
Proceedings of the fifteenth
meeting of the Ganadian
Tree lmprovement
Association: Pa

Comptes
conf6rence
canadienne
des arbres: !l

... I

'-'" Chaf k River, August 18-22,1975

For6t exp6rimentale de Petawawa
Chalk River, du 1 8 au 22 aoi.tt 1975

Forest Experiment Station



I

PROCEEDI N G S

t)F THE

FIFTEENTH MEETING

OF THE

THE CANADIAN TREE IMPRI)VEMENT

ASS()CIATI(]N

PART 1

MINUTES AND MEMBERS' REPORTS

HELD JOINTLY WITH THE
LAKE STATES FOREST TREE IMPROVEMENT CONFERENCE

AND
CANADIAN INSTITUTE OF FORESTRY WORKING GROUP 7

PETAWAWA FOREST EXPERIMENT STATION
CHALK RIVER. ONTARIO

AUGUST 18-22, 1g75

EDITORS: C. W. YEATMAN AND K. ILLINGWORTH



Part 'l Minutes and Members'Reports. Distributed
to Association members and available to
others on request.

Parl 2 Seminar: Applied Genetics in Forest Management
Distributed worldwide to persons and organiza-
tions actively engaged or interested in forest
genetics and tree improvement.

Produced by the Canadian Forestry Service,
Department of the Environment, for the

Canadian Tree lmprovement Association
Ottawa. 1976



COM PTES. REN DUS

DE LA

ourNZr rrvrr coN FEnrrucr

DE

L'ASSOCIATION CANADIENNE POUR

L'AMELI()RATIt)N DES ARBRES

1 RE PARTIE

PNOCES.VERBAUX ET RAPPORTS DE MEMBRES

TENUE CONJOINTEMENT AVEC LA
LAKE STATES FOREST TREE IMPROVEMENT CONFERENCE

ET
LE GROUPE DE TRAVAIL No 7 DE L'INSTITUT cANADIEN ogs TonETs

ronEr rxpERrrvrENTALE DE pETAWAWA
CHALK RIVER, ONTARIO
DU 18 AU 22 AOUT 1975

REDACTEURS: C. W. YEATMAN ET K. ILLINGWoRTH



1 re partie Procds-verbaux et rapports de membres.
Distribu6s aux membres de I'Association.
Distribution au public sur demande.

2 e partie S6minar: la g6n6tique appliqu6e d I'amenage-
ment des fordts. Distribu6 d I'echelle mondiale

aux personnes et organisations activement
engag6es ou interess6es dans la g6n6tique
forestidre et I'am6lioration des arbres.

Publie par le Service canadien des for6ts'
ministdre de I'Environnement, pour

I'Association canadienne pour I'am6lioration des arbres

Ottawa;1976



?ROCEEDINGS OF THE FIFTEENTH MEETING OF

THE CANADIAN TREE IMPROVEMENT ASSOCIATION

With the comDliments of the Associati-on

Enquiries may be addressed to the authors or to Mr. J.C. Heaman,
Executive Secretary, C.T.I.A., Research Division, British Colurnbia Forest
Service, Victorla, B.C., Canada.

The Sixteenth Meetlng of the Association will be held in Winnipeg,
Manitoba, June 1977, in conjunction with the Canadian Botanical Association
and the Genetics Society of Canada. The theme of the C.T.I.A. symposi-urn will
be "The Contribution of Forest Genetics to the Quality of the Environment".
Canadian and foreign vi-sitors will be welcome. Further information will be
distributed in fall, 1976, to all members and to others on request.

Lf your name, title or address appearing on the address label is
incorrect or lncomplete, please fill in and return this correction slip.

Others interested in receiving Proceedings, notices of meetings,
etc. may return the slip to be listed as Corresponding Members (Canadian)
or be placed on thq mailing lisit for the Proceedings only (libraries, i.nsti-
tutions, foreign addressees).

TO: Mr. J.C. Heauran, Executive Secretary, Canadian Tree Improvement
Association, Research Division, British Columbia Forest Service,
Victoria, B.C., Canada.

NME: Prof .

Dr. Mrs.
Mr. Miss Title

ADDRESS:

... Postal Code

Please check one: Correction [ ] new member t ] New addressee t 1

Delete above addressee from C.T.I.A. rnailing list t l

Signed



COMPTES RENDUS DE I,A

L I ASSOCIATION CAI{ADIENNE

Gracieuset6 de

QurNzrd'lm coNFfRENcE DE

POUR L'AIdITONATION DES ARSRES

L'Association

.l
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I

I
I
I
1

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
I

ri
I
I
I
I
I
I
I
I
I
I

Les demandes de renseignements peuvent 6tre adress6es aux auteurs
ou encore a M. J.C. Heaman, secr6taire du Conseil de l-a direction, A.C.A.A.
Research Division, British Columbia Forest Service, Victoria, C.-B.,
Canada.

La seiziEne conf6rence de lrAssociation aura lieu E lJinnipeg'
Manitoba, en juin L977, conjointenent avec lrAssociation canadienne de
botanique et l-a Soci6t6 de g6n6tique du Canada. Le thEme du colloque de

la A.C.A.A. sera l-e sulvant: "La contribution de la g6n6tique des for6ts
E la qualit6 de lfenvironnementr'. Les visf-teurs canadiens et autres
seront les bienvenus. De plus amples reseignements seront communiqu6s
D lfautonne L976 aux membres et autres personnes qui en feront l-a demande.

Si votre nom, votre titre ou votre adresse, tels qutils apparais-
sent sur l-r6tiquette postal-e sont incorrects, veuillez compl6ter la
formule ci-jointe et nous la retourner.

Les autres qui seraient lnt6ress6s i recevoir les Comptes rendus,
les avis de r6unions, etc, peuvent retourner leur formule pour Gtre
regus Membres correspondants ( Canadiens) ou 6tre plac6s sur la l-iste
postale pour les Comptes rendus seulement (bibliothEques, institutions,
destinataires 6trangers) .

A: M. J,C. Heaman,
canadienne pour
British Columbia

Frof.
Dr. l.tme

M. Ml-Le

secr6taire du Conseil- de
l-tam6lioration des arbres,
Forest Service, Vi.ctoria,

l-a direction, Association
Research Division,
C.-8. Canada.

NOM:

. .Titre

ADRESSE:

Code postal

s.v.P. cochez lrun des d6tail_s suivants:
Correction t I Nouveaumenbre t l Nouveau destinataire t l

Enlever Le destinataire ci-dessus nonn6 de I-a l-iste postaLe du A.C.A.A.

Sign6



CONTENTS

LIST OF ACTIVE ME}EERS, CANADIAN TREE IMPROVN,IENT
ASSOCIATION ..

BUSINESS MEETING - MINUTES

L62 Minutes of the Last Meeting .
163 Membership ...
L64 trIorkJ-ng Party for the Conservation of Endangered

Arboreal Germ Plasm ...
165 University Education in Genetics - Policy,

Planning and Support
L66 Technology Transfer ...
L67 Proposal for a Canadian Forest Genetics Exhibit

at the I.U.F.R.O. Third World Consultation on
Forest Genetics, Australia, L977

168 Members I Requirements for Sets of Address Labels
from C.T.I.A. List

169 Design for C.T.I.A. Letterhead ...
L70 Location, Date and Theme of Next Meeting
L7I Election of Officers, L976-77
I72ReportonSeedTestingI{orkshop,Gui1dford,Lg75
L73 Report on the I.U.F.R.O. Conference on Physiologlcal

Genetics, Edinburgh, July L3-2L, I975
L74 23rd Northeastern Forest Tree Improvement Conference ...
1-75 Members'Reports
L76 Other Business
L77 Appreciation .

178 Adjournment ..

Page

1

9

11

11

L2
L2
t2
13
13

L4
15
15
15
15
15

MEMBERS' REPORTS

Newfoundland - Canadian

M.A.K. Khalll

M.A.K. Khalil

Maritimes - Canadian

D.P. Fowler
H. G. l{acGillivray
S.A.M. Manley, and
J.M. Bonga

Forestry Service

Genetic Improvement of
Species ln Newfoundland
Trails of Exotic Species and
Provenances in Newfoundland

Forestry Service

Tree Breeding at the Maritines
Forest Research Centre, L973 and 1974.
Hybridization in Picea and
Larix. D.P. FowiE.-
Provenance and Progeny Studies.
H.G. MacGillivray.
Genecology of Red and Black Spruce.
S.A.M. Manley.
Tissue and Organ Culture.
J.M. Bonga ...

Native Tree
19

27

33



Page

Qu6bec - minl-stEre des Terres et Fordts

Yves Lamontagne Tree Improvement at the Berthierville'
Qu6bec, Forest Tree Nursery . 45

J. Robert, Lfam6lioration des arbres forestiers
A. Stipanicic et au service de la recherche du ministdre
G. Va116e des Terres et ForAts du Qu6bec 49

Qu6bec - Service canadien des for6ts

A.G. Corriveau Tree Improvement at the Laurentian
Forest Research Centre ' L972-75 59

R.M. Girouard Bouturage des Picea, Ste-F6y,
L972-75 63

Quebec - Concordi-a Uni-versity

D.A. Fraser Prelininary Studies on Total Growth
of Black Spruce in the James Bay Area 

67of Ouebec

Ontario - Department of Natural Resources

VJ.G. Dyer, and Seed Orchards and Seed Production
K.C. Eng Areas in Ontario ... 73

A.G. Gordon Genecology and Racial Variation
rn Picea 77

II.C. Larsson Swamp, Nectar and Edible Nut
Silvicultural Research . 81

R. Marie Rauter Genetic Improvement of
Spruce in Ontario, 1973-74 85

L. Zsuffa Poplar and Pine Breeding
in L973 and 1974 89

Ontario - Canadian Forestry Service
Petawawa Forest Experiment Station

A. Carl-isle Research on Tree Genetics and
Breeding and Tree Seed at Petawawa
Forest ExPeriment Station
rg73-7s 97



Page
Ontario - Canadian Forestry Service (Conttd).

M.J. Holst

M.J. Holst

E.K. Morgenstern

E.K. Morgenstern

D.F.W. Pollard, and
K.T. Logan

B.S.P. Wang, and
B.D. Haddon

C.W. Yeatman Jack Pine Genetics,
Petar^rahra Forest Experiment Station,
L97 4-7 5 135

Ontario - Canadian Forestry Service
Forest Ecology Research Institute

D.J. Durzan The Molecular Basis of Chromosomal
Hereditv in Conifers 141

D.J. Durzan Vegetative Propagation of Native
Canadian Forest Trees by Cel1 and Tissue
Culture Methods I49

Ontario - Lakehead University

G. Murray Forest Genetics at the School of
Forestry, Lakehead University L57

Ontario - University of Guelph

R.J. Hilton A New Tree Improvement
Unit in ontario 159

Ontario - University of Toronto

Urban Forestry Studies at
Toronto University ...

The Introduction and Selection of
Exotic Tree Species, Petawawa,
r97 3-7 4

The Genetic Basis for Improvement
of Red Pine, Petawawa, 1973-74

White Spruee Genetics,
Petawawa, 1973-74 .....

Red and Black Spruce Genetics,
Petawawa, L973-74

Growth Acceleration and Physiological
Screening of Seedlings for a Tree
Improvement Program .. . LzI

Forest Tree Seed Centre I29

to7

111

113

LL7

J.tr'I . Andresen
163



Page

Alberta - Canadian Forestry Service

J.I. Klein Jaek Pine Family Tests and
Provenance ExPeriments with
Conifer Species in the Prairie
Provenances, 1973-75 165

Alberta - University of Alberta

B.P. Dancik Forest Genetics Research at
the UniversitY of Alberta .. - L69

British Columbia - British Columbia Forest Servlce

J.C. Heaman A Breeding Program in Coastal
Douglas Fir ...... . L7I

K. Illingworth Provenance Research by the
British Colurnbia Forest
Service, l-gT3.-75 L73

G. Kiss Improvement of White Spruce and
Engelmann Spruce ComPlexes of
British Columbia' Progress
Report L77

J. Koni.shi, Summary of Seed-Production
I"1. Meagher, and Program of Reforestation Division'
C.A. Hewson British Columbia Forest Service,

Lg73_75 r79

A.L. Orr-Ewing Breeding Pseudotsuga in Coastat 
,r,British Colunbia

British Coluurbia - Canadian Forestry Service

R.F. Piesch Tree Improvement at Ehe Pacific
Forest Research Centre' 

1g3L973-7 4

British Columbia - University of British Colurnbia

0. Sziklai Forest Geneti.cs and Tree Breeding
at the Faculty of Forestry, University
of British Colunbia ... 187



SEMINAR: APPLIED GENETICS IN
(PROCEEDINGS, PART

FOREST },IANAGEMENT

2). LIST OF AUTHORS AND TITLES .......

Page

189

19rFIELD TRIPS

JOINT MEETING ATTENDANCE



-1-

ACTIVE ME}tsERS

L974

CAMDIAN TREE IMPROVF}4ENT ASSOCIATION

Dr. J.W. Andresen Universitv of Toronto
Faculty oi For"=try
203 College Street
Toronto, Ontario

Dr. M.G. Boyer York University
Department of Biology
4700 Keele Street
Downsview 463, Ont.

Mr. R. Calvert Canadian Forestry Service
Petawar^ra Forest Experiment Statton
Chalk River, Ont.

Dr. A. Carlisle Canadian Forestry Service
Peta!ilawa Forest Experiment Station
Chalk River, Ont.

Mr. J.F. Coles Canadian Forestry Servi.ce
P.O. Box 4000
Fredericton, N.B.

M. A. Corriveau Service canadien des for6ts
Centre de recherches forestiEres des Laurentides
B.P. 3800, Ste:Foy
Qu6bec 10, Qu6.

Dr. tr{.H. Cram Superintendent
P.F.R.A. Tree Nursery
Department of Regional Economic
Expansi-on
Indian Head, Sask.

Dr. B. Dancik Unlversitv of Alberta
Dept. of i'orest Science
Edmonton, Alta.

Dr. A. DfAoust Service canadien des forGts
Centre de recherches forestiEres des Laurentides
B.P.3800, Ste-Fby
Qu6bec 10, Qu6.



-2-

Dr. N.K. Dhir* Alberta Energy and Natural Resources
Timber Management Branch
Natural Resources Building
Edmonton, Alta.

Dr. D.J. Durzan Environmental i"Ianagement Service
Policy and Program Development Director'rte
Pl-ace Vincent MasseY Building
Hul1, Quebec

l4r. W.G. Dyer Ontario Ministry of Natural Resources
Forest Management Branch
Parliament Buildings
Toronto, Ont.

Dr. D.G. Edwards Canadian Forestry Service
Pacific Forest Research Centre
506 West Burnside Road
Victoria, B.C.

Mr. K.C. Eng : Ontario Ministry of Natural Resources
Forest Management Branch
Angus, Ont.

Dr. J.L. Farrar Universitv of Toronto
Faculty of Forestry
Toronto, Ont.

Dr. D.P. Fowler Canadian Forestry Service
Maritimes Forest Research Centre
P.O. Box 4000
Fredericton, N.B.

Dr, D.A. Fraser Concordia University
Department of Geography
1435 Drunrmond Street
Montreal 107, Que.

Dr' R' Girouard service canadien des forats
Centre de recherches forestiEres des Laurentides
B.P. 3800, Ste-Foy
Qu6bec 10, Qu6.

Dr. A.G. Gordon Ontario Ministry of Natural Resources
Forest Biology Laboratory
Box 490
Sault Ste. Marie, Ont.



-3-

Mr. R. Hallett Canadian Forestrv Service
P.O. Box 4000
Fredericton, N.B.

Mr. J.C. Ileaman British Colurnbia Forest Service
Research Division
Victoria, B.C.

Mr. C. Hewson British Colunbia Forest Service
Ref ores tation Division
Red Rock Nursery
Prince George, B.C.

Dr. R.J. Hilton i University of Guelph
Ontario Agricultural College
University Arboretum
Guelph, Ont.

l{r. M.J. Hol-st Canadian Forestry Service
Petawawa Forest Experiment Station
Chalk River, Ont.

Mr. K. Illingworth British Columbia Forest Service
Research Division
Victoria, B.C.

Mr. I. Karlsson British Colurnbia Forest Service
Research Division
Cowichan Lake Forest Experiment
Station
Mesachie Lake P.0., B.C.

Dr. M.A.K. Khalil Canadian Forestry Service
Newfoundland Forest Research Centre
P.O. Box 6028
st. Johnrs, Nlfd.

Mr. G.K. Kiss British Columbia Forest Service
Red Rock Forest Nursery
R.R. 5, 15-Mi1e Road
Prince George, B.C.

Dr. J.I. Klein Canadian Forestry Service
Northern Forest Research Centre
532O-L22 Street
Edmonton, Alta.



-4-

Mr. J. Konishi British Columbia Forest Service
Research Division
Victoria, B.C.

M. Yves Lamontagne MinistEre des ferres et ForAts
La P6piniEre forestiEre
Berthierville, Qu6.

Mr. C.H. Lane Ontario Ministry of Natural Resources
Forest Management Branch
Parliament Buildings
Toronto, Ont.

Mr. C. Larsson Ontario Mlnistry of Natural Resources
Research Branch,
Maple, Ont.

Mr. C. Lindquist Department of Regional Economic
Expansion

P.F.R.A. Tree Nursery
Indian Head, Sask.

Mr. K.T. Logan Canadian Forestry Service
Petawawa Forest Experiment Station
Chalk River, Ont.

Mr. H.G. MacGillivray Canadian Forestry Service
Maritimes Forest Research Centre
P.O. Box 4000
Fredericton, N.B.

Mr. J.A. McPherson Kimberley Clark Canada Lirnited
Longlac, Ont.

Mr. M.D. Meagher British Colurnbia Forest Service
Reforestation Division
Koksilah Nursery
5847 Chesterfield Street
Duncan, B.C.

Mr. S.A.M. Manley P.E.I. Dept. Agriculture and
Forestry

P.O. Box 2000
Charlottetown, P.E. I.



-5-

Dr. E.K. Morgenstern Canadian Forestry Service
Petawawa Forest Experiment Station
Chalk River, Ont.

Dr. B. Mullick Canadian Forestry Servi-ce
Pacific Forest Research Centre
506 West Burnside Road
Victoria, B.C.

Mr. T. Mullin* N.S. Dept. Lands and Forests
P.O. Box 68
Truro, N.S.

Dr. G. Murray Lakehead University
School of Forestry
Thunder Bay, Ont.

Dr. A.L. Orr-Ewing British Colurnbia Forest Service
Research Division
Victoria, B.C.

Dr. L. Parrot Universi-t6 Laval
Facult6 de Foresterie et de G6od6sie
Qu6bee, Qu6.

Mr. R.F. Piesch Canadian Forestry Service
Pacific Forest Research Centre
506 lJest Burnside Road
Victoria, B.C.

Dr. D.F.trI. Pollard Canadian Forestry Service
Petawawa Forest Experiment Station
Chalk River, Ont.

Dr. G.R. Powell Universitv of New Brunswick
Faculty oi Foru"try
Fredericton, N.B.

Rose Marie Rauter Ontario Ministry of Natural Resources
Research Branch
Southern Research Station
Maple, Ont.

Dr. W.G. Ronald* Canada Dept. of Agriculture
Research Station
Morden, Man.



-6-

Mr. J.B. Santon

Mr. D.A. Skeates

Mr. R.D. Stevens

Dr. O. Sziklai

Dr. c. Val16e

Mr. B. S . P. l'lang

Mr. N.C. lfheeler

Dr. C.W. Yeatman

Dr. F. Yeh

Canadian Forestry Service
Petawawa Forest Experiment Station
Chalk River, Ont.

Ontario Ministry of Natural Resourees
Research Branch
Southern Research Station
Maple, Ont.

MacMillan and Bloedel Ltd.
Forestry Division
65 Front Street
Nanaimo, B.C.

University of British Colurnbia
Faculty of Forestry
Vancouver 8, B.C.

MinistBre des Terres et For6ts
Service de la recherche
875 rue St-Anable
Qu6bec 4,Qu6.

Canadian Forestry Service
Pbtawawa Forest Experiment Station
Chalk River, Ont.

British Columbia Forest Service
Red Rock Nursery
R.R. lt5, 15-Mi1e Road
Prince George, B.C.

Canadian Forestry Service
Petawawa Forest Experiment Station
Chalk River, Ont.

British Columbia Forest Service
Research Division,
Victoria, B.C.

Ontario Ministry of Natural Resources
Research Branch
Southern Research Station
I"laple, Ont.

Dr. L. Zsuffa

* Nominated for active membership subsequent to 15th Meeting



-7-

BUSINESS MEETING - MINUTES

Dr. C. W. Yeatman chaired the business meetj-ng which was called
to order at 7210 p.n., August L9, L975. Tnenty-three members attended.
The agenda was read by K. Il-llngworth.

L62. MINUTES OF THE LAST MEETING

Motlon: That the minutes be adopted as published. Moved by D. Fowler,
seconded by C. Lane. Carried.

L63. MEMBERSHIP

The names of prospective and resigning mernbers were presented
as follows:

a) New Members

Sponsoring

Dr. P. J. Murphy,

Acti.ve

Dr. B. Dancik
Dr. D. G. Edwards
lk. J. Konishl
Mr. R. D. Stevens
lfr. R. Hallett
Mr. J. F. Coles
Dr. F. Yeh
Mr. N. Irrheeler
Mr. R. Calvert

Dr. G. Murray
Dr. R. J. Hllton
Dr. J. I'I. Andresen

Corresponding

Mr. t{. Burry
Dr. G. Fleischman

I{r. E. E. Sawka

Mr. J. Pouliot
Mr. R. Girard
I'{r. G. D. Morrison
Mr. P. N. Au
Mr. A. Duchesne
Mr. R. I'laroi-s
Mr. D. Baird
l{r. J. C. Davidson

Unlversity of Alberta

University of Alberta
Canada Forest Service
B.C. Forest Service
liacMillan Bl-oedel- Ltd.
Canada Forest Service
Canada Forest Service
B.C. Forest Service
B.C. Forest Service
Department of Mines, Resources and
Environmental l"Ianagement, Mani-toba
Lakehead University
Universi-ty Arboretum, GueJ-ph
University of Toronto

Forest Service, Newfoundland
Director General, Pol-icy and Programs
Development Directorate, Ottarda

Department of Mines and Natural
Resources, Manitoba

The Donohue Co. Ltd., P.Q.
The Donohue Co. Ltd., P.Q.
The James Maclaren Co. Ltd., P.Q.
Proctor and Ganbl-e Cell-ulose Ltd., A1ta.
Anglo Canadian Pulp and Paper Ltd., P.Q.
Anglo Canadian Pulp and Paper Ltd., P.Q.
Ontarlo Ministry of Natural Resources
Fraser Companies Ltd., N.B.
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Mr. M. Aquires
Mr. D. I,il. Nixon
Mr. C. A. Dickinson
Mr. J. D. Brophy
Mr. F. Caron
Mr. V. A. Sundstrom
Dr. R. F. Sutton

Price (Nfld.) Pulp and Paper Ltd.
Proctor and Garnble Cellulose Ltd., Alta.
Valley Forest Products, N.B.
Ontario Paper Co.
Sainte-Foy, Quebec
B.C. Forest Service
Canadian Forestry Service

b) Resignations

Dr. J. B. Scarratt
Mr. J. E, Liersch
Mr. H. Parnell-
Mr. R. H. Armstrong

O. Sziklai pointed to inconsl-stencies in the current published list of
members (March, 1975). Yeatman referred to the difficulty of maintaining accurate
lists ruithout the full co-operation of those concerned. Customarily, the names of
indlviduals applying for membership are forwarded inmediately for i.nclusion on the
nembership list, subject to their acceptance at the next business meeting. Steps
were being taken to update the l-isting, and the anomalies mentioned would, together
with any others, be investigated and corrected.

Motion: That the individual-s applying for Sponsoring, Active and Corresponding
Membershipr €ls listed in the rnembership report, be duly elected. Moved
by K. Illlngworth, seconded by C. Larsson. Carried.

L64. WORKING PARTY FOR THE CONSERVATION OF ENDA}IGERED ARBOREAL GERM PLASM

The Chairman of this subcommittee, C. W. Yeatman, called for action by
the C.T.l..A. based upon its policy statement on the conservation of forest gene
resources (Prince George, 1971-) and upon the need, principles and methods outlined
in papers by Yeatrnan (Tokyo, 1972) and by Maini, Yeatman and Teich (Rone, L975).
He emphasized that lt is the principles of gene pool conservation which need to
be fully understood by forest administrators. It is not for the C.T.I.A. to
specify the partlcular ways and means. These must be developed by loca1 adurlni-
strators and integrated with existing programs of management and conservatlon.

In pledging his support for the proposal-, Mr. B. Armitage stressed that
the policy of the C.T.I.A. should be to support the efforts of its members, working
in their respectlve provinces, to ensure the conservation of potentially valuable,
balanced gene complexes.

While admitting that certain endangered populations require protection,
D. Foruler questioned the irnurediate need for a nation-wide prograilrme of gene pool
conservation.

O. Sziklai referred to Europe where many natural gene pools have been
irrevocably altered or destroyed, and to the difficul-ties which European foresters
consequentl-y face when required to select from adapted populations for reforestation
and breeding. Canadians, he warned, have a last opportunity to avoid the problems
of Europe and elsewhere.

After prolonged debate, a vote was taken on the issue.
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That the Canadian Tree Improvement Association supporLs the principles
of need and method outlined in the paper "Gene Pool Conservation for
Applied Breeding and Seed Production" presented by Dr. C. W. Yeatnan
(fokyo, L972), and recomnends that the urgent need for action on thi-s
matter be brought to the attention of all Canadian forest services
and other concerned public and private agencies.

Moved by B. Armitage, seconded by S. Swan. Carried.

S. Swan suggested that the Executive should determine the most. effective
and appropriate means of bringing the report to the attention of the several-
organizations concerned.

O. Sziklai proposed the establishment of a sub-coumrittee to study the
priorities and needs of native species.

D. Fow1er pointed out that the existing working party could follow up
these suggestions.

Moti-on: That the Working Party, on the Conservation of Endangered Arboreal- Germ
Plasm, comprisiirg, C. til. Yeatmatr, W. Der, K. Illingworth and S. Swan,
be retained as an acti.ve conrmittee.

Moved

165. I]NIVEFsITY EDUCATION IN GBNETICS - POLICY, PI.ANNING AND SUPPORT

A. Carllsle drew the attention of nenbers to the difflculty being
experienced by government agencies in Canada in filling vacancj-es for researchers
ln tree improvenent. Prospectivs empl-oyers are especially conscious of the
shortage of Canadians tralned in the qr:antitative geneties of eastern species.

Several forestry schools offer courses in genetics, but post-graduate
training to the Ph.D. level is available only at the University of British Columbia,
where the emphasis ls on rdestern speeies.

Many people go outside Canada for their post-graduate training, and
government agencies are being forced to look outside Canada when recruiting.
Tree improvement needs are on the upswing, and in the near future more'well-
trained people w111 be needed.

The proposal was made, therefore, that the C.T.I.A. should make every
effort to Persuade the Universlties, both in eastern and western Canada, to
include in their progr€rms more post-graduate training in tree improvement,
including trai.ning in depth in quant,itative geneti-cs to the Ph.D. level.

In the ensuing debate, R. M. Rauter reported that, ln consequence of
a similar rction at the Niagara Falls meeting of the Canadian Institute of ForesLry,
she had sent letters to the Deans of Canadian Forestry Schools expressing the
InsEitutets support for an increase ln the genetics content of forestry curricula.
From the responses obtained, she doubted whether this action has been effective.

by D. Fowler, seconded by A. Gordon. Carried.
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O. Szikl-ai pointed out that, since the inclusion of forestry genetics
in the undergraduate courses at the University of British Colurnbia in L975: soln€

550 students had received tralning in the subject. These were caPable of working
as effectively with eastern as with western species. While agreeing with the
importance of genetics training, Sziklal contended that any lncrease in genetics
content should be a reflection of increased job opportunities and, particularly
at the post-graduate level, financial- support from government sources, e.B.
scholarships. During the past year neither had been forthcoming.

D. Fowl-er affirmed that a course in forest genetics should be available
to all biologieally oriented undergraduates, regardless of job opportunities.
Since, however, some forestry schools do not have the capabiJ-ity to support a
Ph.D. progranme in forest genetics, he reeomnended that the proposal be amended
to read (a) "undergraduate" for "graduatefr and (b) "graduate" for "Ph.D".
Carlisle subsequently concurred with these amendments.

J. Farrer agreed with B. Dancik that compuJ-sory courses are being
phased out of forestry curricula. At the University of Toronto, genetic ideas
are nohr being incorporated into a number of undergraduate courses. At the post-
graduate level, however, the concept of rrcentres of excellence" has been espoused.
Canada already has such a centre at the University of British Columbia. Support
for the existing centre of excellerce would be more appropriate than setting uP

nerd ones.

G.MurraySuggestedthatashortageofCanadianexpertisecan
be found in other forestry dtsciplines besides forest genetics and, in terms of
obtaining government funding, it might be unrealistic to attemPt to establish
more Ph.D. prograrns in tree improvement.

Objection was raised by Sziklai to the specification of quantitative
genetics in Carlisle's proposal on the grounds that it would restrict the
development of expertise in other areas, €.8. tissue culture, which is likely
to be required in the future.

Carlisle, however, stressed that the critical scarcity is in the
field of quantitative genetics. This being the core of his proposal, he wished
it to stand.

Statlng that the proposal was before the house for acceptance in
principal, Yeatman read the amended fotm and called for a vote.

Proposed by A. Carli-sle, seconded by R. M. Rauter, Lhat the C.T.I.A. should make

everlz effort to persuade the Universities, both in eastern and western Canada,
to incLude in their progr€uns more undergraduate training in tree improvementt
including training in depth in quantitative genetics to the graduate level.
Carried.

On a suggestion from S. Swan and B. Armitage, it was agreed that the
Chairman of the C.T.I.A. should write to the Deans of the Forestry Facul-tj-ties
of the Universities concerned, to the Director General of Forestry for Canada
and to the Chairman of the Association of Schools of Forestry in Canada, conveying
C.T.I.A. acceptance of the principl-es expressed in Carlislefs proposal.
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In elaboration, Arnitage stated that it would be tirnely if this message
nas conveyed lrnmediately in view, not only of Canadian Forestry Service concern
for future stafflng, but also because of representations recently nade by the
several- Deans of Forestry to the Federal Governnent concerning the lack of support
and resources to carry on needed research and training programs. Also in colla-
boration with the Universities and National Research Council, the Canadian Forestry
Service is currentl-y making a review of federal- support to the Uni-versities.

L66. TECHNOLOGY TRAI{SFER

Thls topic lsas discussed briefly after its j.ntroduction by Yeatman who
questioned whether forest genet,ics research was being utilized by forest managers.
Is there a problem and, if so, how can it be overcome?

R. Calvert expressed the view that conmuni.cation is a perennial problem
which can only be solved through personal- contacts. Forest managers in his
experience, are usually too busy to read nuch. Verbal comrunication is most
effectlve. G. Kokocinski added that it is necessary to maintain contact and, by
repetltion, essentiaLLy to brainwash managers, especially those controlling funding.

S. Swan suggested that the key to the problem lay in being abLe to
demonstrate success in terms of a return on dollars and cents invested. He
illustrated hts point by describing a tour of co-operative tree improvement
operations in the southeast statesg which was made by 23 Canadian foresters of
various backgrounds, mostl-y company and admi.nlstrative, during February, L975.
DeJ-egates could not hblp but be impressed by statistics such as i-nvestment
returns of L7-2L percent, seed valued at $600. per lb., and the implicati-ons
of a company such as Bowaters Ltd. moving seed orchard trees twenty miles at
a cost of $300. per tree. Swan regretted that more foresters were not able
to join this tour, but hoped that nore woul-d have exposure to what was learned
during a meeting of management foresters at Ottawa in November, L975.

L67. PROPOSAI FOR A CANADIAN FOREST GENETICS EX]IIBIT AT TIIE I.U.F.R.O.
THIRD WORLD CONSIILTATION ON FOPSST GENETICS, AUSTMLTA, Lg77

B. Artnitage introduced thj.s topic. The organizers of the Third World
Consultation on Forest Genetics have invited countries and organizations around
the world to contribute displays to a sna1l exhibition or international display,
which they propose to set up in Canberra on the occaslon of the meeting.

During a Canada Forest Service discussion of the invitation, Armitage
had expressed the thought that it would be appropriate for Canada to participate
in thls activity by sending an audio-visual- presentation of sone suitable pieee
of work, or a series of vignettes of tree improvement work across Canada. To
this end, the C.F.S. would be prepared to put up a srnall sun of money, of the
order of $21000, and to undertake the organizational work necessary to put such
a display together. Armitage request,ed an expression fron C.T.I.A. members as
to whether this would be appropriate, and an indication from the industrial
and provincial agencies as to whether they would make available contributions
in the way of ideas, photographs or other materj.al.



-72-

K. Illingworth stated that the British Col-urnbia Forest Service would
welcome the opportrmity to participate in such a display.

Members gave, by a show of hands, an expression of support in principle
for the proposed exhibit.

Yeat ^n reminded nenbers that the Consultati-on is scheduled for March
2L-26, L977, and that any presentationwould need to be ready by the end of
L976.

168. MEMBERS' REQUTREMENTS FllR SETS OF ADDRESS LABELS FROM C.T.r"A. LrST

C. W. Yeatman advised members that sets of nailing labels could, for
a nominal sum, be rnade available from the C.T.I.A. nail-ing list. Such labels
would be useful, for example, for distributing reprints to addressees in Canada
or abroad.

With an initial outlay of approximateLy $300, a program could be
obtained which would print the labeLs from C.T.I.A. address listings. There-
after, sets of label-s could be produced for a mere $10-20 per set of soure 600
labels. However, since any request from members for this servi.ce would necess-
arily be open-ended, it was not feasibLe, for budgetary reasons, for the
Canadian Government to undertake it.

In reply to a question from D. A.
C.T.I.A. survey of members to determine and
Government as to the extent of the service
and acceptable approach.

Fraser, B. Arnitage said that a
subsequently to inform the Federal-

requested would be a reasonable

Motion: That a survey of members of the C.T.I.A. be made as to their
requirements for an address labels service; when the survey has
been completed, tha.t an estimate of the costs involved be for-
warded to the Canadian Forestrv Service for their consi-deration.

ldoved by D. A. Fraser, seconded by O. SzikLai. Carried.

L69. DESIGN FOR C.T.I.A. LETTERTIEAD

Members were infomed that J. Maini had accepted from the F.A.O.,
on behalf of the C.T.I.A., the sum of $250 in remuneration for a joint paper
by Maini Teich and Yeatman. This money had been deposited in a bank account
in the name of the C.T.I.A., and the suggestionwas made by the authors that
it urlght well be used to have stationery printed with a name and symbol character-
islng the C.T.I.A. Dr. Yeatmanr therefore, invited suggestions from members for
an appropriate logos. If one was not received i.n the near future, letterhead
paper woul-d be print,ed sinpJ-y with the associationts name in French and English.
Shoul-d the need arise subsequently, a J-ogos could be used in a second printing.

Members concurred with this proposal.

r70. LoCATION, DATE A]{D TTIEME 0F NEXT MEETTNG

Two proposals were considered for the 16th meeting of the association:
an invi.tation fron Dr. M. A. K. Ktralil to meet in St. Johnfs Newfotrndl-and, and
a suggestion that the association should meet with the Canadian Botanical
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Association in Winnipeg, sometime in June, L977. Although only tentative
enquiries had been rnade regarding the latter and preference was expressed
for August rather than June, nembers voted in favour of meeting in Winnipeg.

Khalil suggested that an appropriate theme woul-d be "The contribution
of forest genet,ics to the improvement of the environment". Yeatman said that
this and any other suggestions would be considered by the incoming Executive,
but the flnal decision must rest with then.

171. ELECTTON OF OFFTCERS, 1976-77

E.K. Morgenstern presented the report of the nominating conrmittee.
There being no further nominations, the following were elected to office:

Chairman: Dr. J. I. Klein
Vice-chairman i/c Local Arrangements: Mr. R. Calvert
Vice-chairnan i/c Synposj-um: Dr. A. Corriveau, M. Y. Lamontagne
Executive Secretary: Mr. J. C. lleaman

L72. REPORT ON SEED TESTING WORKSHOP, GUILDFORD, 1975

Mr. B.S.P. Wang presented the following report on the first International
Seed Testing Associationsr workshop on forest tree seed testing. This was held
at the University of Surrey, Guildford, England, fron Ju1-y 6 to L2, L975.

The workshop ordes its success to the excel-lent pl-annlng and organization
by the host, countryrs Forestry Cornrnission staff. The 6 day workshop was attended
by 33 delegates fron 20 countries. The objective r^ras to obtaln uniform interpre-
tati.on of the recently amended international rules for tree seed testing and to
discuss mutual problems in this field.

