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PROCEEDINGS OF ffiE fl{ENTY-FIRST HEETING OF
THE CAIIADIAN NEE IHPROVE}IEITT ATiSOCIATION

With the compliruents of the Assoclatlon

Enqui.ries mdA be addressed to the authors or to Mr. J.F.
Coles, Executlve Secretary, C.T.I.A./4.C.e.A., c/o Ontario Tree
Improvement Council, Johnston Hall, University of Guelph, Guelph, Ont.
Nlc 2w1.

IF YOUR ADDRESS ON ME I.ABEL IS INCORRECT OR INCOI,TPLETE
PLEASE RETTIRI{ CORRECTION SLIP BBLOW

Othens interested i,n reeeiuLng pnoceedings, noti,ee of
meeti.ngs ete. may return the slip to be Li.sted as Cotrespondi.ng Members
(canad.i'an) or be plaeed. on the maili.ng List for the ptoceedi.ng-s onlg(Li.brari,es, i.nstitut'Lons" foneign addtessees). rf you no Longen ui.ih to
z'eee'Lue these fuoeeedi.ngs, please eheek ,,deLete,' and return the completed
sli.p to the Mi.tor.

The lltentg-seeond Meeti.ng of the Associati,on uyLLL be held i.n
Fldmonton, Alberta, August 14-1a, L9B9. speakers ai.LL be inuited to
address the topi.e of t'Test resuLts and thein appLieati,on in tree i,mptoue-
menttt . Canuiian and forei.gn uisitons at e weleome. Ftnther i,nfonnati,on
wLLl be distri.butd. in the uintez. 1988 to aLL membens ard. to othens on
nequest. . Enqui.t'i.es eoncermi.ng the 22st Meet'Lng should be addressed to:
J.I. Klein, Canodi.an Fonestny Senuice, Nontherm ponestny Centte, 5SZ0-lZz
Stneet, M,monton, AB T6H SSS.

To: T.J.B. byle, Fd.itot,, C.T.I.A./A.C.A.A.
Canadi.an Forestry Senuice
Petauaua NationaL Fonestny fnsti,tute
Chalk R'Luer, Ontanio K1J 1J0
CANADA

PLEASE PRINT

Name: Prof. Ms.
D". Mn.

Address:

.. Posbal Code

Correet'Lon

Neu addnessee

Delete fron C.T.I.A. mailing Li,st

Please check one:

Si.gnaI



COHPTES RENDUS I'E IA VINGT ET UMEI.IE GONFERENCB
DE L'ASSOCHTIOIT GANADIENITE POUR LIAUELIORATIOI{ DES ARBRES

Don gracteux de ItassocLation

Lep d.emandes de rense'ignements Wuuent etre a,7rp-"sie" ou*
auteurs ou a J .F. Coles, Secr6talre g6n6ra1, A.C.A.A. lC.f .I.A. , clo
Ontarl.o Tree Improvement CouncLl, Johnson Hal1, Universlty of Guelph,
Guelph, Ont . NlG 2t{1 .

sr voTRE ADRESSE EST TNEXACTE OU INCOHPLiTE SUR L'6TrQIIETIE,
S.V.P. RETOTIRNEZ I.A FICHE DE CORRECTIOf, CI-DESSOUS

Ceur qui seraient i,ntdnessds d neeeuoir Les cornptes nenrTus,
Les auis de z,6unions, etc., sont pri.ds de retoutner La formuLe pout, Atne
ajoutds d La Li,ste de membrea cor?espond.ants (Canarliens), ou d La Liste
d'enuoi pour Les eomptes rendus seulement (bibliothdques, Lnstitutions,
desti,natrti.res d. Lt6tranger). Si ttous ne d6si,nez plus receuoiy, ees comptes
rendus, ueuiLlez eocher <<l.d4er>> et retourrten La fomnuLe remplie au
n&.aeteut'.

In uingt-deu-ridme conf4nenee de L'assoc'Lation airya Li,eu d.

Edmonton, en ALbenta, du 14 au 18 aoit 1gBg. Des orateu?s seront'Lnuit6s
a adresser Le sujet de <46sultats d'erp6r,iences et Les applieations d
L'an6liorat'Lon des arbres>>. Les int6tln""6" ctu Canad.a e.t' i Lt 6tranoer
sont Les bienuenus. Des re'nseiqnements suppL6.mentaires senont rlistiitnt5s
au cours de Lthiuer de lgBS ; tlous Les rnrbrn" et d tous eeur qui en

feronj La demande. Si uous auez des quest'Lons d 1nset, concernaTtt La 2,ile
confez,ence, ueuillez Les adresser au: Canatl'Lan Foy,estrg Seruice, Nortliert:
Foz,estry Centre,5320-122 St., klmonton-, AB T6H 355.

A: T.J.B. Boyle, r,6dacteur, A.C.A.A./C.T.I.A.
Seruiee canadien rles for2ts
fnstitut forestien natiortaL de Petaaanut
ChctLk Ritter, (Ontario) K7J 1J0

,
LETTRES }OI'LEES

Nom: t'l . [:hne

Adresse:

Cc,le pitsf,sl.

S.V.P. cocher une: Coy,reet'Lon
seule case:

Nouueau destiuatuLr.e

Rayer Le destinata'Lre ,Je La liste ,l'eru.soL
rle L' A.C. A. A.

S'La4'e
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BUSINESS MEE'TING - I.IINUTES

Mr. T. Mullin chaired the 2lst Business tleeting of the CTIA/ACM held
in the Cox Institute, Nova Scotla Agriculture College, Truro, Nova Scotia,
on Wednesday, August 19, f987. IIe opened the meeting at 0835'

237. I'{INUTES OF THE LAST I'{EETING

Motion: That the Minutes of the 20th business meeEing be approved as
publifrEi-

Moved by R.M. Rauter, seconded by c. Ileaman. carried.

238. MEMBERSHIP

a) The names of new sponsorl-ng mernbers were read as follows:

G. Ainscough V.P. and Chief Forester
tlacMillan Bloedel Ltd.
Vancouver, BriEish Colurnbia

D.C. Davies Director of Seedling Production
N.B. Dept. Forests, Mines & EnergY
Frederlcton, N.B.

w.J.B. Devltr chief Forester
CIP Inc. (Tahsis)
Vancouver, BriEish Columbia

W.H. Martin V.P. Natural Resources & Administration

D. Oxley

' CIP Inc.
Montreal, Quebec

Woodlands Manager
J.D. Irving Woodlands
Saint John, New Brunswick

Recteur, tlniv. Qu6bec en
Abi t ibi-Teml s camlngue
Rouyn, Quebec

Deputy Mlnister
DepE. of Energy & ForestrY
Charlottetown' Prince Edward Island

Director General Prairie Farm Rehabilitatlon AdninistraLion
Agriculture Canada
Regina, Saskatchewan

llotion: That the new sponsoring menbers be elecced.

R. Trudel

L. Walsh

Moved by J. Klein, seconded by F. Yeh. Carried.
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b) The following were nominated as new active'members:

Mr. G. Adams J,D. Irving Ltd., New Brunswick
Mr. J.D. Brophy Ontario Pulp & Paper Co.
Mr. R.J. Barber Forintek Canada Ltd" Eastern F.P. Lab.
Hr. P. Corbeil Waferboard Corp., Ontario
l{s. J. Gonzales Fori-ntek Canada Ltd., Western F.P. Lab.
Mr, R. Hunt Canadian Forestry Service - Pacific
1"1r. H. Innes Abitibi-Price Inc., Ontario
Mr. R. Leblanc Fraser Inc., lfuw Brunswl-ck
Dr. D"T. Lester University of, British Colunbia
Dr. J. Loo-Dinkins University of British Colunbia
Dr. S, Magnussen Canadian Forestry Service - Petarf,awa

National Forestry Institute, Ontario
Mr. A.G. l'lathews Boise Cascade Canada Ltd., Ontario
Mr. A. l.lanka Canadian Forestry Service - Wlnnlpeg
l"lr. T. Nlernan Canadlan Forestry Servlce - Petawawa

National Forestry Institute, Ontario
Mr, A. Rainevitle MinisEEre de I'Energie et des Ressources, Quebec
Dr. O.P. Rajora Unlversity of Alberta
Ms. D. Rogers Ontario Mln. of Natural Resources, Tlmmins
Mr. D. Schoen McGill University, Ilontreal, Quebec
Dr. T. Thorpe Universi.ty of Calgary, Alberta
Ms. K. Tosh New Brunswick DepE. Natural Resources & Energy
Mr. M. Villeneuve l-linlstEre de lrEnergie et des Ressources, Quebec
Dr. E. White Canadian Forestry Service - Pacific
Ms. J. Wild Ontario Min. of Natural Resources, Sudbury

Motion: That rhe nominated new active members be dulv elected.

