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KOJ lJO
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P.0. Box 430
Thunder Bay, Ontario
P7C 4N3

Dale Simpson
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Forestry Canada
P.0. Box 4000
Fredericton, Nev Brunsvick
E3B 5P7

R.F. Smith
Maritimes Forestry Centre
Forestry Canada
P.0. Box 4000
Fredericton, Nev Brunsvick
E3B 5P7
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Min. Energie et Ressources
Servic,e de LrAmelioration

des Arbres
2700 Rue Einstein
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G1P 3VB

Dr. 0. Sziklai
Faculty of Forestry
University of B.C.
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D. Schoen
McGill University
Dept. of Biology
1205 Ave. Dr. Penfield
Montreal, P.Q.
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I{illiam Schroeder
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S. Segaran
Forestry Branch
Dept. of Natural Resources
300-530 Kenaston BIvd.
Vinnipeg, Hanitoba
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D.A. Skeates
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Ministry of Natural Resources
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LOJ lEO

Dr. Albert Sprovle
Alberta Forest Service
9920-108 Street
9th Floor
Edmonton, Alberta
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Miahael Stohr
Faculty of Forestry
University of Toronto
203 CoIIege Street
Toronto, Ontario
M5S 1A1

Dr. Trevor Thorpe
Dept. of Biology
University of Calgary
2500 University Drive NIJ
Calgary, Alberta
TzN 1N4
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EOE 1PO

Dr. E. llhi te
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Forestry Canada
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v8z 1M5
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KOK 2HO

Dr. A. Yanchuk
BC Ministry of Forests
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Victoria, B.C.
v8r{ 387

Dr. F. Yeh
Dept. of Forest Science
University of Alberta
855 General Services BIdg.
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T6G 2H1

Dr. L. Zsuffa
Faculty of ForestrY
University of Toronto
Torontor Ontario
M5S 1A1

Dr. Gilles Vallee
Min. Energie et Ressources
Service de I'Amelioration
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2700 Rue Einstein
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Ontario Government Bldg'
10th Floor, 199 Larch Street
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BC MinistrY of Forests
P.O. Box 335
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ForestrY Canada
P.0. Box 2000
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v8v 3E7
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C.T.I.A./A.C.A.A. 22ND BUSINESS ItsETING - HINTNBS

Dr. J. Klein chaired the 22nd annual Business Meeting of the
CTIA/ACM held in the Humanities Centre, University of Alberta, Edmonton,
Alberta, on Thursday, August L7th, 1989.

MINUTES OF TIIE LAST MEETING

Motion: That the Hinutes of the 2Lst Business Meeting be approved as
published.
Moved by K. Morgenstern, seconded by B. llang. Carried.

MEMBERSHTP

The Chairman asked for a minute of silence to remember Active Member
D. Brophy, Chief Forester of Quebec & Ontario paper Co. and past_Chairman
of the 0ntario Tree fmprovement CounciI.

A. The folloving vere nominated as new Active Members:

C.E. Atack Ont. Tree Improvement Council
Leonard Barnhardt Alberta Forest Service
Henry Benskin B.S. Ministry of Forests
Dr. John Carlson University of British Columbia
Dr. Peter de Groot Forestry Canada
Dr. fsreal Jiang University of Alberta
Dr. Dennis Joyce Ont. Min. of Natural Resources
Dr. John King B.C. Ministry of Forests
John HacKay Quebec Min. Energie et Ressources

\ Doug Matthews Canadian pacific Forest products
Stephen Mercier Quebec Min. Energie et Ressources
Marie Josee Hottet Quebec Min. Energie et Ressources
Dr. ALex MosseLer Forestry Canada
Catherine Nielsen Ont. Min. of Natural Resources
Peter Nitschke Nova Scotia Dept. Lands & Forests
Lynn Palmer Ont. Tree fmprovement Councll
Dr. Ariane Plourde Forestry Canada
Dr. Albert Sproule Alberta Forest Service
Dr. Hichael Stoehr Unlversity of Toronto

Motion: That the nomlnated ner,r active members be elected.
Moved by J. Dojack, seconded by YiIl Sung park. Carried.
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B. The folloving vere recorded as correspondlng Members:

Dr. Pierre Charest
Dr. Dave DeYoe
Frangois Dumoulin
Gordon Falk
Douglas Hunt
Spencer MaeDougal
HaroId Peacock
Dr. Ben Sutton

In addition, a number of deletions and address changes vere noted'

CHAIRMAN'S REPORT

Jerry Klein outlined the accomplishments of the CTIA/ACM over the
past two years and suggested that the success of this meeting vas due to
the efforts of rany iilividuals. He sincerely thanked the local planning
committee and sub-tommittee members and the outgoing exeeutive for their
contributions.

FINANCIAL STATEMENT

by
and
#11

The audited
pas t-Treasurer
acceptance by

financial statementr ds of May 4th, 1989, was prepared
Kit yeatman and vas tabled for membership information
nominated Treasurer Steen Hagnussen Isee attachment

The

Motion:

Motion:

statement shovs a credit balance of $25'048'78'

That the financial statement be accepted
Moved by Francis Yeh, seconded by Madan

as presented.
Pandila. Carried.

That the incoming executive spend some money on advertising the
next biennial meeting in appropriate forestry and other
scientific journals to raise awareness of the CTIA/ACAA.

Moved by Steen Magnussen, seconded by Al Gordon' Carried'

FINANCIAL CONTRIBUTIONS

The Fund Raising Sub-Committee Report vas presented on behalf of
Chairman Daryl D,Amico Isee attachment *2]. The Fund Raising Committee

and aII CTIA/ACAA members sincerely thank the contributors for their
generosity. It vas noted that the sub-committee report should read ""'
the CTIA/ACAA depends on contributions to pay for additional meeting
arrangements and hospitality.rr Forestry Canada covers the publishing of
the meeting procedures.

EDITOR'S REPORT

Due to the sudden illness of the Editor vhile returning from
overseas, the Editor's Report \{as not available for discussion'
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BUSINESS ARISING FROM THE MINUTES

A. Education Comnittee - Chairman Francis Yeh noted that the main
activity of this committee vas to encourage and fund attendance by
students at the biennial meetings. Francis suggested that some schools
vere better than others at acting promptly and thereby obtaining reduced
fares. Discussion on student funding vas, as usual, considerable, and
stems from the fact that the CTIA/ACM has no set policy on this
activity. Nonetheless, eneouraging students Iboth undergrad. and grad. ]
to attend and funding that attendance was recognized as extremely
important and must continue.

Mo t ion: That the Education Committee sponsor the attendance of up

to tvo students from each Forestry Faculty at future
biennial meetings and that level of funding be reasonable
based on travel requirements.
Moved by Kit Yeatman, seconded by Alvin

Motion: That the Education Committee propose, to the mernbertship at
the 23rd biennial meeting, options for a CTIA/ACM policy
on student sponsorship at future meetings.
Moved by Sally John, seconded by Rod Savidge.

Yanchuk. Carried "

Carried.

B. Tree Seed lJorking Group - Chairman Graham Por,rell commented on
the success of the Monday Liorkshop as a forum for informatlon transfer
and discussion of research needs. He suggested that publication of
workshop papers in abstract form are of little use and that some

eonsideration should be given to publishing cornplete papers.

Motion: That the incoming executive of the CTIA/ACM send suitable
letters to federal, provincial and other approPriate
research-management agencies, stressing the urgent need for
research on management of tree crovns in seed orchards; the
objeetive being to reduce escalating cost of crop
protection and cone collection by maintaining, through
pruning, reasonably sized crollns capable of sustaining
cone-crop production.
Moved by Graham Povell, seeonded bY Steve Ross. Carried.

FUTURE MEETINGS

A. Location of the 1991 meeting. Gordon Murray confirmed that
Forestry Canada of Petavar,'a vould sponsor the meeting as approved in item
#246 of the minutes of the 21st biennial meeting.

B. Location of the 1993 meeting.

Motion: That the 1993 CTIA/ACAA meeting be hosted by the Nev
Brunsvick Dept. of Natural Reosurces and Energy in
Fredericton, Nev Brunsvick.
Moved by Catherine Tosh, seconded by Graham Povell'
Carried.
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C. Locatlon of 1995 meeting. The Brltish Columbla Hinistry of
Forests offered to host the meetlng ln either Victorla or Vernon.

ELECTION OF OFFICERS

The Nominating Committee Chairman Tlm Hullin proposed the folloving
slate of officers ior election to the L989/t99t CTIA/ACM executive:

Chairman: Gordon Murray, ForestrY Canada
Vice-Chairman - Symposium Tim Boyle, Forestry Canada
Vice-Chairman - Arrangements Ron Evers' OHNR

Editor/Treasurer Steen Hagnussen, Forestry Canada

Executive Secretary Jim Coles' 0TIC

No additional noninations \tere fortheoning.

Hotion: That the proposed slate of officers for the 1989/1991
CTIA/ACM executive be selected.
Moved by Greg Crook, seconded by Greg Adams' Carried'

ADJOTJRNMENT

A. Motion: That the CTIA/ACM members thank the 1987/1989
executive for their efforts over the past tlto years to
ensure a successful symposium and for their
hospi tali ty.
Moved by K. Yeatman, seconded by K. l{orgenstern'
Carried.

B. Motion: That the 22nd business meeting of the GTIA/ACM be

adj ourned.
Moved by Francis Yeh. Carried.
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ATTACE}IEM *1

CANADIAN TREE II{PROVEHEM ASSOCIATION

TREASURER'S REPORT

1987-89

The accounts of the CTIA/ACAA vere duly audited for the calendar
years 1986, 1987, and 1988 by Geo. Velch and Co. of Pembroke, 0ntario by
signature dated May 4, L989. The balance at the end of 1988 stood at
$20,314., vhich represented an excess of revenue over expenditure for
years 1986 to L988 of $8,178. A surplus of $8,604.69 vas transferred
from the operation of the 21st Meetlng, together with the return of
$1,000. cash advance, folloving audit and close-out of the accounts. The
current cash balance (9th May, 1989) stands at $4'317.78 plus Bank of
Montreal Guaranteed Investment Certificates totalling $14'280. The sum

of $1,000. vas advanced to the Chairman of the 22nd Meeting of CTIA'
27 January, 1989. No expenses against the CTIA/ACM have been incurred
in the intervening period beyond the auditor's fee.

A detailed cash flov from August 1987 to May 1989 is attached.

Respectfully submi t ted,

C.V. Yeatman
Treasurer
CTIA/ACAA
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CTIA/ACAA

Cash FIov
August 1987 - llaY 1989

Credl t

Balance, August 1987 $481.08

Amount

1987 Oct. Zz
0ct.30

1988 Apr. 29

June 13

Oct.27

0ct. 31

1989 Apr. 4
May 1

Year Date I tem

Return advance
Bank interest

2tst Meeting surplus
Bank interest
c.I.C. principal
G.I.C. interest
G.I.C. prineipal
G.I.C. interest
Bank interest

Bank interest
c.I.C. princiPal
G.I.C. interest

TotaI credit

Credit plus balance

Debi t

1 , 000.00
10. 58

I,604.69
11.69

g,500.00
680.00

1 , 000.00
87.50

L46.60

L64.67
4,000.00

36t.97

24,567.70

1987

1988

Oct. 27

Apr. 29
June t3
0ct.27

Jan. 27
llay 1

May 8

1,000.50

4,000. 50
9, 180.00
1 , 100.00

1,000.00
4,000.00

450.00

20, 731 .00

G. r. c.

G. r. c.
G. r. c.
G. r. c.

22nd CTIA advance
G. r. c.
Audi t

Tota1 debit

Balance May J.989

TotaI

Amount

$24,567.70

$25 ,048. 78

$20, 731 .00

4,317.78

$25,048. 78

1989
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CANADIAN TRBE IHPROVBHBI{T ASSOCIATION

Treasurer's Report

Hay 1989 - August 1989

A11 documents and accounts pertaining to the CTIA flnances vere
hended over as per May 1989 to Steen Magnussen (PNFI). Since then the
folloving transaction has been made:

Rener,ral of a Guaranteed Investment Certificate of $4,000 for another year
(yield 17.75% p.a.). Expiration of a $9,180 cIC per June 11, 1989.
Bought a $5,000 one-year GfC on July 25, 1989 (yield 10.752). Balance on
daily checking account: $9,349.26 as of JuIy 26, 1989. Assets $10,100
in GIC's. (Maturation of GIC's: October L989: $1,100, Hay 1990:
$4,000, Juyly 1990: $5,000).

Steen Magnussen
JuIy 26, 1989
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ATTACE}TET$ *3

PT'I{D RATSING STIB-COHHTTTBE RBPORT

TO TEB
CAI{ADIAT{ TRBE THPROVE}iENT ASSOCTATION

22ND BTENNIAL HEETTNG AUGUST 13 - 18' 1989

nfl?,oDucrroN

The Canadian Tree Improvement Association traditionally does not charge
any membership dues lnd distributes aII of the meetlng proceedlngs free
of charge to all interested tndividuals and organizations.

The collection of registration fees from meeting participants provides
for the major meeting expenses, but the C.T.I.A. depends on contributions
to pay for additional meeting arrangements and hospitality'

The Planning Committee for the 22nd Biennial Heeting, therefore formed a

Fund Raising Sub-Committee vith a goal to raise $5'000.00.

REPORT

The Fund Raising Sub-Committee sent 52 letters requesting sgpport.
Eighteen 

"orpani"s 
responded favorably and a total of $5 1925,00 vas

raised as summarlzed belov. Thank you letters vere sent to all
contributors.
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SPECIAL SPONSORTNG HEI{BERS

Alberta Forestry, Lands & ViIdIife
Forestry Canada (F.R.D.A. )
University of Alberta Department of Forest Science

INDUSTRY SPONSORING HE}iBERS

1.
2.
3.

L.
2.

4.
5.
6.

Blue Ridge Lumber (1981) Ltd.
Canadian Forest Products Ltd., G.p.
Proctor & Gamble Cellulose Ltd.
Saskatchevan Parks, Recreation & Culture
Lleldvood of Canada Limited, Hinton
l.leyerhaeuser Canada Ltd. Prince Alberta

$1,000
500
300

sr;aoo

$ s00
500
500
500
300
s00

p;80-0

OTBER INDUSTRY SUPPORTTNG

1. Alberta Department of Agriculture
2, Beaver Plastics Ltd.
3. Canadian Forest Products Ltd., H.L.
4. Canadian Forestry Equipment Ltd.
5. Evergreen Forestry Services Ltd.
6. K.D.S. Silviculture Contractors fnc.
7, Noval Enterprises
B. Spencer - Lemalre Industries Ltd.
9. Sundance Forest Industries Ltd.

TOTAL

The Fund Raising Committee vould like to take this
sincerely thank these Companies for their generous
support of the C.T.I.A. 22nd Biennial Meeting.

Gratefully Submitted

Daryl D'Amico
Fund Raising Sub-Committee

$ 200
100
200
200
100

75
200
200

50
$T;3Zs

$5,925

opportunity to
contributions in
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The Nevsbulletin has developed into a major means of lnformation
dissemination and exchange. In the latest issue (number 11), the editor
Iisted its mandate and indicated hov that mandate vas being met by glving
numbers of items of each class that vere published ln the tvo issues of
1988. The mandate and numbers of items were glven as to:

produce executive notes and editorials and comments on these (5);
announce meetings (10);
report on meetings attended (6);
indicate recent published articles (78+);
comment on research papers read (4);
indicate recent appointnents or positions available (0);
shov activities of other associated organizations (B);
report on members' activities, projects, or problems (1L);
request assistance vith problems (2);
indj.cate equipment and technological developments (3).

I trust that this report constitutes a satisfactory resolution of
the apparent deficiency in earlier reporting back to CTfA/ACM. The TSWG

is a viable, active, and useful adJunct to the vork of the Association.

Respectfully submi tted'

Graham R. Povell
Chairman 1987-89

GRP/sf
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ATTACHI{BI|T 4

ERRATUM: CTIA/ACM Constitution and Bylaws (1987)

The chairman duties according to the 1979 version, had.not been carriedover to the 1987 version of our constitution and Byravs.

Artiele V section a should read:

Article V
OFFTCERS
a. Chairman
the CEaErnan shall take office
upon completion of the meeting
which elected the nev Executive.
The Chairman shall have the pover
and responsibility: 1) to pre-
side over the business meeting of
the Association; 2) to ascertain
the wilI of the Executive within
its mandate; 3) to assume or
delegate authority as required to
carry out the functions of the
Executive; and 4) to carry out
instructions from the previous
business meeting to the Chairman.

The Chairman sha1l be responsible
for managing the financial
accounts of the current meeting.
Folloving the Meetlng, and vithin
the same calendar year, the
Chairman shall provide the
Treasurer vith an audited,
detailed statement of reeeipts,
expenditures, and balance of the
Meeting accounts. A surplus vill
be transferred to the CTIA
account. A request for funds to
cover a deficit nust be made to
the Treasurer.

Article V
OFFICIERS
a. Pr6sident
l,e presTEent entrera en fonction
i Ia fin de Ia r6union durant
laquelle le nouvel ex6cutif a 6t6
6Iu. Le pr6sident aura le
pouvoir et Ia responsibilit6: 1)
de pr6sider'la r6union d,affaires
de L'Association;2) de
s'informer de Ia volont6 de
I'ex6cutif durant son mandatl 3)
d'assumer ou de d6l6guer son
autorit6 sur demande afin
d'ex6cuter les fonctions de
1'ex6cutif; et 4) de donner suite
aux instructions transmises au
pr6sident lors de Ia r6union
d' affaires pr6c6dente.

Le pr6sident sera responsable du
budget de la r6union en cours.
Suite d cette r6union, et au
cours de la m€me ann6e civile, le
pr6sident donnera au tr6sorier
une l-iste v6rifl6e et d6taill6e
des regus, des d6penses et de la
balance des cornptes pour Ia
r6union. L,exc6dent sera ajout6
au compte de I,A.C.A.A. Une
demande de fonds devrait €tre
adress6e au tr6sorler en cas de
manque de fonds.
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ATTACEIIEI{T 5

Report of the Tree Seed llorking Group (TSYG)

At the 19th meeting of CTIA/ACM, it vas decided in three motions (1)
that a l{orking Group on Seed Research be established, (2) that the Tree Seed

Working Group should organlze a vorkshop for the 20th meeting' and (3) that
B.S.P. llang be interim chairman and establish terms of reference and a
mandate.

At the 20th meeting, it was reported that Y. Lamontagne had been elected
chairman of the TSI{G, and H. Schooley as editor of the Nevsbulletin.

Associated'vith the 21st meeting, the TSIIG elected G.R. PoveII as its
chai rman.

In the viev of the TSVG the mandate and terms of reference of the TSI|G

vere already partially established by motions of the 17th meeting listed in
the foregoing-as 1 and 2. Folloving that meeting, the obJectlve of the TSIJG

vas develop"d, but it was not subsequently presented to a meeting of
CTIA/ACM.

The objective of the Tree Seed l{orking Group is to promote tree seed

science and technology through:

seed research from bud initiation to seed utilization;
identification of seed problens relating to tree improvement and forest
management;
exchange of information on seed related problems;
advising on implementation practices.

This objective (or mandate) is met by:

1. publishing a Nevsbulletin tvice a year;
2. tonducting workshops, as appropriate, in conjunction wlth CTIA/ACM

biennial meetings;
3. acting "s " reans of disseminating infornation for the rel-ated Cone and

Seed Insect Vorking Party, and liaising vith that party;
4. having members promote tree seed science' research, and technology'

vhenever and whirever practicable, through their employment or interest
in tree improvement, in production and use of seed, ln protection of
developing seed crops, in seed collection, in seed testing and handling'
in stotk production, in direct seeding, and in natural regenerations.

The affairs of the TSVG are overseen by a Chairman elected at the
biennial business meeting, and by a Nevsbulletin Editor, vho maintains
membership lists. Hembeiship is open to any interested person, and is
currently at a level of about 150. Menbers' interest in tree seed can be

roughly categorized, through employment, to disciplines as follovs:

tree improvement 372;
seed-production management 352;
seed utilization Z4y"i
seed collection, testing and handling 42.

t.
2.

3.
4.
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19BB-89 Executive, Invited Speakers, and scholarship-vinning students

Third
ro\t

Second
rolt

Steen
Magnussen

Mather^l
Lei tch

John DanieI
King Laplante Xraming

Vu

Annet te
Filipos Mathew van
Aravanopoulos Koshy Niejehuis Francis

Yeh

Front Narinder Israel- Jerry Kris
rov Dhir Jiang Klein Morgenstern Gilles Kit Eric

VaII6e Yeatman Girouard



I'Let's try the
(from left to

donouts
right:
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at Tim Horton's"
G. Murray, G. Povell- and P. de Groot)

tFtl

'rIs that so?rl
( f rorn lef t to right: C.V. Yeatman and B.S.P. Wang)



"The friendly
(from left to

lot from Al-berta
right front: A.

_)/,-

and B. C.
Sproule, A. Yanchuk, and J. King)

'rMe exci ted? not at all, my pulse is only
(F. Aravanopol-ous with admirees, K. Tosh,
R. Ford is not impressed)

1,7 2?
F. Vild , C. NieIsen, E. Chogala,



-25-

rrVanna buy some hot seed?
(P. Nitschke vheeling and dealing vith G. Adarns' R'
(the lookout))

ItYou gotta be kidding"
(The incredulous J. Coles and C. Keith (front))

LeBIanc, and M. Leith



An overveight bus
(Front: N. Dhir,
C. Harrison)
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"Vho should ve
C.V. Yeatman,

leave behind?"
A. van Niejenhuis,

:,'.r

;:.,

gets stuck ...
J. I(Iein; Back:
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TREE IMPROVBMENT IN LABMDOR

C.M. Harrison

Department of Forestry and Agriculture
P.0. Box 2006, Herald Building

Corner Brook, NF
A2H 6J8

Keywords: exotics, pines, species trials, progeny tests, breeding,
seed orchards, Labrador

Over 702 of the Land area of the Province lies in the Labrador
portion. Although rnuch of this area is tundra, barren land, or scrub
forest, there is enough productive forest land to give this region an
economic potential. Labrador has been included in the tree improvement
program fron the start, and numerous plus trees (white spruce, black
spruce, and tamarack) have been selected there. ft is ln the area of
exotic introductions, though, that the greatest potential for increased
production of forest products may lie.

THE FORESTS OF LABMDOR

The largest concentration of productive forests in Labrador is
in the vicinity of Goose Bay, extending at least 50 km in every
direction, and as much as 150 km northeastvard along the shores of
Lake Me1ville. 0ther areas are found in southeastern Labrador near
the coast, and in the southvest corner near Vabush. The species
composition is typical of the boreal forest zone. No pine is native
to Labrador, except for a small stand of jack pine along the Quebec
border near Vabush. Much area vithin and around the commercial forest
surrounding Goose Bay is occupied by the spruce-Iichen type. It is
here, especially, that it is thought that pines vould be productive.

PINE RESEARCH IN LABRADOR

The first knovn pine trials in Labrador commenced vhen jack
pine seed \ilere scattered over a small area west of Goose Bay in 1975.
Those trees have grovn at an average rate of about 30 cm a year since
germination. Larger plantations of jack pine of Ontario and Quebec
origins, and of lodgepole pine, have also shovn good grovth rates. The
Quebe.c sources perfc'rming best so far. (Further experimentation vith
Iodgepole pine, hovever, has been put on hold pending investigations
regarding certain disease problems r^rith the species.)

A climatie study vas done in the summer of 1988 to determine
vhat sources of jack pine seemed to be best suited for the Goose Bay
area. The results seemed to favour Quebec sources, especially the
Chibougamau-Lac-St.-Jean-Chicoutimi area. A visit $'as made to Quebec,
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and arrangements were made to obtain seed for Quebec_vide provenancetrials, progeny tests of Quebee plus tree", 
"nd 

larger qu"ntities ofseed from selected stands later on for production planting and directseeding experiments.

A detailed strategy plan for pine research in Labrador has beensubnitted. and approved. nxferiments due to commence in 19g9-90include the Quebec triars mentioned above, a range--wide provenancetrial' an experiment vith soviet sources of scot! pine, possiblefurther experimentation with rogdepore pine, firot triars of otherspecies, and production planting ana diiect seeding research. Thelast item viII be accompiistred Ly r""n" of permanent sample plots. Thequestions to be addressed in this research ire (1) vhether resurtsobtained in an extensive planted or seeded forest are necessarily thesame as those obtained in smalr repricated triars; and (2) whether thesources that perform best vhen raised in the greenhouse'"nd pl"nted asseedlings are necessarily the same ones that ferform best vhen scatteredon the ground as seed and rreft to fend for tiremselvesr.

OTHER ASPECTS OF TREE THPROVEMENT IN LABMDOR

The pine research, described above, is meant to supprenenr,rather than reprace, research on other g"n"t". rmprovement of nativespeeies will proceed as planned, and the exotics introduced by means ofpilot triars vill not necessariry arr be pines, or even conifers.
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TREE IMPROVEMENT BY FORESTRY CANADA
IN THE NEVFOTJNDLAND AND LABRADOR REGION, 1988-1989

A. Hosseler

Forestry Canada
Nevfoundland and Labrador Region

P.0. Box 6028
St. John's, Newfoundland

AlC 5X8

Keyvords: Pnovenance testingo seed production, biomass production

The position of forest genetieist vacated by Peter HaIl in 1987
was fill-ed in 1988. Much of L988 $'as spent in beconning familiar with
forestry issues affecting Nevfoundland and with past and on-going
research activities, developing research priorities and facilities, and
formulating a research program vhich was defended at a peer revier'r held
in February, 1989. Current research activities emphasize problems r.rith
seed production and the continuing analyses of established provenance
tests. Hovever, vith the establishment of laboratory facilities in
organie and biochemistry, the research emphasis vill shift to more
rrprocess orientedrr studies.

A eombination of factors including poor cone crops' spruce
budvorm infestations, squirrel predation, and a significant expansion of
Nevfoundland's artificial regeneration program over the past 10 years has
led to seed shortages and the importation of untested seed sources from
mainland Canada. To address the problem of future seed shortages and the
seed supply, advantage r.ras taken of the bumper cone crop of 1988 to
Iaunch several studies on seed production in the regional and range-wide
black spruce and rvhite spruce provenance tests. Cone collections were
carried out in natural populatlons of black and vhite spruce to assess
possibilities for early cone collections based on cunulative degree-days.
A genetic study on the effects of the spruce cone maggot (Delia
anthracina ICzerny]) vas undertaken in a range-vide vhite spruce
provenance test. Seed production is also being investlgated in the
spruce/Iichen forest cover type of Labrador, as part of a larger study in
cooperation with the provincial Department of Forestry, to identify
factors responsible for the poor stocking and grovth performance of black
spruce on these sites, and to identify possibi.!-ities for stand conversion
to pines.

Although the major emphasis of forest genetics research vilt
continue to foeus on the commercial conifer species, part of our nelr
research effort viII focus on biomass production in fast growing hardvood
species like the native r+ril1ovs. Emerging wood conversion biotech-
nologies such as fermentation hold promise for the developrnent of nev
vood-based chemical and energy related industries that may find a use for
such highly productive species in the future. Stem cuttings of Salix
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discolor Muhl. u'ere collected from the different ecoreglons of
llevEoundfand to test the effects of the lsland's ecoclimatic diversity on
genetic variation, and to select clones for use in biomass production
trials and for use as nurse crops for the establishnent of conlfers on

the vindsvept barrenland sites of Nevfoundland that were once occupied
by commercial conifer forests.

cooperation has been established with geneticists at the
Memorial UnivLrsity of Nevfoundland in the area of population geneticst
and cooperative research studies in conifer genetics are being developed.
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THE NB DEPARTHENT OF NATURAL
RESOURCES TREE IMPROVEHENT PROGMM
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Keyvords: Cone collection, cross pollinations, plus tree selections,
seed orchards, second generation

Since the last members report the tree lmprovement program in
NB has continued to grov and flourish. Tree improvement efforts are
stiII concentrated on the four main reforestation specles, black spruce
(Picea qrariana (Mill. ) B. S.P. ), jaek pine (Pinus banksiana Larnb. ), white
spruce (Picea glauca (Moench) Voss) and tamarack (Larii Iaricina (Du Roi)
K. Koch.). Secondary species for tree improvement are Noiwaf spruce
(Picea abies,[L.] Karst.), and the selection of balsam fir (Abtes
balsamea (L.) Karst.) for Christmas trees.

First generation selections and seed orchard establishment are
completed for the four major tree species, and second generation selec-
tions and cross pollinations have started. The folloving report htgh-
Iights our tree improvement activities for the last tvo years.

PLUS TREE SELECTION

A11 first generation selections are completed for black spruce
(632), jack pine (539), r'rhite spruce (78) and tamarack (102). Second
generation selections in black spruce and jack pine family tests vere
started in the winter of 1988. Scion vas collected from these selections
to establish second generation black spruce and jack pine clonal seed
orchards and breeding garden's. Ramets from each clone wilr also be
included in an accelerated groving and breeding program.

TREE BREEDTNG

In 1988 a total of. 23 tamarack and 57 vhite spruce polycrosses
t'ere completed in an outdoor breeding garden. These crosses, together
vith polycross seedlots from NBTrc (Nev Brunsvick Tree rmprovement
Council), provided a sufficient number of seedlots to grow and outplant
the first series of progeny tests. This spring (1989), 1.0 tanarack and
75 vhite spruce clones vere polycrossed and hopefully this r,rinter ve vill
grow the seeond series of progeny tests.
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This spring ve also attempted to polycross second generation
black spruce and jack pine selections in family tests ln the field.
Although a very hectic operation ve are hoping for good results. If
fteld pollinations prove successful ve plan to do most of our polycrosses
in family tests, thus ellninating the necessity of valtlng for grafted
material to produce cones.

CONE COLLECTION TN SEED ORCHARDS

For many tree specles in NB, 1988 nas a bumper year for cone
crops. Large cone collections vere made in three seedling seed orchards.
Tvo of the orchards, Bettsburg (total 32 ha) and Otter Brook (total 25
ha) are located in central NB, while the third orchard, Poliok (total 5
ha) is located near Fredericton. A sunmary of cone collectlon and seed
yield is given in Table 1.

Table 1. Cone collection and seed yield in three seedllng seed orchards
in 1988.

SPECIES LOCATTON YEAR OF

PLANTING
N0.