The revised international rules for seed testing will take effect on
July 1, L976, in the northern hemlsphere, and on January L, L977, in the southern
hernisphere. The workshop progrErm covered the following subJect areas:

1. Sanpl-ing and purity analysis
2. Standard gerruination tests and seed dormancy
3. Rapid tests - tetrazolium, excised embryo and x-ray
4. Moisture content deter:mination
5. Tropical seeds

The following decisions were made:

1. Size of seedlot, 100 Kg or 5000 Kg, is considered too large for forest
tree seed and should be reduced.

2. The worklng sample should contain at least 2500 seeds.

3. A seedling evaluation handbook describing nor:nal and various types of
abnormal gerninatlon will be published. \

4. No:.nal epigeal germination of tree species was redefined as when the
prinary root and hypocotyl together exceed four times the length of
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the seed, provided alL structures which have developed appear normal.
Although the new definition seems to have clarified some past confusion,
it is still based on viability rather than germinability as not all
viable seeds are necessarily germinable.

5. Laboratory test results should be correlated to field or preferably
greenhouse emergence. Criteria of germinabillty can be established
from such correlation tests.

6. Alternative methods for rapid tests should be developed for seed of
dormant species that requires more than two months of pretreatment and
testing. The working'group on seed dormancy was asked to conduct
comparative tests for dormant-seed species in combination with
x-radiography, tetrazolium and excised ernbryo techniques.

7. The seed x-radiography working group will recommend practical procedures
for the routine use of x-rays in seed testing.

8. Rapld tests by tetrazol-ir:m and excised enbryo techniques are urgently
needed, but, require nore refinement before they can be uniformly
i.nterpreted.

9. More preeise descriptions are needed for hardwood seed ge:mination
tests.

10. Iunediate steps should be taken to remove the distil-lation method for
moisture content determination of Abieg, Cedrus, Fagus, Picea, Pinus and
Tsuga seed and to relax the tolera;A-L1mit betlreenEprffia Eililp-r""
according to seed s|ze-.

11. The seed moisture and storage working group was asked to test the
efficiency of electric and electronic moisture meters which are being
used by forest tree seed testing laboratories.

L2. There is an urgent need to develop the best method of preparing large
seeded hardwood seed for moisture content determination.

I73. REPORT ON THE I.U.F.R.O. CONFERXNCE ON PIIYSIOLOGICAL GENETICS,
EDTNBURGH, JULY I3-2L, Lg75

Dr. D;F.I{. Pollard briefly outLined highlights of this meeting which
was attended by some 60 scientists fron a dozen nalnly European countries. The
conference was organized by the Unit of Tree Biol-ogy under the aegis of the Growth
Processes r,rorking party of I.U.F.R.O. It comprised sessions on shoot growth,
camblal- growth, water stress and wat,er-J-ogging, frost hardiness and mineral
nutritlon. Discussions revealed certain weaknesses in tree physiology research.
For example, physiologists tend to neglect the infLuence of seed size on the
early growth of seedlings. They eoncentrate on those processes and influences
leading to early canopy formation, but neglect the effects of age foliage. In
general, there is a need for better conrmunication between physiologists and
geneticists.
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The conference incl-uded excursions to projects and laboratories in
the vicinlty of Edinburgh, including the Redox project, the Unit Tree Biology
Centre and Forestry Comisslon Research Station at Bush Estate. During visit,s
to upland plantations of Scots plne and Sitka spruce, delegates were impressed
by the extent of wind damage to Scottish forests and the amount of research
being done on this particular problen.

L74. 23R.D NORI]HEASTERN FOREST TREE IMPROVEMENT CONFER.ENCE

As the representatlve of the C.T.I.A. at the Northeastern Forest Tree
Improvement Conference, Mr. H.C. Larsson presented a comprehensive review-of
the 1975 meetlng in Massachusetts, detail-s of which will appear shortly in the
Proceedings of the NEFTIC group. The 1976 neeting will be hel-d in Maryland.

L75. MEMBBRSI REPORTS

As anticipated, the agenda of this meetlng left no time for the
customary presentation of active memberst reports. Reports had been received
from some thirty members. Collectlvely, Yeatman observed, these reports represent
the most current and complete pieture of the rstate of the artr in Canada, and
they woul-d be publ-ished, as usual, as a part of the Proceedings. Past delays
in the publ-ication of the Proceedings were regrettabl-e. The Executive intend
to strive for publication within three months of the present meeting.

176. OTHER BUSINESS

Meribers were invited to express any concern or request for assistance
which the association or the members might be able to renderr e.g. in the way
of seed, scions, support on collaboration.

D. A. Fraser observed that with
Bay area scheduled for power deveLopment
association to look i.nto the need for the
the region.

L77. APPRECIATION

On behalf of all members of the
vote of thanks to the outgoing Executj.ve
two years.

178. ADJOURNMENT

l-35r000 square miles of the James
it would be appropriate for the
conservati.on of gene pools from

association, O. Sziklai proposed
for their efforts during the past

Motlon: There being no other business, that the Fifteenth Busi-ness
Meeting of
adJourned.

the Canadian Tree Inprovement Association be
Moved by G. Kiss, seconded by D. A. Fraser. Cqrrlqd.
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GENETIC IMPROVEMENT OF NATIVE TREE SPECIES IN NEWFOUNDLAND

M.A.K. Kha1i1

Canadi-a.n F one.tttttl Senviee
tl ew dound.Land F onut R u eanch C entne

S,t. J olm''s, l,lew$ound.bnd

INTRODUCTION

The tree improvement program at the Newfoundland Forest Research
Centre has been divided into two proJects during the two year period since
the previous report in August 1973. These projects deal with exotic and
native species respectively. This report deals with Project No. NFC 21 -
Genetic improvement of native tree species. The object of this project is
to determine patterns of genetic variation and heritability of selected
traits of local species for identification of superior trees, stands and
provenances, delineation of seed zones and commercial production of genet-
ically superi-or seed.

Three studles were in progress during the period under report.
They are described below.

STUDY NO. NFC zL-T. GENETIC IMPROVEMENT OF BLACK SPRUCE IN NEWFOUNDLAND.

The following three approaehes have been planned to achieve
the objectives of this study

Regional black spruce provenance experiments

The results of the nursery phase of these experiments reported
in 1973 have since been published (Khalil L973). These provenances were
outplanted in seven field experiments in the fall of. 1972 (one location)
and the spring of 1974 (six locations), whlch are listed in Table l. These
experiments were laid out in six-replicated randomized cornplete block
design with four-tree square plots, with a spacing of 1.8 m x 1.8 m (6 ft.
x 6 ft.).

Table 1. - List of regional black spruce provenance experiments

Forest seetion* Location
Latitude LongitudeoN 

"I^I

No. ot
provenances

8.28a - Grand Falls

8.28b - Corner Brook

8.29 - Northern Peninsula

8.30 - Avalon
*After Rowe (Lg7Z)

New Bay Pond
Sandy Brook

Blg Falls
Little Georgers Lake
South Brook Valley

Roddickton

Cochrane Pond

49' 03' 55" 40'
48" 57 ' 55" 50'

49" 20', 57" 251
49" 4g' 59" 00r
4g' 55' 57" 30'

18
37

20
26
39

50" 55'

47" 33'

56" l0'

52" 50'

36

15
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The data on cone morphology, four-year growth and phenology of
the Newfoundland provenances were further anaLyzed to determine the degree
and pattern of variation of irnportant characters in the black sPruce popu-
l-atioas of insular Newfoundland. Important conclusions are sunnnarized
below 1/ .

1. Variati-on in cone length, cone diameter and seed-weight is
ecotypic with some indicatlon of indirect association of cone
length and cone diameter with height growth. Cone length and
cone diameter are mutually correlated and are under strong genetic
control.

2. Initiation and release of bud dormancy are under strong genetic
control with a large intra-provenance variation in both cases.
Variation in these characters is ecotypic. The threshold levels
of clinatic factors for initiation of bud dormancy appeaf to be
temperatures of 1" - 6oC and photoperiod of 11.5-13.3 hours and
those for release of bud dormancy appear to be 48-56 degree-days
above 6"C, mean daily temperatures of 2-I2"C and a photoperiod of
15.7 hours. Soil conditions seem to affect release but not initiation
of bud dormancy

3. Though soil and microclimate have statistically signficant
effects on l-year survival, both l-year and 2-year survival are
under strong genetic control and are rnutually correlated. Intra-
provenance and intra-replication variances as well as provenance x
replications interactions are high. Survival in both years is
positively correlated with seed weight and only weakly correlated
with latitude, longitude and altitude.

4. Height and root-collar diameter are under strong genetic control.
Variation in both characters is ecotypic with a statistically signifi-
cant contribution from provenances, trees within provenances and pro-
venances x replications interaction. There is a strong positive
correlation between seed weight and growth and between growth in
subsequent years

5. Conrmencement, cessation and rate of annual height growth are
under strong genetic and weak environmental control. The genetic
control and intra-provenance variation are largest in terms of
cessation, weaker on commencement and weakest on rate of annual
growth. Variation in all three characters is ecotypic.

All-range black spruce provenance experiments

The 2-2 seedlings of the provenances used in this cooperative
study were outplanted at three locations in June 1,975, as shown in Table 2.

1l*'Khalil I975, unpublished data.
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Table 2. - List of all-range black spruce provenance experiments

Forest section* Location
Latitude LongitudeoN otr\l

No. of
provenances

Experimental
design

B.2Ba - Grand Millertown
Falls Jcr. Rd.

B.2Bb - Corner Lirtle
Brook Georgers

Lake

8.29 - Northern Roddickton
Peni-nsula

ttAfter Rowe (L972)

49" 45'

48" 50'

50" 55r

560 15'

59" 00'

56" 05 '

72)
)

-^ ),a)

)

64

Six replicated
B x 9 triple
lat t ice

Six replicated
8 x 8 triple
lattice

Black spruce progeny trials

Single-tree open pollinated seed collecticn was extended to 20
locations, which were as evenly distributed in the Islandfs black spruce
forests as possible. Seed was extracted, dewinged and cleaned. Sowing
of this seed in the nursery has been deferred in an attempt to reduce the
period of producing plantable seedlings using paper pots and greenhouses.
An experiment, started in the winter of 1973-74 has indicated that it may
be possible to sow the seed in the greenhouse in the October of one year,
harden the seedlings in the following spring, surnmer and fal1 and plant
them out in the field in the next spring. This can reduce the nursery stage
from four years to one.

STUDY NO. NFC 2L-2. GENETIC IMPROVEMENT OF I'IHITE SPRUCE IN NEI,IFOUNDLAND

This study is also divided into two parts and their progress
is stated below:

Great Lakes-st. Lawrence region white spruce provenance experiment

The experiment in the North Pond Experimental Area in east-
central Newfoundland is one of a series of all-range cooperative provenance
experiments. The second measurement at the age of 15 years from seed was
conducted in the fa1l of L973. The resul-ts have been published (Khalil
7974b) and are summarized below:

1. Table 3 shows the distribution of variance among the
varlous components. The high provenances x replications
interactions is genetically iurportant.
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Table 3.- Summary of analysis of variance

Percentage variance

Source of variation L969 L970 L97L L972
Heieht in D. B. H.

in L973r973

Replications

Provenances

Provenances x replications
interactions

Sampling error

Total

**Statistically signif icant

5** 4**

11** 11**

20** 23**

64 62

100 100

(P > 0.99)

3** 3** 3**

9** g** 11**

25** 26*x 29*x

3**

10**

23**

64 63 64 s7

100 100 100 100

2. The statistically significant variation due to replications is
probably the result of varying soil nutrients and moisture regimes,
which are obvious on the site. The decrease in this variation from
1969 to 1973 indicates some reduction of the differences in soil
conditi.ons among replications, possibly as a result of recovery from
the differential effects of the 1961 accidental fire, or adjustment
of the Provenances to the different environmental conditions in the
retrrligsl1ons, or both.

3. The Student-Nerdman-Keulrs multiple range tests and single
degree of freedom comparisons between provenances from latitudinal
and longitudinal zones show that all the 3l Great Lakes-St. Lawrence
region provenances are statistically non-significantly different
from each other in height and D.B.H. It is reasonably safe to assume
that meaningful differences between more provenances and their geo-
graphical groups exist than these tests reveal. This conclusion
is supported by the evidence obtained from multiple regression and
multlple correlation analyses. This anomaly is due to a large ex-
perlmental error mean square i.n the analysis of variance which in
turn is caused by large within-plot variation.

4. The following regression eguation was established

Y = 662.9023 - 7.LL2zxr - 1. 493Ox2 + 0.0177X3 - 2.0367x4 + 0.4082x5 - 2,472Ix6
where Y is height in the fall of. L973 and X, - X" are latitude, longitude,
altitude, mean annual precipitation, mean nfimber"of frost-free days and
mean January mini-mum temperature respectively. The regression equation
is statistically significant (pt 0.99) with latitude, longitude, and mean
number of frost-free days being statistically significant (pt O.95) as
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well as mean January minimum temperature (p >0.99). These results
indicate the fastest growing provenances to exist in the south-east
portion of the area sampled.

5. Eight fastest growing provenances have been identified frorn
ranked data and tally with the above results.

Table 4.- Eight fastest growing provenances

Heigfrt Ln L973
%of i(ofplant- Newfound-

D.B.H. in I973
7"of %of

plant- Newfound-

Proven.ance
Mean ation land Mean ation land
(cm) mean proven. (cm) mean prov€flr

2447. Grand Pi1es,
Quebec

245L. Lake Edward,
Quebec

2459. Algonquin Park,
Ontario

2444. Beachburg,
Ontario

2L4.9 118 155 2.0 r54 455

205.3 113 148 1.8 138 409

204.7 113 148 1.8 138 409

204.6 113 148 L.7 131 386

195. 3 108 L4L 1.5 115 34r

194.5 LO7 L4L 1.5 lls 34r

248I. Potter,
Ontario 200.2 110 L45 1.6 I23 364

2463. Notre Dame du
Luns, Quebec L96.3 108 J-42 1.6 L23 364

2485. Lac Sinard
Quebec

2462. McNally Lake,
Quebec

Note - Plantation mean height = 181.5 cm, D.B.H; = 1.3 cm,
Newfoundland provenance, mean height = 138.4 cm, mean
D.B.H. = 0.44 cm.

The exceptionally poor growth of the local provenance has to be viewed
with caution. Firstly, it was not obtained from phenotypically superior
areas like the Exploits Valley. Secondly, the experimental material
consi.sted of 3-5 year old wildings, whose survival and growth are very
variable within the provenance and whose recovery from planting shock
was very s1ow.

There are no significant differences among these eight provenances
in form quotients, which shows all of them to be equally good. Also,
none of them has suffered from frost or winter desiccation. These
provenances, or others from the same general locations, have proved
superior in height growth in several other provenance experiments
(Nienstaedt 1969; Teich L973). This is a good indication of their
stable genetic superiority.



-24-

6. Coefficients of correlation between the 1965 and 1967 heights
and between 1965 and 1973 heights were O.6932 (t = 5.27x*) and 0.5877
(t = 3.98**) respectively. This is a good indication of the reliability
of early tests in white spruce provenance r:xperiment.s.

Genetic variation in white spruce in the Exploits Valley in central Newfou4dland

The results reported in the previous meeting have since been
published (Khalil L974a). The first two years' survival and growth data
have been analysed from which the following conclusions have been derived:

1. A11 classes of trees in the Frenchmanr s Pond atea ate genetically
superior to the corresponding classes in the Lake Douglas area.

2. With one minor exception statistically significant differences
between ttordi.narytt and ttplustt trees do not exist at either
location.

3. The phenotypic superiority of "plus" over I'ordinary" trees may

be due to a higher degree of inbreeding in the latter than in
the former.

STI]DY NO. NFC 2L-3. CLONAL TRIALS OF LOCAL TREMBLING ASPEN

Root sections of 23 phenotypically superior clones of native
trernbling aspen (Populus tremuloides Michx. ) were collected and treated
according to the established technique used at the Research Branch, Forestry
Division, Ontario Ministry of Natural Resources for obtaining rooLed plants.
Shoots were obtained but most of them died later. Experiments are now in
progress to modify this technique, if necessary. Experiments have also.
been conducted to induce branch cuttings to produce roots with the help of
root-producing hormones. These experiments have been partial-ly successful
with indole-acetic acid, indole-propionic acid and indole 3-butyric acid.
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TRIALS OF EXOTIC SPECIES AND PROVENANCES IN NEWFOUNDLAND

M.A.K. Khalil

Canad,ian F one,ttntl S urw ice
N ew(o und.Land F onu t Rot ennel,t Cen tne

St. John',s, New(ound.tand

INTRODUCTION

During the two-year period since the previous report in August,
L973, the tree improvement research program at the Newfoundland Forest
Research Centre has been divided into two projects dealing with exotic
and naEive species respectively. This paper reports the progress on Project
NFC 20 - Trials of exotic species and provenances - to determine the suita-
bility of selected exotic species and provenances for use in afforestation
and reforestation in Newfoundland to speed up the economi-c development of
the province.

Seven sEudies are currently in progress under this project, whose
status is reported below.

STUDY NO. NFC 2O_I. TRIALS OF EXOTIC AND HYBRID POPLARS

Multiplication of planting naterial by branch cuttings, 20-25
cm (8-10 in.) long, continued in summers of 1973 and L974, using cuttings
frorn all clones except those which did not have shoots of adequate size
or which were known to lack rooting ability. Survival and height growth
data were collected in the falls of L973 and L974. The clones were grouped
into nine classes, Alba, Balsarnifera, Canescens, Deltoides, Euramericana,
Euramericana (Italian hybrids), Granidentata, Jackii and Tremuloides. Table
1 shows the relative performance of these classes in 1973. The L974 d.ata
are being analysed and the resulLs will be published together with those of
the previous tr,ro years.

Some other l-mportant results are stated below:

1. There were considerable differences in survival among different
clones, ranging from 14 to 100 percent. The 12 clones with over 75
percent survival were in the Jackii, Eurame-ricana (including Italian
hybrids) and Deltoides classes.

2. In spite of differences in survival and in the quality of the
planting material in L972 and L973, there was very little within clone
variation in height, the standard errors of which were below f5 cn (2 in.)
with one exception.
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3. On the basis of height growth of unrooted cuttings, the Jackii
class so far appears to be most sui.table for r{estern Newfoundland,
followed by Euramericana (including Italian hybrids) and possibly Alba.

4. Out of the six cl-asses of clones planted as rooted cuttings in
June, L972, the classes Tremuloi!€s, A1b4, Jackii and Deltoides appear
equally suitable for resEffiffirdland. err or tneil'lJ@'-the class
Tremuloides can be propagated from unrooted shoot euttings, whi-ch are
slower growing than root.ed cuttings in the first year but equal the latter
in the second and subsequent years. In view of the difficulty of obtaining
large quantities of rooted cuttings from root sections of the Tremuloides
class, Jackii, Euramericana (including Italian hybrids) rtrd etU" t"*"r-
most suitable for western Newfoundland. However, if shoot cuttings of
Tremuloides can be induced to root, using root-forming hormones, these
clones can also be used. Recent experiments conducted by me on the use of
root-forming hormones have produced pronising results.

These clones were outplanted at four locations in July L975 7n
replicated experiments to assess their suitability to the dtfferent site
conditions of Newfoundland.

STUDY NO. NFC 20-2. PROVENANCE EXPERIMENTS I4IITH SITIA SPRUCE

The nine provenance experiments planted ln 1969 and 1970 were
maintained. Height and root-collar diameter measurements were taken
and trees were scored for rnortality, winter desiccation and Armillaria
mellea (Vahl. ex. Fr. ) Kumrner root rot in the fall of. 1974. appreciEUfe
frost damage from winter deslccation was not noticed. The results are
being analysed and will be published soon.

STUDY NO. NFC-20-3. PROVENANCE EXPERIMENT I^IITH RED SPRUCE

The preliminary results included in the previous report have
since been published (Khalil L974). Further analyses of the dara have
been carried out and will be published shortly.

STUDY NO. NFC 2O-4, A TEST OF THE SUSCEPTIBILITY OF CERTAIN SPECIES
OF ABIES TO BALSAM WOOLLY APHID INJURY

Three replicated experiments were establlehed in June, L964
in balsam-flr (Abies balsanea (L.) Mill) cutovers, using slx Asian specles
of Abies and one provenance of balsam flr from New Brunswtck. Results to
aatE-@tl et al. 1971) show rhar Ab:les veltchli- (Llndl-.) B. provenance
from Nagano prefecture, Usuda, Japil-haEE--6;st eurvival and growrh,
followed by AbieP veitch_ll C. provenance (source not known) frorn Japan and
balsam flr. As A. veitchil ls also apparently resletant Eo balsam woolly
aphld, 1t is potEnt1Efi]-E'cellent for replaclng balsam fir, par6lcularly
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of woolly aphid damage. The species may not be
to Armillaria mellea root rot, though confirmation

in areas with high hazard
particularly susceptible
is awaited.

Betula spp. Betula
B. maximovicziana

STUDY NO. NFC 2O-5. ARBORETA TRIALS OF EXOTIC SPECIES

Three arboreta were established between L967 and. 1970 in eastern,
east-central and western Newfoundland respectively for trial of 25 species
belonging to the genera Betula, Cryptomeria, @!5, Robinia, Picea, Pinus
and Pseudotsuga. Results of survival and five-year height growth have been
reported by Hall (1973). They indicate the suitability of the following
species for further trial:

ermanii Cham. and
Regel. in western

B. verrucosa Ehrh. in eastern and
Newfoundland.

Larix spp. Larix decidua Mill., L. laricina (Du Roi) K. Koch and L.
feptofepir Sieb. and zucc. in eaEteffiral and r^restern Newfoun-dland.

Pi.cea spp. Black spruce (Picea mariana (Mi11.) B.S.P.)' Sitka spruce
(P. sitchensis (Bong. ) Carr), white spruce (P. glauca (I"loench) Voss. ),
red spruce (P rubens Sarg. ) for eastern, central and western Newfoundland
and Engelnann spruCE (P. engelnanni Parry) for central and western New-
foundland

Pinus spp. Jack pine (Pinus banksiana (Lamb.), lodge-pole pine (P.
contorta (Dougl.), and Scots plne (P sylvestris (L.) (Finnish and U.K.
provenances) for eastern, central and western Newfoundland and Corsican
pine (P. nigra (Arn.) var. Corsicana Loud), hrestern white Pine (P.
monticola (Dougl.) and red pine (P. resinosa Ait.) for western Newfoundland.

STUDY NO. NFC 20-6. PLANTATION TRIALS OF EXOTIC SPECIES

A replicated experiment was established in 1966 in east-central
Newfoundland with eight pine species. Survival and height growth after
five years indicate that lodge-pole pine, jack pine and Scots pine are
most suitable for Newfoundland, followed by red pine and Corsican pine
(Ha1l 1972). Damage by root-collar weevil (Hylobius spP. ) has not been
noticed so far.

Two experiments with eight spruce species ldere established in
October 1971 in eastern, central and western Newfoundland. Results of
first year survival indicate that all species were successful except
one provenance each of Norway spruce (Picea abies (L.) Karst.) (from
Germany) and Hand. spruce (P. jezoensis (Sieb. and Zucc.) Carr.) (frorn
Japan) which were inferior to the rest (Itall L97L>.
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Trials of exotic spruce and pine speci-es started in 1967 in
a nutrient-poor wind-swept ploughed bog on the Avalon Peninsula tentatlvely
show that white spruce and Scots pine are the most suitable species.
Serbian spruce (P. ornorika (Pancic) Purk.), sitka spruce and black spruce
are unsuitable and Norway spruce is doubtful. The experiments were
fertilized in L972 r"rith urea (47 g/seedling) superphospate (60 g/seedling)
and potassium sulphate (27 g/seedling). Survival and height growth data
collected in 1973 and, L974 are being analyzed and will be publlshed soon.

STUDY NO. NFC 2O_7. AGE OF SEEDLINGS AND TIME OF PLANTING OF WTTITE SPRUCE

A five-replicated experiment in split-plot design was established
in the fall of L972 at Bottom Brook i-n western Newfoundland. Nursery
gror^rn white spruce seedlings of one provenance of four different ages ldere
used, with spring and fall planting. Data on survival and growth since
establishment will be analysed and published soon.
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TREE BREEDING AT THE MARITIMES FOREST RESEARCH CENTRE, 1973 AND ]974

D.P. Fowler, H.G. MacGillivray, S.A. Manley and J.M. Bonga

Ccrwdian Forestry S eruiee,
Mwitimes Forest Researeh Centre

Frederieton, New Brunsuiek

INTRODUCTION

The objective of the tree breeding work at the Maritimes
Forest Research Centre i.s to determine the amount of genetic improvement
attainable wlthin promislng tree genera and to provide resource nanagers
of the region with the information and breeding materlals required to
attain realistic genetic improvement of trees used in reforestation.

During L973 and, L974 a number of personnel changes occurred
which have had and wil-l continue to have an jnfluence on tree breeding
in the Maritjmes Region. In October, L973, R. Hal-Lett joined the
Canadian Forestry Service staff as a consultant in reforestation and
applied tree improvement thus increasing our capablllty to assist
provincial and industrial organizations of the region to sol-ve refores-
tatlon and tree improvement problems. In January 1975' S.A.M. Manley
joined the staff of the Province of New Brunswick in the capacity of
forest geneticist. Now, for the first time, a provlneial government in
the Maritimes Region has developed its own internal capability i-n forest
genetics. J.M. Coles was recruited to fil-l the position vacated by
Manley. Col-es completed a masters degree at the University of New
Brunswlck In 1974 and is presently working on a Ph.D. degree at Oxford
University. Coles masters work was carried out in close association
with the C.F.S. and is sunmarized in this report.

D.P. Fowler was on a Professional- Development Assigrunent to
the University of California, Berkeley from August L974 to June L975.

The Canadian Forestry Service continued to assist the provin-
cial goverrunents of the region with the development of their tree
improvement programs. In 1973, contracts with the Provinces of New
Brunswick and Nova Scotia provided for the vegetative proPagation of
selected trees. In L974 tree seeds rrere collected from selected trees
and stands under a contract with the Province of Nova Scotia. During
this sarne period S.A.M. ManLey worked directly with the Province of
Prince Edward Island toward the development of their tree improvement
Programs.

Tn L974 the first seed orchard (black spruce) was fl-eld
planted in the region by J.D. Irving Ltd. The trees for this orchard
were selected, propagated, and the orchard designed with the assistance
of the Canadian Forestrv Service.
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HYBRIDIZATION IN PICEA AIID I'I4-RIX

D.P. Fowler

The objectives of this study are to produce'and test inter-
and intraspeciflc hybrids that may be of value in the Region, to develop
methods of mass producing promising hybrids, and to provide information
and breedlng malsaials for the production of genetically improved trees
to forest nanagers.

Because of the present importance of Pieea species and the
potentlal importance of Imi* species and hybrids to reforestation, work
has been concentrated on these genera.

Pieea

tlork on inter- and intraspecific hybridization of Pi'eea species
was continued during L973 and, L974. In 1973 most of the effort in
controll-ed po1-linations rilere concentrated on obt,aining a better under-
standing of within stand popuLation structure in white sPruce. This
work was carried out in conJrmction with Mr. J.F. Col-es and provided the
basis for a Masters of Science degree in forestry at the University of
New Brunswick. The work is sumarized in the following abstract of
Colesr thesis "Inbreeding Studies in PLeea glauca (Moench) Voss":

There is l-tttl-e information avallable on the relatlonship
among trees in groups for the conlfer species. In this study
an attempt was mede to elucidate the populat.ion structure of
rrhite spruce Pieea gT,auea (Moench) Voss) in two stands in
south central New Brunswick. ControLled pollinations produced
information on the amount of inbreeding depression that occurs
from self-pollen, crosses between parents of varying distances
apart and long-distance, unrelated pollen. l,Iind pollinated
naterial provlded an estimate of the amorrnt of natural selfing
that occurs ln white spruce.

Percent sound seed and seedl-ing height were found to be
significantly affected by pol1-en parent and as such were
anal-yzed for distance between parents. Traits such as seed
welght, cotyledon number and germination percent were
unaffected by poLlen parent.

The data indicate that relationships do exist between at
least some t.rees within a 100-netre radius of a central tree.
Relationship coefficients r,sere found to be 0.37 and 0.17 for
the tlro stands. Beyond 100 metres there apPears to be 1itt1e
chance of the trees belng related. Natural- selfing was esti-
mated to be between 14 and 1-8 percent. This amount of natural
selfing is sl-ightly higher than normal-l-y for:nd and is probably
due to the open grolun nature of the two stands.

The implicat,ions of the resul-ts for methods of selection
of superior phenotypes and for breeding orchards are discussed.
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Tn L974 addltional- studies on population structure in white
spruce were made to obtain information wlth which estimates of the
amount of inbreeding occurring in natural stands of white spruce could
be obtained. Four white spruce stands in the Fredericton area were
chosen for the study. Five trees ln each stand were crossed with pollen
mixes from the other three stands. Open pollinated cones were also
collected. It is anticipated that a comparison of seed and seedling
characteristics of the ttcrossedtt and I'opentt progenies wil-1 provide the
deslred information.

Fl-owering on spruce in 1973 was average and ln 1974 it was

exceptional in central New Brunswick. A sizable interspecific controlled
poll-lnation program was carried out wl-th emphasis on the production of
hybrids between Picea glauea and Picea sitehensis. The results of the
1973 and L974 polLination are presented in Table I.

Lmir

It ls -generally accepted that trees growing in close proximity
have a higher probability of being rel-ated than trees separated by
greater dlstances. It is also recognized that crosses between related
trees results in inbreeding which in conifers is usually expressed by
reduced full seed set, poorer germination and reduced growth. The
relatedness of trees within stands has l-mportant implications to the
choice of tree sel-ection procedures and other asPects of popul-ation
genetic theory. For example, if the rel-ationship among trees within
stands is high, the wldely used, comparison tree selection technique is
rather inefficient. Very little inforur,ation on r^rithin stand, popul-ation
structure is availabl-e of coniferous species and none is available for
hri&.

1973 was an early and rather poor flc,wering year for aLL Inrit
species in the Fredericton, N.B. area. On1-y a few interspeclfic crosses
between sel-ected tr. Leptolepi,s and L. deeidtn were attempted. 1974 was

an exceptionally good f1-owering year for L, Lopicina. Work on I'aria in
L974 was aimed at obtaining a better
relationshlps in .0. Lazicina. Four
the Acadia Forest Experiment Statlon

Controlled polllnations were made on each of five trees in
each stand. The five trees were l-ocated within a 50 m circle in the
central portion of each stand. The fol-lowing pol-lens were used in each
tree:

1. self
2. trees located within 50
3. trees located 50-100 rt
4. trees located l-00-200 n
5. polLen mix from one of

understanding of within stand
stands of L. Lavieirw, located at
were chosen for the work.

m of pollinated tree (4 crosses)
from pollinated tree (3 crosses)
from pollinated tree (3 crosses)

the other stands.
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Data from these crosses will be used to investigate the rela-
tlonship between distance of separation and genetic rel-atj-onships.

One of the most promisi"ng larch hybrids tested in the Region
is U". Tnrteirn x L. LeptoLepi,s) x Z. deeidtn. Seed set from this cross
has been falrly high and seedling gror^rth has been exceptional. The
phenology of flowering of the hybrid and of. L. deeidtn are simllar
enough to produce the three-way hybrld in Seed orchards. To this end a
small 4 acxe orchard was establ-ished in L974 to mass produce the hybrid
for further test.ing and use.

Pirus

In 1972 an attempt \tas made to cross Pinus res'tnosa and P.
ttopicalis. A total of 433 ovulate strobili on 9 red pines were polli-
nated with P. tz,opieaLis pol-len kindly provided by Dr. P.I^I. carrett,
U.S. Forest Service. Despite good conditions for pollination, as lndicated
by high yields of full seeds from the red pine control crosses, no
hybrids were obtained.

PROVENA}ICE A}ID PROGENY STI]DIES

H.G. MacGillivray

Pieea

Experiment 50. Al-l-range black spruce (Pieea rnariqrn (Mi11. )
B.S.P.)seed source study (I97L germination).

Sites for 9 out of 10 proposed replicated seed-source trials
of black spruce were sel-ected, pre-planting preparations completed and
the experimental layouts established, chiefly during the summer L974.
This was done to al-low more tlme for planting in the spring, 1975 and
r^ras accomplished rrith the cooperation of company and provincial foresters.

The tests incLude the faster growing provenances as lndicated
by the repl-icated nursery test at the Acadia Forest Experiment Station.
The field test at Acadia includes all available provenances for future
tree-breeding and demonstration purposes as well as for provenance
research. The test on the Cape Breton Highlands contains several rela-
tively slow growing northern and western provenances because these might
be more adaptable to the harsh environment than some of the more vigorous
provenances.

Average 4-year tree helghts of the 102 provenances growing in
the nursery t,est at Acadia were converted to percentages of the plantation
average. These data indicate that:

(1). The area around the Great Lakes, with the possible
exception of part of the north shore of Lake Superior, may eventually
prove to be a valuable source of black-spruce tree-breeding rnaterials
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for the Maritimes Provlnces. Seed from most of this area produced trees
that grew rapidly at Acadia: the area vtest of Thunder Bay, Ontario
(1102), Minnesota (LL2% and IL41l), southern l,IisconsLn (LZO%), North and
South Michlgan (LL4%, LL6%, LLSA and 1l-9%) and Ontario, south of a line
from Sault Ste. Marie to Petawawa (LI4"l, IL77", LI77", IL9% and IL97").

(2). Trees from other but snaller areas also produced rapid
juvenil-e: growth: southeastern Manitoba (LL57") northeastward to Minaki'
Ontario (LI3%); Peribonka, Quebec (LL47"); northwestefn Maine (LI3?L),
Irestern Maine (LL67"), New Hampshire (LL4%) and adjacent Quebec (LL3%;

Prince Edward Island (L077., LL47" and L2O%); around Miramichi Bay (111-2,

1182 and L2O7.), the northwestern part of Canadian Forces Base Gagetown
(LLL?" and 1192), and near the McCornack Flre Totvex (LL3%), New Brunswlck;
and the Chignecto Game Sanctuary (LL5%), Nova Suotia.

(3). A11 seed col-l-ected north of 50" N. latitide and west of
97" W. longitude with the exception of the provenance from Minaki'
Ontario mentioned above, produced average or bel-ow average height grohtth
at Acadia.

(4). Seed from the Maritimes, other than those areas mentioned
above, produced trees of nore or l-ess average growth. Provenances from
the Cape Breton Highlands were belorr average (877", 892 and 947"). The
relatively average-to-poor growth of some Maritime provenancss mey have
been caused by self pollinations. The special- coll-ections for this
study were made in l-968 and 1969 which hrere poor seed production years.
fhe individual trees that produced cones mFy have been their ovln source
of pollen. Five general Marltine collections which had been nrade at
earlier dates during good seed years all- produced relatively fast growing
trees (LO7"A, L]-]-.7", LL4"/., lLs% and L2Oi0.

In 1973 phenological- measurements and observations were recorded
on selected provenances groTring in the nursery experlment but these data
have not been processed.

Ahies

Experiment 88. Foliage color of Newfoundland balsam f.7r (Abies
baLsunea (t.) Mill.) (L969 germination).

This seed-source study out-planted in the spring, 1973 was
prompted by the observation, made by the New Brtrnswick Extension Service,
cooperating in Experiment 10, "Balsam fir provenance p1-anting (1956
germination)" that some trees fron seed collected at Canada Bay, Newfound-
land had blue-green fol-iage, a characteristic desirable in Christnas
trees. A survey of follage color of all- the trees in al-1 the Experiment
10, New Brunswick, plantations showed that seed from Hawkes Bay' Nfld.
produced numerous trees with blue-green foliage and that seed from
Canada Bay produced some trees with bl-ue-green and dark-green foliage.
For Experiment 88, good sized cone collections were made by cooperators
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at these and one other location in Newfoundland. Seed from Hawkes Bay
and Canada Bay was pl-aced in storage at Acadia. Seed from the three
Newfoundland sources and three Marj-time sources were sot^tn in the spring
1969. The seedlings and transplants dld not show signiflcant differences
ln foliage color. In the sprlng 1973 rnaterial from these seed sources
were out-planted at Acadia. The trees wt1l be observed for the appearance
of blue-green foliage. The blue-green fol-iage col-or was not noticed
under E:<periment l-0 until the trees had been outplanted for about two
years. Should the seed from Hawkes Bay arrdlor Canada Bay produce trees
with the desirabLe blue-green foliage, then seedling seed orchards will
be produced ln the Marl-times.

Experiment 29. SelEction and breeding balsarn fir Christnas tree
material for resistance to the balsam gall midge'
Dasineuya balsanieola (Li:ntner) .

The arrangenent in the outpl-anting established in 1973 was to
plant paired clones , (one ftom the apparently reslstant tree and the
other from the susceptible tree selected in the same area) in paired
plots and withln each plot to plant cuttings from the top 1/3 and those
from the bottom L/3 of the crown of the ortet in paired sub-plots. The
cuttings were obtained from these parts of the crohrns in this and other
experiments to provide material fot a demonstration of growth and flowering
habits of rooted cuttings from different parts of the crohrn.

Experiment 75-A. Rooting balsan fir cuttings using different
bottom heats.