Moved by D. Simpson, seconded by B. Wang. Carried.

It was noted that a letter was received requesting that the member-
shlp status of Mr. J. B6gln be changed from Active to Corresponding.

c) lGmbershlp report: Tirn Boyle noted that there are a number of members
ron-the-bookst who are longer actlvel-y lnvolved in Eree improvement.
However, he also ralsed the polnt EhaL the constitution prohl,bits purging
or changlng Ehe status of an Active member without a written request
unless that individual has falled to subrnit a progress report for three
consecutive ureetlngs.

239. CHAIRMANIS REPORT

Tirn Mullin hlghlighted the accomplishments of the CfIA/ACM over the
past thro years and noted thaE che success of these activities was due to
the efforEs of many people. He thanked the outgoing executive; T. Boyle,
J. Coles, H. Frame, K. Llorgenstern, and C. Yeatman for their efforts over
the past two years. He also thanked the chairmen of the standing arrd
ad-hoc committees: publishing (T. Boyle), incorporaEion (J. Coles),
standing advisory conrmittee (D. Fowler) and education (F. Yeh). Finally,
he acknowledged the efforts of the local planning commiEtee; T. Bulley,
P. Chapman, D. Fowler, and B. White.
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24O. FINANCIAL SIATEMEM

The financial statement prepared by Treasurer C. Yeatman was tabled
for rnembership inforrnation and acceptance (see Attachnent /tt). The
statement shows an account balance of $481.08 as of August, 1987.

l,totion: That the financial statemenE be accepted as presented.

Moved by C. Heaman, seconded by A. Gordon. Carried.

24I. FINANCIAL COMRIBUTIONS

Tfun Mullin read a list of agencies which provi-ded contributions to
this rneetlng:

Bowater Mersey Paper Company
Canada/Nova Scotia Forest Resources Developnent Agreement, Technology

Transfer Project
Canam
Minas Basin Pulp and Power
Nova Scotia Department of Lands and Forests
Ropak
Scott Worldwide, Canadian Timberlands
Stora Forest Industries

Motlon: That the CTIA/ACM express our sincere appreclation to Ehese
contributors.

Moved by C. Yeatman, seconded by G. Powell. Carried.

242. EDITOR'S REPORT

Tiur Boyle presented the editor's report for the lnfornatlon of the
membership. Noted was that for the last proceedings, 500 copies of part
I, and 800 copies of Part II were printed. He expressed concern thac the
level of funding from CFS has been fixed at $10,000 per proceedings for
the next two meetings, down from the previous amounE of $17'000.

Motion: That the Editorrs reporE be accepEed as read.

l"loved by B. Wang, seconded by G. Caron. Carried.

243. BUSINESS ARISING FROM THE MINUTES

a) Ad hoc comniEtee on incorporation: Tlrn Mullin presenEed che
report on behalf of Jl-m Coles. There appears Eo be no partlcular
advantage, at t.hls tl-me, for the GIIA to become incorporated. Therefore
the recommendation from the connitcee was that the GIIA/ACAA name be
registered as a society. Action was Eaken on thls natter and the
CTIA/ACM is now regi.stered as a Society ln the province of Ontarlo.
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b) Standlng Advlsory Commlttee: Don F'owler reported that the only
reqtrest for advlce frorn thts commlttc.e occurred from Doug Pollard
regardlng seed certificatlon. He noted that the conrml-ttee wlll contlnue
to provide lnput. aE a Eechnical level on matfers related Eo tree
lmprovenent.

c) Arl hoc commlttee on publishing: Tim Boyle reported on the work of
the committee in investlgatLng means whereby the costs of publishing the
CTIA/ACAA proceedings could be reduced. He provided the three options
considered by the conmittee:

l. Reduce the quantity of material produced.
2. Reduce unit costs.
3. Reduce costs specific to CFS.

Tim read t,he six reconnendations from the committee:

l. That only one report per "group" be allowed, the lnterpretation
of "group" to be the responslbility of the editor.

2. That the slze of these group reports be llmlted in relat.ion to
the size of the group.

3. That the level of fundlng should only cover the printing of
abstracts of voluntary papers for Part 2, and Ehat if an
organizlng comrnittee wish to publish Ehe papers in full, they
obtain the required extra funding,

4. That membersr reports be photo-reduced and that both Parts be

xerox-prlnted if required.
5. That Ehe editor examine the distribution list for Part 1 and

remove those addresses which are unlikely to require Part 1.
6. That a charge to partially cover costs be built into the regis-

traEion fee and charged directly to non-registranEs for Part 2

only.

This topic was discussed at length by the membership. Kit Yeatman
reiteraEed the need to regularly purge malling lists and that it is the
responsibility of the membershlp to ensure that duplicate or redundant
copies of proceedings are not being sent to each organization or indi-
vidual. Steen Magnussen suggested that a RSVP return label be included in
the proceedings from thls meeting as a means of determining whlch names

could be purged.

Motion: That the report of the publishlng committee be adopted, and
that the new executive have the mandate to continue to
investlgate means of reducing costs associated wlth
publishing of the l{inutes.

Moved by J. Klein, seconded by F. Yeh. Carried.
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d) Educatlon cornmlEtee: Francis Yeh noted that Ehe nain actlvity of thts
co16n|ttee was related to the student travel scholarships. Discussl-on
followed related to whether or not these scholarshlps should be exclu-
sively for use by undergraduaEe students. The general consensus was that
the cholce of a recipl-ent mrst be lefc up to the discretion of the super-
visors, however, undergraduates should be given preference whenever
possLble.

244. UTHER BUSINESS ARISIIiIG FROM TIIE MINUTES

a) Kit Yeatman gave a brief outline of a report he prepared regarding the
Conservation of Forest Gene Resources (see aEEactrment /12). Discusslons
regarding thls report took place.

b) tlike lleagher asked what level of support for students would be
available for the 1989 CTIA/ICa.A, meeting in Edmonton? Tin Mull1n replied
that lt will be up to the incomlng executive to solicit funds.

c) t[r. John Murphy, from the Unlted States Forest Service, }lilwaukee',
I'Iisconsin rhanked the CTIA/ACAA for Ehe opportuniEy to partlcipate in the
2lst meetlng.

245. NEW BUSINESS

Motion: That the ConstituEion/Bylaw amendments as read be accepted
(see attachnent if3).

Moved by T. Boyle, seconded by C. Yeatman. Carried.

246. FUTURE I'{EETINGS

a) Locatlon of the 1989 meeEing: l,totion passed at the 20th meeting (itern
234b) acceptlng offer from Ehe Alberta Forest Service to hold the reeting
in Edmonton. Conflrmed.

b) Locatlon of the l99l meetlng:

llotion: That Ehe 1991 CTIA/ACM meeEing be held at Ehe Petawawa
Natlonal Forestrv Institute.

Moved by D. Lester, seconded by G. Powell. Carried.

c) Location of the 1993 meeting: Robert Bettle, on behalf of the New

Brunswick Department of Natural Resources and Energy, offered to host the
1993 CTIA/eCee meeEing in FredericEon, New Brunswick.

d) Francis Yeh solicited thernes for the 19B9 meeting. Several topics
were suggested. The inconing executive will choose the topic.
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241. ELECTION OF OFFICERS

The nominat,ing comrittee chairman E.K. Ftorgenstern proposed the
following slate of officers for election:

Chalrman: J. Klein
Vice-Chairman - SYmPosium: F. Yeh
Vice-Chairman - Arrangements: N. Dhlr
Executive SecretarY: J. Coles
Treasurer: C. Yeatman
Editor: T. Boyle

No addltional nominations forwarded.

llotion: That the slate of offi-cers proposed be elected.