HECTARES
NO. LITRES SEED
CoLLECTED YrELD (H)

Jack Pine 0t terbrook

B1ack Spruce Bet tsberg
Pokiok

7979
1981
L9g2

5
3
I

6
6

3042
544

3614

L428
442

7,7
1.5
9.6

6.2
1.5

1980
L879

Up until nov cones have been collected manually from the ground
and fron laddersl hovever, the trees are beconlng too tall to collect
from 14 foot ladders. Therefore, to address this concern, industry,
government and tvo local NB firms deslgned and eventually built a cone
harvester. Thls machine is designed to travel in cut overs and is only 6
feet vide, vhich allovs movenent betveen rows of trees in a seed orchard.
A hydraulic lift iq mounted on the harvester vith a maximun height of 40
feel and has a 3600 rotation. The Department of Natural Resources has
purchased the prototype and vill use it operational this fall to collect
cones
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TREE BREEDING AT FORESTRY CANADA - MARITIHES REGION
1987 AND 1988
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Fredericton. Nev Brunswick
E3B 5P7

Keyvords: Population studies, provenance tests, species hybridization,
applied tree improvement, tissue and organ culture, Picea, Lqri.x, and
Pinus

The objectives of the tree breeding work at Forestry Canada -
Maritimes Region are to determine the amount of genetic improvement
attainable vithin promising tree genera and to provide resource managers
of the Region vith the information and, in some cases, breeding materials
required to obtain realistic level-s of genetic improvement.

HYBRTDIZATION TN PICEA AND LARIX

Picea: In 1987, !. glauca (Moench) Voss (6 clones), P. engelrnannii
(Parry) Engelm. (1), P. rubens Sarg. (1), B.abies (L.) Karst. (1), !.
mariana (MiII.) B.S.P: (IDt-nd P. mariana * oqglLg (Panclc) Purekyne
G) weie used as femaLe parents for crosses viffi f . g5peragg Mast., P.
glehnii (Fr. Schmidt) Hast., P. jezoensis (Steb. et Zucc.) Carr., P.
koraiensis Nakai, P. montigena Hast., and P. wllsonil Mast. The cross
tr.@. x r. jez5enFls, TadE ln 1986, yiEra-ffiI seeds per cone.
Species crossability of P. engelmannii and P. g]e"€ vas as high or
higher than intraspecific crosses of P. glauca.

Larix: Flovering in Larix in 1987 was two weeks earlier than normal and
occurred over a 2-3 day period. lle vere caught r,rith our pants dovn and
consequently no controlled pollinations were attempted. In 1988, a
partial B-tree diallel (four each of L. Ieptolepis (Sieb. et Zucc. ) Gord.
and L. decidua MiIl.) vith reciprocal hybrids, as vell as a series of
crossesTetlrGn these species ana l. gmelini Kuz., vere completed.

SPECIES AND PROVENANCE TRIALS

Except for the most recently established trials with Picea
mariana and Larix laricina (Du Roi) K. Koch and the fev trials 

-
EEtEETTshed uslng largelTots, most of the useful information on
geographic variation has been extracted from the many species and
provenance tests established under this study. During the report period
25-year data vere obtained from a L. Ieptolepis trial vhich had been
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Grovth of trees of the best provenances
Data from a Plcea rubens trlal (age 23
trial (10 yed ailif,-range-vide Betula
years) vere published.

POPULATION GENETICS

The study on population genetics includes experiments on
population structure, inbreeding, progeny testing, and quantitatlve
genetics. In 1987, selected clones of P. mariana were successfully
crossed in three, 5-tree disconnectea OfatGTs to produce materials for a
detailed study of clonal variation. fn 1988, 14 cuttings vere struck
from each of L0 seedlings from each of the 30 full-stb families as vell
as from 6 open-pollinated rrcontrolrr families. A second set of cuttings
vill be taken in early 1989 to produee 100 ramets/clone

In 1988 selected clones of P. glauca were crossed in three,
5-tree complete diallels (vithout selfs). AII crosses lrere successful.
This material wiII be used for detailed studies of clonal variation in
this species.

Population studies of tamarack received attention during the
reviev period. Tr,ro tamarack plantations designed to elucidate effects of
inbreeding in five sub-populations at Acadia Forest Experiment Station
were measured.

COOPEMTIVE TREE IMPROVEMENT

The Nev Brunsvick Tree fmprovement Council completed its 12th
year of operation in 1988. Technical coordination and direction are
provided by Forestry Canada - Maritines Region. Seedling seed orchard
establishment for black spruce and jack pine and clonal orchard planting
for tamarack is complete. IJhite spruce clonal orchard establishment vill
continue for several years.

Cone production from seed orchards is increaslng dramatically.
In 1988 the total collection of 23,000 litres of cones yielded about 65
million seedt For black spruce, it vas a 15 fold increase over the
previous year's production of 680 Iitres.

Breeding programs for r.'hite spruee and tamarack are progressing
vell vith effort concentrating on polycrosses. It is anticipated that
accelerated testing of polycross progenies vilI make it possible to rank
the clones before conducting pair-matings to generate material- for second
generation selection.

The Council embarked upon a second generation program for black
spruce and jack pine vith the first selections made in lO-year-old family
tests. Based on analysis of 10-year data, the best families vere
identified and the best tree selected vithin each. Jack pine vere
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selected for height growth, stem straightness, and quality branching
vhile black spruce vere selected for height growth, stem straightnesst
and crown form. Polycrosses will be initiated on these selectlons in
1989. Selection vil-I continue for another seven years.

CONE AND SEED RESEARCH/SEED ORCHARD MANAGEMENT

There are currently over 250 ha of seed orchards in the
Maritime Provinces. Numerous problems have arisen associated wlth both
the establishment and management of these orchards. Forestry Canada -
Maritimes Region staff from both Tree Improvement and Forest Insect and
Disease Survey continue to provide assistance to orchard managers in the
Region through technology transfer and by conducting operational,
problem-oriented research trials.

Operational cone induction trials in black spruce seedling seed
orchards r'rere initiated in 1987 in conjunction vith the Nev Brunslrlck
Dept. Natural Resources and Fraser Inc. Banding annonium nltrate along
the tree rovs approximately doubled cone production. This study is being
continued to determine the optimum frequency of fertillzer applicatlons.

Folloving discussions vith representatives of industry, the Nev
Brunswick Dept. Natural Resources, and the designer and manufacturer, the
construction of a prototype cone harvester vas completed and successfully
field tested. The unit has a vertical reach of approximately 35 feet and
is capable of vorking on rough terrain and r^'ithin the narrow confines of
seedling seed orchards.

TISSUE CULTURE OF CONIFERS

The objectives of this study are: 1) micropropagation of
mature conifers, and 2) regeneration of haploid plants from female
gametophytes of conifers.

CIonaI propagation of selected, superior specimens is
considered to be a viable alternative to breeding. Hbwever, clonal
propagation of trees old enough to have demonstrated their superior
characteristics, is difficult or impossible vith traditionally employed
methods such as rooting of cuttings.

The main obstacle in clonal propagation of conifers is
naturation. In physiological terms, meristems on juvenile plants
(embryos, young seedlings) behave differently frorn meristems on more
mature pl-ants. Vhereas regeneration of pLants from the former is simplet
regeneration from the latter is very difficult. This is not just a
matter of vigour, but of genuine physiological differences between the
tvo. Maturation of meristems is reversed in the natural sexual process.
To date r*re have only been partially successful in rejuvenating meristems
from mature plants by tissue culture methods.
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Our second obJective is to regenerate plants from haplotd
tlssue. Haploid tlssues are of, exceptlonal value in genetic experlments.
Recessive genes that are not expressed in diploid tissues can be
evaluated in haploid tissues. Furthermore, protoplasts from haploid
tissues are ideal for fusion and genetic manipulation.

About four years ago ve established haploid cultures fron
femaLe gametophytes of Larix decidua. These cultures soon becane
embryogenic and have proriuced@numbers of haploid embryos
continuously ever since. fnltlation of such haplold embryogenic cultures
is reproducible
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Population structure, genetic parameters

The population structure of tamarack (Larix lariclna (Du Roi)
K. Koch) in Nev Brunsvick is characterized by large vithin-population and
small among-population variance (98.52 and 1.5H of total, respectively).
The mean outcrossing rate vas 0.904. In splte of its bladderless
spherical pollen and reports on short-distance pollen fltght, the
population structure of tamarack is apparently simlLar to that of other
eastern North American conifers (Ying 1988). In contrast, the small
populations of blaek spruce (Picea mariana (Mifl.) B.S.P.) on the Cape
Breton Highlands have a much smaller outcrossing rate (range
0.648-0.849), vhich may explain their slow grovth in provenance
experiments (McCurdy 1988).

Full-sib families of Japanese larch (Larix leptolepis (Steb. &

Zucc. ) Gord. ) grown in the greenhouse under four nitrogen treatments and
in the fie1d, demonstrated the presence of both general and speclflc
combining abilities (Ricard 1989).

White spruce (Picea glauca (Moench) Voss) family tests from
open pollination, planted-El-four locations in Nev Brunsvick, provided
estimates of individual-tree heritibility for height of 0.089 and 0.091
at ages 6 and LL years from seed. Genetic gain estimates ranged from 4.1
to 5.32, depending upon desired spacing and family selection intensity in
the seedling seed orchards (Steeves 1988). Gain estimates from a similar
study in Nova Scotia were slightly lover (Veen 1989).

Tim Mullin, formerly manager of the tree breeding program in
Nova Scotia, began his Ph.D. studies in September L988 under Dr.
Morgenstern. His research is based on a series of 5-year-oId clonal
field tests originating from a black spruce diallel cross. Utilization
of clonal techniques in black spruce breeding strategies viII be
inves t igated.
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Provenance

Provenance height in black spruce at ages 5 and 10 vas vell
correlated in a series of Nerrr Brunsvick experiments (Dulhanty 1988). A

paper on the results of the range-vide black spruce study at age 15 years
from seed vas submitted for publication.

A nev larch (Larix MilI. ) species and provenance study
including seedlots from-SibEria and China vas initiated in cooperation
with other Maritime agencies. Seedlings are being raised by the Prince
Edward Island Forestry Branch at Charlottetotrn for outplanting in 1990.

Cone production and crovn development

Reproductive development of elones in seed orchards of jack
pine (Pinus tanksiana Lamb.), white spruce and_black spruce vas monitored
and related to-temperature sums. The amount of incoming vlld pollen was

also recorded. Results are helpful for planning controlled crosses and

wiII indicate the extent of random mating in the orchard (MacTavish
1988).

llithin-crovn patterns in onset and duration of developmental
stages of cones and shoots vere lnvestigated tn 70 ramets of white spruce
in a clonal seed orchard at Glencairn, Qntario (Phelps 1988). Shoot
developmentprogressed acropetally, but that of pollen and seed cones
p.ogreised basipetally (extept in the transition zone vhere trends for
pollen cones varied). The direction and magnitude of temperature
differences in shoots (monitored vith inserted thermocouples) varied vith
position in the crotrn and time of day, and vere related to developmental
stages.

In crovns of tamarack, increasing acropetal trends occurred in
time to bud burst; duration of short-shoot expansion; duratlon and rate
of long-shoot elongation; time to terminal bud formation; and numbert
surface area, and weight of leaves per short and long shoot (PoveII
1988b). These trends, vhen incorporated vith patterns of leaf surface
areas simulated by Remphrey and Povell (1988)' provide information on
photosynthetic 

"apital-and 
relative performance of trees vith or vithout

syllepsis. Trees vith a propensity for syllepsis have grovth advantages
(ilcCuidy and Povell 1987; Morgenstern et aI. 1988; Povell 1988a) that
could be captured through selection and breeding.

Physiology and biotechnology

Folloving completion of extensive renovations and installation
of major equipment, including a combined gas chromatograph-mass
spectrometer (CC-ltS), several research programs vere initiated in late
t987. These include axenic culturing of Endocronartium harknessii (J.P.
Moore) Y. Hiratsuka (vestern gall ru!t) to-IignEE -TEe mffiEffis-
produced by this fungus causing localized acceleration of cambial grovth'
GC-MS investigations of endogenous auxin in 27 voody species indigenous
to New Brunsvick, correlating endogenous auxin leve1s with endogenous
coniferin and sugar levels and with cambial grovth in tamarack'
lnvestigating the relation betveen endogenous ethylene and grovth of
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dlfferent ages of Abies balsamea (L.) Mfff. cambia, ln vitro culturlng of
conlfer cambia and-6ETaldi6ocfGmbryonic and leaf tlssues from a number
of species, investigating the regulation of lignln blosynthesls in
conifers, and studying the regulatory effects of auxin and abscisic acid
on eambial activity, tracheid production, tracheid diameter, tracheid
vaII thickness, and bordered-pit number in several conifer species.

Progress includes identification by GC-HS of endogenous
indol-3-ylacetic acid (auxin) in developing xylem of 8 conifers and 19
angiosperms (R.A. Savidge, submitted), completion of a combined GC-MS and
anatonical study on tamarack indicating seasonal relations betveen
cambial levels of auxin, substrate molecules and growth, successful in
vitro simulation of stem dianeter grovth and vood formatlon using srnall
'chips' of phloem-cambium-xy1em excised from mature boles of tamarack,
finding that the biochemistry of lignification is under cytokinin as veII
as auxin regulation (Savidge 1987, 1988a, 1989a), finding that abscisic
acid interacts vith auxin to influence cambial activity and tracheld
dimensions, and that vapied leve1s of the ethylene precursor
1--aminocyclopropane-1-carboxylic acid in different ages of cambla
correlate vith variations in cambial grovth that occur in response to
exogenous auxin (Savidge 1988c).

Some practical implications of these activities have been
summarized (Savidge 1988b, 1989b), and several revievs of the regulatlon
of cambial grovth published (Little and Savidge 1987, 1988; Savidge
19BBc)
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This report summarizes pollen monitoring and seed related
studies at the University of Moncton for the past two years. Pollen
monitoring studies, undertaken in collaboration vith Fraser Inc. in 1987t
were continued in 1988 and 1989 in tvo black spruce (Picea mariana
(MiIf.) B.S.P.) seedling seed orchards and expanded to a vhite spruce
(Picea glauca (Moench) Voss) and a larch (Larix laricina (Du Rot) K.
raD-oFAa;A in 198g. A siudy on vhite spmce 5ged germlnation in
response to cone storage and seed prechilling that vas initiated in
Petavava National Forestry Institute in 1984 vas repeated in 1988.

POLLEN MONITORING STUDIES

Pollen monitoring vas conducted in 1987 and 1988 for tvo black
spruce seedling seed orchaids located at Second Falls (S.F.) and Plaster
Rock (P.R. ), northvestern Nev Brunswick. The principal objectlves of the
study were: (i) to evaluate the level of vithin-orchard pollen and
pollln-cone production and (ii) to estimate the level of pollen contami-
nation from iesidual spruce stands in the vlcinity of the two orchards.
The 2.8 ha S.F. orchdrd was established in 1978. The 13.5 ha P.R.
orchard ltas sequentlally established in L979, 1980, 1981' and 1984.

Pollen-cone production per tree in 1987 averaged 3.3 (in S.F.)'
1.9, 1.9, 0.4, and 0.0 (in P.R.) for 10-,9-r 8-,7-, and  -year-old
trees, respectively.'Production in 1988 averaged 39.5 (in S.F.), 37.6,
20.21 10.6; and 0.0 (in P.R.) for 11-, 10-, 9-,8-, and 5-year-old trees'
respectively. Contamination level in 1.987, during seed-cone receptivity,
vas established at 32.4 and 64,77" in the S.F. and P.R. orchards' respec-
tively. In 1988, oving to 37-fo1d increase in pollen production (16.6
pollen grains trapped per mm2) by mature trees in the vicinity of the
S.F. orchard and to the roguing of about 407" of the orchard trees,
contamination level increased to 83.3 Z. In contrast, the contamination
level in 1988 in the unrogued P.R. orchard r,ras reduced to 60,52 even vith
an ll-fold increase in pollen production (19.2 pollen grains trapped per
mm2) from contaminant sources.

Picea glauca, Larix laricina, pollen
seEdleimGE[ion, cone and-seed production
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Pollen monitoring in the Ste-Anne-de-Madavaska vhite spruce
clonaL orchard and the future larch clonal orchard began in 1988. Pollen
monitoring for all- four orchard sites lras repeated in 1989. FinaIIy, the
black spruce seedling seed orchard of J.D. Irvlng, in the B1ack Brook
District, northvestern Nell Brunsvick, vas monitored for pollen contamin-
ation in 1988.

VHITE SPRUCE SEED GERI.{INATION

In L984, a study was initiated lrith Messrs. B. S.P. llang and
H.0. Schooley in Petavava National Forestry Institute (see Caron 1986).
The principal objective of the study vas to quantify the advantages of
cone storage and seed prechilling on seed germlnatlon for white spruce
from cones collected at the time of seed disseminatlon from individual
trees. Collected cones vere stored for 2 and 6 veeks before seed
extraction. Caron et aI. (1988) reported that seed maturation vas
promoted by post-harvest cone storage prior to seed extractlon. Average
seed dormancy renalned about the same from 2 to 6 weeks of cone storage;
hovever, seeds from some trees became more dormant vith storage whereas
those from others became less dormant.

Most trees used in the 1-984 study bore seed cones again in
1988. Cones vere colleeted at the time of natural seed dissemination and
stored for 2, 4, 6, 10, and 14 rveeks before seed extraction. Germination
tests have been completed.

BLACK SPRUCE SEED_CONE AND POLLEN-CONE PRODUCTION

The research project on development of branch patterns and seed
production in young black spruce was completed in 1987 (Caron 1987a).
Some of the flndlngs from that study, that lead to the obtention of my

Ph.D., \rere published (Caron 1988a; Caron and Povell 1988, 1989a' 1989b).
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seeq orcnarclr tamil-y test, cone induction, polren monitoring.

This report summarizes Fraser fnc.'s tree improvement program
:in": it's inception in 1976. The program is focused on 3 main spe-ies,blaek spruce (Picga marian_a (Mirr.) 8.5.p.1, vhite spruce (picea gl"u""'
(Moench) voss)T'nli-tamara& (Larix' taricina' (Du Roi)-K: 

-i";D. 
Emrts

have concentrated on plus treG[eETTon ana the establishnent and
maintenance of family tests, seedring seed orchards and a cronal seedorchard. Progeny testing is nov staiting. 0ther projects vllr be
discussed._ Cooperation vith the New Brunsvick Tree rmprovement Council
has been close throughout all phases of the programme.

PLUS TREE SELECTION

Field selection of plus trees for first generation seedling andcronal orchards vas completed in February Lgg7. A total of 276 btackspruce' 87 white spruce and 17 tamarack plus trees have been selected byFraser Inc. The selection of parent trees for second generatlon black
spruce clonal orchards is eurrently being made in open pollinated familytests. Selections vill be shared among members of lhe ilev Brunswick TrLe
Improvement Council (NBTIC).

SEEDLTNG SEED ORCHARDS

Fraser rnc. has established 2 brack spruce seedling seedorchards from 1978 to 1984 totalling 16.3 hect"i"". Familief planted inthe orchards came from Fraser's selections and other selections sharedvlthin NBTIC. Seed production started in 1986 and in 1988 26 million
seeds were collected from 14.5 hectares. Initial rogueing of the 197gand 1979 orchards has been compreted, reaving approximately 362 of theorlginal trees.

CLONAL SEED ORCHARDS

Establishment of a 4.0 ha r.rhite spruce clonal seed orchard
began in 1987. Fifty elones are representei, 45 Fraser selections andthe balance shared vith the Nev Brunsvick Department of Natural Resourcesand Nev Brunsvick International Paper Forest Products Inc. Grafting forthis orchard vas done at the Acadii Forest Experiment Station from L9g3
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to 1987 and continued at the Fraser Tree Nursery folloving constructlon
of a tree improvement greenhouse. Grafting for a black spruce clonal
orchard started in 1989.

FIELD TEST ESTABLISHMEN1

Field test establishment started in 1978. Since that time two
rrstandrr tests of black spruce and jack pine, 21 open pollinated family
tests of black spruce, tltite spruce and jack pine and 2 progeny tests of
vhite spruce and tamarack covering a total of 45.1 hectares have been
planted. The purpose of these.raiious types of tests is, (1) to identify
the reserve standi best suited for seed supply, (2) to supply the genetic
information to rogue seedling orchards and provide selections for second
generation clonal orchards ana (g) to provide information to rogue clonal
orchards.

OTHER PROJECTS

Projects in the areas of cone induction, topping and retro-
spective testing are being conducted in cooperation with NBTIC. PoIIen
monitoring in seed orchards is contracted to the Faculty of Forestry'
University of Moncton.

The use of fertilizer to induce female cone production in black
spruce seedling orchards vas initiated in 1987. Final assessments vilI
bL done in 1991 but preliminary results are promising. Topping is being
examined as a means of controlling helght grovth to reduce cone
collection costs vithout adversely affectlng cone production in black
spruce orchards. Retrospective testing using an intensive grovth regime
is Ueing conducted to assess the confidence vith r,rhich the results of
early t-sting can be used. This vork is being conducted using some of
the families established in the 0ttava Valley white spruce family tests.
Pollen monitoring in the black spruce orchards vas started in 1987 and in
the vhite spruce orchard in 1989 to identify the levels of wlthin orchard
pollen produetion versus contamination fron outside sources. This study
vill be discontinued in these orchards after the 1989 season.
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J.D. TRVING LTD. - TREE IHPROVEHENT PROGRESS

Greg Adams

J.D. Irving Ltd. - Sussex Tree Nursery
R.R. *4
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Keyvords: Picea mariana, !. glauca, P. abies, Pinus banksiana, Larix
lar i c i na, clonal EEdEchardl- s eed'I i ng seed-o rffi , 

-TEEIfJ-Te sf,Eove r
induction, accelerated growth, retrospective progeny tests.

This report summarizes tree improvement progress since 1987 by
J.D. Irving Ltd. First generation clonal orchard establishrnent has
continued and is nearing completion. Seedllng seed orchard management
continued, ineluding roguing based on famlly test measurements. A slgni-
ficant proportlon of nursery seedling production now originates from
orchard seed. Establishment is beginning on second generatlon clonal
orchards of black spruce and jack pine using best individuals selected
from the best familles in Nev Brunsvick Tree Improvement Council famlly
tes ts .

CLONAL SEED ORCHARD

Establishnent of first generation clonal seed orchards is
nearing completion. To date, a total of 60 hectares have been planted
for black spruce (Picea mariana (MiII.) B.S.P.), white spruce (Picea
Blauc+ (Moench) voilllorv-av spruce (Picea abies (L.) Karst.),-jacE
pine (Pinus banksiana Lanb.) and eastein larch (Larix laricina (Du Roi)
K. Koch). In 1988, 10 kg of seed including a1l species vas harvested.
Significant proportions of the company's L4 million per annum seedling
crop nor,, originates from either the clonal orchard or seedling seed
orchards. In 1989, 100 pereent of jack plne, 50 percent of white spruce
and 25 percent of black spruce was grovn from orchard seed. It is
anticipated that vithin t$ro years, aII annual seed requirements vill be
supplied from orchards. In 1989, grafting began for establishment of
second generation orchards of black spruce and jack pine using selections
from Nev Brunsvick Tree Improvement Council (NBTIC) family tests.

Installation of a new cone and seed processing facility vas
completed in 1988. The equipment vas purchased from BCC in Sveden.
Seed storage and testing is being conducted at the Sussex Tree
Nursery.
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FIELD TESTING AND SEEDLING SEED ORCHARDS

The New Brunsvick Tree Improvement Council celebrated the final
establishment of the open pollinated family tests and seedllng seed
orchards of black spruce and jack pine in 7987. As an active member of
the council, J.D. Irving Ltd. established three black spruce family
tests, one jack pine family test and one jack pine seedling seed orchard
in the final year. This completes the establishment of fanily testst
but marks the start of the controL-pollinated progeny tests, the first of
which vere planted in 1989.

Black spruce and jack pine seedling orchards vhich vere
established over past years are in various stages of genetlc roguing.
The oldest jack pine orchard (1979) has been rogued three times and is
nearly producing enough seed to fulfilI company requirenents. The oldest
black spruce orchard (1980) will receive its first genetic roguing ln
1989 and has been producing increasing seed crops vith the assistance of
supplemental mass pollination vhich has been carried out during the past
tvo years.

The evaluation of family tests has become a major component of
the tree improvement program. The best individuals from the best
families wiIl be sefected from these tests for future generation
production orchards. These second generation selections vill provide
greater genetic gains for the reforestation program. To date a total of
20 black spruce and 44 jack pine selections have been made from research
tests established by J.D. Irving Ltd. over the past ten years. These
selections coupled vrith others from the NBTfC program vilI form the
genetic base for future generations in the breeding program.

ACCELEMTED BREEDING PROGRAM

Accelerated grovth and flover induction nethods are nov
operational tools used to accelerate the breeding and testing program.
In 1988, a breeding haIl vas constructed and it is currently being used
for breeding vhite spruce, black spruce, Norvay spruce and jack pine.
Signifieant numbers of controlled pollinations were earried out in 1989
on grafts made in 1986.

Retrospective progeny tests are yielding results vhich may have
impact on breeding strategies. Accelerated tests of jack pine in the
greenhouse have given a correlation value of 0,767 for height grovth vith
lO-year field results. This vork is continuing for black spruce, Jack
pine and vhite spruce (in co-operation vith NBTIC). Planning is underway
for incorporating accelerated progeny testlng along vith traditional
field tests into long-term breeding strategies.
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VEGETATIVE PROPAGATION

Vork on vegetative propagation has continued for the past tvoyears. Experiments have focussed on deveroping procedures and
determining the best environmental regime for in- operational rooted
cutting program. Approximately 60000 cuttings are being rooted each year
with success rates varying from close to 70 pereent to io percent
depending on species.

Trials are being grolm in the nursery in 1989 for field
planting in 1990 to compare performance of half-sib familles grown as
seedrings versus rooted cutting for vhite spruce and brack spiuce.
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COOPEMTIVE TREE IMPROVEMEM IN NOVA SCOTIA
1987 - 1989

P. Nitschke and H. Frame

Tree Breeding Centre
Department of Lands & Forests

P.0. Box 190
Debert, Nova Scotia
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Keyvords: government-industry cooperation, selection, seed orchards,
breeding

Tree improvement in Nova Scotia is carried out by a

governlnent/industry cooperative knovn as the Tree Improvement Vorking
droup (TIWG). fstaUtisired in 1977, the TMG has representatives f,rom the
provincial and Federal Governments, and the three major pulp companles:

Bovater Mersey Paper Company Limited, Scott Vorldwide Inc', and Stora
Forest fndustries. ttre province and the industry cooperators share the
vorkload of selection ani testing, and each maintain major seed orchard
installations. The TIVG Hanagem-nt Committee meets twice yearly to
reviev progress and set targets, while day-to-day program direction is
handled by the Department of Lands and Forests'

Species of primary interest are black spruce (Bicea mariaqS.
(MifI.) B.S.p.), red 

"pru""- 
(Picea rubens Sarg.), and vhlte spruce (Pigea

glauca' (Moenchi'Voss).' Some-eIFit iETTso directed at species planted
in CmaIIer numbers: Norvay spruce (Picea abies (L.) Karst.), vhite pine
(Pinus strobus L.) and larches (Larix MiIl.).

Selec t ion

During the latter part of 19BB, a major effort to complete
black spruce selection vas tld". The provinclal government and pulp
companils loeated and collected seed from almost 400 black spruce
selections. Another 10 selections vere provided by the Department of
Energy and Forestry of Prince Edvard Island. This seed has been

extracted and ls bling grolrn in the greenhouse for test and orchard
establishment in 1990. Because cone crops llere generally heavy for 1988t

collections vere excellent. This effort brings the total number of
selections to almost 1,000 for this species, 751( of. vhich are local
select ions .

Expansion of 0rchards

At this point, all cooperators in the TIWG have started major
seed orchard installations, and all but one are handling tvo or nore
species. A summary of orchards established to date is given belov:
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Species Locat ion TYpe*
Approxlmate Managing
area (ha) Agency

Black Spruce

Vhite Spruce

0ttava Valley
Vhite Spruce

Red Spruce

Vhite Pine

Norvay Spruce

East Mines
Aldershot
Deber t

Debert
East Mines
Vaterville'

MacQuarrie Lk. Rd.

MeLvern Square
Lla tervi 1Ie
Lawrencetovn
Deber t

Debert

East l.!ines
Deber t

S

S

S

C

c

To tal

4.L
4.8
3.5

4.2
3.6
3.8

1.8

4.5
5.1
1.6
L.L

1.6

3.1
4.5

48.5

Scott
Stora
L&F

L&F
Scott
Stora

Stora

Bowater
Stora
L&F
L&F

L&F

Scot t
L&F

c
C

C

c
c
c
C

* Type: C = clonal (grafted), S = seedling

Breeding

Breeding strategies have been developed for all major species
involved in the cooperative program (Fovler, 1986). Breeding has begurr
for vhite and red spruce, vith ernphasis being put on completing
polycrosses. The pollen mix used consists of a mixture of 20 clones for
each species vhich are represented ln a very early orchard located in the
Annapolis Valley. These trees do not form part of the current production
population. To date, a total of 107 vhite and 44 red spruce polycrosses
have been completed, not considering further vork done this year. Cone
induction vork vith gibberellins vill start next year to try to shorten
the breeding cycle.

Miscellaneous

Since L982, the vorking group had funetioned vithout a formal
agreement. Although progress had been good, all parties felt that a
renewal of formal commitment to the cooperative breeding program was in
order. This agreenent has been achieved and agreed to by aI1 members'
reflecting the importance that all participants pJ-ace in this work.
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Tim ltullin resigned his position vith the Department of Lands
and Forests in August 1988 to actively pursue a Ph.D. in Forest Genetics
at the University of Nev Brunsvick. In February of 1989' Peter Nitschke
was hired to replace Tim as the Hanager of the Tree Breeding Centre and
Chairman of the working group. Peter had spent six years vith J.D.
Irving's tree improvement program prior to accepting employment at
Debert, Nova Scotia.
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AHELToMTToN DES ARBREs FoREsrrERs A l.R
DIREcTION DE LA REcHERCHE ET DU oEvsLoppnMENT DU

urrvrsrEnn DE L'fHnncrr ET DES RESSouRcEs ou QuEngc

R. Beaudoin, Y. Lamontagne, J. Hackay, M.-J. Mottet,
A. Rainville, A. Stipanicic, G. Vall6e et M. Villeneuve

Minist€re de l,linergie et des Ressources
2700, Einstein

Sainte-Foy, Qu6bee
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AMELIOMTION DU
(p. C0NTORTA

PIN GRIS (PINUS BANKSIANA LAHB.), DU PIN DE MURMY
DoUGL. VAR. LATIFoLTA ENGELM. ), pAR R. BEAUDoTN

Mots-cr6s: Tests de descendances, tests de provenances, s6rection
d'arbres, greffage, croisements dirig6s.

Le Service de I,am6lioration
I'6tablisement de tests de descendances
r6alisation de croisennents dirig6s sur
Ia t i folia,

des arbres a poursuivi
sur P. banksiana et la

?. oanrcsrana et r. conEorta var.

Durant 1987 et 1988, un total de 4 tets de descendances sur P.
banksiana ont 6t6 6tablis en rapport avec I,6tablissement des vergers 5
A;ffiC-Ae semis. Les 2 tests qui a""orpagnent chaque verger comprennenr
392 et 437 descendances d'arbres-plus de Ii r6gion du sagu-nay -Lac-Saint-Jean.