These cuttings were the result of a greenhouse experiment to
see if rooting of cuttings could be improved using bottom heat. This
experiment showed that many cuttings in the control, with no additional
bottom heat (temperature of rooting nedium about 20"c) rooted wel-l.'
No roots were produced on cuttings where the rooting medium was heated
to about 26"C or to about 30"C. The cuttings vrere planted in single-
tree paired plots, each pl-ot containlng a pl-ant fron either the top or
bottom LIZ of the crown.

Experinent 75-B. Rooting balsam flr cuttlngs collected at different
times during the year.

The cuttings pl-anted here were the result of a test designed
to conflrm observations mede at the Acadia nursery that cuttings collected
and treated in the late autuun and early winter rooted better than those
collected in the late winter and spring. It was also designed to test
Seradix 3 and I.A.A. (0.5 ng I.A.A. powder in l gram lanol-in) as a basal
treatment and 1 A.A. as a top treatment (changed at weekl-y intervals and
protected by foil caps). The l-ast treatment hras an attempt to induce
roots along the l-ength of the plunged part of the stem rather than just
at the base of the cutting. ft^renty-four cuttings from each crown level
(top 1/3 and bottonIl3 of Crown) of each of 10 trees of "Christmas"
tree size (about 10 feet ta1l and with crowns e:<posed on at least three
sides) were collected on each date: 13 December, 7 February, 15 March
and 20 July.
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Analysis of variance showed that significant differences
occurred between success of rooting by dates (F = 11.4**) and by treat-
ments (F = 1L.0*r,) but not by crornm levels (F = 0.2 ns.). Cuttings
collected in December rooted best, followed by those collected in July.
The buds on these cuttings r,rere slow to break dormancy after the cuttings
were placed ln the rooting chamber under lntermittent mist. The shoots
produced r^rere general-Iy weak. This allowed food stored in and manufac-
tured by the cuttings to be used for callus and root formation. Buds on
cuttlngs collected in February and March after being exposed to a cold-
rest perlod on the trees broke dormancy soon after being placed in the
rooting chamber and produced good shoots but thj-s l-eft little food
reserve for cal-l-us and root production. The Seradix 3 treatment produced
the best rooting followed by the control-. IAA basal and IAA top treatments
placed second last and last, respectively. No roots were produced other
than at the base of any cutting.

Experiment 76. Rooting balsam fir with blue-green foliage.

The plants outplanted in 1974 were vegetatively propagated
scions or cuttings from trees \,rith bluish-green fol-iage. Ttrese will
eventually be used in producing improved Christmas trees.

GENECOLOGY OF RED AI{D BI,ACK SPRUCE

S.A.M. Manley

The r^rork on this study is presented ln a Ph.D. thesis "Genecology
of hybridizat,ion of red spruce (Pieea z,labens Darg.) and black spruce
(Pieea rnartana (Mi11.) BSP.)'submitted to Yale University in the spring
of 1975. An abstract of this thesis follows:

Based on field studies of natural hybridizatlon in red and
black spruce, an hypothesis was establ-ished that red spruce and black
spruce are separate integral species. Hybridtzation did not result in
breakdown of species integrity, despite extensive natural backcrossing
and the potential- for gene exchange.

Using a hybrid index, red and black spruce were found to be
phenotypically disti-nct throughout the Canadian Maritiures when occupying
habitats considered typical for each species. Evi-dence of introgression
could not be deteeted in parental- populations. Hybrid colonies were
unstable in the sense that their understories hrere regenerating to red
spruce on most upl-and sltes and black spruce at bog edges.

Partial incompatability, hybrid steril-ity, and hybrid invtability
were found through controlled po1-lination of red spruce, black spruce,
natural F1 hybrids and backcrosses. Ful-l- seed set was reduced to less
than two percent in the red x black spruce cross. A mean full seed set
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of 0.3 percent was obtained using a 50:50, red:black pollen mix to
produce F1 hybrids. Reduced full- seed sets rirere also obtained through
backcrossing and intercrosslng F1 hybrids and hybrid deri.vatives.
Incompatability in terms of ful-l seed set in the red x black spruce
cross increased by 25 percent if abnormal- germination, nanism and teratism
were taken into account.

Under 10 growth chamber conditions, either red or black spruce
grew larger in height and dry weight than the F1 hybrids and hybrid
derlvatives. Red spruce grew J-arger at r^rarm temperature (26oC), and low
llght intensity (100 ft-c) than black spruce and al-l hybrid progenl-es.
Black spruce grew larger than red spruce and a1-1 hybrid progenies at
high light intensity (1000 to 2000 ft-c) when test temperatures were
both cold and warm (l-2o to 26"C). Black spruce was also largest at low
light intensity (100 to 250 fr-c) and cold temperarure (12'C).

CO2-exchange rate.s of red spruce, black spruce, F1 hybrids,
and hybrid derLvatives that hrere grown under controlled conaitions
provided a physiological- e>rplanation of hybrid inferiority. Hybrid
weakness or partlal hybrid inviability r^ras related to reduced CO2.-
exchange of hybrids relatlve to parental species. Negative heterosis
was greatest in the F1 hybrid and backcrosses. Co2-measurements substantiated
ecological divergence of parental species. Black spruce had the highest
CO2-exchange rates at high l-lght lntensities (3500 ft-c), fittlng it for
a pioneering rol-e. Red spruce had the l-owest f-ight compensation point
(110 ft-c) and is adapted to shaded environments. F1 hybrlds were nor
intermedlate in light response but had higher light compensation points
and lower CO2-exchange rates at 3500 ft-c than elther parental- species.

Red and black spruce seed germinated and survived best in the
corresponding red or black spruce habitat indicating that eaeh species
is adapted to different environments. seedl-ings of F1 hybrids and
hybrid derivatives, transplanred to red and black spruce habitats had
higher nortal-ity and grew less in helght than either red or black spruce.

The mean frequency of hybridization from natural seed collections
was estimated at nine percent for black spruce and six percent for red
spruce. A hybrid index and el-ectrophoresis was used to identify hybrids.
The natural frequency of hybrids in popul-ations where seed was collected
varied from Less than two percent to 0, indicating that selective mortaltty
of F1 hybrids must occur.

The col-lective results provide evidence that species integrity
is maintained by partial- pre-nating isol-ation. Strong hybrid inferiority
resulting from hybrid sterility, incompatability and adapti.ve inferiority
may be initiating further sel-ection to enforce pre-nating lsolation.
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TISSUE AND ORGAN CIILTURE

J.M. Bonga

The production of homozygous lines and the subsequent crossing
of these lines to produce heterotic hybrids has been successfully used
as a breeding technique with agricul-tural- crops. Because of the long
period between generations, this method has been avoided by most tree
breeders.

For some agricultural crops, in particular tobacco' haploid
tissue cul-ture is being used routinely to develop nerrr homozygous lines.
llith this technique, haploid adventitious embryos are obt,ained fron
immature poL1en. By colchicine or other treatment, these embryos are
then turned into homozygous diploid plants. If this technique could be
applied to forest trees, the long period required to produce homozygous
diploid trees through inbreeding couLd be circumvented.

Itapl-oid tissue cultures, and haploid plants regenerated from
such cultures, are also useful in mutat,ion research. Many recessive
mutations, which would not show in dlploid plants, because of the
presence of their dominant. counterpart all-el-es, would show readily in
the haploid tissue or p1-ant, and can thus be selected for.

These considerations have led to the fol.lowing exPeriments:

Tissue cultures were prepared of haploid microgametophytes of
Pinus resinosa and megagametophytes of Piru.s austriaca, P'Lnus rm.tgo, and
Picea abi,es. Rapidly growing haploid callus nasses were obtained, which
are being subcultured at regul-ar intervals. Some of these calluses
for:med proembryo-like structures. Attempts are being nade to gror^t these
into seedlings. A few haploid, small seedling-like structures have been
obtained from Pieea abies megagametophyte tissue.

Vegetati-ve propagation of conifers is often difficult with
conventional techniques. New techniques should therefore be developed.
At present, lre are attempting to root conifer buds on nutrient medi-a
trnder aseptic conditions. Aseptic techniques have the advantage of
all-owing appl-ication of root-stimulating organic chemicals, whi.ch would
decompose turder nonaseptic conditions.
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TREE IMPROVEMENT AT THE BERTHIERVILLE FOREST TREE NURSERY, P.Q'

Yves Lamontagne
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The provincial f,orest tree nursery at Berthierville, P.Q., is respon-
sible for the processing of all seeds and cones collected throughout the pro-
vince. A geneticist is also located there and is responsible for regional tree
improvenent and also for seed orchard establishment in the province. The re-
search work in tree irnprovement is conducted by the Research Branch of the De-
paTtment of Lands f,1 Forests.

Following is a brief sumnary of the work done in seed collection and
processing and tree improvement at the Berthierville nursery.

SEED COLLECTION AND PROCESSING

In 1975 and L974, about the same amount of cones were collected (Table
1) in the 13 seed collection zones of the province.

Table 1. Quantity of cones collected per species in 1973 and L974,

Speci es
Cones collected in:

r973 t974

Larix decidua
l,arix laricina
Larix leptolepis
Picea abies
Picea glauca
Picea nari.ana
Picea rubens
Pinus banksiana
Pinus resinosa
Pinus strobus
Pinus sylvestris
Thuj a occidentalis

Total

x 40 liters

13.5

_!_?

22.0
4480. 0
258.6

6s94.0
567 .0
179 .9

44 .3
5.0

r2r7r.3

72.3
89 .0
98.9

1579.0
1610 . 0

0.5
1119 . 1
6718 . 8

67 .2
72r.0
22.7
9.5

12098. 5

About L2 x 40 liters of various hardwood genera were also collected:
Acer, Betula, Carya, Fraxinus, .Iuglans and Quercus.

The 3,000 kgs of seeds extracted fron these cones along with those
storage will be sufficient to meet the demand
and direct seeding prograns for most species
Pinus resinosa Ait. and P. strobus L.

for planting stockalready in
producti on

!!qq (1.),
except for Picea a-
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A total of 302 sanples were taken from these seeds in order to conduct
humidity, gerrnination and purity tests and to determine the nunber of viable
seeds per kilogram.

Most of these seeds have been collected from quality stands either by
climbing or following logging operations.

The identity of seeds by provenance is maintained throug,h all the pro-
cessing steps so that nursery stock or seeds nay be returned to the place of
origin whenever possible.

FOREST TREE IMPROVEMENT

Seed production areas
A seed production area of about

a young P. banksiana Larnb. stand located
is practiced in order to leave only the
posure. This stand has been fertilized.
portion of the stand during a good seed
in the same stand or area.

A P. resinosa seed production area has been established on 16 hectares
in Chertseffowi'S1!. Thinning and fertilization have been done in the past
and another thinning is planned for next year. No important crop has been pro-
duced in this seed production area since its establishnent.

A 54-year old nixed plantation of P. resinosa, P. strobus, P. sylvestris
and P. abies is being thinned in order to aTrffil-ptrenotypes to yiela-Iigher
quanEtfT-f cones. ihis ptantation covers 18 hectares.

The above seed production areas have been established in the past 2-4
years in the adninistrative region 06-lt'!ontreal. Other S.P.A. have also been
established throughout the province.

Seeds collected frorn a Picea rubens Sarq. seed production area have been
sown at the Berthierville nurseflTlsETaf f .-Gfre of tire seedlings, after cul-
ling, will be outplanted back in the area near the original stand in the Seig.neu-
rie Fossarnbault. Seedlings will be planted at close spacing in order to allow
further phenotypic selection at thinning tine.

Provenance testiSg
re8P.abiesprovenancesfromvariousoutstandingp1antations
and plus-trees in New-England and 2 local provenances have been sown in the
nursery. The seedlings are expected to be outplanted in various locations in
Southern Quebec in the spring of 1976. These plantations are expected to be used
as seedling seed orchards and the best provenances and individual within prove-
nances will be vegetatively propagated and planted in clonal seed orchards.

Seedlings fron six P. sylvestris clones fron an orchard in Belgiun have
been outplanted in the spring of tgZS in Chertsey Township located in the Great-
Lakes-St Lawrence Region Ga) . In a second test, seeds fron 9 European prove-
nances have been sown in the nursery. Outplanting is expected for the spring of
1977 at the sane location.

Ten (10) species and/or provenances of Larix spp. are being grown at tlie
Trecesson and Pasp6biac lrurseries. Outplanting at two locations in the boreal
forest will provide useful information as to their adaptability under these growing
conditions.

Progeny testing
Picea glauca

40.5 hectares has been established in
in Houde-Provost Townships. Thinning

best phenotypes and increase crown ex-
Cones will be collected by felling a

year. Seedlings will be planted back

(Moench)Voss) seeds were collected fron 5 individual trees
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in each of 26 locations throughout the range of the species in Quebec. Seed-
lings were outplanted this spring at two locations in the boreal forest region
and two locations in the Great Lakes-St Lawrence region. These plantations
will potentially serve as seedling seed orchard and the best fanilies will be
vegetatively propagated and panted in clonal seed orchards.

Seed orchards
Super-seedlings have been selected in the

according to rigid specifications. They have been
nes where the seeds came from. This program will
lings which maintain their superior growth will be
seed orchards for seed production.

Ten (10) seeds lots of Picea glauca from
others fron Swastika area have been obtained from
are now being nursed at Berthierville and will be
cations in southeastem Quebec and in the Abitibi
will be tested for rooting ability and propagated
nal seed orchard.

nurseries of the Province
planted in the same seed zo-

continue next year. Seed-
vegetatively propagated in

Beachburg area and five (5)
Dr A.l'1. Teich. The seedlings
outplanted at different 1o-
region. The best phenotypes
for seed production in a clo-
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nmfuronnrroN DES ARtsRES FoRESTTERS

AU SERVICE E I-A RECHERCFIE DU

\/\/
MINISTERE DES TERRES ET FORFTS DU OUEBEC

J. R.obert, A. Stlpanlclcn G. Va116e

de In Sec,LLon de g{n&Jc1ue
Qu6bee, P.q.

SAPIN DE DOUGLAS

J. Robert

Projet G 69-7. Test de provenance sur le sapin de. Douglas (Psezdotszz.aa
menziesii (Ytirb.) graneo) .

Ltint6r6t que repr6sente 1e sapin de Douglas pour le reboise-
ment est une chose reconnue depuis plusieurs ann6es d6ja, notamnent en
Europe. Son introduction pose toutefois 1e problEme du choix des prove-
nances E utillser car sa variabilit6 infrasp6cifique est trEs grande du
fait de l-'6tendue de son aire de distribution naturell-e.

Un premier test sur 59 provenances de sapin de Douglas a 6t6
entrepris au Service de la recherche en 1969 dans le cadre dtun program-
me plus vaste dtintroduction dfespEces exotiques actuellement en cours.
Ce document expose brlEvement les premiers r6sultats obtenus en p6piniE-
re, b partir des enseuencements de 1970.

M6rhode

Les 59 provenances de sapin de Douglas utilis6es dans ce test
ont 6t6 obtenues par lrinterm6diaire du'Working gvory on Pv,oeu^rement of
Seed for Prouenance Reseaychtt de I 'I.U.F.R.O. (R6colte L966/67 ) . A celles-
ci, nous avons compar6 une provenance d6jE instal-16e au Qu6bec (RiviEre-
du-Loup ) .

Les graines ont 6t6 sem6es E ltautomne 1970 sans r6p6tition
E la p6piniEre exp6rimentale de 1a station forestiEre de Duchesnay, i
40 kilomEtres au nord-ouest de la vil-l-e de Qu6bec. Les sol-s de la p6pi-
niEre sont des sables limoneux d6riv6s dtun d6p6t fluvio-glaciaire avec
un drainage de classe 2. Les semis ont 6t6 repiqu6s au printemps 1973,
sans r6p6tltion.
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Des mesures et obsbrvatlona ont 6t6 faites de 1971 e L974
sur les plants pour estimer leur r6sistance au froid et leur croissance
(d6g5ts de ge1 d lrautomne, mortalitA, ao0tenent et lignifi.cation, forme
et hauteur). Les analyses ont ensuite 6t6 faites E partir des valeurs
moyennes par provenance de chaque caractEre.

R6sultats

Nous avons, lors de lfanalyse statistique, cherch6 E regrou-
per les provenances en fonction de leur comportement face aux conditions
6cologiques du lieu de lressai. Pour ce faire, nous avons proc6d6 D un
calcul des composantes principales.

Ce calcul a pernls de mettre en 6vidence deux comportements
dlff6rents des provenances test6esrpar rapport E La r6sistance au froid.
Alnsi, toutes 1es provenances origlnaires des zones montagneuses int6-
ri-eures de la Comlombie bri-tannique et le nord-est de lrEtat de Washington
semblent peu affect6es par Ie ge1 (notarnment. les gel6es pr6.coces de lrau-
tonne) et sont caract6ris6es par un fort pourcentage de plants bien aoGtds
et 1lgnifi6s t6t dans la saison. Par contrer les provenances pLus c6tiE-
res de la Colombie britannique, de ItEt,at de I{ashington, de lrOregon et
des Etats m6ridionaux sont trEs affect6es par la Longueur de la saison de
v6g6tation et la rigueur de lthiver (l-es d6g6ts de gel sont s6vEres, les
d6fornations nombreuses et l-a nortalit6 61ev6e). La carte 1 donne la 1o-
calisation des provenances.

A ltint6rieur du lot de provenances les mieux adapt6es aux
conditions du lieu de Lressai, les provenances originaires du district
de Kamloops (Colombie brltannique) et en particul-ier de la r6gion du lac
Shuswap ont d6montr6 1a ueilleure croissance en p6piniEre. , Une 6tude de
la corr6lation entre les caractdres altitude drorigine et hauteuroen pe-
piniEre men6e sur les provenances comprises entre 1e 50- et le 52" degr6
de latitude nord s rest r6v6l-6e significative (corr6lation n6gative au
seuil de LZ). Ainsi, les provenances de basse alti-tude ont une meilleure
crolssance que celles draltitude plus 61ev6e.

Conclusion

Ce premier test pr6coce en p6piniEre sur 59 provenances de
sapin de DougJ-as, conduit au niveau des moyennes par provenance, a sur-
tout permis de mettre en 6vidence une diff6rence dans Ia r6sistance au
froid des provenances selon leur origine. Ainsi, 1a zone int6rieure du
nord-ouest du continent nord asr6ricain semble fournir 1es lots de graines
1es mieux adapt6s d nos conditions. Parni ceux-ci se sont les provenan-
ces BarriEre (1010)*, Revelstoke (1013), Eagle Bay (1014), Blind Bay
(101-5), White Lake (1016) et Squilax (1017) qui onr donn6 les meilleurs
r6sultats sur le plan croissance, en tenant compte du fait qutil nty a-
vait pas de r6p6tition des lots dans la p6piniEre.

* Num6ro de code de la provenance donn6e par 1tI.U.F.R.O.
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CARTE I

LOCALISATION DES PROVENANCES

OE PSEUDOTSUGA MENZIESII
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C Ensemble des provenances les mieux adapt6es aux conditions du
lieu de lressai.
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Toutefois, i1 convient de faire 1es r6serves suivantes:

- Ces r6sultats concernent 1e comportement dlune collectj-on
de provenances 61ev6es dans 1a r6gion de 1a ville de Qu6bec. Ils se-
ralent peut-dtre diff6rents si lfon 6tait p1ac6 dans une autre r6gion
de la provi.nce.

- Les mesures et. observations ont 6tE effectu6es sur un ma-
t6riel- trEs jeune (1 a 4 ans) qui s6journe encore sous la neige en hiver.
Rien ne prouve que nous obtiendrons des r6sultats similalres lorsque les
cimes auront d6pass6 le niveau de la neige et seront alors expos6es au
dessEchement hivernal.

Crest pour ces raisons qutil faudra attendre encore quelques
ann6es pour que les plantations comparatives instal-16es ou en voie de
lr6tre dans les diff6rents arboretums de 1a province, puissent nous four-
nir un bilan plus d6ftnltlf concernant ltintroduction du sapin de Douglas
au Qu6bec.

A. Stipanicic

Projet G 70-3. Am6lioration du nelEze (tranric sp./.

Les travaux sur ltam6lioration du m6lEze au Service de la
recherche se sont poursuivis selon nos possi-biLit6s durant les deux der-
niEres ann6es avec conime objectif princlpal: 6largir lrutilisation des
espEces et des hybrides du genre Lari,s dans le reboisement actuel au
Qu6becr en trouvant 1es cLones et provenances les plus productifs et les
mieux adapt6s aux conditions des r6gions E reboiser.

S6lectlon des arbres

Jusqufi pr6sent nous avons s6lectionn6 43 arbres de Latit
Qeeidua (t"ttrer), 4 de LarLx Leptolepis (sleb. er Zucc.) er 230 de Larir
Leieirn (du Roi) K.Koch

Les m6lEzes dtEurope et du Japon ont 6t6 s6lectionn6s dans des
plantations (Drurnmondville, Berthierville) ou dans des parcs (Duchesnay,
Orsainville). Les arbres de Lazis Laz,ieina ont 6t6 s6lectionn6s dans les
peuplements naturels surtout dans la partle sud du Qu6bec et cette ann6e,
nous Avons comnenc6 l-a s6lection sur la rive nord du Saint-Laurent. Soixan-
te arbres ont 6t6 6chanuillotin6s dans un peuplement du Cont6 de Portneuf
pour une 6tude de structure g6n6tique du rn6lEze laricl_n.

Les critEres que nous avons suivis dans nos travaux de s6lec-
tion sont les suivants:
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- le f0t de lrarbre doit €tre 1e plus droit possible,

- Itangle dtinsertion des branches doit 6tre droit ou pres-
{u€ t

- les dimensions dendrom6triques de ltarbre choisi doivent
6tre 6gales ou sup6rieures E la moyenne des autres arbres
qui lrentourent,

lrarbre choisi doit 6tre exempt de maladi-es.

Propagation v6g6tat ive

Sur les arbres s61ectionn6s, nous avons r6co1t6 des j eunes
pousses qui nous ont servies, soit conne greffons, soit coufile mat6riel
pour nos exp6riences de bouturage. Nous avons util-is6 deux techniques
de greffage: .[a "greffe en fente" et la ttgreffe en placage". Les deux
n6thodes ont do4n6 des r6sultats 5 peu prEs semblables. Toutefois, lattgreffe en fente'sernble plus avantageuse, parce qufelle donne une meil-
leure forme au plant gteff-e et que 1a cicatrice du greffage est plus vite
16sorb6e.

Le nombre de greffes que nous avons transplant6es, au prin-
temps 75, dans les deux parcs E clones est donn6 dans le tableau 1.

Tableau 1: Nombre de greffes transplant6es au printemps 1975.

EspEce Nombre de clones Nombre total de
greffes

Layfu deeidua

Lwit LeptoLepis

Larir Lwieina
Lail,& Layi.eirn
r L. Leptolepis
Layir sibiy,iea

28

1

100

I

1

110

1

7LO

9

l_

Un parc i clones avec 131 clones a 6t-e insta116 dans l tarbo-
retum de Duchesnay (Comt6 de Portneuf) et lrautre avec 96 clones, dans
1-rarboretum de Bonaventure (Cont6 de Bonaventure).

Au printemps 1975, nous avons greff6 au tstal 132 clones,
plus de I 77O greffes. Parmi ce mat6rie1, il y avait 47 clones regus

soit
du
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Petailatna Fonest Expez,iment Station Les r6sul-tats des travaux de cette
arm6e ne sont pas encore connus pr6cis6ment, naJ.s nous avons d6JE remarqu6
un nombre assez 61ev6 de greffes mortes. Cfest vraisemblablement d0 3

la temp6rat,ure 61ev6e du mois de mai et aussi, dans le cas de Laz'tt
Latieirn, E la faible qualit6 des greffons. En effet, Les arbres s6lec-
tlonn6s de m6lEze laricin sont assez 6g1s et i1 est difficile de r6colter
de bons greffons.

Plusieurs essais de bouturage ntont pas donn6 les r6sultats
esp6r6s. Nous poss6dons seulement 30 pl-ants qui proviennent de bouturage'
repr6sentant 17 clones.

Les tests de provenances et de descendances.

A ce jour, 30 dispositifs du genre Inrit ont 6t6 install6s
dans les arboretums h travers le Qu6bec. Parmi ces dispositifs, 1 test
de descendance d,e Lat,ir decidua, 1 test de provenance et 1 test de des-
cendance (BFES Exp No-376-D) de Larir Lqrieirla ont 6t6 insta1l6s aux ar-
boretums de LotbiniEre et de Bonaventure en L974.

PEUPLIER
G. Val-l-6e

Pro.iet, G 68-l-. S6lection de clones et am6lioratlon du peuplier.

Plantations comparatives

En 1973, une nouvelle s6rie de tests cLonaux a d6but6 pour
comparer les urelLleurs 180 clones s6lectionn6s dtaprEs 1e comportement en
p6piniEre en y incluant l-es clones actuellement utilis6s en populiculture
au Qu6bec. Ainsl, 7 tests ont 6t6 insta116s en 1973 et L974 dans les ar-
boretums de Bonaventure, LotbiniEre, Tr6cesson, E la ferrne popullcole de
Cabano et au populetum de Matane. De plus, un test pr6coce comparant 540
clones de notre collection a 6t6 insta116 en L974 b ltarboretum de Lot-
biniEre.

Trois tests pr6coces de 25 descendances de Populus deltoides
Marsh. ont 6t6 insta116s dont ltun b ltarboretum de Bonaventure et deux
au populetum de Matane, en fonction des gradients 6cologiques.

Acquisitions

Des lots de graines ont 6t6 obtenus du tWoz'ktng Pmty on
Prouenance of Poplors" d,e 1rI.U.F.R.O., comprenant 63 lots de P. tricho-
edrpa et 22 lots de P. deltoides. De plus, 3 lots de P. nigra ont 6t6
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obteflus de la statlon dtam6lioration deS arbres forestiers du C.N.R.F.t
France et 3 lots de P. deltoides ont 6t6 r6colt6s dans 1a r6gion du Lac
Charnplain au sud de Qu6bec. Les plant,s originant de ces lots de graines
sont actuellement 61ev6s en p6piniBre pour la r6alisation de plantations
conservatoires.

R6sultats pr6,lirninaires

La premiEre s6rle de tests clonaux conmrenc6e en 1969 a permis
dr6tablir le comportement de diff6rents hybrides et espdces dans la r6gion
de l-a Gasp6sie et pour l-es domaines de l-a sapiniEre et de l-t6rabliEre 5
bouleau Jaune. Les dispositifs i bloc compl-et 6taient constitu6s de 4
ou 5 r6p6titions, distibu6es au hasard, chaqune comprenant respecti-vement
5 ou 4 boutures plant6es selon des parcelLes l-in6aires, de sorte que cha-
que clone 6tait repr6sent6 par 20 boutures. Ces dispositifs comprenaient
de 18 i 36 clones, selon les disponibilit6s en bouture, s6lectionn6s sur-
tout dans des r6g6n6rations naturell-es de 1a r6gion de Qu6bec, €D y incluant
des clones standards conme base de comparaison. Les boutures ont 6t6
plant6es verticalement sur des terrains fraichement essouch6s et dans des
soLs labour6s superf icieLl-ement. Une f ertilisation a -et'e f aite E la deuxiE-
me ou troisiEme ann6e de la plantatl-on.

Le tableau 2 donne la hauteur moyenne, le dLamEtre moydn des
tiges D un mEtre du so1, le pourcentage de plants encore vivants aprds
5 ans de croissance de 4 dispositifs situ6s au populetum de Matane. Ces
disposltifs sont assis sur des terrasses alluviales fluvio-glaciaires
de la rividre Matane, dont le fond de la Va116e peut 6tre consid6r6 comme

un trou D ge16e occup6 g6n6ralement par la sapiniEre E bouleau jaune
ou des peuplements de peupliers baumiers

En g6n6ra1, la croissance est falble 5 cause dtune pr6para-
tion sonmaire des sols avant 1a plantation, de la faible fertilit6 des
sols qui sont d6ficients pour le peuplier (en azote, potassium, phosphore,
magn6si-um et calcium), et du d6racinement des jeunes plants occassionn6
par le gel du sol 1i6 E 1a p1-antation verticale des boutures.

Les 5 meilleurs cl-ones sont du type P. r Jaekii' et ont une
haut.eur moyenne de 227" et 387. sup6rieure B la hauteur moyenne de lfensem-
bl-e des 15 clones et des 10 noins bons, respectivement. La diff6rence
de la hauteur moyenne des 5 meilleurs clones par rapport au 2 clones
de type P. baLsamifera (Q-L4-Q et C-26-Q), s6lectionn6s dans 1a r6gion
de la ville de Qu6bec tout conme les P.r Jaekii, est de 462. Les cl-ones
de P. r Jackii et ceux de P. balsunifera sonE bien adapt6s aux condi-
tions du populetum de Matane of les cl-ones de type P.r eu.ronenicana
souffrent des ge16es pr6coces et tardives. La longueur de 1a saison de
v6g6tation E cet endroit 6tant de lrordre de 90 jours, il nry a que 1es
clones ayant un rythme de croissance adapt6 5 ces conditions qui r6sis-
tent. Ainsi, le clone Q-36-Q qul est un P.r eurainericana s'eLectionn6
dans la r6glon de Qu6bec, semble mieux s tadapter aux conditions du po-
puletum que les elones P.eu. eugenei et P.cu. tobusta qui sont aussi
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deg P.r eutamez"ieena en provenance de llEurope occidentale. Quelques
clones d,e P.s deLtoides provenaot de La r6gion de Qu6bec ont 6t6 essay6s
dans ces dispositifs et ont montr6 un comportenent rn6diocre. Les hybri-
des baumiers conme P.t intez,qnez,ieann, P. triehocarpa fi P, tacamahaca
et P.eu. noubuty ont montr6 des croissances initiales trEs fortes mais
se sont d6,class6s avec le temps, probablement par nanque dradaptation
au climat.

Tableau 2. Classement des l-5 neilleurs clones dtaprEs les observations
sur 4 dispositifs 5g6s de 5 ans au populetun de Matane.

No clone EspEce ou hybride Hauteur DianEtre
m (1) cnr

Plant Sensibilit6
vivant E la rouiLle (2)

z

c-24-Q

c-22-Q

Q-16-Q

Q- 2-Q

c-30-Q

B-208-B

B-201-B

B-207-B

Q-36-Q

Q-14-Q

B-206-B

c-26-Q

B-202-B

B-203-B

Q-18-Q

P.r JackLi
P.r Jaekii
P.a Jackii
P.n Jaekii
P.r Jaekii
P. candicarzs

P.r intey,americarw
lt"l

P. ttichocazpa n
P. taeamahara

P.r etuonericana

P. balsqnifera
P.eu. roabtmy

P. balsanifena
P.cu. eugenei

P.cu. r,obusta

P.r Jackii

2.77

2.77

2.77

2,.62

2.34

2.22

2.L6

2.L6

2.07

L.82

L,92

L,79

L,79

L.76

L.49

2.70

2.56

x..86

2.67

2.36

2.48

2.05

L.75

1. 70

1. 65

1. 33

1.51

1.58

1.60

I.L4

86.2

9L.2

96.2

86.6

77 .5

80.0

87.5

87.5

67 .5

76.6

77 .5

85.0

80.0

7L.2

78.3

5

5

4

5

4

4

2

3

4

2

3

4

4

4

(1) DiamEt,re 5 1 nEtre du sol.
(2) La sensibilit6 E la roullle des feuilles provi-ent dfobservations

faites, i la fin d'aoGt, b Ia p6piniEre de Duchesnay situ6e E 40
kilonEtres au nord-ouest de Qu6bec. Lrindice l- correspond E une 16-
sistance bonne sans n6crose des feuilles et ltlndice 6 i une sen-
bi1it6 trEs forte avec n6crose et perte de feuilles.(3) P.a interunez,iearn: p. deltoides r p. triehoeappa.
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jLa sensibillt6 E la roullle des clones P.r Jackti ne pr-e-
sente pas dfincoovioienr dans le cas dlune utilisation dans 1a p6nin-
sul-e gasp6sienne o0 l-es rouil-l-es apparaissent surtout aprAs la mi-ao0t,
peu de temps avant la fin de la saison de v6g6tation. Alnsi, leur
inpact sur la croissance ne peut 6tre s6rieux pour cette r6gion.

La croissance obtenue dans ces dispositifs ntest pas repr6-
sentatLve de ce que lfon peut ob,tenlr par une mell-l-eure cul-ture des peu-
liers. Alnsi, dans un des tests clonaux insta1l6s en 1973 au populetum,
sur un so1 de m6me qual-it6 nais mieux pr6par6 et fertilis6, les clones
Q-35-Q et C-22-Q avaient une hauteur de 1,43 mEtre E 1'6ge de 2 ans.
Dans ce cas les plants nront pas 6t6 d6racLn6s par le ge1- du sol, les
boutures 6tant plant6es obliqueuent.
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TREE IMPROVEMENT AT THE LAURENTIAN FOREST RESEARCH CENTRE, 1972-75

A. G. Corr irr."., I

Cavnd,i-an F on-e,stnq SenvLee
Launent'i-an Fonut Rers eaneh Centne-

Ste-Foq, Quzbze

Forest tree improvement programs are still in their inltial
phases in Quebec. Because of the large natural forests, the need for
such work has taken a long time to be recognlzed. Also successive
departures of the responsible geneticj.sts did not hel-p to accelerate
the progress. However, genecological studies and provenance trlals
are continuousl-y bringing interesting results on which will be based
Selective breeding during the next years. At. the LFRC, four studies
have as objectives the genetic improvement of softwood and,hardwood
species.

Additional- details of the progress accompl.ished prior to the
period under review were printed in previous reports to the Cornmittee.

PROVENANCE RESEARCII ON SOJTWgOD SPECIES

Between L955 and 1965 nore than 200 provenances and geographic
hybrids of white spruce (Pi"u". glauca (Moench) Voss), red sPruce (31"""
rubens Sarg.), Norway spruee (Pi"e" abies L. Karst), red pine (Piqus
resfnosa Alt.), Jack pine (Pinus banksiana Lanb) and Scotch ping Jgi""gsylvestris L.) were estdbl-iihed in several experimental tests within
different ecological regions of Quebec.

During the past few years, the emphasis has been placed mainly
on white and Nonuay spruces and to a lesser extent on balsam fir (4Ui99.
balsamea (t.) MilL) and Douglas fir (Pseudotsuga menziesii (Mirb.)
Franco). Seventy Norway spruce provenances from Roumania, Whlte Russia'
Lativian S.S.R., Germany, PoJ-and, Czechosl-ovakia, Bul-garia and Jugoslavia
were field planted at Valcartier Forest ExPeriment Station and at the
P,:ovincial Arboretun of l"latapedia. Survival has been excellent and growth
is very satisfactory for all provenances. It is hor'rever too early to
make a defl-nitive judgment on the vaLue of pauticular provenances for the
reforestation in Quebec. In addition, we have in nursery 40 provenances

r Th. author receivedhis Ph.D. degree from North Carolina State University
in October L974
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from White Russia and FinLand that will be field planted next spring
and 20 Pol-ish provenances r{rere sowed in L974. Norway spruce is surely
one of the most promising exotic species f,or the southern portion of
the province and we hope to find one or several provenances that can
outclass native species on comparable sites.

GENECOLOGY AND IMPROVEI'TENT OF BLACK SPRUCE

Black spruce (Piceg mari-ana (1,Ii11.) BSP.) genecoJ.ogical. study
initiated in l-968 has been continued du/ing the period under review.
Growth measurements were made on penilanently narked seedlings
after the first, the second and fourth g;rowing season in nursery. The
date of dormancy of each provenance rilas noted at the end of the second
growi.ng season.

A morphological study of black spruce female cones was started
in 1-971 and compl-eted in the winter of the next year. The cones of
sone fifteen trees per provenance were used. Measurements taken lf,ere:
cone weight, cone length, cone width, number of scales per cone and
spiralr maxlmum scale Length and width and color intensity of the cone.

Three tests of 90 provenances were established in 1974 at
Lac St-Ignace, forest region 8.2, Chtbougrmas (B.Ib) and Mont Laurier
(l.Ac;. Last spring three additional tests lrere completed in Amos (8.4)'
LabrlevilLe (8.La) and Val-cartier (t.3). At each location the design
used was a lattice with 6 replications. In addition, to provide inform-
ation about the geographically correlated genetic variation of black
spruce, the tests will allow the seLection of the more suitable prove-
'aances for the ecologlcal reglons sampled and the deflnition of seed
movements criteria.