Moved by C. Yeatman, seconded by C. Ileaman. Carried'

248. ADJOURNMEM

a) @, That the members of the SIIA/ACAA thank the executive
cornmittee for their hospitality and their efforts over the
Past two Years.

Moved by C. Yeatman, seconded by C. Heaman' Carried'

b) Morlon: That the 2lst business meeting of the GIIA/ACM be

adj ourned.

rnoved by T. Thorpe, seconded by t'{. Rauter. Carried'
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ATTACUHENT 
'1

FLnanclal Statement
12th August 1987

The accounts of the CTIA/ACAA were duly audited for Ehe calendar
years 1984 and 1985 by Geo. Welch and Co. of Pembroke, Ontario by
signature dated April 7, 1986. The balance at the end of 1985 stood at
$11r686, whlch represented an excess of revenue over expendiEure for 1985
of. $277. The current cash balance stands at $481.08, plus a Bank of
Itlontreal Guaranteed Investment Certiftcate of $8500.00 to mature on
June 11, 1988, with interest at 82 per annum. This represents a net loss
of $293.40 over the two year period, August 16, 1985 to August 12, 1987.
Thus the conbl-ned revenues from the 20th rneeting in Quebec and interest
earned on investments and savings almost covered naJor expenses of
prlnting the menbership list, printing Seed Working Group nerrsleEter,
travelling expenses for students to attend the 20th reeting in Quebec,
auditors fee, and prlntlng of letterhead sEationary.

A detailed cash flow fron August 1985 to August 1986 is attached.

Respectf ully submi Eted

C.W. Yeatman
Treasurer
CTIA/ACAA
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CTIA/ACAA

Cash Flos
August 1985 - August 1987

Credit

Item

Balance, August 1985 $ 9,274"48

AmountYear

1985

1986

L987

Year

1 985

r 986

L987

Date

Oct. 31
Dec.16

Aprtl 30
Oct. 31

March 31
June 11

Date

Aug. 31 -
Oct.29

Feb.28
March 25
May 12
June 12
July 23
Aug. 22
Sept. 18

I'larch 5
March 31,
tflay 29
May 13
June 1l

265.35
3,77t.36
1,000.00

354.34
108. 01

29.96
8,000.00

680.00

L4,209.O2

Interest
Proceeds, 20th l{tg.
Return of advance

InEerest
Interest

Interest
G.I.C. principal
G.I.C. interest

Total Credit

Credlt plus Balance

Deblt

Iteu

Travel - 3 sEudenEs

Travel - 1 student
Stationary
Bank charge
G.I. Certificate
Audit
Advance, 2lst I'ltg.
Seed Newsletter

Membership list

Bank charges
Partnership registr.
G.I. Certlficate

Total Debit

1 ,899.09

559.00
801. 33
10.00

8,000. 00
540 .00

1 ,000.00
319.00

I ,362 , oo

1.00
11 .00

I ,500.00

23,0O2.42

Amount

14,2O9.02

23 ,483.50

23 
"OQz.4?

Balance, August 1987 481.08
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ATTACH}IEXT 
'2

COI|SERVATIOI{ OF FOBEST GTNETIC RESOIIRCES

Report to the 2lst Meeting
CTIA/ACAA

August 1987
C.Iil. Yeatman

No actlon programmes for the sole purpose of forest genetic
conservatLon have been Lnitlated or pronoted in Canada during the past two
years, or prevlously. This is approprlate because the long-term maln-
tenance and evolutl.on of representatlve gene pools of forest species can
only be effectlve ln the context of forest anagement, whether the prlnary
objective of management is wood productlon, park land, ecologLcal conser-
vation, protection of rare species, wildlife nanagenent, or multipurpose.
Wl-thin each or any of these contexEsr mflrrag€rtr€nt and malntenance of
genetic resources should be a recognized component and addressed specifi-
cally in management policies and plans.

Greatly Lncreased planting progranmes of recent years place heavy
demands for tree seed. It is generally recognized by Canadian forest
servl-ceS and lndustry that serious losses nay be lncurred by using an
lnproper seed source or by uovlng seed beyond the lLnits of recognLzed
ecological zones or seed zones, or by exceeding rules for seed transfer.
These losses wi.ll be perpetuated in future generations derived from sub-
opt,imal plant or seed stock. The first step in geneElc flEnagenent is to
identtfy good natural stands within defined regions for collection and
productlon of seed on the basis of forecasted requirements and contin-
gencl-es , e. B. forest f lre.

Selected stands cuE for seed collection may be regeneraEed
naturally or with seed or seedllngs of the same origin. These designated
stands wl11 remain identlfiable geneEic resources (gene pools) with very
close to origl-nal gene frequencLes responding to environmental lnfluences
cllmate, sol.1, cultural practlces) within the original setting. As such
they rdill remain standards against which genetic gain can be rneasured.
They will also remaln conslstent sources for seed collectlon and for
future selectlon of trees requlred for breeding.

F.A.O. Panel of Experts on Forest Gene Resources

I attended the sixth session of Ehe Panel held in Rome, Italy, in
December 1985. As North American member I represented the interests and
concerns of Canada and U.S.A. tluch of the attentlon of the Panel is
directed to the rdarm-temperate and tropical forests of the world. In both
hunid and arid climates, social and economic pressures are rapidly eroding
genetic resources through large scale transformatlon and/or eradicatl.on of
existlng forest ecosystems. The panel revlews Ehe current sEatus of
depletlon of forest genetic resources, makes recommendations for means of
conservaEion, and establishes prl-orities for action and l-nEernatlonal
support.
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Attempts to generate global lists of species ln danger are of
doubtful value in vLew of the scale and complexit.y of the problem. The
Panel performs a useful functlon by drawing the attenLl-on of poltcy makers
and practltl-oners to the need for perpetuatlon of genetlc resources and by

publlctzlng prlnciples, methods and examples for sampllng and sustalnlng
selected tree populations.

The Forestry DeparEment of F.A.O. sponsors and contracts projects
in educaEion and consultation that frequently result in substantial publt-
cations of direct. use to foresters in less developed countries. Two

recent examples are:

F.A.O. 1985. ForesE Tree hnprovement. Report on the FAO/DANIDA Training
Course on Forest Tree Improvement, Merida, Venezuela, January-
February, 1980. FAO Forestry Paper 20. 27L pp.

F.A.O. 1985. Tropical Forestry Action Plan. Commlttee on Forest
Development ln the Tropics. 159 pp.

Each of these publlcations includes discussions of genetic resource
management.

rt Coumlttee on Plant Genetic Resources ln Canada ECPGR

The ECPGR is the sclentific advisory group to the Plant Gene
Resources of Canada Office (PGRC), Research Branch, Department of
Agriculture, Ottawa. The PGRC naintains the natlonal seed repository for
conservation of agricultural plant genetic resources. It participates in
international gene resource programmes and internaEional exchange of
genetic stocks. It also provides documentaElon and information services
to breeders and plant scientists and regularly publishes a newsletter.

Interests and activities of ECPGR and PGRC are understandably
focussed on agricultural and hortlcultural croP specles of Canada.
Members are drawn from agrlcultural research stations, faculties, seed and
nursery trade assoclatlons, the Genetics Society of Canada, the Canadian
Society of Horticultural Science, and the Canadian Forestry Servlce
(nyself). Annual reports by members are presented at each November
meeting and printed ln the Minutes, Eogether wlth dl-scussions of current
concerns, proJects and inltlatlves. Further lnformation nay be obtained
from me or from Dr. Brad Fralelgh, Plant Gene Resources of Canada, Plant
Research Centre, Research Branch, Agriculture Canada, 0tEawa, Ontario
KlA 0C6.

