa 'al!qow snssa;>OJd np UO!IRJISUOW'}P

aun }a U!lWal al Jns S!RSSa S~P puaJdwo:>
!nb 'la[oJd np ~UUR aw?!Xnap RI ap awwRJgoJd ~'l

'~U!pno
S! Joss~;)oJd ~I!qow ~q. )0 UO!.t!J.suow~p

pUt! ~U!.s~. PI~!) ~AIoAU! II!M q;)!qM .;)~roJd
~q. )0 J1!~A pUO;);}S ~q. JO) we13oJd ~~

'sa[{!uaqJ I} sJna}JIIJ} ap }a xnllau!l!J}
ap aP!II.I I} saullId saJej.lns sap Jns snp!s~J sap

agllssllUJIIJ np }f)OJ nil ?JlldwOJ }sa qWOId ap ~}!Suap

a}JOj I} saIq~J ap suo!}elIe}sU!.p l!}J1!d I} sa}druqe
sa}uad sap Jns snp!s~J sap a2esseUJIIJ np }f)OJ a'"]

luawaIl!es!J I} aI!qow JnassaJOJd un.p uo!}daJuoJ

}a sa}JU!}s!p sapoq}~w xnap Uo\as S!oq ap adnoo ap

snp!s~J sap agesseUJIIJ 'S!oq ap adnoJ ap snp!S~J sap

}U}~ }a Jnassoi3 UI ap Uo!}nq!J}s!P '~}!}uunb : S}UI!A!nS

saI }UOS S~}!UJ} s}a[ns sa'"] .s~wns~J }UOS }a[oJd
aJ Jns I!UAUJ} ap ayUUl! aJ?!waJd III ap s}u}Ins~J sa'"]

.SJoJ:>eJJ Ja[MeJ:> pUlJ SJapP!)(S
~U!Sn }O 'seam JaJJeu uo 'SJso:> UO!J:>ano:>

aqJ qJ!M pamdwoo S! SW;)JSAS ;)lqe:>
pea[q~!q ~u!sn SMO[S daaJs uo sanp!saJ

~lI!J:>ano:> }O Jsoo alU, .Jossa:>OJd adAJ-maqs

a[!qow e }O ~!sap aqJ pUlJ spoqJaw

J:>lI!JS!P OMJ ~u!sn uo!J:>anoo anp!saJ

~lI!~0[ 'sanp!saJ ~U~O[ }O UO!J!PUO:>
pUlJ UO!Jnq!.1Js!p aZ!s 'AJ!JUlJnb :;)m

paJaAO:> sJ:>a[qns .paz!Jt!wwns am J:>a[oJd
S!qJ Uo )(JOM s,maA JSJ!) aqJ }O sJtnsaJ alU,

.Z86 I q:JJP.W
I£-6Z 'cq01!UCW '~~d!uu!A\ 'JCU!W~S a~"M ~J~UOO!g q:jJn°d .;)OJd U! £LI-69I S~~Cd
.SW~1SAS ~U!ss~:JOJd ~np!s~J ~U!~~OI Jo 1u~wdoI~A~P J~q:jJnd G86 I .[)l 'A3N3)lV'lH .08£



Z61

'SI;}n);)U SJnoo xnu ;:}'}J8,?Ju! ;}JIO~J I!I sed ;}!J!Jsn[ ;}U

;}II;} J;} ;:}'}nJUA,?-snos JU;}W;}J?!sSOJ8 JS;} xnu~o;) S;}P

;}nb!J,?8Jau~ In;}IUA I!I (;}P!wnt{ ;)UUOJ/$ ,,8'8) 1;)n);)U
x!Jd nu ';)nb ;)J!OJ;) ~ Ju;)}JOd S;)lq!lsnqwo;) S;}JInU

S;)P x!Jd ;)1 J;) s;)nb!J,?8J;)u,? Slu;)IUA!nb~ s;)'"} 'lJoddl!J

;)1 suup S~lu;)s~Jd s;)JI?WBJud 'ut{ "0',, ~p S~II;);)Jud
S;)P ;)un;)ut{;) Jns s,?n););)JJ;) Xnl!AUJI s~1 snOI ~

Juupuods;wo;) SnU~A;)J S;)P J;) SII)°;) s~p '~,?Jnp I!I ;)P

;)JOU s!Jd U uO 'uo!8~J I!I ;)P S;)lqulqW;)S Slu;)W;}ldn;)d

S;}P suup 6L6 [ U;) J;) 8L6 [ U;} ,?n););)JJ~ ~SSI!WO!q uI

;)P ;)J!UJU;)AU! un Jns ~PUOJ ;)S !;)-~II;}J 'UO!IUW!JS;)j

;)P UO!s!;)~Jd uI J;)!J!J~A ;)P U!Ju ;}SSI!WO!q uI ;)P
s~Jns;)w SJU;)W;)A?I~Jd xnu ;)JI°;).;u UI s?Jdu I;) JUUAU

s~n););)JJ;} ;)SSBWO!q uI ;)P S~A;)I;)J S;)I ~Judwo;) U

uO ';:}'}JIO~J ~[~p ;)puuq ;}un,p a8UAOII;}U :S;),?S!I!InU!
s;)!J,md S;)P xnu~o;) U;) uo!J;)nWJ J~ ;)81!!;)s ;)P S;)II!q

;)P UO!JU;)lqo,1 Jnod aA!ss;)J8oJd ;)dno;) :;)JJ?WB!P

;)P ;)J!1U!1 ;)un ~,nbsn[ ;)A!ss;)J8oJd ~no;) :;)JJ?WB!P

;)P S;)I!W!I xn;)p ~ ;)Ul!lq ~ ~dno;) : J!ns ;)uRuO;)

'xnu~o;) U;) UO!II!UJ.IOJSUI!JI I!I ;)P S~I!SU;}JU! bU!;)

~nb!lddu U uo 'U!OW,?I JU;)W;}J!UJJ un,nb s.<fW;)J ;}W~W

~ 'O!JP.JuO U;) 'uwo8lV,P uo!8,?J I!I ~p SI~OJ S;)P

;)nb!dk 'snlI!n;)J ;)P ~8~Jns J;} JuI!J~loJ JU;)W;)ldn~
un Jns ~lJod U ;)JIO~J UI ;)JnoJ 'ut{ [[ Jns ;:}'}n););)JJ3

'S"JeJ S ,AepoJ Je ~U!JS"AJ1!q
p"Jei3"JU! ue AJ!Jsnf JOU op pue "sn A~J"U"

JOJ sd!q;) "qJ "nleAJ"pun AISSOJ~ ("UUOJ
U.1~~/c8'8$) s";)!Jd Ju"s"J<f "qJ JeqJ Js"~~ns

sI"nJ "A!Jew"Jle JOJ s";)!Jd pue SJu"{t!A!nb"
~J"U:3 'U!"J"q p"Ju"s~d ".rn pue 'SJOld

eq cOG .Jenp!A!pU! "qJ uo "UOp 'IJOM TIe
JOJ sanUaAaJ pue SJSOO 'S"Ul!! JO p"U!eJu~w

aJaM SpJOO"'M 'e".rn "qJ U! SpOOfS

.rnI!W!S U! 6L61 pue 8L61 U! p"J:>npuo;)
iJOJU"AU! ssewO!q e uo peseq seM

"Jew!Js~ ,,~ "'Jew!Js" "qJ Jo A;)em;);)e "qJ
'I~q;) O! IeAow~ sseWO!q peJnse~w qJ!M

pe.rndwo;) "J"M ~U!!S"AJ1!q J3JjR pue ~JoJaq

S"S!nJ:J ssewo!8 'd!JJs p~Js~AJ1!q AISno!A"Jd
e Jo dnueaI;) pue suo!JJod P"z!I!Jnun "qJ Jo
~u!dd!q:> qJ!,\\ s~oIMes JoJ In;) pooA\Ja!I"qs
'J!W!I J3J"urn!P e oJ In;) pooA\J"Jlaqs 'SJ!W!I

J"J"urn!P O,\\J oJ In;).rn''I;) :"J"M uo!JeJOOo
~u!dd!q;) e Jo S"!J!suaJU! aA!J 'IOJJuO:>

e qJ!M ~UOIV '°!Jt!JuQ Jo UO!~~ ewo~IV

"qJ U! sJsaJoJ Jo Ie:>!dA! pueJs pOOMp.rnq
JueJaloJ ~meWJ3AO ue U! p"J;)npuo;)
seM uo!JeJOOO ~U!Js"AJ1!q eq- I I UV

'ddR + 'd £~ .~~1 -d 'd;}"M "MOdN3

'lU;}J .S;}"M .JOd S;})[R'l ~R;}JD "AJ;}S 'JOd .URJ "URJ .UOJ!AU3 '°!JR~UO 'RWO~IV U! pue~s
pooMpJRq ~URJ;}IO~ R JO ~U!~S;}AJRl{ ;}l{~ WOJJ uo!~;)npoJd SSRWO!H '1861 .v'a 'NO"M3WVJ '£8£

1/$ If ~ 6c
ap StI)O;) sap aJpU!a»R t!RJJnod uo 'r/S~P!Wn4 t Ofl

~ Ocl ~p ~1I~m;)R ~t!su~tu! uos ~ ~t(o~J RI J!U~tU!RW
t!RAnod uo !S .$ Iv'6c tnRA tu~w~In~s XnR~O;)

~p t I t~ $ 8l..'9v tnRA ~;)JO~,p t~ xnRado;) ~p t I
'(I!JRqf$ Sc'VZ) J~tRMO8 JaARd t!OP ~nb tnO~w np

I~m;)U X!.Id ny .s~Il)Jq tuOS XnRMO;) s~p tuaw~nb!un

~nbS.lOI I!JUq c'l ~ tu~W~A!tuJUdwo;) '~;)JO~,I
~p ~AU ~~Il)Jq tsa ~lIa,nbsJOI tnO~w ~p I!Juq 6'1

~ tnuA!nb~ s~P!wn4 xnRado;) ~p ~UUOt ~un,nb ~W!tS~
uo .xnUMO;) ~p ~un mod ~;)JO;)~,P s~!J.J1!d v ~p

~~UUI~w un Suup % S9 ~ 09 ~p '(~t!P!wn4,p % 19)

~;)JO~,I ~p J~w~nb!un all)Jq uo,I ~nbsJOI % Sv
~ Ov ~p : J!ns ammo;) ~J~!pnR4;) RI ap ~t!;)R;)!jJ~,I

J~tu~w~nu (~J!P!wn4,p % fv) XnR~O;) s~'l .~U!sn,I

~ J~U!W!I~ tnRj I!,nb ~t!:,d ~p S!oq np ~;)JO~,p
snp!s~ s~p ;)~AU tUUI~w s~I ~ J~Il)Jq s~I ~p tS~

XnUMO;) s~I ~AoIdwa, p ~;)U;)!jj~ snId RI uo5uj u'l

O;}lqlJu:!R»e ;}JI! )/I£-6Z$ }O S)SO~ )eq)

~)etU!)s;} s! )! '~U!IJ)U!lJtU ;}J;}A\ Aep/) UOOJ~

O£I-OZI }O SI;}A;}1 )S;}A.JI!4 )U3S;}Jd }I 0(3uOle
sd!q~) I VO 6Z$ pUB (sd!q~ + ){JI!q) 8L °917$ }O

3nlIJA IJ seq sd!q~ UOOJ~ }O ) I '1qq;~GVZ$

}O J3)eA\og 0) 3~!.Id 1!0 )U3JJro e

q)!A\ °3U°lt! ~wnq 3J1! sd!q~ u3qA\ l!o/Iqq

G I 0) p3J1!dtUo~ )(J1!q qJ!A\ ~wnq u3qA\
l!o/lqq 6°1 0) )U31I!A!nb3 S! sd!q~ UOOJ~

}O ) I )I!q) ~)I!W!)S3 S! )1 'sd!q~ 0) )(J1!q
I:v }O O!)I!J I! U! ~X!tU U3qA\ %~9-09 0)

(3JnJS!OtU % I 9) ;}UOll! ){JI!q ~U!wnq U3qA\

%~V-OV tUOJ} A~U3!~!}}3 J31!oq 3qJ 3se3J:JU!

(3JnJS!OW %£V) Sd!q~ 3IJ.L 11!tU 3q)
11! }O ~SodS!p 3q lSntU 11!q1 3np!S3J ){JI!q

pooA\dlnd 341 qJ!A\ aJnJX!tU U! tU3qJ wnq
01 S! sd!q~ ;}41 JO} ;}Sn 1U;}!~!jj3 lS0W 3IJ.L

"gu!geJnoou;}
AJ;}A ;}Je ~!JJ ;}QJ JO sqJUOW Z/I £ JSJ!J

;}qJ WOJj sJlnS;}"M "J>;}JS;}J gU!~ ;}Je SW;}JSAS
.SJURa~RJnO;)Ua

S~J} JUOS !Rssa,I ap S!OW sJa!waJd S't sap sJRJInS~J



£61

RT S~JdR a"anp!s~J aSSewo!q e( ap aJ(oJ;;U ap sJI)°J

saT 'SJO(q xnap JnS "JO(q anbeqJ ap al[oJ;;U ap sJI)°J
saT Ja ~J!A!JJnpoJd RT UO!S!J~Jd JaAe ~Jnsaw R uO

ow ~"l ap pUOJ S!oq np aJ!npoJd Jnod a2Rnbsnq~p Ja

oonoJ ap sanb!SS8TJ sapoqJ~w sa( ~S!(!Jn R uo JOTq

Ja!wap aT Jns anb SJO(R "l'l a(~poy.,r JaJsaAJRqd!q;)

)(J1!qJoy.,r aun J1!d ~mJajja xnRoooJ ua as!w

RT Ja 2u!.lqao)I asnanbsnq~p-asnaJJeqe aun,p ap!R,(1}
aJ!Rj ~J~ R sJO(q S!OJJ ap aJ(oJ~J e'l "a(RJoJ assewo!q

RT ap aJ!RJuaAU! un ~mJajja ma uo,nb s~Jde eq 'l ap

SJOTq aJJenb SURP aJTo~J aun I} ~p~Jo"ld SUOAe snoN

It!np!S~J ~q. gU!.S~A.rnq )0 S.SO;) ~q. S){;)Olq
0,\\. uo "AI~.t!Jn;x)t! p~JnSt!~ill ~J~i\\ )(;)Olq

q;)t!~ gU!.S~A.rnq )0 S.SO;) pUt! AJ!A!.;)npoJd
~q.L "pooi\\punOJ ill £"Z ~;)npoJd

o. s~nb!uq:>a. P!){S pUt! .n;) It!UO!.U~AUO;)
)0 SUt!~ill Aq .n;) St!i\\ ){;)()Iq gU!U!t!ill~J ~q.

~(!qi\\ 'J~.s~A.rnqd!qJ )(Jt!qJOW ZZ l~poW ~

Aq ~dd!q;) pUt! J~PJt!AUod-J~II~d gu!Jq~)l
~q. Aq p~.S~A.rnq ~J~i\\ S){;)Olq ~;}Jq.L

.AJO.U~AU! SSt!illO!q (t!.0. )0 UO!.~ldillo;)
~q. J~I)t! p~.s~A.rnq ~J~i\\ S){;)Olq t!q-Z Jnod

.d 6 .111-X-W .d~~ .oJUJ 'lu~:) 's~~ .JOd lpBW

'.AJ~S .JOd .UR:) '.UR:) .uOJ!AU3 .)[;)!i\\surug i\\~N IRJ~U~;) U! pUR~S pooi\\pJRq ~URJ~IO~
R U! ~U!dd!q;) pUR ~U!~S~AJRq SSRWO!g .0861 .cr.£) '3J.'lVV~ NV A :.S.g 'W'lOHSIH:)

.~J!~np!s'}J ~SSIJWO!q ~I ~p ~JI°;)'}J IJI ~p sC)nb!wouo;)'}
sJ;)~se s~p J~ '}J!I!q~S!~j IJI ~p JUc)W~A~!Jq suoJn;)S!p

snoN .~I~uuOU ~no;) IJI s~JdIJ C)J!IJnp!s:JJ ~sseWO!q

~I ~p ~JIO~J IJI ~p JrJ°;) ~I s!Jdwo;) f. '~II~;)Jv.d

C)nb~lf;) suep ~JI°;)'}J IJI ap JrJ°;) al J~ Juaw~puaJ
~I ~s!~Jd UOOIJj ~p :JJnsaw SUOAIJ snoN .aII~:UIJd

~nbIJlf;) su~p alIJJoJ ;)SSIJWO!q IJI ~p aJ!IJJuc)AlI!.1
'}ssaJP pJOqIJ.p J~AIJ UO .;)w~!JIIJnb IJI suep w !,", ~p

pUOJ S!oq np Jues!npoJd ~gIJnbsnq9P C)P J;) ~gIJIIIJqIJ.p

~nb!ss~l;) ~d!n~ ~un,P I~ 'S;)II;);)JIJd sap S!OJI SUIJP

'IJv.qJOW -gU!Jlfao){ SJC)!IU;) S;)Jq.IIJ. P ~sn~lanb!lf;):Jp

~un,p ~P!IJ.II} S;)JIJJ;);)lf xn~p ~p S~II~;)J1!d
~JJIJnb suep aJIO~J aun I} ,}p:J;)OJd SUOA~ snoN

.AIJ~!Jq f>')SS~!P
S! re!J~.RW renp!S~J S!qJ ~U!.S~AJRq

JO S;)!WOUO~ pug A1!I!q!SR~J ~({.L

.UO!.eJ~O leWJOu ~qJ JO UO!1~ldwoo J~1JR
SSeWO!q lenp!S~J ~q1 ~U!.S~AJRq JO 1S0;) ~q1
~U!pnl;)U! 'AI~.eJn;);)e f>')JnS1!~W ~J~A\ 'I;)Olq

q;)ea ~U!.S~AJRq JO S1SO;) pug At!A!1;)npoJd

~ql. 'pOOA\punOJ ~J1~W ~"Z ~u!;)npoJd
A\~J;) P!'Is pug 1n:) reUO!1U~AUO;) R Aq

qllnoJ ~q. pug W~.SAS ){JRqJOW-~U!Jq;)O)l

~u!dd!4;) aeJ1-~104A\ ~q1 Aq aeJq1 :AJO.U~AU!
SSeWO!q le.o. pa.R!;)OSS1! ue JO UO!.aldwo;)

~qJ Ja.JR p~.saAJRq ~J~A\ S'I;)Olq Rq-Z mod

.0861 a-9'l q;)Jew 'o!Je~uo 'eMe~~o 'JeU!W~S aW"M f..3'J~UOO!g pUO~S
;)oJd uJ £6'l- 16'l S~3'ed .)(;)!MSurug M~N IeJ~u~;) U! ~S~JoJ pOOMpJeq ~ueJ~Io~/pooMP~X1w

Jo U~JU P~~;)~I~S e Jo 3'u!dd!q;) PUg 3'U!~S~AJuq ssewo!g .0861 .S.g 'W'lOHSIH;) .S8£

°JJoddBJ
31 suep pJe~'} UOS ~ 3J!tlJ JS3,U UO!JBAJ3SqO 3un:>nB

'3POq}'}W 3JJ3:> ~ 3JnOJ 3P SJno:> U3 S~m:>aJJa

SUO!JtI:>!J!POW 3P SIl!°W ~ 13 sJn3II!t! 3J!J;)'}P

JS3 S3'}UUOp S3p uo!JuaJqo,1 Jnod 3'}s!I!Jn 3poqJ'}W

tI'1 °ll!tlW aJ~!W3Jd ap sJtlJlns'}J sap UO!JBJ'}JdJ"JU!
"un J" SUO!JBPUtlWWO:>3J s"p 'SUO!JBAJ"SqO

s"p "WJ"JU~ I! J" Ju"Js!sqns A !nb SUO!J!puo:>

s"p 3nb !SU!B S~J!BJJ SUO!IBJS s"p "un:>Bq:>

suep S3'}AJ3SqO SUO!I!puO:> sap 3vP! 3un Iu"wa{t!~'}

"uuop I! ~S"J!BIU"W~!~ sdw"J s"p "pm~ "un,p

SUo!sn!:>uo:> S"! "wns'}J JJoddBJ "I 'n"!1 J3!W"Jd U3

"JJod3J S!qJ U! 3peW 3J3A\ J!

UO SJU3WWO~ OU 'V3J~3"OO ~U!3q 3J3A\ A3qJ

3I!qA\ p3~ueq~ seA\ J! ss3Iun vue '3J3qA\3SI3

p3U!eJUO~ S! eJep 3qJ ~U!J;}3"O~ U! p3Sn

A~OIOPOqJ3W 3~ "UO!JeAJ3sqo pueqJSJ!J
WOJJ p3U!eJqo sJIns3J 3qJ JO UO!JeI3JdJ3JU!

vue SUO!JS3~nS 'SJU3WWOO 3P!AOJd

OJ vue '~U!U!t!waJ SUO!J!PUO~ 3qJ vue
p3Je3JJ aJ!S q~ea Uo paJaJuno~ua SUO!J!PUO~

3qJ JO UO!le~!pU! ue 3A!~ OJ V3puaJu! osIe

S! Jl "AI!JRUl!Jd ApmS 3W!J 3qJ JO S~U!PU!J
34J az!JRwwns OJ Jue3W S! JJ003J S!~

"d £1 "11£-d "MOdN3

.da"M S,JO~;)RJ~UOJ lqndufl '"~uaJ "sa"M "JOd sa)[R'] ~RaJD '.Alas 'JOd .URJ '.URJ 'u°J!Au3
.sIR!J~ Ja~saAJP.H qsrug au!qwoJ aqRJJ Jo ~uawssassR PIa!d "~861 .v.a 'NO"M3WVJ



v61

}q~!W le!Ja}ew paqslUJ jO aJua!I!s;u
t(3!q aq} t(3noq}IV .A}!lenb ~U!qsIUJ nOJ

aAoJdW! AI!J1!SSaJau }OU Op saJJOj ~U!qsIUJ

q~!q 'aldew pal aJue}sU! JOj 'Sa!Joos

A}!SUap-q~!q vue Wn!paW q}!!t\ .J!ed
al~U!S e O} pasoddo se SJanOJ jO SJ!t!d OM}

q}!,\\ paSeaJJU! ApueJ!j!~!S aJe Sa!}!~~d~J

~U!Ja}eMap 'sa!JOOs awes aq} qJ!M 'n!}S

.Jeldod A\OnaA jO ase~ aqJ U! AIJelro!JJed

'SJa}U!lds jO AJ!Ienb vue ~U!Ja}~Map

IeJ!ueqJaw pa}:>;}jje spaOOS Jan°"M

"sJna!J~JIn ageJ:Jedwo:J aI Ja sJolIeq ua as!w
eI JaJ!I!:Je} J!RJJnod alIa 'ageq:J~s uos Jaq:Jgdwa 1nad

~J'J'} S!oq np a:Jua!I!s:}J aJJO} eI !S awgW °agI!Jq!}:}p
np ~J!fI!nb I!I JuawaJ!l!ssa:J~u sl!d aJO!I:}WI!, u

agl!AOJq ap ~AaI:} a;)JO} I!I 'agnOJ aIqI!J:},I
aIdwaxa Jl!d 'a~AaI~ Ja auuaAOw ~J!suap ap S!oq

V sa:Juassa sat zaq;) "aInas aun,nb JQJnId xnl!aInOJ ap

saJ!l!d xnap as!I!Jn uo !S JuawaIqI!J:}P!Suo:J aJuaw'3nl!

UO!JI!Jl!lpAqS:}p ap :}1!:Jl!dl!:J I!I 'a:Juassa awgw I!I

zaq:J 'JUI!JJnod luaw;)Jv!In:J!)Jl!d Ja!d!InJ ap 'S!oq ap
sJI!I:J~ sap ~J!fI!nb I!I Jns Ja anb!ul!:J:}w UO!JI!Jl!lpAqS~p

I!I Jns :}nIJU! I! xnl!aInOJ sap aSSal!A I!'l
"a~s aq! paU!1!waJ

A'BJaua gU!JaJ1!A\ap aU!q;)1!W pUt! paTqnop

A~JaUa UO!!nU!WWO;) aU!q;)1!W 'SJanOJ

}O J!t!d a,gu!s 1! q!!A\ padd!nba UO!SJaA

JaUJJO} t! OJ !St!j}UO;) UI "Ja!1!A\ ~)[/rw

O"V put! ooZ 'roT S1!A\ A~JaUa ~u!la!1!A\ap

aU!q;)RW pUR' .LOo/rw l81 pUt! 6£1 'srI
SRJ\\ AgJaUa uo!JnU!wwoo aU!q;)t!w 'JapJo

allies aqJ UI °aldew paJ aq! JOj .LOO/rw

Z£l pUt! aU!d Allolqol aq! JOj .LOO/rw
O£9 'Jt!ldod A\OnaA aq! JOj .LOO/rw Z99
O! pa!unowt! A~Jaua uo!JnU!wwo:> al;)A;)

.;)W~W el ;)'}JS;)J JS;) ~u!q:>ew Jed UO!JHleJPAqS'}p

;)p ;)!'3J;)U'} , 1 J;) '}Iqnop e ;)U!q:>HW JlJd UO!IHIU;)W'3HJj

;)p ;)!'3J;)U'},1 'xne~lnOJ ;)P ~J!Hd ;)In~s ;)un,p

~Jop ;)In;)!J'}Jue ;)JUe!JHA ;)Un ~ JU~W;)A!JHJlJdwoJ

.ne~,p '3)f/fJt\l 0'17 ;)P J;) O'Z ;)P '1'1 ;)P J!el'}

;)u!q:>ew JlJd UO!JeJHJPAqS'}p ;)P ~!'3J~U'}, 1 J;) ';)JPAque

;)UUOJ/fJt\l L81 ;)P J;) 6£1 ;)P 'SII ;)P JU;)W;)A!J~S;U

J!eJ'} ;)U!q:>HW JlJd UO!JHJU~W'3HJj ap ;)!'3Jau'}, 1 ;)nb

S!pueJ ';)'3noJ ;)lqeJ'},p Z£L ~ J;) SU;):>u~ ~ u!d ;)P 0£9

V 'Ja!d!lnJ ;)P ;)JpAquH ;)UUOI/fJt\l Z99 ~ ;)'}A;)I,} JS;),S
;)IJAJ JlJd uo!JeJU;)W'3HJj ~p a!'3J~u'},p asuacI'}p e'l'[t!!.IaJt!w JuaJuo;)

aJnJS!Ow 11!!J!U! ~!q qJ!A\ aA!J:>aJJa JSOW
aq OJ ~Jeood1! 2u!AJp pUt! 2u!.IaJt!A\aQ

.AlaA!J:>adsaJ %£.0£ pUt! %£.68 '%£"06 Jo
Jua}UO;) aJnJs!ow Jo uo!J;)npaI t! JuaA\J;)pun

ald1!w ~J pUt! au!d AlIolqoI 'J1!Idod A\OnaA
JO Sanp!SaJ aqJ 'aJnsodxa uns qJ!A\ 2U!AJp

J!t! Jo SA1!p aA!J ~JJV "%IZ OJ %1 WOJJ
2U!2u1!J Sanft!A qJ!A\ 'ald1!w ~J JoJ %£"£

pUt! au!d AnolqoI JoJ %0"6 'J1!Idod A\OnaA
JoJ %6"6 ~21!JaA1! 2u!.IaJt!A\ap ft!;)!Ut!q;)aw

'~A~I~ J!I!J~ S!oq np
~Je!J!ll! ~J!P!wnq, I puenb s~:>I!:>!JJ~ snld J~!I!lqw~s

~~l!q:X}s ~I !~ UO!JI!II!JpAqS~p 1!'11u~w~A!J:>ads~J
'0/0 S'OS ~p !~ S'68 ~p 'S'06 ~p J!I!J~ sa:>u~ss~
S!oJ! s~p snp!s~J s~p ~!!P!wnlj, I ~p uo!!:>np~J

~p xnl!! ~I 'I!~IOS nIl 'J!I!, I IJ ~~l!lj:X}s ~p sJnof b!J!:>

s~JdV '0/0 IZ IJ I ~p JUI!!JI!A xnl!! s~p ~III!AJ~J!J!,1
'~~noJ ~lqI!J~,1 z~lj:> 0/0 ['S ~p J~ su~:>u~ IJ u!d ~I

z~lj:> 0/0 0'6 ~p 'Ja!d!lnt ~I z~lj:> 0/0 6'6 ~p ~UU~AOW
u~ ~J~ I! ~nb!ue:>~w UO!JI!JI!JPAljSgp ~p xnl!J ~'l

le!J;}JeUl P;}qsru:> ;}qJ
Jo ;}JeJ g~A.Jp ;}qJ pug SJU;}Ul;}J!nf>;}J AgJ;}U;}

SJ! .J;}»!Ids IIOJ ;}qJ Jo AJ!I!qe gu!J;}JeA\;}p
;}qJ gU!AJ!Juenb Je P;}Ul!1! pug (;}~d AIIoIqoI

pug ;}IdRUl ~J 'JRIdod A\OIl;}A) S;}!:>oos
ApOOA\ ;};}JqJ uo ~J:>npuo:> ;}J;}A\ SJS;}J ;}~

.saySUJ;)'} saJ~!.jUlU sap agu4;)yS ap assa.j!A UI
}a xnuaInOJ V maJq!jyp np a!gJauy,p U°!.JUlUlUOSUO;)

UI .ja UO!.JU.jUJPA4SyP ap y.j!;)udu;) uI Ja!j!.Jucnb
V .jua!l!S!A '(sua;)ua V U!d .ja agnOJ aIquJy 'Ja!d!Ifi.\)

sasnaug!I srouassa S!OJ.j ms syfi.\;)ajja 's!ussa sa']

.d IS .8G-~S .d~~ .~S 'JI~~ .J~U!Ids
1l0J Iunp ~q} Jo ~A}o}oJd IU}U~w!J~dx~ ~q} Jo ~U!}s~} PI~!J 17861 'S861 .V '.L'lflVS flG 'L8£

.passn:JS!p Aua!.JQ alP. SSRWO!q IBnp!saJ

S!qJ gU!JsaAJeq }O S~!WOuooa pun AJ!I!q!SRa}
a\lL .paU!~Jap OS{B aJaA\ JsaAJeq

IRWJOU aqJ }O UO!JaIdwo~ JaJj1I SSRWO!q

.;}II;}np!s~ ;}sstJWO!q ;}~.;}:> J;}ijo:>~ ;}p
~J!I!qtJJu;}J tJI ;}P J;} ~J!I!qtJS!tJl tJI ;}P JU;}WaA?!Jq aJ!tJJJ

;}I:>!J.rn Ja;} .s~U!IUJ;}J~P ~J~ !ssntJ JUO ;}ItJIUJOU aijo:>~J



~61

~p SJIJ°:) s~I ~nb S!RW '~IqRS!JI!~J

Ju~w~nb!uq:>aJ J!I!J~ ~SRq ~p Jd~:)uo:)

~I ~nb ~JJuow R S!RSS~ S~p SJOI OOAJoJoJd

np ~:)ueWJojJ~ I!I '~Iqw~su~,I sueQ

UO!JeJuaw2eJl) uo!JeUJ.I°lsueJJ ap aW\,JSAS aTqnop
un aJJodwoo an3 "SJa!IUa SaJqJt!,p a2eq:>ueJq';l,p

suo!leJ';Ido,p aJ!ns e( 1] 'aJnoJ ap aJnpJoq ua

S';ISS!t!T snp!s';IJ sa( JaJ';Idro'}J Jnod SJ;)!JsaJol su!waq:>

sa( Jns a:>e(d';lp as !nb '~';Is(ndoJdome ~U!q:>ew ~un

Jsa d'M'l ;)j "epeueJ ne s~';Inb!leJd uO!lel!o(dxa,p

sanb!uq:>aJ saT suep ~nb !su!e '~(e!puow ~n~q~.(

1] s~nb!J';I2Jau';l sU!°s~q S;)I suep 2"86 I -0861 ~po!J,?d
el JueJnp snU;)AJns sJu;)wa2ueq:> xne ~JPuod:}J

mod J!ruJSUO:> Jnl 'snp!s:}J ~p ~sn~AoJq-;)sn~lu~w2eJl

no 'd'M'l ap wou np OOAIOIOJd aw\,!xn~p un

"~JnOJ ~p ~JnpJoq u~ snp!S~J s~I J~~;mq:)~p

J~ J~JJodsueJJ 'J~Inwn:):)R (f) ':)RJA

u~ Uo!Ju~JnuRw ~un JueS!JOARj SUO!su~W!p

s~p 1} I~!J~JRW ~ ~J!n~J (Z) 'Ios ~I Jns

S~SS!RI snp!s~J s~I ~~RSSRWRJ ~p JnoqWRJ

un,p ~P!R.I 1} J~J~n:)'}J A Jnod Mno:)

~p ~JJ~JJed ~I Jns J~JJ~u~d (I) : s~JueA!nS

SUO!JRJ~O s~I Jam:)~jj~,p ~IqRdR:)

J!RJ~ 'MOdf1:)3'M ;)'"} "'MOd-f1:)3'M np
M,\JoJOJd np UO!J:)nJJsuo:) RI 1} Z861 ua n~!I

~uuop IJ J~roJd ~I 'MRJ~ ~J?!w~Jd ~un SURa

";}U!q;)1!W ;}II;}J
;}un.p (1!!;)J;}WWOO Ju;}waddo(;}A9P ;}( Ja!1!Jsnf Jnod

S'}A;}('} dol} Jua!1!~ ;}SSEWO!q aJJa;) ap uo!}EJ'}dro'}J

'UUB + 'd 1£ '(OIG'-d "MOdN3)
9£-S"M ';);)ds 'ddB"M 'JI"M3d ';)J?!~S;)JoJ ;)SSBWO!q BI ;)P UO!~BJ9dn;)9J ~I ;)p ;)nA U;) d"M'l np

~;) "MOdnJ3"M np s;)dl..~o~oJd S;)P !BSS;),I ~ ;)S!W~;) ~u;)w~dOI;)A9a '9861 'V '.L'lflVS no '68£

.s!R5ueJj aT mod 68£ -'loA

l!un
1t!!:JJawwo:J t! spmA\oJ JaqJJnj au!q:Jt!w

S!qJ dolaAap OJ q~!q OOJ aJaA\ sSt!WO!q

jO adAJ S!qJ JOj SJSO:J AJaAO:)aJ aqJ Jt!qJ

Jnq 'alq!sl!aj AI{t!:J!uq:JaJ St!A\ saJ!s ~U~~OI

uo Jjal sanp!saJ ~U!JaAO:JaJ jO Jda:Juo:J

:J!Sl!q aqJ Jl!qJ paqs!lqt!Jsa s{t!!JJ aqJ ~U!Jnp
a:Jul!UlIojJad adAJOJOJd aqJ 'aloqA\ aqJ uO

'~PI!W ~J~,\\

~dAJoJoJd ~qJ 00 suo!Je:>!j!pow ~wos j! p~q:>e~J

~ PI no:> HWS/s~uUOJ U~~J~ 02' jO I~A~I AJ!A!J:>npoJd

e JeqJ p~Je:>!pu! sijns~J JS~J ;)qJ pUR '1786 I U!

U~)(1!JJ~Pun ~J~A\ d~'l ~qJ UO SJS;)J AJeU!W!I;)Jd ~WOS

'sa!}!I!:>Rj gU!IPueq UO!I:>np~J JaljR-pUR-~JOj~q
q}!M '(gU!II!W JaWwRq pUR gU!JP.aqS) ssa;)OJd

UO!}:>npaJ agR}S-oA\} R q}!M padd!nba S! q 'SUO!}RJadO

gU!qW!Iap aaJ}-~IoqM J~ljR ~P!SPROJ }R ijaI S~np!S~J
gU!JaAO:)aJ SpROJ gU!ggOI UO SIaARJ} q:>!qM 'aU!q:>RW

palladOJd-jI~S R S! d'M'l ~llL 'po!J~d ",8-0861

a4} U! paJJn;x)O }Rq} s~:>!I:>RJd gU!ggoI UR!peUR;) pUR
spaau ,(gJaua PIJOM jO aguRq:> aq} MOIIOj O} JapJO U!

n!nq uaq} St!M 'd'M'l ~q} P~IIR:> 'adAlo}oJd PUO:)aS V

"ap!speOJ .e sIunp!saJ peoIun
pUt! }JodsUt!J. 'aJo.s (£) 'gU!IPUt!q JoJ

aIqe.!ns saZ!s o.U! Ie!J3.ew S!q. a.nu!wwo:J
(Z) 'sanp!saJ gU!220I punoi3-alp-uo

'wnJP 2u!.:)aIl°:J e q.!A\. 'JaAOOaJ pUt! 3.!S
2U!ggoI aq. Ja.U3 (I) :2U!A\.°IlOJ aq. gU!OP

Jo aIqede:J seA\. "tl Odfl;)3"tl 3{{.L .:J3foJd
alp Jo age.s .SJ!J aq. Jo .InsaJ aq. se Z861

U! .I!nq seA\. adA.o.oJd "tlOdfl;)3"tl a{{.L

.dd~ + .d Z£ .(OIZ-cI
~OdN3) 9£-~S .d~~ .;)~dS 'JI~3d .AJ~AO;)~J SS~WO!q :J.S~JOJ JOJ «I'M'l pU~ ~O.dflJ3"M)

S~U!q;)~W ~A:J.o:J.oJd OM:J. JO I~!J:J. pu~ :J.u~wdOI~A~P ~q.L .S861 .V '.L'lflVS flG .88£

'suo!Jemo
uo!J;)edwoo pue ~u!Ieq Juanbasqns

aJeJ!I!;)ej PIno;) J! '~u~ apadw!