GENETIC IMPROVEMEM OF I'IHITE SPRUCE

Measurements taken in eight tests of white spruce provenances
from the Great Lakes, St. Lawrence River and Ottawa Valley Region were
anal-yzed and outstanding provenances were identified. The material was
l-5 to 20 years old at time of the last ueasurements. Procedures hlere
taken to seLect, vegetatively propagate and to test elite trees within
the superior provenances. A minimum of one hundred clones will be
established in clonal seed orchards and cl-one banks during the next
years to provlde seeds for reforestation in ureridional Quebec.
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GENECOLOGY AND IMPROVEMEM OF YELLOId BIRCH

The yellow birch (!gt"l". alleghaniensis Britton) genecological
study has been inLtiated in 1968. Soure 400 parent-trees rePresenting
48 pr:ovenances were sampled and PhenotyPical-l-y described. Seeds from
the trees were sowed in nursery and seedling growth and dormancy dates
wet'e noted. In the spring of L972 three one parent progeny tests were
esEablished in the forest regions L.3 (LotbiniEre) L.6 (Ihtap6dia) and
L.4c (Fort Coul-onge). Mechani-cal and chemLcal treatments of the sites
were necessary to reduee the competition from the natural regeneration
and to insure a good growth of the seedl-ings. After two growing
seasons heights exeeeding two meters were recorded. It l-s still too
early to identify rrith certainty superior famil-ies. The tests wil-l be
later on transformed into seed producti.on areas (seedllng seed orchards)
by practieing fan:ily and wlthin family selections.
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BOUTURAGE DES PICEA, STE.FOY, 1972-1975

R.M. Girouard

Sertsiee canadien des for|,ts
Cqttre de ftecherehes forestiDres des Laut'entides

Ste-Foy, Qudbec

IMRODUCTION

11 y a n6cessit6 de conserver dans des parcs d clones des
ph6notypes sup6rleurs dt6pinettes pour fin dram6lioration. Bien que
le greffage existe cortrne m6thode de multipl-ication v6g6tative, il
lntroduit g6n6ral-emenE dans le nat6riel les variatlons des porte-
greffes issues de senis. Ltincompatibllit6 entre porte-greffe et
greffon peut 6tre total-e ou 1imit6e, lim6diate ou, dans certains cas,
ntapparaltre qutaprEs plusieurs annEes. Des cLones multipli6s par
le bouturage permettraient lrobtention dtarbres sur leurs propres
racines sans l-es complicatlons caus6es par lrincompatibil-it6 des
greffes.

OBJECTIFS DE LIEfl]DE

Ddvelopper des m6thodes pour La production en masse de bou-
tures de rameaux et 6tablir des banques ou des parcs E clones et des
vergers b gralnes en: l-. Mettant au point des techniques Pour pro-
mouvoir et acc616rer l-e racinement des boutures df6pinettes; 2. Etu-
diant les facteurs anatomiques et physiologlques qui lnfluent sur le
raclnement des boutures; 3. S6lectiorrnant et nultipliant des clones
pour lt6tablissement de plantations comparatlves (parcs E cl-ones) et
des vergers B graines.

PROGRES

Bouturage en serre

Pour d6termlner de fagon pr6cise les variations saisonniEres
du racinement, des boutures furent pr6lev6es p6riodiquement pendant
deux ans sur de Jeunes arbres dtune seule provenance de Lr6plnette de
NorvEge (Heea abiee (t.) Karst.). Le bouturage sf est effectu6 en
serre sous un brouillard artiflciel intermittent. Les r6sul-tats ont
indiqu6 que lf6poque 1-a pl-us favorable au pr6lEvement des boutures
6tait au printemps, Juste avant ou durant le d6bourrement. Une deuxiBme
6poque, molns bonne que l-a prerniEre, mais quand m6me recornmandable, fut
trouv6e B la ni-automne. Le bouturage en serre fut conpl-iqu6, surtout
durant 1t6t6, paf, des moisissures grises sur les nouvell-es pousses
(Girouard 1975b).
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Bouturage D lrext6rieur avec arrosage manuel

Des couches froides recouvertes de fibre de verre furent cons-
truites en p6piniEre pour recevoir en fin de Juillet L97O, 101000 boutu-
res senl-ligneuses. Lrarrosage, qui sfest fait manuellenent a coGt6 cher
en main-droeuvre. Ltexp6rience, termin6e vers la fin draoGt L97L, a t'e-
v6l-6 que seules les boutures dr6pinette de NorvEge avaient racin6 en grand
nombre. Le rendement des boutures sinples 6tait sup6rieur b celui des
boutures E talon. Les traitements auxlniques nront augment6 ni le pour-
centage de raclnement, ni Le taux de survivance des boutures (Girouard
L973).

S6l-ection et multiplication de clones dr6plnette blanche

Nous avons analys6 des donn6es obtenues en L969 par les membres
de l-a secti.on dram6lioration des arbres forestiers du CRFL, concernant 1a
croissance en hauteur de Jeunes arbres dans cinq plantations drun test de
provenances dr6pinette blanche (Heea gLatrca (Uoench) Voss) au Qu6bec.
La provenance 2438 (Peterborough, Ontario) est ressortie cornme 6tant trEs
sup6rieure E 1a moyenne dans chacune des cinq pLantations. Au d6but de
mai 1971, nou6 avons pr6l-ev6 sur chacun des 50 plus grands arbres une
moyenne de 30 boutures dans l-a moiti6 inf6rieute des tiges sans endonma-
ger les pousses termlnal-es des branches. AprEs une 6tude en serre sous
brouillard intermittent, on a trouv6 que guatre des meiLl-eurs clones pour
le bouturage d6passaient de 467" la moyenne erp6rirsentaLe, et que seule la
rnoiti6 des clones se bouturaient assez bien. Les r6sultats nous ont mon-
tr6 en d6finltlve quril faudrait augmenter l-e nombre dfarbres 6tudi6s si
on veut 6ventuell-ement choisir et multipl-ier au moins 50 clones qui sont
facil-es a bouturer pour 1'6tablissement de vergers E graines (Glrouard
L972)

Au prlntemps L972, des boutures de 100 des meilleurs arbres
pour croissance en hauteur de la pfovenance 2438 (Peterborough, Ontario)
furent pl-ant6es en p6piniEre dans une couche E ciel ouvert avec panneaux
lat6raux et brouill-ard artificiel- intermittent. Diff6rents mil-ieux de
bouturage furent comparEs et Lreffet dtune chaleur de fond sur le pour-
centage de racinement fut 6tudi6. Les r6sultats de ces exp6riences se-
ront publt6s blent6t. Les boutures racin6es furent repiqu6es au d6but
du moLs droctobre dans une pdpiniEre E Ste-Foy of l-e soL avait 6t6 trans-
fom6 E 1r6t6. Les d6ge1s r6p6t6s du sol E lrautomne ont soul-ev6 de terre
la moitl6 des plantes mal- Etablies. Ces pertes nous ont fait comprendre
que tous les repiquages en pleine terre doivent se falre avant 1a fin de
1f6t6 pour permettre un enraclnement fort des Jeunes pl-antes avant l-es
gels et d6gels autornnaux du so1.

En 1973, l-e rend€ment en p6piniEre de la couche E ciel ouvert
fut an611or6 et on peut dire que la phase de lr6tude appel6e rrperfection-
nement dtune couche pour le bouturage des Pieea en masse" fut E toute
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fin pratique termtn6e. Durant 1'hiver L973-1,974, nous avons d6ve1opp6 une
n6thode pour effectuer une s61-ectlon hdtive des clones sous conditions
semi-contr616es, et de comparer 1es clones s6lectionn6s drune ann6e E
l-'autre. Cette m6thode sera d6crite bient6t dans une publication.

Environ 51000 boutures dr6pinette blanche pr6lev6es sur l-00
cl-ones de la provenance 2438 (Peterborough, Ontario) et racin6es durant
l-'6t6 L974, nous ont permis de constater 1'am6l-ioration r6e1l-e de la
couche de muLtiplication depuis trois ans. On a pu comparer le rende-
ment des clones boutur6s en L974 avec celui de L972. En 1975, trne s6-
lection hitive des clones de la provenance 2438 stest effectu6e en serre.
Les plants boutur6s furent plant6s en p6piniEre et serviront E lt6tablis-
sement dans quatre ans soit drune banque E clones, solt dtun verger i
graines cLonal prEs de BerthierviLle, Qu6bec.

Parc d cl-ones en forme de haies

Un parc d clones en forme de haies fut inltile en 1972 pour 1'6-
pinette blanche E 1a Station forestiEre exp6rimentale de Valcartier. Le
parc fut transforml en L974. Les futures hales serviront i retarder le
vieillissement physlologique des clones et b fournir des boutures dans
cinq E six ans.
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PRELIMINARY STUDIES ON TOTAL GROWTH OF BLACK SPRUCE
IN THE JAMES BAY AREA OF SUEBEC

Donald A. Fraser

co neond.La r#'m;r rzffizi,fff!,zo u., canadn

The study of annual rings in forest trees has occupied the
attention of foresters, geographers, and biologists for many years
(Macdougal 1938, Glock L94I, 1955, Gaertner L954, Fritts 1-975). Although
the annual ring has prorrided rnuch needed information in dendrochronology,
the allocation of photosynthates not only to the annual ring but to the
total tree, both its vegetative and reproduetive parts, is of greater
significance to a forester. Interpretation of such data can be especially
useful in the study of changes in eco- and macro-climates, both natural
and man-made. Budyko (1974) in the USSR and Bryson (L974) in the USA

have forecast large-scale abrupt ehanges in world climate; these would
become reflected in total tree growth. Another aspect of such analysis
that offers practical application is the change in rj-ver flows as in-
fluenced by the James Bay Development ProJeet with its allied James Bay
Power Corporation.

The relative productivity per unit (needle, chlorophyll, dry
weight) of photosynthetic tlssue and the total growth form of the tree
are of particular interest when selecting tree breeding materi-al. Pro-
ductivity in terms of a single needle was estimated by Macdougal (1938)
for Monterey Pi-ne (Pinus radiata D. Don.) and by Fraser et al. (L964,
L969) for whi-te (Picea glauca (Moench) Voss) and black spruce (Picea
mariana (Mi11. ) BSP. ). The present study was uirdertaken to evaluate growth
productivity of black spruce in northern Quebec as it relates to future
development under unchanged environmental conditions. Black spruce l^ras

selected for the initial phase of the study because of its economic im-
portance, its wide distribution and because growth patterns of this species
have already been established at Chalk River, Ontario, where experimental
trees growing on the Corry Lake and Loon Lake Physiology Areas continue
to provide research material for parallel studies. The apical growth fore-
cast from that attained by the fall of. 1974 will later be compared with
actual growth produced in future years after local environment is changed
by hydroelectric developments and the r^rater table is lowered (Qpinaca River)
or raised (Lac Low, La Grande).

Trees were collected in the following regions:

(1) The flood plain of the lower Opinaca River, which will have
its waters partially diverted into the La Grande drainage
area rnrhen the hydroelectric development is operational and
where water tables will probably be lowered.
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(2) The Lac Low Area, where the newly flooded areas will raise the
general water table (Fig. 1).

(3) Other sample areas extended along the "Route dtAcces" highway
extending from the Rupert River to Val dtOr, Quebec.

Selected Erees were cut at ground level and placed in plastic
netting to prevent damage to branches and needles during the transPorfation
by air to Montreal, where they were stored at 4"C. The procedure of growth
data analysis followed that developed for white spruce (Fraser et al 1964).
l{hile the concept of growth "Summation" was developed to designate the
manner in which growth data are examined, a new diagrarn was later developed
(Fraser and l"lcGuire 1969) to facilitate the visualization of the added sums

of growth (Fig. 2).

The Summations here presented were obtained through analysis
of growth of a black spruce tree located on the flood plain on the north
bank of the Opinaca Ri-ver near Opinaca Headquarters site. It was growing
in an open stand and was 12 years old at stumP height. An abundance of
blueberries (Vacciniun anqustifolium Ait.) grew between the trees.

The Oblique Sunmation (Fig. 3) for this tree of the api-cal growth
of branches in meters showed a uniform increase from a few cm in 1962 to
a little over 8 meters Ln L974. The progressive uniformity shown in this
Sumnation indicates a minimum of envirorunental changes with no competition
from adjacent vegetation. The forecast apical growth summation for 1975
and 1976 is indicated in broken lines and approximates 9 and l0 meters
respectively. Several functions were investigated to assess their degree
of fitness suitable for calculation of future growth characteristics. The
power curve fit of y = axb where a and b are arbitrary constants defined
by the variables y and x which represent growth versus time, gave satisfactory
results for progressive apical growth summations when applied to growth data
followlng the initial e:stabllshment of the tree seedlings.

The Horizontal Sumrnation accounts for all branch gror^tth at each
internode (Fig. 4>. The total production for this Summation is primarily
dependent on the number of branches per node. Usually vegetative growth
i-s reduced during a good seed year. The Horizontal Sumnation for the
analysed tree showed peaks for 1965 and L967, years when there was a greater
number of surviving branches per node and probably poor seed years. The
data will be analysed at a later date when investigations of other trees
are completed.

The Vertical Sunnation (Fig. 5) sutrnarizes apical growth of the
branch internodes in relation to their time of formation. Thus all the
growth of branches during their first year, as represented by the extension
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Bay Hydroelectric Development Area,

of black spruce r,lere collectedrSept.1974.
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of the first internode from the main axis (Chronological Age 1) ' amounted
to only 2 L/2 meters. Branch growth of the second order of Chronological
Age invoLves all apical growth separated from the trunk by one internode.
This includes both primary branch gror^rth and adventitious shoots formed
during the second year on the branches of the first order. Thls amounted
to 3 I/2 meters. The following orders increased similarly up to the fifth
order when a maximum of. 5 L/2 meters of apical gro$tth was produced. A

progressive decrease followed.

The application of data frour this tree in northern Quebec in-
dicates the procedure considered for other specimens groldn both in northern
Quebec and on the Corry Lake and Loon Lake Physiol-ogy Areas on the Petawawa
Forest Experiment Stat,lon, Chalk River, Ontario. It will be necessary
to collect data from a number of specimens before conclusions concerning
growth reactions of black spruce in a north - south distribution range and
t.o future man-made alterations of the environment can be derived.
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SEED ORCHARDS AND SEED PRODUCTION AREAS IN ONTARIO

W.G. Dyer and K.C. Eng

F onut Manaqenent Bnnnel,t
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SEED ORCHARDS

In Aubrey Tovmship, Dryden District,
selected to hold white and black spruce clonal
in Site Region 45. Two blocks of each species
t975.

a new seed orchard site was
stock from plus trees selected
were planted in the spring of

An additional orchard site was acquired in the winter of L973.
This area has 135 acres and is adjacent (north) to the existing one acquired
in 1971. Situated in Tossorontio Township about 7 miles from Angus, the two
areas together are knor^m as the Glencairn seed orchard. Tn L973, thirteen
blocks of black spruce and nine blocks of whlte spruce were planted, and in
L974, four blocks of black spruce and twelve blocks of white spruce grafted
trees were planted in the southern portion of the Glencairn orchard. In
1974, trees of smaller sizes r^rere outplanted and a clump of grass was left
surrounding each orchard tree throughout the summer. After one growing
season these trees looked healthier in comparison with those in the previous
blocks and survival was greatly lmproved. It seemed that the small trees
required less moisture for transpiration, thus exerting minimum stress upon
the newly planted roots, enabling then to establish. The clump of grass
tended to reduce the drying effeet of the prevaillng wind ln this particular
orchard. In 1975, since most available stock was planted out, no new block
was planted. Planting involved rnainly refilling old blocks and the transfer
of one block of black spruce from a former orchard site. However, other
species such as Autumn 01ive, Russian Olive, Dogwood, Silver Maple and Viburnum
were planted in the Glencairn orchard for seed production and windbreak purposes.
Also a clone bank was established to accommodate surplus stock from the nursery.

Slnce L973, the task of plus tree selection was delegated to the
district staff throughout the prov-i,nce. The change-over is aimed at selecting
and preserving more superior specimens from a larger area within a shorter
period of time. Accordingly, the number of grafts made from individual trees
was reduced to propagate the increased number of plus trees. The grafting
operation at Angus for the seasons of L973-74 was as follows:
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Species

White Spruce
Black Spruee
White Pine

White Spruce
Black Spruce
White Plne

Total
Grafts

2,228
2,052

208

2,572
21639

569

Clones
Old* New

L973 - L974
18
4L

L974 - L975

Survival In
Greenhouse

s3%
697.
947"

the f 74-175 season
grafted, resulting

diversity in scion
due to intermittent

64
54

7

9T"A

847"
967"

108
ro2
47

* Regrafting from previous clone in seed orchard

The lower survival rates in the greenhouse in
was likely due to the increased number of new plus trees
ln a greater variation in graftability among clones and
qual-lty. Also numerous understock trees r^rere top burned
unusual nild spells in the second wi_nter.

PROGENY TESTING

Close co-operation was maintained with the Forest Genetics Group,
Forest Research Branch, in the progeny testing work. Local staff assisted
research staff in collecting pollen, isolati.ng fenale flowers, control
pollinating and harvesting cones. A total of 513 lots of white spruce and
182 lots of black spruce control-pollinated cones were picked. The cones
were measured, seed extracted, and cleaned by 1oca1 staff and delivered to
the research staff. In addition, 56 lots of cones from black spruce plus
trees were measured and extracted for one-parent progeny testing purposes.

FLOWER INDUCTION TRIAL

Research results by Dr. R.P. Pharis, University of Calgary, in-
dicated that exogenous application of plant hormones significantly enhanced
flowering in hal-f-sib Douglas-fir seedlings, lodgepole pine seedlings and
lobloll-y pi.ne grafts. rn May L975, under the guidance of Dr. pharis and
in co-operation with the Forest Genetics Group, a trial vras set up in the white
spruce seed orchard at Midhurst Nursery. A total of 83 trees were selected.
Some branches were girdled prior to chemical treatments while others \^rere
left intact as controls. At 10-day intervals GA 4/7 mixture in alcohol
solution was applied to the treatment branches at tr.ro concentration levels.
A total of 6 treatment intervals were used.
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SEED PRODUCTION AREAS

No pickable crops were observed in the 0ro Tounship red pine
seed prdduction area in the two crop years, 1973 and L974. Ammonium
nitrate was applied each spring around the first week of May at a rate
of 2 Lb. per tree.

A white spruce seed production area was established in a 2O-
acre plantation in Mutrie Township, Dryden District.

Four additional jack pine seed collection areas htere established
in Chapleau, Gogama, Algonquin Park and tr'Iawa Districts.
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GENECOLOGY AND RACIAL VARIATION IN PICEA

Alan G. Gordon

Sytnuce Re'sewteh IJwLt, Fonett Rueanch Bnanelt
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The objectives of genecological- studies in the spruce genus
(Picea) are:

To elucidate the contribution of species, forms, provenances
and hybrids in productivity systens;

2) To collect and l-nterpret information on genetic variabil-ity,
crossability and heritability in regard to genecology and
phylogeny of the genus Picea;

3) To evaluate the effect of provenances, seed zones (site
regions) in productivity systems; and confirm the validity
of the limits of movement of spruce stock between regions.

A manuscript on the taxonomic and genetic relatl-onships of
red and black spruce has gone forward to reviewers. This study r^ras

based on 1000 sample trees and covered the compJ-ete range of one
species and a representative sample of the other.

Sampling of our spruce provenance plantations continues.
These have been outplanted from the transplant stage for B to 16
years in several locations.

Flowering was heavy in L974 and cone collections for
varj-ation studles were made and coded frorn all the provenances in
one P. rubens and one P. mariana experiment. Heritability estimates
should be possible from some of this material. A P. rubens plant-
ation yielded several hectalitres of cones from local- provenances for
the tree seed program, Silvicul-ture Section.

In 1973, Plcea rubens was crossed with E. rubens, P. asperata,
P. asperata var. notabilis, P. meyeri, P. purpurea, P. omorika, P.
chihuahuana, P. pungens and P. mariana. Of these crosses, only the
P. rubens x P. rubens, P. omorika and P. mariana hrere successful. The
seed germlnation percentages of the P. rubens and P. omorika were
approximately the sane whll-e that ot-ttF]T,rbens-x ffiana varied
from 0 to almost 42.

1)
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Two P. omorika clones r^rere crossed with P. omorika, P. rubens, P.
asperata, P. asperata var. notabilis, P. meyeri, P. purpurea, P. koyamai. P.
chihuahuana and 3. pungens. These crosses all failed except P. omorika x P.
;ffi2 ger;in;Ti;;)-,x P. rubens (277 genrrination) and x i. "ttit""tt*(O.472 germination). This last cross is the first successful crossing known
for P. chihuahuana. There were 22 cones, L274 seeds, 12 full seeds of which 6

werJviable. --ilhese, 2 had reverse embryos. Four hybrid seedlings were
produced. The nr:rnber of full seed relative to those that were actually viable
(Z germination) provides an indication of the lack of suitability of this
criterion in crossing studies.

In L974, 14 intraspecific crosses involving 5 Picea species, and 49
interspeclfic crosses involving 16 species were made.
was crossed with P. rubens (2 provenances), P; @r

. rubens (1 to 8 clones)
chihuahuana, P. orientalis,

P

P.
P. purpurea, P. polita, P. maxj.mowiczii, P. koyamai, P . meyeri, P. asperata' P.
asperata var. notabilis, P. schrenkiana, P. engelnannii and 3. jezoensisl ^Tl"crosses with P. rubens x P. rubens (0-482 germination), x P. orientalis (.ull"
germination),-x f. en:n""n""m08% germination), x P. o-ri"i["G-Fz1[ ger-
mination), X P. polita (.577; germination), and x P. qchrenkiana (.047' germination)
were successful. The P. rubens x P. chihuahuana cross involved B clones, 292 cones'
25,L2gtota1seeds"rwniilonryz_'effi:oneoftheseseed1ingswhi1enot
chlorotic, rras pale and was subsequently killed by darnping-off fungi. Of these
crosses, those involving P. rubens x P. abies, P. polita and 3. schrenkiana are
questionable.

The P. rubens x P. abies cross is represented by one seedJ-ing out
of. 7790 seeds fron l-16 cones. That of the P. rubens x P. schrenkiana is re-
presented by one seedl-ing out of 2363 seed"-rr6Z-.onEs.-G ar" rg
seedlings of seed of the P. rubens x P. polita cross. None of the seedlings
from these 3 crosses are Eonffiea anE exh'ibit no hybrid characteristics as
yet.

Two clones of P. omorika were crossed with P. abies, P. pollta, P.
chihuahuana, P. purpureal f. ggligggi."ii, P. schrenkiana, 3. aJperata, P.
asperata var.notabilis. On1-y the P. ornorika x P. chihuahuana, a cross repeated
frour 1973, hras successfuL (.42 germination). There were 2 clones, 6 cones, 498
seeds of which 5 were filled, but only 2 viabl-e. The P. omorika x P. schrenkiana
and x ?. asperata var. notabilis produced singl-e fiL1ed "ffiicttJaiT,JaTo--germinate.

One clone of abies was crossed with P. rnariana, P. rubens, P.P.
polita, P. chihuahuana, P. koyamai, P. asperata, P. orientalis, all of which
were failures except 3. abies x P. rubens (.082 germination), x P. asperata
(.27 germination) and P. abies x P. chihuahuana (.087" germination). The P.
abies x P. rubens and x P. chihuahuana crosses are questionable. The former
ffipreienEJffi one seEdLGfrlffi-t277 seeds and the t-atter by 1 out of
1162 seeds. Neither seedling is confirmed.
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Crosses were made with 2 clones of
maximowiczii, P. sitchensi_s, P. asperata, P.
chihuahuana, P. purpurea and P. meyeri. Al-1
3. glauca x P. sitchensis (.47 gemrination).

P. glauca x P.
asperata var.
of these were

orientalis, P.
notabilis, P.
unsuccessful except

Crosses were rnade of 4 clones of P. rnariana x P. koyamai, P. asperaLa,
P. asperata var. notabilis, P. chihuahuana, 3. ""h.."ki*r@*1Til o.
purpurea, P. maximowiczii, P. abies, P. sltchensie and P. pol-ita. All- of these
crosses trere unsuccessful except P. mariana x P. asperata (.O72 germination).
ThiscrosSwasmadewith1-c1one,14co'!es'zs7asffit'on1y2v1ab1e.These
seedlings are unconfirmed.

t.
In 1975 crosses were made with two provenances of P.

omorika and P. chihuahuana. Results from these crosses wTll

A fully reciprocal P. omorika x P.
reported, was outplanted in L974. Heterosis
over both parents was still evident.

rubens P. mariana,
be reported later.

experiment, previously
vigour) of the hybrids(hybrid

The relationships of genetic variation on the nutrition, growth and
efficiency in spruce are being investigated by measurements and analysis of
different provenances and species in the same and different sites. Several
species and hybrids are being consi.dered.

Most of the experinental seedlings, representLng 28 species, 50
provenances, 14 forns and hybrids, have now been outplanted in experimental
plantations called rPicetar covering a cornplete range of pJ-ant hardiness
zones and site regions in Ontario (Boreal, North Temperate and southern Ontario
conditions). The planting is still not complete in all the rPicetat since the
varlous types, etc. have gror^m at different rates from germination. A very few
of the more slowly developing lots as well as repl-acements are still being
planted.

Initial height growth measurements have been nade in one Picetum.
There are of course, considerable differences in establishment and height
growth between species, but some provenanee differences appear quite in-
teresting as wel-l-. Some follow after earlier ranking order in the nursery
but others behave quite dlfferently.
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SWAMP, NECTAR AND EDIBLE NUT SILVICULTURAL RESEARCH

H. C . Larsson
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Selection

Three Jackii poplar (Populus jackii) wildings of exceptionally
fine quality were discovered in the Greenock and Burford swamps

in 1973 and in L974. They ranged from l0 to 3O years of age
and from 30'to 9O' in height. Cuttings were taken from these
trees in L974 for site-performance evaluation.

Trto red ash (Fraxinus pennsylvanica) an<l one green ash (Fraxinus
pennsylvanica var subintegerrima) tirnber phenotypes were located
in the Burford swamp. They are being propagated by greenwood
cuttings in the misting bed at Maple and will also be site-
tested in some of the main swamps in southern Ontario. Mr. Shane
Walshe, Botanist, reported finding 36" (90.2 crn) black ash

(Fraxinus nigra) in the Atikokan District. Greenwood cuttings
will be taken from the best of these trees in early July 1975
and planted in the misting bed at Maple. The rooted cuttings wiLl
be later site tested on the lowlands of southern Ontario for their
timber potential.

Propagation

Forty-two percent (2L25) of 50OO unrooted silver maple cuttings
from 19 clones planted in the rnisting bed at Maple in 1972 were
alive in November 1973. They will be out-planted in the spring of
1974 in two seed orchards and in four swamp s.'ites in southern
Ontari-o.

In July L973, a grand total of 27OO silver maple cuttings were
planted in a misting bed and a total of 494 were transplanted to
the nursery in spring of L974. A total of IOOO more cuttings
in L974 were planted in the misting bed at Maple. These were
taken from 14 tirnber clones, 24 were from a wavy grained selection
and 49 were from an exceptionally "sweet" heavy sap producing tree
in the Beverly swErmp. In addition 467 green ash and 100 red ash
cuttings from an exceptionally high quality population were planted
in the misting bed in early August' 1973 and in early July of 1974.
These will be later planted in a seed orchard and in a number of
swamps in southern Ontario.

Silver Maple Seed Orchards

There was almost 100 percent survival. Growth ranged from poor
to excellent at the orchard at the Forest Tree Nursery' Orono. A
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second silver maple seed orchard of 14 selections was established
in a nectar grove at Winghan and a third a*- Glen Cairn, near Angus.

Provenance Studies

Since L97L, 14 silver maple provenances have been collected
from naturally-occurring stands scatt-ered throughout southern
and northern Ontario and planted in the nursery at Maple. They
were outplanted in a randomized and replicated design in the Elderslie
and Minisinq swamps in the spring of 1974.

The purpose of this project is to establish a gene bank for the
preservation of as many genetical features of silver maple as
possible which then can be incorporated into any future breeding
program of this valuable species.

Establishment Studies

One and two year old rooted cuttings of 14 silver maple tirnber
selections were planted cn mounds in the Elderslie, Minising and
Luther swamps as well as 800 Jackii progeny from controlled crosses
of eastern cottonwood and balsam poplar timber types to determine
their growth potential on such sites.

Silver maple progeny and eastern cottonwood and Jackii poplar
clones which had been planted since 1970 in the Elderslie, Luther,
Minising and Puslinch swamps appear to be established on all sites
below l0o0r (3I9 M) elevation and not at all on those sites at
1700r (520 M) elevation.

I'lounding Plow

The Mark III mounding plow mounded 3O acres in the Efderlie and
about 90 acres in the Minising Swamp complexes, Valuable sugges-
tions were made by the field staff for improving the performance of
this experimental machine. These were incorporated into the plow
in 1974 and tests that year indicated greatly improved performance.

TULIP POPLAR HARDINESS TRIALS

Three tulip poplar strains from the mountains of West Virginia,
Ohio Valley and from the Lake Erie District were planted in a
replicated and randomized design in 13 locations stretching from
Cambridge in the south (Latitude 43" 2O") to North Bay (Latitude 460
28'1. Generally alL strains grehr well on all sites. Their winter
hardiness features will be carefully recorded. The greatest height
growth occurred in L974 on those tulip near Powassan. Some trees
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grew five feet in height in L974. tlnfortunately this species
is not programed for the spring, winter and faIl conditions
at this latitude and were killed back in the winter of 1975.
The objectives of this study are to determine if the range of this
val.uable species can be moved further north than the shores of
Lal:e Erie and at the same time to select and propagate any hardy
trees within each strain.

NECTAR TREE RESEARCH

This program was greatly expanded in 1973 and in L974 by locating
and propagating by cuttings and roots 14 nectar-producing black
locust (Robinia pseudoacacia); by budding 150 basswood (Tilia
americana) grafting stock to two nectar produc:ing selections of
our fiffie basswood and two nectar producing selections of European
linden (Tilia platyphyllas). Preliminary arrangements were for
the establishment of three nectar groves. One of the orchards
near Clinton, has already been partly planted or sown too with
Ohio buckeye (Aesculus glabra), black locust, silver maple (Acer
saccharinum), American basswood, staghorn sumac (Rhus typhina),
honey suckle (Lonicera tatarica) and Japanese lilac (Syringa
reticulata).

EDIBLE NUTS AND WILD FRUIT RESEARCH

Very litt1e effort has ever been made in Ontario to select
superior strains of our native nut and wild fruit species for
wildtife and human consunption. To-date, one bl-ack walnut,
(Juglans nigra) and one beaked hazel (Corylus cornuta) and one
red mulberry (Morus rubra) one high bush cranberry (Viburnum
trilobatum) and one Saskatoon berry q4*angligl alnifolia) and
one elderberry (Sambucus qanadensis) were discovered in southern
Ontario. These will be propagated in the nursery by budding,
cuttings or by bush division in the summer of 1974.

Special mention of the Burns black walnut must be recorded
here. The nuts from this selection were given the cracking
test by Dr. L.H. l,lacDaniels, Cornell University in 1973 who
stated that the Burns walnut is a very superior nut in cracking
qualities and should be propagated as soon as possible as it
had definite commercial possibilitj-es. The other nut and fruit
selections mentioned here must be given further tests to determine
their potential

The Ministry also donated filbert and sweet chestnut cultivars
t,o the Royal Botanical Gardens to be incorporated into their edible
nut arboretun.
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GENETIC IMPROVEMENT OF SPRUCE FOR ONTARIO, 1973-74

R. Marie Rauter

Ontanio Ministtg of Natural Resources
Fov,e st Reseaneh Brarteh

Maple, Ontario

During these triro years, the emphasis of the genetic improvement
prograrnxne has been on black (Pi.eea mayiana (Mi11.) B.S.P.) and white spruce
(P. glauea (Moench) Voss). Controlled pollinations in the seed orchards has
continued. In additi-on, testing of other types of selected material has
started. Vegetative propagation of cuttings has been quite successful and
more effort is being directed towards this aspect of the programme. Interspecific
hybridization work is being continued on a smaller scale.

SELECTION AND IMPROVEMENT OF BLACK AND WHITE SPRUCE

In L972, the Forest Management Branch of our Ministry established
target objectives for the artificial regeneration prograrnne for the next 30
years. The anticipated requirements are for 425 million white and 625 million
black spruce seed. This is a three-fold increase of present needs. The
challenge in the tree improvenent progranme is to ensure that genetically
improved seed is available to meet these targets.

In order to obtain sufficlent quantities of improved seed and
stock of white and black spruce, the work prograrme has developed along 4
lines. These are 1) testing of seed production areas, 2) preliminary testing
of plus trees as they are selected, 3) testing of plus trees which are established
in the seed orchards, and 4) rooting and testing of superior seedlings selected
in nurseries throughout the Province.

Testing of the seed production areas will provide such information as
the quality of the seed and the attainable gains in the various areas selected,
within and between stand variation, and juvenile-mature correlations of
individual trees for each stand. The testing of some areas has started
and larger comparative tests will be established as the seed production
area progranme develops.

In recent years, when seed was available, it was collected from black
spruce plus trees at the same time that the scions were collected. In the
winter of. L975-76, much of this seed will be germinated and one-parent
progeny tests started. As data is collected from these trials, some of the
poor combiners will be el-iminated before they are established ln the seed
orchard. Any trees elininated at this stage wil-l reduce the number of
controlled pollinations required in the orchards.
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Testing of the seed orchards started several years ago. Controlled
pollinations using the bi-parental urating design described in the last
report has continued in both the black and white spruce seed orchard for
the northear;tern area of Ontario. During the springs of 1973 and I974, several
thousand flowers were bagged and pollinated, and sufficient seed is available
frorn some of the crosses to start repli,cated trials. Intensive testing
will begin next in the north-central area of, Ontario. Eventually, the
bi-parental mating design will be used on this orchard and on all other
orchards across the Province where spruce is economically important.

In the fourth area of endeavoup, superior seedlings have been selected
in six nurseries for the past three years. These selections, along with
some average trees as controls, have been placed in a holding area on or
near the nurseries. Now that the selected trees are large enough, vegetative
propagation by means of rootlng cuttings can start in August of L975 or in
the spring of. L976. The selecti-ons will be evaluated for their ability to
root and the subsequent growth performance of the cuttings. The best clones
will be propagated on a much larger scale.

VEGETATIVE PROPAGATION BY ROOTING OF CUTTINGS

Our original experiments at the Maple Station showed that rooting
cuttings was a feasible means of reproducing large quantities of genetically
improved stock. Thus a mist house was built at one of our southern
nurseries for large-scale propagation. Although for the first trdo years some
adverse conditions with temperature and humidity existed, many of the clones
rooted quite well. Modifications have been made on the rnisting system and
the interior conditions, so results should improve with the 1975 experiments.

During 1973 ar:.d I974, material was collected from selected, young
white and black spruce trees in seed producti-on areas throughout Ontario.
Several experiments were established with this material to determine the
best techniques for rooting. Cuttings were taken with and without a heel
of old wood. Coarse sand was conrpared to combinations of peat and sand. Cuttings
were dipped in indolebutyric acid, captan, or a combination of indolebutyrie
acid and captan. Rooting in the open bed was compared to that in Japanese
paper pots and the Ontario non-split plastic tube. Under the conditions
which prevailed in the mist house, some of the best results were produced when
cuttings were taken with a heel of old wood and planted in a mixture of 757"

sand and 257" peat. Invariably the highest rooting percentage was obtained
when no dip was used. Rooting percentages were best in the open beds, but
the roots tended to wander and many were broken when lifted. The results
using the Japanese paper pot were almost as good yet the roots were somewhat
restricted by the pot. The main advantage of the paper pot is that the
cuttings can be transplanted with minimum disturbance to the root system.
Species and clonal variatlon was the most important factor in all of the
experiments. Many of the white spruce clones had rooting averages of over
9O%, but few of the black spruce rooted better that 257". Some clones have
been selected as good rooters and are being raised for outplanting tests
to determine their growth performance in the field. Those that do well will
be mass produced and entered into the artificial regeneration progranme.
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Table 1 Height growth for interspecific spruce hybrids.

Species Population Average total
height (mn)

hreighted average
height (rnm)

Expt. 1

P. glauea

Three-year height

r jezoensis

gLauca

glauea x sitehensis

Expt. 2 Two-year height

P. omoy"Lka r ornortka

P. nnriqna

P. omoz.i,ka a mariana

growth of ?. glauea and two hybrids.

sP147 158
sP150 191
sP155 2L9

Bulk population 289

sP151 258
sP156 29r
sP153 322
sPl_48 342

289

307p

L97

rheir hybrid.

84

gronth of P. omoTika,

5P277
5P276
sP272

Bulk population

5P279
5P273
sP278

P. mariana and

75
88
90

103

116
rt7
128

103

L20

Expt. 3 One-year height grordth of P.

P. abies open-pollinated SP235
SP107

P. koyanat open-'polli.nated SP104
sP42t_

P. ahies n abies SP241
SP236

P. abies r koyamai 5p244
sP245
sP246

abies, P. koyunai and

48
6L

74
85

73
82

90
95

103

their hybrid.