Canada-USSR Working Group on Forestry - Forest Tree Seed

Following the initial vlsir to the USSR ln 1983 by Drs. D.P.
Fowler and C.W. Yeatman, three Canadian forest sclentists travelled to
southern Siberla in October, 1985, to collect seed of Scots plne (Pi-nus
silvestris L,) and to identlfy superior stands of Siberian larch_i!eq1"
siUfrfca tedeb.) for future collecEion. Only smal1 quantlties of Scots
nlne htere acquired on thls occasion. The objectlve ls that seed of
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selected origln will be dlstrlbuted to interested agencies in Canada for
growth and yleld trlals and subsequent selection of trees to add Eo base
breeding populatlons of these specles of potential value ln Canadlan
forest productLon. The team included a representatlve of the Canadlan
Forestry Service (Dr. T.J.B. Boyle, P.N.F.I., Chalk River' team leader), a

representative of Agriculture Canada, Prairie Region (Mr. t"I.R. Schroeder,
P.F.R.A. Nursery, Indian llead, specializing in shelterbelt specles) and a
supporting Forest Offlcer of the Canadian ForesEry Service to aid ln
interpretation (Mr. J. Holowacz). Their reports and recommendations rtere
forwarded to Mr. J. Cayford, Director, Great Lakes Forestry Centre, Sault
Ste. Marie and Co-Chairrnan, Canada/USSn Working Group for Forestry.

The collectl-on trlp planned for Southern Siberia in the autumn of
1986 to collect seed of Scots pine was cancelled ln Septernber. The
Russian authorities advised the Canadlan Forestry Service that the crop
forecasts were poor. Tln Boyle hopes to Proceed with this trip tn 1987'
but arrangements have not yet been confirmed. In the neantine, a party
led by Bill Schroeder had a hlghly successful visit to Russia thls sunmer
in relation to arboreal shelterbelt management and selection of specles.

Canadian Plant Conservation Programme (CPCP)

I,fith the initlatlve from plant scientists from Canadian Botanical
Gardens, a first meeting attended by 19 people was held on November 20 and
2I, 1986, at the Universlty of Guelph Arboreturn. The goal of the
programme is: "The conservation of genetic diversity of species and
populations of rare native plants and herltage ornamentals in Canada".

The following announcement was senE to Botanic Gardens and
related instltutlons Lmmedlately following the rneeting.

PROGRAUITE ESTABLISHED FOR THE CONSERVATION OF

CAIIADAIS RARE PLANT RESOURCES

John Ambrose
Universlty of Guelph Arboretum

Guelph, Ontario
Canada. NIG 2t^Il

Canada has an estimated 1,200 species of native plants thaE are
rare or endangered. Botanlcal gardens and arboreta have an enoruous
potential to conEribute toward the lessenlng of the threat under which
these species precariously exist.
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At the foundlng rneeting of Ehe Canadlan Plant Conservatlon
Programme hosted by the Universlty of Guelph Arboretum' representatlves
from Canadafs botanical gardens, related instltutions, and various
agencies concerned wLth Ehe conservatlon of planE gene resources, convened

to consider appropriate objectives and action.

The objectives of this natlonal program have a special enphasis
on the roles living collectlons can play ln a comprehensive conservatlon
effort. With a goal of conserving genetic dLversity of specl'es and
populations of rare native plants as well as heritage ornamentals '
detailed obJectives were deflned.

The enhancement of communication and cooperation between Insti-
tutlons with living collections is a primary objectlve. In addition, such
lnstitutions are encouraged to carry ouE research into Ehe conservatlon
biology of rare planEs, vhich will provide the l-nfornation needed for the
management of signlficant natural habicats. Garden-propagated collections
of rare plants can serve in a crucial aspect of conservationr namely, the
prornotion of publlc awareness of conservation issues and philosophies
through interpretive programs.

A paramount concern of conservation is the protection of the
habitats of rare specles. This group intends to malntain comrnunieations
wlth agencles directly concerned wlth habitat conservation, and direct
efforts toward that overall goal. The establishment of garden collections
of rare plants l-s seen as a complement to, not a substitute for, habitat
conservation. These collectLons, sarnpled fron wild populations in such a

manner as not to furEher endanger them, provide material for research as
well as a source of appropriate genotypes for re-introductlons lnto
restored habitats or enhancement of depleted populations.

A parallel prograrn will be establlshed for the preservation of
heritage garden plants, both those that have been in cultivation since the
tlme of settlement and old cultivars developed in Canada. In addiEion to
preservlng some of our cultural heritage, many have potential for further
garden selections sultable to Canada's climatic conditions -

The botanical garden conmunity has recognized the inportant role
it can play in the World Conservation Strategy, to which Canada ls a

party. This prograrn will facllitate and coordlnate efforts at our various
botanlcal gardens, arboreta, and related institutions.

The lnltlal groundwork for this program was done by Patrick
Seymour and staff of the D'evonian Botanlc Garden (Edmonton). The rnembers

of the elected executive are: John Arnbrose (chairman' Unlversity of
Guelph Arboretum), nandy Currah (Devonian Botanic Garden) and Peter Rice
(Royal Botanical Gardens, Harnllton); and commlttee chairman Bernard
Jackson (Memorial Unlverslty of Botanlcal Garden, St. Johnrs) and Ann

Smreclu (Devonian Botanic Garden).
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ATTACII}TENT 
'3

PROPOSED AI.IENDMEMS:

To Article III, Section c, para. 1:

"A member nay resign by noeifying the Executive Secret.ary or by
instructing the Editor to remove hl.s name from the rnailing list. In the
case of an Active Member, the Editor w111 then notify the Executive
Secretary. "

To Article IV, Sectlon a:

"The Executlve of the Association shall consist of .. ., an Editor
and a Treasurer."

PROPOSED ADDITIONS:

To Article V, Sectlon a:

"The Chalrman shal1 be responsible for nanaging the financial
accounts of the current meeting. Followlng the Meeting, and within the
same calendar year, the Chairnan shall provide the Treasurer with an
audited, detailed statemenE of receLpts, expenditures, and balance of the
Meeting accounts. A surplus wlll be transferred to the CTIA account. A

request for funds to cover a deficit must be rnade to the Treasurer."

To Article V:

"9. Treasurer

The Treasurer shal1 take office upon completion of Ehe meeEing
which elected the new Executive, and shall be responsible for naintalning
the accounEs of the Assoclation beEween meetlngs, providlng a flnanclal
report to members at each business neetlng and ensuring the accounts are
audited at regular lntervals. The Treasurer shall provide funds to the
Chalrman ln advance of each meeting to establlsh an operating account and
receive surplus funds, lf any, followlng each neeting for deposlt in the
Associatlon account. "
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A LONG-TERH TREE-II'{PROVEI,IENT STRATEGY

FOR NEhIFOUNDLAND AND LABRADOR

C.H. Harrison

Department of Forest Resources and Iands
P.O. Box 2006, Ilerald Building

Corner Brook, NF
A2H 6J8

Keywords: Plus trees, seed orchards, controlled crosses, exotics

A conprehenslve prograume for Eree lmprovement in Newfoundland and
Labrador was developed and publlshed in 1986. Copies of the publication
are avallable from the above address.

After an lnLtial revlew of current and past activitLes in the area of
tree improvement in Ehe Province, future strategy is discussed under the
headings of Selection and Breeding of Native Species, The Exotic Testing
Progrannne, and Miscellaneous Projects. Under the flrst heading, a long-
term breedlng strategy ls presented for black spruce, r*hite spruce, and
eastern larch or tamarack. Step-by-step plans are presented in the form
of flowcharts, and each step ls discussed in the text. Technlques that
play a part in the strategies l-nclude plus-tree selection, Progeny tests'
breeding gardens, polycross and partial diallel matings, selection of the
best phenotypes within faml-lles, elonal and seedllng seed orchards, and
hedges for vegetative propagation. Seed production areas have been and
are being established to provlde above average seed until the seed
orchards begln to produce lmproved seed. The possibillty of future
breeding prograumes in other species l-s also discussed.