961

"~J!Jd 1J xnu~do;) sal
~ldwax3 Jv.d '3pUUJ~ snld In;)IUA 3Un,p t!npoJd un

ua snp!s:}J sap a!tJUd aun,p all;)!Juatod UO!tUS!JOIUA

111 3P anb !SU!11 UO!JRWJOJSUUJJ 111 3P :}J!;)11;)!JJa, 1

ap '3!qd11fJodoJ 111 ap pu3d:}p sgAnOJd:} saw?JSAS S3p

anb!wouo;)g gJ!I!qus!1!J R'l "sal!qow saSn3t3nb!q;)gp
xn11 atUUA11JtJ11 tu3w3nb!uq~t 3~uuq~J ap uo!Jnlos

aun tS3 San!11S!;) 1J 3sn;)uuo5uoJt-3sn3q;)UUJqg ,I

anb 1uaJtuow s11111nsgJ s;::IS "StI)O;)/S3~RJUUA11 tJodd11J

np asAI11uu,1 ta 3nb!Jg~Jaug UUI!q np In;)IR;) al

1!1!tJodwo;) apm:}, 'l "3Iq!Jsnqwo;) ~p UO!tRWWOSUO;)
111 t3 sJI)O;) sal ':}t!A!t;)npoJd ul :}u!WJaJgp

11 uo 'UO!t11WJOJSUUJt 111 ~p adRt:} 3nbRq;) Jnod

.sd!q;) dInd se q;)ns
J;)npoJd anIRA-Jaq~!q R OJ Sanp!SaJ ~U!~~OI

aqJ Jo uo!JJod R ~u!pRJ~dn JOJ Jt!!JuaJod aqJ

pUt! uo!JRJado ~u!ssa:>OJd aqJ JO A;)Ua!;)!JJa
'SUO!J!PUO;) ;)!qdRJ~odoJ uodn spuadap

paJsaJ SWaJSAS aqJ JO AJ!I!q!seaJ ;)!wouooa

a~ 'sJadd!q;) aI!qow OJ aA!J~waJIR
aIq!seaJ AII~;)!uq;)aJ ~ S! WaJSAS ~u!ssa:>OJd

MAJ-JRaqs R JRqJ aJR;)!pU! sJlnsa"M 'S!SAJt!Ut!

J!Jauaq-JSO;) R pUt! uo!JRln;)I~;) a;)Ut!I~q
~Jaua Ut! papnI;)u! ApmS a~ 'UO!J~Jado

aqJ JO aseqd q;)~a JoJ pau!UJJaJap aJaA\ ~J~p

uo!Jdwnsuo;) lanJ pUt! JSO;) 'AJ!A!J;)nPOJd

.sa(q!!snqwo:> xnl!ado:> ua a?UUoJsUl!JI
aJ!~ A Jnod alyd ap au!sn aun SJaA a?IJodsUl!J!

?I? I! snp!s?J sa:> ap a!lJI!d auf} 'auuoJ!un

Jnan~uo( ap S!OIl!q ua snp!S?J sa( J;)dno~p ~ !AJas

1J !nb 'sall!1JS!:> ~ a(!qow asn;)q:>UI!Jq?-asnauuo5uoJ!

aun !!rulsuoo !a n5uo:> I! uo 'sa(!qow sasna!anb!q:>?p

;)P 'a:>l!(d ms '!o(dwa,( ~ !uasoddo,s !nb SUO!!:>!J!saJ

sau!1JIJa:> !a saw~(qoJd sU!I!IJ;):> J!uaA?Jd ap U!JV
'ap!1JJ aluad aun Jns snp!s?J sap ;)~I!(!dwa, ( ~ !AJ;)S

1J a~I!J?qd?(?1 ap ;)(!qow Jno! ;)uf} .a~I!((!l!ssnoJq?p

ap aurnI aun,p ?!OP sall!u;)q:> ~ Jna!:>BJ! un,p ap!I!,(
~ ~n):>aJJa ?!~ I! ';):>nop !U;)wgJ?POW ;)Iuad dun

Jns 'a~I!I!dwa, 'l 'SJa!w;)p s;):> ap SI!I xn;)p ?m!ISuo:>

B uo !a adno:> ap snp!s?J S;)P aJ!l!luaAu!,I !!BJ

1J uo is;)no a!Q;) I!I ;)P adno:> ap sa.u;)lJI!d sa( SUl!p

s~AJasqo !uawa(l!uuou sanb!qdI!J~odol SUO!!!puo:>
ap awurn~ aun,p SaA!II!!uas?JdaJ 'SUO!!I!!S xnap SUBQ

'sd!q:J Ian) OJU! 'JU!ssa::>o.rlaJ
JO) II!W d[nd 1! OJ paJJodsOOJJ S1!A\ Jt!!JaJ1!W

S!qJ )0 awos 'qJ'JuaI WJo)!un )0 sJIoq
OJU! sanp!saJ Jt!aqs OJ pasn S1!A\ Jossa:JOJd

al1.L lI!nq poo pau'J!sap S1!A\ Jossa:JOJd
adk-Jt!aqs aI!qow H 'saJ!s PIa!) J1! sanp!saJ

'JU!'J'J°I ssa::>OJd OJ SJadd!q:> al!qow 'Ju!sn

)0 SUO!J1!J!lli!1 poo swa[qoJd aqJ )0 awos
~wO:>JaAO OJ J~pJO uJ "aJ!s padOIs AI~aJS

1! UO sanp!s~J pJt!A OJ pasn S1!A\ JaA\OJ

p1!a[q'J!q a[!qow V "aJ!s padOls AlaJ1!Japow
1! UO sanp!s~J ~I!d OJ pasn S1!A\ ap1!lq qsruq

qJ!A\ JOJ:J1!JJ J~IA\1!J:> V "Sal!d OJU! p~J~no:>
poo pa!JOJuaAU! aJaA\ sanp!saJ 'JU!'J'J°I

'saJ!s 'JU!'J'JO[ JS1!O:> JsaA\ uo paJaJunooua

AIJt!WJOU SUO!J!PUO:> :>!qd1!J'JodOJ
)0 a'JOOJ 1! 'Ju!JuasaJdaJ saJ!s OA\J uO

.J~UU~jU~J
~p ~Iq!Jd~;)sns JS~ ~J~!W~P ~JJ~;) ~nb ~!~J~u:J, I ~nb

!sU!u S!oq ~P ~Jq!j uI ~P UO!JHs!I!Jn,I J~~HmO;)U~,p
J~ J!oAnotUoJd ~p U!jU ~dno;) ~p snp!s:JJ s~p

UO!JUUUOjSUUJJ uI }~ ~}:>aII°;) HI mod SJQO;) xnu }uunb

S~;)U;)!jj~ Sj!}!SodsW s~p }u!od nu aI}}~tU }nHj II

" Jl!!JeJt!w

S!qJ u! elqeI!t!At! AIIe!JueJod A~JeUe

pUt! Jeq!J pooA\ JO uo!Jez!I!Jn eqJ e~eJno"ue

pUt! eJowoJd OJ JepJO U! pedoleAep

eq Jsnw senp!seJ ~U!~~OI ~u!sse:>oJd

pUt! ~U!J"eIIO" JoJ SWeJsAS Jue!"!JJe-JsoJ

°dd~ + °d 1£ 0£81-d

"MO.!:lN3 °d~"M S,JO1.;)~J1.UO;) lqnduf) 'P~1.!W!'l I~UO!1.~UJ~1.uI ImS~J°.!:l °SW~1.SAS ~U!ss~;)oJd

~np!s~J ~U!~~OI Jo 1.u~wdOI~A~P J~1{:jJn.!:l 0£861 °ill'l 'lVNOI.LVN"M3.LNI 'lV.LS3"MO.!:l °06£

'QS!I2U3 JO} 88£ aas

~Iq!ssod }!1!J~S I!.nb ~nb!pu! }UO 17861 u~

s!Jd~J}u~ ~'] np S~J!RU!UJ!I~.:Jd S!1!Ssa sa']
l;)n};)e ~AJoJOJd

ne S~J.JOdde Jua!eJ:} suo!Je;)!j!pow sau!eJja;) !S

'AdWH!sap!wnq J OZ ;)P :}J!A!J;)npoJd aun aJPu!aJJe,p
luawaJ~JJ s'iUde Ja JueAe UO!Juamuew ;}p

sj!J!sods!p ;)aAe '(;}2eAOJq Ja a2eq;)ueJJ ;sed



L.61

"paJt!dwo;) aJaA\ aJOO aurns aqJ jO

suo!Uod JalnO pUt! Jauu! jO AJ!Suap aAge[a"M
"sa!:Jads q;)l!a JOj pau!urnxa SI!A\ sauoz padS

U!ql!A\ pUt! UaaA\J~ AJ!SUap U! UO!Je!-Wi\
"aUOZ padS Aq pazA[I!Ut! aJaA\ Sa!;)OOS

pooA\JjOS aU!u jO S33JJ sn[d paJ:Ja[3S WOJj
S3JO;) JuawaJ::>U! Jq~!3q-JseaJq jO S3!J!SUap

aA!JI![3J 3q,L "ApmS SSeWO!q e U! P3J:JaII°;)

eJl!p ~U!Sn Aq P3U!urnX3 3J3A\ Sa[qe!-WA

aJ!S pUt! 3aJJ JuaJajj!p aqJ pug AJ!suap W3JS

-3[OqA\ U33A\J~ Sd!qsUO!Je[3"M "paq!l::>S3p
3J3A\ SJoqJne JU3J3jj!P 3qJ Aq p3Sn

S!SA[l!ue puR ~U![durns jO SpoqJ3W 3qJ..
"paJI!II°;) pUI! paZA[l!ue aJ3A\ S3!:JadS 33JJ

e!qwn[o:) qS!J!Jg ZZ jO AJ!SU3P pooA\W3JS
uo I!Jl!p p3qs![qndun pUt! p3qS![qfid

'~"OJR;) ~w~w el ~p s~;m~!JvJx~

J~ S~Jn~!JvJU! s~!JJ1!d s~p ~A!JelaJ VJ!SU~P el vJRdwo;)
e UO 'saJ~!wap S~;) ap Jna!JvJu!.I'.! Ja saJ~!;)uawas

sauoz s~1 ~JJU~ vJ!suap el ~p UO!Je!JRA RI ~U!wex~

R uo .~;)U~SS~ ~nbRq;) Jnod 'snld xnaU!SyJ jn~u z~q;)

~u!JJ!od ~p Jn~Jneq '.! S~vAalyJd S~"oJe;) ap ~A!Jel~J
VJ!SU~P RI '~J\I!;)UaW~S ~Uoz el UOI~S 'vSAIRU1! R

UO 'aSSRWO!q RI ~p apm:} aun.p SJnO;) ne s~!II!~n;)~J

sa:}uuop ~p ~P!e.I'.! 'SUO!JUJS xnu J~ s~JqJe xne

JU1!1JoddeJ ~S s~lqU!JUA s~JuaJvjj!p S~I J~ ~J\'ldwo;)

~~!J el ~p vJ!SU~P el ~JJU~ Suo!JulaJ S~I ~U!wex~
e uO 'saJ!J;)vp vJv JUO SJn~mu sJu~Jvjj!P s~1 JRd

S~s!I!Jn ~SAIRUR.p Ja a~UUUOII!JU1!q;).).P sapoqJVw
S~'l '~nb!uU1!J!Jg-a!qwoloJ el ~p S~;)u;:!Ss~ GG

ap ~~!J 3P S!oq np VJ!SUap el Jns saJ!PVU!

J3 S3~!lqnd s~vuuop s~p vlqw~SSUJ J~ vsAleU1! e uo

"d 8Z "~££-d ~OdN3 "dd~ lqndufl '"~d~ lsdM '.woJ .~J

)l~NI~Od .~!qUlnIoJ '4S!~PH U! Sd!Jdds ddJ~ }O A~!SUdP rooM .L861 .s.r 'Z3'1VZNOD "Z6:E

'~2RJJnRq;) ~p S!oq np ~!l}Snpu! ~un.p
}U~W~SS!lqR}~. I V ~1;)R}SqO un J~m!}SUO;) }!RJJnod

!nb ~;) '~;)JnOSS~J ~nb }UR} U~ ~UlnR.p S!oq ~p

S}OOUR~J S~p UO!}RS!I!ln. I JnS ~nb!J!;);;Ids UO!}RIS!2~1

~p sed ~}S!X~.u II lQd;;lP un.p l!}JRd V UOS!RJA!I ~p

}~ UO!SJ~AUOO ~p SUO!}RJ;;Ido s~p ;)~AR ~IU~P!;);)R nad

u!RJJ~} Jns ~A~I~J ~2RU!RJ} ~p ~W?ISAS un V ~Idno;)

~U{nR,1 ~p UO!}R}!Oldx~.p ~W?}SAS un }!RJ~S uo!}nIOS

~Jn~II!~W RI ~nb suosuad snou '~2RJJnRq;) ~p S!oq

np uo!};)npoJd ~p SUO!IRJ;;IdO s~p SadRI~ SJna!Snld ~p
s~nb!wouo;)~ S}~SR s~p U~UJRx~ un s?Jdy "SUOS!RJ

S~SJ~A!P Jnod ~Iq!uods!p sed }S~. u ~!}JRd ~Jn~rRW

RI }UOP S}U~URW~J ~p 4s~!d 098 tZ8 VI) S~pJO;)
01t tt.l }!npoJd ~l!R ~}};}:) SURp ~UlnR.p S!oq np

UO!}R}!Oldx~,1 '~~UUR ~nbRqJ '4sp;J!d OOS OZt. It)
S~pJOO Of8 0617 V ~W!}S~ }S~ ~pm~,1 ~p ~J!R.I

SURp ~ulnR.p S!oq u~ IR}O} }U~W~UUO!s!AOJddR, 'l

"100Z UR.I !;)!.P S;JP.lO;) 000 611 V J;Jlqnop
~nbs~Jd V ;}'}laddR }S~ ~II~ }~ 1861-0861 ~po!l~d

RI Jnod S~pJO;) 000 t9 V ;}'}J?pow UO5RJ ~p ~~W!}S~

~}~ R ~2RJJnRq;) ~p S!oq ~p ~pURW~p R'l "J~AnO;)URA
~I!.I ~p ~IRUO!P!J?W ~}!W~J}X~.I ~W~;)UO;)

!nb ~;) 00 ;}'}u~w ~}~ R aJ!R!I!;)!WOP ~2RJJnRq;)

~p S!oq np ~!l}snpu! ~un.p ~}!I!qR;)!}RJd ~p ~pm~ ~un

° AJJsnpu!

poo/\\lanJ e JO Juawqs!IqeJsa aqJ OJ

a;)ue;pu!q e aq AelU S!qJ pull 'a;)JnOSaJ e se

aJSI!A\ poOA\ JO JapIe JO asn aqJ ~U!PJl!~;}J

SIS!Xa UO!JeIS!~al ;)!J!;)OOS oN °q;)eoJdde
Jsaq aqJ S! Jod;}p e lUOJJ I.J;JA!I;}P pUt!

~u!ssa;)oJd pull 'W;}JSAS pe;}lq~!q dll!-!U!w
e ql!A\ ~u!ISaAJl!q J;}P{t! Jo lU;}JSAS e ;}A;}!I~

;}A\ 'paU!wIIX;} ;}JaA\ suo!JeJooo pooA\l;}nJ

Jo s;}le;)s {t!J;}A;}s Jo S;)!lUOUOO;} ;}q.L
'suose;}J sno!Jl!A JoJ ;}lqel!1!Aeun S! S!qJ Jo
q;)nlU Jnq 'eaJl! Apms ;}qJ U! pa;)npoJd ;}JI!

;}np!saJ ~U!~~01 Jo (JJ 098 vZ8 V 1) SpJO;)
01v vLl Jl!aA q;)1!3 "(JJ OOS OZL Iv) SpJO;)

Of8 06v ~ OJ paJelU!Js;} S! e;}JI! Apms ;}qJ

U! J;}Ple Jo Alddns {t!JoJ ;}Ili "100Z Aq splO;)
000 61 I OJ ;}Iqnop JSOlUlI! OJ paJ;)oox;}

S! pUt! 18-0861 JOJ SpJO;) 000 v9 Je
p;}JelU!JS;} AI;}A!JeAJ;)SUO;) seA\ pooA\;}J!J JoJ

puelU;}Q "PueIsI J;}AnO;)ue A Jo d!J W;}qJnos
;}qJ JOJ paJ;)npuo;) seA\ AJJsnpU! pooA\l;}nJ

~u!Je;}q ;}lUOq e Jo Apms AJ!I!q!SI!;}J V

'ddB + .d £~ °VZ~-X-Jg 'da"M 'oJuI 'luaJ .sa"M .JOa
';)Bd 'oAlas 'JOa °UBJ "UBJ 'UOJ!AU3 'puBIsI JaAnO;)UBA waq:).nos uo AJ:).SnpU! pooMIanJ

~U!:).Baq awol{ B JO A:).!I!q!SBaJ at{J.. °1861 °'1 'S3IA va ~'W 'a"MV A\ ~.a "1'13WW3D16£



861

s~1 JUOS ~J 'uo!Js~nb u~ sa;)~s~ sap allaJnJRu aJ!R,1

~p JU~!RUaAOJd saJq.rn sal J~ ?SAIRUR J!RJ? Jl)j ~p
S!oq ~I JnoJ s~lIanbsal SURP aSSRWO!q RI .ms sapnJ?,p

Ju~w~nb!un S~?J!J JUOS 'UO!IR;)!UnWWO;) ~"~;)

soop S(}:}Ju(}s?Jd JUOS !nb 'S(}UU;)!PRUR;) S(}J~j!UO;)
(}P sro?dS(},P Jl)j (}P S!oq np S~UU(}AOW S:}I!SU(}P

S(}I 'S(}lqR!.rnA SI(}I (}P Jajja, I wnw!u!w nR (}J!np?J

(}P U!jV 'S(}UU(}!PRUR;) SaJqJR, P sa;)\1ds~, P Il)j ~P S!oq
np (}UU(}AOW ~J!Suap RI J~U!lUJal';;)p Jnod aSAII1UR.P

J() (}gRUUOII!JURq~ ,P sapoql9w S~luaJ9jj!p J!RS!I!Jn
uo,nb ?I:}A?J R UO!IRIU;)Wn;)Op 111 ap apnJ? ~Ufl

watsua) qJJu'l 'sa!Jads aqt ;/0 a~Ut!J {t!JntUU

aqt WOJ;/ patJalas aJaM SaaJt pUt! pazJ..{t!U1J

SUM pOOMWatS IUtO} qJ!qM U! Sa!pntS

SSUWO!q O. pa.!ll!1 pUt! WOJ;/ paA!Jap aJP.

JaclUd S!q} U! pa}UasaJd sa!Jacls POOM};/OS

Ut!!PUUt!;) ;/0 Sa!}!SUap pOOA\Wa}S a~UJaAe

'salqU!JP.A qJns ;/0 }Ja;/;/a aq} az!W!U!W 0.1
'sa!Jacls adJ} Ut!!PUUU;) ;/0 J..}!SUap pOOA\Wa}S

a~UJaAU U!U}qo Ot pasn aJaM sanb!uq:Ja}

{t!J!Jf..{t!Ut! pUt! ~U!ldums }UaJa;/;/!p

}uq} p;:JMOqS aJntuJa}!1 aq} ;/0 Ma!Aa"tl

°6861 I!ldy 92-172 'O!lB1.UQ 'BMB1.1.0 'lBU!W()S a~'M A'El()UOO!H

UB!PBUBJ q1.U()A()S O~Old °P() 'UB~OH °N°3 U! 602-~O2 S()~Bd °S()!pmS SSBWO!q wall
~A!l()P s()!~()ds ()()l1. UB!PBUBJ Jo A1.!SU()P pooMW()1.S ()~Bl()AY °6861 °SO[ 'Z3'lYZNOD °176£

'S~J!S JO!J~JU! ~qJ pUB {BJseo~ ~qJ
JOj JeI!Ul!s seA\. adJJ ~qJ jO ~~e pUB AJ!SU~P

W~JS U~~A\J~ d!qsuO!JeI~J ~qJ 'J!j-SeI~nOa
JOd .AJ!SU~P W~JS UO SJ;)~jj~ ;}Iqe!JeA-~J!S

pUB -adJJ jO S!SA{eUB ;}qJ JOj AJ!un}Joddo UB

~P!AOJd pUB S;}!~S adJJ e!qwnloJ qS!J!J8

IZ JOj s;}nle,\ AJ!sU;}p W;}JS ~PI;}!i ApmS
sseWO!q e WOJj eJea .J;})fJOA\. JU;}w;}AOJdw!

;};)JJ ;}qJ JOj UO!JeWJOjU! jO ;};)JnOS

JUR}Jodw! UB ;}p!AOJd '{e!J;}Jew ;};)JnOS;}J

JS;}JOj ~U!JS!X;} Aj!JUBnb OJ P;}U~!S;}P
Allensn ;}Je q~!qA\. 's;}!pms ssewO!8

° Jnd!JgJU!. I dP Xnd;) Jd SJd!JQ;)

SU~JJdJ sdI Jnod dlqlJlqUJds JSd dJqJIJ.I dP dg~,I

Jd dg!J eI dP yJ!SUdP IJI dJJUd UO!JIJ(dJ IJI 'slJIgnoQ
dP U!dlJs np St!;) dI SUlJQ °dg!J IJI dP yJ!SUdP IJ( Jns

SU~JJdJ xne }d SdJqJIJ xnlJ sd?!I Sd(qlJ!JlJA dP SJdjjd

sdI JdSAIIJUIJ,P s!UJJ;Jd IJ Jd dnb!uuIJJ!Jg-d!qUJOI°;)

eI ~P SdJqJlJ.P sd~dsd IZ ~P dg!J eI dP yJ!SUdP eI
Jnod SJndIIJA SdP !UJn°j e ~ssIJUJO!q IJI dP dpmy ~u!l

°S~JqJlJ SdP uo!JeJo!Igurn. I ~P dnA Ud SJUdUJdUg!dSUdJ
dP d;)JnOS dJUlJJJodUl! dun JUOS 'SdJUlJJS!Xd

SdJ-?!JS~JOj Sd;)JnOSSdJ S~I J~!j!JUlJnb IJ uo5ej

dP SdroUOO JU~UJ~{t!UJJOU 'dSSIJUJO!q IJI dP Sdpmy Sd'l

.L861 fJ~ruq~d 81-91 "Jog
'puowq;)!"M 'J~U!W;)S a~"M A~J~U~!a U~!P~u~J q~X!S ';)OJd 'p~ 'J~~U~JD 'J U! 601-901

S~~~d '~!qwnloJ qS!~!Ja U! s~!;)~ds ~~J~ Jo A~!SU~P poo 1\\ '8861 's'r 'Z3'lVZNOD '£6£

"UO!l:);}l,)S el ~p S!e!q ~l Jed ~nb!l')U')g U!eg

un.p ')l!l!q!SSod el ~JjjO !nb ~:) '~A~l,) l!el') uO!lelS

~w~w el suep S~A~l~Jd s~uoJe:) s~p ~A!lel~J ~l!SU~P

el ~p uO!le!JeA el '~Jlne.l 1} ~JqJe un.a "')l!Jn}ew
V S!oq ne tJoddHJ Jed ~1!U~Anr S!oq np ~JPU!Ow

~l!SU~P el !su!R lueS!npeJl '~Jn;}!J~lX~ ')!l!OW HI suep
~Jna!J;;IdnS l~ ~uoJe:) el ~p aln~!J')lU! ~!l!OW el suep

~m~!J')ju! lu~W~leJ~u')g l!el~ snld salqJe s~p s~»oJe:)
s~p ~A!lel;}J ~l!SU~P e'1 ";}SS;}\l!;}!A el :)~Ae J;}nu!w!p

~p lueAe s~~uue.p ~Jqwou U!etJ~:) un luepu;}d
~luelsuoo ~lS~J s!nd '~JqJe.l ~p lelol ~g~.1 :);}Ae

J~lu~wgne ~lqwas ~l!SU;}P HI 'S;}:)U;}SS~ s~u!RtJ;}:)

z~qJ "S;}pn}~ S~Jlne.p suep snu~lqo SlHllns~J
xne ~Jn~!J;;Idns ~I~ e assewo!q HI ms ~Pnt~ ~un.p

UO!se;xJO.1 V ~nu~lqo ~J\!!lU~ ~g!l el ~p ~l!SU;}P el ~p
UO!leW!ls~. '1 "~sf..leue.p l~ lU;}W;}A\!I~Jd ~p ~poql~w
el uol~s ~!JeA ~l!SU;}P HI ~nb lU;}JIUOW slHijnS~J s~'1

.uO!I;);}las q'i?noJqJ u!Rg :)!Jauag J011B!JuaJod
sJa11° q:)!qM 'qg!q SBM saJ!S U!qJ!M AJ!SUap

aA!IBlaJ aJOO U! UO!JB!.ffiA aaJJ-uaaA\Jag

.pooM aJnJBW OJ pamdwo:) pooM al!uaAnf
10 AJ!SUap JaMol aqJ gu!J;);}UaJ '1{t!q JaJno

aqJ U! Ut!qJ 11Bq JauU! aqJ U! san{t!A JaMol
AI{t!Jauag paMoqs SaJO:) aaJJ snld 10 AJ!SUap

aA!JBlaJ aIlL .agB pa:)Ut!APB aJow qJ!M

paU!I;);}P J! aJ01aq smaA 10 Jaqwnu B J01
JUt!JSUO~ paU!BWaJ pUt! aaJJ aqJ 10 age IBJOJ

qJ!M asBaJ:)U! OJ pamaddB AJ!Suap 'sapads
awos uI .sa!pnJs JaqJo U! pau!eJqo asoqJ

Ut!qJ sJlnsaJ Jaqg!q aABg APnJS SSBWO!q e U!

paU!BJqO AJ!SUap waJs-aloqM 10 saJBW!Js3

.S!SAIBUt! pUt! gU!ldUJt!s 10 poqJaw aqJ qJ!1\\

pa!mA san{t!A AJ!suap JBqJ paMOqS sJlnsa'M



661

'UO!!IJ[[IJ!SU! ~X!] JO] pa!!ns
!saq ssa;)oJd f.J3un4-~Jaua UIJ S! UO!IIJ;)!]!SU;)Q

"saaJ! a[04/\\ JO suo!!;)as a;)J! ~u!JJodsUIJJ!

ua4/\\ !saJa!u! ]0 AIU!IJW aJlJ SJo!;)lJdwo;) )[;)f1J!-UO

"ap!splJoJ !IJ 4sIJIs ~U!~~OI "[PUIJ4 UIJ;) !1J4! J"[lJq
e JO] ~au UIJ!pIJUIJ;) a4! O! pa!!ns I[aA\ A[JIJ[n;)!JJed

smaddlJ !d,,;)uo;) J"IlJq IdA ;)4! 'SSIJWO!q ApoO/\\

;)IPUIJ4 O! p"dolaA;)p AI[R;)!]!;)ads stJdA!o!oJd "4!

~UOWV "ap!speoJ !IJ sanp!s;)J !saJo] ]0 uo!!;)lJdwo;)
a4! JO] "s!wOJd !SOW a4! pa/\\04s J"p[!nq ;)Inpow

OO!!O;) a4! pUIJ Ja[Rq aJlJnbs a4! 'sa!J!snpU! Ja4!0 Aq

pasn AIIeJaua~ am 4;)!41\\ 'SWa!SAS asa4! ~UOW1! !1J4!
puno] SH/\\ !I "SSHWO!q !saJo] JO] pasn ;)JaA\ Aa4! IOU

JO Ja4!a4/\\ SWa!SAS uo!!;)lJdwo;) ]0 s;)diC! I[R A]!!Uap!

O! SH/\\ Apms JJe-a4!- ]o-a!lJ!s S!4! ]0 aA!!;)afqo a4.L

pUR fWfiI'f OOf URq! ssaI AlIenSn osIe S!
Sd!q;) IanJ JO A!!SUap 'fInq a~ 'S'O O! to
JO O!leJ UO!I;)npaJ awn lOA e O! pa!;)edwo;)

aq PInoqs saaJ! IfRWS pUR qseIs ~U!~~OI
'tJodSURJ! 'f;)ru! WfiW!ldo JOd '%S'l O!

O'l Jo Jo!;)eJ awnIoA P!IOS e pUR fwfiI'f O'l'l
O! Of I WOJJ ~U!~URJ A!!SUap 'fInq e aAeq

AlIeJaua~ saaJ! lIews pUR qseIs ~U!~~OI !eq!
A\oqs u~paA\S pUR sa!e!s P~!!Ufl aq! WOJJ
RIga 's!!un aIqea~eURw pUR WJOj!un O!U!

!! WJOJ O! pUR fR!J~lew ~q! JO A!!SU~P 'fInq
aq! a;)npaJ 01 S! uo!!;)edwo;) JO ~sodJnd

U!ew a~ 'uo!!nU!wwoo O! aA!!ewa!Ie
JO UO!I!ppe UR se uo!!;)edwo;) sa!e~!!SaAU!

tJodaJ !uas~Jd alll. l~nJ se !! ~Jed;ud O!
pasn AIIUasaJd poq!aw UOWWO;) !SOW aq!

S! (sue~w Jaq!o Aq !! ~u!!nwwoo JO) spooA\
aql U! Ie!Ja!ew sseWO!q !saJoJ aq! ~u!dd!q;)

lS0;) JJodslrnJ!
J!~q! ~;)npaJ ..~!X~ ~wos O! 'osJR PlnOA\ uo!!;)1!dwo;)

I "d cS "(£I£-d "MO~N3) O£-"MS "da"M

";)OOS 'JI"M3~ "~W~SAS uo!:J;)cdwo;) SSCWO!q :JsaJoJ Jo uo!:JcnIcA3 °S861 "A ocr '"M3IWIflD °96£

"P~JU~S~Jd osJt! ;}Je ~gR)jU!JqS ~!JJ~wnIoA

1u~~J;}d jO ~lqR1 R pue RlnUJJOj UO!SJ;}AUO~

;}qJ 'S!SRq ~WnIOA AJpU;}AO 01 ~wnIoA
u;}aJg WOJj S;}nIRA A1!SU~P pooM gU!1J~AUO~

U! J;}PR;}J ;}q11S!SS1! 0.1 "~!J:>S;}P
;}Je SUO!1RIn~IR~ A1!SU;}P vue gU!IdUJRS

jO spoqJ~w 'SUO!JR:)OI gU!IdurnS "~1U~S;}Jd

S;}nIRA A1!SU~P ~q1 q1!M suos!Jedwo~
gU!'fUW U! J;}PR;}J ~q11S!SSR 01 p~pnI~U!
~Je S;}aJ1 ;}Idurns jO S~!1S!J;}1~RJeq~ vue

S~~JnOS ~!qdRJgO~g 'SUO!1R!Je A .AJessro;}U

u~qA\ ~pRW ~J~M UO!JR!JeA jO 1U~!~!jjao~

vue A1!SU;}P ue;}W JOj Suo!1~In~IR;)

"RpRue;) jO ;}p!S1nO pue U! UA\OJ'3 S;}!~MS

~~J1 ue!PRue;) JOj P~1U~s;}Jd ~Je S;}~Jnos

P~qs!Iqndun vue P;}qs!Iqnd wOJj R1RP
A1!SU;}P pooM 1q'J!;}q-1SR;}Jq vue UJ;}1s-IR1°.1

'aJPAqUt! JuJ;;I.11J saJU1!puodsaJJo;) SJna\UA
xnu tJaA JuJ;;I.11J ;;IJ!suap UI ap SJnalUA sal J!tJaAUO;)

IJ JnaJ:)a1 al Jap!U Jnod sa!wnOj Juos anb!JJ;;IumloA

J!UJJaJ ap sa2uJua;)mod sap alquJ aun Ja UO!SJaAUO;)
ap alnUUOj aun 'U!jU3 "snl;)U! !ssnu Juos ;;It!suap

UT ap In;)le;) aT Jns anb !SU!U a2euUOII!JUt!q~.P

sapoqJ~w sal Ja xna!1 sal Jns SI!UJ;;IP saG "saynb!pu!

Juos sUOIl9Ut!q~-saJqJP. sap sanb9S!J~J;)uJP.;)
saT Ja sanb!qduJ20~2 sa;)Jnos sal 'sUO!Je!-ffiA

saT 'sal!;)ej snld Suos!UJudwo;) sal aJpuaJ JnOd
"U!osaq ne s;;llroTe;) ~J~ JUO UO!JU!JP.A ap sJua!;)!jjao;)

saT Ja sauuaAOw sa"1 's;;lJuas;;lJd Juos sJnalI!u

no epeUt!:) ne JUt!ssnod Sua!pUue;) saJqJP..p 'au!Jt!od

ap JnaJneq IJ Ja a29 UI ap alqwasua.1 Jnod 'S!oq
np ~J!suap el Jns 'S~J!P~U! no sa~!lqnd 'salq!uods!p

sa~uuop sap UO9UI!dwo;) aun,p sJgnns~J sa'l

"ddB + "d 9L "~1£-X-"MON "d~"M "oJuJ 'lu~J'J03 

"JON '"ooJ "J03 "s~!;)~ds ~~J1. UB!PBUBJ Jo A1.!SU~P POOA\ "0661 "S"r 'Z3'lVZNOD "~6£

"sJ!olpua
bU!~ ~ aq~uulq aJJau!d~,1 ap Ja aJ!ou aJJau!d~,1

ap Jl)j ap S!oq np aUU;JAOW ~J!SU;Jp ap UO!JIJ!Jt!A

IJI auuop uo "alq!Rj snld IJI ~J!suap IJI Jua!IJp~ssod
(JsanO,1 ~) agnoJ alp~~ al Ja (Js3.1 ~) ~uelq alp"!;) al

anb s!puuJ 'asuap snld al Jl)j ap S!oq al Jua!IJp~ssod

!nb (JSanO,1 ap Ja Jsa.1 ap sa~\,dsa) saz\'l,}w

.pa1uasaJd am

SUO!1e;)°1 aA!J U! a;)ruds a1!qA\ pUt! )(;)elq JO

A1!Suap pOOA\wa1S ageJaAe aq1 U! UO!1e!Jt!A

A1!SUaa lsaA\Ol aq1 aAeg mpa;) paJ wa1SaA\

pUt! a1!qA\ wa1sea al!qA\ A1!Suap pooA\wa1S
1saqg!q aq1 aAeg (sa!;)oos wa1SaA\ pUt!



ooz

se!J()~~JB;) S!OJJ ue s~dnoJ~eJ ~J~ JUO esneu~!I

eSSRWO!q RI JeJ!RJJ Jnod lu~wefB!;)~ds sn5uo;)

SMAJOJOJd se'1 "eJnOJ ep eJnpJoq ue UO!IBJ!OIdxe.p

snp!s~J sep e~BJ;)RdWO;) eI Jnod SJnelleWoJd snId set

seW~JSAS set Jue!BIqwes UOJO;) ep sellRq Jnod esseJd

RI Je S~JJB;) seIfBq V esseJd BI 'SI!eJRddB se;) snoJ ep

enb ~AnOJJ B uO "eJ\1!JseJ°J eSSBWO!q RI Jnod S~s!I!Jn

uou no Jue!os SI!.nb 'e~BJ;)Bdwo;) ep SeW~JsAs
ep sedi.J set snoJ Je!J!JU;)P!.P Jnq mod J!BAB 'eJu!od

ep e!~OIouq;)eJ BI Jns JUBlJod 'epm~ eJues~Jd B'l

al Jas!w!Jdo mod "% SZ ~ OZ ap
I~J awnloA ua UO!SJaAUO;) ap Jua!;)!JJOO;)

un Ja £wfJ)( OZZ ~ Of I ap J~!-ffiA

aJuaJeddR yJ!suap aun JUaWaIRJyUy~ JUO

saJqJe sJ!Jad sal Ja UO!JRJ!Oldx;).p snp!syJ
sal anb JuaJJuow as!opyns Ja au!:R;)!JyWR

UO!JRJU;)Wn;)Op RI ap S~J!J sayuuop saG
.Jalnd!URW ~ Sal!;)RJ Ja saWJoJ!un sJuawyly

sap aJ!npoJd ~ Ja la!JyJRw np aJU;)JeddR
yJ!sU;)p RI ;)J!npyJ ~ a5!A ;)~RJ;)Rdwo;)

np IRd!;)u!J9 Jnq ;)'1 "UO!Jt!Jua~RJJ
RI ~ aA!Jt!waJlt! ammo;) J!OS 'UO!JRJuaw~t!JJ

t!1 ~ JUt!JnOfR,s adt!Jy ;)WWO;) J!OS

';)~RJ;)Rdwo;) ;)1 ;)!pmy JJQddt!J Ju;)syJd ;)'1
';)lq!Jsnqwo;) ;)P J!AJ;)S ~ J;)Jed;;ud al Jnod

;)yS!I!Jn JU;)WWRJnO;) snld t!1 ;)poqJyW t!1 JS;)

J~JOJ U;) xn;)u~!1 1;)!JyJt!w np (UO!Jt!JU;)W~RJJ

;)P S;)WJOJ S;)JJnR.p no) a~RJ;)nb!q;)yp ;)'1

.J.lodSUIJJ~ ap ~J)O;)
mal Janu!w!p 'aJnsaw au!uJ.la;) aun SUIJp '~uawalug~

~!tUAap agu~;)udwo;) al ~a fwf3,! 00£ 'l aJna!J~Ju!
!ssnu alIa ~sa sanb!~~gJau~ xnu~do;) s~p a~uaJuddu

~~!suap UI '~uawallam!quH .£'0 'l £'0 ap uo!ss~Jdwo;)
ap tJodduJ un uol~S s~~;)udwo;) aJ~~ ~U~!UJAap saJqJu

S~!~ad sal ~a UO!~U~!Oldxa,p snp!s~J sal 'aguuUO!Uffi;)

"d t7tT "(£I£-d HOdN3) O£-SH ";)~S "dd~H ';)nI3d'aJ?!~saJ°.J 

ass~WO!q ~1 ap a~~~;)~dwo;) ap SaW?~SAS ap uO!~~nl~A~ "9861 "A'a 'H3IWIflD "86£

.Sf;)RfUO;) IRnp!A!pu!