55

79

77

100
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INTERSPECIFIC HYBRIDIZATION

Although this aspect of the programne has received less emphasis
ln the last few years, several promising hybrids have been produced. The
P. glauea n sitehensis (Bong.) Carr. hybrid perforned very well- in the nursery
and was outplanted in three different locations in southern and central
Ontario in the spring of. 1974. Two areas were open and the third was under
a light overstory of young poplar. The abil-ity of this hybrid to overwinter
in the fiel-d will be a determining factor in its usefulness and economl-c
value in Ontario. Two other hybrids which show promise are P. omov'ika
Purkyne x marimta and P. abi.es (L.) Karst x koyamai Shirasawa. The
following tabLe shows the average heights for these hybrids. The crosses
which can maintain superiority in field plantings will be repeated on a
larger scale.
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POPLAR AND PINE BREEDING IN 1973 AI{D 1974

L. Zsuffa

Onta.rio Min{stry of Natu.z,al Resourees
Forest Reseanch Braneh

Maple, Ontario

The aims and achievements of poplar and pine breeding at the Forest
Research Branch, Maple, Ontario, were sunmarized in the report submitted
to the 14th Meeting of the Canadian Tree Improvement Association (Zsufta,
L975a). Here, the developments in 1973 and 1974 will be briefly discussed.
The poplaz, breeding, selection and propagation continued for the following
types of culture: (1) for good poplar sites in Southern Ontario, (2> for
poor poplar si-tes in Southern Ontario, (3) for Northern Ontario, and (4) for
poplar farming. The white pine work concentrated on breeding and testing
of Pinus gri,ffithii ltcClelland r stnobus L. hybrids and on the vegetative
propagati;n. In hard pi,nes advancements were made in Sreeding and testing
of hybrids, in identification of earli-er produced red iline (Pinus resinosa
Ait.) interspecific hybrids and in vegetative propagation of jack pine
(Pinus bmtksiana Lanb) .

POPLAR

On good poplar sites (such as fresh, well-aerated loams) in Southern
ontari-o, the best P. t euramerieana (Dode) Guinier (P. deltoides Marsh x
P. nigna L.) clones performed well (Table 1). The clonal variation was
large. In many instances it amounted to more than 50% in height growth and
l-00% in diameter growth. Large variatioh was also observed in site tolerance,
and frost and disease resistance of clones. The rank of the clones
usually changed every year and stabilized only after the fourth or fifth
year of growth. Although satisfactory clones were selected for large scale
propagation on good poplar sites, the potential of P. deLtoides r nigra
hybrids on such sites was further explored by making new crosses between
selected Eastern Cottonwood trees from Ontario and P. nigra from
Czechoslovakia, Hungary and Yugoslavia.

On poor poplar sites, such as poorly drained, acid, heavy, shallow
soil-s or poor sands, the P. t euz,amerieana clones do not grow satisfactorily.
Large areas of such unutilised land are available in Eastern and Central
Ontario. Balsam poplar hybrids show promise in these conditions. Therefore,
the breeding and clonal testing of P. x Jaekii Sarg., P. deltoides t jaekii,
P. balsani,fera L. r deLtoides and, P. balsunLfera r nigra has expanded.

The breeding and testing of hybrid poplar for Northern Ontario has
continued. Several thousand progenies of various poplar selections and
crosses were outplanted in nurseries and observed for frost hardiness, disease
resistance and growth performance. The ortets of silver poplar (P. alba L.)
and aspen hybrids tested in these series were not frost-hardy. The clonal
propagation of 42 promising frost-hardy ortets of P. deltoides var. oceidentalLs
Rydb. and P. t Jaekii was initiated after four years of observations. New
crosses were made between P. baLsunLfera from Northern ontario and P. deltoides
from Southern ontario, and between P. tnerruLoides Michx. and P. dauidiana Dode.
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Table l- The growth of the best P. x eutamez"Leana cLonel; in trials in
Southern Ontario *.

Years after planting
234

AVERAGE
HEIGHT
GROI,ITH (n)

Annual

Total

3.02.2t.7

8.1

t.2

5.12.9L.2

2.2

10. 3

AVERAGE
DIAMETER
GROI^ITH

(oru1 (cn)

Annual

Total

2.O

2.O

4.6

LL.2

3.7

L4.9

4.6

6.6

* Unrooted, 30 cm long sten cuttings planted in prepared soiL; the
spacings varied from 3 x 3 m to 5 x 5 m.

The concept of producing l-arge volumes of popl-ar biomass on intensively
managed, densely-gror^rn, one- or two-year-old coppices of hybrid poplar
clones, in a system of farming rdas further tested and advanced by two
studies. (1) One study rdas to determine the yield and wood quality of two-year-old
coppices of 35 P. s euronez,Leuta clones (Anderson and Zstffa, I975a). The
clonal variatlon was considerable in every aspect anatrysed. The clonal
production rates varied from 26.1 n3lna to 161.4 n3/Ua in green volume,
and from 9.9 tonnes/ha to 38.3 tonnes/ha for oven-dry biomass. The clonal
values for average weighted specific gravity of bole xylem ranged from
0.234 to 0.341, and the fibre length from 0.60 to 0.87 nm, the highest
clonal values (for juvenile, fast-grown xylen) approaching the specific
gravity and flbre length of mature, slower grolnn poplar. (2) Another
clonal study concentrated on the total above ground biomass (foliage, wood
and bark) of one-year coppice growth and its protein content (Anderson
and Zsuffa, 1975b). Four P. s euname?tcana clones and one P. grandidentata
Michx. t aLba clone were studied. The clonal variation in foliage-,
wood: and bark-volume \'ras more than three-fold (9 to 32 tonnes /ha of
oven-dry total bi.omass at the end of the season). The foliage and
coppice (wood and bark) contributed equally to the total mass. The
clonal variation in foliage-coppice volume ratio was small (L0% or less).
The clonal variation in moisture content was larger in the wood and
bark (up to 50%), than in the leaves (207" or less). The clonal variation
in crude proteln content was significant and larger in wood and bark (uP
to 1002) then in foliage (257" or less). The study gave positive
indications that the yields and feeding values were comparable or
superior to some agricultural food crops. The wide clonal variation in
many of the yield characteristics in the two above studies shows that
high selection potential exists among the clones examined.

0
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WIIITE PINE

Many of the Pinus grnffithii r P. strobus hybrids are vigorous in growth
and exhlbit a practical level of resistance to blister rust (Cronartium
rLbicola J.C. Fisch ex Rabenh). The advanced generations of the hybrid seem
to maintain these characteristics. In a replicated field trial,
with eastern whlte pine (P. sttobus) as control, at 6 years of age, a
P. (g?Lffithii r strobus) n (griffithii a strobus) progeny outgrew the
control by 397" in height. More experimental plantations of this type
have been established in Ontario to gather information on site tolerance.

Considerable variation exists between, as well as within, the progenies
of P. gniffithni r stnobus. A study of l4-year-ol-d grafted trees belonging
to eight clones of a half-sib showed significant variation in all analysed
traits (Zsuffa, 1975b). The variation amounted to 52% in tree height, LO97"

in diameter (DBH), 6L% in branch length and 377" in branch angle. The
broad sense heritabilities calculated for these traits pointed to the
genetic gains which would be achieved in clonal propagation (Table 2).

Table 2 Means, broad sense heritabilities and predicted genetic gains in
individual selection and clonal propagation of eighE ortets of a
P. gr'Lffi.thii r stz,obzs half-sib.

Trait Meanx h2 Genetic gain (A c)
in units %

Tree height -

Tree diameter

Branch length

Branch angl-e -

(n)

(DBH) - (crn)

- (rn)

(degrees )

3.1

3.6

L.2

50. 0

o.62

0.45

o.76

0.71

0. 33

0. 4B

0.18

5.60

11

13

15

11

x for 5 grafted trees, L4 years of age

The clonal propagation of white pine can secrrre significant gains in
growth. It can also preserve the genetic gain achieved ln the selection of
blister rust resistant trees. The rooting trials established with cuttings
taken from such trees of P. gnnffnthii r stnobus and P. stnobus gave a good
indication of the ease of rooting and resulted in the selection of easily-
rootable types (Zsuffa, 1973).
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HARD PINE

The breeding and testi-ng of the earlier reported (Zsuffa, I975a)
promising Pinus rigidn Mill. r taeda L. and P. densifLota Sieb. et Zucc.
r nigra Arnold r syLuestr"is L. hybrids has continued. In the spring of
L974 approximately 350 pollinations of the above types were made. Also,
seedling stock was raised and several experimental plantatLons were
established to collect information on site tolerance and field performance
of these hybrids. These replicated trials have red pine planted as
control. In the oldest plantings, the growth of hybrid hard pines (Table 3)
confirned earlier observations made on their vigour in arboreta.

In previ.ous years, attelnpts hrere made to produce interspecific
hybrids of red pine by using highly irradiated (200,000 R) recognition
pollen of red pine. Fehr putative hybrids of P. resinosa r nigra and
P. resinosa * densiflora resulted (Zufa L97La, 1971b). The identity of
these hybrids was verified by descending rwo-dinensional paper chromato-
graphy, run on polyphenol extracts prepared from needles of parent species
and thei-r hybrids, and after the chernical affinities to each parent were
calculated. Another method of hybrid determination, using needle anatomy,
especially with reference to thickness of hypodermal layers and position
of resin canals, was evaluated. The P. resinosa & nigta hybrid was
identified by this technique. Ilowever, the two-year-old needle material
appeared to be too variable morphologically at such a young age to be
consistently distinct. The work on the determination of hybrids was conducted
by Mr. It. I^t. Anderson, in co-operati-on (Forest Research Branch, L974).

Table 3 The height growth of Pinus (densi.fLora n nigr.a) n (syluestris) and
P. densiflora t nigna in test plantations in Southern Ontario,
Huronia District (Barrie area).

Hybrid pine tested Ag"* Mean tree height (rn)
(yrs) llybrid pine Red pine

(control)

P. densiflora x nigra

P. (densiflora x nigra)
x sylvestris

0. 70

1. 65

0. 50

1.05

x Physical age of trees. Plantations established on unprepared light
sand, at2x 2nspacing.
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Jack pine trees in plantations show large variation in many traits,
of which the growth rate, stenr form and branching are very obvious' and at
the same time silviculturally inportant. The vegetati-ve propagation of
jack pine, if feasible, would al1ow the tree breeder to capitalize on fast
growing genotypes of good form. Clones would also be useful in the study
of genetic traits, and the preservation and replication of selected
genotypes in seed orchards and breeding arboreta. Little is known on the
rooting ability of jack pine. We attempted to root cuttings taken fr:om 6-
and 10-year-old trees under lnternittent mist, using the facilities and
applying the conditions already established for rooting of white pine and
spruce cuttings. A high percentage of the cuttings of all clones callused.
However, a number of callused cuttings later died, possi.bly due to
conditions in the propagation house. Some of the jack pine cuttings rooted
and developed well-balanced root systems with many fine side roots (Zsuffa,
L974). The influence of several factors on rooting was studied. Clonal
variation in rooting was observed. In general, 6- and lO-year-old ortets
rooted sirnilarly. The ortets with heavy, long branches rooted better than
the ones with light, short branches. Cuttings taken from second-order
shoots rooted and survived like those taken from third-order shoots.
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RESEARCH ON TREE GENETICS AND BREEDING AND TREE SEED
AT PETAWAWA FOREST EXPERIMENT STATION

1973-75
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The purpose of this paper is to give an outline of research on
tree improvement at Petawarra Forest Experiment Station for the period
L973-75. The report will deal with general strat,egy, trends, and
highlights. Detailed reports on individual- species are given in these
Proceedings by E.K. Morgenstern, C.W. Yeaturan, M.J. Holst' B.S.P. Wang'
B.D. Itaddon, D.F.W. Pol-l-ard and K.T. Liogan.

PROGMM DEVELOPMENT

Re-organi zation withln the federal Department of Envi.ronment has
resulted in the diversion of resources from existing programs, including
those of Petawawa Forest Experiment Station. Consequently the labour
force used ln the nursery and experimental- plantations has been consi-der-
ably reduced. Ilonrever, we have been able to maintain our professlonal
manpower levels. Re-organizaxLon of prograos wi.thin the Station has made
it posslble to create a neril professional- position for selection and
breeding of hardwoods for operational and urban forestry. This position
has not yet been fill-ed.

Red pfne. Scots pine. and Nor:nray spruce

As a resul-t of manpower restrictions it has been necessary to reduce
the range of our act,ivities. The research progrztms on red pine (Pi,nus
nesinosa\, Scots pine (P. sgluestnis) and Norway spruce (Pieea abies) are
in abeyance for the tine being. Current trial-s of these species are on
care and maintenance, and no new work on these species is planned in the
near future.

Results so far indicate that red pine provenance selection can give
increases of LOiL in height growth and 20% in vol-ume growth.

Larch

A surge of interest in larch (Lavis spp) has occurred both in
Ontario and Quebec. Interest is focussed on tamarack (Larir Laz"Lcina)
at the moment, but there is also interest in introduced larch species
and their hybrids. Petawawars research on i.ntroduced species tril-l ln
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future concentrate on larch. It has already been found that the hybrid
Larix deeidua x Leptolepis grows well in the Acadian and Great Lakes--
St. Lawrence Region.

White spruce

The program received a temporary set-back tn 1974 when the
scientist responsi-bl-e for the white spnrce (Pieea glanea),Dr. A.H. Teich,
transferred to the Canada Department of Agrlculture research establishment
at Harrow, where he is now breeding wheat. There have been some problems
in refilling the position, and Dr. Morgenstern has acted as supervisor of
the progran for one year. t{e shall be replacing Dr. Teich in the near
future.

During the period L974-75, Dr. N. Dhir has worked on the Station
as a post-doctoral fellow under the aegis of the National Research
Council. His work is nainl-y concerned with the quantitatlve genetlcs
of white spruce, particularly with respect to the populations of the
Ottawa Val-ley. During hls two-year stay he will also be reviewing the
evidence of genetlc variation of trees and shrubs in tolerance to air
polJ-ution by gases and heavy metals.

Seed collections are still being made for an all-range white spruce
provenance experi-ment in cooperation with the provincial goverfltrents.
Coll-ections are being made on a si-ngle tree basis, and so far there are
about 1000 seed lots. However, there is stil-l- a large gap in the
collections from seed sources in north-western Canada.

The wide-ranging success of the white spruce from Beachburg and
Dougl-as (Ont.) has led to a closer look being taken at the white spruce
populations of this part of eastern Ontario to see whether or not these
superior provenances are representatives of a much large superior seed
source. The tested superior white spruce provenances are in great demand
both in Canada and the USA, but the source stands are sma1l and scattered
and in some danger of being lost. Seed orchards of tested superior
provenances have been established by the Canadl-an Forestry Service and by
the Ontario Ministry of Natural- Resources to protect the gene resource.

In the spring and earl-y srrrutrer of L975 many of the white spruce
trials on and near the Station hrere severely attacked by spruce budrporm
(Chortstoneura funiferana) I-arrrae. The plots were sprayed but the
infestati-on is still a serious problem and we expect some losses of
trees.

During 1974 there nas a good white spruce cone crop and a great
effort was made to col-l-ect seed. Seed quality was generally good, but
in some locations many seeds were empty, with full seeds producing
urany alblno plants.
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Black spruce

The black spruce (Pieea mayiana) program has, over the past tvro
years, been mainly concerned with reporting past trials and establish-
ing an all-range provenance trial and progeny tests in liaison with
the provincial governments and other cooperators. The sites have been
selected and many trials have already been established.

It has become evi.dent that refined methods must be used in
selecting plus-trees of bl-ack spruce for growth performance. Results
from a diallel- cross have given us a deeper insight into genetlc
control of growth in black spruce.

The 10-11- year o1-d black spruce provenance trial in Ontario was
remeasured. Survival has been good but some probl-ems have been
encountered with ArrniLLayea mellea lnfestations.

Jack pine

The results from the 1973 measurements of the 10 year old Jack
pine trlals have been analyzed, and it is evident that at most locations
Local or nearby seed sources have height growth that is usuall-y of high
rank, although it may not always be the best. There are exceptions,
where the local seed source produces trees with appreciably poorer growth
than more distant seed sources. Differences in resistance to scl-eroderris
(Grerwneniella abi.etina) attack Ermong provenances have again been observed.

Progenies from open-pollinated trees rdere tested durlng the period
covered by this report, and groroth differences as high as 257" were
observed at l-0 years of age. Work was carried out on the possibility of
selecting jack pine for stem and branch character, and on the effective-
ness of mass selecti-on. Some problems have been encountered in the
grafting of this species, but these are l-ikely to be overcome by better
scion storage and treatment prior to grafting.

The research results so far have made it possible to advise both
provincial- forest services and the forest industry on the best ways of
controlling and sel-eeting seed and protecting gene pool-s under threat"

Growth acceleration

The growth acceleration systen developed by Dr. D.F.I,{. Pollard
and Mr. K.T. Logan reported in the last Proceedings, has been used
with great success, and has greatly reduced the time and cost of some
of the physiology and genetics research. The research was extended to
determi.ne, at the request of the Ontario Ministry of Natural Resources,
the best regimes of photoperiod, humidity, temperature and COz for
tubeling jack pine (Pirws banksiana), whire spruce (Pieea gLatiea) and
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black spruce (Pieea natiarta); the resul-ts are now ln use in large-
scale progrurms in plastic greenhouses.

$creening of young trees for genetic variability, superior growth
and hardiness

Atternpts were made to assess the value of chemotaxonomic methods
for rapid assessment of white spruce variability. Seedling terpene and
isoenzyme contertts lrere examined. In the case of terpenes, differences
between collections were found but were difficult to interpret. Iso-
enz)lme resul-ts are stil-l- being analysed, and wil-l- be used to examine
the extent of the superior Beachburg--Douglas seed source in Ontario.

Development of early screeni.ng techniques for superior tree
growth require an understanding of the physiological and rnorphol-ogical
basis of dlfferences in tree growth rat,e. During the period of the
report the work in this field has concentrated on studies of bud
morphogenesis and free growth in spruce, as related to grolilth differences.
These features were exanined in the IUFRO International Sitka Spruce
Trial at the Station. As part of screening research a rapid test ttas
devel-oped for white spruce tolerance of low temperatures.

The Tree Seed Centre

The number and complexity of requests for information, seed,
processing and testing greatly increased during the period of the
report. The Centrefs international involvement increased also, with
requests being received from 20 countrles.

The Centre has become the accredited Canadian member of the
International Seed Testing Association, responsible for testing tree
seed. A Forestry Officer, Mr. B.D. Haddon, joined Mr. Wang's tean to
assist with the increasing work l-oad.

During L974 tl:.e Seed Centre was heavily invol-ved in the white
spruce seed collections in eastern Ontario.

RESEARCH FACILITIES

During the review period, the old nursery buildings were removed
and replaced by modern offices and an implement storage shed. In
addition the old PDP-8 computer, which had given good service but was
suffering from ol-d age and obsolescence, rras replaced by another unit,
a PDP-llE of much greater power and flexibil-ity. A fire proof vault
has been built to store valuable experimental records, together with
a cool room for plant and seed storage.

The Tree Seed Centre has had its bank of gernination cabinets
and col-d store facilities considerably increased.
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TTIE FUI"I]RE

At present there is no sign of an lmprovement in the availabiltty
of resources for research and any future plans must of necessity take
into account this const,raint. The main handicap is the shortage of
sunmer labour to p1-ant, clean, spray and measure the plots.

Within our resource f-imits, the main goals are to:
1. Complete the reporting on existing long term tri-als.
2. Establish the all-range black spruce trial and associated progeny

tests.
3. Complete white spruce seed collection for an al-l-range trial,

examine in depth the variation and extent of the superior
Beachburg--Douglas provenance, and move into the within provenance
selection and breedlng phase of the white spruce progr€m.

4, Examine further the within and among provenance variation of jack
pine, and initiate plus tree selections

5. Increase research effort on larch selection and breeding, and
decrease work on Scots pine, red pine and Norway spruce.

6. Initiate a progr€rm of selection and breeding of hardwoods for
operational and urban forestry.

7. Pursue further the physiol-ogical be.sis of tree grolrth differences
and develop early screening methodsl for tree growth and hardlness"

8. Consolidate the Tree Seed Centrers role as a national- seed testing,
infonnation, and seed procurement body, and increase research on
seed testlng, storing and pre-treatment.
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THE INTRODUCTION AND SELECTION
OF EXOTIC TREE SPECIES,

PETAWAWA, 1973-74

M.J. IIolst

Canad)-an F onubtq SenvLee-
Pe,tatnua Fonut. Expwinut Station

ChtLb R'Lvelt, )ntnnio

The emphasis of
(ticea abies (1.) rarst.),

this project has been the stud.y of Norway spruce
Scots pine (I'inus syl-vestris (L.) and. farch

(Larix 
"ppJ.

NOR}il,AY SPRUCE

The production of winterhardy, fast growing and white pine veevil
(Pissod.es strobi Peck. ) resistant types eontinue to be the main objectives
of breed.ing in Norway spruce at the Station

Norway spruce has a very high potential in the Acadian Forest Region
where it will- outproduce the local spruce-fir mixture. For this Region it
is only required to identifV the fastest groving provenances without fear of
winter frost d.anage. This is also true for the. extreme eastern part of the
Great Lakes - St. Lawrence Region r,shere the precipitation is high and the
vinters are not so severe. Howevern in the nidd-le and western part of the
Great Lakes - St. Lawrence Region the cl-imate becomes more and more contin-
ental- and winter hardiness becomes more and more critical-.

In the eastern and moister part of the Boreal- Forest Region Norway
spruce has not yet been adequately tested and some provenances could be for.md
that are harcly a.nd. fast growing. In the nidtlle and western part of the Boreal
Forest Region the Norway spruce proven€urces tested. so far are not as fast grov-
ing as local white spruce (F-icea g}3lr1gg (Moench) Voss) controls. In the Grass-
land Region the tested provenances nave fail-ed due to drought.

In the Maritimes the fast growing but frost tend.er provenances from
Nagold and Ttr{lringen in Germany shorced higher yielcl than Westerhof, Germany
and Istebna, Po1and.. In six test plantings locatecl in Quebec, provenances
from fstebna, Po1and. and. Snithrs Plantation, Que. had. superior heights while
Thtlringen, Germany had the poorest height growth. At age 20 at the Petawava
Forest Experiment Station the fstebna, Poland provenance was about one meter
higher (:.SO n) ttran Westerhof and Nagold in Germany (mean )+.29,,rn). Proven-
ances vith intermed.iate height inclucled. those from Germany via Al-van, Sweden
3.>e n) and Monts du Velay, France (E.hh m). Provenances vith poorest height
vere from SchwBbishen Alpen, Gernarqr (S.ZS m) , Ttr{lringen, Germany (g.O> *) and
Villingen, Germany (e.gO n). Plus trees have been selectecl and propagated of
the Istebna, Poland. provenance.
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Vo}.mes have been cal-cuIated. in the IUFRO Norway spruce provenance
test of 1939, planted at the Petawawa Forest Experiment Station, when the
test was l2 years o1d.. The mean annu?'t increment for l_ocal white spruce of
site cl-ass I at age 32 years is 6.1 n3 per ha. Ttre foll-owing provena,nces
had superior production: Hud.sonrs Place, SN-2\, p.F.E.S., Ont., Riga, Latvia,
hard.y^trees from the Proulx Pl-antati.on, Que. and Burtnicki, Latvia (nean
9.3 m3 M.A.I.). In the intermed.iate grdups with a mea;n M,A.f . of 5.5 13,
Pol-a.nd (ruFno No. 10) rraa the highest production of 6.2 n3 M.A.r. while a
general col-lection from Hud.sonrs Pl-ace, P.F.E.S. produced only 5.5 n3 M.A.r.
In the poorest group with a mean of 3.0 m3 M.A.I. ve find. the foll-owing pro-
venances: Val-ea Bistrei, Rumaniao Pfdrten* Po1and., Wildberg, Germany, Pokljuka,
Yugoslavia and Frlenisberg, Switzerl_and.

This test, located in the continental- cl-imate at the Petawawa Forest
Experiment Station, shotrs that over the long haul only those provenances vhich
combine fast growth with winter hard.j-ness will outprod-uce l-ocal vhite spruce.
Such provena;nces have been for:nd. in Latvia and some in Canadian plantations
where selections for winterhardiness have been made.

SCOTS P]NE

In Scots pine we have the following
and. provenances in terms of timber production;
Christmas trees; heritability stud.ies of white
prod.uetion of a precocious rootstock that will

objectives: testing of stand.s
selection and breetling of
pine weevil resistance; and
induce early flowering.

The IUFRO Scots pine provena;nce tests of l-938 anct 1939 focated at
the Petawawa Forest Experiment Station were measured. in lgTl+ when most of
the provenances were 35 years ol-d. from seed.. TLrree provenances (Bolewice,
Poland., Griva, Latvia and. Mustekji, IJkraine, Russia) grer+ faster than the
Local Petawava jack pine (pinus banksiana Lamb.) control-. Of these Bolewicen
Pol-and and. Griva, Latvia have outstand.ing stem form and can for this reason
be highly recomtended. while l4ustekJi, Ukrainen Russia because of its poorer
stem form cannot be recomrnend.ed. for timber prod.uction.

In the fal-l- of l-971+ our cooperative provenance experiment with
Russian and Siberian Scots pine was measured.. The provenances from Orel,
Woronesh and. Kiev are still- the ta]-lest in the test located in the Great
Lakes - St. Lawrence Forest Region and in the Grassland Region. fn these
regions they are better than l-ocal jack pine. At Indian Head., Saskatchevan
a grafbed seed. orchard. has been established. with these provenanees ancl our
Seed Bank has organized seed. colLections from similar Russian stands to be
used. in general reforestation. fn the boreal forest of Ontario local jack
pine has so far outgrown the Scots pine.

LARCH

The hybrid. between European larch ( f,arix d.ecid.ua Mil_l. ) and
Japanese l-arch (L. leptolepis (siet. x Zucc.) Gord.)-cai be grown with
confid.ence in the AEaaian f'orest Region and in the Great Lakes - St. Lawrence
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Forest Region. This hybricl d.efinitel-y shows hybrid. vigor. At the Petawawa
Forest Experi-ment Station in a \3-year-ol-d. mixed. plantation of the Dunkeld
hybrid. larch and Japanese l-arch, the Dunkeld hybrid larch outprod.uced the
Japanese by 73% in vol-ume. In another lJ-year-old. exieriment the European
x Japarrese hybrid. lnaa \5/, more volume than the European control-.

Our long term objective is to expose both European and Japanese
l-arch to selection in Canadia^n plantations and. then cross the best types with
each other. This work is in progress at Petawawa but ve have not been able to
cross types selected in Canad.a. In the meantime we have started a test with
material- from European seed orchard.s to d.eterrmine which of the various types
of European l-arch (Rfp=, Sud.eten or Pof.ish larch) gives the best progeny.
This shoul-d. ind.icate which of the European x Japanese, l-arch hybrid.s we should
concentrate on.

PUBLICATIONS
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THE GENETIC BASIS FOR
IMPROVEMENT OF RED PINE,

PETAWAWA, 7973-74

M.J. Holst

Cana"d,inn F one,stnq Senvice
Pe,tnwatn Fonett Expwhent SttLLon

ChnIIz RLvelt, )ntwuLo
Red. pine (_Ei"u" resjlnqs-g Ait. ) is throughout its range a very

uniform species. Red pine shows broad. regional adaptation and broad. re-
gional d.ifferences. Stands vithin regions show a rand-om occurrence of
fast and. sJ-ow growing provenaJrces.

In most provenance tests a few provenmces can be found which
are about tO/" tatter than the mean and have about 20% hidher volune pro-
d.uction. These can be recomnend.ecl for reforestation. Hovever, it is also
important that through provena,nce tests we identify the poor performers
and. warn against them.

In one of our cooperative tests (exp. No. 96) the tests at
Petawawa and. Dorset, Ontario showed. superior height growth for provenances
from Cass Lake, I4inn. and Petar,rar,ra F.E.S., Ont. whil-e proven€mces from
Stanley, N.S. and Grand. Lakeo N.B. had very poor height growth. In another
of our cooperative tests (nxp. No. 2l-5) provenances from Presque Isle Co.,
Mich. and Douglas, Ont. had high rating on acid sites in east-central Ontario,
Quebec and the Maritimes, rrhile they tend.ed towards lowest rank on liney sands
in southern Ontario and. in Wisconsin. The provena.nces with consistently poor
performance in this experiment were: Stanley, N.S., Thistledev Lake, Minn.,
Dryd.en,Ont., Fort Frances, Ont.o Grand Lake, N.B. and Rawdon, Que.

A number of older red pine provenance experiments planted only on
the Petawawa Forest Experiment Station were remeasured, in L972. One of these
contains l-5 antl 2! provenances (exp. No. 75-B and C). In the set vith the
15 provenarlces the five tal-lest provenances $ere Trout Lake, Wis., Sault Ste.
Marie, Ont, Griffith, Ont., Hynd.ford, Ont. and Petawava F.E.S., while the
five shortest proven€ulces were Batchevana Bay, Ont., Red Lake, Minn., Gerald-
ton, Ont., Mattava, Ont. o and. Lebanono Maine. In the set vith the 2J pro-
venances the seven tal-Iest provenances were Trout Lake, Wis., Eagle River,
Ont., Pembroke, Ont.n Hyndford., Ont., Castleton, Ont., North Bay, Ont. and
Griffith, Ont., r+hi1e the seven shortest provenances were Lebanon, Maine,
Regina Bay, Ont., Mattava, Ont.n Red Lake, Minn., Kaweneo Ont., Thessalon,
Ont. and. Vermillion Bay, Ont. In a smal-l test with only five provenances
(nxp. ttto. Bf) the three Quebec provenances from St. Charles de Mandeville,
Grand f Mere and. Berthiervil-Ie r,rere 5% taller tha,n the two Ontario provenances
from Petarrawa F.E.S. and Thessal-on.

The conclusion seems to be that the Trout Lake, Wis. provenance has
been consistently superior vhen grown at Petawava. Other provenances from areas
to the south of Petawawa in Ontario and Quebec seem to have better height growth
than the Petavawa control. Mattana, Ont. which is only 80 n-il-es northwest of
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Petawawa along the Ottawa River had. the second. fowest rank whil-e Lebanon,
Maine vhich had a high ranking in the nursery test fel-l to the l-owest rank
when fiel-d planted.. Ttris is indeed. an example of broad regional- d.ifferences
in red pine as other provenances from the Atl-antic coast have grown poorly
at Petavava a:nd. show signs of frost d.amage. Other sJ-ow growing provenances
come from northern and western Ontario (vith the exception of one provenance
fron Eagle River which vas fast growingn while the other Eagle River proven-
ance was sJ-ow growing) and fYom Minnesota.

Our cooperative red. pine provenance test (Sxp. wo. 95-B to K and
216-B to J) were sched.ul-ed. to be measured in the fal-I of l972. Most of this
vork vas on scheduLe and the d.ata have been compiled.. The last field test
wil-f be measured in the spring ot 1p75, after which a ful-1 report will- be
given.

PUBLICAT]ONS

Holst, M.J. (fgff) . IgT5. Ihe genetic imFrovement of red pine, Petawawa,
1972-73. Proc. ll+th Meetg. Can. Tree Improv. Assn., Pt. ,1:115-132.

Holst, M.J. and D.P. Fowl-er. 1975. Selfing and provenance hybridi-
zation of red. pine. Proc. tl+ttr trleetg. Can. Tree Improv. Assn., Part
2:39-50.
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Dr. A.H. Teich, who r^Ias responsible for white spruce (Pi".a gl-auca
(Moench) Voss) genetics at Petawawa, resigned effective 31 .ruly Man-E--
Joined the federal Department of Agriculture Research Station at Harrow, Ont.
Since that time, work in this project was continued with less intensity. Dr.
N.K. Dhir, a National Research Cormcil post-doctorate fellow and recent graduate
of the University of Minnesota, joined the genetics group in August L974 and,
took on some of the assignments.

PROVENANCE STTIDIES

Results fron Experiments Established 1958-65

In the fall of Lg73 LL Ontario experiments with trees 13 to 20 years
old were measured i.n cooperation with Mr. D.A. Skeates of the Forest Research
Branch, Ministry of Natural Resources. The first report was written from the
viewpoint of applied silviculture. It indicated that within the broad ecoregions
used as seed zones, there are areas where above-average provenances exist.
Therefore exclusive reliance on bulk seed based on seed zones is not maki-ng
the best use of geneti.c potential. All larger seed collections within seed
zones and seedlings raised from them should be kept separate and labelled from
collection to outplanting (Teich al. aL. Lg75)

White Spruce Limestone Ecotypes

T\so of the 11 experiments mentioned were suitable for testing a hypo-
thesis of soil ecotypes. Although nany attempts to demonstrate the existence
of soil ecotypes have failed (partl-y beeause the role of competition among
genotypes had been negl-ected - see Stern and Roche L974), there was a distinct
pattern in this case. Prpvenances from llmestone areas grew better on the
test site with limestone parent. material and provenances from granitic areas
on the granitic site. This finding again supported the need for separation of
seedlots within seed zones (Teich and Holst 1974), and was in igreement with
the laboratory results of Farrar and Nicholson (1967).

New Ranse-Wide Studv

The previous report (Teich and Pollard 1975) described our attemprs
to broaden the exploration of the genetic resouree. Members of the Canadian
Tree Improvement Association includlng Dr. J.I. Klein, Edmonton, Alta; Mr. R.F.calvert, winnipeg, Man.; and M. yves Lamontagne, Berthierville, Qu6. have
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contributed seed. Collections undertaken annually since L97l by Mr. D.A.
Skeates, l"l,aple, Ont. in cooperation with Petawawa have novr accumulated 102
provenances in Ontari-o alone (Pickett L974). !,tithin one or tr,ro years seed
for a comprehensive range-wide study will be available. Further seed ex-
change and joint planning of experiments is desirable to facilitate compar-
ison of the results.

Physiological responses of selected seedlots from these new collect-
lons are under investigation by Mr. K.T. Logan and Dr. D.F.}'I. Pollard as
described elsewhere in these Proceedings.

PROGENY TESTS

In plantations particularly, white spruce c,ften suffers from spring
frost inJury, and phenotypes that flush late are less susceptibLe. If the
timing of bud break in the spring is strongly lnherited, selection of late
flushing individuals is sinple and can be lncorporated easily into selection
progrzrms. An opportunity to study this probl-em arose at Petawawa after 5
trees in a natural stand had been crossed i-n several combinations and their
progenles were raised in the nursery. Observations on the parent trees and
their progenies !n 1973 indicated very strong correJ-ations (coefficient of
deterninaiiott, t2 =,gL) which point to a high heritability (Yeatman and Ven-
katesh I974).

SEED ST'PPLY AND GENE CONSERVATION

New Seed Orchards

The demand for seed from the fast growing provenances near Cobourg
and in the Beachburg-Douglas area of southeastern Ontario continues to be high
and very little seed is availabl-e. As indicated in the two previous reports
(Morgenstern 1971, Tei-ch and Pollard 1975), efforts are being made to develop
seed orchards from these Ontario populations in Wisconsin by the North Central
Forest Experiment Station and the University of Wisconsin; and in Ontario by
the Ministry of Natural Resources and the Petawawa Forest Experiment Station.
Recently scions for grafting and rooting were also sent to the Vermont Depart-
ment of Forests and Parks. The material shipped to Vermont r^ras cut from sel--
ected trees in the best four southeastern Ontario populations growing in pro-
venance tests at Petahrawa (Cobourg, Beachburg, Maynooth, Chalk River). Because
of the small number of trees involved in each of the original collections (about
10), an orchard based on one provenance could lead to inbreeding.

Gene Conservation

Some of the superior races in southeastern Ontario are found in small
stands on private land which is subject to changes in ownership, farming prac-
tice, clear cutting, etc. Attempts to develop seed orchards outside of the area
of seed origin therefore assume an aspect of ex situ gene conservation. The
nethod of gene conservation used here is of inCernational interest and has been
described in an FAO publicarion (Maini et al. L975).
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The program dealing with red spruce (Picea. rubens Sarg.) and
black spruce (!.i""t mariana (Mi11.) B.S.P.) developed generally as planned.
The types of studies and their objectives have been surnmarized in the pre-
vious report (Morgenstern 1975). Results achieved in 1973 and L974 are
disCussed below.

BREEDING AI,TERNATIVES

Program review

Experiments at Petawawa with these two species in the period
1950-73 were reviewed under the headings of "Natural variation and population
parameters" arrd "Species and provenance hybridizatlonrr. The implications of
results were discussed and priorities established. It was concluded that the
study of black spruce population parameters (genetic and environmental variances,
correlations between characters) should have the highest priority. These para-
meters have broad applicabillty in the development of selection prograns for one
of our most important species (Morgenstern l_973a).

Selection methods

Geneticists are altare of the problems associated with phenotypic
selection and recognize the need to apply efficient methods. lJherever manage-
ment foresters are involved in sel-ection programs, it is important that they
understand why certain things are done. Using the method of rank correlations,
it was demonstrated that substantiall-y different black spruce populations could
be selected on different sites and at different ages if the heritability of the
character is low for which selection is made. Therefore, plus-tree selection
for growth performance must be based upon very refined methods. Selection in
replicated experiments, such as in progeny Eests of farnilies from open pollinated
trees' will be a simple and efficient method (Morgenstern lgT3brMorgenstern L974a,
Morgenstern 1974b).