Under the exotlc testtng programme, a flowchart ls also presented to
represent a general case. The course of events from preliminary consider-
ation of an exotic speeles for introduction to genetlc improvement of that
specles is presented in the same step-by-step manner. Along the way, of
course, are several Junctures at which the species may be ellninated from
the progranme.

A few exotic species, such as Japanese larch and jack pl-ne, have
already proven themselves sufflciently to justify productlon plantlng.
Many others have elther not survived or have done so poorly that they can
be elfuninated from further conslderatlon. Qulte a few others are still in
the "grey area". They have not done well enough to justlfy a full-scale
lntroducEion and improvement programme, but nelther have they done so
poorly as to be wrLtten off as fallures. Further trials are indicated for
them.
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The broad range of species not yet tried includes many that can beeliminated because they would noE. survive Newfoundland winters or because
they are of little or no conmerclal value anlrway. Most of the remainder
will be subjected to pilot trials, usually as arboretum specimens. Then,if they show promise, they will later be subjected to larger species
trials- A few, which seem to be especially good prospects, will be
subjected to specles Erials wic.hout going through the piloi trial st.age.

The major project discussed under the Miscellaneous heading ls TheProvincial Arboretum. IE will consist of an exotic division *nd r geneticdivision, and will be centered at wooddale Nursery, with branches at
Pynnrs Brook, Mt. Pearl, c'oose Bay, an,cl possibly other locations. one ofiEs major functions will be to serve as a place for pilot trials of
numerous exoEics, but will also be valuable for educational and scientiiic
purposes, for preservation of genotypes, for public rel-ations, and forreference. A few specimens have already been-planced in situ, and olanyothers are in the greenhouse or in special transplant -U-eas. irost of themwill be placed in the arboretum this year.

Blotechnology and the impact developments in that area may have onour straregy are briefly discussed. A work plan for 1987 aqd a five-yearplan for 1987 through 1991 are presented. Copies of the publication have
been distributed to appropriate provincial, Federal, and industry
personnel. An annual meetlng will be held in January of each year to keep
everybody concerned up to date on progress in implemlnting the scrategy.
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TREE IMPROVE}4ENT AT THE NEI^IFOUNDLAND FORESTRY CENTRE

1 9B5- 1987

J. Peter Hall

Newfoundland Foresl-ry Service
Canadian Forestry Service

Box 6028
st. John's, NfId.

Alc 5x8

Keywords: Provenance trlals, afforestation trlals, flower induction

Tree improvement activlties at the NeFC centred on a series of
provenance trials. A study on flower induction in black sPruce was
published and a study on opti,mal dates of cone collection for central
Newfoundland was begun. An evaluation was begun of a series of affore-
station trials which had been established ln eastern Ner.rfoundland between
1937 and 1970.

PROVENANCE TRIALS

The results of the turenty-five year old White spruce (Picea. glauca
(Moench) Voss) provenance trial was published and showed the superiority
of certain Otta$/a Valley and western Quebec sources (Ha1l 1986b). Resulfs
from a twenty-flve year old trial of red spruce (P. rubens Sarg. )
indlcated no clinal or geographic Erends (Hall 1986a). Ileight growth was
related to the amount of introgression wich black spruce (P. mariana
(Mi11) B.S.P.). A test of coastal and inland balsam fir (Abies balsamea
(L.) Mill) sources indicated that growth of the coastal sources declined
around age thirty (Hall 1987d). Twelve provenances of Sttka spruce (P.
sitchensis (Bong.) Carr.) were assessed at Ewenty years. 0n average the
Sitka were outgrown by local black spruce but some individual Sitka spruce
grew much faster than black spruce, This suggested the development of a
land race ln Sltka spruce (Hall f987b). The regional provenance trials of
black spruce indicated a mlxed clinal and ecotypic pattern of variatlorr.
Use of local seed sources for reforestatlon ls suggested (Hall 1987c).

A trial of twelve seed sources of European larch (Larix decidua
l{111. ) was established in 1986. Seed for an all range trial of tamarack
(L. laricina (Du Roi) K. Koch) was sown in Ehe greenhouse n 1986.
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FLOWER INDUCTION

A study on flower induction in black spruce showed Ehat GL417

was effective ln promoting flowering in twenty-yeax old Erees (HaU
1986c). Another "t,tay showed that iL r^ras practical to collect black and

white spruce and tamarack cones several weeks earlier than usual to reduce
losses by squirrels and insects (Curran et al. 1987)'

AFFORESTATION STUDIES

A survey of afforestation trials showed that it was possible Eo

afforest exposed barranlands with a variety of species of Larches, Spruces
and Pines (Pinus spp.) (Hall 1987a). The crop for the first rotaEion (40

years) is fikely to be firewood. The plantaEi,ons regenerated naturally
and the second crop is superLor in growgh and form because of the
amelioration of the microclimate.

PUBLICATIONS AND REFERENCES
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TREE IMPROVEMENT AT NEI.T BRUNSWICK DEPARTI'{ENT OF NATUML
RESOURCES & ENERGY

R.D. Bettle and K.J. Tosh

NB Department Natural Resources and Energy
Provincial Forest Nurserv

R.R. tt6
Fredericton, New Brunwick

E3B 4X7

Keywords: Famlly tests, plus tree selection, seed orchards, sEand tests

The New Brunswick Departnent of Natural Resources and Energy's tree
improvement program has continued to be very actlve over the last two
years. MosE of our effort has concentrated on the four main reforestation
species, black spruce (I1.." mariana (Mi11.) B.S.P.), jack pine (Pinus
banksiana Lanb.), whlte spruce (Picea glauca (l'loench) Voss) and tamarack

@--]"ti"frrq (Du Rotl r. roctr.). ri-adEltlon, tree improvemenE
programs have been lnitiated for balsam fir (Ables balsamea (L.) Karst.).
Active participation and cooperation has continued with the New Brunswlck
Tree Improvement Councll.

A summary of the Department of Natural Resources & Energy's tree
lmprovement effort 1s outllned as follows.

STAND TESTING

A number of black spruce and jack pi-ne stands have been reserved and
tested throughout New Brunswick. Ten-year measurements were assessed for
jack plne stand Eests in 1985 and 5 black spruce stand tests in 1986. To
date, 337 kilograms of black spruce seed and 257 kiLograms of jack pine
seed has come from reserve stands.

PLUS TREE SELECTION AND BREEDING

First generaEion selectlon has finished, wit.h a total of 632 black
spruce, 539 jack pine, 102 tamarack and 78 whit.e spruce plus trees
selected by DNRE. For white spruce and tamarack, controlled pollinaEions
began ln 1986 wlth 5 crosses carried out for tamarack and 11 white spruce
crosses. It w111 be several years before there are enough crosses for
progeny tesEing.
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oRoltARt) tisIAtll, tsllfll.:Nt' ANI) l'AMl l,Y 'tt:st's

'lo date, 4t) hectares of hlack sl]ru(:e] 25 hectares of jack pine and u

hectares of Ottawa Valley white spruce seedling seed orchard have been
outplanEed. IE is ant.icipated that the total area now planted will meet
all of our present seed requirements. In the fall of 1986, the first
major cone collection sras made ar our Otter Brook 1979 jack pine orchard.
A total of 1644 litres of cones were collected, which yielded approxi-
mately 5 urillion seed (Tosh f987). Roguing operations were completed in
thi-s orchard in the fall of L986, with a final first roguing of 537".

Grafting of white spruce and Eamarack for clona1 orchards and
breeding gardens has continued. ApproximateLy 2361 whiEe spruce and 1560
tamarack scions were grafted. The total clonal orchard area is 8 hecEares
of whiEe spruce and t hectares of tarnarack and, with Ehe exception of
fill-ins, all of the clonal orchards have been planted.