Jo ~WRU ~ql (~Iq!sSod u~qA\) guwnl;)U!

~J~P!SUO;) sa!uRdwo;) fURAaIaJ aqf SIS!I

(17) :pue ~!J!IUap! luawd!nba UO!I;)RdWO;)
JO asRqelRp aql JO 1R01U!Jd R sluasaJd

(f) :~A\~!AaJ ~JmRJ~I!l aql SIS!l (Z) :1;)~roJd
S!ql U! alRp 01 palRInwn:);)R UO!IRUUOJU!

aqf saz!JRwwns (I) :1JQdaJ S!~

.~JPU!of 1.! s~uuos.l~d

s~p woo ~I (~Iq!ssod J!eJ'}.;) anbsJoI) s!Jdwo;)

A 's~u!wex~ s~J'}!:>OS Ja s~s!JdalJu~ saI ~J~wn~ (17)
J~ :~~eJ;)edwo;) ~P Ia!J'}Jew ~I Jns ~J!nJJSUO;)

s~uuop ap ~seq eI ap :}w!Jdw! un aJuas~Jd (£)

:s~U!wex~ suO!Je;)!Iqnd saI ~J~wnu~ (z)
:xneAeJJ saI Juemp Jnof a;) 1.!.nbsnf S!II!an;)aJ

sJuawau~!asuaJ saI ~wns~J (1) : JJoddeJ ~'l
"~U!I:)A:)aJ pm! Juawa~em!w

aJseA\ '~mIn:>!J~e a)(!I sa!JJsnpU! JaqJo

Aq pasn Juawd!nba se IIaA\ se Juawd!nba

uo!J:)edwo:> ssewo!q ApooA\ SJaAO:>

pm! aseqeJep aqJ U! papnI:>u! Juawd!Uba

aqJ sJuasaJd JjodaJ I a~eJS S!~ °paA\a!AaJ

pm! paJaqJe~ aJaA\ q:>!qA\ sJoJodaJ A.X!s

JaAO paPIa!A seq uo!J:>edwo:> ssewO!q Jo

PIa!J aqJ U! AaAJnS aJmeJaJ!I a~ "aIqnI!I1Ae

Juawd!nba uo!J:>ndwo:> Jo aseqeJnp

e Jo JuawdoIaAap aqJ pm! A~oIouq:>aJ

uo!J:>ndwoo U! JJ1! aqJ Jo aJnJs aqJ

Jo A\a!AaJ e S! J:>afoJd aqJ Jo a~eJs JSJ!J a~

.;)2UI:>A~J ;)1 !;) S!;)q:>'iJP S;)P UOfJs;)2 uI ';)Jntln:>fi3u, 1
;)nb S;)II;)! S'iJ!fAfJ:>u,P s;)J?qds s;)JJnu,p SUup s'iJsfl!Jn
SJn;)!:>udwo:> S;)I ;)nb ;)w~w ;)P ;)sn;)u2f[ ;)ssuwofq

uI ;)P sJnaJ:>udwo:> sal alfP-1}- Jsa ,:> 's~uuop
ap ;)S1!q U[ sunp 'iJuuofJU;)W [;)!J'iJJuw a[ aJuas'iJJd uo

'apnt'iJ,1 ap OOUJ'iJ aJ?fW;)Jd uI aufWJ;)J fnb JJoddeJ al

sunG .S'iJSAIUun :}J'iJ JUO fnb 'sJJodduJ 09 ap sn(d 'iJJAf[
U assuwofq uI ap sJn;)l:>edwo:> S;)P ;)nbfqdei3ofIQfq

apnt:} auf} .sa[q!uodSfP SJnaJ:>edwo:> sal Jns

sa:}uuop ap asuq aun JfnJISUO:> U UO Ja a2el:>edwo:>

np aufBwop al sunp alUfod ap sanbfuq~J
sal :}U!WI!xa U uo 'sdwaJ JafWaJd un sunG

'd £8 "£I£-d "MOdN3 "d~"M
S,JO~:>~J~uoJ lQndun "~u~J "S~"M 'JOd S~){~l ~~~JD '"AJ~S 'JOd '~J '"U~J ':>Iiilv '~od~J

I ~UO~S~I!W :SW~~SAS uo!~:>cdwo:> SSCWO!Q ~~JoJ Jo uo!~cnI~A3 'S86 I 'A '0 '"M3IWillO "L6£

.S!R5ueJj al mod 86£ .lIO A



principales. Le principe de la pre sse VPI
semble particulierement bien adapte aux
besoins qui existent au Canada d'une
presse capable de traiter les residus
d'exploitation en bordure de route. Les
compacteurs integres aux camions sont

interessants surtout lors du transport de sections
d'arbres ou d'arbres entiers. Quant Ii la
densification, c'est un procede qui consomme
beaucoup d'energie et qui convient davantage Ii une
installation fixe.

See 396 for English.

HAMILTON, D.D. 1982. Design of an experimental prototype of the RECUFOR-S.
Pages 159-160 in Proc. Fourth Bioenergy R&D Seminar, Winnipeg, Manitoba, 29-31
March 1982.

Le transport des arbres entiers jusqu' en bordure
d'une route pour I'ebranchage et I'ecimage est une
methode qui se generalise de plus en plus au
Canada. Un autre avantage important de cette
methode est que les branches et cimes sont ainsi
rassemblees et qu'on peut donc envisager leur
utilisation energetique. Le RECUFOR-S est un
nouveau type de machine, C()(}~u pour recueillir et
traiter ces residus. La machine serait compatible
avec les ebrancheurs II fleche coulissante qui
prooominent actuellement dans les operations en
bordure de route. Grace II un systeme dechiqueteur
multi-etages et II une cadence rapide de decharge,
elle est capable de compacter suffisarnment les
materiaux pour permettre leur transport economique
II grande distance.

The delivery of full trees to roadside for
delimbing and topping is a harvesting
sequence which is fin~ing increasing
popularity in Canada. An important
secondary benefit of these operations is
that branches and tops are concentrated
and serious consideration can now be
given to their use for energy purposes. The
RECUFOR-S is a new machine concept
for gathering and processing these
residues. It is designed for compatibility
with the sliding boom delimbers which
now dominate roadside operation. Through
a multistage reduction process and a high-
velocity discharge, it is able to densify the
material sufficiently to permit economical

long-distance transport.

HAMILTON, D.D. 1982. The development of machinery for the recovery and
preparation of biomass feedstocks for conversion systems at a central full-tree
processing complex. Pages 155-156 in Proc. Fourth Bioenergy R&D Seminar, Winnipeg,
Manitoba, 29-31 March 1982.

La valeur de la biomasse forestiere comme source
d'energie s'accroit. Il est necessaire de disposer de
machines et de methodes pour la recolte, Ie
traitement et la transformation des matieres
premieres pour lifer parli de cette ressource. L 'une
des approches les plus prometteuses fait appel it la
recolte et au transport d'arbres en tiers vers un
complexe de traitement centralise. Etant donne
l'echelle d'une telle operation, taus les procooes
peuvent etre oplirnises des points de vue de la
qualite et de la rentabilite et taus Ies dechets
produits traites de fagon it maxirniser la

recuperation d'energie.

The value of forest biomass as an energy
source is increasing. Machinery and
methods for collecting, treating and
converting the material are needed in order
to realize this value. One of the most
promising concepts calls for the gathering
and shipment of full trees to a central
processing complex. Because of the scale
of such an operation, all processes can be
optimized for quality and economy and all
hitherto waste material treated to maximize
the energy recovery.
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401. HAMILTON, D.D. 1984. Logging residue processor. Page 208 in S. Hasnain, 00. Proc.
Fifth Canadian Bioenergy R&D Seminar, Ottawa, Ontario, 26-28 March 1984.

Le succes obtenu lors des essais du prototype
RECUFOR 'M' et I'experience acqui,~e avec son
nouveau rotor de cueillette nous a amenes a
rechercher d'autres applications pour ce rotor. Au
debut de 1983, nous avons decide d'etudier la
possibilite d'utiliser Ie rotor pour recuperer leg
remanents concentres apres ebranchage a la fleche
coulissante. Un prototype sera teste sur Ie terrain en
1984. On utilisera, pour plus de facilite, un chassis
RECUFOR 'M' qui, a partir des chemins et a raidl~
d'une fleche extra-longue, alimentera en remanents
I'appareil RECUFOR comport ant Ie rotor, une
dechiqueteuse et une soufflerie.

The successful testing of the prototype
RECUFOR 'M' and the experience which
has been gained with its novel gathering
rotor has led to a search for other possible
applications for this rotor. In early 1983, a
decision was taken to explore the
possibility of applying it to the recovery of
residues left concentrated after sliding
boom delimber operations. A prototype
logging residue processor will be fielded in
1984. It will employ the RECUFOR 'M'
chassis for convenience, operate from
roads and, employing an extra long boom,
will feed residue to a combination
RECUFOR rotor, hog and blower.

402. HAMILTON, D.D.; ROUTHIER, J.-G. 1981. Centre de traitement d'arbres entiers
resineux. Pages 321-325 in Compte rendu du troisieme seminaire de R.&D. en
bioenergie, Ottawa (Ontario), 24-25 mars 1981.

Les travaux conduits en 1979-1980 ont
montre que I' exploitation et Ie transport
d'arbres entiers peuvent s'effectuer
efficacement sans modifications majeures
aux equipements d'exploitation et de
transport. Cette fa<;on d'exploiter les forets
permet, pour Ie sapin et I'epinene,
d'acheminer jusqu'a I'usine de 65 a 90 %
des branches et des cimes. Le taux de
recuperation depend de la saigon et du
mode d'exploitation employe. L'etude et la

conception d'equipements pour recuperer
les branches et les cimes a I'usine et les
reduire a une forme facilitant leur usage
pour la production d'energie est la demiere
partie du projet en cours. Les travaux sur
cet aspect font I' objet de cette presentation.

The work carried out in 1979-80 sho\ved the
possibility of harvesting and transporting whole
trees efficiently without any major changes to the
felling and transport equipment. With this logging
method, 65 to 90% of the limbs and crowns of fir
and spruce can be transported to the mill. The
utilization percent will depend on the season and
the felling method used. The design of equipment
for recovering the limbs and crowns at the mill and
reducing them to a fonn suitable for power
production constitutes the final portion of the
current project. The work on this aspect fonns the
subject of this presentation.

403. HARDING, R. 1983. The design and development of a bundling attachment for the
Mini Rotation Harvester MK-II. Environ. Can., Can. For. Serv.. Great Lakes For. Res.
Cent.. Unpubl. Contractor's Rep. ENFOR P-201. 13 p. + app.

Un organe de bottelage constitue d'une piece
mecanique modifiee de scellage fonctionnant au
moyen d'une bande de plastique a etf'; con9u et
integre it l'abatteuse-tron90nneuse Mini Rotation
HanJester. Meme s'il etait suffisamment

A bundling attachment consisting of a
modified mechanical sealing tool utilizing
a plastic strap was designed and
incorporated on the Mini Rotation
Harvester. Although the device was
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perfectionne pour fonctionner de fa~on fiable en
banc d'essai, il n'a pas donne satisfaction sur
I'engin forestier, en raison de plusieurs problemes
de conception de I'abatteuse qui, jusqu'alors,
n'etaient pas evidents. Certains de ces problemes
provenaient des modifications apportees it I'engin
pour faciliter I' installation de I' organe de bottelage
fabrique dans Ie cadre du contrat. Les essais en
usine et sur Ie terrain ont confirme que cette piece
ne fonctionnerait pas sans modification majeure du
berceau de debardage du prototype de I' abatteuse.

developed to the point where it would
perform reliably during bench tests,
operation on the machine was not
satisfactory. This was because of several
design problems with the harvester which
had not been previously evident. Some of
these were a result of modifications carried
out on the harvester to facilitate installation
of the bundling attachment fabricated
under this contract. The shop and field
tests confirmed that the bundling
attachment system would not function
without a major redesign effort on the
bunker transport system of the prototype
Mini Rotation Harvester.

404. HENRY, G.; HANSON, AJ.; FREEDMAN, B. 1982. The renewable energy potential of
Nova Scotia's hardwoods. Biomass 2:139-151.

Le surplus de biomasse de feuillus de faible qualite
marchande dont est dotee la Nouvelle-Ecosse et qui
totalise 800 000 mJ/an pourrait varier de 130 000 it
1 770 000 mJ/an si I'on tient compte de la demande
prevue de feuillus dans I'industrie forestiere et si on
modifie certaines hypotheses employees dans Ie
calcul de la possibilite annuelle. La transformation
de ce surplus en energie constituerait un debouche
pour ce bois de peu de qualite, elle encouragerait,
sur Ie plan economique, I' amenagement ameliore
des forets de feuillus et elle se traduirait en divers
avant ages ecologiques, sociaux et economiques dans
toute la province. On a examine cinq debouches
energetiques pour ce bois : (i) Ie chauffage
residentiel; (ii) la production de methanol;
(iii) I'emploi comme combustible dans I'industrie
des pates et papiers; (iv) la production d'electricite
par voie thermique dans une centrale alimentee au
bois; (v) la production d'electricite it I'aide de
moteurs fonctionnant au gazole et au gaz de bois.
D'ici I'annee 1990, une combinaison proposee des
trois premiers debouches pourrait consommer de
1 000 000 it 1 200 000 mJ de feuillus par annee. On
creerait ainsi entre 755 et 840 emplois et on
injecterait de 17,0 it 19,0 M$ dans I'economie
regionale de la Nouvelle-Ecosse.

The hardwood resource of Nova Scotia
currently has a surplus of low
merchantable quality biomass of about
800 000 m3/year. This surplus could range
from 130 000 to 1 770 000 m3/year once
projected hardwood demands of the forest
industries are accounted for, and if some
assumptions used in annual allowable cut
calculations are altered. Using this excess
hardwood biomass for energy production
would provide a market for this low-
quality wood, provide economic incentives
for better management of the hardwood
forests and have various environmental.,
social and economic benefits throughout
the province. Five wood energy processes
were investigated, including: (i) residential
heating; (ii) methanol production;
(iii) wood fuel in the pulp and paper
industry; (iv) wood-fired thermal electrical
generation; and (v) electrical generation
from wood-gas/diesel fuel engines. A
proposed wood energy mix of residential
heating, fuelwood in the pulp and paper
industry and wood-based methanol
production could use a total of 1 000 000
to 1 200 000 m3/year of hardwood by the
year 1990. This could provide between 755
and 840 jobs and generate $17.0 to 19.0
million throughout the regional economy
of Nova Scotia.
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405. HOUDE, N. 1981. Bilan energetique de la recuperation des residus d'abattage dans
I' exploitation par arbres entiers en une ou deux fois. Pages 49-53 in Compte rendu du
troisieme seminaire de R.&D. en bioenergie, Ottawa (Ontario), 24-25 mars 1981.

Two full-tree logging operations were conducted in
softwood, hardwood and mixedwood stands, with
three density levels for each stand to determine the
energy balance in each case. In the first case, all
standing trees were extracted with processing and
sorting at roadside. In the second case, commercial
species were removed in a first pass and non-
commercial species were recovered in a second
pass. Conventional equipment currently used on
logging operations was used in both cases.

Deux operations d'exploitation par arbres
entiers ont ete effectuees dans des
peuplements de coniferes, de feuillus et
mixtes, It trois niveaux de densite pour
chaque type de peuplement, afin de
determiner Ie bilan energetique des
differentes solutions. Dans Ie premier cas,
I 'exploitation consistait It couper tous les
arbres, puis It Caire Ie tri et Ie traitement It
la route. Dans Ie deuxieme cas, on faisait
d' abord I' abattage des especes
commerciales, puis ensuite la recolte du
reste dans une deuxieme operation. Dans
les deux cas on a utilise du materiel
classique d' exploitation forestiere.

406. 

HOUGH, STANSBURY AND ASSOCIATES LTD. 1979. Energy from forest biomass:
Public awareness program. Environ. Can., Can. For. Serv., Petawawa Natl. For. Inst.,
Unpubl. Contractor's Rep. ENFOR P-11. 89 p. + app.

A wide variety of media and methods are
proposed for the buildup of the program
over five years. They include: the mass
media; a newsletter, acting as the main
continuing source of information for
ENFOR events; films and an energy
primer available to educational institutions
and others dealing fully with forest
biomass energy issues; a travelling
intercity exhibit; an energy trail at the
visitor centre Petawawa Forest Experiment
Station; and a number of additional
interpretive exhibits with demonstration
projects across the country.

A logo for ENFOR is proposed that will
have application to all communication
media. A sample newsletter, promotional
letter and T.V. board are also included.

Une grande variete de moyens et de methodes est
proposee pour la mise sur pied du programme sur
une periode de cinq ans : les moyens de
communication de masse; un bulletin, qui servirait
de source principale et ininterrompue de
renseignements sur les manifestations de l'ENFOR;
des films et des guides de presentation sur les
questions d'energie, qui seraient distribues dans les
etablissements d'education et autres et qui
traiteraient de fagon exhaustive des enjeux
energetiques et de la biomasse forestiere; une
exposition qui se deplacerait d'une vi lie a l'autre;
une piste d'excursion au centre d'accueil de
l'lnstitut forestier national de Petawawa; et un
certain nombre de pieces supplementaires
d'exposition didactique qui accompagneraient les
projets de demonstration d'un bout a l'autre du
pays.

On propose un logotype pour ENFOR, qui
s'appliquera a tous les medias de communication.
Un specimen de circulaire, de lettres de promotion
et de scenarios de messages televises sont
egalement foumis.
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407. I.D. SYSTEMS LTD. 1985. Biomass and energy potential of main tree species of
Manitoba: Phase I. I.D. Systems Ltd., Unpubl. Contractor's Rep. ENFOR P-315. 71 p.

+ app.

This report is presented in two parts. The
first part describes field sampling of 40
trees for biomass determination and
calorific value tests. Ten species
commercially harvested in Manitoba were
considered. Four diameter classes for each
species were sampled. Each of the trees
was dissected to determine the mass of the
eight individual components. Samples of
each component were dried in forced-air
convection ovens to determine the initial
moisture content (dry mass basis). These
samples were then crushed and submitted
for calorific testing in an oxygen bomb
calorimeter. These data are intended to be
applied to Canadian Forestry Resource
Data System (CFRDS) data in the near
future to establish an inventory of energy

potential.

Le rapport comporte deux parties. Dans la premiere.
on decrit l'echantillonnage de 40 arbres pour des
essais de determination de la biomasse et de la
valeur calorifique. L' essai a porte sur 10 essences
marchandes du Manitoba. Quatre classes de
diametre ont ete echantillonnees dans chaque
essence. Chaque arbre a ete decoupe en huit parties,
afin d'en determiner la masse. Des echantillons de
chaque partie ont ete seches dans des etuves a
convection forcee pour determiner l'humidite
initiale (par rapport a la masse seche). Ces
echantillons ont ensuite ete broyes et soumis a une
determination calorimetrique dans une bombe a
oxygene. Les donnees obtenues devraient etre
chargees, dans un proche avenir, dans Ie Systeme
canadien de donnees sur les ressources forestieres
(SCDRF). afin d'etablir un inventaire des potentiels

energetiques.

La deuxieme partie du rapport concerne les emplois
actuels et potentiels de I' energie de la biomasse,
Grace it un sondage par questionnaire adresse it
quelques-unes des industries manitobaines
utilisatrices de bois dans les secteurs primaire et
secondaire, it une vaste etude bibliographique et it

des entrevues aupres d'ingenieurs forestiers,
d'economistes et de planificateurs federaux et
provinciaux, on a analyse les emplois actuels et
eventuels de la biomasse forestiere, Les emplois
actuels ont ete evalues it I' aide de donnees
concernant les dechets de scieries, les surplus
marchands et les residus de la coupe.

The second part of this report addresses
the current and potential use of biomass
energy. Through a questionnaire survey of
some of the primary and secondary
wood-using industries in Manitoba, an
extensive review of literature, and
interviews with federal and provincial
foresters, economists and planners, current
and future use of forest biomass was
examined. Current use was assessed from
data on mill wastes, merchantable surplus
and logging residues.

408. I.D. SYSTEMS LTD. 1985. Biomass and energy potential of main tree species of
Manitoba: Phase II. I.D. Systems Ltd., Unpubl. Contractor's Rep. ENFOR P-315. 13 p.

Le rapport vise ii dresser l'inventaire des reserves
energetiques de la biomasse forestiere par unite
d'amenagement, par section forestiere et pour
1 'ensemble du Manitoba. A l'aide du Systeme
canadien de donnees sur les ressources forestieres
(SCDRF), base de donnees sur la biomasse, on peut
evaluer le potentiel de transformation energetique
dans chacune des unites susmentionnees, scIon
l'essence, la qualite stationnelle (dimension des
arbres) et les elements specifiques de ces derniers.

This report is intended to inventory energy
reserves in forest biomass by management
unit, forest section and for the province of
Manitoba in general. Using the Canadian
Forestry Resource Data System (CFRDS)
as the biomass data base, the potentials for
energy conversion in each of the area units
mentioned above can also be evaluated by
species, site quality (tree size), and specific
components. Calorific values derived in
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Phase I will be used in conjunction with
the CFRDS data to yield values in terms of

Megajoules.

Les valeurs calorifiques obtenues a la premiere
etape serviront, en meme temps que leg donnees du
SCDRF, a determiner leg rendements en
megajoules.

The best areas to explore potential for
biomass-energy conversion are those in
which there is a nearby large community
of potential consumers, good road and rail
infrastructure, ready access to forest areas,
and established regional logging and
processing industry. On the basis of these
criteria only five of the ten forest sections
in Manitoba show much promise of
utilizing biomass for energy conversion.

Les meilleures regions pour examiner Ie potentiel de
la conversion energetique de la biomasse renfermellt
un grog bassin rapproche de consommateurs
eventuels, une bonne infrastructure routiere et
ferroviaire, un acces facile aux regions forestieres
ainsi qu'une industrie region ale bien etablie de
coupe et de transformation. Selon ces criteres,
l'utilisation de la biomasse a des fins energetiques
n' est tres prometteuse que dans 5 sections
forestieres sur 10 seulement au Manitoba.

409. JONES, K.C. 1980. Energy requirements for reduction of forest biomass to fuel stocks.
Pages 203-207 in Proc. Second Bioenergy R&D Seminar, Ottawa, Ontario, 26-27 March
1980.

Nous etudions les principes fondamentaux des
installations de broyage et de conversion
actuellement disponibles afin de mettre au point ou
de faire la demonstration de nouvelles installations
pour la conversion de la biomasse forestiere en
combustible au cout energetique Ie plus bas
possible. Les installations qui repondent Ie mieux ~l
cette exigence seront soumises sur Ie terrain it des
essais de conversion en combustible des dechets

d'abattage.

Fundamental principles of comminution,
and reduction equipment which is presently
available are being studied to develop or
demonstrate equipment which is the least
energy-demanding in reducing forest
biomass to a useable fuel. The study will
include a field trial/demonstration of
equipment selected on the basis of its
energy efficiency in a harvest of logging
residues for energy.

410. 

JONES, K.C. 1981. A review of energy requirements to comminute harvesting residues.
FERIC, Spec. Rep. SR-14 (ENFOR P-28). 38 p. + app.

This report compares, in graphical and
tabular form, the energy required to
comminute woody material into various
nominal size particles. The energy
requirements presented are independent of
materials handling effects, having been
drawn primarily from laboratory test
results. They have been adjusted to a
common electric motor basis assuming
85% and 300/0 conversion/transmission
efficiencies for electric and internal
combustion engines. respectively. They
have been presented in terms of the
ovendry productivity of the mechanisms. as
ovendry tonnes/Megajoules (ODT/MT).

Dans Ie rapport, on compare, graphiques et tableaux
a l'appui, l'energie necessaire a la fragmentation dl~
bois en diverses particules de taille nominale. Les
chiffres prescntes sont indcpendants des effets de la
manutention, puisqu'ils ant ete principalement
determines a partir d' essais en laboratoire. lis ant
ete ramenes a un moteur elect rique commun, selon
un rapport conventionnel de la conversion a la
transmission de 85 et de 30 % pour les moteurs
electriques et les moteurs a combustion interne,
respectivement. lis sont exprimes en unites de
productivite de chaque mecanisme en tonnes

anhydres/megajoule.

En general, pour reduire les depenses d'energie, Ie:)
residus de la coupe devraient etre desintegres apre~;
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In general, the review shows that to reduce
energy requirements, harvesting residues
should be comminuted after drying below
the Fiber Saturation Point, particularly
when impact machines are considered.
Impact machines such as slash cutters can
be used to produce large-size particles, 15
cm nominal, for roughly the same energy
requirements as chippers producing 2.5 cm
particles. The involuted disc chipper and
spiral head chipper are able to produce 7.5
cm particles for one-third of the energy
requirement of pulp chippers. However,
they are presently limited to processing
material with a diameter of less than 15
cm. Roll crushing is a promising technique
for preparing long, sliver-like particles
from roundwood and slash.

avoir ete seches sous Ie point de saturation des
fibres, notamment lorsqu' on utilise des machines de
fragmentation par impact. Ces machines, comme les
debroussailleuses a fleaux, peuvent servir a produire
de gros fragments, de 15 cm de taille nomina Ie, en
depensant a peu pres la meme energie que les
dechiqueteuses donnant des copeaux de 2,5 cffi. Les
fragmenteurs a disques et les dechiqueteuses a tete
en spira Ie peuvent produire des fragments de 7,5 cm
en consommant Ie tiers de I'energie des
dechiqueteuses de copeaux de papeterie. Toutefois,
on limite leur emploi a la transformation de
matieres dont Ie diametre est inferieur a 15 cm. Les
defibreuses a rouleaux soot prametteuses pour
I'obtention d'eclats longs a partir de bois rands et
de remanents.

La mise des residus en ballots est la technique la
plus prometteuse d'economies d'encrgie. Les calculs
montrent que Ie decoupage et Ie compactage des
residus en ballots d'un metre cube n'exigent que Ie
quart de I' energie necessaire Ii leur transformation
en copeaux de papeterie de 2,5 cm de longueur.

Baling of residues has the greatest
potential for reducing energy requirements.
Calculations indicate that shearing and
compacting residues into 1 m3 bales
requires roughly one-quarter of the energy
needed to chip it into 2.5 cm-long pulp

chips.

411. JONES, K.C. 1981. Baling roll-split harvesting residues. FERIC, Spec. Rep. SR-15
(EN FOR P-28). 16 p.

Past experiments have identified the need
for an infeed mechanism particularly suited
to the requirements of harvesting residue
balers. This report describes tests carried
out on bale-rolled crushed slash and
roundwood. Tests were intended to
determine whether this process could be
used to pre-process, dewater and infeed
material to a baler. The energy
requirements to roll crushed slash are
presented, as are the solid volume factors
and bulk densities achieved by baling
crushed wood.

Les experiences menees jusqu'ici ont permis de
cemer Ie besoin d'un mecanisme d'alimentation
particulierement adapte aux presses It residus de la
coupe forestiere. Le rapport decrit les essais de
pressage, en ballots, de bois fonds ou de remanents
ecrases au moyen de rouleaux. Les essais visaient It
determiner si I' operation pouvait servir au
traitement prealable et It la dcshydratation des
residus et It I'alimentation d'une presse It residus.
On presente des chiffres sur les besoins
energetiques du broyage des remanents au moyen
de rouleaux de meme que les coefficients de
conversion en volume plein ainsi que la densite
apparente du bois ecrase et presse en ballots.

412. JONES, K.C. 1981. Energy requirements and productivity of a portable knife hog.
FERIC, Spec. Rep. SR-15 (ENFOR P-28). 13 p.

Productivities and energy efficiencies of
traditional whole-tree chippers processing
harvesting residues have. under most test

La productivite et I'efficacite energetique des
dechiqueteuses traditionnelles d'arbres entiers que
I' on alimente en residus de coupe ont ete faibles
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conditions, been poor. To compare these
previous test results with a smaller,
manually intensive operation, the
productivity and energy consumption
distribution of a portable knife hog were
measured. It was fed manually from green
and dry hardwood slash windrowed at
roadside. The energy requirements and
productivity of this operation are compared
to more mechanized systems. They show
the same poor results, for the same reasons
-the inability of traditional linear infeed
systems to maintain adequate load factors
on the chipping elements.

dans la plupart des conditions experimentales. Afin
de com parer les resultats de ces essais anteneurs a
ceux d'un dispositif plus petit, qui exige beaucoup
d'interventions manuelles, on a mesure la
productivite d'un broyeur portable a tambour et la
repartition de sa consommation d'energie. Ce
broyeur etait alimente a la main en remanents de
feuillus secs et hum ides, deposes en andains sur Ie
bord de la route. La consommation d'energie et la
productivite de I' operation sont comparees a relIes
de systemes plus mecanises. Les resultats sont
semblablement decevants et pour la meme raison,
l'incapacite des systemes traditionnels
d'alimentation lineaire de maintenir un coefficient
de charge suffisant pour les organes dechiqueteurs.

413. JONES, K.C. 1981. Energy requirements and productivity of the Fling Solid Waste
Demolisher. FERIC, Spec. Rep. SR-15 (ENFOR P-28). 15 p.

To direct efforts in developing techniques
to reduce the energy requirements of
comminuting harvesting residues into fuel,
the Fling Solid Waste Demolisher (SWD)
was tested as it processed sort yard debris.
The size distribution of its product, energy
requirement distribution and productivity
are discussed in detail. The results indicate
the SWD's energy requirements are high in
comparison to a chipper, and that it is
relatively immune to damage by tramp
steel and stones. Its productivity and
energy efficiency are most seriously
limited by the inability of linear in feed
systems to maintain a load near its
technical capacity.

Afin d'orienter les efforts dans la mise au point de
techniques visant a economiser I'energie durant la
fragmentation des residus de coupe de combustible,
on a eprouve un broyeur a marteaux (Fling Solid
Waste Demolisher) durant Ie traitement des debris
des cours de triage. La repartition granulometrique
du produit, celie des besoins energetiques et la
productivite font I'objet d'une etude detaillee. Les
resultats montrent que Ie broyeur consomme
beaucoup plus d'energie qu'une dechiqueteuse et
qu'il est relativement protege contre les degats dus
aux corps etrangers (acier et pierres). Sa
productivite et son efficacite energetique sont plus
gravement limitees par I'incapacite des systemes
d'a1imentation lineaire de maintenir une charge qui
approche la capacite technique du dispositif.

414. JONES, K.C. 1981. Energy requirements for preparing fuel stock from forest biomass.
Pages 327-331 in Proc. Third Bioenergy R&D Seminar, Ottawa, Ontario, 24-25 March
1981.

Le document decrit les resultats d'essais effectues
pour determiner la quantite d'energie necessaire
pour transformer les residus de recolte forestiere en
particules de combustible. Les machines essayees
etaient : un prototype de broyeur a marteaux (Fling
Soll'd Waste Demolisher), des dechiqueteuses a
tambour et un prototype de broyeuse a rouleaux
(7VA Fiberizer). La repartition de l'energie
consommee pendant les operations est decrite en
details, en fonction de la granulometrie des

This paper describes the results of tests
conducted todetennine the energy
requirements to process harvesting residues
into fuel particles. The machines tested
include a prototype hammennill (Fling
Solid Waste Demolisher), drum chippers
and a prototype roll crusher (TV A
Fiberizer). The distribution of energy
consumed during operation is described in
detail, as is the size distribution of the fuel
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particles produced. Emphasis is placed on
the description of the roll crushing
mechanism because of its unique nature
and promising performance as an energy-
efficient combined comminution and
dewatering device.

particules produites. On a mis I' accent sur la
description du broyage par rouleaux en raison de sa
nouveaute et de ses resultats prometteurs en ce qui
concerne son efficacite energetique en tant que
broyeur et essoreur.

415. JONFB, K.C. 1981. Field tests to develop energy saving wood comminution techniques.
FERIC, Spec. Rep. SR-15 (EN FOR P-28). 20 p. + app. (also contains 4 more reports by
K.C. Jones).

This report condenses the results of four
separate field and laboratory tests carried
out:

Le rapport condense leg resultats de quatre essais
effectues sur Ie terrain et en laboratoire afin :

(i) de mesurer la productivite et la repartition de la
consommation d'energie en service du broyeur a
marteaux appele Fling Solid Waste Demolisher et
d'une dechiqueteuse portable it tambour, tous deux
alimentes en residus de coupe;

(i) to measure the in-service productivity
and energy consumption distribution of the
Fling Solid Waste Demolisher (SWD) and
a portable knife hog processing harvesting

residues;
(ii) de determiner l'energie necessaire pour roouire
en eclats et pour deshydrater leg bois ronds au
moyen d'un defibreur it rouleaux;

(ii) to detem1ine the energy required to
splinter and dewater roundwood by means
of a roll crusher; and

(iii) de mesurer les coefficients de conversion en
volume plein du pressage des residus de la coupe
traites dans un broyeur II rouleaux.

(iii) to measure the solid volume factors
achieved in baling harvesting residues
previously processed by a roller crusher.

The complete report on each test is also
prepared separately. Conclusions and
recommendations are made on the most
appropriate course to follow in developing
energy-saving techniques of preparing fuel
stocks from harvesting residues.

Le proces-verbal complet de chaque essai est
egalement produit separement. Des conclusions et
des recommandations sont fonnulees sur la
meilleure ligne de conduite II suivre dans la mise au
point de techniques d'economie de I'energie au
cours de la transfonnation des residus de coupe en
combustible.

416. JONES, :(!C.C. 1981. The energy requirements to roll split wood. FERIC, Spec. Rep.
SR-15 (ENFOR P-28). 23 p.

The preparation of fuel stocks from
harvesting residues has traditionally been
accomplished by chippers or hammermills,
both of which are susceptible to damage
by tramp metal or stones. The roll splitting
mechanism, described in this report, is one
possible alternative to these machines,
which may be more resistant to this type
of damage.

La transfonnation des residus de coupe en
combustible a traditionnellement ete effectuee dans
des dechiqueteuses ou des broyeurs a marteaux,
engins qui sont vulnerables aux corps etrangers
metalliques ou pierreux. Une solution de rechange,
plus resistante peut-etre a ce type de dommages,
reside dans un mecanisme de dechiquetage a
rouleaux.

Au cours d'essais en laboratoire avec quatre
essences ligneuses, on a voulu detenniner la
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consommation d'energie de la fragmentation des
bois fonds en un enchevetrement lache d'eclats de
bois au moyen d'un defibreur a deux rouleaux dote
de coins fendeurs en forme de fer de bache soudes
a leur surface. En meme temps que Ie bois est
fragmente, l'eau en est exprimee. On compare la
consommation d'energie de cette deshydratation a
celIe du sechage thermique.