En 1988, un total de 33 croisements dirig6s ont 6t6 effectu6s
sur P. banksiana entre res cLones drarbres-plus d,une provenance
recomman?E-lcanton Briand). Le choix des clones est bas6 sur ra
performanee, pour la croissance en hauteur i 10 ans aprds la plantation,
des descendances de ces arbres-pIus dans un test. La m€me ann6e, 45
croisements dirig6s ont 6t6 r6alis6s sur P. contorta var. latifolia entre
Ies rneilleures provenances dtun test de 125 provenances A TTEiEore[um deLotbinidre. Les meirleures provenances sont surtout de colombie-
BritanniqYe et queuques-unes de I'a1berta. Nous n'avons pas remarqu6 1a
pr6sence de chancre scl6roderrien (GremmeniaLl-a abietina (kgerb.) -

Moreret) dans la prantation, mais lEEd'[Iier c[u-[Tn grfs (petrova
ablicapitana Busck. ) et Ie charangon du pin blanc (Pissodes sfoET peck.
causent des dommages importants aux arbres rendant Fse-Tecti6t ptus
difficile A faire.

En 1988, un total de 454 greffes de p. banksiana ont 6t6
r6alis6es A partir de gref fons r6colt6s sur 23-arETEs-sGctionn6s parmi
les meilleures provenances dans un test de 64 provenances repr6sentantI'aire de distribution de l-'espdce. Ces greffes seront install6es dans
un parc i clones ou sous abri pour Ia r6alisation de croisements dirig6s.
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SfLECTION D,ARBRES ET ETABLISSEMENT DE VERGERS A GMINES,
PAR Y. LAMONTAGNE ET A. RAINVILLE

Mots-cl6s: Vergers i graines, sdlection d'arbres, r6sineux, greffest
densit6 du bois.

Cette activit6 a pour objectif I'6tablissement et l'am6nagement
d'un r6seau de vergers d graines pour les r{sineux qui fournlra
6ventuellement toutes les semences am6lior6es g6n6tiquement n€cessaires
pour Ie programme de reboisement du Hinistdre.

A cette fin, les travaux de s6lection d'arbres se sont
poursuivis depuis 1987 et prds de 800 nouveaux candidats ont 6t6
identifi6s, ce qui porte A plus de 20 000 te nombre total d'arbres-plus.
De ces nouvelles s6lections, 215 lots de c6nes ont 6t6 cueillis et
trait6s. Au Centre de greffage de Duchesnay, 35 918 greffes ont 6t6
r6alis6es.

Les travaux de d6termination de Ia densit6 du bois se sont
poursuivis sur 3 zLZ 6chantillons d'6pinettes blanche, rouge, noire et de
ttorv6ge portant ainsi e 5 199, Ie nombre total d'arbres-plus dont Ia
densit6 est connue.

Des travaux de pr6paration de terrain ont 6t€ effectu6s sur 374
ha tandis que des travaux d,entretien ont eu lieu sur 547 ha de vergers
d6ja dtabtis. De plus, Ia plantation de 25 nouveaux vergers aux
printemps de 1987 et de 1988 (comprenant 92 ha du type clonal et 407 ha

du type- de semis) porte d 54 le nombre total de vergers 6tablls et e 877
ha, Ia superflcie plant6e.

AuflronatroN GENETTQUE DES FEUTLLUS A gors NoBLE'
PAR J. MACKAY

Mots-cl6s: Am6lioration g6n6tique, feuillus nobles, bols d'oeuvre

Depuis avril 1989, nous mettons sur pied un nouveau programme
d,am6lioration g6n6tique des feuillus nobles dans le but de produire des
arbres i haut potentiel pour Ia production de bois d'oeuvre de qualit6.
Le programme vise trois esp6ces de faqon prioritaire, soit Ie fr6ne blanc
(Fraxinus americana L. ), Ie ch6ne rouge (Quercus ruhr? L. ) e! Ie bouleau
: Britton); ce sont Parmi les esPdces
feuitlues--i-es Ffs-reEoIsE-G au Qu6bec. Pour chacune de ces esp6ees
I,objectif est de produire des vari6t6s multiclonales adapt6es aux
conditions de plantation des r6gions destin6es au reboisement de
feuillus. Le programme utilisera etlou adaptera des m6thodes de
propagation v6g6tative (bouturage, greffage) pour multiplier les
g6notypes sup6rieurs issus de s6lections en for6t naturelle, sans les
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tests g6n6tiques ou de croisements contr6l6s afin d,acc6l6rer ladisponibilisation du mat6riel am6lio16. Le projet d6butera par une phase
de s6lection d'arbres (arbre-prus) priorisani rls caractdres
morphologiques qui affectent Ia qu"iit6 du fOt pour Ia production de boisd'oeuvre et qui sont reconnus comme poss€dant un bon niveaud,h6ritabilit6.

sElncrroll DE cLoNES ET AMELToMTToN DU pEUpLTER
PAR G. VALLEE ET M.-J. MOTTET

(PoPULUS L. ),

Mots-cr6s:_ Populus_ L., test de provenances et de descendances, testclonal, s6lection de clones, croisements.

En r6sum6 d ce jour, un totar de 2 211 crones ont 6t6 sousobservation au service, dont 545 ont 6t6 s6lectionn6s dans res
peuplements naturels au Qu6bec et 928 dans des plantations comparatives;les 738 autres clones ont 6t6 introduits surtoui drEurope et d;0ntario.
De plus 48 dispositifs de tests clonaux, 9 plantations de collections declones, 25 dispositifs de tests de proven"n""" et descendances ont 6t6mis en place. Un total de 2 784 croisements ont 6t6 faits dont 355 ont
donn6 des semis. Ajoutons l,obtention de pays dtrangers de 257 rots de
semences et de la recolte au Qudbec de 433 lots de semences repr6sentant27 esp6ces ou hybrides.

En L9B8 quelque 600 croisements intra et intersp6cifiques onr6t6 faits avec res espdces p. al-ba, p. barsamifera, p. x canescens, p.
deltoides, p. euraTeri?an3,l: . ='jaqIT;T. maxrmovEE !: @, p.-.'"nillo=ri"* oes
croisements intersp6cifiques intEressantili-t eTe oEtenus cornme p.
tremuloides x P. alba dont les semis montrent une bonne vigueur.- Dans IaEfon afiord-ouGt qu6b6cois ieuitiui-T6miscamingue) 115 arbres-ptus deP. tremuloides ont 6t.6 s6lectionn6s dans autant de-cantons par rep-'ersonnEl-ie M.E.R. de Ia r6gion. Ltobjectif est de consituer unepopulation de base pour 1es reboisements en tremble de Ia r6gion er pourI'am6lioration g6n6tlque du tremble (p. tremuloides).

Des quartiers de pieds-mdres pour Ia production de prangons
sont en cours d'installation dans 3 p6pinidres du Ministdre situ6es enAbitibi, Lac saint-Jean et Gasp6sie it-des prantations de peupliers
seront faites. Ces quatiers de pieds-mAres sont faits avec des clones de
t' x j?ckils6l-ectionn6s A partir de tests clonaux 6tablis dans res climax
cte Ia for6t bor6ale du Qu6bec.

Les travaux de s6rection de crones et semis de peupliersr6sistants d septoria musiva pk. se poursuivent depuis 19it6. Lesinoculatlons arEf-TETefE ciu champiinon pathogdne s, effectuent chaque6t6.sur des rejets de souches en p6pinidre. DEs 1 07L clones testes avecun isolat de S. musiva en L986r nous en avons retenu 462 clones. Ceux-ciont 6t6 inocuT6s-en-T987 et 1968 avec trois autres isolats provenant de
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diverses r6gions du Qu6bec et de I'Ontarlo. Dds L 071 clones initiaux'
162 clones demeurent r6sistants ou peu sensibles apr€s trois ann6es

d,inoculation. En 1987, 2 374 plants ont 6t6 inocul6s avec un isolat'
puis repris g6n6ralement avec 3 autres isolats en 1988. Ces plants
avaient 6t6 s6tectionn6s i partir de 9 000 plants obtenus d'hybridations
artificielles. Nous avons iussi test6 pour la premiEre fois en 1988' 29L

nouveaux clones. Une partie de ces clones (87) ont 6t6 obtenus de

l'Agenee Internationale de I'Energie.

AMELIORATION
DE NORVEGE

DES I.IELEZES
(PICEA ABIES

(LARTX SP.) ET DE L',Eprnrun
KARST.), PAR A. STIPANTCIC

Mots-cl6s: Tests de descendances, tests de provenancesr croisements
dirig6s, vergers i graines

Les travaux se sont poursuivis tels que pr6vu dans Ie cadre de

notre projet d'am6lioration des m{lAzes. L'accent a 6t6 mis sur Ie
croisement aitige intersp6cifique en vue de produire des hybrides i
partir des arbres de m6lEze d'Eutope, du Japon eet de m6ldze laricin'
i6lectionn6s dans nos conditions 6iologiques. Ainsi, i I'automne L987,
nous avons obtenu 167 lots de graines issus de Ia pollinisation dirlg6e
effectu6e au printemps de la m€me ann6e. En 1988. 184 croisements ont
6t6 r6atis6s dans noi plantations et 173 }ots de graines ont 6t6 obtenus
aprds lrextraction. LL nombre de semences par lot varie consid€rablenent
dfi non seulement au nombre de c6nes qui se sont d6veloppds aprds Ia
pollinisation mais aussi au nombre trds variable de graines par c6ne' Au

printemps 1989 nous avons effectu6 185 autres croisements. Cette ann6e

nous avons travai116 surtout avec les arbres s6lectionn6s de mdlize
d'Europe et de mdldze du Japon dans Ie but d'obtenlr l'hybride x
eurglepis.

Les graines issues de Ia pollinisation dirig6e seront utilis6es
Ie plus vite possible pour l'6tablissement des tests de descendances.
Ainli nous allons {valuer les perfornances des nouveaux hybrides et les
croisements les plus int6ressants pourront €tre r6p6t6s pour obtenir une

quantlt6 plus grinde de graines. 101 lots ont d6ji 6t6 sem€s au mois de

i6vrier de cette ann6e dans les serres. Nous prdvoyons multiplier par
bouturage les jeunes semis afin d'obtenir suffisarnment de mat€riel pour
installer les tests dans 1a pdpiniAre et sur Ie terrain.

II faut aussi noter I,6tablissement en l-9BB de 2 tests clonaux
avec au total 188 clones de m616ze d'Europe et de 2 tests de descendances
avec respectivement L62 et 150 familles de m6ldze d'Europe, de m6l6ze du

Japon, de m6ldze laricin ainsi que I'hybride x Surolgpis. .Un parc A

clones regroupant 135 clones s6lectionn6s dans lG-pTantations de m6ldze
a 6t6 insialld dans notre arboretum de Villeroy. Au printemps 1989'
trois autres tests de descendances de m61dze laricin ont 6t6 r6alis6s
dans trois domaines 6cologiques diff6rents de 1a r6gion
drAbitibi-T6mtscamingue. Ces tests, conpostis de 226 familles, serviront
comme base pour I'amEnagemenet d'un verger d graines instal}6 dans Ia
m€me r6gion.
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En ce qui concerne les travaux d'amdlioration de I'6pinette de
Norvdge, il faut noter les essais de croisements dirigds entre les arbres
s6lectionn6s de cette espdce. En 19BB nous avons r6a1is6 51 croisements,
mais seulement 34 ont rdussi. La quantit6 de graines par cdne ainsi que
le taux de germination sont tres variables. 22 de ces 34 familles ont
6t6 sem6es en vue d'un tests regroupant plusieurs descendances r6colt6es
sur les arbres s6lectionn6s de provenances d6jd recommanddes dans nos
p]-antations. Deux autres tests de descendances ont 6t6 installds dans
deux p6pinidres dans le but d'6valuer d6jA au ni.veau de Ia p6pinidre les
performances des familles. Ces tests seront transf6r6s plus tard sur le
terrain forestier, oi ils vont nous permettre d'6tablir Ia relation entre
les caractdristiques observ6es sur les arbres i Ir6tat jeune et
1' 6 tatadul te.

Nous col"laborons 6troitement avec I,6quipe de g6n6ticiens de
For6ts Canada (Qu6bec) A la mise en marche d,une exp6rience regroupant
300 descendances ou provenances d'6pinette de Norvdge du Qu6bee et
d'Europe. L' exp6rience vise i pr6ciser les l-imites de sxecteurs
d'am6lioration et aussi d obtenir Ie mat6riel n€cessaire d la poursuite
du programme d'am6l-ioration g6n6tique de cette espdce.

AMI1LIOMTION DE L'I1PINETTE NOIRE
PAR M. VILLENEWE

(PrcEA l.tARrANA),

Mots-c}6s: Piceq mariana, descendances, croisenents dirigr6s, densit6 du
bois, vari6tEs m[f tTEamITiales, bouturage.

Depuis L987, di.x-sept tests de descendances sur terrains
forestiers et deux tests pr6coces en p6pinidres ont 6t6 instal16s. Ceci
porte le total de dispositifs exp6rimentaux d 67 pour l'6pinette noire.
un rapport interne (villeneuve 1-988) a 6t6 produit pour d6finir une
nouvel-le approche pour la conception des dispositifs, approche qui
devrait en faciliter I'analyse statistique.

tJne 6tude de densit6 du bois (200 arbres de 22 peuplements)
s'est poursuivie avec 1'6tablissement de 2 dispositifs en Abitibi, au
printemps 1988. Ceux-ci permettront de comparer Ia densit6 du bois des
arbres-mrirres avec celle de leurs descendants.

Des croisements dirig6s ont 6t6 faits d Ia station de
Valcartier de Fo16ts Carrada (0u6bec). Les provenances dans lesquel-Ies
1es parents furent choisis ont 6t6 s6lectionnees selon leur performance i
I'arboretum de Lac-St-Tgnace. En 1"988, Ies 205 sacs de pollinisation ont
donn6 6 411' cones de 1.59 famirrres diff6rentes. En 1989, 1.47 sacs ont
6t6 install6s et 128 croisements ont 6t6 effectu6s. Au dernier re1ev6.
iI y avait environ 24 fl"eurs par sac. ces croisements, selon un pran
factorier incomplet, ont pour buts de parfaire notre technique de
pollinisation dirig6e, de profiter du gain de croissance par Ie choix des
meilleures provenances pour la Gasp6sie et d,amorcer le processus de
cr6ation de vari6tds multifamiliales.
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A cet effect, en janvler 1989, 183 lots de semences (issus de
croisements dirig6s ou d'arbres s6lectlonn6s) et 11 lots t6moins ont €t6
ensemenc6s au centre d'amdlloration de St-l.todeste. Les semis y sont
multipli6s par bouturage. Une partie des boutures servira pour des tests
de descendances pr6coces et A long terme; le reste ira au reboisement.

Finalement, Ia strat6gie d'am6lioration retenue pour 1'6pinette
noire devrait €tre bient6t sur papier (Villeneuve 1989). Plusieurs
personnes-ressources du Qu6bec, de 1'0ntario et du Nouveau-Brunsvick ont
6t6 consultdes i ce sujet. Le document r6vis6 sera disponible cet
automne.

MPPORTS ET PUBLTCATIONS

Villeneuve, M., 1988. Notes sur La conception des tests de descendances.
Gouv. du Qu6bec, M

I'amdlioration des arbres. Rapport interne no 302. 21 p.

Villeneuve, M., 1989. Am6lloration ue de 1'6 noire (Picea
e Qu6bec.mariana (MiII.) B.S.P.) - Proposition de strat

6[v. Eu Qu6bec, Min. de lm
I'am6lioration des arbres" Rapport interne (en pr6paration).
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cflwrour ronssrrEnn A ronnrs cANADA - nfcroN nu Qufnuc

A. Corriveau, J. Beaulieu, G. Daoust et A. Plourde

Mots clefs: Pinus strobus, Picea glauca, Picea abies, Picea mariana,
Picea rubens, l$Es-Eakamea, f nd'uilf on f loraG, -A[6Ti tE 

*dilbols,
h6ritabilit6, stabllit€ ph6notypique.

Au cours de Ia p6riode 1987-89 des 6tudes de Ia variabilitd
g6n6tique des caractdres inrinsdques du bois de I,6pinette blanche et de
l'6picea commun ont 6t6 conduites. Des essais d'induction floraLe ont
6t6 effectutis avec succds chez ces m€mes espdces et nombre de croisements
dirig6s ont 6t6 r6alis6s. La productivit6 volurnique et la stabllit6
ph6notypique de 1'6pinette noire, de I,6pinette rouge et de l,6picea
conmun ont 6t6 6tudides et une prernidre subdivision du territoire
gu6b6cois en zones d,am6lioration a 6t6 trac6e. L' h6ritabilit6 des
caract€res de croissanee et de forme du sapin baumier a 6t6 6valu6 et les
gains g6n6tiques escompt6s d'une s6lection sur indices ont 6t€ cal.culds.
De plus' une r6orientation des travaux de recherche condults au sein du
projet de g6n6tique forestidre a 6t6 amorc6e de manidre i faire plus de
place aux 6l6ments blochirnique et biotechnologie et ainsi acc6l6rer
l-'6tude des populations et de r6sistance aux pathogines.

cfnfrrouu DEs cAMcrtRES DU Bors

Une 6tude g6n6tique de la qualit6 du bois de 1'6pinette blanche
(Picea glauca (Moench) Voss) a 6t6 entreprise en 1987. Pour ce faire,
800 arbres d'un test de 40 descendances Ag6es de 23 ans ont 6td
6chantillonn6s. Les barrettes de sondage furent sectlonndes selon le
nombre d'anneaux de croissance depuis I'6corce, les six derniers anneaux
6tant associ6s au bois mature et Les anneaux ant6rieures au bois
juv6nile. Les analyses effectu6es d6montrdrent que les caractdres de
croissance et de qualit6 du bois sont interreli6s au niveau g6n6tique
aussi bien qu,au niveau ph6notypique. De manidre g6n6rale, un
accroissement de Ia largeur des cernes se traduit par une diminutlon de
la densitd et une augmentation de ra teneur en humidlt6 du bols de
1'6pinette blanche. Ceci arrive aussi bien chez Ie bois Juv6nile que
chez Ie bois mature. Les diff€rences familiales ne sont responsables que
d'une faible proportion de ra variation totare de ra denslt6 du bois
juv€nile alors qu'elles repr6sentent lus de 15 Z de celle du bois mature.
Les valeurs d'h6ritabilit6 calcul6es indiquent que le bois mature de
1'6pinette blanche est sous fort contr6le g6n6tique, alors que ce1les du
bois juv6nile sont beaucoup plus assujetties aux conditions
environnmentales. Les gains g6n6tiques esp6r6s d'une s6lection combin6e
i r pourcent respectivement pour re teneur en humidit6, ra largeur des
cernes et Ia densit6 du bois respectivement (Corriveau et collab. 1989a
soumis au J. can. rech. for.). ce travail compl6tait une s6rie de
travaux sur la variabilit6 ph6notypique et g6n6tique de 1'6pinette
blanche en for6t naturelle (Corriveau et collab. 1987) et en plantation
(Beau1ieu et Corriveau 1985, Corriveau et collab. 19 ).
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Une seconde 6tude, portant cette fois sttr Ia variabilit6 de la
densitd du bois de I'6picea commun (Picea abies (L.) Karst)' a-6t6
r6alis6e en 1988. Pour ce faire, vingt arbres de chacune de 22
populations originaires de Roumanie, Lettonie, Bielorussie et d'Allemagne
iuient 6chantillonn6s. Des diffdrences significatives furent observ€es
entre les populations tant au niveau du bois juv6nile et du bois mature
qu,au nlveau de Ia largeur de cernes et de Ia teneur en humidlt6.
Cependant, la majeure partie de Ia variation de ces caractdres 6taient
atiribuables aux diff6rences entre les arbres d'une m€me population. Une

variation clinale, suivant un gradient de variation longltudinal de la
densit6 du bois, a 6t6 observrle. Les diff6rences de longitude des lieux
d'origine des populations expliquent quelque 40 pourcent de la
variabilit6 d'interpopulation du bois juvdnile et du bois mature. Les
informations obtenues de cette 6tude suggirent qu'un programme
d,am6lioration g6n6tique de I'6picea commun visant 1'augmentation de
productivitd en masse anhydre devrait d'abord s'appuyer sur une s6lection
des populations i productivit6 volumique sup6rieure puis' en second lieu'
sur le choix i I'int6rieur de ces m6mes populations d'individus
produisant un bois de densit6 sup6rieure (Blouin 1989).

STABILITE PHENOTYPIQUE ET ZONES D'AMfLIOMTION

Une 6tude de Ia stabilit6 ph6notypique et de croissance de
l,6pinette noire (Picea mariana (Mill.) B.S.P.) a 6t6 effectu6e i partir
d'un essai de 100 [ofiilatlon.1 15 ans aprds 1'6tabllssement en 4 r6gions
dcologiques du Qu6bec m6ridional. Les diff6rences d'origine de
l,6pineite noire expliquent de 5 i prds de 20 pourcent de Ia variatlon de
droissance de Irespdce, selon Ie site d'exp6rimentation. Les provenances
r6agissent diff6remment selon le milieu de croissance. Certalnes ont une

excellente stabilit6 relative alors que d'autres sont trds instables. Un

choix 6clai16 des stocks de reboisement s'avdre donc n6cessaire. Quatre
grandes r6gions de provenances sup6rieures ont 6t6 d6finles et Ie
territoire qu6b6cois susceptible d'6tre rebois6 en 6pinette noire a 6t6
subdivis6 en cinq zones dram6lioration. La s6lection des dix meilleures
populations pour chacune des zones d'am6Lioration r6sulterait en un gain
de croissance de quelque 12 poureent par rapport d Ia moyenne des
populations test6es (Beaulieu et collab. 1989).

Quarante-quatre provenances d'6picea commun (Picea abies (L.)
Karst) furent 6tudi6s quant d leur adaptabilit€ et productivit6
volumique, 15 ans apr6s la plantation. Un changement inportant de
classement des provenances dans le temps et }'espace fut not6. La r6gion
de la Mer Baltique, incluant }e Nord-est de la Pologne, Ia Latvie, la
Lithuanie et }a Bielorussie s'est r6v6l6e 6tre une r6gion des provenances
des plus int6ressantes pour Ie reboisement au Qu6bec. Quelques
provenances des Carpathes ont d6mont16 une forte productivit6 et une
botrne adaptabilit6. Il est sugg6r6 que le territoire Qu6b6cois propice i
la plantation de I'6picea comnun soit subdivis6 en trois zones
dram6lioration correspondant grossi6rement i de vastes domaines
6cologiques. Des provenances sup6rieures furent recommand6es pour chaque
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zone d'am6lioratlon (Corriveau et collab. 1988). A Ia suite des
r6sultats encourageants, un programme strat6gique de recherche sur le
g6n6tique et d'am6lioration de 1'esp€ce a 6t6 initi6 en collaboration
avec Ie MER du Qu6bec.

La productivit€ vollumique et lrinteraction avec
I'environnement de 15 provenances dr6pinette rouge (Picea rubens Sarg.)
ont 6t6 6tudi6es 25 ans aprds la plantation. L'interaction provenances x
milieux observ6e a sembl6e €tre accentu6e par I'origine m6rldionate de
plusieurs sources m6sadapt6es aux conditions des sltes d'exp6rimentation.
Quelques provenances possddant une bonne stabilit6 phdnotypique se sont
av6rdes suffisamment plastiques pour 6tre recommand6es lors des
reboisernents sous couverts feuillus. Les provenances d'6pinette rouge
6tudi6es avaient toutefois une productivit6 inf6rieure aux autres
6pinettes indigdnes ainsi qu,i 1,€picea commun. Ceci, en partie du
moins' a 6t6 attribuable d Ia trop grande sensibilit6 au froid et d Ia
dessiccatlon hivernale de cette espdce lorsque plant6e i d6couvert
(Beaulieu et collab. 1989).

INDUCTION FLORALE ET POLLINISATION DIRIGEE

Au printemps 1987 et 1-988, une centaine de clones d'6pinette
blanche 6g6s de 7 et I ans furent soumis d des traitements d'induction
florale sous enceinte plastique. Les ramets avaient 6td cultiv6s en pots
depuis Ie greffage. Pour ce faire, Ie protocole d,induction d6ve1opp6
par le Dr. S.D. Ross chez l,6pinette d'Engelmann (Picea engelmanii) fut
adapt. e 1'6pinette blanche. I1 s,agissait de Irapplication suCcesslve
d'un stress hydrique, provoqu6 par une taille sdvdre du systdme
racinaire, de pulv6risations dracide gibb6rellique 4/7 r suivi d'un stress
thermique i temp6rature maximale de 35oC, et synehronis6e d Ia ph6nologie
de 1'espdce. Les rdsultats obtenus furent tris encourageants.
Soixante-cinq et quatre-vingt-trois pourcent des clones trait6s
produisirent des strobiles femelles en 1988 et l-989 respectivement par
comparaison i 2 et 5 pourcent des clones t6moins. Quatre-vingt-dix et
144 c6nes furent produits par greffe produetrice. La production du
pollen mAle fut beaucoup plus faible. Aprds ces travaux d,induction
florale, deux cent quatre-vingt croisements dirig6s g6n6tique de
I'6pinette blanehe et son am6lioration. En 1988, Ies m€mes traitements
d'induction furent appliqu6s d des clones dr6picea commun mais avec
beaucoup moins de succds. Quatorze pourcent des ramets trait6s
produisirent un total de 27 c6nes femelles seufement. Un nombre
sup6rieur de clones produisirent des strobiles mAles. D'autres essais
seront entrrpris afin de forcer I,6picea commun i la floraison
(Corriveau, et collab. 1989b, 1989c).

ASPECTS BIOTECHNOLOGIQUES ET BIOCHIMIQUES

Suite aux directives 6nonc6s dans le plan strat6gique de Ia
recherche de ForCan et aux recommandations 6mises par Ie comit6 de
rdvision de programme et de projet, une r6orientation de notre effort de
recherche fut entreprise. Ainsi, plus de recherches fondamentales et
long terme seront conduites. En avriL L989, deux nouvelles 6tudes ont
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6t6 initi6esl l'une portant sur l'embryog6ndse sromatique et Ia
r6slstance pathogdnique du pin bLanc tandis que 1'autre portera sur Ia
g6ndtique des populations de cette m€me espdce d lfaide de marqueurs
biochimiques. Pour ce faire, une nouvelle chercheure a 6t6 embauch6e et
un agent forestier charg6 de recherche entreprendra d€s septembre
prochain des 6tudes de doctorat.
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CANADIAN PACIFIC FOREST PRODUCTS LIHITED
TREE IHPROVEMENT ACTIVTTIES 1987_1989

HARRINGTON AND ST. MAURTCE DIVISIONS, QUEBEC

Gregory Crook Andrd Dion

Canadian Pacific Forest Products Ltd.
Harrington Forestry Centre 1053, Blvd. Ducharme
R.R. 2, Calumet, Quebec La Tuque, Quebec
Jov 180 c9x 3P9

Keyvords: Pinus banksiana, Picea glauca, P.
f ami ly t es t[EfonEfffiorEEaE

marlana, Larix leptolepis,

In 1979, a tree improvement programme vas lnitiated by Canadian
Pacific Forest Products Ltd. in Quebec, following tvo yearsf involvement
in the Nev Brunsrrrick Tree Improvement Council through its subsidiary,
NBrP Forest Products Ltd. The programme,s objective in euebec is to
produce genetically superior seed for the Companyrs reforestation
programme on its Upper St. Maurice freehold in central Quebec

Selection (1980-84) and testing (1982 +) of plus trees are
undervay in the Gouin (B-3) boreal region (Rove, J.S. Forest Regions of
Canada. Can. For. Serv. PubI. 1300, 1972). The prlncipal seed orchard
complex is located at the Company,s Harrington Forestry Centre in
southvestern Quebec, and a small orchard is established at Batiscan,
near Three-Rivers, Quebec.

Canadian Pacific Forest Products' tree improvement programme
concentrates on black spruce (P. mariana [Mi11.] B.S.P.) and jack pine
(Pinus banksianq Lamb.), r,rith l;omE-woE-being done on Japanese lareh
(EFil GptofeFfs [Sieb. and Zrrcc. ] Endt.), European tarctr (!. decidua
MIffJ ant--Noiil'y spru"e (picea abies IL.i Karsti. At Harrin[tbn, a
clonal vhite spruce tpt"gg@'TM-"enchl voss) seed orchard vill
produee seeds for NBIP Foresi products' tree planting programme in Ner.r
Brunsvick.

Jack Pine and Black Spruce Family Tests

In 1987, it vas decided to measure the jack pine family tests
after 7 and 10 groving seasons, with another posslble measurement after
12 seasons. Due to the slower grovth habit of black spruce, it vas
decided to measure the black spruce family tests after 10 and 15 growing
seasons.

Traits to be measured are: total height, stem form, branch
angle, node configuration, reader condition, as velr as the presence of
vounds and diseases.
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Measurements began in 1988, vith the evaluatlon of 5000 jack
pine trees ln the first set of family tests.

In order to establish the rate of nutrient uptake, foliar
analyses vere done for both species ln each replieatlon of the tvo
famlJ-y tests. 0ther site management vork included the manual cleaning
of the second black spruce family test to remove the excess cutover
debris and organic matter (moss and peat), as vell as brush vhich vas
lmpeding seedling growth.

In 1989, family test measurements vill continue, vith 4900 jack
pine seedlings to be evaluated. AIso, brush control vill be carried
out on all test sites by a manual herbicide application. Vork will
continue in controlling insects, notably the pitch nodule maker
(Petrova albicapitana) vhich has infested the tests over the past fev
years.

Japanese Larch

In the Company's provenance test established at Batiscan' an
inventory was done following 9 groving seasons. Traits measured vere:
total height, dbh, stem form, branch angle, shoot configuration' tree
condition and a deseription of any damage. The analysis of these data
vill allov us to determine the most lnterestlng families to be kept at
the time of the next thinning.

Harrington Seed 0rchard

In 1988 establishment of the 6 ha (2484 ramets) vhite spruce
clonal orchard vas completed. This terminated the establishment phase
of the 48 ha orchard complex. Table 1 gives a breakdovn of the various
orchard components.

Table 1. Harrington Seed 0rchard Information Summary

4 rlslrvlr

Area' Farnilies (F)/ Clone Bank
Species typ"1 (ha) Clones (C) Planted Bank Area (ha)

Black Spruce
Jack Pine
Vhi te Spruce
Norway Spruce

S

S

c
c

16 16
12,0
6'0
t16

440 F
4BO F
65C

LzQ C

yes
yes
no
yes

213
215

Q12

1985/86
L984/85
1987 /88
1984 & 86

1

2
S: Seedling seed orchard C: CIonaI seed orchard
Area in production
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rn 1989, a smarr phenorogy study vas done in the jack pine and
brack spruce crone banks, in order to gather froverlng data for use ln
any future second generation development work. Also, a sma1} grafting
programne vas done to lnerease the number of available ramets for some
clones of Jack plne, vhlte spruce and black spruce.