PUBLICATIONS AND REFERENCES
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TREE BREEDING AT THE CANADIAN FORESTRY SERVICE _ MARITIMES
1985 and 1986

D.P. Fowler, J.M. Bonga, Y.S. Park, J.D. Simpson, and R'F' Srnith

Canadl-an Forestry Service - Maritimes
P'O. Box 4000

Fredericton, New Brunswick
E3B 5P7

Keywords: Population studles, provenance tests, species hybridization,
applied tree lmprovement, tissue and organic culture, Picea,
Larix, and Pinus

An opportunity exists to substantially increase forest growth by
developing- and utilizing genetically superlor trees for Ehe expanding
reforestation programmes of the I'laritimes Reglon. The objectives of the
tree breeding work at the Canadian Forestry Service - Maritimes (CFS-I"I)

are to determine the amounE of genetic lmprovement attainable within
promising tree genera and to provlde resource mtnagers of the Region with
the informatlon and, in some cases, breedlng materials required to obtain
reallstic levels of genetlc improvement.

HYBRIDIZATION IN PICEA AND LARIX

The almost complete absence of flowers on Picea and Larix in central
New Brunswick in t9b5 precluded work on species-El6-ridization. In 1986,
pollen of Plcea engelmannii, P. glauca, P. glehnii, P. jezoensis,
f. koyauraiL. neyert, and f. orientalis were tesEed on I:91""9". Tl.
Eross n gfa-uca ly one that consistently produced
viable seeds. No full seeds were obtained from other crosses of
P. mariana (female) with P. glauca from boEh eastern and western sources.
E paper on species crossaEillty-oF P. glaucq and P. sitchensls has been
accepted for publicatlon.

Selected Larix leptolepis clones were crossed wlth phenotyplcally
good L. dectdua tn 26 tree X tree combinations. Seed yields from these
cross& rere below expectation. One seedling from each of 25 differenr
L. leptolepis X L. decidua crosses was vegetatlvely propagated to provide
mateJtats for te;ts deslgned to determine the number of ramets/clone and
number of planting sites required to identify superior hybrld clones.
Seeds germlnated in February produced over 50 cuttings each in November.
With serial propagation (14 cuttings taken in June and Ehree sets of
cuttings struck at monthly intervals starting in November) it is possible
to obtain 500 ranets/clone in one year. Llsing thls sysEem, 1,000-2'000
plants could provide 1 nilli-on cuttings or more per year.
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SPECIES AND PROVENANCE TRIAI,S

Starting in 1953-54, field trials of important native species and
potentially lmportant non-native species have been established ln the
Maritimes. The species trials include: Abies (5 trials), Larix (7),
Pinus (5), Picea (t). This aspect of the--y tras been largely
cornpleted. During this same period, provenance trials rdere establlshed
with the following speci.es: Abies balsamea (3 trials), Larix leptolepis
(l), r,. laricina (1), Pj-cea rbi"" (lD-, g. *".i""r (1), p:l-liu&F6-
Pinus banksiana (l), P. resinosa (2), Pseudotsuga menziesii (3), and
tm"@( t). t^tirh rtte etElli6i-F Ehe rosr tecently
establlshed trials with Picea mariana and Larix laricina and the few
trials esEablished using large ptots, most of the useful inforrnation on
geographic vartation has been extracted from Ehis study. No new prove-
nance trials are anticlpated. During the report period survival data were
obtained from the L. laricina trial which is olanted in 10 locations in
the Region. The !. feptofepfs trial which was planted in 49-tree plots
was measured and thlnned to 25 trees per plot. Data frorn a Picea rubens
trlal (age 23 years) and the range-wide P. mariana trial ( t0 Vears) ttave
been prepared for publlcation.

POPULATION STUDIES

In I979, the population genetic studies of important reforestation
species \rere reorganized and consolidated to include experiments on
populatlon structure, lnbreeding, progeny testing, and quantitaEive
estimates of genetic parameters. There is a total of eight major experi-
ments involving black spruce, white spruce, and tamarack. The studies
concerning effects of lnbreeding on seed set, relatedness among neigh-
borlng Erees, embryonic lethals, and early survival and growth of the
three specles tr,ave been completed. The f ield plots of these experiments
will be malntained and evaluated at regular intervals.

A new study concerning genetic structure of upland and lowland
populatlons of black spruce was initlated in 1985. The prime purpose of
this experlment was to examine family relatlonshlps among the trees
growlng under different ecological conditions. It is trypocheslzed thaI
the lowland populations consist of overlapping generations of trees, and,
thus, are expected to have stronger family relationships than found in
upland populations. Five subpopulations at Acadia Forest Experiment
Station (AFES) were used. For each subpoputation, a.series of controlled
pollinations were performed using self-pollen, a pollen mix of nelghboring
trees and a pollen mix from an unrelated population, plus an open-
pollination. Thls resulted in a total of 150 families. The seed set and
greenhouse growth data have been analyzed. A field test has been
established at AFES using 10 randomized blocks of 4-tree ror^r plots.
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Population studles of tamarack received aEtenElon during l-he revlew
period. An open-pollinated progeny test was esEabllshed at four EesE

sltes in the llaritlmes using farnilies from three natural populatlons in
New Brunswick (AFES, CANAAN, and NORTON) and has been analyzed for five
year height and survi-val. Narrow sense heritability for hei-ght for the
AFES population was moderate (ht = 0.I2), but for the CANAAN and NOKION
populations iE was low, 0.05 and 0.04, respectively. This result inplies
that Ehe conventlonal selective breeding cechniques may be ineffecfive for
populatlons such as CANAAN and NORTON.

Another tamarack experi-ment, "clonal progeny test" at two tesE sites,
was also anaLyzed for five year height and survival. The same three
populations rdere included in t.his experiment, but the plant, materials were
derlved by nriass clonal propagation, i.e., rooted cuttings. The rnain
objectives of this experiment were (l) to determi-ne amount of genetic
variability for each popularion and partition into addicive and non-
additive components and (2) to explore feasibility of clonal propagation
and selectl,on as a tree improvement-reforestati-on opEion. The results
lndicated that abouE 857" of clonal variation in height was additive for
Ehe AFES and CANAAN populations but only 187" for the NORION population.
It also lndicated that clonal forestry with tamarack is a viable
alEernative, and selection based on clone means and mass vegetative
propagaEion will achieve substantlal genefic gain even if the proportion
of additive varlance is smal1.

COOPERATIVE TREE IMPROVEMENI

The CFS{ continues to provide technical coordination and direction
Eo the cooperative tree improvement programme in New Brunswick, The New

Brunswick Tree Improvement Council completed its lOth year of operati-on in
1986. The programme is at a crossroad between the compleLion of plus Eree
selection, farnily testing, and seed orchard establishment and the
lnltiation of a breeding and progeny testing programme and the harvesting
of cones from seed orchards.

Plus tree selection has been completed with over 2500 trees selecEed
representing over 907" of the goal. Seedling seed orchard establishment
and famlly Eesting of jack pine and black spruce will be completed in
1987. Presently there are about 44 and 84 ha of jack pine and black
spruce seedllng orchards, respectively. About 44 ha of clonal seed
orchards have been establlshed, primarily of tamarack and white spruce.
Two jack pine seedllng orchards, planted in 1979, were rogued in 1986.
About 8.5 million seed were collected in 1986 from three jack pine
seedling orchards. Some seed was also collected, for the first time, from
two black spruce seedling orchards.

The breeding programme for white spruce and tamarack was iniriated in
1986. Two Eypes of mating are being conducted: polycross, to test clones
for general combining ability and pairrnating, to generate material for
second generation selections.
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An immedi-ate benefiE of the tree improvement programme can be through
a reduction in planting efforts required Eo achieve specific future wood

supply targets as a direct result of shorter rotations and higher yields '
However since there are only small amounts of improved seed available,
this is considered a potential benefit. The extent to which ehis
potential benefit will be realized will be deEermined by following or even
accelerating the schedule for rogueing orchards and rnaximizing seed
production wlthin thern.