Laboratory tests were conducted on four
tree species to determine the energy
requirements of comminuting roundwood
into a loose mat of slivers using a double
roll crusher with axe-like splitting wedges
welded to its surface. Water is squeezed
from the wood as it is comminuted. The
energy requirements of this dewatering
function are compared to thermal drying

energy requirements.

417. JONES, K.C. 1982. Development and testing of a roll splitter. Pages 177-182 in Proc.
Fourth Bioenergy R&D Seminar, Winnipeg, Manitoba, 29-31 March 1982.

Un dechiqueteur a rouleaux (100 kW) monte sur
remorque a ete construit pour servir de banc d'essai
hydraulique. Les resultats des essais executes en
vue de definir la configuration optimale des
rouleaux et des dents pour ecraser et extraire l'eau
des residus de coupe et des billes soot presentes.
Les eclats produits par la machine soot destines a
etre utilises directement cornrne combustible ou
pour alimenter d'autres machines de
conditionnement, par exemple des machines de
production de poudre de bois ou des compacteurs.
Les besoins energetiques du procede soot faibles et
its correspondent a peu pres a ceux d'une
dechiqueteuse classique. L'energie necessaire pour
eliminer l'humidite du bois par compression varie
entre 1/5 et 1/10 de celIe qui serait necessaire pour
l'eliminer par evaporation.

A trailer-mounted roll splitter (100 kW)
has been built as a hydraulic test bench.
The results of tests to determine optimum
roll and tooth configurations to roll crush
and dewater harvesting residues and
roundwood are presented. The slivers
produced by the machine are intended for
use as direct fuel or as a feedstock to
further processors such as woodhogs or
compaction equipment. The process energy
requirement is low, roughly equivalent to
that of a chipper. The moisture is squeezed
from the wood for 1/5 to 1/10 of the
energy that would be required to evaporate
it.

418. JOZSA, L.A.; POWELL, J.M. 1987. Some climatic aspects of biomass productivity of
white spruce stem wood. Can. J. For. Res. 17:1075-1079.

Biomass productivity was detelmined for
white spruce (Picea glauca [Moench]
Voss) in the boreal forests of Alberta, the
Northwest Territories and Manitoba.
Comparisons were made between southern
and northern locations, between eastern
and western transect locations, and
between older (200+ yeal"S) and younger
(110 years) trees. At 13 sampling
locations, X-ray densitometric tree ring
data were obtained from the base of the
stem, breast height and from five points
equidistant along the stem. Markedly
higher stem wood biomass productivity
was found for the 110-year-old trees than

La productivite de la biomasse a ete determinee
pour l'epinette blanche (Picea glauca [Moench]
Voss) dans les forets boreales de l'Alberta, des
Territoires du Nord-Ouest et du Manitoba. Des
comparaisons ont ete faites entre des sites
septentrionaux et meridionaux, entre des virees
localisees a l'ouest et a l'est et entre des arbres
plutot ages (200 ans et plus) et plus jeunes
(110 ans). A 13 sites d'echantillonnage, on a obtenu
par rayons X des donnees sur la densite du bois des
anneaux de croissance a la base de la tige, a hauteur
de poitrine et a cinq endroits equidistants Ie long de
la tige. On a trouve que la productivite de la
biomasse du bois de la tige eta it sensiblement plus
elevee pour les arbres ages de 110 ans que pour
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for the 210-year-old trees in Alberta;
average ring weights were 3.8 and 1.2 g
for the first 100 years of growth in
l-cm-thick disks at breast height. These
results suggest that climatic warming since
the end of the Little Ice Age (ca. 1850)
has resulted in higher biomass productivity
in the Canadian boreal forest.

ceux de 210 ans en Alberta; les poids moyens des
anneaux etaient de 3,8 et 1,2 g pour les
100 premieres annees de croissance pour des
disques de 1 cm d'epaisseur Ii hauteur de poitrine.
Ces resultats laissent supposer que l'echauffement
climatique depuis la fin du petit age glaciaire (ca.
1850) a resulte en une productivite superieure de la
biomasse dans la foret boreale canadienne.

419. K.C. JONES AND ASSOCIATES LTD. 1982. Development and testing of a roll
splitter. FERIC, ENFOR Rep. P-28. 18 p.

This report presents the results of a
demonstration and field test of a prototype
roll crusher intended to reduce forest
harvesting residues to a mass of slivers
suitable for compaction. The prototype was
able to process roundwood up to 18 cm in
diameter into large splinters 5 to 6 cm
thick in a single pass. The product,
however, was not considered flexible
enough for compaction operations. The
10-cm-long axehead teeth on the surface of
20-cm-diameter rolls prevented the
splinters from spreading sufficieQtly
between the nip of the rolls to accomplish
the degree of crushing required. The
addition of a second pair of smooth
crushing rolls following the first splitting
rolls is recommended. This combination is
expected to yield the desired product while
minimizing the size and power
requirements of the processor:

Le rapport presente les resultats de la demonstration
et de l'essai, sur Ie terrain, d'un prototype de
defibreur a rouleaux visant a reduire les residus de
la coupe forestiere en une masse d'eclats de bois
qui se prete au compactage. Le prototype a pu
transformer des bois fonds pouvant atteindre 18 cm
de diametre en gros eclats de 5 a 6 cm d'epaisseur
en une seule passe. Toutefois, Ie produit n'a pas ete
considere camille suffisamment souple pour etre
utilise pour Ie compact age. Les dents de 10 cm de
longueur en forme de fer de hache qui arment la
face des rouleaux de 20 cm de diametre ant
empeche les eclats de bois de se repartir
suffisamment entre la ligne de contact des cylindres
pour atteindre Ie degre de broyage necessaire. On
recommande d'ajouter une paire de rouleaux
broyeurs lisses en aval de la paire de rouleaux
fendeurs. Cette combinaison devrait donner Ie
produit recherche tout en rCduisant au minimum la
taille et la consommation d' energie du dispositif de

fragmentation.

420. 

KIPPING AND ASSOCIATES LTD. 1985. Configuration of small scale biomass
harvesting and transport systems. Environ. Can., Can. For. Serv., Marit. For. Res. Cent.,
ENFOR Rep. P-302. 63 p. + app.

A study was perfonned to configurate
whole-tree chip harvesting systems
handling nominal 25, 50 and 100 green
tonnes per day and to evaluate the
economic feasibility of operating these
systems as independent businesses on
private woodlands in the Maritime
provinces. Representative small cable
skidders, mobile wood chippers,
feller-bunchers, grapple skidders and
semitrailer chip vans were evaluated for
production capacity, utilization and unit

On a effectue une etude pour concevoir des
dispositifs de recolte de copcaux d'arbres entiers qui
seraient capables de trailer en throne 25, 50 et
100 tonnes humides de copeaux par jour et afin
d'evaluer la faisabilite economique du
fonctionnement de ces dispositifs, comme
entreprises independantes, dans leg boises pnves des
provinces Maritimes. On a evalue la capacite de
production, l'utilisation et Ie cout unitaire
d'exploitation de petits debardeurs Ii cable, de
dechiqueteuses mobiles, d'abatteuses-groupeuses, de
debardeurs Ii grappins et de semi-remorques Ii
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cost of production when operating at the
desired harvesting-system capacities.
Optimum systems were designed for
nominal production rates of 25. 50 and 100
tonnes/day using this equipment. A
discounted cash flow analysis was
performed in each case to assess economic
viability .

copeaux lorsqu'ils fonctionnaient it la capacite
recherchee du systeme de recolte. Des systemes
optimaux ant ete con<;us pour produire
theoriquement 25, 50 et 100 t/j it l'aide de ce
materiel. Dans chaque cas, afin d'evaluer sa
viabilite economique, on a fait une al1alyse de la
valeur actualisee nette.

Au prix actuel du marche des copeaux destines a la
production d'energie (14 a 16 $/t humide), les
resultats montrent clairement qu' aucun des systemes
etudies a petite echelle n'est economiquement viable
a titre d'entreprise independ!U1te.

At the current market price range for fuel
chips ($14-$16 per green tonne), the
results indicate clearly that none of the
determined small scale systems are
economically viable as independent
businesses.

421 KIPPING AND ASSOCIATES LTD. 1989. Case studies of operational experiences of
biomass harvesting systems. Agric. Can., Can. For. Serv., Marit. For. Res. Cent.,
Unpubl. Contractor's Final Rep. ENFOR P-339. 105 p. + app.

Grace a la documentation sur leg exploitations de
recolte de la biomasse, on pourrait augmenter
I' eclosion de nouveaux systemes de recolte. On a
donc effectue une enquete dans six entreprises de
recolte des copeaux de bois des Maritimes. Le
rapport: (I) recense leg methodes operationnelles,
administratives et economiques de recolte de la
biomasse; (2) decrit leg conditions, Ie regime
reglementaire, leg marches et leg problemes associes
a la reduction de la biomasse en copeaux dans leg
provinces Maritimes; (3) renseigne sur I' echelle des
exploitations et la configuration des systemes dans
leg operations couronnees de reussite; (4) discute
des effets des programmes actuels de subventions
sur la viabilite des operations de dechiquetage.

Documentation of the experience of
existing biomass harvesting operations
could potentially increase the rate of new
biomass harvesting system startups. To
attempt to meet this need, a survey of six
existing Maritime wood chip harvesting
operations was conducted. As a result, this
report (1) documents operational,
managerial and economical methods of
biomass harvesting operations; (2)
describes the conditions, regulations,
markets and problems associated with
biomass chipping operations in the
Maritime provinces; (3) provides
information on the operating scale and
system configuration in use for successful
operations; and (4) discusses the effect of
current subsidy programs on chipping

operation viability.

422. 

KIVISTE, J.A. 1986. Energy conversion through biomass utilization. Environ. Can.,
Can. For. Serv., Petawawa Natl. For. Inst., Unpubl. Contractor's Rep. ENFOR P-343.
14 p.

This report summarizes the results of an
energy conversion demonstration which
took place at Silvilog 86 at the Petawawa
National Forestry Institute. The
demonstration was designed for the
farmers in order to show them how to

Le rapport resume les resultats d'une demonstration
de conversion energetique qui a eu lieu a
Silvilog 1986, a l'lnstitut forestier national de
Petawawa, pour montrer aux agriculteurs comment
bien amenager leurs boises, comment tirer avantage
des residus ligneux et comment produire et
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manutentionner les copeaux de bois de la fa<;on la
plus efficace. Deux systemes de combustion des
copeaux de bois qui conviennent aux maisons et
aux dependances de ferme ant egalement ete
decrits.

manage privately owned woodlots
properly, how to benefit from wood
residues, and how to produce and handle
wood chips most efficiently. Two wood
chip combustion systems which are
suitable for farm houses and out-buildings
were also described.

423. KRYLA, J.M. 1984. Determination of available heat of combustion data for Canadian
woody species. Environ. Can., Can. For. Serv., Petawawa Natl. For. Inst., ENFOR Rep.
P-256. 89 p.

A literature review was conducted to
obtain reliable, experimentally determined
calorific data for the various components
of Canadian tree species. Information
obtained for 48 tree species native to
Canada is presented in tabular form. For
indigenous species, the overall mean
calorific value was found to be 21.18
MJ/kg for softwood materials (i.e. stem
wood, stem bark, foliage, etc.), as
compared to 19.35 MJ/kg for hardwoods.
Variations between reported values for a
component of a particular species was
found to be generally less than 5% but, in
some instances, exceeded 10%. Calorific
data are also presented for hybrid poplar
and for several foreign species commonly
planted in Canada. It is recommended that
experimental research be conducted to
form a complete calorific value checklist
which could be used to supplement
Canadian biomass inventory data.

Une etude bibliographique a ete effectuee afin
d'obtenir des donnees experiment ales fiables sur les
proprietes calorimetriques des diverses parties
d'arbres d'essences canadiennes. Les resultats,
obtenus sur 48 essences indigenes, sont presentes
sous forme de tableaux. Chez les resineux, la valeur
calorifique moyenne etait de 21,18 MJ/kg de
matieres vegetales (c'est-a-dire bois de tige, ecorce
de tige, feuillage, etc.) comparativement a
19,35 MJ/kg chez les feuillus. L'ecart des valeurs
signalees pour une partie donnee d'une essence
particuliere etait gencralement inferieur Ii 5 %,
mills, il a parfois depasse 10 %. Des donnees
semblables sont egalement presentees sur Ie peuplier
hybride et plusieurs essences exotiques
communement plantees au Canada. 1\ est
recommande d' effectuer des recherches
experiment ales pour monter une liste complete de
verifications des valeurs calorifiques qui pourrait
servir a completer les donnees canadiennes de
I'inventaire de la biomasse.

424. KUUSELA, K. 1984. Timber utilization and the potential of forest energy in Finland
with refe~ence to the lEA member countries. Finnish For. Res. Inst., IEA/ENFOR Rep.
31 p.

Ce rapport, lance par I' Agence internationale de
I'energie (AlE), esquisse I'utilisation et Ie potentiel
energetique de la foret en Finlande et dans les
autres pays de I'AIE. La possibilite d'estimer les
ressources energetiques forestieres de ces pays par
I 'utilisation des statistiques internationales
concernant la ressource forestiere et I'utilisation du
bois est egalement examinee. Mais les concepts
portant sur les caracteristiques de densite et
d'accroissement varient fortement entre les
differents pays. Une meilleure coherence

This report, which was initiated by the
International Energy Agency (lEA),
outlines the utilization and potential of
forest energy in Finland and other lEA
countries. The possibility of estimating the
forest energy resources of these countries
on the basis of international forest resource
and timber utilization statistics is also
examined. The concepts of tree stock and
increment characteristics vary greatly in
different countries. A better conceptual
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consistency would improve the estimates
of forest energy potential and international
comparison.

conceptuelle ameliorerait les estimations du
potentiel energetique forestier et pennettrait une
meilleure comparaison au niveau international.

New methods are urgently needed for
better estimating the biomass of the
complete tree. As stem volume is the key
characteristic in current forest inventories,
functions giving other parts of the tree
biomass on the basis of the stem volume
should be worked out for different tree
species and for different growing
conditions.

II est donc urgent d'etablir de nouvelles methodes
afin d'ameliorer l'estimation de la biomasse de
l'arbre en tier. Comme Ie volume de la tige est la
caracteristique cle des inventaires forestiers. les
fonctions donnant les autres parties de la biomasse
de I'arbre basee sur Ie volume de la tige devront
etre etablies scion les especes et selon les conditions
de croissance.

425. LUSSIER, L.-J.; MARANDA, J. 1982. Perspectives d'utilisation de la biomasse
forestiere au Quebec. Environ. Can., Servo can. for., Cent. rech. for. Lau., Rapp. d'info.
LAU-X-52. 55 p. + ann.

l'objet de previsions, et les con flits possibles entre
les utilisations actuelles et futures de biomasse sont

analyses.

La disponibilite de biomasse forestiere, au
Quebec, est estimee par zones
d'amenagement et par regions
administratives. Ce rapport examine
l'utilisation actuelle (1981) de cette
biomasse, ainsi que leg quantites de
biomasse excedentaire par source de
biomasse et categorie de produit.

Le volume total de biomasse aerienne disponible
annuellement, dans leg peuplements fore stiers du
Quebec, se chiffre a 35 millions m3 et a 15 millions
de tonnes metriques anhydres sous amenagement
extensif. Les residus de coupe representent 10 % de
cette quantite, leg arbres entiers marchands 60 % et
leg tiges non-marchandes 30 %.

L 'utilisation de la biomasse excedentaire,
au cours de la prochaine decennie, fait

See 426 for English.

426. LUSSIER, L.-J.; MARANDA, J. 1983. Prospects for the use of forest biomass in
Quebec. Environ. Can., Can. For. Serv., Lau. For. Res. Cent., Info. Rep. LAU-X-52E.
52 p. + app.

conflicts between culTent and future uses are
analyzed. The total aboveground wood biomass
available annually in Quebec's forests is 35 million
m3, or 15 million ovendry metric tonnes under
extensive management. Logging residues represent
10% of this quantity. merchantable full trees 60%
and unmerchantable trees 30%.

In Quebec, the availability of forest
biomass is assessed by management zone
and administrative region. This report
examines current use (1981) of forest
biomass, as well as quantities of surplus
biomass, by biomass source and product
category. The uses of surplus biomass over
the next decade are forecast and possible

Voir 425 pour Ie fran~ais.
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427. MICKa, M.M.; BAINS, B.S.; WANG, E.I.C. 1984. Wood densities of Prairie provinces
and Northwest Territories: Data acquisition. Agric. Can., Can. For. Serv., Nor. For. Res.
Cent., Unpubl. Contractor's Rep. ENFOR P-255. 49 p.

Des tableaux de la densite du bois anhydre et de la
densite de reference du bois sont presentes en
meme temps que d'autres renseignements utiles sur
les echantillons. Les donnees qui se rapportent a
I'essence, a I'emplacement ainsi qu'au numero de la
parcel Ie de tollS les echantillons sont stockees dans
des fichiers informatiques. L' analyse statistique
suivra. En tout, 2137 echantillons ont ete mesures.
Le resume de ces donnees est fourni. Comme les
echantillons ont ete preleves par des tiers,
I' ensemble des donnees connait quelques lacunes,
comme des erreurs de marquage. Tout a ete tente
pour interpreter et compiler leg renseignements sur
chaque echantillon. Toutefois, certains echantillons
sur lesquels on possedait des renseignements sans
correspondance ont ete ecartes de I'analyse
statistique finale.

Both oven-dried and basic wood densities
are tabulated along with other relevant
information of the samples. The data about
tree species, location and plot number of
all samples are entered into computer files.
The statistical analysis is to be carried out
later. A total of 2137 samples were
processed for measurements. The summary
of these data is given. Since the samples
were collected by third parties, there are
occasional information gaps, like marking
en-ors. Every effort was made to interpret
and comPile the information about each
sample. However some samples with
unmatched information were dropped from
the final statistical analysis.

428. MICKO, M.M.; WANG, E.I.C. 1983. Literature review on the heat of combustion of
Prairie tree species. Environ. Can., Can. For. Serv., Nor. For. Res. Cent., Unpubl.
Contractor's Rep. ENFOR P-255. 25 p.

Le critcre du potentiel energetique est la chaleur de
combustion ou la valeur calorifique. Les
combustibles qui s'oxydent rapidement dans des
conditions favorables liberent de l'energie sous
forme de chaleur. Le rapport divulgue les valeurs
publiees de la chaleur de combustion pour les
principales essences ligneuses des Prairies.

The criterion of energy potential is heat of
combustion or calorific value. Combustible
material will oxidize rapidly under
favorable conditions to generate energy in
the form of heat. This report surveys
literature values of heat of combustion for
the major Prairie tree species.

429. MICKO, M.M.; WANG, E.I.C.; BAINS, B.S. 1984. Wood densities of Prairie provinces
and Northwest Territories: Statistical analyses. Agric. Can., Can. For. Serv., Nor. For.
Res. Cent., Unpubl. Contractor's Rep. ENFOR P-255. 90 p.

On the basis of the data determined in the
laboratory, the following analyses were
carried out: means and standard deviations
of species densities, and regional
breakdown; analysis of variance for species
means of a few selected species which
have sufficient numbers for analysis;
correlation analyses of within-species
densities vs. dbh or height; correlation
analysis within species of dbh vs. height.

Selon les donnees obtenues au laboratoire, les
analyses suivantes ont ete effectuees : moyennes et
ecarts types de la densite des essences, avec
ventilation region ale; analyse de la variance des
moyennes de quelques essences choisies sur
lesquelles on possede suffisamment de donnees pour
I' analyse; analyses de correlation de la densite
intraspecifique en fonction du diametre Ii hauteur de
poitrine ou en fonction de la hauteur; analyses de la
correlation intraspecifique du diametre Ii hauteur de
poi trine en fonction de la hauteur.
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430. NAGLE, G.S. 1980. Analysis of salvage yarding systems and costs in Pacific coast
forests. Environ. Can., Can. For. Serv., Pac. For. Res. Cent., Info. Rep. BC-X-214. 36 p.

The objective of this study was to review
and analyze existing cost estimates for
harvesting forest residuals to guide
development of new equipment and
systems. Major problem areas identified
were piece size and accessibility. Thirteen
separate studies were reviewed in detail,
providing a range of yarding costs from
$5- 70 per bone-dry tonne. depending on
utilization standards and accessibility. On
the basis of the analysis done for this
report, about 2 million bone-dry tonnes per
year are estimated to be available in
British Columbia at a cost not exceeding
$30/tonne at roadside. This represents
about 50% of available material. New
technology will be required to harvest the
remainder.

Le but de la presente etude etait de revoir et
d'analyser les evaluations disponibles des couts de
recuperation des residus forestiers pour aiguiller la
mise au point de nouveaux equipements et
systemes. La dimension et l'accessibilite des
remanents ont ete les principaux secteurs problemes
identifies. Treize etudes independantes ont ete
passees en revue de fa~n detaillee, foumissant un
eventail de couts de debusquage allant de 5 $ a
70 $ par tonne anhydre, selon les normes
d'utilisation et l'accessibilitc. En se fondant sur
I'analyse effectuce en vue de ce rapport, I'auteur
estime qu'environ 2 millions de tonnes anhydres par
an seraient disponibles en Colombie-Britannique a
un cout n'exced,mt pas 30 $ la tonne, pour les
residus rendus au bord de la route. Ceci represente
environ 50% du materiel disponible. II faudrait de
nouvelles techniques pour recolter Ie reste.

431. NORTHLAND ASSOCIATES LTD. 1980. Fuelwood consumption in Newfoundland.
Environ. Can., Can. For. Serv., Nfld. For. Res. Cent., Info. Rep. N-X-177. 43 p. + app.

Fuelwood consumption in Newfoundland
was known to have declined considerably
during the 1950s and 1960s as more
people changed to cleaner and more
efficient fuels for domestic heating and
cooking purposes. This trend was reversed
in the 1970s as costs of alternative fuels
increased dramatically. While resource
managers were aware of the trend towards
increasing fuelwood consumption, there
was no system in place to quantify, with
any precision, the amount of wood being
harvested. This study was undertaken to
get a first estimate of fuelwood
consumption for the island of
Newfoundland for the period April 1, 1977
to March 31, 1978. It was found that the
estimated number of households burning
wood increased from about 22 000 before
1973 to approximately 32 000 in 1977-78.
There was a further estimated increase to
about 39 500 in 1978-79. In 1977-78, it
was estimated that 461 571 stacked m3 of
fuelwood were consumed on the Island.
This was broken down into 318 916 m3 of
softwood and 142 655 m3 of hardwood.

On sait que la consommation de bois de chauffage a
Terre-Neuve a baisse considerablement dans les
annees cinquante et soixante, la raison de cette
baisse etant que beaucoup de gens ant change de
combustible afin d'en avoir un plus efficace et plus
propre pour Ie chauffage et la cuisine. Cette
tendance a change d!InS lcs annees soixante-dix
lorsque Ie prix des autres combustibles a augmente
de manicre prodigieuse. Alors que les directeurs des
ressources etaient conscients de cette tendance a
revenir a la consommation du bois de chauffage, ils
n'ont pas etabli de systcme pour mesurer d'une
manicre precise la production de bois. Cette etude a
ete entreprise afin d'obtenir une estimation de la
consommation tot ale de bois de chauffage pour l'ile
de Terre-Neuve pendant la periode du ler avril 197~7
au 31 mars 1978. On a trouve que Ie nombre
approximatif de maisoos utilisant du bois de
chauffage etait passe d'environ 22 000 avant 1973 a
environ 32 000 en 1977-1978. Ce nombre irait
jusqu'a 39 500 en 1978-1979. On a estime que
461 571 m3 de bois de chauffage ant ete utilises en
1977-1978, ceci etant partage en 318 916 m3 de
bois tendre et 142 655 m3 de bois dur. La
consommation de bois de chauffage est responsable,
pour 1 a 77 % de la coupe annuelle autorisee dans

216



leg diverges forets de I'lle de 1977 it 1978. D'une
maniere generale, la consommation du bois de
chauffage evaluee par Ie sondage formait 8 % de la
coupe annuelle autorisee. On pense que l'utilisation
du bois comme combustible va continuer it

augmenter.

Fuelwood consumption accounted for
anywhere from 1 to 77% of the calculated
allowable annual cut for the various forest
management units on the Island for
1977-78. Overall, fuelwood consumption
estimated by the survey accounted for 8%
of the estimated allowable annual cut. Use
of wood as fuel is expected to continue
increasing.

432. NORTHLAND ASSOCIATES LTD. 1984. Domestic fuelwood consumption in
Newfoun~and. Environ. Can., Can. For. Serv., Nfld. For. Res. Cent., ENFOR Rep.
P-263. 73 p. + app.

A partir d'une enquete telephonique et post ale
aupres de 6700 menages de I'lle, on a detennine
que, en 1983,46 % d'entre eux utilisaient Ie bois
pour Ie chauffage de leur residence principale; 40 %
des appareils de chauffage au bois servaient au
chauffage de toute la maison. La consommation
annuelle moyenne de bois dans les menages qui
chauffaient au bois etait de 12,9 m3. D'apres
I' echantillon analyse, on estime que
65 460 menages ant brule 820 000 m3 de bois de
chauffage en 1983. Comparativement a 1978,
environ deux fois plus de menages se chauffaient au
bois et ils ant consomme 2,5 fois plus de bois qu'en
1978. Toutefois, la demande de bois de chauffage
domestique semble plafonner.

From a mail and telephone survey of 6700
households of the Island, it was determined
that 46% used wood for heating their
primary residence during 1983; 40% of
these woodburners heated their homes
entirely with wood. Mean annual
consumption per woodburning household
was 12.9 m3. From this sample it is
estimated that 65 450 households burned
820 000 m3 of fuelwood during 1983.
There were approximately twice as many
wood-burning households and they
consumed two and one-half times as much
wood as in 1978. However, the demand for
domestic fuelwood appears to be levelling
off.

Une enquete distincte, dans la peninsule d' Avalon,
montre que la coupe annuelle autorisee de bois pour
cette partie de I'ile est depassee, principalement II-
cause de la coupe du bois de chauffage. En general,
dans Ie reste de I'ile, la ressource forestiere semble
pouvoir repondre II- la demande de bois de

chauffage.

A separate survey of the Avalon Peninsula
indicates that the AAC for this part of the
Island is being exceeded, primarily as a
result of fuelwood cutting. Generally, for
the remainder of the Island, the forest
resource seems capable of sustaining the
demand for fuelwood.

D'autres renseignements et statistiques sont foumis
sur les methodes d'echantillonnage, les types de
bruleurs alimentes au bois, les types et les sources
de combustibles, les methodes de recolte et de
transport du bois, les prix payes, les distances
parcourues de meme qu'un annuaire des vendeurs
de bois de chauffage au detail de la province. Des
specimens des questionnaires utilises dans l'enquete
sont egalement inclus.

Other infom1ation and statistics are given
regarding sampling methods, types of
wood burners, types and sources of fuel,
methods of acquiring and transporting
wood, prices paid, distances travelled, as
well as a section on fuelwood retailers in
the province. Samples of the questionnaires
used in the survey are also included.
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433. NORTHLAND ASSOCIATES LTD. 1984. Domestic fuelwood consumption in
Newfoundland. Pages 179-182 in S. Hasnain, ed. Proc. Fifth Canadian Bioenergy R&D
Seminar, Ottawa, Ontario, 26-28 March 1984.

An estimate of present fuelwood
consumption and future trends for the
island of Newfoundland was obtained by
mail-out questionnaires and telephone
interviews. Stratified sampling, based on
population distribution, was employed to
select communities for study. The
information obtained will be used to assess
the impact of fuelwood consumption on
the overall forest resource.

Des questionnaires postaux et des interviews
telephoniques ant pelmis d'estimer la consommatiorl
actuelle de bois de chauffage et ses tendances
futures pour l'ile de Terre-Neuve. On a utilise un
echantillonnage stratifie, base sur la repartition de la
population, pour choisir leg collectivites a etudier.
Les donnees obtenues serviront a evaluer I'impact
de la consommation de bois de chauffage sur
I' ensemble des ressources forestieres.

434. NORTHLAND ASSOCIATES LTD. 1984. Review of commercial and industrial
wood/peat energy in Atlantic Canada 1978/83 and beyond. Environ. Can., Can. For.
Serv., NfldJ For. Res. Cent., ENFOR Rep. P-294. 213 p.

This review provides an individual
summary for each energy biomass
application, except for domestic fuel,
undertaken in the four Atlantic provinces.
A total of 91 applications, including 52
completed, 23 incomplete, and 16 trials
and demonstrations, are identified and
described. An additional 14 studies and
proposals for projects are also summarized.
It is estimated that the current annual
consumption of wood biomass for
commercial and industrial fuel in the
region is 2.3 million green tonnes, of
which 80-90% is used by the pulp and
paper industry. An additional 2.0 million
tonnes is consumed for domestic heating.
There appears to be sufficient wood
biomass to meet the demands of existing
and proposed applications, but problems
with security of supply and stability of
price for the smaller users is a constraint to

development.

Le survol est un resume sur chaque application de
la biomasse a des fins energetiques, sauf Ie
chauffage domestique, entrepris dans les quatre
provinces de I' Atlantique. En tout, 91 applications,
y compris 52 terminees, 23 Ii terminer et 16 essais
et demonstrations, sont identifies et decrits. Un
resume est egalement fait sur 14 etudes et
propositions supplementaires. On estime que les
usines et les commerces de la region consomment
actuellement 2,3 Mt humides de biomasse ligneuse
a titre de combustible, dont 80 Ii 90 % sont utilises
dans l'industrie des pates et papiers. A cela il faut
ajouter 2,0 Mt consommees pour Ie chauffage
domestique. II semble y avoir suffisamment de
biomasse ligneuse pour repondre a la demande
actuelle et projetee, mais I'incertitude des
approvisionnements et l'instabilite des prix pour les
petits usagers est un obstacle au developpement.

Terre-Neuve, Ie Nouveau-Brunswick et la Nouvelle-
Ecosse possedent des reserves considerables de
tourbe utilisable cornme combustible, mais leg
industriels et leg cornmer~ants ont manifeste peu
d'interet pour cette ressource. Deux projets de
demonstration sont en cours Ii Terre-Neuve et une
application est projetee en Nouvelle-Ecosse.

Meme si les autorites chargees de la protection de
I' environnement sont conscientes des repercussions
peut-etre negatives de la recolte et de I'utilisation it
grande echelle de la biomasse du bois et de la

Substantial fuel peat reserves occur in
NewfoWldland, New Brunswick and Nova
Scotia, but interest in using this resource
as fuel in an industrial or commercial
application is not widespread. There are
two demonstration projects in
NewfoWldland and one proposed
application in Nova Scotia.
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tourbe sur l'environnement, on manque
generalement d'etudes et de contr61es sur cet aspect
de la question.

Although environmental authorities are
alert to the potential negative impacts that
large-scale harvesting and burning of wood
and peat biomass may have on the
environment, there is a general lack of
studies and monitoring relating to the
environmental aspect.

Le survol se termine par une bibliographie de
250 titres sur I' emploi de la biomasse ligneuse et de
celie de la tourbe comme combustibles.

A bibliography of 250 publications related
to the use of wood and peat biomass as a
fuel is included.

435. NOY AK, W. 1986. Composition des residus d'exploitation des arbres entiers et essais
du prototype de la fragmenteuse-broyeuse de residus (LRP). FERIC, Rapp. spec. RS-38.
24 p.

Les resultats des premiers essais permet-
taient de conclure que de nombreuses
modifications etaient necessaires pour
amener Ie LRP a un niveau commercial de
production. On apporta des modifications
specifiques a la machine, et on procooa a
un second essai sur sa performance. On
presente ici les resultats des essais du LRP
modifie.

Cependant la faible productivite de la chargeuse
limitait Ie faux reel de fragmentation de la machine
Ii 12 tonnes humides/HMP. Le manque d'experience
de l'operateur, la lenteur des temps du cycle, et les
petites charges du grappin etaient taus des elements
qui contribuaient Ii la faible productivite de la
chargeuse. On pourrait atteindre un faux de
chargement de 26 tonnes par HMP en augment ant Ii
500 kg la charge moyenne par grappin, actuellement
mesuree Ii 243 kg. L' installation d 'une goulotte
d'alimentation qui faciliterait Ie positionnement et
I' entree des residus dans Ie tambour de cisaillement
augmenterait encore la productivite de la chargeuse
d'environ quatre tonnes/HMP.

Ces demiers ont montre un potentiel de
productivite de 26 tonnes humides par
heure-machine productive (HMP), soit 4
tonnes de plus que Ie premier prototype.

See 436 for English.

436. NaV AK, W. 1986. The composition of full-tree logging residues and testing of the
prototype logging residue processor (LRP). FERIC, Spec. Rep. SR-38. 24 p.

Preliminary tests on the LRP indicated that
a greater productivity level could be
reached if some modifications were made
to the prototype. Specific machine
modifications were thus implemented and a
second production trial carried out. This
report describes the testing results of the
modified LRP.

4 tonnes better than the first prototype. However,
low loader productivity limit the machine's actual
processing rate to 12 t/PMH. Operator inexperience,
slow cycle times and small grapple loads all
contributed to the loader's inferior productivity. A
loading rate of 26 t/PMH could be realized by
increasing the average load per grapple to 500 kg
from the measured 243 kg. The installation of an
infeed chute to facilitate the positioning and entry
of residues into the shearing rotor would further
enhance loader productivity by about 4 t/PMH.

Test results demonstrated potential
productivity of 26 green tonnes per
productive machine hour (t/PMH), or

Voir 435 pour Ie frangais.
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437 OAKLEY, P.; MANNING, G.H. 1984. An analysis of two trials of a portable shear-type
residue processing system. Environ. Can., Can. For. Serv., Pac. For. Res. Cent., Info.
Rep. BC-X-249. 39 p. + app.

On a inventorie et ramasse leg dechets de coupe
dans des endroits reunissant leg conditions
topographiques et stationnaires typiques de la zone
humide de la cote et de l'interieur de la Colombie-
Britannique. Un tracteur sur chenilles, dote d'une
lame frontale, et des debusqueuses II, roues, assistees
par des chargeuses forestieres, ant servi II, empiler
leg dechets sur un terrain plat ou en pente douce,
apres Ie fa<;onnage. Le debusquage sur pente
abrupte s'est fait par telephcrage releve, II, pylone
mobile.

Logging residues were inventoried and
collected 011 sites representing the typical
topographic and stand conditions of the
West Coast and interior wet belt of British
Columbia. A crawler-tractor with a brush
blade and rubber-tired skidders aided by
front-end loaders were used to pile
residues on flat and moderately sloped
sites after primary logging had been
completed. A mobile highlead tower was
used to yard residues 011 a steeply sloped
site.

A mobile shear-type processor was
designed and built to overcome some of
the problems and limitations of using
mobile chippers to process logging residue
at field sites. The processor was used to
shear residues into bolts of uniform length.
Some of this material was transported to
mills for reprocessing into hogged fuel and

chips.

Une ebrancheuse-tronc;onneuse mobile a cisaille a
ete conc;ue et construite pour sunnonter certaines
difficultes et limitations des dechiqueteuses mobiles
utilisees sur place. Elle a servi a tronc;onner les
residus en biUots de longueur unifonne, dont une
partie a ete transportee dans des usines pour
fac;onnage secondaire en copeaux et combustible de
bois dechiquete.

Productivity, cost and fuel consumption
were determined for each phase of the
operation at the various field sites. In
addition, this information was interpolated
to obtain productivity and cost estimates
for operating the shear processor in a
sort yard or millyard. The shear processor
was also compared with mobile chippers
operating at similar sites. The study
includes material analysis, energy values,
energy balance and cost-benefit analysis.

La productivite, les couts et la consomrnation de
carburant ont ete detennines a chaque etape des
travaux, sur les divers chantiers. De plus, on a
estime par interpolation la productivite et les couts
de l'utilisation d'une ebrancheuse-tron~nneuse a
cisaille dans une aire de triage ou la cour d'une
scierie. On a aussi compare cette ebrancheuse-
tron~onneuse a des dechiqueteuses mobiles
fonctionnant dans des chantiers semblables. L' etude
comprend une analyse des engins, un etat du
rendement energetique, un bilan de I' energie et une
analyse de rentabilite.

Results indicate that a shear-type
processing system is a technically feasible
alternative to mobile chippers. The system
is economically feasible as a fuel processor
at current oil prices if used in a sort yard
located within medium distance (60 km) of
a coastal conversion plant with an existing
under-utilized hogging system.