The first analysis of a bLack spruce diallel cross contributed some
interesting results. It was found that additive variance prevails in the genetic
control of growth while dominance variance is more import,ant, for germination and
survival. These results agreed well with general theory (Morgenstern 1974c).
The large additive variance for growth also supports sel-ection of open pollinated
f aurilies.
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PROVENANCE EXPERI},IENTS

Ontari-o

The Ontario black spruce provenance experiment sor^rn in 1964
completed its eleventh growing season in L974 and was remeasured at Chalk
River and Kirkland Lake. The plantation at Chal-k River was established
in 1968 in a very careful manner and its survival ln the first year lsas
987.. Subsequently there $ras some slight but persistent mortality which
t/as traced to Amrillaria mellea (Vahl- ex Fr.) Kumrer, a root disease, in
thefa11ort9ffita1ityinsomep1otsexceeded5o7",and
pathologists at the Great Lakes Forest Research Centre of the Canadian
Forestry Service were consulted. In the spring of L975 a decision will
be made on the possibllity of control by soil- fumigation. Potential damage
by Armillaria mellea must be considered in Ehe desi-gn of experiments and
will influence cholce of sites, planting methods, and size of pl-ot (Singh
and Richardson 1973).

Range-wide

The Ontario cornponent.of the range-wide black spruce study was
established in the fall of. 1973 and spring of L974 in cooperation with four
di-stricts of the Ministry of Natural Resources (Dryden, Thunder Bay, Geraldton,
Chapleau) and at Chalk Ri-ver. There were either 64 or 56 provenances in 3
replications, and 15 or 25 trees per pl-ot. In the fall of L974 the lowest
overall survival per plantation was 767".

The exchange of experience with other cooperators in the range-r,ride
study continues. Dr. David Canavera of the University of Maine received sorne
seed from the whol-e range and has recently joined the group of investigators
in this study.

PROGENY TESTS

I'Iorking in cooperation with the Ontario Ministry of Natural Resources,
plans have been made to conduct progeny tests of open-poll-inated black spruce
in those regions of Ontario where the annual planting program exceeds 3 million
trees. This calls for tests in Region 3E (Lake Abitibi), 3W (Lake Nipigon), and
45 (l,ake I'Iabigoon) (Hills 1961). There will be about 100 progenies on each of
6-8 test sites in each region. Because of the short spring season available for
planting in continental climates, it was decided to disLribute the planting of
each regional series to fall and spring seasons. A beginning was made with Region
3E plantings by establishing the first four tests in. the Cochrane, Kapuskasing and
Hearst districts in August-September l.974. The remaining four tests in that region
will- be planted in 1975. In this way all tests ehould be planted by L977. Other
asPects of this program have been discussed elsewhere (Morgenstern 1972, Morgen-
stern L974b).
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INTRODUCTION

Genetic improvenent of forest trees is inpeded by the long
duration of trials. Part of this problem lies with the slow initial
growth displayed by seedlings. More serious is that desirable chara-
cters such as fast growth rate are often not revealed for many years.
Understanding the physiological basis of such characters offers a
solution to this problen.

A dual approach is employed in the study: on the one hand,
grolilth of experimental phenotypes is accelerated by environmental
manipulations, while on the other, improved genotypes are pursued through
identification of key physiological characteristics.

The study has recently been extended following a request
from the Ontario Ministry of Natural Resources to supply environmental
prescriptions for accelerated growth of container-grovrn seedlings in
plastic greenhouses. I

In addition to answering specific and general pracLical pro-
blens, the study leads to an increase in basic knowledge of tree growth.

STTIDY OBJECTIVES

1. To increase efficiency of tree improvement programs by
reduci.ng the period before establishrnent of trials.

2. To identify and exploit the physiological basis of
i.mportant heritable traits, in particular fast growth
rate.

3. To measure the range of physiological adaptation for
assessing the potential of gene resources.
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PROGRESS

APPLICATION OF GROWTH ACCELEMTION

At the request of the Ontario Ministry of Natural Resources,
experiments $rere initiated to determine which regimes of temperature,
CO, enrichment, relative hunidity and photoperiod would provide best
gr6wth of tubeling jack pine (Pinus banksiana Larnb.), white spruce
(Picea glauca (Moench) Voss), and black spruce (Picea mariana (Mill.)
B.S.P.). Ttre temperature experiments have been completed (Logan and
Pollard, I974arb) and the recomnended regimes are as follows:

jack pine z I5-25oc by night and 25-35oC by day

white spruce and black spruce: zOoC by night and 25oc by day.

The initial experiments with CO, enrichment demonstrated a
confounding effect of high rel-ative hunidity associated with the CO,
treatment. The results showed the importance of holding humidity b6low
8O7. 7n high CO, level. Further experiments with CO, enrichment were
postponed when-OMNR nurserJmen found it necessary to-ventilate their
greenhouses, thus making CO, enrichnent impracticable.

Photoperiodic studies were conducted in two parts. First,
as a demonstration, seedlings were grolrn in four high intensity photo-
periods. The experi-ment was then repeated with low intensity extensions
of a fixed high i-ntensity photoperiod. In the first experiment, seed-
lings rdere grown for 8 weeks in 15, 18, 21 and 24h photoperiods respect-
ively under a mixed source of ftruorescent and incandescent lamps which
provided 22,000 Iux. A11 species grew faster under long photoperiods,
with continuous light consistently yielding the heavier seedlings.
Seedlings under contl-nuous light r^rere at least twice the weight of those
grown under 15h. The response of height growth was slight in all species.
Shoot weight increase was principally in foliage.

lltren photoperiod nas extended with low i_ntensity llght, the
results were quite different. In this study, photoperiods r^rere composed
of 14h of high intensity light with 0, 2, 6 and l-Oh of supplementary
light:of about 400 lux. After 10 weeks jack pLne were somewhat tall-er
but not heavter under the long photoperiods. White spruce showed a steady,
though moderate, increase in height growth and shoot weight, while black
spruce were unaffected.

In these two experiments, seedlings continued to grow even in
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the shortest photoperiod (14h). Thus extending the photoperiod with low
intensity light yielded little additional photoperiodic response. How-
ever supplementary light of high intensity stimulated daily growth rate
and marked increases in growth ensued.

INVESTIGATIONS RELATED TO SCREENING

Chemotaxonomic investigations of white spruce

A collection of white spruce seedlots representing five trees
in each of two stands at seven locations in Yukon Territory, and several
provenances in Ontario, srere analysed for chemotaxonomic patterns. The
purpose ldas to make gross comparisons with Ontario collections, to provide
an estimate of genetic variability among the populations and to compare
variabill-ty in the unglaciated (refugium) and glaciated parts of the range
examined. In the first investigation, seedl-ots hrere compared by terpene
content of l2-week old seedlings, based on quantltative analysis of 2L
compounds. Stand differences emerged in several compounds, although in-
dividual tree progenies within stands were also quite variable. Marked
differences occurred between Ontario and Yukon collections in some com-
pounds, but the results were in general difficult to interpret.

Parallel comparisons were made through isozyme analyses of
100-seed samples of each seedlot. Formic dehydrogenase distinguished
certaj.n Yukon material from Ontario sources; no meaningful differences
emerged from peroxidase, esterase or lactic dehydrogenase isozlrme patterns.
Assays for malic dehydrogenase and leucine aminopeptidase were found to be
unreliable or quite negative. The results of both investigations are
still under statistical study, and any significant results will be reported
in the future. The isozyme work has been extended into a survey of geo-
graphic extent of the Beachburg provenance of white spruce.

Bud morphogenesis in white spruce

Differences in height growth occurring between provenances of
white sPruce are associated with variation in number of needle prirnordia
formed in the dormant bud. The nurnber is influenced by seasonal pattern
of initiation. An experiment was designed to establish whether normal
morphogenesis could proceed in a constant environment, and whether pro-
venance variation would be expressed in the absence of seasonal changes
(Pollard 

' 1974). Bud development was induced in 5 provenances of white
spruce by subjecting first-y,ear seedlings to short photoperiods. De-
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veloping buds were sampled at 3-week intervals over a period of 12 weeks.
Throughout this time^ photoperiod was maintained at B h, temperature
was constant at 22.5"C (72.5"F). Observations revealed a morphogenetic
pattern comparable to that of buds in older, field-gror,m trees. Needle
initiation on the primordial shoot ceased 6 to LZ weeks after the in-
ception of bud development. The inferred endogenous control of bud
development and its effect on shoot growth was influenced genetically,
with slgnificant differences in needle initiation occurring among the
provenances. Differences in bud development nay allow early selection
for fast growth and hardiness in this species. The results of this in-
vestigation identify the period irmnediately following shoot growth as
critical for subsequent growth of nursery stock.

Free growth in black spruce

Tt^ro distinct phases of needle initiation contributed to the
annual complement of needles of 4-year-old black spruce seedlings (Pollard
and Logan, 1974). The first phase occurred during the development of
the overwintering bud, and rras expressed in predetermined growth. The
second phase occurred in the same sebson as the overwintering bud was
flushed, and was expressed in free growth. Ten blaek spruce provenances
were flushed under conditions favorable or unfavorable for free growth.
Variation in needle complements for overwintering buds was small and did
not correlate with variation in height growth of provenances. Good corre-
lation occurred between growth and needle complements when these included
foliage initiat,ed during any subsequent free growth. Fast growth of
southern provenances grohrn d.t Chalk River, Ont. (46"00'N, 77"26'trrl), was
interpreted as a result of l.ess stringent requirements for free growth.
Free growth potential was reduced or disappeared when the local photo-
period was shorter than that at the origin of the provenance. A supple-
mentary experiment examined the capacity of northern provenances to enter
free growth under suitable environmental conditions. Seedlings representing
six of the above ten provenances were flushed in their second season in
growth cabinets having 8, 12, 16 and 20h photoperiods. Both northern and
southern provenances entered free groroth in photoperiods as short as 12h
when temperature was above 25oC.

A study of l2-year-old black spruce sought to establish whether
free growth is a source of provenance variation in height growth of sapling
spruce. Free growth was calculated as the difference between primordial
count in the spring and needle complement at the end of sumner. Of six
provenances examined, only one showed significant free growth. This general
lack of free growth supports the conclusion of Jablanczy (f971) that free
gror,tth disappears between the fifth and tenth years. In contrast to
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younger seedlings, variation in predetermined needle complements in
the overwintering buds was correlated with variation in height growth
of provenances.

The presence ln northern conifers of two modes of growth,
one affecting juvenile performance and the other affectlng mature
performance, has particular relevance to provenance trials. Changes
in rank that are someti-mes observed in provenance tri.als (e.g. Teich
and Khalil, f973) may in part result from provenance variations in
the two modes of growth. In the nursery trial, rank will reflect a
provenancers capacity for free growth and the effect of accumulated
annual increments resulting from a free growth advantage may persist
for many years beyond the nursery stage. If the more mature mode c,f
predetermined growth in the provenance is not of the same rank as free
growth, it will graduall-y lead to a neril rank for that provenance.
Because of the large dl-fferences in height growth that can occur from
free growth over the first 5 to 10 years the effect of predetermined
gror^rth may take several decades to become fully manif est.

IUFRO International Sitka Spruce Provenance Trl-al

Growth and development of seedlings representing ten provenances
of Sitka spruce (Picea sitchensis (Bong.) Carr.) were compared in three
investigations (Pollard, Teich and Logan, L975). The provenances ranged
from Oregon to south-east Alaska and were collected for the I.U.F.R.O.
International Sitka Spruce Provenance Experiment. The potential for
initial growth was examined by two analyses: the rate of shoot grohrth
and the duration of shoot growth. Growth. rate was rather uniform, being
only slightly faster among northern provenances. The duration of shoot
growth, measured under artificially declining photoperiods, I^ras strongly
influenced by latitude of origin. The critical photoperlods for sustained
growth in southern provenances were up to four hours shorter than those
necessary in northern provenances. In the third investigation development
of the terminal bud was followed during the first eight weeks. Four
weeks after induction of bud morphogenesis, recognizable buds had formed
and roughly 100 needle prirnordia had accumulated on the primordial shoot.
There was a strong latitudinal influence, with northern provenances
accumulating up to 657" more primordia than southern provenances. At
eight weeks, a strong but reversed relationship was evident, with southern
provenances accumulating up to 35% more than northern provenances. These
observations indlcate that latitude-correlated variations will be a
dominant feature of the I.U.F.R.O. Experiment, with southern provenances
performing especially well in southern trials. The advantages of southern
provenances will be protracted periods of shoot growth in young seedlings
and protracted periods of development of the primordial shoot in over-
wintering buds. Vilhere summer seasons are short, these advantages will not
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be realized; northern provenances will not only have higher survival
but may also develop greater potentials for the spring f1ush.

The IUFRO Sitka spruce collection rdas also i-nvestigated for
provenance variatl-on in tole'rance to moisture stress; availabil-ity
of moisture is a.major site factor in afforestation with this species.
Two experiments were conducted under three regirnes of moisture stress:
the first examined morphogenesis of the primordial shoot in the de-
veloping bud. There was a marked decline in free gror'rth under stress:
mean height increment fell by 457" under medium tension (1-2 bars) and
by 707" under high tension (5-9 bars). Bur consideri-ng the wide lati-
tudinal range represented by this collection there rilas remarkably little
variation in growth of seedlings. The variation that did occur was
signiflcagtly correlated with latitudg or origin under both medium
stress (r- = 0.64) and hi,Sh stress (r'= 0.40); there was no correlation
in the control series (r- = 0.03). Abnormal bud development in many
seedlings hindered provenance comparisons i-n the, second investigation.
But pooled data from normal buds indicated that stress effects were much
weaker in bud rnorphogenesis than in free growth: primordia counts were
down by 8% from the control under medium tension and by 16% under high
tension. Neither investigation revealed opportunities for selecting
provenances for dry sites.

Cold hardiness in white spruce

A rapid test for spring frost hardiness has been developed
and tested in a recerrt experiment with white spruce (Logan and Po1-1ard,
L975). Six provenances (2438, 2444, 2464, 248L, 2693, 2870) represenring
southern and northern l-oeations in the Great Lakes - St. Lawrence Forest
Region were tested, using l3-year-old trees on experiment 194-M (PFES
sugarbush Plantatlon). Frost resistance fell rapidly during April and
May. Throughout this period, provenaice 2444, from Beachburg, showed
slightly Poorer resistance; there nere no distinct differences between
the five other provenances. In all provenances some trees were usually
more resistant and others less resistant than average. The existence
of tree-to-tree variation in relattve frost resistance and the develop-
ment of this method of detection offer opportunities for selection of
frost-resistant materi.al frorn southern provenances whose growth is
exceptionally fast but whose frost resistance is relatively poor.
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FOREST TREE SEED CENTRE, 1973-74

B.S.P. Wang and B.D. Haddon

?e.trutana Forett Expwhewt StnLLon
Canadinn F onuLnq SuwLee

ChnLb Rtvut, 1ntanLo

Since the last progress report, the Tree Seed Unit at Petawawa Forest
Experiment Station has been reorganized as the Canadian Forestry Service Tree
Seed Centre. The forest tree seed project was subdivid.ed into tvo separate
studies: (1) prowision of information, reprod.uetive naterial and seed. process-
ing servicesl and. (2) testing, treatment and storage of tree seed. The nurnber
and complexity of requests for information, seed., ancl seed, processing services
has increased., and as the Centre has recently become an accreilited member fabor-
atory of the International Seed Testing Association, the number of requests for
testing services and. the fevel of research in seed. quality control- and testing
stand.arils has a-lso increasetl. A Forestry Officer was employecl to help meet the
increased. workl-oacl.

PROVISION OF INtrORMATION REPRODUCTIVE MATERIAI AI{D SEED PROCESSING SERVICES

Inforruation Service and Seed Distribution

With further d.evelopment of the Centrers information fiJ.e and world-
wid.e network of contacts, serviees j-n procurement, d.istributionn and information
on availability and other aspects of tree seed,have been greatly improved. During
the period 1973-T\, a total of 119 requests for seed was received. from within
Canada and. 20 other countries, in response to whieh JlO seecllots of !l species
were provid.ed.. A revised. seed list was published. (Wang anal Hadd.on 197h).

In l-97h the Canadian Forestry Mlssion to China brought back a gift
of seed.s of Larix gmel-ini (nopr.) litvin., Pinus koraiensis Sieb. & Zucc. and
Pinus syl-vestris var. mongolica Litvin. After d.istributlon to provincial govern-
ments, universities, C.F.S. Research Centres and botanical gard.ens in Canadao the
remaind.er was d.eposited in the Seed Bank to meet future requests.

Seed Col-lection and Procurement

Acld.itions to the Seed Bank are shovn in Tabl-e 1. The year: l-974 vas
a fair to good. seed. year for white spruce (picea glauca (Moench) Voss) in eastern
and. northeastern Ontario, and. much of that yearrs cone collection effort was d.ir-
ected. towarcl this species. A total- of 150 white spruce seedlots vas collected.
from p areas of eastern Ontario in 197\. These seedlots were part of a province-
wid.e cooperative col-l-ectlon by the Ontario Ministry of Natural Resources and the
Petawawa Forest Experiment Station.

Seed. Processing ancl Seed Yield.

Along with the 370 new seedlots for the Seed. Bank (tatle 1), the seed
extraction plant processed. )+62 seetllots durj.ne l:9rc-Tla as a service to other
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forestry organizations. The largest component of the service vork was vhite
spruce.

Processing of most coniferous species is now standardized.. Ivluch has
to be l-earned, however, about pr6curing and. conditioning seed,s of deciduous
species. A report explaining how seed.s for researeh use are collected, pro-
cessed and stored. by the Seed. Centre vas presented at the First Internationaf
Synposir:m on Seed Processi-ng in 1973 (wane 1973a).

Arl analysis of the l-971+ white spruce cone col-lection (faUfe Z) from
eastern Ontario ind.icates that al-though cones appeared to be abundant on the
trees, clean-seed. yield frorn the 6 areas in the lor'r-lying Ottawa Va11ey and
Rideau Lakes systems that suffered. severe sBruce budworm attack during the fast
4 to 5 years was very 1ov (0.37 to 0.57 por:ncl per bushel of cones) as conpared
to the 3 other areas fron the Algonquin and Haliburton Highlarrd.s (0.?3 to 1.3
fb./bu.) antl the ontario average (0.73 fu./tu.) (Ontario t966). The ]-ov seed
yield, with high percentages of eqpty seed is largely attributed. to poor quality
and lov quantity of po11en prod.ueed. by the attacked seed trees, anil to some ex-
tent perhaps to poor cone d.evelopment on veakenecl trees.

TESTING TREATMENT AND STOBAGE OF TREE SEED

Seed. Storage

A study of the effect of prolong;ed storage on the germination vigor
of white spruce, black spruce (p_t_cSe ngr:q4q (Uiff.) e.S.P.), recl spruce (Picea
rubens. S""1.), jack pine (PinuslEEIbEEAT-anb.), recl pine (i:.nus rlsi.nosa-ffi)
and white pine (Pinus strolqs t.) seed. was mad.e. Results of the study are given
in Table 3. ft iETl't;ffitfig to note that seeds of all the species studied are
capable cf tol-erating a wid.e range of moisture content in storage for many years
with little d.eterioration in germinability. However, the germinability of two
old lots of jack pine seed. (\gf8f: antt 5IL813) aropped nearly 20% in the t-ast
three years as compared. to an earl-ier stud.y (Wang 197\a) . Most of the seedlots
that l-ost all- or a great part of their geninabili.ty are those with high initial
or subsequently increased. moisture content (nore tnan B%). These flndings suggest
that seed.s of the three spruces and. jack pine can be effectively stored for more
Lhan 22 and 25 years respectively if their initial- seed quality and storage con-
ditions are properly controlled (Wane I9T5c).

After 15 years of storage, the two lots of red pine seeil stil-l germin-
ated with 9O-9I% and shouJ-d be capable of retaining that germinability for many
more years as red. pine seed. is knovn to possess consid.erable longevity (Eliason
and Heit L973, Wane 197ha).

Earl-ier, Roe (fg)+8) had recommended. that for long-term storage of
white pine seed., the moisture content of seed should be reduced to at least 7%,
This study has confirmed. Roers report, for the white pine seedlots that suffered
severe reduction in gernination were those with a moisture content of more than
T/" (rabr.e 3) .

A paper on tree seed. and pollen storage for genetic conservation was
prepared. for the FAO Bu].letin on Methodol-ory of Conservation of Forest Gene
Resources (Wane fgTrb).
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Germination results of stored seeds.

Species Seedlot No. Year of
Collection

Moisture Content
(7")

Germinabi Liry ?/L/

0
82
59
28
6t
79
50
97
L4
4T
96
7B
94
3B
57
54
87
96
93
96
90
79
95
95

0
51
66
68
60
35
50
6B
82
94
94
91

P.

Picea glauca

mar]-ana

P. rubens

Pinus banksiaua

reslnosa

s trobus

493018
531001
5s2437
562692
663001
7L3056
527066
532L40
56 7080
s97083
67306s
677LO7
7031s0
521050
52LO52
52LO53
531050
531051
564077
56200L
601020
62rO2L
63r025
64LO20
681032
49181s
51181.3
573223
573022
573234
s86s58
603113
673099
683008
703035
s93084
593085
593L24
597 612
5976]-3
60009 7

60097I
663022

L949
19s3
195s
L956
1966
L97L
L952
1953
1956
L959
L967
L967
1970
L952
L952
L952
1953
1953
1956
L956
1960
L962
L963
L964
L968
L949
1951
L957
L9s7
L957
19s8
1960
1967
1968
1970
1959
1959
L959
l-9s9
l-959
1960
1960
]-966

11. 8
8.9
7.3
7.3
7.3
3.7
8.5
4.8
8.9

10. 0
7.7
7.0
8.4
6.8
7.6
8.4
8.2
8.9
6.5
8.8
8.6

LO.4
9.4
7.7
7.3
7.2
7.7
8.8

11.0
8.6

10. 8
11. 1
9.1
8.3
4.4
8.0
8.3
8.5
9.3
8.8
9.9
8.7
7.4

90
45

t.
L.

0
I

10
44
90

Ll Moisture content r4ras measured on the fresh weight basis in L974-75 in conjunction with
germination Eests.

2/ Getminability was
at 20-30oC with B

Pinus resinosa, 2L
seeds.

based on percent of seeds germinated with cotyledons partially visible
hour photoperiod after 14 days for Picea marlana, Pinus banksiana and
days for Picea glauca, and 28 days for Picea rubens and Pinus strobus
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Seed. Testing and Research

Since March l-971+ the Seed. Centre has become an accred.ited. l-aboratory
for offic:ial testing of tree and shrub seed- in Canada under the auspices of the
International- Seed. Testing Association. From November l-97)+, 47 separate tests
of germination and. moisture eontent of western Canadian and southern pine seeds
for export were mad.e. This marked the first tine that the Canadian Forestry
Service has perfo:med. official- ttuties of this narure.

Routine testing of stored seeds is stil-l- lagging behind, but germina-
tion tests of most of the I9T2-TI+ coll-ections of white spruce and white and jack
pine seed.s have been completed. Ttre Centre participated. in several- international
referee tests of white and Scots pine (Pinrrg sylvestris L.), western heml_ock
(-rsgeg !9larepbrug-(nar. ) sarg. ) and oou[I6s@ menziesii (uiru. )
Franco) seeds with a view to find optimr:rn prechilling requirements for germina-
tion and. stand.ard.s for evaluation of norrnal ancl abnormal- seecll-ings. In 197h
the international rul-es for testing seecl (International- Seed. Testing Association
f966) were revised, but the new prescriptions will not become effeetive until-
July 1n 19T6 in the northern hemisphere and January L, lg7'( in the southern hemi-
sphere.

In testing gern:inability, seeds that gerrninate and develop into al-bino
(or white) seed.lings are consid.ered. abnorrnal because albinisn is lethal-. Whife
conducting germination tests for 197)+ white spruce seed. collections from eastern
Ontario, it was observed. that one seed.l-ot of a single tree from Silver Lake (near
Perth) showed IO.5/' al-bino germinants, an unusual.ly high frequency for this species.
These germinants first appeared as pink or white radicles and then d.eveloped to
pink or white hlpocotyls with yeIlow cotyled.ons. One of the possibl-e causes for
al-binism is sel-f-fertilization. Tests of a possible genetic l-inkage between dor-
mancy control- mechanism antl pignent prod.uction in white spruce seeds, as report-
ed. in Douglas-fir seed. by Sorensen (fgTI), are in progress.

A cooperative testing of the effect of Arasan coating on vhite spruce
seed. germination was conclucted. with the Provincial Forest Tree Nursery, Berthier-
vil-l-e, Quebec, and a joint report will be prepared..

fn research, nany yearsr germination resul-ts of white spruce seed from
a wid"e range of geographic sources were reported. at an international- seed meet-
ing. The findings clearly point out that d.ormaney in white spruee seed was the
l-east in British Columbia, Alberta and the Maritime provinces, moderate in Quebec
and Yukon Territory, and the greatest in the Ottawa Va11ey area of Ontario. The
d.ormant white spruce seed. requires 21 day prechilling at 3 to 5oC before standard.
laboratory testing and spring field sowing (Wane 197\c).

Laboratory germination criteria developed for testing seed vigor and
fiel-d gern-inability of red pine (Wane l973b) were successfully applied to white
spruce seed.s. A report is being prepared for publication. A technique for
transfer of seed.s from X-ray film to germination mediun in racliographic analysis
of seed.s was d.evised and. tested. (Wang 197)+b).

At the request of the editor of the Ad.vances in Research and Technology
of Seed., a l-iterature revierr vas nacle of sel-ecteat 1970-72 articles covering subject
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areas in seed zones, cone col-lection and seed. processing, factors affecting
seed. germination, seed. d.ormancy, rapid. seed. testing and seed storage of )+6

tree and. shrub species of Asiao Europe and North America (Wang I975a).
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JACK PINE GENETICS
PETAWAWA FOREST EXPERIMENT STATION

r974-75

C.W. Yeatman

Canad,ian Fottutnq SdnvLce
Pe,tnnana Fonett Expwhent StaLLon

CtLa.Llz Riv e/t, )ntnnLo

. Jack pine (Pinus banksiana Lamb. ) is second only to black spruce
(p+cea mariana (uil.J B.S.P.JT" vol-ume harvested. east of the Rocky Moun-
tains and. is used. for pulpwood, h.mber and. as round tinber. Large volqmes
of seed are required. annually by provincial forest services for direct seed--
ing and produetion of nursery stock. Success in reforestation depends on
the identification and use of the best sources of seed currently avail-able.
Methods for genetic improvement need. to be d.evelopecl and applied. fn com-
bination with sormd. silvicultural practice, future wood. yield can be sub-
stantially increased through selection, breed.ing and mass prod.uetion of
improved seed.. The objectives of the Petawawa progran in jack pine geneties
include:

1. Provid.ing guiclelines for seed. coflection and clistribution in
relation to cl_imate and site,

2. Developing and testing efficient breetling methods for ereating
more prod.uctive strains,

3. Creating practical demonstrations of genetic effects and
applied tree inFrovement,

l+. Cooperating with provincial forest services and forest inaust-
ries in regional improvement prograrns.

During the past tno years valuab1e information has been gained. from
range-vi.d.e seed source trial-s, 1oca1 progeny tests and in grafting jack pine.
New studies have been initiatett in plus tree sel-ection and. testing and the
application of mass sel-ection in yor.rrg jack pine regeneration.

PROVENANCE

Fiel-d tests of range-wid.e jack pine provenances were planted in l-966
at 13 l-ocations d.istributed from western Ontario to New Brunswick. Observa-
tions of winter injury and d.isease incid.ence in the northern Ontario and west-
ern Quebec trial-s were reported. earlier (yeatman ].gTl>a).

Al-1 12 tests in Ontario, Quebee and New Brunswick were measr.red. at
10 years of age in 1973 when severe scleroderris (Grenmeniel-lg abietina (Lagerb.)
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Morelet) infection and wi-nter daln6,gs were al-so found at the high elevation
site in New Brunsvick. Very severe infection was observed in a test estab-
lished on alluvial silt near Quebec City by Prof. L. Parrot, Laval University.
Genetic adaptation to site and el-imate is clearly a major el-ement in deter-
mining resistance to this canker und.er severe conditions of low temperature
or marginal site. Differences of up to 3O% infection among provenances from
the sa.me clinatic region indicate an important potential for gain by solrrce
selection.

First analyses of 1973 (lO-year) treieht measurements d.emonstrate
that local a,nd. near-locaJ- provenances rank at, ot near the top in height
growbh at most test locations which range from the New Brunswick l-owl-ands
to northwestern Ontario. The exception is at Cararnat, north of Lake Superior,
where sourees from well to the east or west of the test site are superior to
the l-ocal by as much as 20 percent in height and are quite hardy and free fronr
disease. Clinatic ad.aptation continues to dominate the general response pat-
terns' although geographically related sources flequently exhibit real- differ-
ences in growth potential. The effects of winter injury and scl-erod.erris
canker are increasingly evid.ent with tine and as tree crovns extend. above
snow level-.

PROGENY

Measurements and observations of open pollinated progenies of trees
of natural origin and growing in plantations at Petarawa demonstrated. signi-
ficant d.ifferences in mean height at 10 years of the order of 25 percent.
Progenies from trees of northern origin were slow growingo reflecting the
maternal- parental response to a southern environnent. Prel-ininary correl-a-
tions between parents and progenies were significant for eone shape and cone
angle (themselves correl-ated. characters) Uut not for cone opening, branch
angle or stem fo:m. It vas probably too early to assess cone serotiny since
young trees tend to have open eones and the d.ata for branch angle and stem
form require more complete analysis. i

Analysis of 5-year height of l-00 progenies of Ottawa Va1ley jack
pine grom at three sites ind.ieate that the ind.ividual- tree is the primary
source of genetic variation in stands spanning some 80 miles along the Va11ey
(Yeatman I9T5c). Pl-antations differed in average tree height but genotype x
environment interaction was negli.gible, as were components of variation for
areas and stands in areas. This implies the existence of a single population
based over a relatively large €lrea. Jack pine in the Ottawa Va11ey can be
assumed- to have originated along a conmon path of migration following d.egla-
ciation. Subpopulations have not subsequently d.ifferentiated in spite of the
partial separation of the stand.s and present d-iscontinuity of d.istribution of
jack pine in this area. This fincling is relevant to specifications for popu-
l-ation sampling and testingo seed production and. ttistribution, tree improve-
ment and. maintenance of gene pools of jaek pine in other geo-climatic areas.
A cal-cu-l-ated heritability of ILt/" for 5-year height led. to realistic gain
estimates exceed.ing 10 percent for multi-stage mass selection and progeny
testing. Initial- selections eould be made throughout the region stud.ied and
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for jack pine within
(progeny tests, cfone

the region would be suit-
banks, seeclling seed

SELECTION

Stem and branch characters are highly varj-able in natural jack pine
populations and. offer great potential for inprovement of wood. yield. and qual-
ity if suitabl-e selection and. breetling systems can be devisetl (Yeatnan l-97)+b,
f97rb). In l-972 a range of phenotJ4)es was selecteil, $rafted ancl seed was
col-l-ected. for progeny testing. By fall f9T3 narked. di.fferences in height
and foliage colour were evid.ent a^mong the fanilies grc'wing in the nursery,
reflecting in at l-east one paired conparison the extremes in vigor of the
seed parents. The top ranking progenies in seedling height in L9T\ were from
trees planted in f9h5, themselves originating from Petawawa Jack pine select-
ed for form and vigor by Dr. Heimbr:rger over 30 years ago. rt is unc1ear
whether the apparent superiority of vigor resu.Its from selection or from out-
breeding relative to the progenies from trees in natural stands. The latter
fanifies may be expected to suffer a tlegree of inbreed.ing depression due to
pollination Elmong ad.jaeent relatives.

fn the ninter of I9T2-71 5h trees were sel-ected. for vegetative pro-
pagation and progeny testing. Four plus trees and four minus trees were
chosen on the basis of vigor and form in each of eight stand.s in the area of
the Ottar+ra, Petawava and Irdatlavaska Va11eys. Detailed. measurements were mad.e
of the seed trees and each was photographed. The grafts are eurrently in the
nursery anil the open pollinated progeni.es were planted. in fiel-cl tests in the
spring of 1975.

In January I9T5 one hundred pred.ominant jack pine were systematically
selectedo together with 100 control- trees, from ll-year-old postburn regenera-
tion for a test of the effectiveness of simple mass selection. Man hours were
recorded. for each operation. Twenty-five acres of wel1 stocked regeneration
were divid.ed into l-00 bl-oeks l-00 x l-00 fb. The tallest tree and a nearbytaverager tree were sel-ected in each block. Scions were coll-ected and grafted
for establ-ishment of cl-one tests and breed.ing stock. There were few cones on
the trees this vinter, but to juctge from the many conelets present it is ex-
pected. that it wil-l- be possible to collect seed. from most trees in the fal-l.
Seed wil-l- be used to create seedling seed. orchards and. related progeny tests
of both plus and average (control_) trees.

BREEDING

Provenance hybrid.s growing for l-O years at Petavawa and eJseuhere
in Ontario, Quebec and New Bnrnswick have grovn wello but not consistently
better than the best parental provenance (Yeatman I96\a, I9T5a). Most of the
seed. for these tests was col-J-ected. from young trees at Petawawa following open
pollination when the few mal-e flowers of the introdueed provenances were re-
moved before pollen rel-ease. To obtain greater precision in resul-ts, reciprocal
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control--pol-l-inations among selected and widely d-istributed provenances were
started in l-971- in cooperation with the U.S. Forest Service and Michigan
State University. Pol-l-inations were repeated" as neeessary in subsequent
years and supplenentary pollinations were mad.e, conclud.ing in the spring of
L97\. By fa]l of 1975 we shoul-d have accunul-ated sufficient seed. for ex-
change with cooperators and for sowing the progenies.

fn the spring of 1971+ a start was matle on a dial1el crossing scheme
afiong seven jack pine of local- origin. Control pollinations wil-l- continue
until sufficient seed. of, al_l combinations is assured..

GRAFTING

The grafting of trees selected Ln I9T2 met with mixed. success but
the cause of fail-ure of many graft unions was not clear. The fol-1owing year
a test was made of winter-grafbing technique, when it was d.etermined that
scions are best stored in plastic bags in the frozen state (ooF, -l8oc), but
they must be thawed. s1ow1y (Zh frrs) in a cold room (31+of, l-oC) before being
grafted in a greenhouse.

EXTENSION

Consultations coneerning jack pine seed. control- and i-mprovement have
been held with the Ontario and Quebec Provincial- forest services ancl with
officers of the Canad.ian International Paper Co. (C.f.P.), tvtaniwaki Division.
On the basis of research results to date, attention has been d.rawn particularly
to the irnmed.iate ad.vantages to be gained. by selecting plus stands for seed pro-
d.uction and protecting the gene pools of these populations by ensuring adequate
regeneration with seed. of local- origin. The matter is of some urgency in areas
of heavy cl-ear felling of mature forests followed by extensive seeding or plant-
ing. A policy of establishment of seed. col-l-ection areas for jack pine has been
adopted by the Ontario Ministry of Natural Resources and suitable stands have
been d.esignated in eastern, northcentral and. northwestern Ontario. In vestern
Quebec, C.f.P., with support from the Provincial and. Federal- governments, have
estabfished. and improved a large seed. prod.uction area to the west of Baskatong
Lake. This seecl source is in first rank in the range-wide test planted on the
east shore of Baskatong Lake.
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THE MOLECULAR BASIS OF CHROMOSOMAL HEREDITY IN CONIFERS

D.J. D.rt""r, I
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SI]MMARY

The chromosomes of jack pine have been fractionated into discrete
macromolecular components. The information now accumulated, when coupled
with cytochemical observations provides a molecular basis for the selection
of desirable traits in trees responsive to silvicultural practice. The re-
sponsiveness requires that specifi-c gene products such as nucleic acids
found both in the cytoplasm and nucleus be synthesized through gene amplifi-
cation. Control of the reiteration of these genes seems to determine the
extent of protein synthesis, hence the utilization of amino acids derived
from nutrients in the air and soil eg. COo, water, NrPrK.

INTRODUCTION

For tree improvement, many breeders have .relied heavily on provenance
work and on the selection of superior specimens ie. "plus" trees. In short,
they have diverted their attention from chromosomal heredity because of the
difficulties in evaluating crosses and problems arising from the long life
cycle of most trees. In the approach to selection there has been little direct
concern for the molecular basis of chromosomal heredity resident in DNA that
determines the desired genotypic traits.

For higher organism, alternatives to classical genetics'have already
emerged. While the collection and mapping of mutarrts remains laborious or
iurpossible rrith current resources, gene analysis ir; posslble by the chemical
isolation of genes (Brown and Stern 1974). While new developments have related
to proto- and eukaryotie organi.sms largely exclusive of the plant kingdom,
methods are available for workers in forestry that permit the cytochemical
localization of genetic material (eg. Durzan et al. L97L. Mitsche 1968, Vanden
Born 1963, Mia and Durzan L974), the isolation of purified, native DNA, even
radioactively labelled in a specific form (Pltel and Durzan 1975), the characteri-
zation and estimation of several chemieaf and physical properties of DNA in-
cluding base composition and the melting and reassociation of double helical
strands (Miksche and Hotta L974, Pitel and Durzan 1975) and the determination
of DNA sequences that hybri.dize artificially with other nucleic acids from the
same or diverse species (Hotta and Miksche L974). Through the efforts largely
of Mikschers Laboratory, the potential for rnapping chromosomes of conifers
to pinpoint loci responsible for specific phenotype traits now seems possible.

l/R""."r"h Scientist and Head of Biochernistry Unit
?l:'See list of Active Members for new address
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Conifer chromosomes have been isolated and taken apart chemically.
This report deals with our efforts with jack pine (Pinus banksiana Lamb. )
and examines the molecular components chromosomes (n = 12).