CONE AND SEED RESEARCH/SEED ORCHARD MANAGEMENT

There are currently over 200 ha of seed orchards in the Maritime
Provinces. Numerous problerns have arisen associaEed with both rhe
establislxnent and management of these orchards. The CFS-M staff from both
Tree Inprovement and the Forest Insect and Disease Survey continue to
provide assistance to orchard managers in the Region Ehrough Eechnology
transfer, and conducting operationat, problem-oriented research trials'

An operational fert.ilizer trial for cone inducEion was established in
a New Brunswick Department of NaEural Resources and Energy jack pine
seedling seed orchard. This trial will be assessed in 1987. Similar
Erials are scheduled for black spruce and white spruce seedLing orchards
in 1987.

TISSUE CULTURE OF CONIFERS

Dr. Patrick von Aderkas joined J.I'l. Bonga to work in the area of
tissue culture of conifers. The tissue culture programme has two main

components, l) regeneration of plants from haploid tissues, and 2) clonal
propagation of mature trees. Over the last 6-7 years almost all our work
has been carried out with Larix decidua, a species that appears to be

easier Eo culture than most other conifer species that we have available.

Three years ago we established a highly embryogenic callus from
megagametophytes. This callus by now has passed through about 50

subcultures and is still producing haploid embryos at an undimlnished
rate. These embryos germinate readily and form small, green plantlets
that can be grown in soll for about 6 months. Then growth stops and the
plantlets die. The plantlets are much smaller than Eheir diploid counter-
part.s at the same stage of development. Presumably, lethal recessives'
freely expressed in the haploid state, prevent continued growth of the
plantlets. This experiment was repeated during each of the following two
summers, i.e., we have a reproducible system. The two key factors in the
initiation of embryogenic callus are the Proper collection date (within
2-3 weeks after fertillzatlon), and 2,4-D.
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Clonal propagatlon of nature trees is still difficult. We are
routinely producl-ng large numbers of adventitlous shoots from trees that
are about 30 years old. llowever, only about 17" of these shoots wlll forur
roots. Unfortunately, most of these root.ed shoots fail Eo elongate. So
far we have produced only one plantlet that ts behaving like a normal
seedll-ng. Formatlon of thls normal plantlet ls encouraglng because it
indlcates that the explants at least have the potential to produce normal
propagules.

Bonga, J.M. 1986. In
Biotechnology ai?-
S. Hasnain, and J.
Ltd., 20 p.

Carter, K.K., and J.D. Simpson.
improvement programs in the
2: 127-131.

PUBLICATIONS

vitro propagaEion of mature conifers. In
ffiaute Energy. Edited lL M. Moo Youi!,
Lanptey. Elsevier Applied Sciences Publlcations

Fowler, D.P. f985. Past, present, and future of
ment programs. 66th Annual I'leet., Woodlands
P.Q., Jan. 29, 1985. Can. For. Ind. f05(f0):

1985. SEatus and
Northeast . ttrorth.

outlook for tree
J. AppI. For.

Canadian tree improve-
Sect. CPPA. Montreat,
r4t-r42.

Fowler, D.P. 1985. Tree lmprovement. Chapter 6. In Reforestation in
the Maritimes 1984 Symposlum. Edlted by R.D. UiTtett, M.D. Cameron,
and T.S. Murray, Apr. 3-4, f984. Moncton, N.B.

Fowler, D.P. 1986. Strategies for the genetic improvement of important
tree specles in the Maritimes. Can. For. Serv.-I'laritimes. Inf. Rep.
M-X-l 56.

Fowler, D.P. 1986. Strategies for the genetic improvement of Larix
species and hybrids in the Maritines. Proc. 1986 Larch Workshop.
Frederlcton, N.B., Oct. 14, 1986.

Fowler, D.P. f986. Strategy for the genetic improvemenE. of Norway
spruce. Proc. 30th NEFIIC, Orono, l'Iaine. July 22-24, 1986.

Fowler, D.P., J.M. Bonga, Y.S. Park, J.D. Simpson, and R.F. Smith. 1986.
Tree breeding at the Maritimes Forest Research Centre I9B3 and 1984.
Proc. 20th CTIA. Part l. Edited by C.W. Yeatman and T.J.B. Boyle.
Quebec clry, p.Q., Aug. tg-ffiaT 58-63.

Gerhold, H.D., and Y.S. Park. 1986. Populatlon hybridizatlon in scotch
plne (Pinus sylvestris L.): II. comblning ability comparlsons.
Sllvae Genet. 35: 195-201..



-36-

Nagmani, R., and J.t{. Bonga. f985" Embryogenesis in subcultured callus
of Larix decidua. Can. J. For" Res" 15: 1088-109f.

Park, Y.S., and H.D. Gerhold. f986. Population trybridizati-on in Scotch
pine (Pinus sylvestris L.): I. geneti.c varlance components and
heterosis. Sllvae Genet. 35: 159-165.

Simpson, J.D. 1985. Third annual reporf. N"B. Tree Improvement Council 
"Marit. For. Res. Cent. 15 p.

Simpson, J,D. 1986" Fourth annual report" N.B. Tree Improvement
Council , Marit. For. Res. Cent. 20 p.

Simpson, J.D. 1986. Developing the superior balsam. Pages 57-6L in
Balsam Fir Update: A Review of the Latest Research Flndings PeEinent
to Christmas Tree Culture, University of Nan Brunswick, Faculty of
ForesEry, 76 p"

smlth, R.F. 1985. Grafting experirnents with whlte spruce. can. For.
Serv., Harit. For. Res. Cent' Tech' Note No. f34.

smlth, R.F., L.P. Hagast, and K. Itrarrison. 1986. Cone rust - A potential
problem in white spruce seed orchards. Can. For. Serv." Martrtirnes
For. Res. Cent. Tech. l'{ote No. l-61.

Smith, R.F. 1985. Seed collection and handling. Chapter 7. In
Reforestation in the Maritimes 1984 S1'mposium. Edited by R-D-
Ilallett, M.D. Cameron, and T.S. Murray. APr. 3-4, 1984. Moncton,
N.B.

Srnith, R.F. f986. Managing black spruce seedling seed orchards for cone
and seed productlon. Pages 187-190 in Proc. Conifer Tree Seed in the
Inland Mountain West Symposium. Compiled !y_ R.C. Shearer, Missoula,
I,ff, 5-6 August, 1985.



-31-
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TlricfnEllonat s66-d orchard, fanily test, seedllng seed
o;6a;a; controlled polllnatLon, flower l-nduction

Thls report sunrmArizes tree l-mprovement Progress of J.D. Irvlng Ltd.
for the pasf two years. The program was l-nltiated in 1980 and activities
have mainly involved plus tree selectlon, open pollinated family test
establishment as well as clonal and seedllng seed orchard establlshment.
The establishment of farnlly tests and seedling seed orchards has been l-n

conjunction with the New Brunswick Tree Inprovement Council. New projects
wl11 also be dtscussed.

PARENT TREE SELECTION

Fteld selectl-on of plus trees for fi-rst generatlon seed orchards was

completed in October, 1986. A total of 487 selections have been made

sl-nce 1980 for black spruce (Picea mariana (Mi11.) B.S.P.), whlte spruce
(Picea glauca (I"loench) Voss), llorway spruce (Pigea abies (L.) Karst.)'
j".t prft-6t" banksiana Larnb. ), and easreri-G-rc6-llanarack) (Larix
laricina (lu nof) i(. foctr). These selectlons, conblned wl-th other
selecEfons shared with the New Brunswick Tree Improvement Council (NBTIC) 

'provide the lnltial genet,ic base of 588 select trees for J.D. Irving Ltd.

A11 future selections for advanced generation seed orchards will be
nade in replicated field plots, using only tested material.

PROPAGATION AND CLONAL ORCHARDS

Graftlng for clonal orchard and clone bank establlshment has been
done at the Sussex Tree Nursery since 1981. Rootstock and seedlings for
fleld test establlshment are also grown at thls facility. lJork on
rnethodology for operatlonal vegetative propagatlon has also begun for
several specles. Multtplication techniques and rooting procedures are
being investigated now to assess the economic feaslbtlity of propagating
speciflc crosses based on Progeny test informatlon in years to cone.
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establishment of
completed are as

first generatiorr
follows, by

Species

Black spruce

White spruce

Norway spruce

Jack plne

Eastern larch

Area

10. i

L+. Z

1.6

8.r

9.7

20.2

24.3

3.2

8.1

9.7

The oldest areas of the orchards are beginning Eo produce cones and
in 1987 the first 50,000 seedlings were grown.