Tree improvement programs are approaching the compretion ofinitial targets in seed source control-, controlled collectton areas, plus
tree selection, establlshment of first generation orchards and famlly-
_tlsts. The species included in Ontario's tree improvement program are
black spruce (Picea mariana (Mirr.) B.s.p.), jack pine (pinus banksiana
Lamb-.), r.rhite spruce-IFlcea glauca (Moenchi v6ss), vhltelfne IFInusstrobus L.) Norvay spru-Elqfeea-qu:4e (L.) Karst), red spruce lTfGa."!g"g s3rg.), tamarack rur:!xl";lifn" (Du Roi) K. Koch,-JapaneGFT6rch!. lgptorepis (sieb. & zuGlE;4T., and European larch L. decidua(Mill.)' black valnut (Juglans nigra L.), vhite ash (Fraxin[E-mericana
L. ) and red oak (Quercus rubra ilt- A tree improvement progra;-mo-
exists for poplalJlI;ljor-Emphasis on identifying supirior populus
deltoides for hybridization vith exotics. The folloving outlines-tEE
progress by species vithin each administrative Region.
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PROGRESS IN ONTARIO'S TREE IMPROVEMENT PROGRAM

C. Graham, R. Kleir, R. Ford, J. ViId, C. Nelson, K. Eng and
F. Schnekenburger

Ontario Ministry of Natural Resources
SauIt Ste. Harie, 0ntario

P6A 5N5

Keyvords: Brack spruce, jack pine, vhite spruce, vhite pine, seed
orchards

NORTHVESTERN REGION

Black Spruce

The Red Lake 3300 seed orchard and its two family tests lrereplanted in 1989. This completes the establishment phase of this programvith 12 seed orchards and 24 fanilry tests. Alr orchards utilize anirrigation systern that is regurated by a climate based moder.

Jack Pine

Tvo seed orchards (Dryden and Fort Frances) and 6 tests \./ereplanted in 1989, cooperatively vith Canadian Pacific Forest products and
Boise-Cascade. Seed has been sovn for tvo more orchards and 6 familytests. An additionar tvo orchards and 6 family tests are planned to
reach a target of 6 orchards and 18 famjly tesis.

vhi te spruce

Six clonal orchards have been planted but mortality has beensevere. Regrafting and refills are undervay.
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NORTH CENTML REGTON

The North centrar Region imprements the tree improvement
program cooperatively vith the 0ntario Tree fnprovement Council (6TIC).

Breeding Orchard

A breeding orchard for both the old and nev
established on the north side of the Thunder Bay Tree

program vas
Nursery in 1988.

Black Spluce

a) Nipigon l,Iest Breeding Zone

- This program is nov established vith tr+ro (2> L6 hectare seed
orchards (Abitibi-1; Hinistry-1) and four famiry tests (Abitibi-2,
CPFP-1, Ministry-l).

b) 4400 Breeding Zone

Three hundred and fifty-eight (358) superior trees have been
seLected to date. Prus trees from the ord 4400 program (pearson seed
orchard) have been polrinated using a vird mix ol potten. seed from
these polymix crosses viII be incoiporated into tne A+OO program alongtuith seed fron identtfied superior provenances. Trees viif [e grovn in
1990 for planting in tests and orchirds for 1991.

c) Nipigon East Breeding Zone

The clones from the old orchards Longlac, Matavin and 0rConnorvill be tested using a polymix testing design.

Jack Pine

a) Nipigon l{est Breeding Zone

This program hras completed in 1987 vith one 14 hectare seed
orchard (Canadian Pacific) and four family tests (2-Canadian pacific,
L-Abitibi, l-Ministry) established

b) 4400 Breeding Zone

The collection of 40 trees and the identification of approxi-mately 100 additional trees has been done. The selection and collectionof the remaining trees vilr be completed in the vinter of 1999, vithplanting scheduled tor 1992.

c) Nipigon East Breedlng Zone

Sixty-seven (67) plus trees have been selected and collected.



and 51 of

b) 3400
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Vhi te Spruce

a) 4400 Breeding Zone

One hundred and thirty-six (1-36) plus trees have been selected
these have been planted in the Pearson 0rchard.

Site Region

The 0'Connor Seed Orchard has been re-designed to improve
pollinat ion.

A polymix test design viI1 be used to test the clones in the
0tConnor, Longlac and Hatavin orchards.

NORTHERN REGION

The direction and planning of the program is the responsibility
of the Ontario Ministry of Natural Resources, Northern Forest Development
Group (NFDG). The Northern Region continues to play and active role in
the Ontario Tree Improvement Council cooperative activlties.

Black Spruce

Plus-tree selection by each of the 5 breeding zones has been
completed. Five seed orchard complexes have been establishedr comprising
a total of 130 hectares. Fifteen associated family tests have been
planted to finish the establishment phase of the first generation of
improvement.

Jack Pine

Selection of superior trees from natural stands for each of the
four breeding zones has been completed for this species. Three of the
five seed orchard complexes mentioned for black spruce also have jack
pine portions adding a totat of 59 hectares. As a result of the com-
pletion of these seed orchards, the establishment of first generation
tree improvement for jack pine is complete.

0perational trials include establishment of fertilizer rates
and formufations using the Diagnosis and Recommendation Integrated System
(DRIS), erosion control, climatic profiling and pollen infiltration.

Breeding HaII

Trials at the breeding haII at Slrastika nursery have focused on
the use of heat and GAr, for flover induction of potted grafts. Trials
have also been done to-66ve1op an effective protocol for vegetatively
propagating jack pine. 0ther studies have addressed different over-
vintering techniques for potted grafts, the use of plant grovth enhancer,
fertilizer rates and products, encouraging greater lateral branching of
jaek pine grafts, flover induction of archive trees and the persistence
of plagiotropism in black spruce steekllngs.
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The Northern Clonal Forestry Centre (NCFC), a private enter-
prise near Kapuskasing uses the seed from controlled crosses in the
breeding hall to grov donor trees for rooted cuttings. The NCFC
cooperates vith NFDG staff in the development and testing of clones, as
veII as, producing one million rooted cuttings annually.

CIona1 Archives

Three clonal archives are located at Sr.rastika Tree Nursery, the
Bonner Tree Improvement Center near Kapuskasing and the fsland Lake Tree
Improvement Area near Chapleau.

NORTHEASTERN REGION

Vhite Pine

The orchard for the 5200 east breeding zone is complete. The
5200 rrest orchard is about 1/3 complete and the location for the third
orchard for breeding zone 4200 has not been finalized yet. Field
grafting is the method used for establishing vhite pine orchards.

Black Spruce

A seedling seed orchard and three family tests for breeding
zone 4200 vere established in 1989. Plus tree collection vas completed
for breeding zone 3200 and the establishment of a seedling seed orchard
and two family tests is scheduled for 1991.

I{hi te Spruce

'A clonal seed orchard has been started for breeding zone 4200,
t+,ith completion scheduled for t992. Thirty (30) clones have been
planted, 136 have been grafted with a target of 216.

NORTH SHORE TREE IMPROVEMENT COOPEMTIVE

Jack Pine

The North Shore Tree fmprovement Cooperative members are Domtar
Forest Products in Vhite River, Dubreuil Forest Products in
Dubreuilville, E.B. Eddy Forest Products in Espanola, and the Ministry in
the Northeastern Region. The members cooperate on the jack pine tree
improvement program in Northeastern Region, which includes 7 seedling
orchards and 19 tests.

EASTERN REGION

The Fast Groving Forests Group (FGF), Brockville, 0ntario, has
continued to make progress in the conifer tree improvement program for
the Eastern Region, vhich vas initiated in L985.
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l{hi te Pine

Plus tree selections total 325, 295 of vhich have been grafted.
FaII grafting vas used in 1988-89 vith 76 percent survival. The opera-
tional and economig advantages make the lover survival rate acceptable.
In addition, 35 trees vere selected for utilization in a polycross.
Branches vere collected fron each tree and pollen vas forced, collectedt
and stored for use in subsequent years.

Tvo I hectare vhite pine clona1 seed orchards will be
established in the spring of 1990. In the interim, seed quallty is
controlled by limiting collection to 1.0 hectares of managed seed
production areas.

Developmental trials in the breeding hall have established a
treatment for induction of pollen cones on 3 year old grafts of vhite
pine. Several additional experiments vere completed in 1989 to establish
female flover induction protocol.

Experiments directed at improving the feasibility of vegetative
propagation through the use of rooted cuttlngs are continuing. Increased
numbers of shoots can nov be obtained through the application of BAP,
hovever, improvements in the percentage rooting must be achieved before
this method of stock produetion becomes operationally feasible.

Norway Spruce

PIus tree selections total 50. Expansion of the gene pool will
continue through the acquisition of material in plantations in the 5200
and 6200 seed zone outside of Eastern Region. To initiate a clonal
program, 200 superseedling selections have been made to date to provide
donor material, based on nursery screening trials. One nursery screening
and one clonal- progeny trial vas established in 1989.

Accelerated grovth of grafts in the breeding hall, accomplished
by forcing tvo gro!/th cycles in one caLendar year, was utilized on an
operational basis in 1-989. Devel-opmental work to determine the most
effective flower induction techniques continues r,rith stem injections of
GA+, being emphasized.

Larch

A total of 47 tamarack plus tree selections have been made to
date. Tventy-one (21) Japanese larch and 23 European larch selections
from landrace trials, coll-ections and smal1 plantations have been made
and grafted. An interim seed srrpply for: serial propagation of exotic
larch is obtained through individual tree collections from landrace
trials and a hybrid larch seed orchard located in the Eastern Region.

Development vork is being conducted in both the breeding haII
and hybrid larch seed orchard to determine the most effective flover
induction treatments for tamarack and the exotic larches.
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PopIar

The first generation breeding scheme, initiated in 1984, for
Popylus deltoides vas completed in 1989. A factorial breeding scheme
utirizing a number of males and femares (depending on the size of the
region) was compreted for each of 11 physiographic site regions in the
Eastern Region.

fnterspecific crosses have also been completed betveen p.
deltoides and P. nigra and P. maximoviczii, for the production of-nev
E ErE-EIones fn thEJhort terml--llevJffies enterint the program are
first screened in a short term test at the nursery. Characteristics
eval-uated include rooting, grovth, susceptibility to frost, resistance to
Melampsora. Ieaf rust and Marssonina leaf spot and reslstance to Sepllefia
muslva yeck.

In 1989
district to assist

I+Ihi te Pine

ALGONQUIN REGTON

a seed forecasting register vas compiled by each
seed collection from selected stands.

The establishment of three 8 hectare elonal seed orchards for
the Petava\,/a source is nearly completed. The breeding orchard esta-
blished in Pembroke District for this source nov contains 302 clones.
The combined production-breeding orchard for the Georgian Bay source has
73 clones.

Vhite Spruce

The Upper 0ttava VaIley vhite spruce clonal seed orchard,
established under the joint auspices of the Ministry and Forestry Canada
(PNFI)' is to perpetuate the Douglas and Beachburg provenances vhich
shor*red superior grovth in many parts of Canada and the United States.
The seed orchard contains 220 clones in B hectares. One thousand (1,,000)
cones were picked from the orchard to investigate seed yierds.

Tamarack

Ramets in the production/breeding orchard in Minden district
shoved vigorous grovth in the last two years. Many trees attained a
height of 5 metres or nore. A phenology study done in 1988 indicated
that both male and female flovers vere fully mature in the first veek of
May and many clones !/ere vell synchronized for cross pollination. One
thousand (1,000) cones were col-lected to investigate ieed yierds.

Red Spruce

fn co-operation r,rith the 0ntario Forest Research Institute, 71,6
plus trees were sel-ected and grafted, vhich vilr be planted in a seed
orchard in the Bracebridge district in 1990.
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CENTML AND SOUTHVESTERN REGION

All the seed orchards vithin these tvo regions are joint
enterprises. Seed is currentLy being collected from seed collection
areas and seed production areas until the seed orchards are produetive'
To meet this objective a seed forecasting registrar vas compiled by each

district in the two regions to ensure the identity and continuity of
these areas.

Vhite Pine

For site region 6200, a total of 24 hectares of vhite pine
elonal seed orchard i; tvo locations are being established and are nov 70

percent conplete. The breeding orchard established for this site region
in the Midhurst Nursery has 256 clones.

For site region 72OO, an B hectare clonal seed orchard is being
estabtished in Niagari District, vhich is 70 per cent complete. The

breeding orchard for 7200 site region in St. llilliams Nursery contains
234 clones.

Seed from the blister rust resistant trhite pine clona1 seed

orchard at Orono has been shoving superior grovth in nursery beds ' The

identification of individual ram-ts, the total number of clones, and

their relative positions in the seed orchard are unknovn; precluding any

selective breeding in the orchard and increasing the possibility of
inbreeding. Some isozyme analyses and breeding are underway to estlnate
heritability levels of resistance to blister rust and to determine
patterns of inheritance.

y\rt" Spruq" ..d N"tv

Outplanting of the Southern 0ntario vhite spruce breeding
orchard is complete. A number of clones rlere treated with GAO? to
investigate thl effeet of various concentrations on different'blones. A

Norvay iptu"" breeding orchard consisting of 200 selections vas
established in the Orono NurserY.

Black Valnut

The smalI black valnut production/breeding orchard at the St.
Villiams Nursery in the Southvestern Region was conpleted. At present'
this seed orchard contains 420 ramets from 203 clones'

White Ash and Red Oak

Seeds vil] be eollected from superior stands of ruhite ash and

red oak to establish local seed production areas. A number of hardvood
trial plantations (formerly Forestry Canada's) vill be considered for
seed collection areas or seed production areas.
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I.I.R. BUNTING TREE IMPROVEMENT CENTRE, ORONO

Activities at the Centre are continuing in support of the
breeding and clonal- forestry programs in Southern Ontario. A pollen lab
has been constructed and a vhite pine pollen bank has been initiated.
Flover induction triars on potted grafts in the breeding harr have
yielded good resurts vith vhite pine and vhite spruce; vork has begun
vith Norvay spruce and tamarack.

Approximately 120,000 rooted cuttings of Norway spruce,
tamarack and European larch are being produced annually for plantations
and genetic tests. The addition of a black-out system has enhanced the
production system for the larches. Preliminary results of development
vork in rooting BAP-induced shoots of white pine are encouraging. Cold
storage facilities are being tested for mid-summer rooting of larches.

TREE IMPROVEUENT AND TECHNOLOGY TRANSFER UNIT

The former Tree Seed and Forest Genetics Unit has changed its
name to the above, its location to Saul-t Ste. Marie, and some key
personnel. Vic llearn and Dr. Dennis Joyce have joined the Unit as the
supervisor and quantitative forest genetlcist, respectively. Jim Hood is
the quantitative forest geneticist at the 0ntario Forest Research
Insti tute.

Completed projects include a plus tree registry and query
program, a tree improvement equipment catalogue, publication of
Operational Guidelines to Tree Inprovement in Ontario, and a review of
the derivery structure of tree improvement. Tree improvement vas
included in the forest renevar evidence package given during the
province's Environmental Assessment Hearings on Forest Management. A
genetic test vorkshop vas held for measuring jack pine family tests at
five years.

The Ontario Tree See:d Plant has modernized its facilities to
reduce airborne dust and manual lifting, and improve ergonomics. Eight
nev' airtight kilns vere installed, as veII as a robot and overhead crane
to rift and load the cones. cones, vith the exception of jack pine are
nov shipped in staeking racks. A liquid separator and a gravity
separator vere added to the seed creaning line and the tree seed
requisition proeess has been streamlined.
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SPRUCE GENETICS AND GENECOLOGY

A.G. Gordon

0ntario Tree Improvement and Forest Biomass Institute
Hinistry of Natural Resources

Sault Ste. Marie, Ontario
P6A 5M7

Keyvords: Picea, interspecific hybridization, crossabtlity, variation,
clonal propagation of hybrids

The objectives of these studles are: (1) to investigate
genotype x environment interaction wlth regard to varlatlon in
etti"iln"y, grovth and nutrition as related to site reglons and

producttvity-systems i Q) to create long-term genetic banks for gene pool
ind population studles, breedlng and assessment of genetic parameters to
elucidite the breeding system and structure of the genus Plcea; (3) to
produce, test and select the best hybrids for propagation; (4) to develop

iun"tic and physiologica] techniques for breedtng juvenile trees; and (5)
io utilize the uttays of spruce species and genotypes located in the
piceta for long-term rnonitoring oi forest health as related to possible
airborne pollution and/or climatic change.

HYBRIDIZATION

Spruce flowering inereased in 1987 from a near hiatus in 1986.

Breeding wai carried out in two Districts, Sault Ste. Marie in the
mid-norih and Simcoe in the south. One hundred tree x pollen parents
vere made, vith replication by 251 ramets. There r*'ere 28 lnterspecif ic
crosses atternpted involving 17 species.

The results from many of the interspecific crosses vere
negative. Some vere confirmation crosses folloving prevlous crossing
vhfch had yielded one or more year's negative results.- Plcea orielt?lis
was erossed vith nine species, nearly all of vhich yielded cones with
filLed seed but none of vhich germinated. Only seed from controls or
from open polllnated cones germinated.

p. breveriana as male parent failed to cross lrith P. omorilca

vhich it markEd-I!-ffib1es morphologically; 9. mexicana; P. orientalis;
P. rubens; 3. sii"tr"nsis; p. .t'iir,i"it; .nd'tFe natural-f'-gt*TT'
s i tEEEnsTs 6vuild- x-Tl-ltu t!!i:--

Summer drought in 1987 stimulated massive flowering in spruce
in 1988 and provided excellent opportunity for breeding. Breeding vas
conducted in three Districts: Sault Ste. Marie, Algonquin and Simcoe'
I,le carried out our 328 tree x pollen parent combinations vith a total of
506 ramets. Apart from control intraspecific crosses, there vere 88

interspecific crosses. The nunber of species that flowers Piceta
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increased. This year 72 species were used as female parents, and 18
species as male parents, only six of vhich lrere species common to that of
the female parents. Only a fev pollens vere shipped ln and not actually
coll-ected on our ovn trees.

A total of 24 spruce species vere used in interspecific
crossing.

Initiation of flovering in such an array of species and
genotypes is very extended (cf. Owens and Holder 1977), over a mont.h from
the earliest to the latest. Year by year weather differences shift the
vhole or parts of the ealendar schedule continuously forvard or backvard.

There vere a fev crosses of interest in 1988. E. engelmannii
ltas crossed with !. pungens (cf. Kossuth and Fechner 1973) but
crossability vas extremely lov, only two seedllngs out of a total of
about 5000 seeds (usable embryo sites).
also crossed successfully vith P. rubens.

Slmilarly, P. engelmannil vas
Crossability vas lov.

P. mexicana vas crossed successfully for the third time
(repeatabiTitl' crosl) vith P. mariana (cf. Gordon 1986). Crossability
was again extremely Iov. pl omoilla crossed vith P. schrenkiana for the
first time after many atteilptsl-Eilt the tvo seedlings out oE%5 seed
vere both extreme miniatures.

In our 1988 crossing, and in agreement vith the literaturer ve
noted that P. koygtngl and P. koraiensis crossed equally vell vith !.
4!res. These tvo species,-onElFlT6frmai) a Japanese montane species
of extremely limited range and tFe otEer a Chinese and Korean species
vith a very videspread range, appear so much allke that some vorkers
consider thern simply conspecific. The progenies, hovever, of the several
families involved in the crosses with pollen from a eommon superlative P.
abies plus tree parent, vere consistently different both in colour and fn
height grovth depending on vhether their female parents vere P. koyamai
or P. koraiensis.

Both P. koyamai and P. koraiensis vere alike in that they
faited to cross vitE-Tl-Tubensl pl-siTiFensis, P. orientalis and P.
schrenkiana. AII parEntroFSotE speciesTlso faiElTo-Gss vith p.
ddlE;IThough ve have previously crossed P. omorika vlth P. koyamai
(very lov crossability).

In addition, P. koraiensis failed to cross vith P. glauca vhile
P. koyamai also failed to cross ',rftf P. engelmannii, !. !-ver:!anal !.
mariana and P. maximoviczii. Female conelets of P. koyamai follovingl(oyamai
poTllnation vitf,-6thE poTlens: !. glehnii, r. jEzoensfs, !. pungens
and, unfortunately, P. koraiensis aII aborted and are therefore not yet
included in evaluation.

P. koyamal,
asperata vith vhich it
abies, and also vith P.
ThiFthen gives rise Eo

surprisingly, also crossed equally veII vith P.
is morphologically dissimilar, as it did vith P.
obovata, the Siberian Taiga variant of P. abiEs.
that since P. koyamai is so similar to P.
readily with P. asperata, hov is it that P.koraiensis and breeds so
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koraiensis is protected
rnainland China? Current
introgression betveen P. koraiensis and P. asperata.

Flover induction vith GA,,, iD L9B7 was successful in producing
female conelets on P. smithiana vtrt66 developed vell to ripening, but
interspecific crosses , P. chihuahuana and P. mexicana
lrere alI unsuccessful .

In L988, female conelets vere produced on P. Smlthianar P.

spinulosa and P. morrisonicola. Although cones and ieed developed vell'
ffi-tTabrE seed-was-5ETEitE[ rvTth crosses betveen P. smithiana and P.

schrenkiana and P. obovata as males; and betveen P. spinulosa and P'
mor;GdEola and PlTilSens as nale.

from complete introgression xtith P. asperata on
collections provide IittIe evidence of

Crossing emphasis to develop fast groving hybrids for use in
the boreal forest vas maintained in 1987 and 1988. Selected individuals
of !. omorika, knovn from previous crossing to generate heterotic hybrid
progeny, \{ere crossed extensively vith !. mariana selections from Black
Stuig"on, Thunder Bay, Geraldton and Cochrane. Some of these crosses
!/ere-repeats of those lost to squirrel depredation in 1986. Many of
these particular combinations have nov been completed. Only a fev more

are required to complete the design.

Similarly, breeding vas continued with mid and high latitude
selections of P. sitchensis inct an array of B. glauca from Pagva, Lake

Superior and elgo;Auin represertting 0ntario Site negions 3l'1, 3E, 4E and

5E.

OUTPLANTING OF HYBRIDS

second-generation breeding has resulted in progeny from
tri-hybrid and hybrid backcrosses. These were outplanted in the
Brace-bridge District in 1987. They are from crosses of fast-groving !'
omorika x P. rubens parent hybrids, originally nade in 1970, vhich have
norv-Eeen o[tcioEles vith good selections of P. mariana, and these same

parent hybrids backcross"d to the parent speEie6 P-;orika 9nd !.
iubens. Early results based only on nursery performance indicate' as

expected, thai variation is considerable and some viII prove to be rapid
grovers.

RED SPRUCE SEED AND BREEDING ORCHARDS

Red spruce is expected to be particularly useful in Site Region
5, parts of Algonquin Regton and the southern tier of Northeastern Region
Districts. A 2Q-source provenance experiment was evaluated in 1985' 25

years after establishment. Variation vas sufficient to establish
rankings of height and diameter. Utilizing this data along r,rith other
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characteristics, selections vere made in L987. scions from 83 trees
representing 5Z of the 2000 plantation trees vere taken and grafted at
Orono Nursery. The remaining trees required for the orchard designs are
being selected from vild plus-trees. Scions of many of these have been
collected in 1987-1988.

ARNOLD ARBORETUM VERIFICATION PROJECT

An external request to confirm aII the Picea specinens in the
collections of the Arnold Arboretum of Harvard UnfEIEity vas initiated
as part of the Arboretum,s N.s.F. Verification project for arr their
collections (cf. Hichener 1989).

As well as thelr ovn staff, 24 external specialists are dealing
with all the genera in their collections. Large numbers of herbariun
specimens, aequisition and propagation records, etc. have been examined.
Several were climbed for sampling.

Many original trees hold their identity although sltght nixups
during early transplanting long ago have led to some errors. Others have
occurred particularly during cone collections but also during scion
colleetion and subsequent regrafting and propagation. They occasionally
occur during transfer to and fron other arboreta and scientific
institutions. In general, error level is lov.

A third trip was made to Alaska and the Yukon in 1987 examining
spruce stands and collecting vhite spruce phenotypes. This vas done in
company with Dr. G.T. Harvey of the c.F.s. vhile he was sampling spruce
budvorm populations.

Other vork of this unit entails studies of productivity and
nutrient cycling dynamics in spruce forest ecosystems, spruce-fir stand
dynamics in relation to budvorm events, and measurements of biomass,
specific gravity, productivity and nutrient uptake in genotype x
environment interaction studies in our piceta.
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INTRODUCTION

The National Tree Seed Centre continues to provide inter-
national, national, and regional leadership in research, development and
services. B.S.P. I{ang has devoted nuch time to the ASEAN Forest Tree
Seed Centre and maintained an active personal research program.
I.I.H. Fogal and H.0. Schooley have made significant progress in their nev
vork on flower induction while ensuring that results of prevlous research
activities on insect control and cone crop management are published.

RESEARCH AND DEVELOPHENT

Seed Quality

Seed Maturation: A study on the effects of cone storage and prechilltng
on the germination of apparently nature vhite spruce (Picea glauca
[Hoench] Voss) seeds rras repeated (vith more cone storage perlods) to
deternine the minimum and maximum cone storage limits. This study was in
cooperation vith Prof. Guy Caron of the University of Moncton.

Seed Germination Requirements: Studles on the germination of black
spruce (Picea rnel_l_qlg [MifI.] B.S.P) and red alder (Alnus rubra Bong.)
from sevelET-pioven6n-ces have been completed. nlack spruce seea is known
to be non-dormant but a two veek prechilling treatment not only promoted
the rate of germination, it also enabled the seeds to germinate vell in
colder temperatures (L0-15oC).

Seed-borne Fungi: NSERC Visiting Scientist, Dr. R. K. Mittal, completed
his study on seed-borne fungi of white spruce and eastern vhite pine
(Pinus strobus L), and returned to India. Some of hls research results
have been published and others are being prepared for publication.

Seed Storage: In the ]ast t\{o years accelerated aging by exposing seeds
to high tenperature and high humidity has been evaluated for predicting
seed storability of vhite and black spruce and lodgepole pine (Pinus
eontorta Doug.). Differences among seedlots can be detected. A nev
cooperative study vas initiated in 1989 involving the Alberta Forest
Service, the Ontario Ministry of Natural Resources, and forestry agencies
of the Maritime Provinces.
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Seed productlon

Cone Crops and Insect Damage: Surveys of vhite spruce cone crops from
1979 to 1986 provlded data for constructlng models that predict and
manage cone crops, cone and seed insect damage, and seed yields. Vork on

spruces has been concluded and several reports are belng prepared for
publication. Future work vilI concentrate on insects in jack pine seed
orchards. AtI experinental trials of systemic insectlcldes for control
of insects on vhite spruce have been concluded.

Florver Induction: Trials vith gibberellins (GA,,,z) and fertilizer
(NH,NOo) vere initiated in 1987 in jack pine seE0ling and clonal orchards
estlblished by PNFI and the Saskatchewan Divlsion of lleyerhauser Canada
respectively. Untreated trees in both orchards produce equivalent
nurbers of iemale flovers but male flover productlon is five-to nine-fold
higher in the seedllng orchard. Gibberellln sprays and fertilizer
applications both enhance female flowerlng. The best combination vas
gibberellin spray with 400 kg N/ha. This provided a tvo-fold increase in
ihe clonal orchard and a four-fold lncrease in the seedllng orchard.
Gibberellin spray alone lncreased males three-fold ln both orchards.
Appllcation oi fertllizer may depress gibberellln-lnduced male flor^rering.

An experiment on 6-year-old trees transplanted from the field
to pots under polythene shelters indicated that high soil nitrogen levels
inciease femall flovering, vhereas nitrogen deficlency increases male
flor*rering. A prolonged period of severe moisture deficit depresses male
and female flovering. Seedlings grovn under accelerated growth
conditions produced cones in 16 months frorn seed. Accelerated trees vill
be used in 1999 to further assess the role of soil nltrogen and water on

flovering responses to GAOrr.

Pruning: Experiments started in 1987 to determine the effect of top
pruning on flovering and seed production suggest that the sexuality of
lover branches of jack pine trees is changed from nale to female by
severe top pruning.

SEED BANK AND SERVICES

Processing & Testing

The National Seed Bank has continued to develop and lmprove
its services by expanding and upgrading the seed storage facilities. The
Bank proeured 125 seedlots of 42 different species duping 1987-88, and
provided 900 seed samples of I29 species to clients in Canada and 14

other countries. A total of 865 routine and in-house service tests vere
conducted for the Seed Bank inventory and other Institute projects.
These tests vere for germination, moisture content, and seed veight
determinations. An interrrational Referee Testing of lodgepole pine
seedlots vas conducted. The Centre's seed extraction plant processed
approximately 1120 lots of seeds. As veII, in cooperation vith the
Institute,s Genetics Project staff, Ernie Gilchrist provided a 5-day tree
climbing course to technicians of the Quebec Ministry of Energy and
Natural Resources.
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National Seed Statistics

A review conducted for F0RSTATS reeognizes the value of
collecting national statistics on seed collection and utilization.

TECHNOLOGY TRANSFER

Petalrava National Forestry Institute is the Canadian Executing
Agency for CfDA's ASEAN-Canada Forest Tree Seed Centre Project in
Thailand. Ben vang, one of the three-member management tean for the
Project, has spent much time planning, organizing, and preparing for the
start-up of the second phase of the Projeet in late fall 1989. He is
also designated as a seed technology speeialist for periodic consultancy
work for the Project. Hugh Schooley continued to act as edltor of the
Tree Seed Vorking Group Nevs BuIIetin. 0ngoing cooperatlve research and
technical consultations wlth university, industrial and provincial
agencies serves as an excellent vehicle for tlro-vay transfer of infor-
matlon for delivery of research findings and ldentificatlon of problems.
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INTRODUCTION

After 35 years' involvement vith the Tree Genetics and BreedingProject, Dr. C.V. Yeatnan resigned as Project Leader in october 1988 andretired in september 1989. He vill soon begin a two-year postlng as
Canadian Project Manager at the ASEAN-Canadi Forest Tree Seed Centre in
Muak rek, Thairand. Dr. T.J.B. Boyle took over as project Leader.

rn preparation for a peer review herd in February 1999, theproject vas restructured and its objectives redefined to piace greater
emphasis on investigations of the physiorogicar basis of genetit
variation and modellng. Two new studies vire initiated, on the genetiesof climate change and silvicultural inplications of genetic improvement.fn support of these changes, improved facilities r,rill be established
incorporating controrred-environment rooms and a state-of-the-art
greenhouse. Facilities for rooting of cuttings have also been added inthe past year.

PROVENANCE/POPULATION STUDIES AND HYBRIDS

Analysis of spatial genotypic organization in an rruplandrr black
spruce (Picea mariaga IMi11.] B.S.P.) population indicated thit, comparedto a "loilLa-iill"16!ffition, the degre" or'clustering vas less pronounced.
Horuever, in neither popuration vas the deviation fiom a randomdistribution significant.