Les resultats montrent qu'il est techniquement
faisable de remplacer la dechiqueteuse mobile par
I' ebrancheuse-tron90nneuse a cisaille.
Economiquement, compte tenu des prix actuels du
petrole, c'est une solution possible pour la
production de combustible, si elle est utilisee sur
une aire de triage situee a distance moyenne (60
km) d'une usine c6tiere de transfonnation dont Ie
systeme de dechiquetage du bois en combustible est
sous-utilise.
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438. ONDRO, W.J. 1984. Harvesting aspen for energy may be economic. in Growth, Yield
and ENFOR. Environ. Can., Can. For. Serv., Nor. For. Res. Cent., Forestry Report 29:8.

A study was carried out in 1981 in
west-central Alberta that compared the
productivity and costs of harvesting two
aspen stands (a young and an old one)
using two harvesting methods. The costs of
harvesting, skidding and piling in the
younger stands were $28.60/t (ovendry) for
the side cutter and $39.30/t (ovendry) for
the chain saw. ill the older stands, the field
operation resulted in reduction of
harvesting costs to $22.81/t (ovendry). ill
addition to being an economically viable
alternative, utilization of aspen as a source
of fuel to generate low-kilojoule gas may
have other social and economic benefits.

En 1981, dans Ie centre-ouest de I' Alberta, on a
compare la productivite et les couts de la recolte
dans deux peupleraies (une jeune et une vieiIle) a
I'aide de deux methodes de recolte. Dans Ie jeune
peuplement, les couts de la recolte, du debardage et
de la mise en tas a I'aide de la pince a tranchant
lateral ont totalise 28,60 $/t (anhydre) et, a la

tron<;onneuse, 39,30 $/t (anhydre). Dans Ie vieux
peuplement, on a pu roouire les couts de la recolte a
22,81 $/t (anhydre). En sus d'etre une solution de
rechange economique, I'utilisation du peuplier
comme source de combustible pour la production de
gaz a faible pouvoir calorifique peut avoir d'autres
avant ages socio-economiques.

439. ONDRO, W.J.; BELLA, I.E. 1984. Integrated utilization makes aspen an economic
resource. in Growth, Yield and ENFOR. Environ. Can., Can. For. Serv., Nor. For. Res.
Cent., Forestry Report 29:5.

L 'analyse montre que, It partir d'un volume unitaire
de bois, il sera it des plus economiques de fabriquer
des montants de bois en utilisant de l'energie
achetee. Meme si la fabrication de placages procure
des profits superieurs de 10 It 15 % par volume
unitaire de bois, la quantile de bois que I' on peut
effectivement utiliser est, au mieux, Ie tiers du
volume que I' on peut transformer en montants de
bois. Le meme volume de panneaux de gros
copeaux rapporte 10 It 15 % de mains que les
montants de bois. Le parti Ie mains economique
consiste a utiliser la biomasse aerienne du peuplier
ou uniquement les residus de la coupe et les residus
du sciage pour la vente de I'energie. L'epinette, Ie
pin et Ie sapin procurent environ 30 % de plus de
produits et de profits que Ie peuplier.

The analysis showed that from a unit wood
volume, stud manufacturing utilizing
purchased energy would be most
economical. Although veneer
manufacturing would bring 10-15% higher
returns per unit volume of wood, the actual
amount that can be utilized is at best only
one-third of what can be used for studs.
Waferboard products bring a 10-15% lower
return than studs for the same volume of
wood. Utilizing aboveground aspen tree
biomass or only mill and logging residues
for sale of energy is the least economically
viable alternative. Product recovery and
economic returns from spruce, pine and fir
are around 30% higher than those from

aspen.
Un bon compromis serait un complexe ou l'on
utilise Ie peuplier pour produire des placages, des
montants, des debits it dimensions specifiees ainsi
que des panneaux de gros copeaux, qui serait dote
en outre d'un atelier de conversion de I'energie.
Cependant, les profits seraient quelque peu
inferieurs it ceux d'une usine d'un seul produit,
mais on serait a"sure d'utiliser presque
completement Ie peuplier.

An integrated complex utilizing aspen for
veneer, stud, dimension lumber and
waferboard combined with an on-site
energy conversion plant would offer a
good compromise, with somewhat lower
economic returns than a single-product
option, but with nearly complete aspen
utilization ensured.
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440. ONDRO, W.J.; STEWART, H.M. 1983. Harvesting forest biomass with a Dika side
cutter. Environ. Can., Can. For. Serv., Nor. For. Res. Cent., For. Manag. Note 23. 2 p.

The costs of harvesting with skidding and
piling in a young stand were $28.60/t
(ovendry) for the side cutter and $39.30/t
(ovendry) for the chain saw (a difference
of 37%). This is a result of the high capital
cost and the rental fees associated with the
crawler-tractor and the side cutter.

Dans un jeune peuplement, les couts de la recolte
ainsi que du debardage et de la mise en tas se sont
eleves it 28,60 $It (anhydre) quand on a utilise une
pince it tranchant lateral et it 39,30 $It (anhydre)
lorsque I' on a utilise la tron90nneuse (ecart de
37 %). Ces chiffres proviennent des immobilisation:s
et des frais de location eleves qui decoulent de
I' emploi du tracteur it chenilles et de la pince it
tranchant lateral.Similar cost differences occurred in an old

stand, where the cost of chain saw
harvesting was 34% higher. The Dika side
cutter proved to be suitable for harvesting
forest biomass under winter conditions. To
determine its full potential, summer field
tests need to be conducted.

Des ecarts sembI abIes ant ete constates dans un
vieux peuplement, ou leg couts de la recolte a la
trongonneuse etaient superieurs de 34 %. La vince
Dika s'est revelee convenir it la recolte de la
biomasse forestiere en hiver. Pour determiner son
plein potentiel, il faudra effectuer des essais sur
place en ete.

441. PETERS, D.C. 1982. An evaluation of the economics of harvesting fuelwood under fOUI'
different stand conditions on Prince Edward Island. Pages 163-167 in Proc. Fourth
Bioenergy R&D Seminar, Winnipeg, Manitoba, 29-31 March 1982.

Selective harvesting was carried out in
each of four stand types: immature
(pole-size) tolerant hardwood, mature
softwood/intolerant hardwood, mature
softwood/tolerant hardwood and immature
softwood, with modified small-scale
equipment. The primary end product is
fuel wood. Records of labour cost, volume
extracted, equipment modification and
maintenance cost and market value of
extracted wood are documented for each
stand type.

Une coupe selective a ete effectuee dans quatre
types de peuplements forestiers : bois dur tolerant
jeune (poteau); bois tendre adulte/bois dur
intolerant; bois tendre adulte/bois dur tolerant; bois
tendre jeune. Ces coupes ont ete faites au moyen de
petits equipements modifies. Le produit final
principal est Ie bois de chauffage. Pour chaque
peuplement forestier, les couts de main-d'oeuvre,
les volumes extraits, les couts de modification et
d'entretien des equipements, ainsi que la valeur
marchande du bois extrait sont etablis.

442. POTrIE, M.A.; SINCLAIR, A.W.J. 1987. Design and testing of a prototype rock
separator for sort yard debris. Agric. Can., Can. For. Serv., Pac. For. Res. Cent., Info.
Rep. BC-X-292 (FERIC, Spec. Rep. SR-41). 14 p. + app.

La compagnie Nicholson Murdie Machines Limite<:l
a construit un prototype de separateur de roches de
plus de 2,5 cm et elle en a fait l'essai. Le prototY}J4~
a permis de montrer qu'un convoyeur Ii bande en
caoutchouc peut sef\'ir Ii separer les roches des
morceaux de bois, pourvu que l'inclinaison laterale,
la vitesse et la rente du con voyeur soient
superieures Ii celles des con voyeurs utilises pour

A prototype rock separator designed to
separate rocks larger than 2.5 cm was built
and tested at Nicholson Murdie Machines
Limited. The prototype demonstrated that a
rubber-belted conveyor can be used to
separate rocks from woody material when
operated with a side tilt, speed and slope
greater than those normally used to
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transport wood waste. Rock separation
rates greater than 90% with wood loss of
29% were achieved during the field tests.
Average production rates of 8.8 tonnes per
hour were achieved during prototype

testing.

transporter les dechets de bois. Des faux de
separation des roches superieurs a 90 % avec pertes
de bois de 29 % et des debits moyens de 8.8 tonnes
par heure ont ete obtenus durant les essais sur
place.

POWELL, J.(M).; JOZSA, L.(A). 1984. Determination of annual stem-wood biomass
producti\fity. in Growth, Yield and ENFOR. Environ. Can., Can. For. Serv., Nor. For.
Res. Cent., Forestry Report 29:7.

A study is in progress to estimate annual
forest biomass production in relation to
climate. Stem sections were collected from
white spruce trees from the southern limit
of the boreal forest to the open subarctic
forest. Seven cross-sectional disks were cut
from each tree and thin radial
cross-sections of each disk were prepared.
Radiographs of each section were scanned
over incremental distances of 0.1 mm on a
computerized densitometer which converts
light transmission of the wood-sample
image into detailed ring width and ring
density chronologies for earlywood and
latewood components of annual rings. The
volume and weight of the entire annual
increments in a stand can be obtained by
processing these data.

Un essai est en cours afin d'estimer la production
annuelle de la biomasse forestiere en fonction des
facteurs climatiques. On a preleve des tronc;ons de
tiges d'epinettes blanches, de la limite meridionale
de la foret boreale jusque dans la foret subarctique
clairsemee. Dans chacun des billots on a decoupe
des disques et on a prepare de minces coupes
radiales de chaque disque. Par pas de 0,1 mm, on a
obtenu des radiographies de chaque coupe, que I' on
a examinee par balayage au moyen d'un
densitometre informatise qui convert it la
transmission lumineuse de l'image de I'echantillon
en une chronologie detaiIl6e de la largeur et de la
densite des parties des cernes annuels constituees du
bois de printemps et du bois d'automne. Par Ie
traitement de ces donnees, on peut connaitre
I' accroissement annuel en masse et en volume de
tout un peuplement.

ROBINSON, G.; WETfON, C.E. 1986. The role of biomass in the B.C. pulp and paper
industry energy strategy: 1974-1984. Agric. Can., Can. For. Serv., Pac. For. Res. Cent.,
Info. Rep. BC-X-286. 15 p.

The British Columbia pulp and paper
industry dramatically altered its energy
consumption patterns over the period from
1974 to 1984. Sixteen mills, comprising
80% of the provincial pulp and paper
capacity, participated in this study. Their
responses suggest that an annual fossil fuel
saving equivalent to about 3.5 million
barrels of oil has been achieved since
1974. The savings were achieved by

replacing energy-inefficient equipment,
implementing process changes, and
increasing hog fuel consumption. However,
the responses also reveal a great variation
among mills, as each implemented the mix
of energy projects best suited to its

L'industrie des pates et papiers de la Colombie-
Britannique a modifie de fa<;on considerable sa
consommation d'encrgie au cours de la periode de
1974 a 1984. Seize usines, representant 80 % de la
capacite de production de pates et papiers de la
province, ont prn1icipe a I' etude. Les reponses
qu'elles ont foumies indiquent une economie
annuelle en combustibles fossiles equivalant a
environ 3,5 milliards de barils de petrole depuis
1974. Ces economies ont ete obtenues par Ie
remplacement du materiel a forte consommation
d'energie, des modifications de procedes et
I'accroissement de I'utilisation de dechets de bois
comme combustibles. Toutefois, les reponses
revelent egalement beaucoup de differences entre
les usines en ce qui conceme la combinaison des
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particular needs. There is continuing
pressure at most mills to reduce fossil fuel
consumption further. Increased hog fuel
consumption has played and will continue
to play an important role in the effort of
the pulp and paper industry to reduce fuel

consumption.

solutions adoptees par chacune pour repondre a ses
besoins particuliers. La pression de reduire
davantage la consommation de combustibles fossiles
existe toujours dans la plupart des usines.
L ' accroissement de la consommation des dechets de

bois comme combustibles a joue et continuera de
jouer un role important dans I'effort de l'industrie
des pates et papiers pour reduire sa consommation
de combustibles fossiles.

445. ROUTHIER, J.-G. 1981. Implications de l'exploitation par arbres entiers pour la
recuperation de la biomasse. Environ. Can., Servo can. for., Cent. rech. for. Lau., Rapp.
d'info. LAU-X-50. 112 p. + ami.

d'abattage et de debardage. Si la biomasse
recuperee peut etre vendue au prix de 35 $ par
tonne anhydre, soit beaucoup mains que son
equivalent energetique en petrole (54 $), Ie taux de
rendement apres impOt et aux prix reels (inflation
nulle) sur les investissements additionnels requis en
foret et en usine pour la recuperation de la
biomasse atteint 27 %. La mise en copeaux de
I' arbre entier en foret ct la purification de ces
copeaux a l'usine est une technique en
developpement qui offre a l'industrie des pates et
papiers un autre moyen de recuperer un maximum
de biomasse. Les connaissances actuelles sur cette
technique indiquent que son potentiel economique
est comparable a celui du traitement d'arbres entiers
en usine.

L' ebranchage et I' etetage des arbres a
l'usine plutot que sur Ie parterre de coupe
favorise l'utilisation des branches et des
houppiers pour fins energetiques. Les
branches et les houppiers recuperes
constituent une biomasse a I' etat vert de
200 a 300 kg/m3 de bois march and pour
les essences resineuses de I'es! du Canada.
L' exploitation e! Ie transport d' arbres
entiers soot realisables sans difficultes
majeures sur les routes privees. Un concept
d'usine pour I'ebranchage, I'etetage, Ie
tron~onnage et I' eco~age des arbres est
presente et evalue dans ce rapport.

L'elimination de l'ebranchage en foret
favorise la mecanisation des operations

See 446 for English,

446. ROUTHIER, J.-G. 1982. Implications of full-tree harvesting for biomass recovery.
Environ. Can., Can. For. Serv., Lau. For. Res. Cent., Info. Rep. LAU-X-50E. 105 p. +
app.

If trees are delimbed and topped at a plant
site rather than at the cutting area, their
limbs and tops can be used for energy
production more readily. In the green state,
recovered limbs and tops constitute a
biomass of 200 to 300 kg/m3 of
merchantable wood for softwood species in
eastern Canada. Full trees can be harvested
and transported on private roads without
major difficulty. A plant concept for
delimbing, topping, slashing and debarking
trees is presented in this report.

The elimination of delimbing in the forest promotes
mechanization of felling and skidding operations. If
the additional biomass that is recovered can be sold
at $35 per ovendry tonne --a much lower price
than the energy equivalent amount of oil ($54) --

then the additional investments required in the
forest and at the mill to recover the biomass yield
an after-tax rate of return at real prices (no
inflation) of 27%. Chipping full trees in the forest
and purifying the chips at the mill is a process now
being developed that offers the pulp and paper
industry another means of recovering a maximum
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amount of biomass. Current knowledge of
this technique indicates that its economic

potential is comparable to that of processing full
trees at a plant.

Voir 445 pour Ie fran~ais.

447. ROUTHIER, J.-G. 1983. Modele de simulation pour la recolte de biomasse forestiere.
Environ. Can., Servo can. for., Cent. rech. for. Lau., Rapp. d'info. LAU-X-53. 87 p.
+ ann.

Ce rapport prescntc Ie modele de simulation con<;u
Ii cette fin. II decrit la fa<;on d'utiliser Ie modele,
precise les donnees requises pour realiser une
simulation et explique les resultats obtenus. Tout au
long du texte, on presente diverses situations oil la
simulation peut etre utilisee pour prevoir ou
ameliorer la productivite et les couts d'une
exploitation. En demier lieu, un exemple de la
simulation d'une operation de mise en copeaux de
la biomasse est presente, accompagne d'une
discussion des resultats obtenus.

L 'exploitation de la biomasse forestiere,
dans Ie cadre de la foret privee, a
generalement lieu dans de jeunes
peuplements denses composes en majorite
de tiges dont Ie diametre a hauteur de
poitrine (DHP) varie de 2 a 10 ou 12 Cill.
Le peu d'expertise dans l'exploitation de
ces peuplements a suscite la conception et
la realisation d'un modele permettant de
simuler l' exploitation de la biomasse sur
ordinateur afin d'identifier et de hater Ie
developpement de systemes d'exploitation
efficaces.

See 448 for English.

448. ROUTHIER, J.-G. 1984. Forest biomass harvesting simulation model. Environ. Can.,
Can. For. Serv., Lau. For. Res. Cent., Info. Rep. LAU-X-53E. 83 p. + app.

Forest biomass harvesting, in the context
of private forests, is usually carried out in
dense, young stands with stems whose
diameter at breast height varies from 2 to
10 or 12 cm. The lack of expertise
available in the harvesting of those stands
led to the design and the construction of a
simulation model to identify and develop
efficient forest biomass harvesting systems.

use of the model is clearly described, the required
data to carry out a simulation are identified and the
results obtained through simulation are explained.
Different situations are presented where simulation
may be used to forecast and improve harvesting
productivity and costs. In the last part of the report,
an example of a chip harvesting simulation for
biomass is presented, along with a discussion of
results.

This report presents the simulation model
developed for this specific purpose. The

Voir 447 pour Ie fran9ais.

449. SICARD-;LUSSIER, T. 1984. Recolte de la biomasse forestiere -Etude
terminologique/Harvesting of forest biomass for energy -Terminology study. FERIC,
Rapp. spec. RS-25 (ENFOR P-280). 151 p.

Le pro jet a prig naissance a la suite de
constatations relatives a la confusion
inevitable qui resulte de la presence de

The need for this study arose out of the inevitable
confusion which surrounds the tenl1inology of
equipment in a relatively new area of research and
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plusieurs tennes en concurrence pour
designer des notions ou engins identiques :
noms d'inventeur, marques de commerce,
abreviations ou nomenclature n' ayant
aucune relation avec leg fonctions de la
machine; constatations relatives egalement
it la nature eparse de l'infonnation qui ne
pennet pas it l'utilisateur de faire Ie lien
entre la technologie existante ou en voie de
developpement, et ses besoins specifiques.

development. Frequently a machine is known under
several names, or the same name is applied to
different machines, or the name of the inventor, a
trademark or an acronym (which has no relation to
the actual functions of the machine or prototype) is
employed. Lack of such information also prevents
the user from making a connection between existing
(or developing) technology and specific user needs..

From the outset, the main objective was to produ~:
terminologies in French and English on the topic of
forest biomass recovery and comminution. The
names of the machines are suggested within a
classification scheme to enable the research
organizations, manufacturers and users to be more
precise in their respective communication, in an
attempt to speed up the transfer of technology to the
potential user. The approach is more elaborate than
simple nomenclature, since it includes within the
classification scheme a definition, a C',ontext and an
illustration of representative machines or prototype:~
for each category.

Le but principal de r ouvrage vise a
presenter un document terminologique
portant sur la recolte et la fragmentation de
la biomasse forestiere, dans les deux
langues officielles, Ie fran<;ais et l'anglais.
C'est a l'interieur d'un schema de
classement que ces termes sont suggeres
afin de faciliter la communication entre les
organismes de recherches et de
developpement et aussi d' assurer Ie
transfert de la technologie a I' utilisateur
eventuel. L'etude va bien au-delft d'une
simple nomenclature, car en plus d'un
encadrement systematique a I' interieur du
schema de classement nous retrouvons une
definition, Ie contexte d'utilisation et une
illustration des fonctions de base de
certains engins representatifs de leur
categorie.

450. SILVERSIDES, C.R.; MOODIE, R.L. 1985. Transport of full trees over public roads in
eastern Canada -A state of the art report. FERIC, Spec. Rep. SR-35 (ENFOR P-312).
71 p.

Full trees provide a load which is
extremely nonuniform in size, weight and
configuration. For this reason they present
uneven weight both longitudinally and
laterally and their bushiness creates a low
bulk density.

Full trees have been transported
successfully and economically in Canada
with off-road trucks on private roads where
size and weight constraints do not apply.
Full trees have been transported
successfully for the past six years on

public roads in Germany. Trials in Finland, Norway
and Denmark met with limited success and have
been dropped. The transport of tree sections, wher(~
unlimbed trees are cut to a predetermined maximum
length is under wide development in Sweden and
Finland. Tree sections increase bulk density and
permit better load distribution than do full trees.
However, they require additional labour in the field.
In the United States full trees are transported on
private roads. Thinnings from forest plantations in
the southern states have been successfully
transported in specially designed trailers on public
roads.

Voir 451 pour Ie frangais.
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SILVERSIDES, C.R.; MOODIE, R.L. 1986. Transport d'arbres entiers sur les routes
publiques dans I'est du Canada: Revue de la technologie de pointe. FERIC, Rapp. spec.
RS-35 (ENFOR P-312). 62 p.

en Finlande, en Norvege et au Danemark n'ont eu
qu'un succes mitige et ont ere abandonnes. Le
transport de sections d'at"bres, c'est-a-dire d'arbres
non ebranches, coupes selon une longueur maximale
predeterminee, connait d'importants developpements
en Suede et en Finlande. Les sections d'arbres ont
une plus grande densite en vrac et permettent une
meilleure distribution de la charge que ne Ie font les
arbres entiers. lIs de man dent toutefois plus de
travail en foret. Aux Etats-Unis, les arbres entiers
soot transportes sur les routes privees. Les produits
d'eclaircie proven ant de plantations forestieres dans
Ie sud des Etats-Unis ont ere transportes avec
succes sur les routes publiques, dans des remorques
specialement con<;ues a cet erfet.

Les arbres entiers constituent une charge
qui se caracterise par son manque
d'uniformite dans les dimensions, dans Ie
poids et dans la forme. Leur poids se
distribue donc de fa~n tres inegale it la
fois longitudinalement et lateralement, et
ils ont, it cause des branches, une faible
densite en vrac.

Le transport d'arbres entiers s'est fait avec
sucres et de fagon economique au Canada
avec des camions hors-route circulant sur
des chemins prives, III ou ne s'applique
aucune restriction de dimensions ni de
poids. lis ont ete transportes avec succes
sur les routes publiques d' Allemagne au
cours des six demieres annees. Des essais

See 450 for English.

SINCLAIR, A. W J. 1982. A trial of a separator and shear system for processing sort yard
debris for hogged fuel and pulp chips. Pages 185-188 in Proc. Fourth Bioenergy R&D
Seminar, Winnipeg, Manitoba, 29-31 March 1982.

Un essai et une demonstration sur Ie terrain ont ete
faits d'un prototype permettant de trier et de couper
des rebuts de cours de triage pour en faire un
produit dont on peut tirer des eclats pour la pate Ii
papier et de la poudre de bois combustible. Le
produit est plus facile Ii transporter, Ii
manutentionner et Ii traiter que les rebuts bruts des
cours de triage. Le produit trie et coupe a ete roouit
en combustible et en eclats pour pate Ii papier.
Quand on Ie compare au cout habituel d'elimination
des rebuts, Ie systeme permet une economie de
27,16 $ par unite de rebuts, sans tenir compte de la
valeur des eclats produits.

A field test and demonstration was
conducted on a prototype system that
separated and sheared sortyard debris into
a product acceptable as feedstock for pulp
chips and hogged fuel. The product was
easier to transport, handle and further
process than raw sort yard debris. The
separated and sheared product was
processed into hogged fuel and pulp chips.
Compared with standard debris disposal
costs, the system has potential savings of
$27.16 per unit of debris aside from the
value of any chips produced.

453. SINCLAIR, A. W J. 1984. Processing biomass in a central location with the separator-
shear system. Environ. Can., Can. For. Serv., Pac. For. Res. Cent., Info. Rep. BC-X-255
(FERIC, Spec. Rep. SR-23). 28 p. + app.

A separator-shear system for upgrading
sort yard debris to useable biomass for
energy was tested at the British Columbia
Forest Products' Shoal Island sortyard. The

Des essais d'un dispositif separateur-cisaille pour la
valorisation des debris de triage en biomasse
utilisable pour la production d' energie ant ete
effectues it I' emplacement de triage de British
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system proved reliable and efficient and is
capable of processing as much as 211
tonnes per shift on an operational basis.
Processing costs were $5.40 per tonne. A
payback period of 2.5 years was estimated.
Operational testing on logging residues
indicated a much lower productivity (54.7
tonnes per shift) and correspondingly
higher costs.

Columbia Forest Products a l'ile Shoal. En
conditions operationnelles, Ie dispositif s'est revele
a la fois fiable et efficace, produisant 211 tonnes
par quart de travail. Les couts de traitements se SO(]lt
eleves a 5,40 $ la tonne. Le delai de recuperation a
ete estime a 2,5 aDs. Un essai operationnel avec de:.
residus d'exploitation foresticre a indique une
productivite beaucoup plus faible (54,7 tonnes par
quart de travail) et des couts proportionnellement
plus eleves.

454. SINCLAIR, A. W J. 1984. Recovery and transport of forest biomass in mountainous
terrain. Environ. Can., Can. For. Serv., Pac. For. Res. Cent., Info. Rep. BC-X-254
(FERIC, Spec. Rep. SR-22). 19 p. + app.

Grace a des essais sur place, on a determine les
couts et Ie rendement des dispositifs traditionnels et
nouveaux de recuperation et de transport de la
biomasse laissee sur Ie bord de la route en terrain
montagneux. On a determine la qualite et Ie volum.~
de la matiere recuperee apres cubage. Le dispositif
traditionnel revient actuellement a 15,51 $/m3 et
n'est pas rentable si la biomasse doit servir de
combustible sous forme de dechets de bois: Les
dispositifs nouveaux ont un meilleur rendement et
les couts atteignent entre 9,19 et 9,62 $/m3. Le plus:
prometteur est Ie dispositif II conteneur qui,
moyennant des modifications de conception et de
dimensions, pourrait revenir II 5,00 $/m3 recupere. n
est recommande de Ie perfectionner et de

l'experimenter davantage.

Field tests were conducted to document the
costs and productivities of conventional
and integrated systems for recovering and
transporting roadside biomass in
mountainous terrain. The recovered
biomass was scaled to determine the
quality and quantity of material removed.
The conventional system costs $15.51/mJ
and at present is uneconomic if biomass is
to be used as a source of hog fuel. The
integrated systems performed better and
recovered biomass at costs ranging from
$9.19 to $9.62/mJ. The container system
has the most promise and, with design and
size changes to the system, has the
potential of achieving recovery costs of
$5.00/mJ. Further development and test
work is recommended for the container
system.

455. SINCLAIR, A. W J. 1985. Development and testing of a container system for the
recovery of roadside biomass in mountainous terrain. Environ. Can., Can. For. Serv.,
Pac. For. Res. Cent., Info. Rep. BC-X-274 (FERIC, Spec. Rep. SR-27). 17 p. + app.

Field tests were conducted to detennine the
cost and productivity of a preproduction
prototype model of a container system
used to recover roadside biomass in
mountainous terrain. The system recovered
82 m3 of biomass per eight-hour shift.
Load size averaged 20.5 m3 with a cycle
time of 1.99 hours. From the tests, it is
conservatively estimated that the recovery
cost will be $8.32/m3. With a production
model of the container system fully

On a effectue des essais sur Ie terrain afin de
determiner Ie cout et la productivite d'un prototype
d'un systeme a conteneur pour la recuperation de la
biomasse Ie long des routes en terrain montagneux.
Le systeme a permis de recuperer 82 m3 par quart
de huit heures. La charge moyenne etait de 20,5 m3
et la duree tot ale du cycle de 1,99 heure. A partir
des tests, on peut etablir, selon une estimation
prudente, Ie cout de recuperation a 8,32 $/m3. Ave<:
un modele de serie de systeme a conteneur
entierement integre au processus d'exploitation, il
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serait possible d'abaisser Ie COllt Ii 4,55 $/m3. Le
COllt du systeme traditionncl (camion et debardeur Ii
cable) utilise pour la recuperation de la biomasse Ie
long des routes est de 15,51 $/m3.

integrated into the logging process it may
be possible to achieve costs of $4.55/m3.
The cost of the conventional system
(logging truck and choker skidder) used to
recover roadside biomass is $15.51/m3.

456. SINCLAIR, A. W J.; BERL YN, R.; MANNING, G.(H). 1985. Salvaging sound wood
chips from decadent cedar-hemlock logging residue. Agric. Can., Can. For. Serv., Pac.
For. Res.: Cent., Info. Rep. BC-X-263 (FERIC, Spec. Rep. SR-21). 22 p.

Les residus d'abattage de pruches et de thuyas
deperisscmts obtenus lors d'un essai de la cisaille it
residus Nicholson ant ete dechiquetes et ameliores
(enlevement de l'ecorce, de la pourriture et des
fines) en vue de determiner s'ils pouvaient etre
utilises pour la fabrication de pate. Dcms un essai,
les billes non ecorcees ant ete fragmentees, et Ie
materiel obtenu a ete ameliore par Ie procede
Paprifer. Dcms une deuxieme experience, des billes
ant ete ecorcees it l'aide d'une ecorceuse it tambour,
puis fragmentees. Dcms les deux cas, la pourriture
qui restait etait trap elevee. L 'ecor9age au tambour
a reduit I'ecorce it un degre acceptable, mais Ie
procede Paprifer n' enlevait pas suffisamment
d'ecorce, peut-etre parce que celle-ci etait sechee.
D'autre travaux sont necessaires sur les methodes
d'elimination de la pourriture sur Ie materiel
deperisscmt cisaille.

Sheared, decadent hemlock and cedar
logging residues from a test of the
Nicholson Residue Shear were chipped and
upgraded (bark, rot and fines removed) to
determine their suitability for pulping. In
one test, bolts were chipped with bark on,
and the resulting material upgraded
through the Paprifer process. In a second
test, bolts were debarked in a drum
debarker, then chipped. In both cases, rot
remained at unacceptably high levels.
Drum debarking reduced bark to
acceptable levels; however, the Paprifer
process did not remove sufficient bark,
possibly because of dry, refractory bark.
Further work is required on methods to
remove rot from sheared, decadent
material.

457. SINCLAIR, A. W J.; paTrIE, M.A. 1988. Design and testing of a rock separator for
sortyard debris. Pages 185-189 in C. Granger, ed. Proc. Sixth Canadian Bioenergy R&D
Seminar, Richmond, B.C., 16-18 February 1987.

On a con~u, construit et mis a l'essai sur place un
prototype precommercial d'un separateur de pierres
pour Ie debris de cour de triage. Des rendements de
separation de 90 % ont ete atteints pour une vitesse
de traitement de 8,8 tonnes par heure. Le fait de
changer la vitesse de la courroie et l'angle
d'inclinaison permet d'augmenter Ie taux de
separation des pierres de fa~on plus efficace que
des changements de I'angle de la rente.

A precommercial prototype of a rock
separator for sort yard debris was designed,
built and field tested. Rock separation
efficiencies of up to 90 percent were
achieved at a processing rate of 8.8 tonnes
per hour. Changes in belt speed and tilt
angle were found to be more effective than
changes in slope angle to increase the rock
separation rate.

458. SINCLAIR, A. W J.; WELLBURN, G. V. 1984. Processing of biomass with a
separator-shear system in a centrallocation. Pages 230-232 in S. Hasnain, ed. Proc.
Fifth Canadian Bioenergy R&D Seminar, Ottawa, Ontario, 26-28 March 1984.

Les cisailles portatives mises au point dans Ie cadre
des contrats d'ENFOR ont ete automatisees, puis
modifiees pour Ie traitement des debris de coupe

The portable shear developed under
previous ENFOR contracts was automated
and then modified to process logyard
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and the subsequent detenninations of
nutrient removals from biomass
measurements, and nutrient concentrations.

270. FREEDMAN, B.; MORASH, R.; HANSON, A.J. 1981. Biomass and nutrient removals
by conventional and whole-tree clearcutting of a red spruce-balsam fir stand in central
Nova Scotia. Can. J. For. Res. 11 :249-257.

Data are presented of biomass and nutrient
removals by conventional and whole-tree
clearcutting of 0.5 ha blocks of an all-aged
Picea rubens -Abies ba~amea stand in
central Nova Scotia. The biomass yield
from the conventional clearcut plot was
105 200 kg dry weight/ha, and the
removals of N, P, K, Ca and Mg were
98.2, 16.3,91.7, 180.9 and 17.0 kg/ha,
respectively. Biomass removals from the
whole-tree clearcut plot were 152 500 kg
dry weight/ha, and the removals ofN, P,
K, Ca and Mg were 239.1, 35.2, 132.6,
336.5 and 36.9 kg/ha, respectively. These
removals of N, P, K, Ca and Mg from the
whole-tree harvested plot, expressed as
percentages of the quantities of thsse
nutrients in the 'total' pool within the
exploitable soil horizons, were 5.0, 2.8,
1.0,5.9 and 2.1%, respectively. However,
when these removals were expressed
relative to the quantities in the 'available'
soil pools, they were much larger, i.e. 500,
34, 184, 306 and 95% for N, P, K, Ca and
Mg, respectively.

CelIe etude presente les resultats obtenus pour la
biomasse et les elements nutritifs lors d'une coupe a
blanc de parcelles de 0,5 ha selon la methode
conventionnelle et la methode de I' arbre entier dans
un peuplement d'age mixte Picea rubens -Abies
balsamea de la partie centrale de la Nouvelle-
Ecosse. La production de biomasse selon la
methode conventionnelle de coupe a blanc etait de
105200 kg anhydres/ha et les resultats de N, P, K
Ca et Mg etaient 98,2, 16,3, 91,7, 180,9 et
17,0 kg/ha respectivement. Selon la methode de
I'arbre entier, la biomasse etait de 152 000 kg
anhydres/ha alors que pour N, P, K, Ca et Mg les
valeurs etaient 239,1, 35,2, 132,6, 336,5 et 36,9
respectivement. Les valeurs de N, P, K, Ca et Mg
dans une parcelle exploitee selon la methode de
I' arbre entier et exprimees en fonction de ces
memes elements dans I' ensemble des horizons de
sol exploitable etaient 5,0, 2,8,1,0,5,9 et 2,1 %
respectivement. Toutefois, lorsque ces elements sont
exprimes en fonction de la disponibilite du sol, nous
obtenons 500, 34, 184, 306 et 95 % pour N, P, K,
Ca et Mg respectivement.

271. FREEDMAN, B.; MORASH, R.; PRAGER, U.; DUINKER, P.(N).; HANSON, A.J.
1984. Effects of harvesting biomass for energy on the nutrient status and long-term
productivity of forest stands in Nova Scotia. Pages 107-110 in S. Hasnain, ed., Proc.
Fifth Canadian Bioenergy R&D Seminar, Ottawa, Ontario, 26-28 March 1984.

Reported in this presentation are the results
of a four-year study that was carried out to
evaluate some of the probable ecological
impacts of biomass harvest from hardwood
and softwood stands. or different
developmental stages. and growing on
various site classes in central Nova Scotia.
The work was carried out in 16 different
stands. The method involved the estimation
of biomass and nutrient quantities in the
aboveground components of trees (foliage.

Dans cette presentation, on donne leg resultats d'une
etude de quatre ans sur certains effets ecologiques
que produirait probablement I' enlevement de la
biomasse dans des peuplements de feuillus et de
resineux de divers glades de maturation et de divers
types de terrains se trouvant dans Ie centre de la
Nouvelle-F-cosse. Les travaux ont porte sur 16
peuplements. II s'agissait d'estimer la biomasse et
la quantile d'elements nutritifs presents dans leg
composantes aeriennes des arbres (feuillage, bois de
fut, ecorce et branches vivantes ou mortes) et dans
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varie a differentes hauteurs au sein d'une meme
espece, on a calcule une valeur ponderee pour la
tige entiere et formule des equations permettant de
I' estimer a partir de la masse volumique a hauteur
de poitrine. La variabilite est nettement plus grande
pour les parties plus agees de la tige pres de la
base, mais elle est negligeable pour I'accroissement
plus recent en hauteur pres du sommet.

between specific gravity and associated
tree variables such as age, height, diameter
and volume were examined. Because of
variations in the wood density at relative
heights within a species, weighted wood
density was determined for the entire tree
stem, and prediction equations were
derived for its estimation from the wood
density at breast height. The variability of
wood density increased significantly for
the older stem sections near the base but
was insignificant for the more recent
height growth toward the tip.

461. SINGH, T. 1986. Wood density variation of six major tree species of the Northwest
Territories. Can. J. For. Res. 16:127-129.

Wood density measurements on green and
ovendry volume bases were made and their
variations were statistically analyzed for
six major tree species of the Northwest
Territories. These values, based on samples
from 336 trees, showed the species had
highly significant (P<O.OI) differences in
wood densities when compared at each of
the 10 sampled relative height positions
along the tree stem. For tree bole locations
near the bottom, there were highly
significant (P<O.OI) differences among
various diameter size classes, but these
differences decreased in significance
toward the top. A predictor model was
derived for estimating volume-weighted
average basic wood density of a tree from
its basic wood density at breast height. The
lowest wood density in the majority of the
species was in a band of varying length
including or approaching the midpoint of
the tree bole. Such information on density
gradients is useful in allocating parts of a
tree for optimum use.