OBSERVATIONS AND DISCUSSION

It is now well-established that jack pine chromosomes are composed
of fibers containing DNA, histones (Figure 1), nonh:lstonechromosomal proteins
(NHCP) (Figure 2), and possibly other materials. !'le have however, no good
evidence that substances other than DNA and proteins constitute the chromosomes.

Native DNA strands from jack pine can be isolated and wound on a
glass rod. DNA forms the essentiat backbone of the chronosomal fiber. The
chromosomal proteins, €9. histones, NHCP, differ in their electrophoretic
properties and can also be distinguished from proteins found in the nuclear
sap (Figure 3) and in the cytoplasm (Figure 4). The base eomposition of conifer
DNA is shown in Table 1.

Histones are the basic proteins bound ionically to the DNA in chromo-
somes. It has proven useful that histones from most organisms are sufficiently
similar so that they can be distinguished from the arginine-rlch seed reserves
so often found in conifers. These reserves contaminate histone fractions and
must be removed before histones are examined. Histones can be recognized by
their chemical properties such as amino acid composition and sequence and by
electrophoretic mobility of purified fractions on polyacrylanide gels (Figure 1).

Isolation of histones is facilitated by extraction from nuclei
separated by ultracentrifugation to remove other subcellular organelles. Vilith
these and other precautions, conifers have been found by Pitel- and Durzan (L974)
to be no different than in other organisms containing the 5 major histone
classes.

Heterogeniety of molecular species exists within each class due to
minor variati-ons in amino acid sequence and side chain modifications. So far
we have not found rnodifications due to N-methylation or arginine and lysine
residues.

The 5 types of hi-stones are distributed in many coniferous tissue in
roughly equimolar fashion. This raises the possibility that the structure of
chromosome fibers are composed of repeated units. It is generally agreed that
histones maintain the structure of chromosome fibers.

None-histone chromosomal proteins (NHCP) are proteins associated
with the chromosomal material that cannot be characterized as histone. Unlike
the histones they form a variable proportion of the total chromosomal mass
(Figure 2). The function of the NHCP remains unknown although recent work
with other organisms suggests NHCP are involved in gene expression.
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lJe have not found good evidence for the occurrence of other chromo-
somal componenLs, such as ribonucleic acid (RNA) lipids or polysacchardies,
as structural units. In cytological studies with jack pine embryos and
seedlings (Durzan et al. L97L, Mia and Durzan L974), proteins staining at pH

2.2 wi-th fast green are cletected in the nucleoli. The staining is probably
due to ribosomal proteins associated with the biosynthesis of ribosomes and
polysomes that move eventually to the cytoplasm and participate in the bio-
synthesis of new proteins eg. adaptive enz1rmes such as urease (Durzan L973).

In conifers, the mechanisms for gene expression run largely by
analogy with microbial and animal studies a1-though considerable information
on the peculiarities of plant systens is now accurnulating. The fact that
arginine is a main component of histones in regions that repress genetic in-
formation through ionic binding with the phosphate backbone of DNA raises
interesting probl.rs for the occurrence of nonosubstituted guanidines (MSG)

in conifers (Durzan 1968, L969, Durzan and Steward 1967).

The prospect remains that low molecular guanidines can compete
with arginyl residues for sites on DNA and repress or depress the availability
of template information. The fact that certain MSG in pine and spruce accumulate
in response to nutrition and stress concomitant with the fall of the relative
grotrth rate, requires that the concept of genetic expression be investigated
fron diverse viewpoints.

Another important expression of chromosomal heredity particularly
in conifers, involves the amplification of ribosonal genes (Ilotta and Miksche
L974). In germinating jack pine seedsrarnplification results in the net synthesis
of ribosom"l prot.ins and ribosomal RNA (rRNA) (Durzan et al. 197L, 1972, L973).
The bases in rRNA can be readily derived from salvage mechanisms involving the
direct incorporation of purines and pyrimidines as well as from the de_lgyo
biosynthesis of bases via amino acids (Durzan L973, Pitel and Durzan 1975).

The increased number or the arnplification of genes seems to arise
from the initial prodigous demands controlled by cellular differentiation
for a particular gene product. This leads ultirnately to increases in the
number of templates for protein synthesis. It seems that the greater the
reiteration of these genes within the haploid set, not only will the protein
synthesis be greater but al-so the use of nitrogen and other nutrients eg.
P and K, for phenotypic expression.

As we have already demonstrated, the carbon of urea and undoubtedly
the associated nitrogen have been recovered from rRNA' DNA and newly synthesized
proteins (Durzan 1973ab).

We can conclude, first, that selection for trees with specified
abillties to anplify genes provides a new approach to the molecular basis
for the selection of certain traits in coniferous trees. Gene amplification
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seems particularly irnportant in juvenile specimens responsive to fertilizers
and silvicultural practice. Second, more attention needs to be paid to the
molecular basis for inherited and amplified changes in trees induced by the
environment. Third, for the first tirne the chromosomes of conifers have been
fractionated into discrete categories of rnacromolecules. The molecular
approach opens the door to the modern era of tree breeding.
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VEGETATIVE PROPAGATION OF NATIVE CANADIAN
FOREST TREES BY CELL AND TISSUE CULTURE METHODS
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ST]MMARY

Native Canadian tree species have been propagated by
chemically defined cell and tissue culture methods. Elrn plantlets
have been produced from ce1l suspension cultures. White spruce and
jack pine cell suspenslon cul-tures are now well-established and are
amenable to morphogenetic control. Recently, white spruce plantlets
have been produced from hypocotyl- segments. So far these have been
the main temperate woody perennials prinpagated by cell and tissue
culture methods.

INTRODUCTION

Ce1l and tissue culture methods are of special l-nterest for
forestry in the areas of clonal propagation and tree improvement
( Durzan and Canpbell 1974a,b). While conmercial feasibiJ-ity is yet
to be demonstrated, tissue culture methods have found applications in
horticulture (Murashige et a1. L974). Recently, the dramatic successes
leading to the propagatiii 6f woody perennials by our and other lab-
oratories have culmlnated in the funding in the U.S.A. of a substantial
research effort in cel1 and tissue culture methods (Anon. t975).

This article sunmarizes our efforts to propagaEe native
Canadian tree species. The main constraint to progress continues to
rest solely upon the lack of adequate funding in this area.

BACKGROT]ND

The first cell suspension cultures of conifers hrere est-
ablished Ln L967 at Cornel-l University in the laboratory of Prof.
F. C. Steward ERS. This achievement tras a cooperative venture
between the Canadian Forestry Service ( DJ Durzan, Petawawa Forest
Expt. Sta.) and encouraged by J. S. Rowe and the late G. Allen.
Progress was rapid and dramatic, indeed after several weeks of cult,ure,
ceIls of whlte spruce and jack plne produced proembryo-like structures
(Durzan and Steward 1968, 1970). From this work appeared a nationally
publicized advertisement in 10 trade journals that, clonally produced

r
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forests could event,uaLly be obtained fton a flask. During this time'
interest in contalner planting was intense and many foresters never
really appreciated the fact that the plantlets raised by cell and
tissue culture methods could be used in container planting. Fron 1968
onwards, the first ceIl suspension cultures of Canadian conifers
(Llggg and Pinus sp.) were bstablished in the Biochemistry Unit at
Petawawa. Dr. V. Chalupa was added to the staff but returned in 1970
to Czechoslovakia. In l-971 the Biochemistry Unitrs transfer to Ottawa
required the teestablishment of cultures.

The fol-l-owing obeervations were establ-ished. Coniferous
cells could be maintained indefinitely on chemicalJy defined medla.
Buds of 5 species col-lected in November could be induced to produce
shoots in vitro with very little callus. The biochemical- changes
were ev6tllally shown to be simil-ar to those buds breaking in spring
under field conditions (Chalupa and Durzan L973). Proembryoids could
be for:ured from cells in suspension. Cells occasionall-y produce unusual
substances that may have conrmercial potential- provided that cells could
be maintained l-ike.microorganisms in large culture vessels.

The second phase invol-ved a detaiLed examiaat{on of the growth
parameters in Jack pine cell suspensions with special references to
quantitatlve differences in overall growth rates (Durzan et al. L975,
Chalupa et a1. L975>. The ways nitrogenous conpounds vary inside and
outside of cells were described and correlated to a model of weighted
formation (Durzan et al. 1975a;b Durzan and Chal-upa l-975). Pine
cells in suspensi-on eventually produced roots but only in low fre-
quency ie. <!7" (unpublished) .

Cell suspensions of white spruce proved to be more amenable
to morphogenetic control-. Our laboratory was the first to demonstrate
environmental control over the fate of developing cell clumps (Durzan
et al. 1973). Cell-s would either grow into vascular clumps or
remain as suspensions and produce elevated l-evels of tannins (Chafe
and Durzan 1973). A low percentage of the vascul-arized clumps of
the spruce suspensions formed elementary roots (unPublished).

In order to meet the priorities in the Forestry Service, our
lab attempted to grow the American elrn (Ulrnus americana L. ) and cout-
plement efforts in the Dutch Elm disease program. After one and a
half years, plantlets were produced from cell suspension cultures.
This work represents the first woody perennial produced from cell
suspension cultures and provides further incenti-ve to extend Wintonrs
(1970) pioneering work with aspen to other specles. Clearly wide
varlations in rnethodology can be used to gror,r tree tissues (Durzan and
Lopushanskl 1975a,b).
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In 1972 the arrival of Dr. Carnpbell as a postdoctoral
fel1ow in our laboratory enabled us to return to the problems of
control of the development of conifers in vitro. Within a reasonable
time period of 2 years Dr. Campbell increased the frequency of bud
formation on hypocotyl segnents of spruce and pine. The induced
buds were separated ancl grornm on agar plates into shoots followed
in a few cases by roots (Carnpbell and Durzan 1975a, b). This work
has continually been jeoparidized by shortage of funds. If it were
not for several desperate attempts and considerable personal- sacri-
fices, the results with spruce would not have passed the bud in-
duction stage.

Collaborative work with Dr. Ciralupa in Czechoslovakia
has continued. This too, yielded valuable results on the rooting
of shoots developed from buds of Picea abies (Chalupa and Durzan
1-974). Chalupa diverseid his attention successfully to euroPean
hardwood species (Chalupa L974).

Throughout this difficult period the support of Prof.
F. C. Steward FRS and Dr. M. Prebble must be acknowledged. Indeed,
without Lheir encouragement many of these achievements would not
have reached fruition.

OBSERVATIONS

A. Control of the formation of cell patterns from cells in callus
and organized tissue.

i. Embryogenesis: The reports of Durzan and Steward ( 1968, L97O)
indicate that given the appropriate but complex nutrient
conditionsr eg. coconut milk, white sPruce and jack pine cells
in liquid suspension culture can grow and organi-ze into pro-
eurbryo-like structures. The proembryoids revealed polarityt
bilateral symnetry and a pattern of cell di-vision whereby
daughter cel-ls adhered tightly to the mother cell. This
basic pattern (Durzan I97L) contains an apical clurnp of
cells and a basal set of filamentous cells that evenLually
produced a cylindrical structure. The pattern of development
\^Ias not unique to all cells in the suspension. Many cells
continued to grow and produce callus in the same susPension.

A third variation was observed. The callus in the
suspension produced cells that extruded in a manner similar
to the early embryogenesis of pine and spruce. Later studies
(Durzan et al. L973) indicate that cell clumps can develop
into organized tissues in suspensions. The more recent
studies have the advantage that both the nutrient and
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environmental j:actors are well-defined.

ii. Qrea!--induglign: The importance of an auxin and cytokinin
balance for the induction of organg eg. buds or vascular
tissues in white spruce, i_s now well-established (Canpbell
and Durzan 1975a,b). The induction is somewhat direct in
the exposure of tissues to a specified range of levels of
growEh regulat,ors in the medium.

Given a 1evel of growth regulators, Ehe environmental
fluctuations can also determine the future growth patterns
of cel1 suspensions (Durzan et al. L973, Chafe and Durzan
L973)

In elm callusrderived from cell- suspensions, the main-
tenance of high levels of auxin leads to root formation. By
contrast, removal of auxin and other factors eg. myoinositol,
thiamine, did not yield roots but numerous shoots (Durzan
and Lopushanski 1975a,b) .

iii.Plantlet formati-on: In other laboratories, several species
have been propagated from cal-lus or organ culture eg. aspen,
birch. So far, only the American elm has been produced from
cel1 suspensions cultures (Durzan and Lopushanski 1975a'b)
although proembryoids of spruce have been observed.

l{hite spruce (Carnpbell and Durzan L975a, b unpublished) ,
and pine (Sonuners and Brown L975) have been propagated frour
organized tj-ssues eg. hypocotyl segurents, cotyledons, respect-
ively. In our laboratory the productiort of spruce was attained
mainly by altering the auxin-cytokinin balance, whereas with
pine, Sonuners and Brorrm (1975) varied the auxin-cytokinin
balance and gave a sequenti-al nutrient tTeatment to their
cotyl-edons.

B. Tree improvement through genetic changes in vitro

Combination of cells in suspension have yielded chimeras
of spruce and pine callus. Although further development could
not be eliclted from the combination there is no doubt that if
such combinations v/ere to be given serious attention certain
most interesting patterns of tissue development could arise.

Other genetic changes eg. mutations, require methods for their
detecti.on. This constitutes a major challenge. Screening is
especially problematic when the cloning of plants is in-
consistent and when understanding of the biochemical or nolecular
basis of the traits to be selected for are lacking.
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CONCLUSIONS

Since the reviews by Durzan and Campbell (1974a,b) the number of
successes for cloning temperate woody perennials has taken a
significant upswing. There is no longer any doubt that ce1ls of
trees are as totipotent as carrots and tobacco. The right com-
binations of growth regulators, environmental- conditions and
nutrient,s i"n most cases are different for each species.

Many of the developmental events leading to organ formation can
be induced or 6y-passed eg. vascularization of spruce without root
or shoots and formation of elm plantlets without the intermediate
steps of cotyledon producti.on.

Since a factor lirniting the growth of trees under Canadian
conditions is availability of nitrogen we have turned our attention
to the nitrogen metabolisn of cells and tissue in vitro. There
again is no <ioubt that once the molecular basis to?lG-aerstanding
how trees use their N effectively is known, cells that do this
effectively can be used to clone superior trees for a given and
specified set of conditions (eg. Durzan L975).
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FOREST GENETICS AT THE SCHOOL OF FORESTRY
LAKEHEAD UNIVERSITY

G. Murray

SchooL o{ Fottettnq
Labe.head Univ etLAitu

TLtunden BaU, 0ntanLct

The academic and research progr€rms in forest genetics and tree
improvenent at Lakehead University are at an early .stage in their develop-
ment. Initial efforts have been directed towards reaching the objective
that the graduating forester should be fully aware of the potential for
genetic inprovement in our forests, and should understand the principal
methods by which this irnprovenent can be achieved. A11 undergraduate
students in forestry receive instruction in the area of tree inprovement
during courses in silviculture. During the 1974-1975 acadernic year,
cooperation with the Ontario Ministry of Natural Resources rnade it possible
for students to study a seed orchard and provena-nce plots in the field.
A course in forest genetics is available to senior year students who wish
to study the subject in greater depth.

Research in progress involves nursery bed selection and vegetativc
propagation of exceptionally large seedlings of black spruce (Pieea wwtiana
(uirr.) n.s.e). An objective of this work is comparison of rates of
photosynthesis and respiration in propagules of these extra large seedlings
and those from standard size nursery stock. Construction and testing of
the necessary apparatus is in progress, and should be complete by the end
of the L975-I976 acadenic year.
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A NEW TREE IMPROVEMENT UNIT IN ONTARIO

R. J. Hilton

Llnivetui.tq o ( Gue'(-ph Anbon-e,tum, Gue'f-yth, \n'tnnLo

In December, 1-970, the Governors of the University of Guelph accept-
ed Master Pl-an docr:ments presented fot a new Ontario arboretum (Anon. rI974>.
It now occupies 134 ha. of the east portion of the university c:rmpus, about
40 ha. of which is naturally wooded. In the arboretum nursery, or si.ted
elsewhere, are nearly 2000 Taxa of woody pl-ants, and the wide diversity
of the area in soil classificatlons and topography suits well the variations
in water tabl-e, reservoir needs, slope and exposure that are required for
an arboretum.

M.crre than 50 graduate and undergraduate courses will make major or
minor use of the arboretutr as a fleld laboratory or "living pl-ant library".
To accompl-ish this effectivel-y 30 col-lectlons invol-ving woody pLants i-n
systematic or use categories, are being set out according to the Master
Plan. Guel-ph is in Canada Plant Hardiness Zone lla (Oue11et and Sherk, 1967) ,
which places it nidway between the climates of the Central Experimental
Farm Arboretum in Ottawa and the Royal- Botanical Gardens in Hamilton.
Pl-ant Hardiness Zone 6 ls of particular importance because about I-/5 of
the Canadian population now l-ives in this zone. Thus the call for up-to-
date information on pl-ant hardiness, and p1-ant soil- and cl-imatic adaptatlon
ln general, is greater in Zone 6 than for any other part of Canada.

SOME TR.EE IMPRO\IEI"IENT OBJECTIVES

The arboretum at Guelph has been pl-anned with a broad range of
woody-pJ-ant i.nterests in mind. First, the Synoptic Collection eventuall-y
will consist of one or more l-iving plants of every woody species that will
grow at Guelph. Additional- taxonomic values, particularly for academic
purposes, will accrue from large colLections of certain important families,
notably Acetaeeae-, Beta,taceae, CuptuL(ct.Liaceae, Enicaeea.e, Fa"ga"cQrte, PLnaceae,
Roaaeeae and, Tilia"ceae. These are supplemented by coll-ections that are
oriented towards utility, such as windbreaksr hedges, fal-l colour, shade,
tree forms, flower and fruit characteristics, and the use of plants to
define spaces.

T\oo l-arge areas have been set aside for Forestry Research and
Economic Trees, and a space of 5 ha. is considered to be permanently and
irrevocably allocated for use as a Gene Bank. In this space wil-I- be
maintained forest tree individuals that have potential or proved value as
parents, and with these will be promising hybrids and species judged to
be endangered insofar as regionall-y adapted ecotypes are concerned.
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Other collections of int.erest to tree improvement include a special
collection of llnes of. Robini-a" p|Qudoaca-ci& L., native Canadian trees and
special- group of Southern Ontario trees. Also, there is a "reconstructed"
forest pJ-anting on the topographicall-y variable acreage surrounding the
headquarters buil-ding. The buil-ding itself was provided by alumni and
frlends of the Ontari-o Agricul-ture Coll-ege, to ma.rk the centennial of that
institution in I974.

RESEARCH POTENTIAL

In terms of more or less direct relationship to tree improvement
in Canada, the fol1-owing features at the University of Guelph Arboretum
have most research relevance.

L. Salioaeqae ColLection. The decision to establish as complete as
possible a collection of willows and popl-ars came r.iith the recog-
nition that heaviJ-y populated areas must retain swarys, bogs and
other wetlands as reservoirs for much needed ground water suppl-y.
At the same time, we must antieipate as much economic productivtty
as possibl-e from all our l-and areas. Resource productivity frour
wetlands is most likely to be in the growth of hydrophytes such
as many species of wil-low and poplar. ['Ie have had exce]-l-ent co-
operation from federal pl-ant introduction authorities and exotlc
willow species are being flown from abroad, as cuttings, directly
to the Canadian Post-Entry Quarantine Station on Vancouver Island.
There they are tested for two years and if certified free of water-
mark diseaser cuttings are sent from the Quarantine Station to
Guelph. At present about 75 wi-Llow species or cultivars are under
test, along with 47 poplar taxa and a lonel-y plant of. Clto.tenia
anbtrtL{oUn" Skvorrz.

2. Special- Purpose Col-l-ection. Ilere the plan ls to study regional
adaptation of certain woody plant. groups such as nut-bearlng species
and hybrids. Of interest, too, are species (partlcuLarly in
Acenn-ee.o"e and. Ro6aee-ae, fot example) that may have value as
rootstocks. Another primary objective here, is the investigatlon
of managenent practices to improve establlshment rates of plants
of certain species such as Juglant nigna l., Picea glutea Voss,
PLruu dqlvotLab t.,RobLwLz, pteudoa.cecia. L. , and certaln Aeen
selections.

3. Oldfield Studies. Several areas are available for ecological invest-
igation under typical South-Central Ontario oldfield environments.
In one instance, a population of more than 11000 wildings of Pqnu.t
COmnUWU L, has originated from three 70 year-old parent trees
and these are competing strongly and successfully with the mixed
population of Cha.taegut spp., Thuja occLdetr.t0"[,U L. ,Popu.(a,t tnenu.Loide.t
Michx. ,Tduga eanadeyuis Carr. and species of Rl+amnu.t, Ame,Laneh,Len
and AeeSt that normally supply woody plant stature in such an old
pasture clearing.



most
with

-161-

4.Shelterbelt Trials. Certain hybrids of fast:growing species, notably
@betestedforthetimerequiredtoestab1isheffect-
ive wind and snow breaks. With modern herbicides and informatlon on
nutritionaL balance, shel-terbelts nay have a role to play in afforest-
ation practices, as wel-l- as for food crop production and as protection
for e:cposed home sLLes.

5.Forestry Research. Among the projects in forestry that wil-l receive
early attention are those that bear on the interdependence among
tree species for most raPid growth. Most of the Forestry Research
sites are now producing forage grasses and it ruill be possible to
use precision in establlshing conmunity plots of varying make-up'
and to incl-ude herbaceous as well as woody plants. By so doing,
needed information can be obtained on the synerglstic effects of
species upon other species.

6.Robitia CoLl"ecXton The Black Locust is a very important tree in
most of Central Europe and in ltaly. It grows very quickly' is
extremel-y durabl-e, enriches infertile and gravelly cutbanks and pits,
is an outstanding honey producer ... and can be a very attracti-ve
landscape plant. Unfortunatel-y, the Locust Borer ls a very Serious
deterrent to the uses of this tree in Southern Ontario. By testing
many strains, both vegetatively and semlnal-l-y propagated, we hope
to observe some that are borer-reslstant. Ideally, we coul-d select
one or more parent trees that would produce seedl-ings carrying such
resistance.

7.The Guel-ph Rhizotron. The University of Guelph Department of
Horticultural- Sclence has, with co-operation from the National
Research Council of Canada, established North Americars first
rhizotron for root observation studies. The trench itself is 3Om.x

Zm.xhm. and has 80 growing compartments outside the glass-sided
trench. In these compartments may be plaeed soil monoliths' recon-
stituted soil types, or such other medium as the researcher may wish
to provide for the plant roots. Each side of the trench has removable
plate glass panes from soil surface to 1.25m. depth, the glass being
6.25mn. thick. Effects on root growth of soil compaction, soil
surface restriction, winter heating of soil and the circadian rhythms
of growth of several species and at various seasons are among studies
now in progress.

NEEDS OF URBAI{ FORESTRY

The University of Guelph Arboretum is located in the area of Canadars
rapid population growth. It al-so has the advantage of direct association
an unusually significant bio-research progranme operated by the numerically
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strong faculty in agriculture and veterinary medicine, and in wil-dlife,
environmental- and marine biologies. Modern socioeconomic trends l-ead io
increased l-eisure time and the probability of reduced ability to acquire
energy for travel. This resul-ts in a strongl-y increased application of
certain forest practices in urban and suburban settings; in fact, this is
Arboriculture. Therefore, arboreta and botanieal garderis, as test areas
for the kinds of plants of greatest recreational interest, are important
resources

Our affluent economy, whil-e it stil-l is affluent, has a charact-
eristi.c generally correl-ated positively with thE-trend toward increased
leisure; that is, the marked increase in most forms of environmental
pollution. Ilence, we observe depressingly deleterious effects on the very
environment r"le nonr have more time to enjoy! The arboretum at Guelph,
located in a town heavily oriented towards manufacturing industries, is
in a good posltion to maintain close observation of the reaction of more
than 2000 woody plant species, to such soil or atmospheric polluti-on as
may from time to time exist in that area.

REF'ERBICES

1. Anonpnous, 1974. At Guelph, The University Reports, 6(1):l-6.

2. ouellet, c.E., and L.c. sherk, L967. Map of plant Hardiness Zones
Canada, Canada Department of Agricul_ture, Ottawa.



-163-

URBAN FORESTRY STUDIES

AT TORONTO UNIVERSITY

I975
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1.

2.

The Faculty of Forestry is organizitg a Centre or Group
for Urban Forestry studies which will include tree improvement
Programs.

In November L975 Itll attend the symposium "Better Trees for
Metropolitan Landscapes" to be held in l,lashington, D.C. I will
present a paper entitled 'rselection of Trees for Endurance of
High Tenrperature and Artificial Lights in Urban Areas".

Organization of the IUFRO Pl.05 Project Group on Arboriculture
and Urban ForesEry is progressing on schedule. l'{eetings in
Vancouver and Oslo, Norway in June of L976 will feature some
20 to 30 papers, 5 of which will relate to the international
aspects of tree improvement on the urban scene. P1.05 is
coordinating with a number of other sections and groups within
IUFRO so in Oslo we will- deter:mine whether we should remain as
an independent entity or combine with another unit.

3.
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JACK PINE FAMILY TESTS AND PROVENANCE EXPERIMENTS WITH

CONIFER SPECIES IN THE PRAIRIE PROVINCES/ L973.75

J.I. Klein

Cana&Lut Forestz,g Senuiee
Nov,thevm Forast Researeh Centre

E&nonton, Alberta

The jack pine (Pinus banksiana Lamb.) breeding program
initiated in'L967 continues to account for most of the resources
allocated to the Northern Forest Research Centre tree improvement
project. The second of three breeding district family tesLs was
planted in L974, and the first test was measured after the second
growing season from planting. Six provenance experiments, of which
five are components of cooperative studies organized by Petawawa
Forest Experiment Station, account for nearly all of the balance of
the project. Provenance experiment plantations of red pine (Pinus
resj.nosa Ait.), Norraray spruce (Picea abies (L) Karst.), and Scots
pine (Pinus sylvestris L.) were measured during the review period,
but resuLts are not ready for reporting. Nursery measurements and
preparation for field planting vrere carried out for the black spruce
(Picea mariana (M111.) B.S.P.) provenance study. Other major
actlvities during the past two years were acquisition of a planting
area fairly close to Edmonton, drafting of a file report sununarizing
progress on all phases of the project, and drafting of a work plan
for the first experiment of a white spruce seed source selection
program to be conducted by the Alberta ForesE Service.

JACK PINE BREEDING PROGRA},I

The western breeding district family test, planted in spring
of L974, contains 214 open-po1-linated progenies of parent trees
selected in central Saskatchewan to eastern Alberta, plus two stand
progenies for controls. There are four plantations in the test, each
wlth three replicates and four-tree row p1ots. Two plantations are
on medium-textured til1 in hrestern Saskatchewan, and two are on coarse-
textured glacio-fluvial deposits 250 krn to the east. Planting stock
I,ras reared in fold-up plastic containers having cavities 50 x 50 x 200 rnrn.
The seedlings were sown in May and June of 1973, chilled outdoors from
l.ate surmner to early winter, then given their second growing season
in a greenhouse. Seedling heighr, ranging from 5 to 15 cm for all but
a few seedlings, \4/as measured after the second growth period. In March,
the greenhouse temperature was set as 1ow as possible, then at the end
of the month the heating system was drained and all vents were left
open. Informal inspection of the plantations during the sumrner of
L974 indicated good survival and gror^rth.
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Although we had good results with the rearing regime for the
western district test, it was expensive of labor. Moreover, plugs of
that size proved cumbersome to transport and plant. For the central
breeding district family test, the third and last planned for the
study, Iire are using containers of the same type, but only 40 x 40 x
120 mm in size. The seedlings will be grown in a greenhouse during
summer, then moved to a lath house in fall. They may be left there
for the winter, or moved to a cold room if that is judged to offer
greater security.

The eastern breeding district farnily test, planted in May L972,
was measured in fall of 1973 and April L974. Analysis of varlance
detected height differences among farnilies and among locations, but not
among replicates, and there was no family by location interaction.
For what it is worth, 23 of 209 eastern district families had mean
heights at least 15 percent above the test mean, with a maximum family
superiority of 27 per cent. Analysis of this measurement will be
carried further when time permits, whi-ch may be before the next
measurement.

PROVENANCE HGERIMENTS

Rapge-wide Black Spruce Study

Preparat.ions for planting of the range-wide black spruce
provenance study were largely completed by fa!1 of I97+. Planting
sites were prepared in western UanitoUa (-5Z.Zon, 101.4ow, elevation
760 m), central Saskatchewan (54.2"N, 104.4"W, elevation 640 rn), and
near Peace River, Alberta (56.0"N, 116.6"W, elevation 750 m). The
Saskatchewan plantation will have 49 populati-ons of virtually range- 

^wide provenance, the Manitoba plantation 49 with few frqm north of 55",
and the Alberta plantation 30 with few from south of 50o.

Some problems were encountered in the rearing of planting
stock. Consequently, some populations had to be omitted from plantatlons
where their performance would have been of real interest. Seedlings of
several- populations were grown in containers during the past year,
al-leviating but not ellminating the shortages. Seedlings grown aE
the Provlncial Tree Nursery near Edmonton were lifted in November L974.
After lifting, plot, bundles were drawn from the selected populations,
bound, labelled, packed according to the planting design, and placed
in cold storage at -7"C.

Nursery observations on flushing, and periodic measurements of
terminals or dominant lateral- shoots were taken on 47 populations during
tl:e L974 growing season. The tirne-of-flushing observalions show
little or no discrimination among populations. Shoot extension
terninated for most populations around the beginning of August,
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apparently due to moisture stress Partly induced by root pruning.
Some phenological response information may be accessible by
calculating the proportion of total extension achieved at a
standard measurement date.

All-range Jack -Pi-ne Provenance Exp-eriment

The two jack pine provenance experiment plantations planted
in spring of L972 l^rere examined during the 1973 growing season. In
the plantation in southeastern Manitoba, 82 percent of the planting
positions were stocked with a growing tree. Five of the 81
populations had one unstocked plot. The plantation is in lattice
square design with five replicates and four-tree row plots. The
plantation in central Saskatchewan sustained excessive mortality and
has been wrltten off. Cause of the mortalitv is unknown.

OTHER ACTIVITIES

Following a suuner-long search, a half-section of Crown land
sras reserved for research planting on behalf of the Canadian Forestry
Service. Location of the parcel is about 120 km west of Edmonton"
at 53.5oN, 115.5oInI, elevation 870 m. It is intended to serve as
the locati-on for plantations requiring accessibility more than a
specific environment. Demonstration plantations and collections of
breeding materlal, such as cLone banks, will be planted there. The
area may also be used for some test plantations, such as phenology
studies or screening of exotic populations. Climate is typical of the
produetive boreal forest arga of the prairie provinces, with 1100
growing degree-days above 6oC, a 90-day frost-free season, annual
precipitation of 500 rnm, and growing season precipitation of 350 mm

(Government of Alberta and University of Alberta, 1969). Soil parent
materials and texture profile are somewhat unusual, but probably provide
regimes of moi.sture and nutrients similar to those of widespread medium-
textured soils in the Region. Stone-free silt loam of uncertain origin
is underlain at roughly 25 cm by a relatively shallow deposit of stony,
fine-textured till over porous weathered bedrock. Soil profiles are
predominantly orthic grey wooded to bisequa grey wooded. A mature stand
of aspen (Populus tremuloides Michx. ), white spruce (Picea glauca
(Moench) Voss), and lodgepole pine (Pinus contorta var. latifolia
Engefun.) presently covers t,he area.

The Alberta Forest Service requested advice for a research
program intended to improve results from direct sowing of white spruce
by selection of seed source. A plan submitted in December 1973 was
accepted, and could be put into action in the near future. The initial
study would investigate interaction of seed source with latitude and
moisture regime of the sowing environment. Simple performance trials of
many seed sources rnrould be initiated subsequently. Before the fact,
I would expect the di-rect sowing context to i-ncrease the difficulty of
genetics research, but direct sowing is the primary mode of artificial
regeneration of white spruce in Alberta.
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FOREST GENETICS RESEARCH AT THE UNIVERSITY OF ALBERTA

Bruce P. Dancik
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The first year of activities in forest genetics research at the
University of Alberta has concentrated on two projects. The first' a

three year project funded by the National Research Council, involves a
genecological study of the paper birch complex in western Canada. I
hope to clarify the identity and relationshlps among the various reported
taxa wlthin the Betula papyrifera complex (B. papyrifera Marsh., B.
resinifera Brltt., and B. neoalanskana Sarg.) in Alberta and to relate
the "arrability in the Eornffi en.rironmental differences of the sites
upon which the birches grow. In 1975 we located 20 populations for
sampling, collected pollen from 8 of the popul-ations, and collected
leaves and frults from a1l- of then. Seed frortr these populations will
be sown in two controlled environments slmul-ating dry and r^tet site con-
ditions and in the greenhouse for later outplantlng in common gardens.
Ilorphologlcal measurements of the parental leaves, fruits, and pollen
have been rnade; these data will- be compared using various univariate and
multivariate techniques and any relationships wlth site differences
determined.

The second project, funded by the Alberta Forest Development
Research Trust Fundn involved studies of natural genetic variation of
the forest trees of Alberta. White spruce (Picea glauca (Moench) Voss)
was the first species selected for investigation. l,Ilth rnasterrs student
Mr. Glen Dunsworth using part of the study for hls thesis project' we
have chosen bulked seed from 27 selected populations in the Alberta
Forest Service seed bank and are cornparing the growth and development
among these populatlons in a nursery and in two controlled ernrironments.
Seed ls also being collected frorn 10 trees in each of approxirnately 30
populattons systematically selected to represent a wlde range of clinatic
and site condltions in Alberta. At each slte, soll- and noisture con-
dltlons have been recorded, along rilith stand age, elevation, aspect, and
associated plant species. The objectivee of thls project are: 1) to
delineate the present genetic resources of thia maJor tree species ln
Alberta, 2) to provide a basis for selectlon of seed from present seed
lots and areaa best suited for various planting sttesn 3) to provlde a
detalled seed collectlon zone map for white spruce tn Alberta, 4) to
determine lf populatlons from different sltea dtffer genetlcally, and 5)
to identlfy populations that have high potential for future selectlon and
breeding programs. Whlle maklng the epruce collectlons, we have also
been noting populatlons of other tree Bpeciee that will be lnvestlgated
later.
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PROGRAM IN COASTAL DOUGLAS FIR
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Plus tree selection in a program for irnprovement in Coastal
Douglas fj-r was started for the B.C. Forest Service in 1957 by Dr. Alarr
Orr-Ewing and was continued until 1966 by which time a workable breeding
population had been collected. Help was provided by the foresL companies
and the University of B.C. The selected trees were grafted into first
level seed orchards and into the breeding clone bank at the Cowichan
Lake Experiment Statlon. As male and female strobili appear it is possible to
move into the more advanced phases of the program.

A1-though some buds appeared in 1966 and 1968 at Cowichan it was not
until 1971 that enough clones produced strobili to make a start on the
more applied side of the program. Some crosses were made in that year
but following consultarion with Dr. Gene Namkoong in 1972 when the
options available fot a long term program were discussed, a double-
pronged approach has been adopted.

RECURRENT SELECTION PROGMM

First priority has been glven to a recurrent selection program
in a population of selected trees from Coastal British Columbia and
Northern Washington. Eventually about 350 trees will be involved and the
project i-s designed to provide rnaterial and information from which future,
reconstituted seed orchards may be developed. Its chief impact will be
on the lower !o rniddle elevation zones. In an attempt to meet the
three objectives of (a) breed production for second generation selecti-on,
(b) estimation of genetic parameters which will guide future breeding
strategies and (c) the testing of selected genoEypes, a partial diallel
mating design is being used. The disconnected rnodified diallel nating
design seems most appropriate and five crosses per Parent should
provide adequate lnformation and yet sti1l be within our resources.
Each cross will be represented in the field tests by two hundred seedlings
distributed over coastal B.C. and while looking for general adaptability'
the importance of genotype enriironment interactions will also be studied.

Each modified diallel comprises six parent trees taken in theory
at random from the population and as reciprocal effects are being ignored
for the present, the allocation of parents will depend on the available
numbers of reproductive buds. In this r,Jay a completed diallel will
contain 15 crosses. Groups of 8-12 of these diallels will be used in a
single year of field testing and overlapping crosses will provide some
control between years of planting.
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By the end of L974, ten diallels had been completed and most
crosses in a further eight had been made. In the spring of 1975 these
ten units were sown in the greenhouse at Cowichan Lake and the progenies will
be ready for planting as long-season, one year old Styro-8 plugs by the
fa1l. Eleven test sites have been selected from Harrison Lake to Gold
River and are being laid out this summer. The crosses will be planted in.
nine tree row plots wlth two replicates at each test site. Crosses
were made to complete the remainlng diallels in 1975 and six new ones
started. There are now therefore 144 selected trees being used in the
progruun. Enphasis is being given to the malntenance of balanced mating
and plantation designs. The trees are spaced at 3 m x 3 m and they will be
evaluated before severe competition takes p1ace. Long term competition
will only be studied subjectively. 