. Mating systems in eight populations of black spruce included in
the. range-v1de provenance test series vere analyzed, and then comparedvith their field perfornance at age 15. A posiii.r"'rel_ationship tetveenoutcrossing rate and grovth rate vas found, indicating that provenancetest data should not be interpreted as shoving real genetic iitferences
among populations vithout supporting evidence on the genetic origin ofthe seed samples.
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A comprehensive reviev of atl experiments involving larch
(Lari{ MiI}.) species and hybrids established by the project over 55
yrars was conducted, resulting in the production of an lnformation report
summarizing aII available lnformation, vith recommendatlons on species
and provenance selection.

A seed collection trip to Siberia in 1987 resulted in about 60

seedlots being brought back frorn four populations in Novosibirsk and
Kemerovo Oblast. Samples have since been distributed to L1 cooperators
across the country for testing and operational plantation establishment.

Three studies of grovth patterns in jack pine provenance
hybrids shoved that performance of the hybrids is J-argely intermediate to
that of the parent populations. Although some cases of heterosis were
observed, its potential for breeding purposes is very linited. Hybrids
vere also intermediate in rank stabitity across sites. Large differences
in rates of shoot elongation can be exploited in a breeding program
vithout adverse effects on hardiness. A fev exceptional hybrids are
recommended for clonal propagation.

PROGENY TESTING

The contrasting performances of black spruce families
originating from a 7-tree diallel mating design on a range of sites fron
moist to dry vas investigated under controlled environment conditions' in
cooperation vith the University of Toronto. The ability of seedlings to
tolerate chemicaLly-induced drought stress vas positively related to the
16-year performance of the same families on dry sites compared to moist
sites. Nursery tests are currently being undertaken to investigate
whether field test results can be easily duplicated. If successful'
early selection of families, adapted to drought conditions expected to
become more frequent if current predictions concerning climatic change
are accurate, should be possible.

Analysis of a progeny test of Scots pine (Pinus silvestris L. )
incorporating material collected in Siberia in 1985 indicated that the
potential exists for selection of families combining both rapid grovth
rates and superior cror*n forn.

JACK PINE BREEDING

Detailed research plans vere vritten for pedigreed progenies of
selected jack pine derived from the Spoor Lake Breeding Population.
Nursery experiments lrere planted in 1987 for early evaluation and a field
trial was established in 1988 for longer-term study. Dr. Magnussen
prepared a plan to follov up and expand upon this vork.
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EARLY SELECTION

Effective selection for most tralts related to the size of
economically mature trees can be carried out vhen the progenies are still
falrly young. New approaches have been developed for establishing how
early selections can be efficiently done. Based on decision-making
principles and probability theory applied to the growth process
(considered as a nixed process of random and fixed effects), the nev
models allow the tree breeder to use juvenile growth lnformation to
predict the expected association betveen mature and current tree size.
Practical examples and step-by-step instructions should rnake these models
easy to apply to actual problems.

INTER-TREE COMPETTTION

It is well- knor.rn that trees cornpete for light and other
resources and that this competition intensifies after canopy closure.
competition may, therefore, be a serious confounding factor in older
field trials. Generally, competition tends to inflate treatment effects
and reduce the error variance. The probrern for the analyst is to
identify and quantify the effect of competition on estlmates of genetic
parameters. Efforts in this direction lndicate a very complex problem
vith no single solution. A biologicarry interpretable moder of the
competition process has helped to identify the key parameters and their
spatial and temporal dynamies. Atternpts to adjust for the bias caused by
spatial autocorrelations by expansion of classical Iinear models with
spatial interaction terms have been relatively unsuccessful.

GENETIC RESOURCES

A complete reviev of Norvay spruce (Picea ables L. Karst) rvas
undertaken to identify experiments established at ptrtFT-Eat vould provide
useful information regarding the potential for Norvay spruce in eastern
Canada.

Results from experiments representing three generations of
Norvay spruce of central European origin indicated that mass selection is
a very effective method in the genetic improvement of traits, includingtleevil tolerance and grovth characters. A fourth generation of this
material vill be created to investigate the extent of reduction in
genetic variation, as velr as to investigate the mechanism of the
relationship betveen height gror{th and veevil tolerance.

ELECTRONIC DATA COLLECTION

The project upgraded its EDC hardvare from the outdated
Datamyte and Husky Hunter to the PC1000 manufactured by DAP Technologies,
Vanier' Quebec. The nev MS-DOS machine with 640K memory, Iarge display,
and data transfer at 38.4K bps should provide the project vith a more
precise and efficient method of scientific data collectlon. The project
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joined tvo EDC User,s Groups including one associated vith Region 10 of
the USDA Forest Servlce, Broomall, Pennsytvania and the other sponsored

by 0MNR Eastern Region in Brockville, 0ntario'

ASEAN FOREST TREE SEED CENTRE PROJECT

Interim-phase plans l/ere formulated for the operation of the

ACFTSC in collabot.tion vitn Ut. B.S.P. Vang and officials of the Asia
Branch of GIDA. Dr. Yeatman conducted study tours in Thailand (Nov.-Dec'

1987) and in ASEAN (Halaysia, Indonesia, Philtppinesn Jan.-Harch 1988)'
PNFI vas appointed the Canadian Executing Agency to manage the six-year
second phasl of the Project, April 1989 io l{arch 1995. Dr. Boyle trained
at PNFI trvo Seed Centre staff in the principles and application of iso-
enzyme analysis for genetic characterization. He subsequently assisted
in Lstablisiring an aialytical laboratory at the Seed Centre, Muak Lek'

Thailand, and conducted a training "our"u 
for ASEAN personnel in the r61e

of isoenzyme analysis in management of genetic resources. Dr' Yeatman

participaied vith the PNFI management team (Mr. Boyd Case, Supervisor,
itr. Ben Vang, Scientific Coordinator) in preparing the Inceptiotl Report

for Phase II of the ACFTSC Project. Dr. Yeatman vas appointed Canadian

ProJect Manager at the seed centre, Muak Lek, Thailand, for tvo years

foliowing his retirement from Forestry Canada in September' 1989'
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HOLECULAR GENETICS AND TISSUE CULTURE OF FOREST TREE SPECIES AT
THE PETAIIAVA NATIONAL FORESTRY INSTITUTE (1988-1989)

P.J. Charest, J. Pitel, U.H. Cheliak, L. DeVerno, F.H. Tremblay,
and K.K. Klimaszevska

Forestry Canada
Petavava National Forestry Institute

Chalk River, Ontario KOJ 1J0

The molecular genetics and tissue culture group at PNFI uses
molecular biology and tissue culture techniques to both the gene
structure and expresslon of tree species and to integrate thls vork in
traditional tree breeding.

Research at the Institute on somatic enbryogenesis in conifers
has progressed dramatieally. Routine protocols have been established for
initlation of embryogenic callus from immature seeds of tr+ro Larix species
and their reciprocal hybridsr dnd fron mature seeds of blackffifte, and
red spruce. As veIl, the genotype effect on initiatlon frequency of
embryogenic callus has been studied in 20 families of black spruce. A
high frequency of maturation and germination of somatic embryos has been
achieved in hybrld larch and black spruce, and somatic embryo-derived
plants of these specles have been established in soil and transferred to
the nursery. Protoplast systens leading to the-regeneration of plants
have been developed for hybrid larch and are being used for genetic
tnansfornation experiments. Cryopreservation procedures for long-term
storage of embryogenic calli and cell suspensions of hybrid larch and
black spruce have been developed. Plants have been regenerated from
thawed tissues and are nov in a nursery. Somatic enbryogenesis is the
first step to applications in molecular genetics studies and tovard the
development of artificial seeds.

Genomic libraries have been constructed for black spruce, vhite
spruce' jaek pine, and hybrid larch. eDNA libraries of various stages of
seed germination have been constructed for black spruce and jack pine;
these libraries are currently being screened for actin and cab genes and
they are used to isolate germination-specific genes. These tools viII be
used for gene expression, evolutlon, and evaluation in studies of
individual trees.

A major effort is currently underlray to genetically transform
hybrid larch (Larix eurolepis) and hybrid poplars (Popu1us deltoides x
nigra_and popufus niEEl-iEfimovicziil viih- egrobaffium orTfrect pHR

transfer methods. Transient gene expression Fas 6een obta-ined in proto-
plasts of hybrid larch with the chloramphenicol acetyltransferase gene
and the b-glucoronidase gene. I,lork is ongoing tovard stable gene
transfer. Ilith popLar, expression of the b-glucoronidase gene has been
observed in transformed tissues using various plant promoters and
regeneration of transgenic plants is being atternpted.
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Population genetics studies have been completed and results
recently published. In one study dealing vith the population structure
of tamarack, isozyme data lndicated that populations \,rere more dlfferen-
tlated than populations of other specles of more continuously distributed
conifers. There $ras a general east versus vest pattern; populations in
the Great Lakes basin were further differentiated. Isozyme studies vith
balsam poplar along a Iatitudinal transect in northvestern 0ntario
revealed little genetic differentiation among populations. Isozyme
studies ',rith vhite spruce populations near Beachburg, Ontario, indicated
that there vas no dramatic reorganization of genetic variation in the
pooled selected sample used for breeding, as compared to the random
populations.

There is collaboration r.rith INM (Institut de Ia Recherche
Agronomique, 0rleans, France) to share complementary expertise and to
avoid duplication of vork betveen the tvo Institutes.

fn terms of staff, Dr. V. Cheliak has moved to the Forestry
Canada headquarters in 0ttava vhere he is the coordinator of the
Biotechnology program for our department. Dr. P.J. Charest is assuming
the role of project leader for the group.
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OMARIO TREE IMPROVEUENT COIJNCIL - PROGRESS

J.F. Coles, C.L. Palmer, C.E. Atack

0ntario Tree Improvement Council
University of GueIph

Guelph, ontario. N1G 2I{1

Keyvords: Cooperative, tree improvement

The 0ntario Tree Improvement Council [OTIC] is an industrial/
government cooperative responsible for irnplementing a number of tree
improvement projects in Northern Ontario. The members, objectives and
structure of OTIC ane briefly described.

Operational black spruce (Picea mariana [MiIl.] B.S.P.l and
jack pine IPinus banksiana Lamtr. ] tree improvement projects have been
establishea-G-ltre-Eur Northern Regions of the Province. The members
have selected almost 3000 plus trees, established 134 hectares of
seedling seed orchard and planted 23 family tests in various breeding
zones. Funding for these projects has come partially from the Canada-
0ntario Forest Resources Development Agreement and partially from member
agencies. OTIC has recently employed a Tree fmprovement Specialist and a
Seed Orchard l.lanager to provide support to the cooperating members.
Progress has been excellent and has every prospeet of continuing.

OTIC MEMBERS, OBJECTIVE AND STRUCTURE

OTIC is an incorporated cooperative composed of Abltibi-Price
fnc., Boise Cascade Canada Ltd., Canadian Pacific Forest Products Ltd.,
Malette Inc., Quebec and Ontario Paper Co. Ltd., and the Northvestern,
North Central, Northeastern, and Northern Reglons and the Forest
Resources Group of the Ontario Ministry of Natural Resources [OMNRl.

The objective of 0TIC is to increase the supply of roundvood
available to the forest industries of 0ntario by fosterlng the
cooperative approach to a tree improvement program rlhich will shorten
rotations, increase yields and irnprove vood quality. 0TIC is neeting
this objective by (1) ensuring that all seed used in the reforestation
program is vel-I adapted and source identified, and (2) providing
genetlcally improved seed through a program of plus tree selection,
testing and seed orchard establishment.

0TIC is structured into tvo levels of committees. The Board 0f
Directors, composed of a senior management representative from each of
the ten agencies, is responsible for setting policy, providing guidance
to the Director and approving a yearly budget. A Regional llorking Group
is in place for each tree improvement project and is composed of the tree
improvement specialists from the industrial \roodlands and District and
Regional OHNR offices involved. The llorking Groups plan the projects,
distribute the tasks, approve a budget, and are responsible for the
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implementationof each project. In addition to the Board of Directors and
the llorking Groups, a Technical Committee, composed of member represen-
tatives and scientific advisors, meet annually or vhen needed to revier*
progress, solve minor problems and recommend approaches to long term
oppor tuni t ies .

PROGRESS OF PROJECTS

0TIC was formed in 1985, by vhich time the OHNR had established
tree improvement programmes over rnuch of the Provlnce. OTIC projects
vere designed to conplement those of OMNR's in areas or species rvhere
OMNR had no programme and vhere OTIC industrial members had responsi-
bility for forest management"

The strategies for inrprovement of both black spruce and jack
pine are those outlined in the OMNR document rrTree Improvement Master
Plan For 0ntariorr t19871. Plus trees are extensively selected (i.e.'
sampling the population vith the best available trees); cones and scions
are collected; seedling families produced; and family tests (32
replications of single tree plots) and seedling seed orchards (x blocks
of single tree plots) established. Seed orchards wiII be rogued based on
family test results. Breeding orchards are also established from grafted
material.

During the first year of OTIC operation, the Canada Ontario
Forest Resources Development Agreement cane into being and provided OTIC

vith substantial funds to. implement the proposed projects. These COFRDA

funds have been a tremendous boon to the programme and have covered
roughly 60 percent of the establishment costs. Industry and OHNR have
funded the remaining 40 percent of the establishment costs and viII be
funding all management costs.

Northvestern Region

Boise Cascade Canada Ltd. of Fort Frances, Canadian Pacific
Forest Products Ltd. of Dryden, the Fort Frances and Dryden Districts and
the NII Region of OMNR are cooperating to improve jack pine in two
breeding zones. Over 850 plus trees have been selected; OMNR Fort Frances
Dist. has established a 12 ha. seedling seed orchard and Boise Cascade
has established three family tests in the southern breeding zone; while
Dryden Dist. and Canadian Pacific have jointly established a 12 ha. seed
orchard and three family tests in a more northerly breeding zone. The
OMNR Northern Region nursery provided 138,000 seedlings for these instal-
Iations and viII be establishing a breeding orehard containing three
ramets of each plus tree. The seed orchards and family tests vere planted
in the spring of 1989 so no survival assessment is available but the
orchard sites have irrigation so fev problems are antlcipated.

The 0TIC industrial and government members contrlbuting to both
the North\^/estern and North Central Regional projects have pooled
resources to employ a full time Tree Improvement Specialist to provide
coordination and support for their programmes.
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North Central Region

Three projects, in various stages of developnent, are ongoing
in this Region. In a J.arge breeding zone to the vest of Lake Nipigon,
Abitibi-Price fnc. and Canadian Pacific F.P.Ltd., both of Thunder Bay,
and the Regional and Thunder Bay Dlst. offices of 0MNR are cooperating to
improve black spruce and jack pine. Over 950 plus trees have been
selected; A.P.Inc. and Thunder Bay Dist. have each establlshed a 16 ha.
black spruce seedling seed orchard; C.P.F.P.Ltd. has establlshed a 14 ha
jack pine orchard; and 4 family tests of each species have been planted.
Survival assessments have shovn that all but one black spruce family test
are doing well. Severe drought in 1988 combined with considerable deer
browse has necessitated some replanting in the Jack pine orchard along
vith fencing the entire orchard.

fn a breeding zone to the vest of Thunder Bay, Canadian Pacific
F.P.Ltd. and the Regional and Atikoken and Thunder Bay Dist. offices of
0MNR are cooperating to improve both black spruce and Jack plne. PIus
tree seleetion began in 1988 folloving an abundant spruce cone crop in
the area. Over 350 bLaclc spruce were selected vhich vill be established
in tests and an orchard in the near future. Jack pine selection, orchard
and test establishment viIl continue as funds become available.

Planning for a tree improvement project for both black spruce
and jack pine in a large breeding zone to the east of Lake Nlpigon has
begun. In addition to the usual plus tree selection component, breedlng
zone has an abundance of black spruce selections Iintensively selected
betveen 10 & 30 years agol available in breeding orchards which viII be
crossed to provide families for testing and seed orchard establishment.
OMNR will proceed vithout industrial cooperatlon in this proJect.

Northern Region

Abitibi-Price Inc., Halette Inc., Quebec and Ontario Paper Co.
and the OHNR Districts of Cochrane, Kirkland Lake, and Timmins are
cooperatj.ng to improve black spruce and jack pine in two breeding zones.
Over LL00 plus trees have been selected; a 16 ha. jaek pine seed orchard,
a 36 ha. Cochrane breeding zone black spruce orchard, and a t6 ha.
Timmins breeding zone black spruce orchard have been established along
with 9 family tests. Considerable replantlng in the 36 ha. black spruce
orchard vas necessary due to the extremely droughty eonditions following
the 1988 plant. The three industrial agencies and OMNR have employed a
full time Seed Orchard Manager to coordinate the management of these
tests and orchards. Funding for the Manager and cost incurred in managing
these orchards and tests is being shared among the participants based on
their forecasted stock requirenents.
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SUMMARY

The 0ntarlo Tree Improvement council has made signlflcant
progress during the flrst four years of operation. There has been a

superb committment to the programme by boih provlnclatr government and

industrial members as vltnessed by thl successful establlshment of
several tree improvement projects and the full time employment of tvo
additional staff io proviie ieehnical support. The focus of 0TIC members

r,rill nov ehange from establishment to management to ensure that abundant'

genetically improved seed is available from the orchards.

0ntario MinistrY 0f Natural
PIan For 0ntario. 81 P.
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Resources. 1987. Tree Improvement Master
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FOREST GENETICS RESEARCH AT THE UNIVERSITY
1987 - 1989

ts. Beatson, R.L. Gambles, B. Vanstone and

OT'TORONTO

L. Zsuffa

Faculty of ForestrY'
University of Toronto

33 Uillcocks St.,
Toronto. 0ntario

Hs3 383

Keyvords: electrophoresis, tissue culture, cp-DNA, biomass, Salicaceae'
Pinus

Research at the Forest Genetics Laboratory is coordinated by L.
Zsuffa, Professor of Forest Genetics. The laboratory currently has a
graduate student complement of one Masters student and five Ph.D.
students. During the past t\,fo years, four Masters candidates defended
their theses. Al-so contribr,rting to studies are a researeh associate
(R.L. Gambles), tvo research assistants (8. Beatson and B. Vanstone)r a
post-doctoral fellov (K.H. Kim), and a vlsiting sclentist (Zhang Qiven'
China).

Research focuses on the genetic improvement, characterization
and evolution of Safix, Populus and Pinug. Studies include starch gel
electrophoresis; ffiTopTast ntte-sequenEing; tissue culture lncludlng
cell-suspension culture; disease resistaneel biomass production of Salix;
and r.rood quality of biomass produced by Salix. The studies being
condueted by the Forest Genetics Laboratory at the University of Toronto
are described in the folloving:

INDUCTION AND EVALUATION OF HAPLOID AND DIHAPLOID LINES IN IIILLOS
AND POPLAR SPECIES

M. Stoehr, L. Zsuffa

The goals of this project are to produce haploid lines of
selected villov and poplar species through another culture and to develop
and evaluate haploid and dihaploid clonal lines. Plantlets have been
obtained in tvo consecutive years in one clone of Populus maximoviczii.
The majority of these plants are haploid as determined by chromosome
counts. Aneuploids and putative dihaploids \,rere also observed. CIonaI
Iines have been established by vegetative propagation of another-derived
plantlets. In villov species, haploid caLl-i have been obtained but shoot
induction is as yet unsuccessful.
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CLONAL VARIATION IN PLANT RBGENERATION VIA CALLUS CULTUR,B AND CELL

SUSPENSI0N CULTURE IN llILLOtlS (Sqtlx L' )

Zhang Qiwen, M.U. Stoehr, L. Zsuffa

This study vas initiated to find solutions to difficulties
encountered in regenerating Salix L. plants and to establish species'
clones and procedures tor itrE-ffie. Calli of 3 species and-7 clones of
villov vere obtained from young shoots cultured in three media at four
hornone levels. Adventittous ihoots nere obtained from ca1li of two

clones in three media at tvo hormone levels. CeIl suspension cultures
from the calli of 4 clones were established.

TSOZYHE CHARACTERIZATION OF POPULUS SPECIES AND HYBRIDS

B. Beatson,0.P. Rajora, E' Viquez, L' Zsuffa

This research involves the examination of marker allozyme
genes, multilocus genetic structures, species relationships and

identification and differentiation of poplar species, interspecific
hybrids and their clonal varieties. puUfications have been completed
rlsulting from an earlier Ph.D. study (by 0.P. Rajora) "l!itled "Studies
into genEtics and species relationships of PoPgIu" deltoides Harsh' ' P'

nigra L. and p. r.*iqgrig"ii Henry based on-I66ffieil@ conpetition
a;Fleaf morpEoloffl,-andE a study of P. deltolde9 "Evaluation and

genetic enhanceme"i 6f Populus deltoides-nartr. native to gntariorr. A

Master of Science study-viGfimffEted-on the use of isozymes ln the
identification of P. deltoides and P. nigle clones and their inter-
specific hybrids. -SonreFdlSs hav6 b!!i completed in cooperation
vith the University of Alberta, vhere Dr. Rajora is novr a post-doctoral
fellov.

DYNAMICS OF

SALIX EXIGUA
ISOZYME ELECTROPHORETIC SPECTM IN INTRASPECIFIC FAHILIES OF

N. AND S. ERIOCEPHALA H. AN? THEIR IHPLEHENTATION IN IIILLOII
BREEDING RESEARCH

F.A. AravanoPoulos, L. Zsuffa

The objectives of this research are: to study inheritance and

linkage of lsozyies in Salix exigua Nutt. and S..erigcephala HuhI.; to
investigate tissue differentifffiin these spEcies by comparing isozymes

of root tips and fresh leaves; and to compare allozyme heterozygosity
vith grovtir pararneters and biomass production in S. e>ligrla.and 9.

eriocEphala.- Eighteen enzyme systems in S. gJrgua and 16 in S.

erloc$IEIA have shown replatabie patternE. -E ,t ex-fgug: variation in
parenffinotypes exists in 10 enzyme systems and Mendelian inheritance
is confirmed at I loci. In S. eriocePhala, variation ln parental
genotypes exists in 7 enzyme-systemsand' Hendelian inheritance has

been verified at 5 loci.
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PHYLOGENETIC RELATIONSHIPS OF uTLLOW SPECIES BASED ON ALLOZYME VARIATION
AND CHLOROPLAST DNA DIVERSTTY

K.X. Chong, L. Zsuffa

This study investigates: genetic structure, similarity and
diversity of congeneric Salix species based on allozyne variation and
ehloropLast DNA (cpDNA) d-Iversity; phylogenetlc relations and evolutlon
of villows using isozymes and cpDNA markers; the identification of
isozymes and cpDNA as genetic markers for specles used. Four buffer
systems vhich are suitable for 14 isozyme systems have been vorked out.
Isozyme data analysis is undervay. A protocol for chloroplast DNA

isolation and hybridization has been developed.

GENETIC CHARACTERIZATION OF SOME WHITE PINE SPECIES AND THEIR HYBRIDS BY

ISOZYMES AND ITS POSSIBLE RELATIONSHIP TO BLISTER RUST RESISTANCE

E. Chagala, B" Vanstone' L. Zsuffa

The goals of this research are: to characterize selected white
pine species and their hybrids; and to study the possible relationship
betveen isozyme markers and blister rust resistance. Studles shotl
variation in isozyme patterns vith some alleles having species-
characteristic frequencies. Hybrids can be identified uslng unique
isozymes in needles. Linkage studles in the flve selected white pine
species vere carried out using seeds. Analysis of the data is nov under
way. AIso, the possibility of using bark as a tissue for electrophoresis
vas examined and found feasible.

PR,OVENANCE VARIATION IN PINUS STROBUS L. (EASTERN VHITE PINE)

H. Ibrahirn, L. Zsuffa

This research vas initlated in order to define genetic and
environmental components of phenotypic variation associated vith
geographic sources; patterns of genetlc variatlon; Juvenile/mature
correlations; and provenance-envlronment interaction. Thirteen grovth
and morphologieal characteristics of the provenances lfere measured and
scored. Statistical analysis consisting of univariate, multivariate and
non-parametric methods vas used for these data. Results shoved that
eastern r,rhite pine is highly variable and displays r,tell-defined patterns
of variation. A M.Sc. thesis vas completed,
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SEASON AND NUTRITIONAL STATUS OF

OF ERYTHRINA POEPPIGIANA (VALP. )
ORTET ON

0.F. C00K

M.Rodrick,L.Zsuffa(incooperationvithC.A.T.I.E.CostaRica)

Thegoalsofthisstudy!'ere'toestablishtheeffectsof
genetic variation, """ron.I 

changes and nutritional statu.s of the ortet
on initial survival and rooting iUifity of E. poeBpigtana cuttings'
iignificant differences in rooiing ability existed betveen the ortets'
Clonal variation-in tooting abiliiy vas significant within sites but not

between sites. Broad-sense herita-bilities for this trait ranged from '66

to .76. Pereent rooted cuttinSs vas slgnificantly higher for most ortets
when cuttings vere taken in the dry season compared to the vet season' A

marked seasonal difference in rooting success was apparent which

coinclded vith differences in phenol[gy and nutrient status of the ortet'

GROVTH RESPONSE OF SOME NORTH AMERICAN WILLOS SPECIBS AND THEIR CLONES TO

FERTILIZATION

M. Simon, B. Vanstone' L' Zsuffa

This research vas undertaken in order to find differences in
grovth response of some North American ruillov speeies to the same

fertilizer treatment and to establish clonal variation wlthin these

species. A M.Sc. thesis, based on this vork, vas defended' Biomass

production vas greatly improved through fertilization on nutrient-poor
soiIs. There vas significant variati6n in nitrogen up-take efficiency and

biomass production among species and clones. Hunicipal sludge vith
Iiming treatment produced the best results. species and clones ean be

selected vhich use sludge more efficiently to produce a larger amount of

blomass. Experiments continue on a field trial at Petavava'

QUANTITATIVEGENETICASPECTS0FSoMECHEMICALCHAMCTERISTICS0F
MINI-ROTATION VILLOW (SALIX) BIOHASS

ll.A. KenneY, D.N. RoY, L' Zsuffa

Theobjectiveofthisstudyistodeterninethecomponentsof
variation in biomass chernical characieristics attributable to speciest

f;;iii"", and "i;;;; 
r.,ithin s"ri*. Broad-sense heritabillties' genotype

x environment i;i;raction antlEEnotypic and genotypic correlations
between the traits vill be assessed. Data analysis is undervay' A

Iiterature reviev has been completed and accepted for publication'
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STUDY OF POLLEN HORPHOLOGY IN SALIX L.

K.H. Kim, L. Zsuffa

This study investigates: the taxonomy of Salix via pollen
morphology and the usefulness of pollen morphology in studying
phylogenetic relationships in subgenus Salix; the classification of
species in subgenus Vetrlx based on pollen morphology; and identifies and
quantifies clonal variation vithin villow species. PoIIen morphometric
traits in SaIix dlscolor, S. eriocephala, l. lucida and S. petiolaris
denonstratEE--ifdTffi;[ interspEEITIE varTation, variabfe degrees oE
intraspecific variatlon and an unequal distance between species.

SPECIES IDENTIFICATION AND IMER_ AND INTMSPECIFIC VARIATION
BASED ON POLLEN I.TORPHOLOGY AND POLLEN ISOZYHES

IN PINUS L.

K.H. Kim, F.A. Aravanopoulos, L. Zsuffa

This study vas undertaken in order to: a) identify subgenera
betveen Haploxylon and Diploxylon vith marker allozymes and to produce
keys for the reliable identification of subgenera and species of Pinus
based on pollen isozymes, and b) study the amount of variation in
morphometric traits among and vithin the four most comnon North Anerican
species of Plnus in the subgenus llaploxylon. The results of a) lndicate
that CE, GOT;TH, l,!DH, PGf and 6PGD isozyme patterns in extracts of
pollen from Haploxylon and Dlploxylon can be used to separate Haploxylon
species from Diploxylon species. Prellminary pollen morphology
measurements for b) vere conducted.

THE RESPoNSE 0F WTLLoV SPECTES, TNTERSPECTFTC HYBRTDS AND CLoNES T0
DIFFERENT ISOLATES OF THE RUST MELAMPSORA EPITEA THUEM.

' B. Beatson, L. Zsuffa

This study investigates genetic resistance to disease by
establishing the degree of variability in villov species, family and
clonal response to attack by the pathogen, Melampsora rust. Initial
planning and preparation is undervay and measurement of leaf bioassays
should begin in the late summer of 1989. A M.Sc. thesls' based on this
work, is in progress.
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IMPROVEMENT OF NORTH AMBRICAN SALII FOR BIOMASS PRODUCTION BY

HYBRIDIZATION AND_AMAL SELECTION

B. Beatson, D. Nixon, B' Vanstone' L' Zsuffa

The goal of this rrork is to improve Nor-th Anerican- Salix for
biomass producfion by hybridization and tlona1 selection. CIonaI

screenirri trials hav! yielded information on genetic x envlronmental
interaction in biomass production, grovth habit, disease resistance and

frost hardiness. Some clones exhibit superior grovth' Breeding to
produce additional inter- and intra-specific hybrlds of the most

promising families has been successfui. Backcrossing to breed for
specific desirable traits has been initiated. Hybridization of good

North American clones vith highly productive European clones of S'

viminalis is underwaY.

IMPROVEMENT OF BIOHASS GROVTH AND PRODUCTION TECHNOLOGY IN SHORT

ROTATION FORESTRY

R.L. Gambles and L. Zsuffa

This project sras developed to cultivate' conduct and coordinate
an lnternatlonal cloperatit'" '"s"ttch 

programme ained at the improvenent

of biomass grovth ani production techn;loty in short rotation forestry'
Ten cooper.iiu" research projects have been eompleted on poplar exchange'

alder evaluation, willov Lr"iaing, joint evaluation of genetic data, cell
culture, biotechnology developmeit,- nutrient refations, coppicing'
production technology and economics. A new agreement has been initiated
ior the period 1989-i991: Improvement of Energy-Dedicated Biomass

Production Systems. Eight cooPerative research projects.are. being under-

taken on produ"tion systems, ecophysiology, agricultural/herbaceous
crops, peit/disease rin.g"*ent feedstock qualities, ideotype tree'

"*"ir"ngl of geneti" rateii.l and joint testing of stock.
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TREE IMPROVEHENT PROGRAMS IN MANtrTOBA, 1987-1989

by

J. Dojack

Forestry Branch
Hanitoba Department of Natural Resources

300-530 Kenaston BIvd.
I{innipeg, Hanitoba

R3N 124

Keywords: jack pine, black spruce, vhite spruce, family testsr pedigreed
seed orchard, clonal orchard, co-operative

The first draft of the provincial tree improvement strategy
(Dojack, unpublished draft 1988) vas circulated for reviev in 1988. The
flnal strategy vill be completed this fall. Folloving the development of
the strategy's first draft, the Manitoba Tree Improvement Co-operative
was formed betveen the Manitoba Forestry Branch (H.F.B.), Abltibi-Prlce
Inc. and Repap Manitoba Inc. In 1989, Memorandums of Understanding
describing the co-operative's purpose, structure and member responsi-
bilities vere signed by M.F.B. and both companies.