On a me sure la densite d'eprouvettes de bois vert et
anhydre des six principales essences des Territoires
du Nord-Ouest et soumis ses variations Ii l'analyse
statistique. Les valeurs tirees de 336 arbres ant
montre des differences tres significatives (P<O,OI)
suivant les 10 positions echantillonnees selon la
hauteur Ie long de la tige. Pres de la base du fut, les
differences etaient tres significatives (P<O,OI) parmi
les diverses classes de diametre, mais ces
differences ce sont attenuees vers la cime. On a
construit un modele pour prectire la moyenne
ponderee de la densite basale apparente d'un arbre Ii
partir de sa densite basale Ii hauteur de poitrine.
Chez la majorite des essences, la densite minimale
etait observee dans une bande de longueur variable
englobant ou approchant Ie centre du fut. Grace Ii
ces renseignements sur les gradients de den site, on
peut utiliser au mieux les differentes parties d'un
arbre.

462. SINGH, t. 1987. Heat of combustion and energy potential of tree species in western
Canada. ~ational Woodlands 10(4):8-9.

Heat of combustion values were
determined for the main tree species of
Alberta, Saskatchewan and Manitoba. An
electrically monitored bomb calorimeter
was used to determine heat of combustion
values. Statistical analyses included

On a determine la chaleur de combustion des
principales essences ligneuses de I' Alberta, de la
Saskatchewan et du Manitoba. A cette fin, on a
utilise une bombe calorimetrique it surveillance
electrique. Des analyses statistiques ont ete
effectuees sur la determination des ecarts chez les
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essences ainsi que dans les parties des arbres telles
que la souche, la tige, leg branches, Ie feuillage et
l'ecorce. L'etude a montre que l'intervalle des
chaleurs de combustion (moyennes) des principales
essences des Prairies allaient de 19,122 Ii
21,099 MT/kg, chez les resineux, et de 18,396 Ii
20,091, chez leg feuillus. La moyenne de la chaleur
de combustion chez leg resineux et leg feuillus
anhydres etait de 20,178 et de 19,146 MT/kg,

respectivement.

detennination of variations present in tree
species and in tree parts such as stump,
stem, branches, foliage and bark. The
study showed that the range of heat of
combustion (mean values) for the major
tree species in the Prairie provinces was
from 19.122 to 21.099 lvlJ/kg for
softwoods and 18.396 to 20.091 lvlJ/kg for
hardwoods. The mean values for heat of
combustion for the ovendry softwoods and
hardwoods were 20.178 and 19.146 lvlJ/kg,

respectively.

SINGH, T. 1987. Wood density variations in thirteen Canadian tree species. Wood FibrE~
Sci. 19(4):.162-369.

Les ecarts de la densite du bois ont ete determines
chez quatre resineux et neuf feuillus de l'Ouest
canadien. Selon leg essais de comparaisons
multiples, leg ecarts sont significatifs (P < 0,05)
pour la majorite des comparaisons multiples
effectuees parmi leg essences. La den site moyenne
du bois variait legerement, Ii considerablement, de
la moyenne des densites des regions contigues, et
l'ecart etait maximal chez l'epinette noire (18,2 %).
Des colTelations ont egalement ete obtenues entre la
densite du bois et d'autres variables.

Wood density variations were detennined
for four softwoods and nine hardwoods of
western Canada. Multiple-range tests
indicated significant (P<O.O5) differences
for the majority of the multiple
comparisons made among species. The
mean wood densities varied slightly to
significantly from the density means of
adjoining regions and were highest for
black spruce (18.2%). Correlations were
also obtained between wood density and
other variables.

SINGH, T.; KOSTECKY, M.M. 1986. Calorific value variations in components of 10
Canadian tree species. Can. J. For. Res. 16:1378-1381.

Les pouvoirs calorifiques de six resineux et de
quatre feuillus ant ete determines pour diverses
composantes de l'arbre comme la souche, la tige
principale, Ie sammet de la tige, les branches, Ie
feuillage et I' ecorce. Les pouvoirs calorifiques
moyens au sein des principaux groupes d'especes
(feuillus et resineux) differaient de fa~on hautement
significative (P < 0,01). lis variaient de 19,122 a
21,099 MJ/kg pour les resineux et de 18,396 a
20,091 MJ/kg pour les feuillus.

Calorific values of six softwoods and four
hardwoods were detennined for
components such as stump, main stem,
treetop, branches, foliage and bark. Tree
components among groups (hardwoods and
softwoods) and within species differed
highly significantly (P < 0.01) in calorific
values. The calorific means ranged from
19.122 to 21.099 MJ/kg for softwoods and
18.396 to 20.091 MJ/kg for hardwoods.

SINGH, T.; KOSTECKY, M.M. 1988. Energy potential from Manitoba forest biomass.
Pages 101-105 in C. Granger, ed. Proc. Sixth Canadian Bioenergy R&D Seminar,
Richmond, B.C., 16-18 February 1987.

Heat of combustion data for components of
ten major Manitoba tree species were
determined through a program of field

Des donnees sur la chaleur de combustion des
composantes de dix essences majeures d'arbres du
Manitoba ont ete obtenues dans Ie cadre d'un
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sampling and laboratory analysis. The
calorific data accumulated from this phase
of the study were applied to the most
recent version of the Canadian Forestry
Resource Data System (CFRDS) forest
biomass inventory for Manitoba, to
determine the potential energy from the
resource, and to locate the best areas to

exploit.

programme d'ech!Ultillonnage sur place et d'!Ulalyse
en laboratoire. Les donnees calorifiques ainsi
recueillies ont ete appliquees a la plus recente
version de I' inventaire de la biomasse forestiere
pour Ie M!Ulitoba, grace au Systeme c!Uladien de
donnees sur les ressources forestieres, afin de
determiner les possibilites energetiques de cette
ressource et d'identifier leg meilleures regions

exploitables.

466. SINGH, T.; MICKO, M.M. 1984. Energy potential of aspen and other hardwoods in the
Prairie provinces of Canada. Pages 215-218 in F. Curtis, ed. Proc. EN ERG EX 84,
Energy Developments: New Forms, Renewables, Conservation. Regina, Saskatchewan,
14-19 May 1984.

Aspen is one of the fastest-growing and
most widely distributed hardwoods in
Canada. Of the total productive forest area
occupied by aspen/poplar in the country,
18% occurs in the Prairie provinces.
Because of limited use for other purposes,
aspen/poplar and birch tree biomass has a
high potential as an alternative energy
source. Their gross energy potential as
forest biomass on an ovendry basis is
estimated as 10 FJ; on a 30-year rotation
this amounts to 340 PJ of gross energy per
year for the three Prairie provinces. The
potential will be greater if the available
biomass from this renewable resource can
be converted into methanol. The gross
estimates would need to be reduced for
biomass utilization under field moisture
conditions.

Le peuplier est l'un des feuillus canadiens qui croit
Ie plus vite et qui est Ie plus largement distribue au
pays. Dix-huit pour cent de route la superficie de
forets productives occupee par les differents types
de peupliers au pays est situee dans les provinces de
la Prairie. A cause de l'emploi limite des peupliers
et des bouleaux, la biomasse de ces essences offre
de grandes possibilites comme source nouvelle
d'energie. Le potentiel energetique brut de la
biomasse forestiere de ces essences, ramene au bois
anhydre, est estime it 10 FJ; si l'on considere une
revolution de 30 ans, cela equivaut it 340 Pl
d'energie brute par annee pour les trois provinces
des Prairies. Le potentiel sera important si la
biomasse disponible de cette res source renouvelable
peut etre transformee en methanol. Les estimations
brutes devraient etre ramenees it la baisse dans Ie
cas de l'utilisation de la biomasse dans les
conditions d'humidite qui regnent sur Ie terrain.

467. SUTHERLAND, B.J. 1984. The 'Crabe Combined' -Development of a brushwood
harvester. Pages 93-97 in D. Robertson and J. White, eds. Proc. People and Productivity:
Keys to a Successful Harvesting Operation, For. Prod. Res. Soc. and Can. Pulp and
Paper Assoc., Thunder Bay, Ontario, 17-18 September 1984.

Le gouvemcmcnt canadien participe actuellcment it
un programme d'evaluation de la recolte des
broussailles, commc apport viable de biomasse
forestiere supplementaire it la conversion en energie,
grace it l'emploi d'un vehicule experimental de
recolte. Plusieurs variantes d'engins de recolte des
broussailles ant ete evaluecs au cours des quatre
demieres annees. Le debroussailleur Pallari (un
deuxieme prototype), mis au point en Finlande, a
ete choisi comme Ie plus prometteur pour Ie

The Canadian government is currently
involved in a program to evaluate brush
harvesting as a viable means of providing
supplementary forest biomass for
conversion to energy by using a test
vehicle for the harvesting process. Several
brush harvester design concepts have been
evaluated over the past 4 years. The Pallari
Brush Harvester (a second prototype),
developed in Finland, has been selected as
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having the greatest potential for the
introduction of smallwood harvesting in
eastern Canada.

demarrage de la recolte des petits bois dans fest du
Canada.

Apres entente officielle avec Ie concepteur
finlandais, K. Pallari, on a fabrique et monte sur Urll
porteur nord-americain un systeme de
debroussaillage congu au Canada, qui permet de
reduire la biomasse en copeaux et de la transporter,
toujours selon les principes de coupe de Pallari. Le
prototype a ete eprouve sur Ie terrain, dans Ie

regroupement parcellaire d'Edwardsburgh pres de
Brockville, en Ontario, ainsi que dans des
peuplements choisis du district de Thunder Bay,
dans des fourres typiques. Des details soot fournis
sur la conception des engins et les resultats
preliminaires des essais sur Ie terrain.

Through formal agreement with the
Finnish designer, K. Pallari, a
Canadian-designed brush harvester chipper-
conveyor system, based on the PaUari
cutting principle, has been fabricated and
mounted onto a North American carrier.
Field testing of the prototype has been
conducted in representative brushwood
conditions on the Edwardsburgh Land
Assembly near BrockviUe, Ontario and in
selected stands in the Thunder Bay district.
Details of the equipment design and
preliminary results of field tests are

presented.

468. SUTHERLAND, B.J. 1985. Brush harvester development and field test. Winter Meeting
of the Am. Soc. Agric. Eng., 17-20 December 1985. Paper No: 85-1628.

A Canadian-built prototype brush harvester
for standing woody biomass was developed
and field tested in Ontario. Based on a
rotary shear cutting principle, in
combination with a drum chipper conveyor
system, the prototype has demonstrated the
ability to harvest and chip standing woody
material while functioning as a
continuously progressing swath harvester.

Un prototype de debroussailleur construit au Canada
pour la coupe de la biomasse ligneuse sur pied a ete
mis au point et eprouve sur Ie terrain en Ontario.
Reposant sur Ie principe de la coupe par cisailles
rotatives auxquelles est combine un systeme de
transport it dechiqueteuse it tambour, Ie prototype a
demontre sa capacite de recolter et de roouire en
copeaux du materiel ligneux sur pied tout en
fonctionnant comme une abatteuse it avance
continue.

469. SUTHERL~ND, B.J. 1985. Energy from forest biomass. Agric. Can., Can. For. Serv.,
Great Lakes For. Cent., Forestry Newsletter, Spring Issue: 1-3.

La caret offre une reserve potentielle considerable
de combustible renouvelable et de matieres
chimiques organiques ainsi qu'une importante
occasion de mettre rationnellement en valeur
l'industrie forestiere canadienne.

The forest resource offers a tremendous
potential supply of renewable fuel and
organic chemicals as well as an important
opportunity for rational development of the
Canadian forest industry.

Energy from the Forests or ENFOR is a
program supporting the research,
development, and demonstrations of new
methods and technology aimed at
substituting forest biomass for
non-renewable fuels. ENFOR comprises
two sub-programs: (1) Biomass Production,
dealing with forest-oriented matters such as
growth, inventory, harvesting, transport and

Le programme ENFOR (energie de la foret) appuie
la recherche et Ie developpement et la
demonstration de nouvelles methodes et techniques
visant a remplacer les combustibles non
renouvelables pctr la biomasse forestiere. II se
subdivise en deux sous-programmes : (1) productiolrl
de la biomasse, qui porte sur les questions orientee~;
vers la foret telles que l'accroissement, l'inventaire"
la recolte, Ie transport et les repercussions sur
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environmental impact, that relate to forest
biomass supply; and (2) Biomass
Conversions, dealing with the
transformation of the delivered raw
material into energy in its various forms,
as well as prepared fuels and
energy-intensive chemicals.

l' environnement, qui interessent les reserves de la
biomasse forestiere; (2) transformation de la
biomasse, qui conceme la transformation de la
matiere premiere livree en diverses formes
d'energie de meme qu'en combustibles finis et en
produits chimiques energetiques.

Au Centre de recherche forestiere des Grands Lacs,
les efforts ont surtout ete axes sur Ie volet recolte
de la biomasse du sous-programme production de la
biomasse. En tout, 2,3 M$ ont ete consacres a la
mise au point d' engins de recolte, de transformation
et de production de la biomasse forestiere destinee a
la conversion en combustible.

Efforts at the Great Lakes Forest Research
Centre have concentrated primarily on the
biomass harvesting objective of the
Production sub-program. A total of
$2.3 million has been used for the
development of equipment to harvest,
process and deliver forest biomass for
conversion to energy for fuels.

470. T.M. THOMSON AND ASSOCIATES LTD. 1984. Residential fuel wood supply and
demand in greater Victoria and Vancouver. T.M. Thomson and Associates Ltd., Unpubl.
Contractor's Rep. ENFOR P-252. 78 p. + app.

The study consists of three phases: a
demand study, a supply survey and a
fuel wood inventory within the Fraser
Valley and Greater Victoria. The three
phases provide estimates of the
consumption of fuel wood for home

heating.

L 'etude comprend trois etapes : une etude de la
demande, une etude de l'offre et un inventaire du
bois de chauffage dans la vallee du Fraser et dans
I' agglomeration de Victoria. Les trois etapes ont
abouti a une estimation de la consommation
residentielle de bois de chauffage.

L'etude de la demande, entreprise au moyen d'une
enquete telephonique aupres des consommateurs, a
permis d'estimer la consommation annuelle de bois
de chauffage a 261 261 m3 a Victoria et a
770 073 m3 a Vancouver, soil 1 031 384 m3 en tout.
La consommation saisonniere moyenne des menages
qui utili sent ce bois est en moyenne de 5,16 a
Victoria et de 4,17 m3 a Vancouver.

The demand study, undertaken through
consumer telephone surveys, estimated
annual fuelwood consumption for Victoria
as 261 261 m3 and for Vancouver as
770 073 m3, for a total of 1 031 384 m3.
Household consumption per season of
those who bum wood averages 5.16 m3 in
Victoria and 4.17 m3 in Vancouver.

Une enquete sur l'offre, faite aupres des organismes
charges de l'amenagement du territoire et des
foumisseurs de bois de chauffage arrive a une
consommation estimative de 19 500 et de
25 000 m3 pour Victoria et Vancouver,
respectivement, soit un total de 44 500 m3. L'ecart
entre l'offre et la demande est dli au fait que les
enquetes ne portent pas tout a fait sur Ie meme
territoire et, egalement, a des failles dans la
communication des donnees.

The supply survey, consisting of a survey
of Land Management Agencies and
commercial fuelwood suppliers, estimated
consumption for Victoria as 19 500 m3 and
for Vancouver as 25 000 m3, for a total
44 500 m3. The variation from the demand
survey is due to land base differences and

poor reporting.

L'inventaire du bois de chauffage s'articulait autour
d'une definition de bois de chauffage acceptable, de
normes et de methodes de mesure de ce

The fuelwood inventory focused on a
definition of acceptable fuel wood,
standards and methods of measurement of
fuel wood and utilization of potential
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combustible et de I 'utilisation des sources
potentielles de ce demier. Les renseignements
recueillis sur Ie terrain, ajoutes aux renseignements
proven ant des regions desservies par les organisme~i
d'amenagement du territoire, permettent d'estimer La
consommation menagere Ii 5 000 et Ii 75 000 m3 a
Victoria et a Vancouver, respectivement, soit
80 000 m3 en tout. Le taux d'utilisation du bois de
chauffage disponible dans la zone de production
variait de 45 %, pour ce qui conceme les residus d(~
la coupe, a 95 % dans les peuplements de feuillus.

fuelwood sources. Information gathered in
the field, coupled with data on areas
supplied by Land Management Agencies,
results in an estimated household
consumption of 5000 m3 in Victoria and 75
000 m3 in Vancouver, for a total of 80 000
m3. The utilization of available fuelwood
volume within the fuelwood zone ranged
from 45% in logging residue to 95% in
hardwood stands.

THE COB~N INSTITUTE. 1981. Cost of harvesting aspen stands for energy
production.; Environ. Can., Can. For. Serv., Nor. For. Res. Cent., ENFOR Rep. P-163.
26 p.

Cette etude avait comme objectif d'etablir les
donnees sur la production et Ie COllt de I'utilisation
de peupliers pour la production d'energie, afin
d'aider ceux qui s'occupent de la planification de
ressources forestieres. On a etudie deux
peuplements, de 37 ans et de 58 ans, situes dans la
Rocky Mountain House Grazing Reserve a 80 km 8i
I'ouest de la ville de Rimbey (Alberta). Le premier
peuplement mesurait 3,8 ha, et Ie deuxieme, 4,9 ha.
On a procooe a I' abattage manuel et mecanise des
arbres entiers au moyen d'une scie a chaine et de
I' abatteuse Dika Side Cutter. La mise en copeaux a
ete effectuee par une machine Nicholson 22
Complete Tree Utilizer (C.T.U.).

The purpose of this report was to
determine production and cost data which
would assist resource managers to make
rational decisions concerning the utilization
of aspen for energy production. Two aspen
sites were selected on the Rocky Mountain
House Grazing Reserve situated 80 km
west of the town of Rimbey, Alberta.
Site #1 contained 3.8 ha of 37-year-old
aspen; site #2 contained 4.9 ha of
58-year-old aspen. The aspen was logged
and chipped by the full-tree harvesting
system. Felling was carried out by chain
saw and Dika Side Cutter. A Nicholson 22
Complete Tree Utilizer (C.T.U.) was used
to chip the aspen. Les donnees indiquent qu'il est peu probable que Ie

gaz d'arbre soit aussi economique que Ie gaz nature:1
jusqu'en 1983.The data indicated that it is unlikely that

wood gas derived from full-tree aspen
chips will prove economically competitive
with natural gas until 1983.

UNLIGIL, H.H. 1982. Fuel value of stored forest/mill residues. Pages 199-204 in Proc.
Fourth Bioenergy R&D Seminar, Winnipeg, Manitoba, 29-31 March 1982.

This is a literature review on the changes
which may occur in bulk-piled forest and
mill residues during storage affecting their
value as fuel. Increase in moisture content,
mainly due to precipitation, may reach
major proportions in some geographic
regions. Loss of wood substance may be as
high as 3 to 4% per month depending on
factors such as wood species, size and type

II s'agit d'une analyse de la documentation traitant
des changements qui peuvent se produire dans les
residus forestiers et les dechets industriels de bois
empiles et qui ont un effet sur leur valeur
calorifique. L' augmentation de la teneur en eau,
surtout due aux precipitations, peut etre tres forte
dans certaines regions. La perte de tissu ligneux
peut atteindre 3 a 4 % par mois, selon l'espece, la
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of particles, durations, season and
geographic location of storage.

faille et Ie type des particules, la duree, la saison et
la region ou les residus sont stockes.

van NOSTRAND, R.S.; CASE, A.B. 1984. Harvesting forest biomass as an alternative
fuel. Pages 175-178 in S. Hasnain, ed. Proc. Fifth Canadian Bioenergy R&D Seminar,
Ottawa, Ontario, 26-28 March 1984.

Various harvesting, chipping, and
transporting equipment and systems were
tested to determine the economical and
technical feasibility of recovering and
utilizing hardwoods and logging residues
as fuel for steam production at the Bowater
Newfoundland Limited newsprint mill in
Comer Brook. Harvesting of hardwood
stands, and hardwood and large pieces of
logging residues from cutovers was
economical. The system to salvage tops,
branches and whole hardwoods in an
integrated pulpwood-fuelwood operations
was not cost-effective.

On a teste diverges machines et divers systemes

pour recolter, dechiqueter et transporter des feuillus
et des residus de coupe afin de determiner s'il est
faisable, au point de vue economique et technique,
de recolter et d'utiliser cette biomasse comme
combustible pour produire de la vapeur It l'usine
Newsprint de la Bowater Newfoundland Limited, It
Comer Brook. La coupe de feuillus sur pied et la
recolte des arbres et des residus de gran de taille
dans les coupes It blanc se sont revelees
economiques. Le systeme realise pour recuperer la
cime, leg branches des feuillus ou leg arbres entiers
en integrant bois de pulpe et bois combustible
n'etait pas rentable.

WELLWOOD, R.W. 1979. Complete tree utilization: An analysis of the literature
(1970-1978), Part II: Recovery of biomass (Revision and update of J.L Keays, 197
Environ. Can., Can. For. Servo HQ, ENFOR Rep. P-15. 250 p.

On a fait une etude bibliographique portant sur la
biomasse totale disponible et sur la biomasse de
chaque partie des ar"bres. On met en relief les
recherches de sources supplementaires et origin ales
dans les pays scandinaves de meme que les etudes
plus generales effectuees en Amerique du Nord. On
passe en revue les systemes de recolte de la
biomasse non traditionnelle, d'ecor<;age, de
fragmentation, de separation, de transport et de
stack age. Certaines considerations ecologiques et
economiques sont resumees.

A review of literature examining total
biomass available and that of individual
tree components was carried out. Studies
to determine additional supplies available
from unconventional sources in
Scandinavian countries are highlighted
along with more general studies in North
America. Systems for harvesting non-
conventional biomass, debarking,
comminution, separation, transportation
and storage are reviewed. Some
environmental and economic considerations
are summarized.

WELLWOOD. R. W. 1980. Complete-tree utilization: An analysis of the literature
(1970-1978). Part III: Utilization of biomass (Revision and update of J.L. Keays. 1971)
Environ. Can.. Can. For. Servo HQ. ENFOR Rep. P-15. 170 p.

This is a literature review encompassing
the biomass characteristics of tree
components including wood/bark
relationships, density, moisture content,
fibre morphology, chemical composition
and abnormal wood components. The

On a fait tine etude bibliographique portant sur les
caracteristiques de la biomasse des differentes
parties des arbres, y compris les rapports entre Ie
bois et I'ecorce, la densite, la teneur en humidite, Ia
morphologie des fibres, la composition chimique et
Ies constituants anonnaux du bois. On s'attache
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applicability of component chips for pulp
and paper, fiberboards, particle boards,
chemical feed stock and energy is also
reviewed. An analysis of economic
influencing biomass use is presented.

egalement a l'application des copeaux de differentes
parties des arbres a la fabrication de la pate et du
papier, de panneaux de fibre, de panneaux de
particules, de matieres premieres chimiques et
d'energie. On presente une analyse des facteurs
economiques qui conditionnent l'emploi de la
biomasse.

WELLWOOD, R. W. 1980. Complete-tree utilization: An analysis of the literature
(1970-1978). Pages 41-44 in Proc. Second Bioenergy R&D Seminar, Ottawa, Ontario
26-27 March 1980.

L'integration de I'utilisation de la bioenergie ala
production industrielle est la meilleure fagon
d'assurer la rentabilite de I'exploitation par arbres
entiers. Les techniques de mesure de la biomasse eJ[)
conditions statiques et dynamiques (evaluation de I:ii
productivite) sont de plus en plus raffinees. On mel:
I'accent, surtout dans Ie nord de l'Europe, sur tine
meiUeure recuperation des ressources accessoires et.
on s'interesse, en Amerique du Nord et en Europe,
a la transformation de ces ressources avant ou apres
leur transport a I'usine. Dansla fabrication de
produits courants, I'utilisation d'arbres entiers pose
encore certains problemes.

Best opportunities for the economic
recovery of complete trees result from
integration of industrial products with
bioenergy use. Biomass mensuration
techniques for the static and dynamic
(productivity potential) condition are being
refined. Improved recovery of the marginal
wood resource is being emphasized,
particularly in northern Europe; and its
processing prior to or after delivery at mill
site, in North America and Europe. Certain
problems of complete-tree utilization in
conventional products remain to be solved.

WIKSTEN~ N.A.; PRINS, P.G. 1980. Cost estimates of forest biomass delivered at the
energy conwersion plant. Environ. Can., Can. For. Serv., Petawawa Natl. For. Inst.,
ENFOR Rep. P-19. 56 p. + app.

Dans huit regions de la foret boreale (zone
d'amenagement de la Couronne de Black Sturgeon,
dans 1e nord-ouest de l'Ontario) et dans deux
peuplements de feuillus de mauvaise qualite de la
region des Grands Lacs et du Saint-Laurent (district
de Cornwall, en Ontario), on a analyse la
production (tonnes anhydres/h) prevue pour la
recuperation et la recolte de la biomasse forestiere a
I' aide de divers systemes dans lesquels on utilise
des engins traditionnels d'exploitation forestiere.
L' application du collI horaire actuel d' exploitation
(1978) aux donnees de production montrent Ie collI
de livraison, a I'usine de conversion energetique, de
la biomasse forestiere obtenue au moyen d'un
certain nombre de systemes representant diverges
situations touchant la masse des residus de la coup~
(toones anhydres par heure), la dimension moyennt:
des parties ou des elements de la biomasse, Ie poids
des arbres laisses debout et leg methodes anterieUr(:s
de coupe.

Production (ODt/h) expected at the
retrieval and harvest of forest biomass by
means of various systems of conventional
logging equipment has been analyzed for
eight areas in the Boreal Forest Region
(Black Sturgeon Crown Management Area
in northwestern Ontario) and for two
low-grade hardwood stands in the Great
Lakes -St. Lawrence Forest Region
(Cornwall District, Ontario). The
application of current hourly cost of
operation (1978) to the production data has
given the costs of delivering forest biomass
to the energy conversion plant for a limited
number of systems representing various
situations with respect to weight of logging
residues (ODt/h), average size of pieces,
weight of standing trees left and previous
logging methods.
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WILTON, W.(C). 1980. Operational trial of whole-tree chipping for hog fuel. Pages
107-109 in Proc. Second Bioenergy R&D Seminar, Ottawa, Ontario, 26-27 March 1980.

The project is a continuation of a
whole-tree chipping experiment initiated in
1978 to test the feasibility of using wood
chips for steam generation. Wood chips
were produced by a Morbark Chipharvester
and utilized at the mill steam plant.
Burning tests were conducted to determine
BTU values. The study has two salient
features: First, to develop, test and evaluate
harvesting systems for different types of
forest stands; second, to assess impacts of
whole-tree harvesting on forest sites.

Notre projet fait suite Ii I' experience de
dechiquetage des arbres entiers entreprise en 1978
afin d'evaluer I'utilisation de copeaux de bois pour
la production de vapeur. Les copeaux ont ete
obtenus Ii I'aide d'un appareil Morbark
Chipharvester et its ont ete utilises dans les
installations de production de vapeur de l'usine. Des
tests de combustion ont ete effectues afin de
determiner la capacite calorifique en BTU. Nous
poursuivons deux objectifs distincts : mettre au
point, eprouver et evaluer divers systemes de cocotte
dans des peuplements differents; et evaluer les
incidences de I' exploitation par arbres entiers sur Ie
milieu forestier.

WILTO~ ~.C. 1981. Integrated logging for production ~f pulpwood and hog !uel.

Ce projet vise it foumir it l'industrie des pates et
papiers des donnees sur leg possibilites d'utilisation
des feuillus de peuplements melanges comme
combustible pour la production d'energie. Une
exploitation par arbres entiers integree (bois a pate
et bois de chauffage) fut implantee dans des
peuplements de divers types; divers materiels de
coupe et techniques de tri furent utilises. La
biomasse non transformable en pate fut utilisee pour
la production d'energie it l'usine. L'impact de
I'exploitation par arbres entiers sur leg peuplements
fut etudie.

This project is intended to provide
infonnation to the pulp and paper industry
on the possibilities of utilizing the
hardwood component of mixed stands as
hog fuel for energy. An integrated
pulpwood-fuelwood full-tree harvesting
operation was conducted at different stand
types, with various combinations of
harvesting equipment and woodsorting
techniques. Biomass not suitable for
pulpwood was converted to fuel for energy
production at the mill. Impacts of
whole-tree harvesting on forest sites were
studied.

WILTON, W.C.; DUFFETT, W.P. 1980. Whole-tree chipping for hogged fuel in
Newfoundland. Environ. Can., Can. For. Serv., Nfld. For. Res. Cent., Info. Rep.
N-X-186. 46 p. + app.

A three-month whole-tree chipping trial to
determine the feasibility of using hogged
fuel for steam generation at the Price
(Nfld.) Pulp and Paper Ltd. mill was
conducted in 1979. Two white birch stands
and a burned black spruce-balsam fir stand
were harvested. Trees were felled
manually, hauled whole-tree to a central
landing by means of wheeled skidders,

Un essai de mise en copeaux d'arbres entiers a ete
effectue en 1979, pendant trois mois, afin de
determiner la faisabilite de l'utilisation de residus
ligneux pour la production de vapeur a la papeterie
Price Pulp and Paper Ltd. a Terre-Neuve. On a
procede a la recolte dans deux peuplements de
bouleaux a rapier et un peuplement d'epinettes
noires et de sapins baumiers qui avait brule. La
coupe a ete faite manuellement, les tiges ont en suite
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chipped and transported to the mill yard.
The chips were burned in a boiler furnace
designed for bark and/or bunker-C oil.

ete debardees jusqu'a une jetee centrale avec des
debusqueurs a roues, rCduites en copeaux et enfin
transportees a l'usine. Les copeaux ant ete bn1les
dans une foumaise a bouilloire conc;ue pour
fonctionner avec de l'ecorce et/ou du bunker C.Wood from the two birch stands was

harvested and burned at savings of 32%
and 15% compared to the cost of burning
the equivalent amount of oil. The greater
saving was achieved from the older of the
two stands, where larger trees meant more
efficient logging and chipping. In the
burned softwood stand, a loss of 30% for
wood costs compared to oil is attributed to
excessive road-building costs, short period
of operation, and small diameter trees,
which resulted in inefficient logging and

chipping.

La recolte et Ie bnilage du bois proven ant des deu:x:
peuplements de bouleaux a permis des economies
de 32 % et 15 % comparativement au cout
occasionne par l'utilisation d'une quantile
equivalente de petrole. La plus forte epargne a ete
realisee it partir du peuplement Ie plus age, lit ou lal
plus grande dimension des arbres a vermis une
meilleure efficacite des operations de recolte et de
dechiquetage. En ce qui conceme Ie peuplement
resineux apres feu, une perte de 30 % sur les couts
du bois compares it ceux du petrole est attribuable it
des depenses excessives de construction de routes,
une courte periode d'operation et Ie faible diametre
des tiges qui se soot traduits par une recolte et un
dechiquetage inefficaces.

The effects of whole-tree removal on the
extent of ground disturbances and on
regeneration, are similar to that for a
normal pulpwood logging operation. On
the hardwood sites, birch stump suckers
will be a problem if a species change is
planned for the future crop.

Les effets de la recolte d'arbres entiers sur la
perturbation du sol et la regeneration sont
semblables a ceux d'une operation conventionnelle
de recolte de bois a pate. Sur les stations feuillues,
cependant, les rejets de souche du bouleau pourront
occasionner des problemes si on espere un
changement d'espece pour la prochaine recolte.
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forestiere: 447Le role de la fixation d'azote en foresterie intensive

au Canada. Partie I : Principes, pratique et
potentiel: 259 Modelling the sustainability of forest production and

yield for a changing and uncertain future: 97
Le role de la fixation d'azote en foresterie intensive
au Canada. Partie II : Recherche effectuee a
l'Universite Laval (Quebec), sur leg arbres et
arbrisseaux actinorhizes fixateurs d' azote: 257

Modelling long-tenn Iforest productivity: 193

Modelling the interactions between moisture and
nutrients in the contr?l of forest growth: 292

Lignes directrices pour 1'inventaire de la biomasse
forestiere: 2 Monitoring des impacts de la recolte de la biomasse

forestiere sur Ie milieu: 238
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Monitoring des impacts de la recolte de la biomasse
forestiere sur Ie milieu: 310

Planting machine for mini-rotation poplar: Design
criteria: 184

Possible effects of intensive harvesting on
continuous productivity of forestland: 315

Morphological features of synthesized
ectomycorrhizae of Alnus crispa and A rugosa: 275

Native poplars and white birch as an unexploited
biomass source for Ontario: 82

Post-clearcutting secondary succession in a
hardwood forest in central Nova Scotia: 272

Potential acidification of black spruce (Picea
nzariana [Mill.] B.S.PJ sites due to intensive
harvesting: 313

Nitrogen-fixing plants in a cut-over lodgepole pine
stand of southern British Columbia: 279

Non-destructive sampling of non-inventoried areas
and non-sampled covertypes in the Prairie provinces
and Northwest Territories: 169

Potential acidification of sites due to intensive
harvesting in New Brunswick: 314

Nouvelle approche pour la production de plants
d'essences feuillues destines au reboisement: 194

Potential impacts of intensive forest biomass
production (plantations) on reptile and amphibian
populations of southern Ontario and Quebec: 344

Nutrient cycling and biomass distribution in IK
plantations of hybrid poplar: 44 Potentiel de croissance d' especes ligneuses destinees

it la culture intensive par courtes rotations: 200
Nutrient cycling and biomass distribution in 35K
energy plantations of hybrid poplar: 83 Predicting logging residues in British Columbia:

164
Nutrient cycling following whole-tree and
conventional harvest in northern mixed forest: 281 Predicting the biomass. economic and energy yields

from intensively managed forest and agro-forestry
crop production systems: 96Nutrient cycling in Populus: A literature review

with implications in intensively managed
plantations: 231 Predicting the consequences of intensive forest

harvesting on long-tetm productivity: The need for
a hybrid model such as FORCYTE-ll: 94Nutrient cycling in willow: 250

Nutrient relationships in poplar plantations: 140 Predicting the yield and economic returns of forest
management in a changing and uncertain future:
The hybrid simulation approach: 98Nutrient uptake and biomass accumulation in an

intensively cultured Populus robusta (DN 17) 1.
Nitrogen and phosphorus evaluation: 328 Prediction error in tree biomass regression functions

for western Canada: 154
Operational trial of whole-tree chipping for hog
fuel: 478 PROBE user's manual: draft version 2.00-C: 306

PROBE: A program to facilitate user-friendly
gaming with FORCYTE: 307

Organic matter and macronutrient accumulation in
an age sequence of Douglas-fir stands on good and
poor sites on Vancouver Island. B.C.: Calibration
data for FORCYTE-IO: 294 Procedures for estimating Newfoundland's biomass

reserves: 56
Perspectives d'utilisation de la biomasse forestiere
au Quebec: 425 Procedures for producing forest biomass statistics in

Newfoundland forest inventory program: 4
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Processing biomass in a central location with the
separator-shear system: 453

Residential fuelwood supply and demand in greater
Victoria and Vancouver: 470

Residual wood for energy and manufacture: New
opportunities in Saskatchewan and Manitoba: 145

Processing of biomass with a separator-shear system
in a central location: 458

Procom-2 mapping technique for monitoring forest
depletion: 118

Review of commerci~ and industrial wood/peat
energy in Atlantic Canada 1978/83 and beyond: 43-4

Production of regional biomass yield tables for
Canada: A feasibility study: 38

Review of the ENFO;R Production Program: 53

Root symbiosis and biomass production in
mini-rotation: 252Productions sous tunnel ou au champ: influence sur

la survie de plants de chenes apres plantation: 199
Salix for biomass fuel and energy conservation: 22'7

Prospects for the use of forest biomass in Quebec:
426 Salix for biomass and energy conservation in

Newfoundland: 218
R&D needs in forest biomass inventory
methodology: 54 Salvaging sound wood chips from decadent

cedar-hemlock logging residue: 456
Recolte de la biomasse forestiere -Etude
terminologique/Harvesting of forest biomass for
energy -Terminology study: 449

Selection and micropropagation of nodulating and
non-nodulating clones of Alnus crispa (Ait.) Pursh:
347

Recovery and transport of forest biomass in
mountainous terrain: 454 Silvicultural treatments to maximize biomass

production in aspen stands: 183
Recovery and transport of roadside biomass in
mountainous terrain: 459 Simulation of potenti,allong-term effects of

intensive forest management using FORCYTE-I0:
191Red alder: A selected bibliography and compilation

of literature data for use in conjunction with the
ecosystem management model FORCYTE-ll: 296 Simulation of the yield, the sustain ability of yield,

the economics and the energy efficiency of biomass
production in forestry and agroforestry using the

flexible, ecosystem management modelling
framework FORCYTE-ll: 189

Reforestation after harvesting white birch stands for
biomass in Newfoundland: 215