:

As a subsidiary project, reciprocal effects are being exarnined
and 25 reciprocal combinations are being includerd in the first field
test.

RECIPROCAI RECURRENT SELECTION PROGM],I

The second approach has been loosely termed Reciprocal
Recurrent Selection and is designed to follow up some of the encouraging
results of Dr. Orr-Ewingrs interracial crossing studies reported elsewhere.
Here an incomplete factorial mating design is being used wlttr two populations
designated "Local" and "Exotic"; five crosses w111 be made with each
parent brought into the program. The parents for the local population
have been taken from Lower Coastal B.C. and Northern Washington as in
the recurrent selection program while the rrexotic" population is being
drar,tm from some trees from the Northern British Columbia Coast (e.g.
Bella Coola) and trees from Southern Washington, Oregon and Coastal
California.

As first priority has been given to the recurrent selection
program, the first pollinations for the factorial design were made
in 1975 and Lhe program will be discussed in more detail in future.

A PROGENY TEST OF COASTAL DOUGLAS FIR

Before the long term program was drawn up, a bala:tced factorial
progeny test involving four tester males and 26 selected plus trees was in
Process of establishment. A ehange of priori-ties led 1q a reduction in the
effort that could be put lnto this project and the trees were only planted
out in tvro test sites near Victoria and Cowichan. The trees were planted
in fall 1973 and spring 1974 and are nord established. Informatlon on
a research basis will be forthcoming and useful experience has been given
to handling small plots and plug stock.
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PROVENANCE RESEARCH BY THE BRITISH COLUMBIA FOREST SERVICE, 1973-75

K. Illingworth

Rotennch DLvi,tion
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STAFF CHANGES Since the 14th Meeting of the Canadian Tree Breeding
Improvement Association, personnel changes within the genetics section
of the B.C. ForesL Service, Research Division have occasioned
organizational shifts in the overall program.

Mr. R. L. Schrnidt, formerly studying Douglas fir (Pseudotsuga
menziesii (ltirt.) Franco) provenances, has moved into admlnistration;
K. Rieche, studyi-ng variation in SiLka spruce (Picea sitchensis
Bong. Carr. ) , has left the Division. Responsibility for these and
all other provenance studies has been transferred to K. Illingworth.

Mr. N. Wheeler joined the Division in April, 1975, and
will be responsible for lodgepole pine (Pinus contorta DorgL.) breed
production and testing.

A quantitative geneticist, Dr. F. Yeh, came to the Division
in November, I974. In addition to conducting enzyme research, he
will provide counselling and analytic assistance on all aspects of
the Divisionrs genetics program.

PROVENANCE RESEARCH Reforestation in British Columbia depends
entirely upon indigenous conifers, and it is fortunate that the
gene populations which they represent are rich in variety and
relatively undisturbed by man. Studies of geographic variation
consequently occupy a prominent and appropriate part of the
research program of the B.C. Forest Servj-ce, both as adjunct to
reforestation and as a basis for tree improvement.

Since L968, provenance trials totalling sorne 255 hectares
have been established at 125 locafions throughout the provinee.
They represent a substantial work load in terms of routine
maintenance, scheduled assessments and data processing. For this
reason the program to date mainly comprises studies of coastal
Douglas fir, Sitka spruce and lodgepole pine. However, the pressing
need to include other maJor species, such as the interior spruces
and western hemlock (Tsuga hetenophylla (Rat.) Sarg.), is
recognized. To facilitate present and future work, procedures
for the implementation of field trials, records, data collection
and processing have, wherever possible, recently been standardised.
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In general, the period L973-75 was marked by the implementation
of several new tri-als. A noteworthy trend emerging from assessments
in older experiments is the substantial variation in vigour and,
sometimes, survival among provenances from within the same seed
zorLe. Currently, seed zones in British Colurnbia are crude derivations
of bio-geo-climatic zones, but this trend questions and may well
force a revision of present seed zone concepts.

An outline of individr:al studies and progress made in them
during the past trdo years follorus:-

, Douqlas fi,n In the period Lg6g-74 some 80 hectares of trials were
planted at 38 locations throughout the coastal Douglas fir zone. Their
general purpose is to permit the formulation of seed transfer ru1es.
There are four related field experiments.

Part 1. To screen a wide range of seed sources - as many as
seventy seven provenances are being grohrn in six contrasting climatic
zones;

Part 2. To assess the importance of seed transfer over large
altitudinal intervals - a high elevation and a low elevation
seedlot from each of five localities are being tested at or near
each seed source;

Part 3. To define provenance zone boundaries - a seedlot of local
origin plus five from contrasting clirnatic zones are being tested
in many climatic and geographic situations;

Part 4. To test and compare select coastal and interior provenances
at three high elevation test sites.

The design of the older trials is randomised complete
block incorporating four replications of 35 tree li-ne plots at
each site. More recent plantations no\^r comprise 9 tree square plots
in fourteen complete blocks per location. Bare-root 2 year old
transplants are used.

The establishment phase of this prograrrune is essentially
complete. Sixth year measures r^rere made at three sites in L974.
Survival and height at Port Renfrew (altitude 229n), Sooke (L22n)
and Lookout Mountain (1067rn) were 97.2, 9O.2 and 94.4 percent;
2.8, 1.7 and 1.1 metres, respectively. Provenances differed
markedly in their ranking for mean heisht and also, apparently, in
their genotypic stability. Darrington (Wash. ) , Shelton (!'lash. ) ,
Kelsey Bay (8.C.) and Alberni (B.C.) exemplify consistently
vigorous provenances. Significant variation in height growth was
observed between provenances from the same seed zone. Thus, although
one or more provenances from the local seed zone (1010 - west, coast
Vancouver Island) were included in the top range of non-significance
at each location, Kennedy Lake and Gold River ranked consistently
below Alberni, Kaouk River and San Juan River - the selection of
any one of which current seed zone rules would have favoured for
reforestation purposes.
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SLtka spruce Studies of variation in Sitka spruce incorporate
seedlots collected by the International Union of Forest Research
Organization (I.U.F.R.O.). Since these studies have not previously
been reported, a brief review follows:

The first sowings were made in 1971. Thirty-nine provenances
consisting of. 554 wind-pollinated families were grown in containers
at the B.C. Forest Service nursery in Surrey, where they were the
subject of intensive genecological study by E. Falkenhagen from the
University of British Columbia. Subsequently the trees were used in
field trials in the Queen Charlotte Islands and Vancouver 1sland.
The first of these was planted in October, 1973. Intended as a
guide to the selection of geographic seed sources suitable for
transfer into the Queen Charlottes, it comprises 38 provenances
planted in 22 replications of 9 tree plots. The replications
are dispersed among five locations on Graham and luloresby Islands.

The four year o1d trees r^/ere measured in September, L974.
Despite slight but significantly consistent variation in mortality
among the provenances, overall survival is 99.5 percent. Tree
heights still reflect the pattern established in the nursery and are
strongly correlated with latitude and altitude of the seed sources.
However, current leader growth already permits a pough geographic
grouping of the provenances; thoae from the rniddle Skeena (Sharnes
to Kitwanga) and Nass valleys shsw substantially the greatest
vigour, conceivably reflecting the effects of introgression with
white spruce in the upper Skeena.

To permit estimates of genetic parameters at the half-sib
level, plots of 75 wind-pollinated families (15 provenances x 5
fanilies) were also planted at trrTo of the Queen Charlotte Island
test sites.

A third experiment utilizes the remainder of the Surrey
trees (some 38 provenances and up to 15 f,amilies). In spring,
1974, they were set out in a 13 acre plantatlon on a Vancouver
Island site infested by the white pine weevLl (Pissodes strobi
(Peck), which is the principal deterrent to Sitka spruce reforestation
throughout much of the Pacific Northwest. The plantation is
intended to afford a very crude screening of families or
individuals for putatLve resistance to this PesL.

In spring, 1975, the I.U.F.R.O., International Ten
Provenance Experiment was established at seven locations on the
northwest coast. At each location there are nine randomised
complete blocks r^rith 9 tree line - p1ots. Fourteen countries
are participating in this study, and the B.C. plantations will
provide an invaluable link with much of the European research on
variation and genotypic stability in this species.
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Lodgepole pine In spring, 1974, sets of sixty lodgepole pine
provenances, selected from a range-wide collection of one hundred
and fifty, were planted at sixty locations east of the Cascade -
Coast Ranges. Provenance sets include ten standard provenances
conmon to all test locations. Sites were selected so as to sample
a range of fopography and soils witlrin twelve broad bio-geo-climatic
regions. Despite epidemics of black army cutworm (Actebia fennica)
at four locations and the loss of one plantation by fire, end-of-season
survival was 98.6 percent. These and overwinter losses, rnainly by
rodents, were replaced in June L975.

Shore pine provenances are being tested on problem sites
in coastal environmentsp In the spring of L973, two-year seedlings
of six provenances (representing a north and a south transect
from outer to inner coast) were planted on a frost-prone site on
Vancouver Island and in the Kitimat valley. To study spacing effects,
a modified Nelder variable spacing design is being used. At the
Kitinat site, northern provenances are exhibiting a pronounced
gradient of cold resistance, increasing from outer to inner
coast. Southern provenances are suffering most and differences
among them are relatlvely minor.

PUBLICATIONS IIND PAPERS

Illingworth, K. I974. Inter and intra-t,rovenance variation in
heighrs of three year old Pinus eontorta Dougl. Paper
presented at a meeting of the I.U.F.R.O. Working Party
on Lodgepole Pine Provenance Research (S2.02-06).
Edinburgh, Scotland, Sept. 8, L974.

:

Illingworth, K. L975. Lodgepole pine provenance research and
breeding in British Columbia. In Proc. of Symposium on
Management of Lodgepole Pine Ecosystems. Wash. State Univ.
Co-operative Extension Service, Pullman, llashington, Oct.
1973. 47-67.
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IMPROVEMENT OF WHITE AND ENGELMANN SPRUCE COMPLEXES OF BRITISH COLUMBIA

PROGRESS REPORT*

Gyula Kiss

Retentrch DivitLon
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The obJectlve of this proJect ls the productlon of genetlcally
lmproved seed of whlte - and - Engelmann spruces (Plcea glauca (Moench)
Voss and P. engeLmannit Parry respectlvely).

Since the prevlous report in the Proceedlngs of the 14th
meeting of Lhe CFTBC further progeny trlal plantatilons were establlshed.
The 32 planting sites reported tn 1973 to be prepared for planting have
been planted along wtth the plantatlon near Red Rock. A total of about
54r000 2+L seedllngs representing 134 sel-ected familles were used ln
thls trial. Initlal helght of each seedllng was recorded. Survival
after the flrst growing season was about 94 per cent.

The East Kootenay selectlon unlt progeny trials were planted
during the sprlng of 1975. The trlals consist of 33 replications in
14 ereas wlthln the East Kootenay selectlon unlt and seven repllcatlons
at our Red Rock teet slte. The latter ls welL out of the seed zon€o
A11 but slx of the 110 selected trees, fron which we were able to collect
cones, are represented by at least 300 seedllngs. In each repllcatlon
a row of 10 seedllnge, dlstributed at random, represent a famlly.
Following plarrtlng each eeedllngt s helght rdas measured and recorded.

The clone banks at Red Rock contlnue to grow well. Some of
the ramets exceed 2.5 meters. Clones from the East Kootenay selectton
untt continue to grow faeter than those of loca1 orlgln. The tallest
Prlnce George ramet Ie 2L6 cm whlle the tallest Eaat Koofenay graft
measures 254 cm yet the latter ts 1 year younger ( 7 and 6 years slnce
greftlng, respectLvely). Several ramets averaged 60 cmts ln the last
three years. Only a few stroblli, mostly male, appeared so far on
the clones.

The cllnate ln the Prlnce George area ls not very conducive
to fructlflcatlon. Slnce we are planntng to make a large number of
controlled crosses tt was decided to move our tree breedlng centre to
the northern Okanagan Valley ln Brittsh Colrrmbla. Here the cllmate ls
hot and dry durlng the sutmer and cone crops are much more frequ€oto
The full-slb seedLlngs will then be tested at sites for which they are
intended ln the future. I"lany of the grafts to be moved to thls new
centre have already been made and are still in containers awaiting
their transfer.
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In antlclpatlon of an lnter-racLal croeslng program we have
obtalned whlte spruce scton materlal from many parts of Canada and the
Unlted States. Grafts thus obtalned are dolng wel1.

Both the Chllilwack and the Red Rock Piceta are dolng well.
Some species at Chllllweck are over 250 cm tall.

* Prevlously reported ln: Proceedings of 12th, 13th and 14th meetlng
of CFTBC.
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SUMMARY OF SEED.PRODUCTION PROGRAM OF REFORESTATION

DIVISIOI{, BRITISH COLUMBIA FOREST SERVICE, T973-75

J. Konishi,
M. Meagher &

C.A. Hewson
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Activities since the last report have been mainly preParatory
to expanding our seed orchard program. This has entailed obtaining
initial predictions of long-term seed needs for the Vancouver Forest
Distric.t, and reconnoitering for land suitable for seed orchards
througtrout the province. Consultation and cooperation with Company
foreste:rs is ongoing to assure that publie money spent on seed
production will produce the greatest amount of suitable seed.

An l8-acre orchard based on 108 families, but including 73

other clones for early pollen production, Idas planted in 1975 to
produce Douglas-fir seed for the Coast-Interior transition zone. After
15 years, this should provide seed f,or replanting 3000 acres a year.
Stock for another Vancouver Island west coast Douglas-fir orchard
(to be planted L977 - I 78 in a good flowering zone) is being reared
now. Selection of western hemlock parent trees on the lower Coast
will begin this fall for propagation by rooting.

In the Interior, a 10 acre lodgepole pine orchard (plus
trees were selected by U.B.C.) was planted in L974 in the breeding
arboretum, near Red Rock. Mass selection of spruce trees from an
area northwest of Prince George was done during the winters of 1973-
L975. A total of 250 parent trees were selected and have been grafted'
producing 101000 ramets. These will be moved to clone banks and a

25-acte orchard near Salmon Arm, 4 degrees south of the Prince George
source, in 1976. Further Central Interior spruce selections will be
taken from the Smithers - Burns Lake area in 1975. Part of the East
Kootenay area has been previously sampled by G. Kiss of the Researeh
Division, B. C. Forest Service. These will be screened for suitability'
using progeny test information wherever possible before placement in
seed orchards. Mass selection will be employed in establishing other
orchards in the Southern Interior of the provinee. A small orchard
of the Beachburg (Ontario) provenance of white spruce will be planted
at several locations in the province to permit comparison of growth
and seed production capability to the native spruces.
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In areas of poor access and deep snol^r, the collection of
spruce seions has been simplified by collecting directly from a
helicopter. In addition to being cheaper, this rnethod facilitates
the assessment of candidate trees.

The professional and technical staff involved in seed pro-
duction has increased to 10, with the hiring of an additional for-
ester and four technicians in the past two years. lfherever possible,
field work wili- include District staff to incrr:ase coverage of suit-
able stands and strengthen liaison with District personnel.
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BREEDING PSEUDOTSUGA IN COASTAL BRIT'ISH COLUI,IBIA

A.L. Orr-Ewing

Re'seanch Oivi'sion
B.C. Fonest Sotwice
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Intraspecific Crosses with Douglas Fir

The 28 test sites pla-nted from 1966 to L97L are being rnaintained
on a regular basis, the main work being tfre early removal of natural re-
generation particularly that of Douglas fir (Pseudotsuga menziesii (Mirb.)
Franco). Data on the measurements made subsequent to those reported in
Research Note 55 are now being analysed. These include diameters at one
third total height once the crosses are six years of age. The results
already indicate that there are highly significant contrasts in volume between
different crosses on the same test site. This is evident even when the
crosses are half-sibs, the 1963 crosses, for example, all had a common
female parent yet on good sites the volumes produced by the best are almost
three times those of the poorest cross. Such differences are most encouraging
for future breedi-ng. :

Attempts were again made to hybridize some of the Asiatic Pseudot-
suga species growing in the Arboretum at Lake Cowichan which r.r" d"EEiIEE-
in the 1964 and 1971 Research Reviews. These trees were planted in 1960
and have produced regular cone crops but sparse po11en. Attempts were made
to hybridize them with Douglas fir in 1968 and 1970 but no viable seed was
produced. It was considered at that time that the cause for this failure
was the difference in the number of chromosomes. In 1974 with the cooperation
of the U.S. ForesL Service fresh pollen was obtained from three Pseudotsuga
macrocarpa trees in California. This species, popularly known as Big-cone
Douglas fir has the same basic chromosome number of 12 as the Asiatic species
of Pseudotsuga. Pollinations were made on three trees of P. sinensi-s from
China and two trees of P. japonica from Japan. One hundred and Lhree cones
were collected but all of the 954 seeds produced vrere empty. A cytological
investi-gation for the cause of this incompatibility would be of great in-
terest. Attempts will be made to cross the Chinese and Japanese Pseudotsuga
once suffici-ent pollen has been produced.

Inbreeding Studies with Douglas Fir

The results from inbreeding studies with Douglas fir which were
initiated in 1952 have recently been sunrmarized (Orr-Ewing, 1974). In brief,
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inbreeding studies to the S.' generation in Douglas fir have shown that some
dwarfing occurred in every delfed family. The percentage of viable seed
obtained from inbreeding to the S" generation varied greatly with differertt
S1 inbreds and even with the same'tree self-pollinaEed in different years.
The yields were considerably lower than those obtained from backcrossing
and full-sib matings on the same tree. Full-sib matings in particular gave
normal yields of viable seed and there seems to be no i.ncompatibility system
as in self-pollination, to prevent it. The incidence of dwarfing was con-
siderably higher in the S, generation and several different forms have been
found. There was consideiable variation in their distribution with the normal
or ta1l forms both between and within selfed families. The tal1 seedlings in
the S, generarion developed into norrnal looking trees and some pollinations
to thE S, generation have been made. The dwarfs grow slowly and appear to be
steri-ler*this has prevented further investigation into their mode of inheritance.
A cytological study of the root tips of both dwarf and tall seedlings showed
considerable instability in number of chromosomes. The implications of dwarfing
in relation to seed production areas, seed orchards and nurseries requires
serious consideration.

The Douglas Fir Arboretum at Cowichan Lake, Vancouver Island

It is generally recognised that the genus Pseudotsuga is divided
into two families, the Asiaticae and the Americanae. The former are repre-
sented by four species, P. forrestii Craib. and P. wilsoniana llayata from
Formosa in addition to P. sinensis and P. japonica referred to previously.
The Arnericanae are t.prEse"tea Uv tro specGlF. *aclsgglp (Torr.) Mayr
..'aF@.(Mir|.)Franco.The1atter"pE.i6r"ffi"rthemost
important for a breeding program in this province owing to its wide distri-
bution over very different conditions of climate and site. The objective
of establishing this arboretum therefore, has been to provide as wide a gene
pool as possible for racial crossing which appears a promising breeding
nethod for Douglas fir. The first and last provenances established for this
purpose were planted in 1958 and 1973 respectively and at the present time
the arboretum contains some 216 provenances and L2L clones (Orr-Ewing 1973).
These have been collected throughout the distribution of Douglas fir ranging
in elevation from 100 to 101850 feet, in latitude from 19"40 to 55"05 and in
longitude from 98"07 to L25"40. The remaining five species of Pseudotsuga
have also been established in the arboretum mainly from interest as some of
them are extremely rare. They all have a different chromosorne number to the
Douglas fir, and the only successful cross to date has been nade with P.
macrocarpa. The yield of viable seed is so low however that the prospects of
an interspecific breeding program are mot promising. It is probable that
further additions will be made to the main arboretum in future years particularly
r^rith an expansion of the clonal collections from the U.S.A.

Publications

Orr-Ewing, A.L.
Vancouver

Orr-Ewlng, A.L.
Res. Note

1973. The Douglas Fir Arboretum at
Island. Res. Note 57 B.C. For. Serv.

1974. The Incidence of Dwarfing in
64. B.C. Forest Serv. 26 p.

Cowichan Lake
47 p.

Inbred Douglas Fir.
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TREE IMPROVEMENT AT THE PACIFIC FOREST

RESEARCH CENTRE, T973-74
R. F. Piesch

Canad,[-an F o ne.ttntJ Senviee
Pac,L(Lc Fonost Re,seanch Centne

Vioton La, BtLi.tiall Colunbia

The major tree improvement effort at the Pacific Forest Research Centre
concerns \^testern hemlock GjgE heterophylla (Raf .) Sarg.). Early emphasis is
being dlrected toward the testing, over a range of environments, of selected
hemlock populations from coastal British Columbia. Being studied concurrently
are the performances of half-sib and full-sib families, the propagation and
subsequent use of rooted cuttings, and the development of breeding rnethods and
technology.

Certification of forest tree stred under the O.E.C.D. (Organization for
Economic Cooperation and Development) scheme is another important part of the
P.F.R.C. program. The P.F.R.C., as certifying agency for seed collected ln
British Columbia and the Yukon Territory, implemented the scheme in B.C. in 1970,
and has since, annually, certified source-identified tree seed intended for export
under the O.E.C.D. scheme.

Several related studies, conducted both in-house and through grants and
contract research, support tree improvement in general. These studies include
research into cone and seed insects, rooting of cuttings from mature trees,
pollen storage and testing, phenology of vegetative and reproductive bud development,
and the induction of precocious flowering. Under an advice and services study,
seeds and pollen from B.C. species are collected and distributed to meet researchersr
needs, within and outside British Colunbia.

WESTERN HEMLOCK TREE IMPROVEMENT

Population study plantations

On most si.tes, seedlings surviving 4 years after planting are generally
well established. There has been 1itt1e change in survival rates since the
second year following outpl-anting, with survival averages of about 75% on the
better sites, and 45-50% on the drier, more exposed sites. Height differences
among populations became evident after the second year, but si-nce the results
were highly variable within and between blocks due to the variable degrees of
establishment among seedlings, no formal analyses were conducted. Third and
fourth year heights are being assessed this year and the increment and total
height wil-l be anaLyzed. After four growing seasons in the fiel-d, many seedlings
exceed 2 m in height, some approaching or exeeeding 3 m. Since natural
regeneration has been generall-y abundant in these plantations, eonsiderable effort
was given this year to preserving the identities of planted stock and eradicating
the wild stock.

Seedlings of 18 ful1-sib progenies produced from controll-ed crosses on
l-year-old rooted cuttings in 1970 were outplanted in early L973, and subsequent
growth and survival have been good. Seeds resulting frorn the I973 pattial-diallel
intra-specific matings, carried out in part on rooted cuttings in the c1one bank
at Cobble H111, were germinated in early I974. Seedlings subsequently produced
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were grown in the shadehouse for one growing season, and then outplanted in the
fall. The study was comprised of 39 crosses, including seven selfed fanilies.
The half-sib plantation establ-ished during L970-72 has been severely declmated
due to heavy grass cornpetition and droughty condltions. No further half-sib
field studies have been undertaken.

The growth and survival of outplanted rooted cuttings (now 5 years old)
continues to be good. Most plants average 1 m, with sorne as tall as 2-3 m.
In L974, the cuttings produced a moderate crop of seed cones, but no pollen
cones. However, in 1975, several- clones produced pollen cones in addition to
a good crop of seed cones. These cones were used in the breeding studies
discussed below.

Breeding studies

The objectives of these studies have been twofold: 1) to develop and
improve techniques for controlled-pollinations ln western henlock, and 2) to
produce full-sib progenies for subsequent testlng and breedi-ng.

Since potential contamination problerns with the teryLene polllnation
bag have become apparent, different isolation systems, including rigid acetate
tubes with foam plugs, rdere tested this year. In vivo tests were also under-
taken with stored pol-Len and with fresh pollen collected on dlfferent dates and
forced in the grorrrth room. In addition, a feasibility study uslng detached
branchlets for controlled-poll-lnations in the growth room lsas undertaken.

Because of the highly variable numbers of seed cones per clone and
the general inadequate production of pollen, no formal breeding design has been
followed. Priority has been given to producing as many selfed fanilies as
possible, along with outcrossed counterparts. Small-scale full-diallel crossing
designs (3-6 parents) have also been attempted.

A cooperatl-ve chemosystematic study of the leaf oils of western hemlock
was undertaken with Dr. E. von Rudl-off of the N.R.C. Prairie Regional- Laboratory.
Initial emphasis has been on testing ramet differences to deternine the degree of
variability that can be expected among ramets of the same clone.

An attempt is being made to obtain seeds of all Tsuga species for future
inclusion Ln a breeding arboretum. Of the 10 species oecurring world-wide, seeds
from five have been acquired.

An establishment report, covering the tree improvement study from its
inception to the plantation establishment phase, has been published (Plesch
L974) .

CERTIFICATION OF FOREST REPRODUCTIVE
MATERIAL T]NDER THE O.E.C.D. SCHEME

Over the past 2 years, Certificates of Provenance for source-identifled
forest tree seeds from B.C. and the Yukon have been issued for an additional
15 seedlots, bringing to 1l-7 the total- number of certificates issued since the
scheme was implemented in 1970. The relatively small number of certificates
issued recently reflects the poor cone crops during the past 2 years, particul-arly
with respect to seed requlrements for the export trade.
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The national publication covering O.E.C.D. seed certification for
Canada was revised in 1974 to reflect changes brought about in L973-74 In
the l-nternational O.E.C.D. regulations. The publication is currently in
press (Anon. 1975).

RELATED SUPPORT STUDIES

A prelininary assessment was conducted by A. Hedlin on the nature,
extent of damage, and species lnvolved, of graft-nining Dioryctria in Douglas-
fir (Pbeudotsuga menziesii (Mirb.) Franco) seed orchards. Clonal effects on
damage caused by seed and cone lnsects were also studied. A handbook, covering
the important cone and seed insect pests in British Colunbia, was published
(Hedlin I974).

Studies on the rootlng of cuttings from mature trees have continued
under the directlon of H. Brix. Two reports on the rooting of Dougl-as-fir
cuttings were published (Brtx and Barker 1973, Brix L974) and a report on the
rooting of western hemlock is in preparation.

Through contract research, studies on pollen storage and testlng have
been conducted, resulting in two publ-ications (Binder et aL. L974, Binder and
Ballantyne L975). The phenology of vegetative and reproductive bud development
for western hemlock and Sitka spruce (3i""" sitchensis Bong. Carr.) has also been
studied through contract research. Two reports have been published (Owens and
Molder 1973, L974) and a third is in manuseript form. A science subvention
grant was renewed in support of studies on precocious flowering of Douglas-fir
and lodgepole pine (Pinus contorta Doug). through ttre application of gibberellins.
Dr. C.G. Kuo, an N.R.C. Post-doctoral Fellow at the P.F.R.C., has cornpleted his
studies on the control of juvenility and flowering of western hemlock and grand
fir (Abies grandis (Dougl.) Linaf.; through the application of plant regulatory
substances and cultural treatments. A report covering the studies on l-year-old
seedlings of western hemlock is in preparation.

A final objective of the P.F.R.C. tree improvement program is to provide,
upon request, forest reproduetive material to research institutions, within
and outslde Canada. Seeds ftom 25 tree species frorn B.C. and the Yukon and
pollen from six specl-es have been collected and distributed, mostly in response
to requests channelled through the C.F.S. Petawawa Seed Unit. Seeds were also
collected for in-house balsan woolly aphid and white pine blister rust studies.
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FOREST GENETICS AND TREE BREEDING
AT THE FACULTY OF FORESTRY,

UNIVERSITY OF BRITISH COLUMBIA

O. Sziklai

Faeultq o{ Fone,st.nq
Unive,Ltittl o{ Bniti,sh CoLumbLa

V aneouv ett, BnLtLt l+ Co [-umbia"

ACADEMIC PROGRAM

Undergraduate

The undergraduate forestry course on "Forest Genetics" (For. 302) as an
elective course was taken by 18 students during the second term of L973/74.
For the 1974/75 year, there were 25 students in this course.

Graduate

Completed:

IIrs. Maria Adela de Vescovi, M.Sc., "Comparative Karyotype Analysis of
Four Douglas-Fir (Pseudotsuga menziesii (Mirb.) Franco) Provenances",
May, L974.

Mr. Ernil Falkenhagen, Ph.D., "A Study of the Phenotypic and Genotypic
Variation of.545 Single Tree Progenies of 38 Provenances of the I.U.F.R.O.
Sitka Spruce (Picea sitchensis (Bong.) Carr.) Co1lection", May, I974.

In residence:

Mr. Ken Bartram
"Intra-specific

In absentia:

coinmenced his M.F. progranme in September, 1974, on
Hybridization of Lodgepole Pine".

Mr. M.D. Meagher is in the process of completing his Ph.D. thesis on
"Studies of Variation in Henlock (Tsuga) Populations and Individuals
from British Columbia".

RESEARCH PROGRAM

Forest genetics research concentrated mainly along the lines
the variati-ons and heritabilities of progenies and provenances of

of studying
selected

hlestern North American conifers in the Pinaceae family.

Tree breeding program was devoted to select lodgepole pine trees from
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the most northerly range of the species in central Yukon. Twenty-four plus
trees were selected during the summer ot 1974. Therre is now a total of
184 plus trees which were selected between the 54th and 64th latiEudes during
the years of L97O, I97l- and L974. Seed and scion samples were sent to Sweden

where this species is substantially surpassing in volume produetion the
native Swedish pine, and scions were provided for the B.C.F.S. and grafted in
Prince George. '

The selection in tne summer of 1974 extended the most northerly range of
lodgepole pine close to the 64th latitude and discovered stands over 3,000
feet elevation at this latitude. Presently, needle, wood, seed morphology'
polyenbryony and isozyme patterns are being studied from these samples.

PUBLICATIONS AJ{D PAPERS

Sziklai, O. L974. Juvenile-Mature Correlation. Invited paper I.U.F.R.O.
Joint Meeting of Working Parties on Population Genetics (S.2.04.1)'
Breeding Theory (S.2.04.2) and Progeny Testing (S.2.04.3). August
30 - September 5, L974.

Sziklai, O. Lg74. Seed Orchards - Basic Concepts and Possibillties for
Genetic Improvement. Northwest Lookout VII(3):13, 28, 37.

Aicepte4 for Publication to "Silvae Genetica":

El-Lakany, M.H. and O. Sziklai. Effects of Seed Extracts on Radiosensitivity.
8 pp.

De-Vescovi, M.A. and O. Sziklai. Comparative Karyotype Analysis of
Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco). 11 pp.

Reck, S. and O. Sziklai. Juvenile-Mature Correlation in lJood Characteristics
of Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco). 11 pp.

Papers presented at the Northvrest Scientific Assoeiation Meeting in
Ellensburg, !'Iash. on March 28, 1975;

Nyland, E. and O. Sziklai. Some Observations on the Northerly Distributlon
of lodgepole pine in Lhe Yukon.

De-Vescovi, M.A. and O. Sziklai. Observation on Needle Characteristics of
lodgepole pine in Central Yukon

Kvestich, A. and Peter Sziklal. Polyernbryony of lodgepole pine in Central
Yukon.
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SEMINAR: APPLIED GENETICS IN FOREST MANAGEMENT

(pnocgrnrNGS, PART 2)
LIST OF AUTHORS AND TITLES

CONTENTS

E.K. Morgenstern General Introduction

Morning Session: Breeding Activities
Chalrman: J.P. van Buijtenen

M.A.K. Khalil Breeding strategy

Hans Nienstaedt Adaptivevariation: manifestations
in tree species and uses in forest
management and tree imProvement

G.K. Kiss Plus tree selection in British Columbia

J.W. Wright Progeny testing i.n practical tree
improvement

A. Carlisle and The economics of tree improvement
A.H. Teich

Afternoon Session: Seed Production
Chairman: Y. Lamontagne

C.H. Lane Tree seed program in Ontario

J.P. van Buijtenen
and E.M. Long Seed orchards

B. S. P. l'Iang Forest tree seed quality
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FIELD TRIPS

During the afternoons of Tuesday, August 19 and Thursday'
August 21, members of the C.T.I.A., L.S.F.T.I.C. and C.I.F., led by
C.W. Yeatman toured the Petawawa Forest Experiment Station.

Tour I - August 19 included:

Pine GrafE Arboretum

(1) Range-wide jack pine provenance test to study the genetic
and environmental components of phenotypic variation with
geographic source.

(2) Scots pine clones of southern Ontario and European origin
established to:

i) test, select and breed for growing Christmas trees

ii) test early flowering Scots pine clones as parents for
gtaft root stocks

iii) demonstrate clonal differences in winter hardiness and
insect and disease susceptibility.

(3) Lodgepole pine and hybrids with jack pine have proven to be
highly susceptible to sweetfern blister rust (Cronartium
comptoni-ae Arth. ).

(4) Red pine clones from trees found near Bancroft, Ontario,
reflect the extreme fastlgate form of the ortets.

Young Creek Area

(1) Exp. No. 79 - Black spruce provenances to observe variation
among provenances of Ontario, Quebec, Maritimes and Newfound-
land origin.

(2) Exp. No. 96-G - Red pine provenances from Eastern Canada and
Lake States to test for variation in survival and growth.

(3) Exp. No. L25 - Sixteen Lake States provenances of jack pine
to compare provenances for differences in survival, hardiness
and growth.

(4) Exp. No. 40 - Twelve Ontario jack
provenance differences in growth
resis tance .

pine provenances to evaluate
rate, crown form and insect
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Thomas Field

(1) I.U.F.R.O. Norway spruce provenances to study geographic
variation in yield, hardiness and white pine weevil damage.

Fuelwood Area

(1) Exp. No. 120-8 - Norway spruce open pollinated progeny
test to:

i) evaluate plus and minus progenies

ii) identify superior seed parent trees

iii) incorporate the best progenies into a breedlng program
for improved Norway spruce.

(2) Exp. No. 95-H - Fourteen provenances of red spruce to
locate populations that are superior in silvicultural
characters and can be used directly in forest planting.
Demonstrates lntrogressive hybridization with black
spruce.

Headquar.ters Area

(1) Tree cllmbing and seed collection demonstration.

(2) Seed extraction and seed storage.

Tour II - August 21 included:

Sturgeon Lake Area

(1) Exp. No. 332-4 - A jack pine progeny test of trees and
stands in the Upper Ottawa Valley.

(2) Plus tree selection ln natural stands in jack pine ll-years-
old regenerated after fire and 7O-year-old pine of the same
population.

Hudsonrs Place

(1) Exp. No. 4 - 57-year-old Norway spruce of German origin
demonstrates differences in winter hardlness, whlte pine
weevil damage, cror^rn form and growth and yield.



-193-

(2) Exp. No. 13 - Dunkeld, Scotland hybrid larch test. :

(3) Exp. No. 11 - 58-year-old red spruce of Quebec origin
was planted to observe hardiness, growth and morphology
of this species that ls not native to,Petawawa.

Corry Lake Nursery

(1) Exp. No. 341-A-1 - Hybridization of Picea mariana' P.
omorika and P. glehnii to determine crossability patterns'
survival, hardiness, susceptibility to insects and di.sease,
and growth of the hybrids. The hybrids P. omorika x
mariana and P. urgriana x glehnil are heterotic in this test
where they are taller than the parental species.

Cottage Road Plantati-on

(1) Exp. No. 331-1 : Demonstratlon of 5 x 5 diallel cross in
local white spruce. Virescent mutants have been observed
in sorne comblnations, inbreeding depression is evident,
parents differ in general cornbining ability.

Seed Centre

(1) Seed testing, research, certification and seed bank.

Tree Physiology

(1) Growth accelerationn early testing and biochemical studies.

Ottawa Valley Field Trip - August 22

The tour of the Ottawa Valley by bus was led by Dr. Morgenstern'
P.F.E.S., and Dr. Zsuffa, O.M.N.R., Maple, and included the following
itinerary:

STOP I !,Iestrneath - Beachburg road

Brief description of the Ottawa Valley area, forest types
and white spruce populations in the Beachburg vicinity
and view of natural white spruce remaining in Beachburg
area.



-L94-

STOP 2 Hubert Farm, Ross Twp.

Test of hard pine (Pinus densiflora, P. nigra, P. sylvestris)
hybrids planted in L974 by Ontario Ministry of Natural
Resources.

STOP 3 Rook Farm, Wil-berforce Twp.

Hybrid popolar clonal test established L973 by O.M.N.R.
Individual trees reach 4 m. in height in 1975. Best clones
are fast growing, winter hardy and disease resistant.

STOP 4 Lei-trlm

Experimental plantations of exotic: poplar species and
their hybrids and a hybrid poplar clonal test, Ottawa
District. Established by O.M.N.R. ln 1970 and. L972.
There are a great numbet of diversifipd trees in these
plantatlons. Some populations show thteresting forms
and outstanding growth, with the tallest trees exceeding
10 n in height in 1975.
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OTTAWA VALLEY SNAPSH ()TS
FIELD TRIP -.22 AUGUST 1975

Louis Zsuffa tells all about poplar

Keith lllingworth listens to the professor,
Oscar Sziklai.

Don Fowler, John Santon and Al Gordon

debate in earnest.

Louis and Don Fowler look at it both

ways.

Kit Yeatman, John Santon and Narinder
Dhir admire the poplar plantations.Kris Morgenstern takes the high view.
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