JACK PINE

The first tree improvement program in Hanitoba vas initiated in
1967 by Forestry Canada. PIus trees vere selected and family tests
established in Eastern and llestern Manitoba. Based on the l0-year
measurements of the Eastern Breeding District family tests, the 5 best
famlly nenbers from the 40 top ranked familles were crossed to establish
a 6.0 hectare pedigreed seed orchard in 1988. The l5-year measurements
are currently being analyzed by the Universlty of Alberta. The results
of the analysis r,rill be used to conduct further crosses in 1990 to enable
expanding the orchard to 10.0 hectares and starting the second generation
program.

Mass selection orchards have been established for jack pine in
the Northern (1986) and Interlake (1987) Regions of l.tanitoba. This rrlovf'
cost approach involved selecting L0 plus trees from 32 source stands per
breeding zone. The mass sefection orchard is planted at a 0.5m x 0.5m
initial spacing with 502 of the trees removed every 3 to 5 years based on
their performance on the orchard site.
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BLACK SPRUCE

Southern Manitoba

One hundred plus trees vere selected by ground crevs and 390

selections completed using a helicopter in L987. The seed vas sovn in
large styroblotk 20 (20.5 cu. in. capacity) containers and grovn under
hig[-pressure sodium lights to the following average dimensions: height
Zg.+ tm; caliper 3.0 mm; total oven dry veight 2.8 gm; shoot/root ratio
5.3:1. Rttttough this stock vas more expensive to produce ($625 per 1'000
to grov, label, sort and ship), the secortd year survival vas over 952

even though the trees vere planted during a very severe drought.

The open-poJ-Iinated family test vas planted in 1988 on thto

sites each vith 30 ieplications. Every repllcation contains a single
tree from each of 400 families and 20 general collection sources. The

families were divided into 10 breeding groups vithin each replicatlon.
Hovever, due to the increased cost assoeiated vith sorting, mapplng and

having to plant 20 general sources the first generation selections vill
no longer be divided into breeding groups.

Lake Winnipeg East: Abltibi-Price/M.F.B. Co-operative

Ground crews selected 200 plus trees and an additional 250

aerial selections \{ere a}so completed in 1988. Specific gravity
measurements were taken for all ground selections and scions from all
trees vere grafted for a clone bank. The famlly test stock vas grovn as

an overvintered crop to the same specifications as listed above. The

family test vas establlshed this spring on 3 sites vith 20 replications
per site using single tree p1ots. Husky Hunter dataloggers were usedt
enabling all numbeilng or "ntty errors to be ldentlfled, corrected and

final maps produeed by the next day. A 9.7 hectare seedllng seed
orchard site has been prepared for planting tn 1990.

Northern Region: Repap Manitoba/M.F.B. Co-operative

Ground crevs selected 250 plus trees and aerlal selection crelrs
completed 200 plus trees tn 1988-89. Speciflc gravity measurements vere
taken from discs for all ground selections and scions from all trees
grafted for a clone bank. The family test stock is being grovn as an

overvintered crop for planting on 3 sites in 1990. A 9.0 hectare
seedling seed orchard lite is currently being prepared for planting in
1991.

I.THITE SPRUCE

At present only one white spruce program has been started in
Manitoba. Cones vere collected from 380 plus trees using ground and
helicopter selection crevs in the Duck and Porcuplne Mountains in 1987.
the seed lras sovn in the Styro 20 containers and gro!/n to the folloving
average dimensions: height 1-8.9 cm; caliper 4.2 nm; total oven dry



-1 09-

veight 3.7 gm; shoot/root ratio 4.6:1. The stock vas used to establish
an open-pollinated fanily test on 4 sites r{'ith 15 replications per site,
using single tree plots. Scion material vill be collected from aII of
the ground and aerial selections this vinter to enable the establishment
of a 4.5 hectare clonal seed orchard in 1993.

SUMHARY

The establishment of the above programs represents the first
phase of the provincial strategy vhich concentrated on the primary
specles in the most active breeding zones. The next phase, vhich
includes the establishment of supportive research programsr vl11 be
initiated over the next 2-5 years defending on funding and co-operative
agreements.
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SHELTERBELT TREE IHPROVEMENT

PFRA SHELTERBELT CENTRE 1987_89

V.R. (BtIf) Schroeder

Shelterbelt Centre' PFRA

Agriculture Canada
Indian Head, Saskatchevan

SOG zKO

Keywords: shelterbelt, vindbreak, progeny test' seed orchard' provenance
test.

The primary objective of the tree improvement programme at the
PF3'11 Shelterbelt Centre is to develop genetically superior tree and shrub
species for shelterbelt planting in the prairie provinces of vestern
Canada. This programme has focused on Populus, Pinus sylv9stris _L. 'pinus ponderosi vir. scopurorum Lavs.r Lar:lxgrlllrga !:d:b:' and

fraxinilF pennStvanicaErstr. var. subintergerrima (Vah1. ) Fern.

POPULUS

In 1982, seedlings from open-pollinated populations of PoPuIus 
-

X'Vafker'as lrell as seveial ful}-sib families of P. X 'Valker'and P' X

'Northwest, P. X 'llaLker' and P. e!ryenerrsena 'gelrica' , and P' X
,Walker, and P. tristis vere pfanCa;T-TEeTheIterbelt Centre. A total
of 128 superior ETonEfvere ""1e"ted 

from these populations, rooted and

planted in a replicated clona1 test near Indian Head. The test viII be

Lvaluated and further selections made after five groving seasons' 0ther
poplar studies include evaluation of propagation technlques and screening
for resistance to poplar bud gall mite.

PINUS SYLVESTRIS

An interprovenance breeding programme (300 crosses) including
24 superior phenotypes vas cornpleted. Qne full-sib progeny test vas
established in 1989 and ts'o more are scheduled for 1990. Half-sib
progeny from 24 families is being propagated for planting at four sites
in tggb. l. sylvestris seed collected from ten families in Central
Siberia are UEinS propagated for planting in a progeny test in 1991'

PINUS PONDEROSA

Third year assessment of a P. ponderosa var. scopulofum_
open-pollinated progeny test I'as conpTet6E-Ti-.[988. The test lncludes 62

flmilles from 11 sources in Nebraska, South Dakota and Hontana. Mean

height in the planting vas 17.9 cm and survival ttas 922. There lfere no

statistical significant differences among families.
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LARTX SIBIRTCA

Fourth year assessment of a L. sibirica provenance test !/as
completed in 1988. Mean height in the planting vas 171.9 cm and survival
was 77t. Mean height of the best source, Ivanovskaya obLast (Lat. 57.00N
Long.42.30E)n exceeded the plantation mean by 26t. In 1987 a second
provenance test of 12 seed sources from seed orchards and natlve stands
of L. sibirica in the Soviet Union vas established. Once these trees are
producing flos'ers, superior trees vlII be sefected for use in a breedlng
programme. In preparation for the breeding programme, detailed studies
on flover development, pollen management, and pollination techniques for
L. sibirica have been conducted.

FMXINUS PENNSYLVANICA

The F. pennsylvanica improvement programme initiated in 1985
continued vith the establishment of a clone bank in 1988, as veII as'
provenance tests (30 sources) at eight locations in Hanitoba,
Saskatchevan and Alberta and tvo open-pollinated progeny tests in 1989.
0ther studies include evaluation of pollination technlques and assessing
drought tolerance of various seed sources.
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JACK PINE, VHITE SPRUCE AND ASPEN IHPROVEI{EM

D.M. Roddy

Veyerhaeuser Canada Ltd., Prince Albert, Saskatchevan

Keyvords: jack pine, white spruce' aspen' GA+,, seed orchard' cross
pollinat ion

Active tree improvement programs for jack pine (Pinus b?nksiana
Lamb.) and vhite spruce ipi""" glauca (Moench) Voss) have been undervay
since 1979 and 198i respeffiefi,-and are nov supplying most of our
Company,s seed needs frim established seed orchards or selected trees and

stands. A small scale aspen improvement program is belng started in 1989

in response to our mill's increased production of hardvood pulp. This
report gives highlights of progress made up to the spring of L989 in the
pine and spruce proltutt, .nd in outline of the direction ve are taking
in aspen improvement.

JACK PINE PROGMM

A 7 ha clonaf orchard, based on 32 selections, is nov in the
production stage. The 1989 crop vill be triple the size of the 1988

Irop. AlI clones in the orchard are nov involved in a cross pollination
ptoit.t. The first fu]l-sib seeds resulting from this vork viII be grovn
in 1990, and outplanted in field tests in 199L.

Several techniques to promote flovering (cone production) in
the orchard have been tested ovei the years. Stem injection" of 9AaZZ.
are much more preferable than spray applicatlons. They have resultid in
the largest intrease in flovering,- havl not caused any phytotoxic effects
on the lrafts, and are much more-efficient operationally' A-ilhigh" dose-

of 28 tg CRr. rr P€r tree, (approximately .5 mg/cm' at root co1lar, in 1 ml

ethanol), if,j6"i"d into the stem has given the best result to date -- a 6

fold increase in female florver production and a 28 fold increase in male

flover production. "Early" injeltions (on June 24th, 19BB) worked velI
for maIL production, vhiie "l-lte" injections (July 24th) vorked best for
female production. Girdling in conjunction vith GAorr_stem.injections
did not demonstrate a signiiicant enough increase iil'flovering, over the
use of stem injections alone' to $tarrat t taking the risk of uslng this
technique in tire seed orchard itself. Reluctant and poor flovering
clones are being iniected vith GA, ,, in 1989 to boost flover production
so the cross pottinltion progra^ ?Lh be completed. These treatments vill
further exploie the possi|ifity of an "early" injection for nales and a

'rlatew injeetion for females.

Family tests of offspring from over 200 selected trees have

been established over the years. individual tree selections viII be made

based on ten-year measurements of the oldest of these in the fall of
1990. These second generation selections r.ril] then be bred to get the
third generation.
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Seven srnall plantations of seedlings resultlng frorn different
aspects of the program have been established operatlonally ln our cutover
areas. A system is currentry being deveroped to use a Geographlc
Information System to map all such plantations, track them back to their
origins, and document alr other pertinent lnformation about them.

I{HITE SPRUCE PROGMH

Establishment of an I ha clonal seed orchard on the basis of 40
select trees vas completed in 1989. Vith the start of flower production
ln ,the orchard the first 6 tree diarlel vas put together, and cross
polllnations started ln 1989.

A base of over 200 plus trees has been selected. Family tests
of over half of these trees have been established. Tests for the rest of
the selections vill be established after the next vhite spruce cone year,
vhen ve viII be able to finish collectlng the cones from these trees and
start raising the seedlings needed for testing.

Flower induction treatments have been started in the orchard, a
standard procedure for stratifying spruce seeds established, and wood
relatirre denslty tests done on all selections.

ASPEN PROGRAM

A small scale aspen program is being started in 1989. A test
of improved aspen material from the Institute of Paper Chemistry has been
established. As verr, 100 vood cores r.rirl be tested for rerative
density, 30-40 plus trees selected, and techniques for clonlng those
selections (through rooted suckers arlsing from exclsed root segments)
vill be refined.

PUBLICATIONS AND REFERENCES
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GENETICS AND TREE IMPROVEMENT PROGRAHME

ALBERTA FOREST SERVTCE, 1987-1989

N.K. Dhir, T.A. Sproulen J.M. Schilf, D. Palamarek and L. Barnhardt

Reforestation Branch
Alberta Forest Service

Edmonton, Alberta
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Keyvords: Tree breeding, genetie improvementr_provenance studiest
splcies testing, seed oichards, vhite sprucer lodgepole pine

This report summarizes the progress of the Alberta Forest
Service (A.F.S.) ienetics and tree imirovement programme for the period
1987-1989.

PROGMHME DEVELOPMENT

A reviev of technieal planning for various genetic improvement
projects vas started in viev of i u"ty iapid forest lndustry development
in in" province over the past fev ye.is. A maJor part of this exercise
is revision of the existing breeding regions to accommodate nev industry
and to expand existing projects to meet 'new' requirements'

New genetic improvement projects \,rere started on vestern larch
and Douglas-fii. With the surge oi t"""nt pulp mill developments based

on hardr.rood utillzation, aspen and poplars have become very important
species for forestry in Alberta. rn viev of this, a small aspen and

poplars genetlcs prbSe"t vas started. It ls currently being_reviewed for
I irajo, E*p"n"ion in the near future. Funding from Canada/Alberta Forest
Resoitrce Dlvelopnent Agreement provided a major source of funds for the
provincial geneiic" 

"nd 
tree improvement programme during the report

period.

GENETIC IHPROVEMENT

Assembly of Breeding Stock

Field selection of superior trees to provide base material for
A.F.S. as vell as A.F.S./Industry cooperative genetlc improvement
projects continued. As part of h.f.S. responsibility projects a total of
iS i'ftite spruce, 3 black spruce, 5 tamarack, 32 Douglas-fir and 13

lrestern larch trees vere selected. As part of A.F.S./Industry cooper-
ative projects a total of 32 lodgepole pin" sup"rior trees ltere selected
jointfy vith Canadian Forest Produtts a;d Proctor and Gamble Cellulose'

superior tree selections are invariably evaluated for r.rood

density and iiUte length. Results of vood density analyses conducted so

far are shown in the following table:
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Densi ty Range

Species
Nunber of

trees tested Hean s. E. Min. Max.

vhi te
spruce

Iodgepole
pine

Douglas-
fir
Tamarack

BIack
spruce

225

60

32

9

19

0. 3409

0. 4180

0.4324

0.4738

o. 3968

0.0018

0.0043

0.0057

0.0044

0.0067

o.27 43

0. 3489

0.3831

0.4467

0.3404

0. 3940

0.4870

0.4739

0.4907

0.4556

Progeny Testing

As part of genetic improvement for breeding region rtGtr, tvo
open-pollinated half-sib family field trials vere outplanted in spring
1.988 using plug+2 transplant stock. The trials contained 71-73 famllles.
Experimental design consisted of randomized eomplete block design with 6
replications and 6-tree rov plots. A vhite spruce northern areas prove-
nance and open-pollinated famlly test trial vas outplanted at three sltes
in northern A1berta. Some of the seedlots in this trial were also
included in the region trG[ vhite spruce open-pollinated half-sib famlly
field trials.

Site development vas continued for half-sib family testing as
part of genetic improvement for breeding region rrB2rr. Tvo sites are
being developed jointly vith Proctor and Gamble Cellulose for this
project. The test material viII be outplanted in spring 1990.

Vestern gall rust assessment rras carried out on eight half-sib
family field trials of lodgepole pine for regions xBlil and ilCil. Trees
vith stem galls vere removed from the plantations and burned. fn the
case of branch galls, infected branches trere renoved and burned.
Sanitation measures vere completed ln May 1989, prior to spore dispersal.

Seed Orchards

Three nev white spruce clonal seed orchards vere outplanted.
These orchards correspond to breeding regions frctr, ttEu and tf Hrt. Region
ItGrr orchard is located at HuaIIen Seed Orchard Site near Grande Prairie.
It is an A.F.S./industry cooperative seed orchard and ls managed by
Proctor and Gamble. Region trEil seed orchard is located at Pine Ridge.
For region ilHr orchard a nelr site vas acquired and developed. It is
Iocated about 10 km away from Pine Ridge. Planting of additional grafts
viII continue over the next 2-3 years to complete these orchards.
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Vith regard to lodgepole pine, a smal} clonal seed orchard for
region I'B1r'proj"It *"" outpl"nt"d in 1989 at Hual-Ien Seed Orchard Sitet
as an adjunci to the larger seed orchard establtshed there earlier' A

monitoring programme for rrBlfr orchard vas commenced. As part of itt 2

permanent-"irpl" trees, randonly seleeted from each of the 55 blocks in
the orchard are assessed each year for height grovth' croltn size and cone

production.

A Douglas-fir clonal seed orchard llas established for region
frFrr genetic impiovement project at rrGenetics and Future Reforestationrl
slte in the Jumpingpound-demonstration forest near Calgary. Also
established at lhe-same locatlon is a vestern larch grafted seed orchard.
It ls comprised of 226 grafts from 13 vestern larch trees selected from
scattered trees and small stands of this species found in the Kananaskis
Valley and Crowsnest area on southvestern Alberta. The seed orchard vlII
provide small quantlties of seed for special reforestation projects
located in the montane forest region of southern Alberta.

Flovering and cone production monitoring of reglon ftDrr vhite
spruce seedling seed orchard, established ln 1982-83, continued'
Approximately ivo percent of the trees flovered over the past tvo years'
Soih male 

"nd 
f"ma1e flovers were observed. Vhite plne veevil has become

a pest of major concern in this seed orchard, vith up to 20i( of the tress
having to be topped each year to control the insect '

GENETICS AND TREE IMPROVEMENT RESEARCH

Species Testing

Four Douglas-fir field trials vere established on drought-prone
sites in the montaie forest region of southvestern Alberta' Douglas-fir
1s becoming increaslngly important for reforestation in southwestern
Alberta as it provide- ln opportunity to diversify reforestation ln the
nontane forest ecoreglon to- safeguard against outbreaks of mountaln pine
beetle, vhich is a serious pest in this area.

A modest poplar programme vas initiated to provide practical
hands on experience tn ttre-propagation of stock and management of poplar
plantations in preparation fot- siarting a major new project on poplar
hardwoods. fn thls regard three small plantings of trembling aspen

seedlings from tvo seedlot" vere outplanted at PRFN' llhitecourt and

llanderlng River. A clonal trembling aspen planting of flve-clones from
central and southern Alberta vas ouiplanted at PRFN. In addition a small
planting containing northvest poplar and Assiniboine poplar vas esta-
blished. Northvesi poplar is i hybrid poplar vhich does vell in northern
Alberta. The AssiniLoine poplar is a relatively nev hybrid vhich is
expeeted to do vell in northettt Alberta. Its gro\,rth and development vill
be monitored and compared to the performance of the Northvest poplar'
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Four green ash field trials vere outplanted ln central Alberta.
Seed for planting stock originated from phenotypically desirable trees
growing in smoky Lake and Edmonton. Earry grovth in nursery beds had
been good and in 19BB forty-eight percent of the stock shoved little or
no vinter damage. The hardy stock vas lifted and established in the
field trials.

Provenance Studies

The establishment of seven tamarack provenance trials in
1988-89 completes the outplanting phase of a series of Alberta range-vide
fietd trials being establlshed throughout central and northern Albtrta.

As part of a serles of black spruce provenance trlals to be
established throughout Arberta, three field trials were outplanted.
Stock for an addltional four field trials to be outplanted ln 1990 is
belng grovn in nursery beds at PRFN.

Outplanting of a green ash provenance trial containing 15 seed
sources from Manitoba and Saskatchevan vas completed. This trial vas
established at PRFN in cooperation vith PFRA at rndlan Head,
Saskat chevan.

Nine year assessment of a pine species trial at pRFN,
containing 3 seed sources of ponderosa pine, originating from B.c., I
seed sources of red pine from northern 0ntario and Minnesota, 3 lodgepole
pine seed sources from vest-central Alberta and 1 jack pine seed source
from central Alberta was completed. Ponderosa pine lras a fallure. The
performance of the red pine compared favorably vith that of the lodgepole
pine and jack pine. Mean heights of 67.1 cm, 75.3 cm and 102.6 cm foi
red piner jack plne and lodgepole pine respectively were recorded. Red
pine may have some potential for selective forestry use in Alberta if
hardy stralns can be developed. rt ls recognized as belng more drought
hardy than lodgepole pine and also holds some merit as an ornamental or
anenity tree. In this regard stock production began for further testing.
Three red pine seed sources that performed veII at PRFN vere seeded for
outplanting in tvo field trials in 1990. The seed sources originate from
northvestern Ontario and northern Hinnesota.

Ten year assessment of a Scots pine seed source trial
established at PRFN and containing 25 seedlots of U.s.s.R. origin and aIocal lodgepole pine seedlot nas completed. Results indicate th"t Scots
pine may be a promising exotic suitable for forestry in Alberta. A Scotspine seed source originating from approximately the same fatitude as the
.ro9ar rodgepore pine outperformed the rodgepore pine by 35 percent in
height and 502 in Dbh grovth. Scots pine, ifter a brizzard in mid May,
L987, proved to be more hardy to late spring frost than the native pine.
In addition to tvo Scots plne seed source trials establisherl in 1987 vith
seedlots of scandlnavian origin, tvo plantings eontaining three burk
u.s.s.R. scots piner 3'trocalrrscots pine and one rodgepole pine seedrot
vas established. A third trial is scheduled to be outplanted in 1990.
Greenhouse production of three u.s.s.R. scots pine provenance/open-
porrinated family trlals is in progress. Each trial consists oi sr
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single-tree U.S.S.R. Scots pine seedlots, 4 bulk
seedlots and one trlocalr lodgepole pine seedlot.
for 1990. The seed for these U.S.S.R. Scots pine
through the Petavalra National Forestry Institute.

Seed Production and Related Studies

U.S.S.R. Scots plne
0utplantlng is planned
trials vas obtalned

In 1980 a field study vas established to evaluate the flowering
and seed production response of lodgepole pine and vhlte spruce seedlings
that received an 'raccelerated grovth" (AG) seedling rearing treatment.
The AG treatment consisted of a continuous photoperiod and heavier applt-
cation of nutrients for elght months in the greenhouse. Conventionally
grovn seedlings of the same seedlots were outplanted ln a plantation
adjaeent to the "AGrr plantatlon. Ten year assessment of these two
plantings vas completed. An evaluation of early grovth and developnent
indlcates that the rrAGrr treatment ls effective in promotlng flovering at
an earlier age and in reducing the time required to attain levels of seed
production in the lodgepole pine. Flovering began at three years age and
male and female flovering lras observed. However, slgnifieant cone
production began only at eight years age. The same flovering trends vere
observed two years Iater in the conventionally grovn lodgepole pine. At
ten years age the flovering and grovth in the tvo treatments was
comparable. The rrAGr' lodgepole plne produced an average of 66 female
strobili and 170 male strobili clusters. This compares to 59 female
strobili and 153 male stroblli clusters observed in the conventionally
grovn pine. Seed yield and seed quality eompares favorably to that of
mature lodgepole pine and lodgepole pine-jack pine hybrid stands in
Alberta. Results from the vhite spruce plantings indicates that the rrAcrr

treatment promotes significantly more vlgorous growth and flowerlng at an
earlier age than that observed in eonventionally grovn vhite spruce.
Eight percent of the'rAG'r vhite spruce have produced flovers vhereas
conventionally gro\rn spruce has not began to flover to date.

A second study vas initiated in a lodgepole pine research
seedling seed orchard to confirm that mass supplemental pollination
increases seed yield. Cones will be collected and seed yield and quality
will be assessed in the fall of 1989.

Plqnt Propagation and Seed Bank

During the report period stock production consisted of 49,538
seedlings, 27OO grafts, 5448 potted rootstock trees , 923 stecklings and
304 rooted suckers.

Douglas fir and vestern larch grafting programs vere started in
1988. 800 Douglas fir and 313 lrestern larch grafts \{ere completed during
the report period. Overall grafting success vas very good for both
species vith Douglas fir averaging 96 percent and vestern larch averaging
95 percent.
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A total of 183 seedlots were added to the genetics seed bank.
ft presently contatns 2948 seedlots. Seed quality of the seed bank is
monitored by annually testlng a set of reference seedlots vhlch conslsts
of a stratifted sample of about two percent of the seed bank entries.
Since the start of reference seedlot nonitoring in 1981, mean seed
germination of the seedlots has declined slightry from origlnal B0
percent to 78.6 percent in 1989.

An ultra low tenperature seed storage study vas initiated in
1988 to monitor performance of white spruce and rodgepole pine seed
stored at -80oc. Thlrteen seedrots vere selected for the study and
portions of each seedlot were placed into -8OoC storage. After eighteen
months in -80oC storage the seed germination percent of these seedlots
did not differ frorn the seed germlnation percent of seedlots remaining in
-18"c storage. This triar will contlnue for another L-2 year period.
After that' results r+rlll be revieved to decide if storage reglme for seed
bank should be changed to -80oC instead of the present -tgoC.
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EARLY FLOVERING AND SEED PRODUCTION OF A
LODGEPOLE PINE SEEDLING SEED OR.CHARD IN CENTRAL ALBERTA

J.M. Schilf and N.K. Dhir

Reforestation Branch
Alberta Forest Service

Smoky Lake, Alberta
T0A 3C0

ABSTMCT

Flovering and seed production of lodgepole pine vere studied in
a research seed orchard located at Plne Ridge Forest Nursery in Central
Alberta. The seed orchard vas established in 1980 vith seedllngs frorn
three lfest-central Alberta provenances. Planting stock vas gro\{n using
fraccelerated grovth (AG)fr and itControl'r rearing regimes.

Flovering in both stock types began at age 3 years. Percentage
of flovering trees increased at a more rapid rate in the rrAGfr trees than
in the I'Control" trees. Flovering in the rrAGtr trees increased steadily
fron 6% at age 3 years to 997( at age 1-0 years. Male and female flower
production started at the same time. Female strobili production averaged
0.1 strobili per tree at age 3 years and climbed to 66 strobili per tree
at age 10 years. Initially male strobili cluster production lagged
behind female strobili production. At age B years male strobilus produc-
tion began to increase rapidly. At age 10 years the rrAGil trees averaged
153 male strobili clusters per tree. The same general flowering trends
vere observed in the'rControl" trees, hovever in earlier years, they
Iagged 2-3 years behind the rrAG'r trees. At age 10 years the differences
in flovering between the trAGrr and rrControlrr trees had almost disappeared.
Flovering occurred on 100 percent of the 'rControlrt trees, which produced
an average of 59 female strobili and 170 male strobili clusters per tree.
Prellmlnary analyses of flovering data indicates provenance differences
are not large.

Average number of cones per tree increased slightly in tvo
study years (1987 and 1988). Cone counts \,rere consistent with flover
counts indicating cone abortion is not a problem in this orchard. Number
of fllled seeds per cone, hovever, did vary nidely. In 1987 number of
seeds per cone averaged 10.1 (range 2.3 - 30.9) compared to 5.1 (range
0.5 - 16.8) in 1988. The decrease in seed yield in the i.988 cone crop
vas attributed largely to a freak blizzard vhich occurred on May 18,
1987. Temperatures dropped to -11-oC. Germination quality of the seed
rvas consistently good in both years (86.62 and 94.82 in 1987 and L988
respectively. )
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ft was concluded from the study of flovering and seed produc-
tlon in the lodgepole plne seed orchard that the rraccelerated grovthrr
treatment vas effective ln promoting flowering at an earller age and in
redueing the time requlred to attain commercial levels of seed production
in lodgepole pine seed orchards in Alberta. Cone production, suitable
for commercial collections, in lodgepole plne seed orchards can be
expected to begin at age I to 10 years of age.
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FOREST GENETICS AND TREE IMPROVEMENT ACTIVITIES AT THE

UNIVERSITY OF ALBERTA' 1987-89

Bruce P. Dancik and Francis C' Yeh

DePartment of Forest Science
The UniversitY of Alberta

Edmonton, Alberta" T6G 2H1

Keyvords: Inheritance, mating system, population structuret species
hytridization, systematics, Isolyme, molecular genetics, mycorrhizae'
quantitative genetics' tree improvement

MATING SYSTEM, POPULATION STRUCTURE' SPECTATION' AND SYSTEMATICS

Isozyme Genetics: Albert Sproule completed his Ph.D. on the mating

ffiation structure of Pitea_maf iana (l'till' ) B' S'P' Xie
Cirang-yi compieted his Ph.D. on the-ffiIaTlon structure and rnating
systEm'of fhuja orientalis L. Agnes Vanende is completlng her.Ph'D'
studies of chemoT6xon6ny-of the Fopulus balsamifera L. - P. tri@grpe
Torr. & Gray complex. itong Zhu,-urul*er joi1rt supervision of Da;AIFant
Ken Higginbbtham, is completing his Ph.D. studies of several aspeets'
includlig genetic varlation, oi ectomycorrhizal fungi. PDF 0m Rajora
completed Introgresslon studies of Picea glauea (Hoench) Voss with B"

engelrnannii Parry and of Poplus species.

Molecular Genetics: John Barrett is continuing his Ph.D. studies on the

iiffitructureof1ight_harvestingchIorophy1la/bbinding
g"i"" in the Pinus contorta nougl. complex.- -Graydon Smith is continuing
his H.Sc. studies-oE-FEylogenetic relaiionships in the P'.co+torta ?9ugf'
complex using chloropiait ONe (cpDNA). 0m Rajora is continulng studies
on inheritance of cpbnl in contrll crosses of Poplul dgltoide!,9' nigra'
P. maximor,riczii and their hybrids; and on cpDNA variation in Popluq

;p"affirchAssociateKeithngg"'compIetedsystematicsstudiesof
Ettendornycorrhizae and is continuing studies on rDNA intergenic spacer
length iir B. tremuloides. Technotogist Mary Aleksiuk, Dancik, and Yeh

are contin[inE tle sT[aT on cpDNA of mature needles it :iS"".
Comparative siudies of binus tontorta Dougl. and P. banksiana Lamb' cpDNA

vith Dave Vagner, Universily oFtcEntucky, continue'

Quan t i t a !! ve_l3enq!-isg :

covariance structure
flooded environments.

Yeh and Vic Lieffers studied variance and

of Picea mariana (Mi11) B.S.P. in drained and

Funds for these studies have been provided by NSERC operating'
Forestry PDF, and Forestry Transition and Development Grants, and the

CFS.



-123-

TREE IHPROVEMENT

Eqqly Evaluation: Danclk, Yeh, R. Pharis (Calgary), and PDF fsrael Jiang
are continuing studies of very early (90-180 day) progeny performance of
several conifers. I{u Xlaming is continuing his Ph.D. studies of
physiological and seedling traits in Pinus contorta spp. Iatifolia under
accelerated growth.

Breeding: Paul Jefferson completed his Ph.D on discriminant functions in
tree breeding. Jiang and Yeh are continuing studies of genotype-
envlronment interactlons for advanced-generation selection.

Tree Improvenent Specialist Sally John completed a study of
pollen dynamics in a seed orchard complex. John, Yeh, and Danclk are
developing collaborative projects vith the Alberta Forest Service and
Forest Industries in P. tremuloides genetlc resource management, and
geographic and genetiE var-TaTTil-Ti vood characteristics.