Reforestation of areas harvested for biomass in
Newfoundland: 214 Single-tree equations for estimating biomass of

trembling aspen, largetooth aspen and white birch in
Ontario: 19Reforestation of areas harvested for biomass in

Newfoundland: 216
Site-specific estimation of inventory: 172

Reforestation of areas harvested for biomass in
NewfoWldland: 217 Softwood biomass d,ta collection in Ontario -1978:

78
Requirements for in vitro propagation of seven
nitrogen-fixing Alnus species: 345 Some climatic aspects of biomass productivity of

white spruce stem wood: 418
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Spacing and age effects on biomass production in
red pine plantations: 20

The design and development of a bundling
attachment for the Mini Rotation Harvester MK-II:
403

Standing crops of biomass and nutrients in a variety
of forest stands in central Nova Scotia: 66 The development and trial of two prototype

machines (RECUFOR and LRP) for forest biomass
recovery: 388Study of photosynthetically active radiation and leaf

development in a Sa/Lx energy plantation: 178
The development of machinery for the recovery and
preparation of biomass feedstocks for conversion
systems at a central full-tree processing complex:
400

Study of the cOITelation of diurnal growth patterns
to climatic variables in a Sa/Ix energy plantation:
179

Surface-water quality of drained and undrained
black spruce peatlands: 232

The economics of harvesting fuelwood under four
different stand conditions on Prince Edward Island:
365

Survey and synthesis of infonnation relating to the
use of biological nitrogen fixation in forest
management: 263

The economics of integrated full-tree harvesting and
central processing in jack pine: 373

Synthesized ectomycorrlIizae of aspen: Fungal
genus level of structural characterization: 276

The economics of residual fuel and fiber production
on the B.C. coast: 362

Systeme national d'equations pour evaluer la masse
anhydre du peuplier faux-tremble Populus
tremuloides Michx.: 58

The effect of climatic variation on tree rings of
spruce from the western Canadian Boreal forest:
134

Systemes d' equations pour calculer la masse
anhydre de 18 essences canadiennes: 60

The energy requirements to roll split wood: 416

The feasibility of a home heating fuelwood industry
on southern Vancouver Island: 391Systems of equations for estimating ovendry mass

of 18 Canadian tree species: 59
The FORCYTE experience: A decade of model
development: 302Tabular summary of data from the literature on the

biogeochemistry of temperate forest ecosystems:
293 The harvesting and processing of residual biomass

in hemlock-cedar stands in the British Columbia
interior wet belt: 378The 'Crabe Combined' -Development of a

brushwood harvester: 467
The impact of biomass harvesting on soil
disturbance and surface soil erosion: 242The calibration of the FORCYTE simulation model

to black spruce in central Canada: 240
The integration of forest site classification and
FORCYTE-IO calibration for balsam fir in western
Newfoundland: 208

The competitive position of fuelwood from
proposed energy plantations in Newfoundland: 355

The isolation, characterization, and evaluation of
Frankia strains: 326

The composition of full-tree logging residues and
testing of the prototype logging residue processor
(LRP): 436

The microbiology of forest soils: A literature
review: 283
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The production of regional biomass yield tables -A
feasibility study: 37

Tissue culture of nitrogen-fixing Alnus and Betula:
346

The relationship between net primary production
and foliage nitrogen content, and its application in
the modelling of forest ecosystems: A study of
lodgepole pine (Pinus contorta): 42

Total-tree and merchantable stem biomass equations
for Ontario hardwoods: 15

Transport d' arbres entiers sur ]es routes pub]iques
dans ]'est du Canada: Revue de ]a techno]ogie de
point: 451The relationship between the aboveground dry

weight and diameter for a wide size range of erect
land plants: 62 Transport of full trees over public roads in eastern

Canada -A state of the art report: 450
The renewable energy potential of Nova Scotia's
hardwoods: 404 Tree biomass equations for seven species in

southwestern New Brunswick: 88
The role and use of models in decision support: 230

Tree biomass equations for ten major species in
Cumberland County, Nova Scotia: 89The role of biomass in the B.C. pulp and paper

industry energy strategy: 1974-1984: 444
Tree biomass equations for the Maritimes: 91

The role of chemical fertilizers in intensive forestry:
239 Tree biomass equations for young plantation-grown

red pine (Pinus resinosa) in the Maritime lowlands
ecoregion: 117The role of modelling in tree nutrition research and

site nutrient management: 300
Tree mass equations for common species of
Newfoundland: 103The role of nitrogen fixation in intensive forestry in

Canada. Part I: Principles, practice and potential:
258 Tree weight equations -Date acquisition phase,

western Newfoundland, 1980: 47

Tree weight equations -Data collection phase,
eastern Newfoundland, 1981: 48

The role of nitrogen fixation in intensive forestry in
Canada. Part II: Research carried out at Laval
University, Quebec, on nitrogen-fixing actinorhizal
trees and shrubs: 256

Tree weight tables data acquisition phase -central
Newfoundland 1979: 123The selection, falling, measurement, weighing and

subsampling of the main commercial species within
the Prairies and NWT: Phase II (Phase I, 1979):
171

Tree weight tables for Newfoundland: 46

Trial conversion of conventional inventory data to
biomass data in New Brunswick: 61The use of root symbioses in intensive forestry: 255

The Wally Creek area forest drainage project in
Ontario's clay belt: Progress report: 286

Trial conversion of conventional inventory data to
biomass data in Nova Scotia: 106

Update of Canadian activities in poplar biomass
production and utilization: 174

Timber utilization and the potential of forest energy
in Finland with reference to the lEA member
countries: 424

Update of Canadian activities in poplar biomass
production and utilization: 173Tissue culture of Alnus spp. with regard to

symbioses: 348
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Updated PROBE utilities for evaluation of forest
management using FORCYTE-11: 312

Variation de la masse volumique du bois de
28 essences forestieres poussant en Ontario: 375

Variation in N, P. and K status and N efficiency in
some North American willows: 341

Upper limits of standing crop density and growth
rates for woody species in die Prairie provinces:
138

Variation in the ovendry wood density of ten Prairie
tree species: 460Upper limits of standing crop density for wood

species in the Prairie provinces: 139
Volume and biomass yields of young aspen in the
Prairie provinces: 136Use of mycelial slurries of mycorrhizal fungi as

inoculum for commercial tree seedling nurseries:
177 Volume de residus ligneux pour la production

d'energie a Parent: Resume: 67
Use of polyethylene-covered greenhouses to
improve the growth of Quercus robra seedlings for
reforestation: 197

Volume of wood residues for energy production at
Parent: Summary: 68

Water table profiles of drained forested and clearcut
peatlands in northern Ontario, Canada: 233

User-friendly applications of the FORCYTE
ecosystem model on a microcomputer: 229

Weight tables for important tree species in the
Northwest Territories: 148

User's manual for reversing temperature difference
measurement system: Data analysis software for the
DIGITAL Rainbow-1OO microcomputer: 319

Weight tables for important tree species in the
Prairie provinces: 147Uses of nitrogen fixation and other root symbioses

for biomass production: 253
Whole-tree chipping for hogged fuel in
Ne\vfoundland: 480Uses of nitrogen fixation and other root symbioses

for biomass production: 254
Whole-tree harvest-nutrient relationships: A
bibliography/Exploitation des arbres en tiers-rapport
des elements nutritifs: etude bibliographique: 291

Uses of nitrogen fixation and other root symbioses
for biomass production: 264

Willow clonal trials in the Gander area:
May-September 1983: 224

Using a traditional growth and yield model
(STEMS) to drive a management simulator
(FORCYTE-ll): 278

Willow plantations in agroforestry: 220

Using FORCYTE-ll to examine the potential
effects of intensive management and increased
utilization on the long-term productivity of
Douglas-fir forests: 222

Wood densities of Prairie provinces and NWT: Data
acquisition: 427

Wood densities of Prairie provinces and NWT:
Statistical analyses: 429Using the STEMS and FORCYTE-ll computer

models for mixedwood forest management: 277
Wood density of Canadian tree species: 395

Utilization and market potential of poplar in
Alberta: 364 Wood density of tree species in British Columbia:

392
Utilizing forest biomass for industrial heat energy in
Newfoundland, Canada: 368 Wood density of tree species in British Columbia:

393
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Wood density variation of 28 tree species from
Ontario: 374

Wood density variation of six major tree species of
the Northwest Territories: 461

Wood density variations in thirteen Canadian tree
species: 463

Wood production of spruce in Manitoba as a
function of climate: 287

Yield prediction models: The need for a hybrid
ecosystem-level approach incorporated canopy
function and architecture: 99
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Alberta: 23, 24, 26, 28, 45, 49, 70, 72, 74, 101,
118, 119, 120, 136, 138, 139, 141, 142, 146, 147,
ISO, 152, 153, 154, 155, 168, 169, 170, 210,212,
278,288,329,331,332, 364, 371, 372,418,427,
428, 429, 439, 440, 460, 462, 463, 466, 471

Prince Edward Islandllle-du-Prince-Edouard: 87,
90,91, 117, 175, 181,206,357,365,367,420,
421, 434, 441

Quebec: 3,25,27,50, 51, 67, 68, 102, 127, 128,
129, 130, 131, 132, 195, 196, 197, 198, 199,200,
238,253,254,256,257,261,264,310,326, 327,
340, 344, 388, 389, 402, 426, 435, 436, 445, 446,
450, 451

British ColumbialColombie-Britannique: 21, 22, 31,
42,69,86, 110, 114, 115, 121, 135, 158, 161,
162, 187, 190,210,212,242,251,279,296,297,
304, 321, 329, 338, 339, 343, 360, 362, 366, 376,
378, 379, 390, 391, 392, 393, 430, 437, 442, 452,
453, 454, 455, 456, 458, 459

Saskatchewan: 28,45,70,71,74, 101, 119, 136,
138, 139, 144, 145, 146, 147, 151, 152, 153, 154,
168, 169, 171,212,288, 329, 353,427,428,429,
462, 463, 466Manitoba: 45, 70~ 71, 74, 101, 119, 120, 138, 139,

145, 146, 147, :150, 151, 153, 154, 168, 169, 171,
210, 212, 288, 329, 353, 407, 408, 418, 427, 429,
460, 462, 463, 464, 465, 466

Yukon: Ill, 112

Boreal Forest Region/Region de la foret boreale:
133, 134, 144, 153,211,247,248,288,330,333,
334, 349, 353, 443

New Brunswick/Nouveau-Brunswick: 25, 27, 61,
87,88,90,91, 107, 117, 175, 181,313,314,315,
335, 337, 367, 385, 386, 420, 421

Canada: 29, 30, 32, 33, 34, 35, 36. 38, 43, 52, 54,
57,58,59,76,77,84,85. 159, 160, 173,243.
245.246,293. 356, 361. 394,423,449

Newfoundlandfferre-Neuve: 4, 46, 47, 48, 56, 103,
104, 124, 125, 165, 178, 179, 180,207,213,214,
215, 216, 217, 218, 220, 223, 224, 225, 226, 227,
317,318,323,355,363,368,369,370,381,431,
432, 433, 434, 473, 478, 479

Non-specific location/Endroits non specifiques: 1, 2,
5,6,53,92,93,95,96,97,98,99, 100, 105,
157, 166, 167, 176, 177, 185, 186, 189, 191, 192,
193,228,229,230,237,239,244,258,259,260,
262, 265, 275, 276, 283, 284, 289, 290, 292, 295,
298,299,300,301,302,305,306,307,308, 309,
311,312,345,346,347, 348, 352, 358, 359, 387,
396,397,398, 399,400,401,409,414,417,419,
447,448,457,474,475,476

Northwest Territories!felTitoires du Nord-Ouest:
101, 119, 120, 143, 148, 149, 169,288,418,427,
429,461

Nova Scotia/Nouvelle-Ecosse: 62, 63, 64, 65, 66,
87,89,91, 106, 108, 109, 117, 172, 175,266,
267,268,269,270,271,272,274, 315, 336, 337,
367, 404, 420, 434 Others/Autres: 201, 202, 219, 222, 250, 255, 296,

410,411,412,413,415,416,424
Ontario: 7, 8, 9, 10, 11, 12, 13, 15, 16, 17, 18, 19,

20, 25, 39, 40, 41, 44, 55, 75, 78, 80, 81, 82, 83,
102, 116, 122, 140, 163, 182, 183, 184,203,204,
209,232,233,234,235,236,240, 249, 280,281,
282, 285, 286, 322, 328, 340, 341, 344, 351, 354,
373, 375, 383, 384, 403, 405, 422, 450, 467, 468,
469, 477

265



4. Index of tree species

Alder, mountain
Alnus tenuifolia Nutt.: 139

Aspen, largetooth
Populus grandidentata Michx.: 10, 12, 15, 16, 18,
19,62,63,64,66,75,80, 182,266,267,268,
273, 274, 281, 336, 374, 375Alder, red

Alnus rubra Bong. (Alnus oregona Nutt.): 31,
113, 158,204,251,296,391,392,393,427,429,
463

Aspen, trembling
Populus tremuloides Michx.: 7, 8, 10, 12, 15, 16,
17, 18, 19,28,39,40,41,45,46,49,56,57,58,
59,60,62,63,64,66,70,71,72,74,75,79,80,
81,82,89,90,91, 103, 104, 106, 111, 112, 120,
123, 128, 130, 136, 137, 139, 143, 144, 146, 147,
148, 149, 151, 153, 154, 158, 161, 163, 169, 171,
172, 173, 182, 183,214,216,234,235,236,241,
247,248,252,254,256,257,260,264,266,267,
268, 273, 274, 276, 278, 280, 281, 282, 314, 316,
332, 336, 343, 349, 350, 364, 371, 372, 373, 374,
375,384,392,393,403,407,408,416,427,428,
429, 431, 440, 460, 461, 462, 463, 464, 465, 471,
477

Alder, speckled
Alnus rogosa (Du Roi) Spreng. (Alnus incana [L.]
Moench): 87, 139,252,254,256,257,275,325,
326, 327, 384, 431

Ash
Fraxinus L.: 61, 106. 255. 429

Ash, American mountain
Sorbus americana Marsh.: 431

Ash, black
Fraxinus nigra Marsh.: 15, 16, 131, 163, 169,
374, 375

Basswood
Tilia americana L.: 15, 16, 55, 169, 374, 375

Beech
Fagus grandifa/it, Ehrh.: 15, 16, 55, 59, 60, 61
62,88, 106, 131,267,274,365,374,375,386

Ash, green
Fraxinus pennsylvanica Marsh. var.
subintegerrima (Vahl) Fern.: 169,203,204,205,
427, 463

Birch
Betula L.: 107, 145, 255, 343, 346, 353, 384, 466Ash, red

Fraxinus pennsylvanica Marsh.: 374, 375
Birch, grey .

Betula populi/olia Marsh.: 61, 89, 106, 172,477Ash, showy mountain
Sorbus decora (SargJ Schneid.: 169, 431

Birch, miscellaneous
169Ash, white

Fraxinus americana L.: 15, 16,62,88, 131, 252,
374, 375 Birch, western white

Betula papyrifera Marsh. var. commutata (Reg.)
Fern.: 144, 392Aspen

Populus L.: 44, 61, 83, 107, 126, 140, 145, 174,
184, 206, 209, 231~ 249, 253, 255, 344, 353, 354,
386,438,439,466

266



Birch, white
Betulapapyrifera Marsh.: 7, 8,10,12,15,16,17,
18, 19, 39, 40, 41, 46, 47, 48, 50, 51, 56, 59, 60,
61, 62, 63, 64, 66, 79, 82, 87, 89, 90, 91, 103,
104, 106, 120,1123, 124, 128, 130, 146, 147, 151,
153, 154, 158, 161, 163, 169, 171, 172,214,215,
216,217,238,266,267,268,273,274,280,314,
316, 336, 365, 368, 369, 370, 373, 374, 375, 382,
386,393,407,408,427,428,429,431,441,460,
462, 463, 464, 465, 473, 477, 478, 479, 480

Cypress, yellow
Chanzaecyparis nootkatensis (D. Don) Spach:
110, 121, 158, 392

Douglas-fir
Pseudotsuga menziesii (Mirb.) Franco: 31, 69,
110, 114, 121, 158, 169, 187, 190, 222, 251, 294,
297,304,338,391,392, 393, 437

Douglas-fir blue lor interior
Pseudotsuga nlenziesii var. glauca (Beissn.J
Franco: 161Birch, yellow

Betula alleghaniensis Britton (Betula lutea Michx.
f.): 15, 16,47,50,51,55,59,60,61,62,63,64,
66,87,88, 103, 106, 116, 124, 128, 130, 163,
195, 196,266,268,273, 336, 365, 374, 375, 383,
386, 431, 441

Elm
Ulmus, L.: 61

Elm, white
Ulmus americana L.: IS, 16, 169, 374, 375, 383,
427,429,463Butternut i

Jug/ans cinerea L.: 196

Cedar (Arbor-vita:e)
Thuja L.: 354

Fir
Abies Mill.: 145, 255, 343, 353, 402

Fir, alpine
Abies lasiocarpa (Hook.) Nutt.: 59,60, 146, 147,
151, 152, 158, 161, 162, 169, 171, 392, 393, 428,
460

Cedar, eastern red
Juniperus virginiana L.: 13, 14, 374, 375

Cedar, eastern white
Thuja occidentalis L.: 13, 14, 50, 51, 55, 59, 60,
61,88, 131, 163, 169,374,375,383,407,408,
427, 429, 462, 464, 465, 477

Fir, amabilis
Abies anzabilis (Dougl.) Forbes: 31, 158, 392

Fir, balsam
Abies ba~amea (L.) Mill.: 9, 10, 12, 13, 14, 39,
46,47,48, 50, 51, 55, 56, 59, 60, 61, 62, 63, 64,
65, 66, 87, 89, 90, 91, 102, 103, 104, 106, 107,
110, 114, 120, 121, 123, 124, 125, 128, 130, 146,
147, 151, 152, 153, 154, 155, 163, 169, 171, 172,
208,213,238,256,257,266,267,268,269,270,
273, 274, 280, 310, 314, 316, 323, 335, 336, 365,
368, 369, 370, 373, 374, 375, 382, 383, 391,407,
408, 427, 428, 429, 431, 441, 445, 446, 460, 462,
464,465,473,477,480

Cedar, western red
1hujaplicata Donn: 31, 100, 114, 121, 158, 161,
162,251,343,378, 391, 392, 393,437,456

Cherry
Prunus L.: 194'1 255, 384, 429

Cherry, black
PlUnus serafina Ehrh.: 15, 16, 374, 375

Cherry, choke
Prunus virginiana L.: 163, 427, 429, 431 Fir, grand

Abies grandis (Dougl.) Lindl.: 158, 161, 392, 393
Cherry, pin

Prnnus pennsylvanica L. f.: 62,431 Hackberry
Celtic occidentalis L.: 169

Cottonwood, black
Populus trichocarpa TorT. and Gray: 158, 161,
343,364,393,427
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Hemlock
Tsuga (Endl.) Carr.: 88,343,378,437

Maple, striped
Acer pennsy/vanicum L.: 62, 163, 383, 386

Hemlock, eastern
Tsuga canadens~ (L.) Carr.: 13, 14, 59, 60, 61,
106, 131, 163, 374, 375, 383, 416

Maple, sugar
Acersaccharom Marsh.: 7, 8,15,16,40,41,55,
59,60,61,63,64,66,87,88, 102, 106, 116, 128,
130, 163, 194,266,267,268,273,274, 336, 354,
365, 374, 375, 383, 386, 441Hemlock, mountain

Tsuga mertensiana (Bong.) Carr.: 158

Oak
Quercus L.: 106Hemlock, western

Tsuga heterophylla (Raf.) Sarg.: 31, 110, 114,
121, 158, 161, 162, 251, 391, 392, 393, 456 Oak, bur

Quercus macrocarpa Michx.: 169, 194, 196, 198,
199,427,429,463Hickory

Carya Nutt.: 15, 16, 374, 375

Ironwood (Hop-Hornbeam) Ostrya virginiana
(Mill.) K. Koch: 7, 8, 15, 16,40,41, 61, 163,
169, 383

Oak, red
Quercus rubra L.: 7,8, 10, 12, 15, 16, 18,40,
41,64, 163, 194, 196, 197, 198, 199,266,268,
273, 374, 375, 383, 416

Larch
Larix Mill.: 114, 144, 204, 255, 343

Oak, white
Quercus alba L.: IS, 16, 374, 375

Larch, miscellaneous: 203, 205 Pine
Pinus L.: ]4], ]42, ]45, 255, 353

Larch, western
Larix occidentalis Nutt.: 158, 161, 392, 393 Pine, eastern white

Pinus strobus L.: 13, 14, 18, SO, 51, 55, 59, 60,
61,64, 75, 88, 106, 128, 130, 163, 169, 234, 235,
236,241,266,268,273,280,281,282, 354, 374,
375, 431, 477

Maple
Acer L.: 107, 255,260, 316

Maple, bigleaf
Acer macrophyllum Pursh: 392 Pine, jack

Pinus banksiana Lamb.: 9, 10, 11, 12, 13, 14, 50,

51,59,60,61,67,68,89,90,91, 102, 106, 107,
120, 128, 130, 143, 144, 146, 147, 148, 149, 151,
152, 153, 154, 155, 169, 171, 172,253,254,256,
257, 310, 314, 316, 324, 354, 373, 374, 375, 384,

388,389,407,408,427,428,429,435,436,460,
461,462,463,464,465,477

Maple, Manitoba
Acer negundo L.: 169,407,408,427,429,462,
463, 464, 465

Maple, mountain
Acer spicatum Lam.: 163, 383, 431

Maple, red
Acer rubrum L.: 7, 8, 15, 16, 18,39,40,41,59,
60,61,62, 63, 64, 65, 66, 87, 89,90,91, 106,
128, 130, 131, 163, 172,234,235,236,241,266,
267,268,273,274,280,282, 336, 365, 374,375,
383,386,387,416,431,441,477

Pine, lodgepole
Pinus contorta Dougl. var. latifolia Engelm.: 23,

24,26,42,59,60,110,111,112,114,120,121,
146, 147, 151, 152, 158, 161, 162, 169, 171,279,
343, 392, 393, 428, 460

Pine, miscellaneous: 387
Maple, silver

Acer saccharinum L.: 15, 16, 354, 374, 375, 477
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273,274,286,287,288, 313, 314, 316, 322, 336,
365,370, 373, 374, 375, 382, 388, 389, 392, 393,

407,408,427,428,429,431,435,436,445,446,
460, 461, 462, 463, 464, 465, 477, 480

Pine, ponderosa
Pinus ponderosa Laws.: 158, 161, 392, 393

Pine, red
Pinus resinosa Ait.: 10, 12, 13, 14, 18, 20, 39,
55,59,60,61,75,89, 106, 117, 128, 130, 169,
172,234,235,236,241,280,281,282, 354, 374,
375, 386

Spruce, engelmann
Picea engelnlannii Parry: 158, 161, 392, 393

Spruce, red
Picea rubens Sarg.: 61,62,63,64,65,66,90,
91, 106, 128, 130, 172,266,267,268,269,270,
273, 274, 336

Pine, Scots
Pinus sylvestri.\1 L.: 169, 354

Pine, shore
Pinus con/orta Dougl. var. con/orta: 158, 392 Spruce, sitka

Picea sitchensis (Bong.) CaIT.: 110, 121, 158,
392, 393Pine, western white

Pinus monticola Dougl.: 158, 161, 343, 392, 393

Spruce, white
Picea glauca (Moench) Voss: 9, 10, 12, 13, 14,
18, 23, 24, 26, 39, 46, 47, 48, 55, 56, 59, 60, 61,
62,63,64,66, 87, 89, 90, 91, 103, 104, 106, 107,
111, 112, 120, 123, 124, 128, 130, 133, 134, 143,
144, 146, 147, 148, 149, 151, 152, 153, 154, 155,
158, 161, 162, 163, 169, 171, 172, 216, 266, 267,
268,273,274,280,287,288, 316, 336, 365, 368,
369, 374, 375, 392, 393, 407, 408, 418,427,428,
429,431,441,443,460, 461, 462, 463, 464, 465,
477

Pine, white bark
Pinus albicaul~ Engelm.: 343

Plum, wild
Pronus americana Marsh.: 169

Poplar
Populus L.
see Aspen

Poplar, balsam
Populus ball;amifera L.: 15, 16, 59, 60, 120, 139,
143, 146, 147, 148, 149, 151, 153, 154, 169, 171,
183,254, 256, ~57, 343, 364, 374, 375, 392,407,
408,427,428,429,460,461,462,463,464,465,
471

Tamarack or eastern larch
Larit" laricina (Du Roi) K. Koch: 13, 14,46,47,
48,56,59,60,61,64,89, 103, 104, 106, 107,
120, 123, 124, 128, 130, 143, 146, 147, 148, 149,
151, 153, 154, 155, 169, 171, 172,203,204,205,
216, 266, 268, 273, 316, 336, 374, 375, 407, 408,
427, 428, 429, 431, 460, 461, 462, 463, 464, 465,
477

Poplar, miscellaneous: 328

Saskatoon-berry
Amelanchier alnifolia (Nutt.J 427, 429 Tulip-tree

Liriodendron tulipifera L.: 387
Spruce

Picea A. Dietr.: 50, 51, 114, 141, 142, 145, 343,
353, 402

Willow
Salix L.: 139, 169, 178, 179, 180,200,218,219,

220,223,224,225,226,227,250,253,254,255,
317,320,341,344,351, 355, 384,427,429,463,
471

Spruce, black
Picea mariana (Mill.) 8.S.P.: 9, 10, 12, 13, 14,
46,47,48,56,59,60,61,62,63,64,66,89,90,
91, 102, 103, 104, 106, 107, 111, 112, 120, 123,
124, 127, 129, 132, 143, 144, 146, 147, 148, 149,
151, 152, 153, ~54, 155, 158, 169, 171, 172, 176,
181, 214, 216, 232, 233, 238, 240, 266, 267, 268,

Other hardwood species: 221, 253, 254, 255, 256,
257,261,264,275, 325, 326, 327, 345, 346, 347,
348
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Hardwoods (in general): 25, 27, 135,210,212,277,
285, 330, 404, 420, 421, 425, 426

Softwoods (in general): 25,27,210,212,277, 330,
394, 420, 421, 425, 426

Non-specific species: 1, 2, 3, 5, 6, 21, 22, 29, 30,
32, 33, 34, 35, 36, 37, 38,43,52,53,54,76,77,
84,85,86,92,93,94,95,96,97,98,99, 100,
101, 105, 108, 10~, 118, 119, 150, 156, 157, 159,
160, 165, 166, 167, 168, 170, 177, 185, 186, 188,
189, 191, 192, 193,201,202,207,228,229,230,
237,239,242,243,245,246,258,259,262,263,
265,283,284,289,290,291,292,293,295,298,
299, 300, 301, 302, 303, 305, 306, 307, 308, 309,
311,312,315,31$,319,321,331,333,334,337,
339,342,352, 35di, 359, 360, 361, 362, 363, 367,
377,379,381,39$,396,397,398,399,400,406,
409,410,411,412,413,414,415,417,419,422,
423,424,432,434,442,444,447,448,449,450,
451,453,454,455,457,458,459,467,468,469,
472, 474, 475, 476

Not known: 4, 73, 78, 115, 122, 138, 164, 175,211,
244, 271, 272, 329, 340, 357, 358, 366, 376, 380,
385,390,401,405,430,433,452,470
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4. Index des especes d'arbres

Betula papyri/era Marsh. var. commutata (Reg.)
Fern. : 144, 392

Amelanchier alnifolie
Amelanchier alnifolia (Nutt.) 427, 429

Aulne II. feuilles minces
Alnus tenuifoliil (Nutt.) 139

Caryer
Carya Nutt. : 15, 16, 374, 375

Cerisier
Prunus L.

Aulne rouge
Alnus rubra Bong. (Alnus oregona Nutt.) : 31,
113, 158,204,251,296,391,392, 393,427,429,
463

194, 255, 384, 429

Cerisier de Pennsylvanie
PfUnus pennsylvanica L.f. : 62, 431

Aulne rugueux
Alnus rugosa (Du Roi) Spreng. (Alnus incana [L.]
Moench) : 87, 139,252,254,256,257,275,325,
326, 327, 384, 431

Cerisier de Virginie
Prunus virginiana L. 163. 427. 429, 431

Bouleau
Betula L.
466

Cerisier tardif
Prunus serotina Ehrh. : 15. 16. 374. 375

107" 145, 255, 343, 346, 353, 384,

Chene
Quercus L. 106

Bouleau Ii papier
Betula papyrifera Marsh. : 7, 8, 10, 12, 15, 16,
17, 18, 19, 39,40,41,46,47,48,50,51,56,59,
60,61,62,63,64,66,79, 82, 87, 89, 90, 91, 103,
104, 106, 120, 123, 124, 128, 130, 146, 147, 151,
153, 154, 158, 161, 163, 169, 171, 172,214,215,
216,217,238,266,267,268,273,274,280,314,
316, 336, 365, 368, 369, 370, 373, 374, 375, 382,
386,393,407,408,427,428,429,431,441,460,
462, 463, 464, 465, 473, 477, 478, 479, 480

Chene Ii gros fruits

Quercus nlacrocarpa Michx.
198, 199, 427, 429, 463

169, 194, 196,

Chene blanc
Quercus alba L. 15, 16, 374, 375

Chene rouge
Quercus rubra L. : 7,8, 10, 12, 15, 16, 18,40,
41,64, 163, 194, 196, 197, 198, 199,266,268,
273, 374, 375, 383, 416Bouleau (divers) 169

Bouleau gris
Betula populifolia Marsh. 61,89, 106, 172,477

Cypres jaune
Chanzaec)paris nootkatensis (D. Don) Spach :
110,121,158,392

Bouleau jaune
Betula alleghaniensis Britton (Betula lutea Michx.
t.) : 15, 16,47,50,51,55,59,60,61,62,63,64,

66,87,88, 103, 106, 116, 124, 128, 130, 163,
195, 196, 266, 268, 273, 336, 365, 374, 375, 383,
386, 431, 441 I

Douglas bleu
Pseudotsuga menziesii VaT. glauca (Beissn.)
Franco: 161

Douglas taxifolie
Pseudotsuga menziesii (Mirb.) Franco: 31, 69,
110, 114, 121, 158, 169, 187, 190,222,251,294,
297,304,338,391, 392, 393,437

Bouleau occidental
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Epinette
Picea A. Dietr.
353, 402

50,51, 114, 141, 142, 145, 343,
Erable it sucre

Acersaccharum Marsh. : 7, 8,15,16,40,41,55,
59,60,61,63,64,66,87,88, 102, 106, 116, 128,
130, 163, 194, 266, 267, 268, 273, 274, 336, 354,
365, 374, 375, 383, 386, 441Epinette blanche

Picea glauca (Moench) Voss: 9, 10, 12, 13, 14,
18,23,24,26, 39,46,47,48,55,56,59,60,61,
62,63,64,66,87,89,90,91, 103, 104, 106, 107,
111, 112, 120, 123, 124, 128, 130, 133, 134, 143,
144, 146, 147, 14$, 149, 151, 152, 153, 154, 155,
158,161,162,163,169,171,172,216,266,267,
268,273,274,280,287,288, 316, 336, 365,368,
369, 374, 375, 392, 393, 407, 408, 418, 427, 428,
429, 431, 441, 443, 460, 461, 462, 463, 464, 465,
477

Erable de Pennsylvanie
Acer pennsylvanicum L. : 62, 163, 383, 386

Erable grandifolie
Acer nlacrophyllum Pursh : 392

Erable negondo
Acernegundo L.: 169,407,408,427,429,462,
463, 464, 465

Epinette d'Engelmann
Picea engelmannii Parry : 158, 161, 392, 393

Erable rouge
Acer robrom L. : 7, 8, IS, 16, 18,39,40,41,59,
60,61,62,63,64,65,66, 87, 89,90,91, 106,
128, 130, 131, 163, 172,234,235,236,241,266,
267,268,273,274,280, 282, 336, 365, 374, 375,
383, 386, 387, 416, 431, 441, 477

Epinette de Sitka
Picea sitchensis (Bong.) Carr. : 110, 121, 158,
392, 393

Epinette noire
Picea mariana (Mill.) 8.S.P. : 9, 10, 12, 13, 14,
46,47,48,56,59,60,61,62,63,64,66,89,90,
91, 102, 103, 104, 106, 107, 111, 112, 120, 123,
124, 127, 129, 132, 143, 144, 146, 147, 148, 149,
151, 152, 153, 154, 155, 158, 169, 171, 172, 176,
181, 214, 216, 232, 233, 238, 240, 266, 267, 268,
273,274,286, 28r, 288, 313, 314, 316, 322, 336,
365, 370, 373, 374, 375, 382, 388, 389, 392, 393,
407,408,427,428,429,431,435,436,445,446,
460,461,462,463,464,465,477,480

Frene
Fraxinus L. 61, 106, 255. 429

Frene blanc
Fraxinus americana L.
374, 375

IS, 16, 62, 88, 131, 252,

Frene noir
Fraxinus nigra Marsh. : 15, 16, 131, 163, 169,
374, 375

Frene rouge
Fraxinus pennsylvanica Marsh. 374, 375Epinette rouge

Picea rubens Sarg. : 61,62,63,64,65,66,90,
91, 106, 128, 130, 172,266,267,268,269,270,
273, 274, 336

Frene vert
Fraxinus pennsylvanica Marsh. var.
subintegerrinza (Vahl) Fern. : 169, 203, 204, 205,
427, 463Erable

Acer L. : 107,255,260,316
Genevrier rouge

Juniperus virginiana L. : 13, 14, 374, 375Erable a {)pis
Acer spicatum Lam. 163, 383, 431

Hetre 11 grandes feuilles

Fagus grandi/olia Fllrh. : 15, 16, 55, 59, 60, 61,
62,88, 106, 131,267,274,365,374,375,386

Erable argente
Acer saccharinum L. : 15, 16, 354, 374, 375, 477

272



Meleze
Larix Mill.

Peuplier (divers) : 328
114, 144, 204, 255, 343

Meleze (divers) : 203, 205
Peuplier faux-tremble

Populus tremuloides Michx. : 7, 8, 10, 12, 15, 16,
17, 18, 19,28,39,40,41,45,46,49,56,57,58,

59,60,62,63,64,66,70,71,72,74,75,79,80,
81,82,89,90,91, 103, 104, 106, Ill, 112, 120,
123, 128, 130, 136, 137, 139, 143, 144, 146, 147,
148, 149, 151, 153, 154, 158, 161, 163, 169, 171,
172, 173, 182, 183,214,216,234,235,236,241,
247, 248, 252, 254, 256, 257, 260, 264, 266, 267,
268, 273, 274, 276, 278, 280, 281, 282, 314, 316,
332,336. 343, 349, 350, 364, 371, 372, 373, 374,

375.384,392,393,403,407,408,416,427,428,
429,431,440,460,461, 462, 463, 464, 465, 471,
477

Meleze laricin
Larix laricina (Du Roi) K. Koch: 13, 14,46,47,
48,56,59,60,61,64,89, 103, 104, 106, 107,
120, 123, 124, 128, 130, 143, 146, 147, 148, 149,
151, 153, 154, 155, 169, 171, 172,203,204,205,
216, 266, 268, 273, 316, 336, 374, 375, 407, 408,
427,428,429,431,460,461,462,463,464,465,
477

Meleze occidental
Larix occidentalis Nutt 158, 161, 392, 393

Micocoulier occidental
Celtic occidentalis L. : 169

Peuplier occidental
Populus trichocarpa TolT. et Gray: 158, 161,
343,364,393,427

Noyer cendre
Juglans cinerea L. 196 Pin

Pinus L. 141, 142, 145, 255, 353
Onne

Ulmus, L. 61 Pin albicaule
Pinus albicaulis Engelm. 343

Onne d' Amerique
Ulmus americana L.
427, 429, 463

15, 16, 169, 374, 375, 383, Pin argente
Pinus monticola Doug!. 158, 161, 343, 392, 393

Ostryer de Virginie
Ostrya virginiana (Mill.) K. Koch: 7, 8, 15, 16,
40, 41, 61, 163, 169, 383

Pin blanc
Pinus strobus L. : 13, 14, 18, 50, 51, 55, 59,60,
61, 64, 75, 88, 106, 128, 130, 163, 169, 234, 235,
236,241,266,268,273,280,281,282, 354, 374,
375, 431, 477Peuplier

Populus L. : 44, 61,83, 107, 126, 140, 145, 174,
184,206,209,231,249,253,255, 344, 353, 354,
386,438,439,466

Pin (divers) 387

Pin gris
Pinus banksiana Lamb. : 9, 10, 11, 12, 13, 14,
50, 51, 59, 6O, 61, 67, 68, 89, 90, 91, 102, 106,
107, 120, 128, 130, 143, 144, 146, 147, 148, 149,
151, 152, 153, 154, 155, 169, 171, 172,253,254,
256,257,310,314,316, 324, 354, 373, 374, 375,
384,388,389,407,408,427,428,429,435,436,
460,461,462,463,464,465,477

Peuplier a grandes dents
Populus grandidentalil Michx. : 10, 12, 15, 16,
18, 19,62,63,64,66,75,80, 182,266,267,268,
273, 274, 281, 336, 374, 375

Peuplier baumier
Populus balsamifera L. : 15, 16, 59, 60, 120, 139,
143, 146, 147, 148, 149, 151, 153, 154, 169, 171,
183, 254, 256, 257, 343, 364, 374, 375, 392, 407,
408,427,428,429,460,461,462,463,464,465,
471

Pin ponderosa
Pinusponderosa Laws. : 158, 161,392,393
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Pin rouge
Pinus resinosa Ai.. : 10, 12, 13, 14, 18, 20, 39,
55,59,60,61,75,89, 106, 117, 128, 130, 169,
172, 234, 235, 236, 241, 280, 281, 282, 354, 374,
375, 386

SapiD gracieux
Abies amabil~ (Dougl.) Forbes: 31, 158, 392

SapiD grandissime
Abies grandis (Dougl.) Lindl.
393

158,161,392,

Pin sylvestre
Pinus sylvestris L. 169, 354 SapiD subalpin

Abies lasiocarpa (Hook.) Nutt. : 59, 60, 146, 147,
151, 152, 158, 161, 162, 169, 171, 392, 393,428,
460

Pin tordu
Pinus contorta Dougl. var. contorta : 158. 392

Pin tordu
Pinus contorta Dougl. var. tatifolia Engelm. : 23,
24,26,42, 59,60, 110, Ill, 112, 114, 120, 121,
146, 147, 151, 152, 158, 161, 162, 169, 171, 279,
343,392,393,428,460

Saute
Salix L. : 139, 169, 178, 179, 180,200, 218,219,
220, 223, 224, 225, 226, 227, 250, 253, 254, 255,
317, 320, 341, 344, 351, 355, 384,427,429,463,
471

Proche
Tsuga (Endl.) Carr. 88, 343, 378, 437

Sorbier d' Amerique
Sorbus americana Marsh. 431

Proche du Canada
Tsuga canadensis ,(L.) Carr. : 13, 14, 59,60, 61,
106, 131, 163, 374, 375, 383, 416

Sorbier monticole
Sorbus decora (SargJ Schneid. 169, 431

Thuya
Thuja L. 354Proche occidentale

Tsuga heterophyllq (Raf.) Sarg. : 31, 110, 114,
121, 158, 161, 16~, 251, 391, 392, 393, 456 Thuya geant

Thujaplicata DODD: 31,110,114,121,158,161,
162,251,343,378,391, 392, 393,437,456Proche subalpine

Tsuga mertensiana (Bong.) Carr. 158
Thuya occidental

Thuja occidentalis L. : 13, 14, 50, 51, 55, 59, 60,
61, 88, 131, 163, 169, 374, 375, 383,407, 408,
427, 429, 462, 464, 465, 477

169
Prunier d' Amerique

Prunus americana Marsh.

SapiD
Abies Mill 145. i255. 343. 353. 402 Tilleul d' Amerique

Tilia americana L. IS, 16, 55, 169, 374, 375
Savin baumier

Abies balsamea (U.) Mill. : 9, 10, 12, 13, 14, 39,
46,47,48,50, 51i 55,56,59,60,61,62,63,64,
65,66,87,89,90; 91, 102, 103, 104, 106, 107,
110,114, 120, 121, 123, 124, 125, 128, 130, 146,
147, 151, 152, 153, 154, 155, 163, 169, 171, 172,
208,213,238,256,257,266,267,268,269,270,
273, 274, 280, 310, 314, 316, 323, 335, 336, 365,
368, 369, 370, 373, 374, 375, 382, 383, 391, 407,
408, 427, 428, 429, 431, 441, 445, 446, 460, 462,
464, 465, 473, 477, 480

Tulipier d' Amerique
Liriodendron tulipifera L. : 387

Feuillus (autres) : 221,253,254,255,256,257,
261,264,275,325,326, 327, 345, 346, 347, 348

Feuillus (en general) : 25,27, 135,210,212,277,
285, 330, 404, 420, 421, 425, 426

Resineux (en general) : 25, 27, 210, 212, 277, 330,
394, 420, 421, 425, 426
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Especes indetenninees : I, 2, 3, 5, 6, 21, 22, 29, 30,
32,33,34, 35, 36, 37, 38,43,52,53,54,76,77,
84,85,86,92,93,94,95,96,97,98,99, 100,
101, 105, 108, 109, 118, 119, 150, 156, 157, 159,
160, 165, 166, 167, 168, 170, 177, 185, 186, 188,
189, 191, 192, 193, 201, 202, 207, 228, 229, 230,
237,239,242,243,245,246,258,259,262,263,
265,283,284,289,290,291,292,293,295,298,
299,300,301,302,303, 305, 306, 307, 308, 309,
311, 312, 315, 318, 319, 321, 331, 333, 334, 337,
339,342,352,356,359,360,361, 362, 363, 367,
377,379,381,395,396,397,398,399,400,406,
409,410,411,412,413,414,415,417,419,422,
423,424,432,434,442,444,447,448,449,450,
451,453,454,455,457,458,459,467,468,469,
472,474,475,476

Inconnu : 4, 73, 78, 115, 122, 138, 164, 175, 211,
244,271,272,329,340, 357, 358, 366, 376, 380,
385, 390, 401, 405, 430, 433, 452, 470
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5. Index of added keywords

Aerial photography: 3, 17,50,51,73, 122, 168 Calorific value: 407, 423, 464

Age: 20, 28 Climatic aspects: 133, 134,287,288,314,317,
319, 333, 334,443

Biomass availability: 55, 79, 80, 82, 84, 85, 135,
301,321,407,425,426 Combustion of wood: 404, 422, 423, 428, 434, 462,

465
Biomass compaction systems: 396. 397. 398

Cost analyses: 31, 84, 115, 135, 206, 353, 354,
355, 358, 365, 368, 369, 370, 371, 372, 373, 378,
382, 386, 390, 437, 438, 440, 441, 455, 471, 473,
477

Biomass, conversion of volume to: 11, 56,61, 106,
151

Biomass data (collecting and compiling): 5, 6, 46,
47, 4S, 50, 51, 56, 61, 66, 7S, 106, lOS, 109, 123,
124, 125, 143, 144, 160, 161, 16S, 169, 171,407

Cost estimates of harvesting: 421, 438, 441, 471,
477

Biomass, growth and yield of: 28, 29, 30, 37, 38,
42, 45, 69, 70, 71, 74, 79, 80, 81, 93. 94. 95. 96,
97.98,99. 100. 125, 133, 134, 136, 138. 157,
167.172.179,186.188,189.277,278.287,288.
323, 332

Decomposition: 235, 236, 268

Economical aspects: 180, 188, 189,321,356,357,
359,360, 361, 362, 366, 367, 371, 372,458,473

Energy conversion: 354, 376, 422, 444, 464
Biomass harvesting, effects of: 64, 237, 308, 309,

313,314,315 Energy efficiency: 68, 188, 189,207,317,318,
319, 352, 377, 410, 412, 413, 414, 416

Biomass, merchantable: 10, 12, 13, 14, 15, 16, 124

Energy plantations: 178, 198,200,218,221, 223,
224,225,227,253,317,320,351,355Biomass of tree components: 5,6,7, 8,9, 10, 12,

13, 14, 15, 16, 17, 19,20,28,42,46,54,57,58,
59,60,62,63,65.75,76,82, 87, 88, 89,90,91,
103, 104, 105, 107, 111, 112, 117, 127, 128, 129,
130, 131, 132, 137, 143, 146, 147, 148, 149, 150,
151, 153, 154, 156, 158, 161, 162, 163, 166, 271,
280, 294

Fast-growing species: 201, 202, 205

Field testing: 205, 256, 257, 373, 387, 388, 389,
435, 436, 442, 467, 468

FORCYTE: 69, 92, 93, 94, 95, 98, 99, 100, 125,
186, 187, 188, 189, 190, 191, 192, 193,208,210,
213, 222, 228, 229, 230, 240, 251, 277, 278, 289,
292,293,294,295,296,297,298,299, 301, 302,
303, 304, 305, 306, 307, 311, 312, 323, 329, 330,
331, 332, 335, 337, 338

Biomass production: 20,72, 126, 173, 182, 183,
209, 243, 246, 328, 333, 334, 340, 341, 418

Biomass recovery: 20, 72, 126, 173, 182, 183,270,
328,333,334,341, 353, 373,418,445,446,454,
455,459,474

Forest environment (in general): 238, 308, 309,
310, 321, 360, 370Biomass utilization for energy: 113, 165, 173, 174,

262, 360, 363, 364, 368, 371, 382, 383, 407, 408,
424, 425, 426, 439, 475, 476, 480 Forest inventory: 61, 101, 119, 120, 144, 163
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Forest management: 97, 113, 186, 187, 188, 189,
192, 193, 208, 210, 211, 212, 222, 251, 277, 283,
284, 286, 289, 295, 299, 312, 329, 330

Inventory of biomass: 1,2,4,7,8, 11, 18.24,25,
26,27,28,32,33,34,35, 36,49,54,55,56,61,
64,66,73,75,77,82,84, 101, 106, 107, lOS,
109, 113, 116, lIS, 119, 120, 122, 124, 139, 141,
151, 152, 159, 163, 165, 16S, 170, 172, 174, 40S,
462, 466

Forest soil: 49, 258, 259, 268, 282, 283, 284, 310,
342

Frankia: 252, 254, 256, 257, 258, 259, 260, 261,
275, 325, 326, 327, 345, 346, 347

Inventory of hog fuel: 21, 22, 114

Inventory of logging residues: 3, 23, 24, 25, 26, 27,
31,50,51,67,68,86, 102, 110, lIS, 121, 135,
141, 142, 145, 155, 161, 164, 353. 386, 435, 436

Fuelwood: 155,365,441

Fuelwood consumption: 381, 391, 431, 432. 433.
470 Literature survey and review: 45, 49, 52, 166, 226,

231,237,262,263,265,283,290,291,293, 333,
334, 342, 381, 423, 428, 472, 474, 475, 476Hardwood resource: 404, 477

Harvesting (silviculture): 72, 185, 190, 370, 383 Machinery: 184, 380, 384, 387, 388, 389, 396, 397,
398,399,400,401,402,403,409,417,419,435,
436, 440, 442, 452, 453, 455, 457, 458, 459, 467,
468, 469

Harvesting, conventional: 39,75, 234, 236, 266,
270, 280, 281, 282, 339

Harvesting of biomass: 65, 85, 216, 233, 241, 267,
269,274,285, 342, 359, 365, 367, 369, 371, 373,
377, 378, 382, 383, 385, 386, 396, 397, 398, 405,
421, 445, 446, 447, 448, 449, 454, 455, 473, 474

Mechanization: 31, 378, 390, 437, 445, 446

Modelling and programming, computer: 92,93,
108, 109, 156, 157, 161, 191, 193,210,230,300,
301, 302, 303, 305, 307, 317, 319, 331, 337, 338,
339, 343, 358Harvesting of hog fuel: 358, 370, 444, 452, 458,

479, 480
Modelling, growth and yield: 45, 70, 71, 74,97,99.

157, 167, 278, 292Harvesting of logging residues: 31, 343, 376, 378,
379, 380, 390,409,410, 411, 412, 413, 415,416,
430, 437, 473 Mycorrhizae: 175. 176, 177, 181,252,253,254,

255, 256, 257, 258, 259, 260, 264. 276, 348
~arvesting of wood chips: 67,357,359,367,369,

379, 382, 383, 385, 386, 390, 415, 420, 456, 473,
478, 480

Non-inventoried areas: 168. 169

Nursery and regeneration: 175, 176, 177, 179, 181,
194, 195, 196, 197, 198, 199,216,221,224Harvesting, whole-tree: 39, 75, 166, 185, 217, 234,

235, 265, 266, 270, 280, 281, 291, 316, 370, 399,
400, 402, 405, 474, 475, 476, 479 Nutrient contents of tree components: 39, 40, 41,

42,44,49,63,65,66,75, 83, 107, 137, 140,209,
271, 272, 280, 290, 316Instructions: I, 2, 5,6, 301, 306

Peatlands: 232, 286Intensive-culture management: 96, 126, 174, 191,
192,200,203,204,205,209,214,215,217,222,
231, 239, 247, 248, 298, 349 Pennanent sample plot: 106, 108

Potential of biomass energy: 113, 152, 377, 404,
407, 408, 424, 434, 465, 466

Interviews: 211. 212, 407, 432, 433, 470
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Project review: 52, 53, 159, 165, 356, 361,434,469 Spacing: 20,205,209,328

Reforestation: 214. 215. 217 Tenninology and bibliography:
449

,2,226,296,297,

Remote sensing and mapping: 43, 73, 118, 120,
144, 170 Tissue culture: 345. 346. 347. 348

Residues: 24, 25, 26,. 27, 31, 50, 51, 67, 68, 84, 86,
102, 110, 115, 121, 141, 142, 164, 362, 369, 376,
377, 378, 379, 380, 382, 390, 391, 401, 409, 410,
411,412,413,414,416,417,430,437,456,472,
473

Transportation: 160, 359, 373, 376, 377, 396, 397,
398, 399, 402, 420, 421, 450, 451, 454, 473

Tree-ring analyses: 133, 287, 288, 418, 443

Wastewood consumption: 366, 434, 442, 472, 479
Seedling: 176, 177, :I81, 197, 199

Wildlife: 238, 243, 244, 245, 246, 247, 248, 272,
310, 339, 340, 343, 344, 349, 350Short-rotation culture: 20,44,83, 84, 117, 140, 178,

179, 180, 185, 196, 199, 204, 206, 218, 219, 220,
225, 227, 252, 265, 324, 328, 344, 350 Wood densities: 9, 374, 375, 392, 393, 394, 395,

418,427,429,443,460,461,463
Silvicultural treatments: 182, 183, 213, 216, 258,

259

Simulation: 164, 447, 448

Site: 64, 208, 214, 215. 216, 222, 274, 314

Socia-economical aspects: 363, 404

Soil chemical impacts: 232, 249, 285, 313, 314,
315, 316

Soil microbiology: 434, 235, 241, 252, 255, 261
282, 283, 284, 28$, 348

Soil nutrient accumulation: 209, 239, 266, 268, 336

Soil nutrient cycling: 44, 83, 126, 140, 208, 231,
235, 250, 266, 281, 328, 341

Soil nutrient removal: 64, 265, 270

Soil nutrient status and fertility: 39, 64, 100, 185,
187, 190,231,23$,239,240,241,249,250,253,
254,255,256,257,258,259,260,261,262,263,
264,265,266,267,268,269, 270, 271, 272, 273,
274, 275, 276, 279, 280, 281, 290, 291, 292, 293,
294, 298, 300, 30~, 313, 315, 316, 322, 324, 325,
326,327,328, 336, 338, 341, 345, 346, 347,348,
351

Soil physical impacts: 236, 242, 292, 342
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5. Index des mots-cles aj outes

Accumulation des elements nutritifs du sol: 209,

239,266,268,336
149, 150, 151, 153, 154, 156, 158, 161, 162, 163,
166, 271, 280, 294

Age: 20. 28 Biomasse, disponibilite de la : 55, 79, 80, 82, 84,
85, 135,301,321,407,425,426

Amenagement forestier/gestion forestiere : 97, 113,
186, 187, 188, 189, 192, 193, 208, 210, 211, 212,
222, 251, 277, ~83, 284, 286, 289, 295, 299, 312,
329, 330

Biomasse, donnees de (collection et compilation) :
5,6,46,47, 4S, 50, 51, 56, 61, 66, 7S, 106, lOS,
109, 123, 124, 125, 143, 144, 160, 161, 16S, 169,
171, 407

Analyses de coilt : 31.84. lIS. 135.206. 353. 354.
355. 358. 365. 368. 369. 37O. 371. 372. 373. 378.
382. 386. 39O. 437. 438. 44O. 441. 455. 471. 473.
477

Biomasse, effets de la recolte de : 64, 237, 308,
309, 313, 314, 315

Biomasse, production de : 20, 72, 126, 173, 182,
183, 209, 243, 246, 328, 333, 334, 340, 341,418Analyses des anneaux de croissance/des cernes

133,287,288,418,443
Biomasse, recuperation de : 20, 72, 126, 173, 182,

183, 270, 328, 333, 334, 341, 353, 373, 418, 445,
446,454,455,459,474

Aspects climatiques: 133, 134,287,288,314,317,
319, 333, 334, 443

Aspects economiques : 180, 188, 189, 321, 356,
357,359,360,361,362,366,367,371,372,458,
473

Biomasse, systemes de compactage de la : 396,
397, 398

Biomasse, utilisation a des fins energetiques de la :
113, 165, 173, 174,262, 360, 363, 364, 368, 371,
382,383,407,408,424,425,426,439,475,476,
480

Aspects socio-economiques : 363, 404

Biomasse commercialisable (marchande)
13, 14, 15, 16, 124

10, 12,

Bois de chauffage : 155, 365, 441
Biomasse, conversion de volume en : 11, 56,61,

106,151 Combustion du bois : 404, 422, 423, 428, 434, 462,
465

Biomasse, croissance et rendement de la : 28, 29,
30,37, 38,42,45,69,70,71,74,79,80,81,93,
94,95,96,97,98,99, 100, 125, 133, 134, 136,
138, 157, 167, 172, 179, 186, 188, 189,277,278,
287, 288, 323, 332

Condition des elements nutritifs et fertilite du sol :
39, 64, 100, 185, 187, 190, 231, 235, 239, 240,
241,249,250,253,254,255,256,257,258,259,
260,261,262,263,264,265,266, 267, 268, 269,
270, 271, 272, 273, 274, 275, 276, 279, 280, 281,
290, 291, 292, 293, 294, 298, 300, 304, 313, 315,
316,322,324,325, 326, 327, 328, 336, 338, 341,
345, 346, 347, 348, 351

Biomasse des composantes de l'arbre : 5,6,7,8,9,
10, 12, 13, 14, 15, 16, 17, 19,20,28,42,46,54,
57,58,59,60,62,63,65,75,76,82,87,88,89,
90,91, 103, 104, 105, 107,111, 112, 117, 127,
128, 129, 130, 131, 132, 137, 143, 146, 147, 148, Consommation de bois de chauffage : 381, 391,

431, 432, 433, 470
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Consomrnation de dechets ligneux : 366, 434, 442,
472, 479

Gestion de culture intensive: 96, 126, 174, 191,

192,200,203,204,205,209,214,215,217,222,
231, 239, 247, 248, 298, 349

Conversion d'energie : 354, 376,422,444,464
Gestion forestiere : voir arnenagement forestier

Culture de courtes revolutions: 20, 44, 83, 84, 117,
140, 178, 179, 180, 185, 196, 199,204,206,218,
219, 220, 225, 227, 252, 265, 324. 328, 344, 350

Instructions, directives: 1, 2, 5, 6, 301, 306

Interviews: 211, 212, 407, 432, 433, 470
Culture de tissus : 345, 346, 347, 348

lnventaire de bfichettes de chauffage : 21, 22, 114
Cycle des elements nutritifs du sol : 44, 83, 126,

140, 208, 231, 235, 250, 266, 281, 328, 341 lnventaire de la biomasse : 1,2,4,7,8, 11, 18,24,
25,26,27,28,32,33,34, 35,36,49,54,55,56,
61,64,66,73,75,77,82,84, 101, 106, 107, 108,
109, 113, 116, 118, 119, 120, 122, 124, 139, 141,
151, 152, 159, 163,165, 168, 170, 172, 174,408,
462, 466

Decomposition: 235, 236, 268

Densites de bois (masses volumiques de bois) : 9,
374, 375, 392, 393, 394, 395, 418, 427, 429, 443,
460, 461, 463

lnventaire forestier : 61, 101, 119, 120; 144, 163
Efficacite energetique : 68, 188, 189,207,317,318,

319, 352, 377,410,412,413,414,41(; Inventaire de residus d'abattage/de residus
d'exploitation/de dechets de coupe: 3, 23, 24, 25,
26,27,31, 50, 51, ()7, 68,86, 102, 110, 115, 121,
135, 141, 142, 145,' 155. 161, 164, 353, 386, 435,
436

Environnement forestier (en general) : 238, 308,
309,310,321,360,370

Espacement : 20, 205, 209, 328
Machinerie: 184, 380, 384, 387, 388, 389, 396,

397,398,399,400,401,402,403,409,417,419,
435, 436, 440, 442, 452, 453, 455, 457, 458, 459,
467, 468, 469

Especes It croissance rapide : 201, 202, 205

Essai sur Ie terrain: 205, 256, 257, 373, 387, 388,
389, 435, 436, 442, 467, 468

Mecanisation : 31, 378, 390,437,445,446
Estimation des couts de recolte : 421, 438,441,

471, 477 Microbiologie du sol: 234. 235. 241. 252. 255.
261.282.283.284.285. 348

Examen de projet : 52, 53, 159, 165, 356, 361, 434,
469 Modelisation, croissance et rendement : 45, 70, 71,

74,97,99, 157, 167,278,292
Faune : 238. 243. 244, 245, 246, 247. 248. 272,

31O. 339. 340, 343. 344. 349. 350 Modelisation et programmation infonnatisees : 92,
93, 108, 109, 156, 157, 161, 191, 193,210,230,
300,301,302,303,,305,307, 317, 319, 331, 337,
338,339,343,358

FORCYTE: 69,92,:93,94,95,98,99, 100, 125,
186, 187. 188, 189, 190, 191, 192, 193,208,210,
213, 222, 228, 229, 230, 240, 251, 277. 278. 289,
292,293.294.295,296.297,298.299, 301. 302,
303.304,305,306,307, 311, 312. 323. 329,330,
331, 332, 335, 337, 338

Mycorrhizae: 175, IV6, 177, 181,252,253,254,
255, 256, 257, 258. 259, 260, 264, 276, 348

Pepiniere et regeneration: 175, 176, 177, 179, 181,
194, 195, 196, 197, 198, 199,216,221,224Frankia : 252, 254, 256, 257, 258, 259, 260, 261,

275, 325, 326, 327, 345, 346, 347
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Repercussions physiques du sol: 236, 242, 292,
342

Photographie aerienne : 3, 17, 50, 51, 73, 122, 168

Placette d'echantillonnage pennanente : 106, 108
Residus: 24,25,26,27,31,50,51,67,68,84,86,

102, 110, 115, 121, 141, 142, 164,362,369,376,
377, 378, 379, 380, 382, 390, 391, 401, 409, 410,
411, 412, 413, 414, 416, 417, 430, 437, 456, 472,
473

Plantations a des fins energetiques : 178, 198, 200,
218,221,223,224,225,227,253, 317, 320, 351,
355

Potentiel de l'energie de la biomasse : 113, 152,
377, 404, 407, 408, 424, 434, 465, 466 Ressource en especes feuillues : 404, 477

Semis: 176, 177, 181, 197, 199Pouvoir calorifique : 407, 423, 464

164, 447, 448Prelevement d'elements nutritifs du sol: 64, 265,
270

Simulation

Site, station, telTain : 64, 208, 214, 215, 216, 222,
274, 314Reboisement : 214,215,217

Sol forestier : 49. 258, 259, 268, 282, 283, 284,
310, 342

Recolte d'arbres entiers : 39, 75, 166, 185, 217,
234, 235, 265, 266, 270, 280, 281, 291, 316, 370,
399,400,402,405,474,475,476,479

Superficies non inventoriees : 168. 169
Recolte de biomasse : 65, 85, 216, 233, 241, 267,

269, 274, 285, 342, 359, 365, 367, 369, 371, 373,
377, 378, 382, 383, 385, 386, 396, 397, 398, 405,
421, 445, 446, 447, 448, 449, 454, 455, 473, 474

Telooetection et cartographie : 43, 73, 118, 120,
144, 170

Teneur en elements nutritifs des composantes de
l'arbre : 39,40,41,42, 44, 49, 63, 65, 66, 75,
83,107, 137, 140,209,271,272,280,290,316

Recolte de buchettes de chauffage : 358, 370, 444,
452,458,479,480

Tenninologie et bibliographie: 1, 2, 226, 296, 297,
449

Recolte de copeaux de bois : 67, 357, 359, 367,
369379, 382, 383, 385. 386, 390, 415. 420, 456,
473. 478, 480

Tourbieres : 232, 286

Traitements sylvicoles : 182, 183, 213, 216, 258,
259

Recolte de residus d'abattage/de residus
d'exploitation/de dechets de coupe: 31, 343, 376,
378, 379, 380, 390,409,410, 411, 412, 413, 415,
416, 430, 437, 473

Transport: 160, 359, 373, 376, 377, 396, 397, 398,
399, 402, 420, 421, 450, 451, 454, 473Recolte de type classique (conventionnelle) : 39,75,

234, 236, 266, 270, 280, 281, 282, 339

Recolte (sylviculture) : 72, 185, 190, 370, 383

Releve et examen de la documentation: 45, 49, 52,
166,226,231,237,262,263,265,283,290,291,
293, 333, 334, 342, 381, 423, 428, 472, 474, 475,
476

Repercussions chimiques du sol : 232, 249, 285,
313, 314, 315, 316
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6. Productivity (P) project index!
Index des projets sur la productivite (P)

P-o: 85, 201, 202, 231, 239, 250, 255. 424 P-40: 62, 63, 64, 65, 66, 265, 266, 267, 268, 269,
270, 271, 272, 273, 274, 336, 404

P-l: 165
P-41: 87

P-2: 381, 431, 479

P-51: 138, 139
P-4: 89, 172

P-54: 402, 445, 446
P-6: 67, 68

P-59: 376. 377
P-8: 185. 187, 293,299

P-64: 157, 167
P-9: 252, 256, 257,258,259,262,263

P-67: 184
P-ll: 406

P-71: 42, 92. 94, 95. 190, 193. 292, 298. 299, 300,
303, 304, 305P-14: 17, 122

P-15: 166. 474. 475. 476 P-75: 203, 204, 205

P-16: 29, 30 P-78: 253, 256, 257, 258, 259, 260, 261, 264, 275,
276, 325

P-19: 477

P-92: 105, 146, 147, 150, 151, 152, 153, 154, 156,
171,460,462,466P-20: 9, 10, 11, 12, 13, 14,20,78

P-21: 116, 163 P-95: 237. 308. 309

P-22: 28.136 P-I02: 45, 70, 71, 74

P-23: 141, 142, 155 P-112: 46. 47, 48. 103, 104, 123

P-25: 86, 135. 391 pollS: 368.478. 480

P-28: 3,23, 24,25,26,27,50,51, 102,405,409,
410,411,412,413,414,415,416,419

P-121: 126, 209, 328

P-135: 321, 360
P-30: 7, 8, 15, 16, 19, 79, 80, 81, 82

P-138: 40,41
P-36: 31, 379

P-139: 173. 174
P-38: 88

P-140: 43
P-39: 385, 386
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P-141: 111. 112 P-191: 368. 369. 382.473

P-142: 158. 161, 162, 164 P-197: 42. 95, %, 98, 191. 192, 193. 251, 289,
290, 291. 292, 294. 296. 297, 299, 300

P-143: 368, 370
P-198: 254, 256. 257, 258, 259, 275, 276, 325, 326,

P-l44: 5, 6 327

P-145: 214,216,217 P-199: 39,75,234,235,236,241,280,281,282,
283, 284, 285

P-146: 56,479
P-201: 403

P-148: 101, 119, 120
P-203: 248, 349, 350

P-149: 133, 134,287.288.418,443,472
P-205: 49. 137

P-150: 333, 334
P-207: 364, 371,439

P-152: 383
P-210: 388. 389. 401. 435. 436

P-155: 238, 310
P-211: 383

P-157: 425, 426
P-215: 388, 389

P-158: 117
P-216: 387. 417

P-159: 90, 91
P-219: 159

P-162: 430
P-224: 84

P-163: 438,440.471
P-225: 127, 129, 132

P-164: 247
P-226: 340, 344

P-169: 143. 148, 149. 156,461
P-227: 77

P-170: 243, 244, 245, 246
P-228: 354

P-172: 178, 179, 180.207,218.219.220,221.223.
224,225,226,227,317,318.319, 320 P-231: 467,468,469

P-179: 13. 14,374,375 P-232: 345, 346, 347, 348

P-182: 116 P-234: 15, 16,374,375

P-183: 380,390,437 P-236: 128. 130, 131

P-l84: 378,437 P-237: 400, 402, 447, 448

P-189: 365, 441 P-238: 61

P-190: 4, 103 P-240: 124
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P-243: 399 P-292: 357

P-245: 52, 53 P-293: 366

P-246: 111 P-294: 434

P-247: 106, 108, 109 P-296: 110, 121

P-248: 249 P-297: 387

P-249: 40, 41 P-298: 352

P-250: 452, 453, 456, 458 P-299: 215

P-251: 454, 459 P-300: 313, 314

P-252: 470 P-301: 206

P-253: 362 P-302: 359, 420

P-255: 427, 428, 429, 461, 463 P-306: 54

P-256: 423 P-307: 44, 83, 140

P-257: 182, 183 P-311: 384

P-258: 57, 58, 59, 60 P-312: 435,436,450,451

P-263: 432, 433 P-313: 396, 397, 398

P-264: 125, 208, 213, 323, 335 P-314: 331, 332

P-265: 160 P-315: 407, 408, 464, 465

P-266: 76 P-316: 118, 170

P-273: 168, 169, 463 P-317: 455, 459

P-276: 18, 32, 33, 34, 35, 36 P-318: 115, 356, 361

P-280: 449 P-319: 339, 343

P-283: 73 P-320: 194, 196

P-285: 93,94,96,99, 100, 189, 303 P-321: 98, 100, 186, 188, 189

P-286: 240 P-322: 373

P-287: 322 P-324: 364, 372

P-291: 378,380, 390,437 P-235: 342
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P-326: 444 P-366: 242

P-327: 442, 457 P-367: 69

P-328: 232, 233, 286 P-368: 222

P-332: 21 P-369: 97, 306

P-333: 72 P-370: 295, 301

P-334: 144 P-371: 279

P-335: 392, 393, 394, 395 P-374: 222, 338

P-336: 358 P-376: 113

P-337: 107,315,316 P-378: 230

P-338: 175, 176, 177, 181 P-379: 145,353

P-339: 367, 421 P-383: 200

P-340: I, 2

P-341: 55

P-342: 37, 38

P-343: 422

P-345: 228, 229,307,311,312

P-346: 341, 351

P-347: 301

P-350: 114

P-351: 22

P-353: 210, 211, 212, 277, 278, 302, 329, 330, 332

P-354: 324

P-358: 195, 197, 198, 199

P-361: 337

P-362: 355

P-363: 363
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7. Index of projects by year/
Index des projets par annee

1979 1985
67,68,78,86, 116, 122, 135, 136, 141, 142, 166, 16, 18,32,33,40, 59,92,93, 131, 158,206, 226,
172, 174, 185, 187,205,262,263,293,298,381, 240,259,266,268,276,282,284,289,290,291,
406,474, 319,327,336,343,357,375,384,387,388, 396,

397, 407, 408, 420, 450, 455, 456, 468, 469
1980

3,5,6,28,31,45,46,74,82,88,89, 102, 123, 1986
133,138,157,165,167,171,173,203,237,252, 17,41,42,64,94,99, 110, 118, 153,154,164,
269,304,308,309,328,376,377,379,385,386, 175, 186,207,225,234,273,313,348,373,389,
409.. 430, 431, 475, 476, 477, 478, 480 398, 422~. 435,436,444,451,461,464

1981 1987
4,7,8, 19,23,24,27,29,30,47,50,51,56,70, 34,55,60, 115, 120, 155, 177, 178, 179, 194,
71,79,80, 81, 87, 104, 126, 134, 159, 161, 163, 196,228,236,280, 317, 362, 392,418,442,462,
184, 190,201,204,209,216,217,243,247,253, 463
261,264,265,267,270, 305, 349, 360, 370, 383,
391,402,405,410,411,412,413,414,415,416, 1988
445,471,479 1,2,21,35,44,69,72,75,83,95,96, 100, 137,

.144, 176, 189, 197,208,223,229,233,235,241,
1982 249,303,306,307,311,314,315,318, 323, 332,

9, 10, 11,20,43,48,49,63,65,66,76,77,84, 337,339,342,355,356, 359, 361, 363, 367, 372,
103, 105, 108, 109, 112, 124, 132, 139, 143, 146, 393,457,465
147, 162, 192,202,214, 218, 238, 244, 254, 260,
272,283,287,294,321,325,333,340, 350,354, 1989
365,371,380,399,400,404,417,419,425,441, 22,37,38, 107, 114, 140, 181, 193, 195, 198,
446,452,472 200,210,211,212,213,221,222,230,232,242,

277,279,281,286,295,296,297, 312, 320, 324,
1983 329, 330, 331, 351, 358, 364, 394,421

12, 13, 14, 52, 53, 57, 61, 85, 101, 106, 117, 119,
127,128,129,130,148,156,168,169,180,227, 1990
245,246,251,256,275,299,334,344,369,378, 97,98, 113, 145, 199,278,292,301,302,316,
382,390,403,426,428,440,.447 335,338,341,353,395

1984

15,25,26,36,39,54,58,62,73,90,91, Ill,
121, 125, 149, 150, 151, 152, 160, 170, 182, 183,
188,191, 215, 219, 220, 224, 231, 239, 248, 250,
255,257,258,271,274,285,288, 300, 310, 322,
326,345,346,347,352,366,368,374,401,423,
424, 427, 429, 432, 433, 434, 437, 438, 439, 443,
448,449,453,454,458,459,460,466,467,470,
473

286

L



Forestry Canada establishments

Regional centres

Ontario Region
Forestry Canada
P.O. Box 490. 1219 Queen St. East
Sault Ste. Marie, Ontario
P6A 5M7
(705) 949-9461

Newfoundland and Labrador Region
Forestry Canada
P.O. Box 6028
Building 304, Pleasantville
St. John's, Newfoundland
AIC 5X8
(709) 772-4672

Northwest Region
Forestry Canada
5320-122nd Street
Edmonton, Alberta
T6H 3S5
(403) 435-7230

Maritimes Region
Forestry Canada
P.O. Box 4000, College Hill
Hugh John Flemming Forestry Centre
Fredericton, New Brunswick
E3B 5P7
(506) 452-3697

Quebec Region
Forestry Canada
P.O. Box 3800
1055 rue du P.E.P.S.
Sainte-Foy, Quebec
G1V 4C7
(418) 648-5788

Pacific and Yukon Region
Forestry Canada
506 West Burnside Road
Victoria, British Columbia
V8Z IM5
(604) 388-0600

National institutes

Petawawa National Forestry Institute
Forestry Canada
Chalk River, Ontario
KOJ lJO
(613) 589-2880

Forest Pest Management Institute
Forestry Canada
P.O. Box 490, 1219 Queen St. East
Sault Ste. Marie, Ontario
P6A 5M7
(705) 949-9461

ENFOR

ENFOR Secretariat
Forestry Canada
351 St. Joseph Boulevard
Hull, Quebec
KIA 1 G5
(819) 997-1107
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Etablissements de Forets Canada

Centres regionaux

Regions

Region de l'Ontario
Forets CanadaC.P. 

490
1219 Queen Street East
Sault Ste. Marie (Ontario)
P6A SM7
(705) 949-9461

Region de Terre-Neuve et du Labrador
Forets Canada
C.P. 6028
Edifice 304, Pleasantville
St. John's (Terre-Neuve)
AIC 5X8
(709) 772-4672

Region du Nord-Ouest
Forets Canada
5320-122nd Street
Edmonton (Alberta)
T6H 3S5
(403) 435-7230

Region des Maritimes
Forets Canada
C.P. 4000
Fredericton (Nouveau-Brunswick)
E3B 5P7
(506) 452-3697

Region du Quebec
Forets CanadaC.P. 

3800
1055, rue du P.E.P.S.
Sainte-Foy (Quebec)
GIV 4C7
(418) 648-5788

Region du Pacifique et du Yukon
Forets Canada
506 West Burnside Road
Victoria (Colombie-Britannique)
V8Z IM5
(604) 388-0600

Instituts nationaux

lnstitut forestier national de Petawawa
Forets Canada
Chalk River (Ontario)
KOJ lJO
(613) 589-2880

lnstitut pour la repression des ravageurs fore stiers
Forets Canada
C.P. 490
1219 Queen St. East
Sault Ste. Marie (Ontario)
P6A sM7
(705) 949-9461

ENFOR

Secretariat ENFORForets 
Canada

351, boulevard Saint-Joseph
Hull (Quebec)
KIA IG5
(819) 997-1107
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