Funds for these studies have been provided by NSERC Strategic
grant, Alberta Forest Development Research Trust, and Alberta Forest
Products Association and Alberta Forest Service under the NSERC
Unversi ty-Indus try Program.
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TREE IHPROVEMENT AT THE NORTHERN FORESTRY CENTRE

1985-1989

J.I. KIein

ForestrY Canada
Northern ForestrY Centre

5320-122 Street
Edmonton, Alberta

T6H 3S5

The program for genetic improvement of jack pine for Manitoba
and Saskatcheruan, initiated in t967, continues to be the focus of tree
improvement vork in Forestry Canada's Northvest Region. Measurement of
5act pine family tests at lb years and l-5 years from planting, and

anatysis of measurements, havl been a major activity during the past four
y".t". Technical guidance has been provided to the jack pine seed

trchard project foi ttanitoba, led by Mr. A. Nanka of the Hanitoba
District gffice of Forestry Canada, and funded by the Canada-Manitoba
Forest Reneval Agreement. A LQ-minute video vas produced on the breeding
program and seed orchard in southeastern Manitoba. Collaboration has

b"gu" vith Dr. Y. Hiratsuka of Northern Forestry Centre on !/estern gaII
rust resistance in the breeding program populations. 0ther activities
included consultation vith the Manitoba Forestry Branch tree improvement
program on breeding strategies, and developing regressions for vood

aeniity estimation in test plantations using Pilodyns'

FAHILY TEST MEASUREMENT AND ANALYSIS

FamiIy test measurement for height, dianeter and stem quality
at 10 years from planting vas completed for the last of the three
breeding districts, and t"."utet"nt of the same trees at 16 years from
planting was completed for tvo breeding districts. In addition, Pilodyn
determinations r*rere taken for estimation of family nean vood density and

rust galls ltere counted. Statistical analysis vas perforned using
FORTRAN programs run on Northern Forestry Centre's VAX-8350' At L0

years, family heritability of height, diameter, and stem quality vas
about 0.5, .td indiuidual heritability vas about 0.1. In the south-
eastern Manitoba (eastern breeding district) family test' variance among

families was aboui equally attributed to stands and families vithin
stands, and reduction of itot error by cubic lattice analysis resulted in
detection of significant iamilies by plantations interaction (KIein
1989 ) .

Preliminary analysis of L5-year eastern district results
indicated that tvo oi the 20 control-pollinated "first-cousinil progenies
(Klein 1986) produced for the breeding district's seed orchard had

non-superior mid-parent values at 15 years. These progenies vere
consequetrtly excluded from the seed orchard. The 20 best eastern
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district parent clones according to the analysls vere paired assor-
tatively and mated in both directions in the clone bank ln 1989. More
controlled breeding viIl be done on selected individuals in the family
test plantations in the near future to produce seed orchard stock and
progenies for advanced generation breeding.

JACK PINE SEED ORCHARDS IN MANITOBA

A program funded by the Canada-Manitoba Forest RenewaL
Agreement and administered by the Manitoba District 0ffice in Vinnipeg
has established a seed orchard of control-pollinated progenies of
selected farnily test trees for the eastern breeding district (planted
1988), and mass selection seed orchards for t\ro areas in northern
Manitoba (planted 1986 and 1987). That program is separate from, but
Iinked vith, the tree improvement research program in Edmonton. The
Edmonton program provides technical advice to the l{innipeg program,
through meetings and correspondence, as requested. Layout of the 18
control-pollinated progenies in the eastern district seed orchard vas
acconplished using the C00L program (Bell and Fletcher 1.978), adapted to
the Northern Forestry Centre system, and modified to provide rov and
column listings for each progeny in addition to the output options in the
original program. It is intended to use some of the seedlings from the
1989 crosses for an expansion of the existing seed orchard.

VESTERN GALL RUST STUDY

A comprehensive study of the jack pine-vestern gall rust
(Endocronartiun harknessii) pathosystem has been initiated by
Dr. Y-EGuEaE-N6rttrern Forestry Centre. Part of the motivation for
the study is to incorporate resistance to this rust into improved
populations. The main contribution of the tree improvement progran to
this study has been provision of seed and seedlings of knovn ancestry for
inoculation trials. It is planned to produce full-sib progenies of
resistant and susceptible trees for experiments on mode of inheritance of
host reaction to rust attack.
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rrestern hemloclc, red cedar, Sitka spruce, yellov cedar, breeding' progeny
testing, forest genetics, selection, inbreeding, rooted cuttings'
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GENETIC THPROVEMENT OF COASTAL DOUGLAS-FIR

J.C. Heaman (L) and J. Woods (2)

DiaIlel Program

The diallel project still represents the core of the
Douglas-fir (Pseudotsuga menziesii IMirb. ] Franco) breeding program but
efforts are nov devoted to progeny test evaluation and to planning
reselection strategies. fn this project 372 selected parents have been
brought together in 62 six-tree disconnected modified diallels and these
crosses are each tested across eleven sites and spread over eight annual
planting series from 1975 to 1985. Vith completion of the crossing and
plantation establishment phases, progress is reflected in the accumu-
Iating grovth of pedigreed seedlings and planning hov this information
and material can be used most effectively. Measures are taken at 7 and
1-2 years and improved material is being selected for replacement orchards
and for further breeding.

Breeding Strategies

The immediate objective is the preparation of the long term
breeding strategy and planning reselection projects. Jack Voods has
joined the Douglas-fir program specifically to develop the advanced
generation breeding program and draft plans lrere recently presented for
peer review. These plans are now being confirmed and first selections
wiII be propagated in 1990. Most selections vill be made in the diallel
project but additional material will be needed from other tests. The
second and subsequent breeding population rvill consist of from 450 to 500
clones "
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Advanced Generation Breeding

A complimentary mating system is planned for advanced
generations, vitir progeny from polymix crosses to be used for estimating
f,arental breeding vafues, and a partial diallel (double-pair mating) for
ieveloping full-iib families for selection of breeding populations'
Polycross progeny ruiII be deployed to about four sites using single-tree
plois. fuif-sib progeny vill be planted on two sites in family blocks.
the population vilI be maintained in sublines to control coancestry
through multiple generations.

Additional Sources of Material

Additional materials vill eventually be needed and in addition
to the older projects of provenance (Ying 1987) and wide interracial
crosses (0rr iving et aI . tg72>, 160 open pollinated families from
selected trees in coastal Vashington and Oregon were planted across
coastal- B.C. in 1987-1988. The expansion of U.S. material follor"s
encouraging findings in the established provenance program.

0rchard Selections

Selections for an interim replacement orchard based on 7 year
height data from 200 parents vere propagated in 1985-6. The main
tepl.""tent orchard vill be selected on L2 year performance-and some

screening for vood quality vi]I be included. Propagation of these
selections vill also start in 1990.

llood Quali ty

The decision has been made to include wood quality traits in
the selection programs. Volume vill still be emphasized but early vood

relative densily "iff Ue considered as a secondary trait. At present pin
penetration using a pilodyne is being used to provlde estimates of
parental general cotLining ability. Volume grovth and relative density

"re negatively correlated but individuals breaking this negative
relationship can be found.

Support Research

A number of research projects in support of the breeding
program are continuing. A study of the effects of lov levels of
inbieeding on seed production, nursery performance and grovth, concluded
the seed production phase (Voods and Heaman 1989). Nursery growth data
are colleeted and tvo test-sites are established.

A farm-field early selection trial with 70 full-sib families'
outplanted in 1.986, continues to be monitored, and vill allov comparison
of ttris method of progeny testing against results from 11 older field
sites containing the same families.
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A study of girdling methods for cone induction of Douglas-fir
concluded in 1988. Results indicate a single cut lrith a knife causes
Iess stress to the girdled tree and is as effective as other methods that
remove bark and phloem tissue. This study is described in a recent
publication (Voods 1989).

Quant i tat ive Geneticis t

Dr. Alvin Yanchuk vas appointed Technical Advisor,
Quantitative Genetics in 19BB and adds technical expertise to the
Douglas-fir project as weLl as to the other Ministry tree improvement
prograns.

GENETIC IMPROVEMENT OF INTERIOR DOUGLAS-FIR/I.IESTERN LARCH

Barry C. Jaquish (3)

Parent Tree SeLection

Parent tree selection for both species continued through this
reporting period" For Douglas-fir, in 1988, one hundred and fifty trees
vere selected from helicopters in the Mt. Robson breeding zone, and 55
trees vere selected from the ground in the East Kootenay breeding zone.
This brlngs the total number of parent tree selections in the program to
over l'500. In the r,restern larch (Larix occidentalis Nutt. ) breeding
program, vhich vas initiated in 198'7, a total-oTTtparent trees have
been sel-ected, grafted and established in first-phase seed orchards.
vind-polrinated seed has been corrected from arl 59 trees.

Genetic Testing

In faII 1988, three-year (four years from seed) baseline
height measurenents ltere completed for five tests in the Shusvap Adams
breeding zone. Not surprisingly, differences among sites and among
families for nean height vere large. 0f the 210 families tested, itre top
30 families aII originated from the Shusvap Lake area.

_ In spring 1988, tvo hundred and forty vind-pollinated (V.p.)
families vere planted on five sites in the l.lest Kooteniy High Elevation
breeding zone' and in 1989, tvo hundred ll.P. families ver. planted onfive sites in the Mica breeding zone.

To date, in the Douglas-fir program, over 1300 vind-pollinated
families are in test across thirty-tvo sites.
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The objective of this project is to produce
improved planting stock of vhite and Engelmann spruce
(Moench) Voss and P. engelmannii Parry).
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GENETIC IMPROVEHENT OF WHITE AND ENGELHANN SPRUCE

gene t i callY
(Picea glauca

Progeny Trials

Fifteen-year height and diameter at breast height data
assessment has been compteted for the Prince George and Prlnce Rupert
Selection Unit progeny irials (Kiss 1985 and 1987). Data analyses have

not yet been compfetea but a cursory review indicates high correlations
betveen ten and iift""n years heighis (r=.96) and fifteen-year height and

diameter (r=.89)

A severe weevil damage of the fifteen year plantations
provided an opportunity to investigate the heritability of veevil
resistance. Veevil resistance tpp""t" to be highly heritable (h2i='18;
hlf=.77). A report is in preparation to be published soon' It appears

that families selected for seecl orchards and future breeding are more

resistant to veevil attacks than those of the less vigorous families'
This finding reaffirns the value of tree improvement'

Three-year height measurements of the 850 open pollinated
progeny trials (fiss 1985i have been completed in 1988. Data analyses
are in progress.

Controlled Crossing Program

Matings for the second generation breed production continued in
1989 (Kiss 1987j. A note of interest: there was virtually no cone

production in tbAg, following the extremely heavy production of 1987'

seedlings resulting from the seed of the comprehensive
controlled-crossiig program (rci"" 1984) have been raised in 1988 and vere
outplanted in 1989 on ten test sites throughout British Columbia'
fniiial heights !/ere recorded and annual height measurements are planned'

ROOTED CUTTINGS RESEARCH AT COIIICHAN LAKE RESEARCH STATION

AND YELLOW CEDAR AND VESTERN RED CEDAR BREEDING PROGMMS

J. Russell (2)

Interior Spruce

A teehnique has been developed for the large-scale production
of rooted cuttings irom genetically improved families of interior sPruce.
The technique is described briefly in i fnOR Memo (RusseII 1988) and is
to be documented fully in an upcoming FRDA grover's manual.
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Four interior spruce seedling:rooted eutting comparisons have
been outplanted to compare the grolrth ind performance of seedlings androoted_cuttings, and 20r000 geneticarly improved rooted cuttings have
been planted operationarty, wlth anothlr sb,ooo pranned for 19d0.

Yellor.r cedar

A recent analysis of two seedling:rooted cutting comparisonsat ages nine and eleven years, has shown no significant diiferences insurvival' height and diameter betveen seedlingi and rooted cuttings from
the same farnilies, and betveen rooted cuttings from one-, three-, and
seven-year-old hedged cutting donors. Tvo nev triars have been
estabrished comparing seedlings of yellov cedar (chamaecyparis
nootBateqsis ID. Don] Spach.) to rooted cuttings Erom FeAAedT2-year-old
cutting donors.

A' new research initiative has been investigating the effectsof maturation rever of cutting donors on stock qualiti of fhe rooted
cut-tings using ecophysiological techniques. Stock quitity neasurements
including vater stress' net photosynthesis, and stomatal conductance have
shovn significant correlations vith maturation levels of both cutting-
donors and rooted cuttings.

YeIlov Cedar and Vestern Red Cedar Breeding programs

Two nev breeding programs have been initiated for yellov cedar
and vestern red cedar (Thuja plicata Donn.). There is very tittte knovn
on the genetic architecture oE-56T8-species, so both progtirs vitl beginvith provenance testlng vith family structure to aid in ihe developr"itof seed transfer guidelines, and to assist in the development of agenetic improvement strategy.

An integrar component of the yerrow cedar provenance studytrill be the investigation of genetic variability over the short term, atthe molecular, physiological and rnorphological ievels. ft is anticipatedthat understanding the genetic control of adaptive traits such as frost
hardiness, drought torerance, and earry grovtir rhythms virl herp in theearly preliminary delineation of seed lon"".

GENETTC IHPROVEMENT OF VESTERN HEMLOCK AND SITKA SPRUCE

Jack Voods (2)

I{es tern Hemlock

Advances have been made in several areas of the
hemlock (Tsuga heterophylla [Raf. ] Sarg. ) breeding progran.
measurements are complete on the first tvo
open-pollinated testing projeet. Results
seed orchards, and investigate genotype by
Polycross breeding in six seed orchards is
may begin as early as 1990.

ves tern
Ten-year

of three series of the
viII be used to rogue existing
environment interactions.
progressing veII, and soving
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cone collections for a range-vide provenance test are
continuing. The collection design foi this study uses climatic and

ecological factors as represented by B.C.'s comprehensive ecological
foresi-land classification system. Latitudinal bands vere defined to
allov more intensive samplini from ecosystems vhich are expected to be of
greatest value, and less intensive sampling from the more peripheral
f,arts of the range. 0n each latitudinal band, cones are collected from

au ma3or eeologrcal types (biogeoclimatic variants). To date, 69

prou"r,ln"es hav6 Ueen llttected, vith some collections remaining from
coastal Vashington and Oregon, and the central coast of B.C.

Sitka Spruce

In areas vhere major river drainages intersect the coast
mountains in 8.C., Sitka spruce (Picea sitchensis IBong.] Carr.)
hybridizes vith the interior spruEes {e.@Glg B..engelmannii).
Reforestation vith spruce in tirese arels oTEEridizition can result in a

number of problems relating to seedlot sefection and nursery production'
A nursery project vas carried out to better define the areas r.rhere

hybridization-occurs, and to assist nursery grovers with decisions
rllated to choice of grovring regime. In addition, 52+ seedlots
representing pure Sitka, pure vhite and the hybrid complex vere
established in field tests to estimate field performance and frost
damage.

A breeding program for Sitka spruce viII be initiated in 1989'

Dr. John King (tormeily with the Forest Research Institute of Nevr

Zealand) vill begin development of the Sitka spruce program, as vell as

take over ,".ponlibility flr the $'estern hemlock program. This vork rvill
begin in June, 1.989.

PROVENANCE RESEARCH IN BRITISH COLUMBIA

Cheng C. Ying (L)

seed transfer of Sitka spruce vas the focal point of the
provenance research program in the past tvo years. Ten-year testing
iesults showed " 

ttotitt-iouth cIinal variation in grovth, frost hardiness
and deer brovsing. Increasing provenance grovth potential is -associated
vith decreasing irost hardineis from high to lotr latitude, and the
northern prouenan"es also suffered much more severe and prolonged deer
brovsing ihan the southern ones. Predicted average volume gain vas L'3
cu m/ha for every one degree latitude of northvard transfer. Hovever'
frost injury occlrred to southern provenances at some sites during the
1984-85 unusual late season cold sn.p. At one location, provenances fron
50 of latitude south of the test sufiered needle burning, and at another,
provenances from 80 of latitude south of the test lost one season's
ieader grortth. Apparently substantial rrolume gain can be achieved by

northvard transfei of Sitka spruce, but not srithout risk' Differences of
opinion have been expressed on the appropriate balance of reward and risk
in Sitka spruce seed transfer.
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Provenance testing is one of the ordest tree improvement
programs in British Colunbia, vith coastal Douglas-fir plantations nov
!9ing mostly 2O+years old. Those of sitka sprilce are li, rodgepole pine
Ilil"".gonlorta Doug1., 17 and the true firs (Abies spp.i 10 lears otd
respect iveIy.
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COOPERATIVE SEED ORCHARDS
rN BRITISH COLUMBIA. 1987-1989

J. Konishi, M. Crovn, M. Al-bricht

Ministry of Forests
Silviculture Branch

1450 Government Street
Victoria, B.C.

VBV 387

Keyvords: Seed orchard management, cone induction, seed quality

This report highlights progress made in the cooperative seed
orchards in B.C. These orchards fall vithin the Coastal or Interior Tree
Inprovement Councit (CTIC or ITfC, respectively) programs.

CTIC ORCHARDS

Several coastal orchards reached the producing stage vhich nov
comprise nearly half of the 30 orchards in the program (Table 1). Seed
production continued to increase and totallert 566 kg over a t\,/o-year
period (Table 2). On average, over the last five years,8.1 million
seedlings from orchard seed vere planted annually on the coast.

Cone production in Douglas-fir, Sitka spruce and Vestern
hemlock orchards is expected to exceed targets, therefore, the emphasis
of orchard management is shifting from production to genetic quatity.
Roguing based on 7 year measurements vas carried out in 3 Fdc orchards.
Cone induction using girdling, GA and high nitrogen fertilization vas
selectively applied to families vith poor production histories or high
general combining ability values (vhere knovn).

The contribution of each clone/family to the cone crop was used
to calculate the percentage of clones that product B0Z of the seed, i.e.,
60:80. This percentage, the total number of clones producing, and an
estimate of contamination was used to rank the quality of seed each year.
Seed users r^rill thus be able to give the best ranked seed priority vhen
excess seed is available.

The Fdc program is moving into second generation orchards.
Preliminary selections based on 7 year measurements have been grafted and
praced in a hording area vhere they vill remain for five years. About
half of these clones will be included in the orchard with final selec-
tions to be based on 12 year measurements.
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Tabre 1. Nurnber (arrd hectares) of crrc orchards by stage reached.

Speciesa Developing
----E

Stage Reached" Produclng TotaIs
Es tablished

Ba
Fdc
Se
Sx
Ss
Hv
Cv
Yc

1 (2.00)
1 (1.37)

( 8.60)
( 3.87 )( 3.63)
( 0.10)

( 1s.34)
( 0.0s)
( 1.40)

6 (2e.38)

3 ( 4.69)
2 ( 6.00)
2 ( L.zO)

3 (10.60)
e (34.62)
1 ( 3.63)
1 ( 0.10)
3 ( 4.69
8 (2L.34)
2 ( 1.40)
2 ( 7.40)

2
2
1

1

6
1

2

To tals 2 (3.37) ls (32.99) 1,3 (4I.27) 30 (77.63)

a Fdc-

Se
Hv
Ss
Ba
Cv
Cy
Sx

Douglas-fir (coastal) (Pseudotsuga menziesil (Mirb. ) Franco
var. menziessii)
Engelmann spruce (Picea engelmannii parry)
Vestern hemlock (Isugg heterophylLa (Raf. ) Sarg. )
Sitka spruce (Picea sitchensls (Bong.) Carr.)
Amabilis fir (ATIes amA6lf-fDougl.) porbes)
IJestern red cedar (Thuja plicata Donn. )
Yellow cedar (Chamaeciparis nootkatensis (D. Don Spach. )Interior spruc-lZ6ffinly v-hIG x eng€Gann hybrids) eicea

Developing

Es tablished
Producing

site preparation and/or
(approximate area only)
802+ planted
seed production in any
targe t

propagation undervay

one year at least 402 of

sp.

annual

Table 2. Kilograms of seed produced in CTIC orchards.

Species Year
1987 1988

Totals

Fdc
Hv
Ss
Cw

111.0
LL.7
4.9

386.0
7.8

3s. 3
10. 1

497.0
19.5
40.2
10. 1

Totals 127.6 439.2 556.8
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Three ministry orchards vere outplanted betveen 1987 and 1989
including one each Hw, Se and Fdc. All of these orchards vere in holding
areas for 5-7 years and the 2-3 m trees \,/ere transplanted with fev losses
(less than 102).

ITIC ORCHARDS

Parent tree selection is nov complete for interior spruce (Sx)
in L5 zones; for interior lodgepole pine (Pl) (Pinus contorta var.
latifolia Dougl.) in 12 zones and is ongoing for interior Douglas-flr
(Fdi) (Pseudotsuga menziesii var. glauca (Beissn.) Franco) in 7 zones;
for western larch (Lr,r) (Larix occidentalis Nutt. ) in 5 zones; and for
vestern r,rhite pine (Pv) ITTnus-rnontlcola O. Don) in 4 zones. Total trees
selected to date include:--3I-aGT,-FTJosz, Fdi 1649, Lw 208, Pw L51,.

Progeny testing is undenuay for all zones, including farm field
testing to check the validity of ranking based on one site onIy. PoIy-
crossing vas completed and seed sovn for progeny testing for tvo existing
Sx orchards and is ongoing for another.

There are noll 7 orchard sites (4 company, 3 Ministry of
Forests). Orchard establishment is as follovs: 12 of 18 planned for in
Sx, 7 of 20 planned for in PIi, 0 of 10 planned for in Fdl' 2 of 6
planned for in Lv (Tab1e 3). One Pv plantation, consisting of resistant
stock introduced from the United States Forest Service is also being
managed as a seed orchard. 0f the 21 established orchards most are 1.0
generation, one (Sx) is 1.5 and tvo (P1) are L,75. The latter uses
selections made in a family provenance test plantation. A container Sx
orchard pilot project, vith GA applications, heat treatments and root
pruning v/as started in 1988. This project vill be continued for 5 years
and then evaluated against the traditional, soil-based orchard approach.

Table 3. Number (and hectares) of ITIC orchards by stage reached.

h
Reached"

Species Planned
Stage

Developing Es tablished Producing To taLs

Sx
PI
Fd
Lv

4
10
10

4

( 24.12)
( s2.38)
( 36.04)( 6.54>

2 (11.87>
3 ( e.41)

3 (10.s6)
4 (16.08)

2 ( 4.30>

e (2s.s7)
3 ( 8.78)

78 ( 72.12)
20 ( 86.6s)
10 ( 36.04)
6 ( 10.84)

Totals 28 (119.08) s (21.28'.) e (30.e4) 12 (34.3s) s4 (20s.6s)

Sx, Fdi and Lv orchards are established
of the Province in the vicinity of Kalarnalka and
orchards are being established near Prince George
southern region. Vegetative propagation for the
mostly by pot grafting and some field grafting.

in the southern region
Shusvap Lake areas. PL

and also in the
clonal orchards was done
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Supplemental mass poltination as vell as airblast sprayers vere
used in the producing orchards to enhance seedset and pamixia. Ferti-lizer schedures vere based on foliar analysis results. rnsect and
disease problems vere less severe on sites isolated fron natural stands.
Pest control consisted of detection, sanitation, chemical spray and,
where possibre, biorogicar contror. site maintenance consisted of
covercrop mowing and veed control in the rovs.

I.later vas supplied mostly by trickle irrigation. Withholding
vater during the period of rapid shoot elongation (bud differentiationj
vas very effective for crop induction in hot, dry climates and reasonably
effective in cooler, moist areas. Orchards located in cooler clinates
vill rely more on GA applications combined vith girdling treatments to
enhance future cone production.

As on the coast, seed production in the interior orchards is
increasing steadily. Since production started in 1982 a total of 35.4 ke(7.6_million potential seedrings) and r47.6 ke (41.3 milrion potentiar
seedlings) of seed have been generated for PI and Sx, respectively. Most
of this seed vas produced in 1987 (Tabre 4). Germinatlon percentages
range from 82 to 97 and 89 to 98 for Sx and Pl, respectively. On iverage
over the last five years, 4.3 million seedlings from orchard seed vere
planted annually in the interior.

Tabre 4. Kilograms of seed (and potential seedrings in thousands)
produced in ITfC orchards

Species Totals
1988

Year
1987

PI
Sx

9.6 ( 2,078)
137.8 (38,571)

7.8 (1,678)
0.7 ( Lez)

L7.4 ( 3,756)
138.5 (38,763)

Totals t47.4 (40,649) 8.5 (1,870) 155.9 (42,5r9)
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PACIFIC FORESTRY CENTRE 1987-1988

D.G. Edvards, G.E. Miller, FT. portlock, D.E. Taylor

Forestry Canada
Pacific Forestry Centre

Victoria, British Columbia
v8z LM5

Keyvords: cone sricing, seed counts, Douglas-fir cone noth, Douglas-fir
seed chalcid, pheromones, seed certification and testing, seed sorting,
spruce cone maggot, spruce seed moth

Research studies at the pacific Forestry centre, on seedquality' and the seed testing and certification programmes, together vith
studies on cone and seed insects, are outlined.

IMPROVING CONIFER SEEDLOTS

D.G.V. Edrvards

Further tests to determine the operational applicability of the
IDS seed -sorting method to conifer seedlots vere carrild out at tire nevly
compreted British columbia Ministry of Forests seed centre near
Vancouver. These tests indicated that commercially-built equipment could
be used to dry seeds in rayers up to 25 cn deep, and that diying times
could be as Iittle as 3 hours at ambient tempeiatures. 0ther specially-
designed drying equipment vas built and a triaI, using 6 pinus contorta
Dougr. rots, vas conducted. sorted seeds r{rere operationaflysovn.in
containers, and raised in tvo industrial nurseries. Preliminary results
are encouraging. A survey, conducted under a FRDA contract, of almost
L00 spruce seedlots to determine which shoved the most potential for
upgrading by IDS on an operational scal_e vas conpleted.

,h h ^lJorfc 
on.finus -mgnticol? Dougl. and Chamaecyparis nootkatensis

(D.Donn) Spach indicated improved germination-Tollovfng proTon[Ei-Toaking
in vater at room temperature. Hydration periods of 10-diys, folloved by
8 veeks stratification at zuc, produced eisentially the sir" ,""ults as
soaking for 2 days, keeping the hydrated seeds at room tenperature for 4
veeks, then chilling for B veeks. Tests using longer hydrition times arein progress.

The effects of supplemental-mass-pollination (SMP) and overhead
cooring (to delay frovering) on seed yierd and germination in a
Douglas-f ir seed orchard r,rere conducted in colliboration vith Dr. y.A.
Er-Kassaby (canadian Pacific Forest products). No significant
differences \{ere found in potential seed yield per cone, the average
number of successful fertilizations, or the aueiage number of firled
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seeds per cone due to Sl{P and \,/ater-cooling' Small, non-signif icant
effects on germination eapacity and germinatlon rate, and on abnormal
germinants, vere related to the water-cooling treatment.

Variations due to treatments vere very small compared to
varlations among trees \,,'ithin treatments. Two manuscripts have been
submitted to Forest Science.

CONE AND SEED INSECTS

G.E. Miller

fn the absence of an active study leader, the level of vork on
cone and seed inseets decreased over the last 2 years. Further, vith the
retirement of Doug Ruth in June 1989, the research on cone and seed
insects at the Pacific Forestry Centre vill be suspended until our
strategic plan has been developed, and deeisions have been made on
position staffing.

Evaluation of cone slicing as a method of indexing the number
of seeds in cones has been completed for 15 British Columbia conifers. A
nanuscript is in preparation.

Studies on the type, spacing and placement of pheromone traps
for Douglas-fir cone moth vere completed; a manuscript is in preparation.

Forest Insect and Disease Survey data and other data on cone
and seed insects in B.C. (collected for over 30 years in the case of
Douglas-fir) vere sumrnarized and presented at the IUFRO Cone and Seed
Insects Vorking Party Conference hosted in Victoria in June 1988.
Attempts to trap Douglas-fir cone moth vith volatil-es mimicing Douglas-
f ir t'f lorversrr, in collaboration vith Dr. Mike Benn of the Universtity of
Calgary, were only marginally successful.

Dr. Jon Sveeneyr €l Post-Doctortal Fellov, began development of
a damage prediction system, based on egg counts, for spruce cone maggot
and spruce seed moth on vhite and Engelnann spruces. Attempts to trap
spruce cone maggot and Douglas-fir seed ehal-cid on coloured sticky traps
were unsuccessfuf.

OFFICIAL CERTIFICATION AND TESTING OF TREE SEEDS

D.G. Edvards, F.T. Portlock and D.V. TayIor

As the Certifying Authority under the OECD scheme for the
Pacific and Yukon Region, L42 certificates of provenance for 947 kg of
seeds in the source-identified category vere issued in 1987, The majority
of the seeds certified vas Pinus contorta (911 kg), together vith small
amounts of Picea gl.ggg (Moench) Voss and Picea mariana (Mill.) B.S.P.
rn addition, 5+ tS;T-Egg!do1_g!gq ryZj3lfffEoench.) rranco seeds in the
untested seed orchard category vere certified. Under the fSTA seed
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testing rules, 90 certificates of seed quality vere
represented over 1100 kg of seeds from 19 speciest
accounting for 857" of the total veight.

issued in 1987; these
r,rith Pinus contorta

In 1988, 25LO kg of source-identified category seeds vere
certified. This included Abies grandis (Dougl.) Lindl. (1195 kq)'.Picge
sitchensis (Bong.) Carr tS69-El-anE'-tEree other species. In addition 98

@ menziesil untested seed orchard seeds r,rere also
certiflEa.- Conc[rrenElT4 ISTA certificates of seed quality, for 4262

kg of seeds of 10 species rrere issued; Pinus co4grler Abies gr?{tdis'
Pinus ponderosa Lavs., Picea sitchensis-EnilPseudotsuga menziesil vere
the najor species.

A five year sunmary report (1981-1985) for OECD and ISTA
activities, the rrForest tree seed inspectors manualtt, and the manual

'rMethods and procedures for testing tree seed in Canada'r were publlshed.
This rnanual vas used extensively during the Tree Seed Testing llorkshops
held in 1987/88 at PNFI (tvice), in Nova Scotia and at PFC. The PFC

vorkshop vas attended by 42 people from British Columbia, Alberta and the
Yukon, and a number of overseas scientists. "A Guide to Collecting Cones
of British Columbia Conifersl has been revritten and publlshed.
ttGuidelines for grading and labeling forest tree seeds in Canadarr have
been published in the Forestry Chronicle. The Forestry Canada OECD

Officer (D.G. Edvards) attended the biennial OECD meeting of Designated
Authorities in Paris, France, in February 1989.
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WESTERN VHITE PINE IMPROVEHENT PROGRAM

FOR BRITISH COLUHBIA
1987-1989

M.D. Heagher, R.S. Hunt, E.E. I{hite, A.K. Ekranoddoull-ah
and G. Jensen

Forestry Canada
Pacific Forestry Centre
506 llest Burnside Road

Victoria, B.C.
v8z tM5

Keyvords:
chloroplas t

monticola, Cronartium
plant proteins

Pinus
DNA,

ribieola, pine-rust genetics,

rrOperational'r program of selection and testing

Selection continued toruard the targets of 300 trees from each
of the coastal and inland portions of vhite pine's (Pinus monticola
Dougl. ex D. Don) range in British Columbia. 306 coastEll arui-I6E-Tnland
trees were selected by January 1-, 1989. Most trees selected are canker
free, but some shoving "incomplete bark reactionsrr are included. Tree
seLection, seed collection, extraction, soving and cultivation during
observation are supported by the British Columbia Forest Service.

Successful inoculation of 2-year-oId seedlings from open polIi-
nation on the parent trees has been achieved for both the 1987 and 1988
runs. Stock showing specific reactions from rrlov-spottedtr families are
transplanted to a nursery for further observation. Based onry on the
1987 inoculation, the frequency of frlov-spotted" families and seedlings
is lov. After four years of observation, selected seedlings vill be
transferred to the B.C. Forest Service for the establishment of a seed
orchard for each of the coastal and inland portions of the species' range
in B. C.

The Ribes garden on C.I.P. land near Victoria nov is vell
established, but most infected leaves for rust inoculation still come
from natural Ribes groves inoculated by hand using aeciospores collected
each spring from several locations.

Seed production areas, entailing the renovaL of rust-infected
vhite pines from accessible stands shoving a good record of cone pro-
duction and the cultivation of the remaining trees for frequent cone
crops' are being deveroped by forest companies and the B.c. Forest
service to deLiver seed containing a rov, but useful, rever of rust
resistance until seed orchards are producing. To date, three such areas
have been designated, and more are being evaluated.

Forestry Canada, the British Columbia Forest Service and llestar
Corp. organized a 3-day symposium on the management of western vhite pine
attended by 119 people from throughout B.c. and bordering u.s. states. A
limited supply of the Proceedings is available from R. Hunt.
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Forest nanagers vere canvassed for information concerning their
sustained planting program vhen rust-resistant seed is available; thefigure of 5.4 million trees per year is much higher than estimated in
1985 (640 thousand trees/year).

Research programme

Tvo series of plantations were established in 1987-88 using
FRDA and B.C. Forest Service funds to test vhite pine against environ-
mental factors. Nine sites vere pranted vith range-vid- population
samples vithin and beyond the species, B.c. range on sites known to be
infested vith root rots. Our objective is to corpare their performance
against local speeies. fn the second series, six sites were planted vith
a more-restricted set of populations, in vhieh fanily structure vas
maintained, to test the impact of rust and the environment on their
survival and grovth. These sites may yield future selections for seed
orchards or the breeding population.

A survey of chloroplast DIIIA variation shoved that frequencies
of tvo variants of the chloroplast genome are significantly different ininterior versus coastal populations, indicating a differencl in coastal
and interior pollen clouds. Chloroplast DNA is predominantly paternally
inherited in vhite pine, as in other conifers, though some matlrnal
contribution vas detected.

Through a Canada-B.C. Forest Resource Development Agreementcontract, a UBC graduate student viIl investigate the phenology and frost
tolerance of range-lride seedling samples in oider to estimate limits of
seed transfer.

Another aspect of seed transfer - rust variation - is beinginvestigated in co-operation rlith the U.S. Forest Service. Tvelve U.S.seedlots of knovn rust susceptibitity and 12 untested B.C. seedlots have
been reared in both B.c. and at coeur drAlene, rdaho, then exposed torusts collected in different locations. Early resuLts indicaie high
success in inoculating the seedlings. Monitoring will continue foi three
more years.

DNA variation in the rust is being examined to obtain cloned
PNA fragments suitable as markers of rust iaces. Aeciospore samples
have been collected vith support from the B.c. Forest Service andindustry. DNA has been extracted and cloned fragments are being screenedto deternine r.rhether they contain sequence variation usefur fordistinguishing rust races.

Natural inbreeding in the seed crops from a single stand has
been investigated for tvo more seed years. ioth stabre and unstabrerrinbreedersrr have been found. Measurements on seedlings vill be takenthis falI to correlate inbreeding estimate to family treight, diameter anddry weight.



The possibility that vhite pine's resistance to Endocronartium
harknessii is mediated bi differentiai gene expression is being examirted

by comparing cDNA Iibraries produced beiore and after fungal attack' The

".r".ppro.ott 
till be used to identify genes active in resistance to

Cronariium ribicola vhen sufficient highly resistant seed is available'
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The inoculation process folloved by rust spores on vhite Pine

Studies of the effects of environmental factors such as light 
'

C0^ and humidity levels on the germination of basidiospores and subse-
qu6nl germ tube grovth on foliale of intact vhite pine seedlings continue
ioward-the goal 6f developlng more-reproducible, controlled inoculations
in progeny testing.

Methods are being developed for the extraction of pine needle
proteins in an attempt to fdentify unique proteins of r*restern vhite pine

rf,i"tt may be associaied r.'ith rust resiitance. Proteins extracted from

the needles of four vestern vhite pine trees contained an unusually high
amount of glycine. Since glycine-iich proteins of some other plant
species miltri be involved in their defense mechanism, the present effort
r*riII be concentrated on identifying, isolating and characterizing the
glyeine-rich proteins of vestern thit" pine needles and establishing the

ioie (if any) of these proteins in disease resistance. Studies of
variation in protein p.bti1"" among vhite pine provenances are planned'
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CANADIAN PACIFIC FOREST PRODUCTS LIMITED
TAHSIS PACIFIC REGION'S

TREE IMPROVEHENT PROGMH AND FOREST GENETICS ACTIVITIES
1987 -1989

Yousry A. El-Kassaby and Vladimir J' Korelus

Canadian Pacific Forest Products Lirnited
Tahsis Pacific Region, Saanich Forestry Cen'tre

8067 East Saanich Road, RR #1

Saanichton, B.C. VOS 1M0

Keyvords: seed orchards' progeny testing

Canadian Pacific Forest Products Limited has been involved in
several tree improvement and research activities in the period covered by

this report, intluding progeny testing, orchard establishment and

management' and several support research projects'

PROGENY TESTING

A total of 210 full-sib families are being tested to evaluate
the breeding value of both the high- and lov-elevation Douglas-fir
Ipseudotsuga menziesii (Mirb.) Frinco] private breeding populations' A

diseonnected diaTlilm"iing design vas tdopted vith seven diallel units'
each vrith six parents, for eaeh 6reeding population. The conventional
testing program vas eomplemented with eirly test trials (farm field)'
0rtets from the three c--operative seed orchards, Douglas-fit' Sitka
spruce Ipicea sitchensis (bong.) Carr] and western hemlock IT:Yqa
[;i;;;phti]t(naE] sare. l, aie being evaluated using open-pollinated
tesE-tsEmished at cold-River. The breeding populations of the
three co-op orehards are part of the Ministry of Forests' breeding
programs.

SEED ORCHARDS

Tvo nev private orchards vere established' one llestern hemlock

and one yellov "yp.""" IChamaecypalrq nootkatensis (Don) Spachl (Table
t). The yello" lypt"r"'orcffiA1as afso-alpmated at a high elevation
site in Sooke, B.b: The establishment of this orchard vith the same

material and design viII be of great importance to address the early cone

maturation phenornEnon observed at lov elevations. The selection and

propagation of a second-generation Douglas-fir private orchard-have been

"orbfEt"A 
and site development is in piogress. The co-op Douglas-fir

orchard has been rogued using the Hinistry of Forests progeny test
information and prelentty this is the only 1.5 generation in B'C' In



-.1 /r 9-

addltion, the private Douglas-fir Nootka seed orchard has been removed
and the site is now being managed as an amabllis fir orchard. The seedproduction, clonal/family representation, area and operatlonal status ofthese various orchards are listed in Tabie 1. rt is notevorthy to
mention that the 1988 private Douglas-fir cone collection and seedextraction vere conducted on a cronar and/or famiry basls.

RESEARCH

The seed orchard research program is advancing and severalstudies have been completed. These include: the effeci of cooling onreproductive phenotogy (Fashler and El-Kassaby 1987), seed germination
(El-Kassaby et al. 1989b) and rate of outcrossing (Er-Kassa6y and
Davidson 1989b); the effect of reproductive phenology on outcrossing rate(Er-Kassaby et aI. 19BBb) and date of cone cottection (Edvards andEl-Kassaby 1988); genetic variation in fruitfulness in clonal/seedllng
orchards (Er-Kassaby et al. 1989c); parental balance (Reynords and
El-Kassaby 1989); the reration betweln reproductive phenology andreproductive output (El-Kassaby and Askev 1999); 

"o"i of refroduction(Barclay and El-Kassaby 1988; Er-Kassaby and Barclay 19g9); impact ofcrop management practices on the genetic quality and seed yierd
(El-Kassaby and Davidson 1989a; nl-rassaby and ieynolds 19bg; El-Kassabyet-al. 1989a), the reration betveen outcrossing and contamination(El-Kassaby et al. 1989d); and the genetic conlequences of combiningserective cone harvesting with geneiic thinning ilinagren and
El-Kassaby 1989)

The temporar and spatial variation of the mating system in anatural stand of vhite pine was evaruated (Er-Kassaby et ;r. 19g7b,unpublished). Quantitative and statistical genetics reesearch addressedthe effect of family slze and number on the i"cuta"y and precision of theestlmates of genetic parameters (Er-Kassaby et ar. iggz")l use of trendsurface anarysis.in progeny test triars (Tiromson and Er-Kassaby 19g7),multivariate variation of Douglas-fir common gardens (Scagel ei af. 19g7;
Maze et al. 1989) and the reration between tamiry x fertiiizationinteraction in Dougras-fir (van den Driessche and El-Kassaby 19gg).

Molecular genetics research aimed at investigating the utilityof-chloroplast DNA variation as a tool for spruce seedlot identification(Er-Kassaby et ar. 19ggb; szmidt et al. 19ggl sutton et ar. 1989).

During the past tvo years the senior author vas invited topresent papers in the Frans Kempa Symposium on Molecular Genetics ofForest Trees, umea, Sveden (Er-Kassaby et at. 19ggb), the ruFR0rnternational l{orkshop of P1ant Biology on Blochemical Harkers in thePopuration Genetics of Forest Trees, orvieto, rtary (El-Kassaby 19gg),and the 20th Southern Forest Tree rmprovemeni contlrence, charieston,
South Carolina (El-Kassaby 19g9).
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The saanlch Forestry centre has continued to provide facillties
to university students and p.Lf"""ots (U.B.C. and U.Vic.)r B'C' Hinistry
of Forests researchers, Forestry Canada scientists, and B.C. -Research'
Recently, a nev seed/seedling laboratory has been established to provide

Iab services for the expanding tree improvement and nursery programs'
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MACMILLAN BLOEDEL LIMITED PROGRESS REPORT

1988-1989

B.G. Dunsvorth

MacMiIlan Bloedel Limited
Voodland Services Division

65 Front Street
Nanaimo, B.C., Canada

V9R 5H9

Keyvords: Seed Orchards, Cone Induction, Progeny Testing'

MacMillan Bloedel Limited (MB) has been involved in several
tree improvenent/forest genetics activities during the period covered by

this report. These activities included seed orchard managementt cone

induction research, and progeny testing.

Personnel- changes occurred during 1988/89 vith R.C. Bover
moving to a forest genetlcs position vrith MB Inc. (Alabama). B.D. (GIen)
Dunsr*orth is nor., the coastal geneticist and Diane Nicholls is the nev

seed orchard supervlsor.

SEED ORCHARDS

MacMiLlan Bloedel Limited is a member of the Coastal Tree
Improvement Cooperative (CTIC) and is managing five clonal seed orchards:

- \,Iestern hemlock (Tsuga heterophylla (Raf- ) Sarg. )
- Paeific silvet fi@ (Dougl.) Forbes)
- \./estern red cedar (Thuja plicata Donn)

- yellov cypress (ChamaeFpliG-nootkatgnsis (o' Don) Spach)

- Sitka spruce (Pi r. )

ve are currently conducting tvo operational trials: one in
qrestern hemlock containerized seed orchards (soil based, container
comparison); the other in the cost effectiveness of controlled
pollination for operational seed production.

Our six, private Douglas-fir seed orchards are 10 years old and

produced the first iperational crop of approximately 100 te i! 1987 '
This is about a threl year supply of seed, based on current planting
needs on our private land.

During 1987-88 Dr. R.C. Bover vas moved to our Alabama
operation as forest geneticist. Shortly after that, PhyIIis Harvey' our
seed orchard supervisor, also left. GIen Duns\,/orth has taken Dr' Bover's
coastal breeding responsibilities, and Ms. Harvey has been replaced by

Diane Nicholls.
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RESEARCH

Upon completion of the projects Iisted below, the research
component of the tree improvement programme viII be brought to a close.
Future research efforts wiII be directed at improvements in operational
efficiency and maxinization of genetic quality.

Cone Induction

These projects have been done in conjunction with Dr. S. Ross

and Dr. J. Vebber vith the B.C. Ministry of Forests, Research Branch:

- 0bjective: to deternine if the dornancy phase for reproductive
developnent in yellov cypress requires a speeific chilling perlod.
Pollen viability tests indicate chitling reduces pollen germination.
Cones wiII be collected and tested in 1989. Results vill be used to
assess the need for chilling in an operational setting.

- Objective: to conpare the effectiveness of biennial retreatment of
girdling plus GA 4/7 versus a first-time treatnent and to assess
treatnent effects on cone and seed efficiency. Cones have been
collected. Treatment dif ferences in yiel-d and viability \*'ilI be

assessed in 1989. Economic benefits will be assessed and optimum
treatments selected for operational use.

Progeny Testing

These projects have been eonducted \"ith the assistance of
Dr. A. Yanchuck, Chris Heaman and Jack lloods of the B.C. Ministry of
Forests, Research Branch:

- Objective: to provide the genetic infornation required to rogue
inferior clones from HB,s Douglas-fir seed orchards. 253 families
have been planted and first season spring and fall measurements
completed. Five-year results vill be used to remove inferior parents
from the first generation Douglas-fir seed orchard.

- Objective: to provide good estinates of GCA and other genetic
conponents to rogue inferior elones fron nestern henlock CTIC orchard
*32. Seventy polyrnix crosses lrere completed. Progeny from these
crosses will be included in the B.C. Ministry of Forest's progeny
test programme. Results of the progeny test vill be used to remove
inferior parents from the first generation vestern hemlock seed
orchard, and to select superior parents for the second generation
orchard establishment.
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FOREST GENETICS ACTIVITIES AT THE UNIVERSITY
BRITISH COLUMBIA, 1987-1989

Jack l'{aze
Department of BotanY

Oscar Sziklai, Donald T. Lester, Judy A. Loo-Dinkins'
and John Carlson, Faculty of Forestry

University of British Columbia
Vancouver, B.C. V6T 281

Keyvords: Douglas-fir, teaching, lodgepole pine, variation, wood
quality, provenance, stress toleranee, vide crossing, neighborhood
environmental effects, genotype by environment interaction, forest
biotechnology, genone mapping, genetic engineering

JACK MAZE

Variation in Grovth in Conifers

S. Banerjee is completing his M.Sc. thesis in the Department of
Botany on the variation in open-pollinated families of yellov cedar
(Chamaecyparis nootkatensis,(D. Don) Spach). He is analyzing needle
moipEology-oFpaiEn$- and offspring as vell- as development (mainstem
growth and number of needle r,rhorLs produced) in the offspring. AII data
are being related to site of origin of the parent trees (svamp or
midslope), trees vithin sites, and position vithin the crovn of the tree
(top, middte, or bottorn third). The factors vhich have the greatest
impact on the data are within and among thirds of the croltns on
individual trees. The developmental variabl-es respond differently over
time likely due to different events associated vith mainstem growth (cell
elongation) and needle production (cell division).

Three studies on variation in grovth vithin and among fu]l-sib
families of Douglas fir (Pseudotsuga manses (Mirb. ) Franco) growing in
common gardens have been Fu6llsh-ealBane-jee and Maze 1988; Maze and
Banerjee 1989; Maze et aI. L989); most of that variation is vithin
families. As vell, tfelariation vithin full-sib families equals that
vithin a heterogeneous seedlot groving in the same site. A comparison of
mainstem grorrth from 1987 and 1988 for the same families shovs that both
individual trees and families responded differently in successive years.
Data gathered in 1989 vilI allow us to determjne if this response is due
to nursery effect or planting shock expressed in 1987.

A multivariate analytical study of needle gro\,tth, based on
measurements of sectioned apical buds of lateral branches, on some of
these same full-sib families has been started. Preliminary analyses
indicate the high vithin full-sib family variation is expressed as
covariances as vell as means and variances.

OF
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OSCAR SZIKLAI

Since this is my last active member's report, I intend to
summarize the forest genetics activities from the programme's inception,
including my 33 years invofvement.

Teaching

Undergraduate: Since 1,949, vhen U.B.C. introduced a required
genetics course into the undergraduate forestry curriculum, approximately
1000 students have been exposed to the principles of genetics. The
course has been offered every year. The maximum number of students vas
36 in L967/68 and the minimum r"as 5 in 1986/87. Presently - 40 years
Later - L2 students are taking the course, 2 of them from the Faculty of
Science.

Graduate: The first advanced degree (Ph.D. ) in forest genetics
vras arvarded to Orr-Ewing in 1,956. Since that time, 29 graduate degrees
have been conferred; 15 M.F., 5 M.Sc. and 9 Ph.D. Tventy-three of these
vere under my supervision.

Research

Earlier in Hungary, I concentrated on selection of Salix clones
for viIIov baskets and energy; later in Canada, Douglas-fir and-Todgepole
pine (Pinus contorta Dougl. ) selection and breeding vere my main
interes tE.-

Although 32 years ago, r{re had Drs. Orr-Eving and Allen's 5
selected Douglas-fir trees, Dr. Haddock,s provenance trials and
Dr. Griffiths'L54 Douglas-fir trees at the U.B.C. Research forest, no
progenies ruere available for variation and heritability studies.
Complete diallel crosses of 4 Douglas-fir trees provided the first seed
crop in 1960, but the first grorvth chamber studies did not begin until
1964. Progeny tests rrere established from these crosses at the U.B.C.
Research Forest, and on Campus in 1966, and no\^/ ve have the F, seed in
our hands. This pedigreed material is al-ready incorporated ifito
Dr. Carlson's programme at the recently established U.B.C. Biotechnology
Laboratory.

Cooperation vith IUFRO, Section 22 (nov 02), provided us vith a
collection of Douglas-fir cones from LBlB trees across its natural range.
An international provenance-progeny test vas established in 22 countries,
part of it at the U.B.C. Research forest. It is nov entering the L9th
groving season and has provided research material for 4 masters and three
bachelors theses. Cone, seed characteristics and DNA content of the
IUFRO Douglas-fir collection reveals r.'ide variation vithin provenances.
Using these as benchmarks, ve have been able to identify the probable
origin of stands groving in Poland and Sruitzerland. The provenance -
progeny test is nov providing survival and grovth data vhieh is being
collated and analysed in France. The early results vere discussed at the
Vorking Party meeting in Vancouver (1978), in Vienna (L985), and vill be
on the agenda in Tacoma (1990). Our role in this vorking party is
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substantial, particularly since the 1985 meeting, vhen it vas declded
that further seed collections from the Paclfic North Vest vould be from
individual trees, based on U.B.C. and French findings.

The increased interest in lodgepole pine by the Slredish SCA and
Stora Kopperberg eompanies commenced in 1964. Vith our help' 225 plus
trees vere selected for the truo companies. Tltenty-one years later, in
1985, a cooperative progeny test r*'as established from the first crop
obtained in the Swedish seed orchard on 5 test sites in Canada and 3

sites in Sveden.

Contact in China, besides teaching and advising on breeding of
(Paulovnia and the 3 North East conlfers, has given me the opportunity to
obtain seed from 5 of the 6 Asian Pseudotsuga specles.

Earlier studies on DNA content' cone and seed morphology'
isozymes and cytogenetics gave us results to be presented at local,
national and international meetings. A total of 32 papers have appeared
in refereed journals, 32 in conference proceedings, and 38 in report
form. Also one book on forest genetics vas published vith my colleague
in Budapest (1981).

DONALD T. LESTER

Program emphasis currently is on inheritance of wood quality
traits, geographic variatlon in grovth and physiological traits in
lesser-known species, and wide crossing in spruce.

Vood Quality

Interest in vood quality has been stimulated, in part, by
provincial vorkshops at vhich a variety of vood quality traits were
evaluated for inclusion in tree breeding programs. For some traits'
additional study is needed on the amount of genetic variation available
for selection and on efficient \{ays to measure varlation. For other
traits such as relative density, in-depth study of trait components may

provide a better understanding of genetic variation.

Ms. Donna Robertson is completing an M.Se. study of the impact
of cone production on wood quality of lodgepole pine in a clonal seed
orchard. Data on grovth and some vood quality traits of progeny from the
orchard clones are being used to estimate parent-progeny regression. Mr.
Mathev Koshy has initiated vork tovard the Ph.D. using control-pollinated
progenies of Douglas-fir to estimate genetic effects for shrinkage'
fibril angle, spiral grain and varp. X-ray densitometric data are being
used to study clonal parent and progeny variation in annual ring
conponents for parental cl-ones and progenies of interior spruce
glauca (Moench) Voss and (Picea engelmannii Parry).

( Picea
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Provenance and FamiIy Variation

Ms. Marilyn Cherry is completing an M.Sc. study of provenance
and progeny variation in yellov cypress using traits of seedling grovth
pattern, size and cold tolerance. Mr. John Russell has begun a Ph.D"
project on yellow cypress vith a much larger sample of the species range
and ruith, emphasis on variation in drought and cold tolerance.
Ms. Barbara Thomas is testing coastal and inland provenances and
progenies of vestern vhite pine (Pinus monticola Dougl.) for genetic
differences in acclimation to coId.

Exploratory Crossing in Spruce

David Kolotelo is vorking on an M.Sc. study of crosses
parents each from tvo coastal spruce (Picea sitchensis
populations and tvo interior spruce populations.

traits, size and acclimation to col-d are the traits of

Decision Analysis in Seed Transfer of Sitka Spruce

A decision framevork is belng developed to estimate the
benefits (from increased volume gro\,/th) and risks (from injury during
unseasonable cold) from northvard transfer of seed.

JUDY LOO-DINKINS

Research during the past ttro years includes examining
Douglas-fir provenances to determine vhether a nonlocal source continues
to out-perform ]ocal ones; attempting to improve the quality of data from
variable progeny test sltes; using a genetic correLation approach to
examine genotype by environment interactionl and examining genetic
control of relative density profiles befow breast height in Douglas-fir.

Douglas-Fi r Provenances

fncremental and .cumulative volume from ages 7 to 16 years and
relative density at age 16 vere examined for 5 standard and 1 iocal
provenances at each of 3 B.c. Ministry of Forests test sites in
cooperation vith c. Ying and E. Hamm. A provenance from Hoh, washington
has continued to grov more rapidty than the other provenances. There is
a negative correlation betveen relative density and volume, however.
This courd potentially decrease the advantage of the vashington
provenance if strength becomes an important issue in value of coastal
Douglas-fir.
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Separation of Genetic from Environmental Effects

Volume of data from l-0 coastal Douglas-fir progeny tests in the
B.C. Ministry of Forests breeding program vere adjusted to reduce the
effect of microsite variability within sites (neighborhood effeets)' in
collaboration vith Jack Voods of the Ministry of Forests. Data for each

tree \,rere adjusted by subtracting the mean value of surrounding trees.
The proeedurl vas evaluated using a simulation model and the difference
in selection accuracy after adjustment \{as estimated. Simulation model
results indicate that accuracy could be improved at 7 of the 10 sites'
and genetic gain vould be increased by 2-32 it adjusted data vere used
for selection at those sites.

The L0 progeny test plantations used in the above study vere
also examined for th- presence and relative importance of genotype by
environment interaction. The genetic correlation approach vas used
whereby a genotype by environment interaction is assumed vhen the genetic
correlation betvlen iamily means for a single trait at tvo sites is less
than 1.0. The importance of the interaction vas assessed using indirect
selection theory, by estimating the efficiency of selecting in one
plantation for planting at a secondary site, relative to that of
setecting at a plantatiott tepresentative of the site to be planted'
Results indicated a broad range in relative efficiencies among pairs of
sites. Average efficiencies for test sites ranged from 46 t'o 927"

suggesting thit if care is taken in choosing a plantation vith high
av-iage efficiency of selection over all sites' genotype by environment
interaction may not be a serious problem. The vork vas done by graduate
student, Dave Kolotelo.

Genetic Control of Relative Density Profile

Relative density of Douglas-fir vood is difficult to assess in
young progeny tests. Wood sarnples have traditionally been taken at
Lr"."t-heighl but two or three additional grovth rings could be sampled
if cores were taken as close as possible to the ground. A study is in
progress in collaboration vith Josefina Gonzalez of Forintek Canada Corp.
to determine vhether the genetic control of relative density at a given
number of rings from the pith is the same close to the ground (40 cm) as

at breast height.

JOHN CARLSON

The focus of my research is on the application of molecular
genetics and plant biotechnology to forestry, particularly in the areas
of tree improvement and developmental gene expression. The folloving
projects vere recently initiated:

Genorne Mapping

Classification of genotypes, determination of genetic
variability, and establishing inheritance of genetic traits, including
quantitative trait loci, by genomic DNA cloning, RFLP (Restriction
Fragment Length Polymorphism) analysis of nuclear and organelle DNAs, and
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molecular cytogenetics. (students: Jeff Glaubitz - Vestern red cedar
(Thuja plicata Donn); Kovit Chaisurisri and Bundit Ponoy - Douglas-fir;
Prachote Soonhuae - Thailand rose vood (Dalbergiaa cochinchinensis).

Somatic Embryogenesis

rnducing embryo formation in vitro for specific genotypes of
Douglas-fir. Ve are currently focusing-on-faploid systems. (student:
Liven Jiang).

Genetic Engineering

Evaluating techniques for efficient gene transfer with
protoplasts and tissue explants of several conifer species. The goal is
enhancement of genetic stocks of forest species by delivering "foreign'r
genes encoding valuable traits, including genes for grovth enhancenent.
(Research assistant - Victor Luk).

Gene Expression

Characterization of genes differentially expressed during
seedling development, in response of seedlings to stress and/or
transition from juvenility to maturity. (student: Cherng-Hsi Ling;
Research assistant - Victor Luk: Postdoctoral Research Associate - to be
named ) .

REFERENCES AND PUBLICATIONS
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Genetic Engineering Vorkshop, Carleton University, 0ttawa, Hay 30 -
June 2, 1988.
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RESEARCH AT FORINTEK CANADA CORP.

RELATING TO TREE IMPROVEMENT

R.J. Barbour, J.S, Gonzalez, C.T. Keith, R.M. Kellogg

Forintek Canada Corp.

Vestern Laboratory
6620 N.V. Marine Dr.
Vancouver, B.C.
v6T 1X2

Eastern Laboratory
800 Montreal Rd.
0ttava, 0ntario
K1c 325

Keyvords: vood quality, relative density, early predietion'
heritability, genetic improvement, juvenile-mature transition,
end-product vaLue.

Forintekts llood Science Department has oriented its effort
tovard bridging the gap betveen the forest resource and tomorrov's vood
products industry. Evidence of our emphasis in this direction is the
contribution that ve made to the establishment of the Vood Quality
Vorking Group vithin CTIA at the 1985 meeting in Quebec. In the
neantime, ve contributed to the programme at Truro (1987) with several
papers on vood quality and have increased our membership in CTIA from tvo
to four persons. During the last t\,/o years, ve have continued to vork on
matters relating to tree improvement and a summary of the results of sone
of our studies is presented in the folloving report.

Technical Support to the B.C. Tree fmprovement Council

(1) IJood density analysis vas carried out for 123 lodgepole pine parent
' trees. The average, extractive-free relative density of the inner

half samples vas 0.385 fi 8.02. Corresponding values for the outer
half samples were 0.42O ff 7.37.. Selection to achieve genetic gain
in this trait can be justified mainly on the basis of its high
heritability. The lower relative density of the inner half portion
of the discs reflects the lower density of juvenile wood in
lodgepole pine.

(2) Preliminary observations vere made on the pith-to-bark vood density
profiles in vestern larch. Density rose rapidly from about 0.40 at
the pith to about 0.47 in mature outer vood. The transition
appeared to take place at the relatively young age of 10-1,5 yrs.

(3) Vood density studies on ramets of 12 lodgepole pine clones shoved
good agreement betveen the clonal and parent tree rankings.
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\{ood Density Survey of Important Canadian Species

Financial support vas obtained through the ENFoR program to
bring together aII available information on vood density of Canadian
species. A final report on this project vill be prepared during the
current year.

Commercialization of the Forintek lJood Density Tester

A fully operative prototype field wood density tester has been

constructed and iested at the Vancouver laboratory. A set of vorking
dravings is being prepared so that interested users can make their ovn

"rr"ng6r"nts 
for fibrication. An agreement has recently been made vith

the B.C. Ministry of Forests to have a density tester built for them and

evaluated in field trials.

Relative Density Profile Belov Breast Height in Young, Vigourous Coastal
Douelas-fir Trees

Investigations are undervay to deternine vhether vood density
determinations near the base of the stem correlate well ruith breast-
height data and therefore provide a means of evaluating density for
prog"ny selections at a sonevhat earlier age. Previous experience has
indicated that about L2 to 15 years of grovth at breast height are
required for reliable ranking of vood density. It vould be helpful to
tree breeders if this could be reduced by a fev years simply by sampling
at a lower level in the stem.

Jack Pine Heritability Studies

This project was initiated in L98B in collaboration vith the
tree breeding project at the Petavawa National Forestry Institute to
study the vaiilbility of specific tree and vood quality characteristics
and to evaluate the heritability of selected traits in an established
experiment involving 100 half-sib families of 0ttar.ra Valley jack pine.
Fiity-five families vere sampled in one plantation in 19BB and ten of
these families vere sampled in each of tvo other plantations in 1989.
Information being gathered includes height, diameter, stem form (taper)'
percent heartvood, vood density, compression vood' extractives content
and longitudinal shrinkage.

Finaneial Eyaluation of Selection Strategies

This is a joint study betveen Forintek and the B.C. Ministry of
Forests being.carried out by Dr. P.A. Jefferson. The vork is being
guided by Dr. R.M. Kellogg and Dr. D.T. Lester. Dr. A. Yanchuk is
iesponsitle for the proj""t.t the Ministry of Forests. The objective of
the project is to determine the effects of genetic selection for trees
and vood quality traits on end-product value by using a system of models
(SYLVER), developed from the Douglas-fir Task Force.
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SYLVER runs at planting densities of 400, 750 and 1100 trees
per hectare rrere used to evaluate genetic improvements in terms of
end-product value. The effects of genetic improvement were simulated by
reducing transition age at breast height by five and ten percent.
Simul-ated stands vere harvested at 60 years. Planting density shovs a

significant effect on economic value and return on investments. Tree
size is a significant factor in harvesting and manufacturing costs. The
effect of change in the juvenile vood core brought about by changing
planting densities is confounded rvith tree size. Separate economic
values for the tvo effects cannot be determined. Predicted lumber value
increases due to genetic selection are greater for the higher stocking
densities.
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