SEEDLING SEED ORCHARDS

Since 1979, a total- of 13 open pollinated seedling seed orchards of
jack pine and black spruce have been established by J.D. Irving Ltd. on
37.2 hectares of land. These orchards orlginated from seeds collected
from plus tree selections wi-thin the New Brunswick Tree Improvement
Council. The flrst genetic roguing of the oldest jack pine orchard has
been completed and operational seed crops have already been harvested and

crops grown in the company nurseries. Supplemental mass pollination
activities were conducted in I987 in the oldest black spruce seedling
orchard, with Ehe flrst cone crop to be harvested in September 1987.

FA]'IILY TEST ESTABLISHMENT

Since 1978, a total of 88 research plantatlons of various types have
been established by J.D. Irving. Of this total, 30 open-pollinated fanily
tests of jack pine and bl-ack spruce are planted on 50.9 hectares of land.
These tests are establlshed in co-operation with NBTIC and are provlding
the genetic information to rogue the seedling seed orchards and for the
selection of lmproved parents for future generatlon orchards.

TREE BREEDING

The flrst major efforts in tree breeding began in 1986. Controlled
polJ"lnatlon ls being done on the clones from Ehe seed orchard in crder to
determine those to be rogrled and also Eo provide some of the material for
the next generation of improvement. This process is anticipated to
require a number of years for cornplelion. Work is currently underway to

Total planned
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look at precttcal ways of acceleratlng rhLs proceas through growth
acceleratLon of grafts ln the greenhouse ard flower lnductlon techniques.
In the current generatLon, thLs ls especLally lnportant for clones whLch
cane lnto the program Ln later years. This wLll reduce the tLme epan over
whlch flrst generatlon progeny tests are establLshed. Work has also been
lnitiated in retrospectLve fanLly tests Ln the nursery, uslng soue of the
fanLlles fron the first serLes of tests establlshed by NBTIC tn 1979.
This will give us an Ldea of tle poEentLal uses of accelerated progeny
testlng.
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RESEARCH IN TREE SEED AND POLLINATION, 1985-1987
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Keywords: Picea mariana, seed-eone, pollen-cone, seed production,
dl-stribution patterns, pollen monitorlng

Ihrring the period covered by this report, [y' Ph.D. program at the
UnLverslty of New Brunswick llas finalLzed. This report includes the
abstract of nry thesis and a brlef sumnary of research inl-tiated with
Fraser Inc.

Ph;D. TI{ESIS ABSTRACT

The objective of this investlgation was to describe morphological and
developmental changes associated wlth tree-maturation, branch-maturation,
and seed-production phenomena as crown structure developed in young black
spruce (3t9gg marlana (Mi11.) B.S.P.). The information was gathered from
6- to f8-year-old, plantatlon-grown Erees ln northwestern New Brunswick
from 1980 to 1983. This informatlon was used to show how developmental
patternLng l-s related to productlon of seed cones and pollen cones and,
hence, to initlatlon and contlnuaElon of seed production.

The amount, duration, and complexity of branch develoPment followed
patterns related to the initlal posltiorr of the branch on the m:in stem.
Seed cones and pollen cones were fl,r:si recorded on 7- and lO-year-old
trees, respect.lvely. Quantities of seed cones and pollen cones lncreased
wlth tree age but with biennial fluctuations. The seed-cone and pollen-
cone zones fluctuated ln sl-ze as production of strobili fluctuated.
Placement of stroblli on shoots was assoclated with shoot length and shoot
locatlon withln lndividual strobilus zones. Seed-cone and pollen-cone
productlon were each associated wiLh concomitant, and subsequent,
reductlon of shoot production, whlch reduced the poEential number of sites
for cone productlon in the subsequent year. Large quantitles of cones
were negatively assocLated with numbers of buds lnltiated, time of shoot-
bud flushing, amounE of sexual dlfferentiation, lengths of shoots, and

numbers of ovuliferous scales per seed cone during the seed-bearing year,
and wlth lengths of seed cones the following season. Therefore, Ehe large
quantitles of cones were themse-lves involved in nainEenance of biennially
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fluctuating levels of production. Full seed yield per cone increased with
increases in numbers of both kinds of reproductive structures. Seed
potential rras generally high for seed cones on the young trees but full
seed yield per cone was at times low and was associated with relatively
small nunbers of pollen cones and small quantities of pollen.

Thi-s investigation demonsrrated the existence of distinct structural
patterns associated with fluctuaLing seed production. The information
provided should be of value in managing seed orchards, in developing
procedures to enhance or oEherwise control strobilus production, in
explaining resource production and allocation within the crown, and in
elucldating the physiological bases for cone differentiation.

SEEDLING SEED ORCHARD POLLEN MONITORING

Pollen monltoring was initiated in 1987 in two Fraser Inc. black
spruce seedling seed orchards in norttuestern I'bw Brunswick. The 2.8 ha
Second Falls (S.F.) orchard was established in 1978. Parts of the 13.5 ha
PlasEer Rock (P.R.) orchard were sequentially established in L979, 1980,
1981, and 1984. Pollen traps (10 and 16 in the S.F. and P.R. orchards,
respectively) were installed wlthin and surroundi-ng the orchards. Traps
were lnsta11ed at the level of the fernale zone of the trees and were
collected and replaced daily for 18 days starting on May l7th.

The pollination period began on May 18 in P.R. and one day later in
S.F., and lasted until early June. Pollen grains were still being trapped
by early June, but quantiEies were low and insignificant. Most seed cones
had closed by May 30th. Seed-cone receptivity lasted for about 15 days.
Peak pollen shedding rras recorded on traps collected on }lay 28th in both
orchards.

The quantity of pollen grai-ns of within orchard sources trapped
durlng the entlre pollinatlon period was low. This was expected, as
productlon averaged 1.0 and 3.2 pollen cones per tree in the S.F. and P.R.
(1979 section only), respectivelv. Evaluation of the quantity of pollen
gralns of contannlnati-on sources indicated that 35.5 and 68.6'"A of pollen
grains trapped in the S.F. ancl P.R. orchards, respectively, were
contaminants.
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The program of education and research at the University of New
Brunswick (UNB) is expanding and good progress is being made" This report
highlights activities since the last review (Powell and Morgenstern i986).

Provenance

By means of a contract with the Canadian Forestry Service, a synthesis
of results was prepared from the range-vide study of black spruce (Picea
narren4 (Uiff.) n.S.P.) at age 15 years from seed. tleight was well differ-
entiated but not survival; opposite trends appeared in some experiments.
Results from the northeastern experiments have been discussed by Kolotelo
(fqAZ) and Morgenstern et al. (1987). In experiments wiLh jack pine (Pinus
banksiana Lamb. ) at five-l6Eations there are good correlations between
height at ages 5 and l0 years from seed (Crain f986). In Lhree experiments
of white spruce (Picea Flauca (Moench) Voss) in Nova Scotia, both Prince
Edward Island and Ottawa Valley, Ontario provenances were in top rank at 5
years (Sailey 1987).

Progenv tesLs

Several series of cipen-poilinat-ed family t-ests of jack pine and black
spruce agairt confirmed that at age 5 years, narrow-sense heritability of
height growt.h based on individual t.rees ranges from 0.12 to 0.17 ancl family-
heritability fronr 0.75 to 0"85 (colpitts 1987, Johnstone 1987, Maxwell
1987). The farnily heritability of multiple-l-earler inci<lence is much lower
(0.12) (Mason 1987).

Fami 1y - nutgeLL_in terec t i !q
Famil.y te:;ts of black spruce at two locati,rns demonstrated signif icant

fanrily differerrces in foliar concentrations of nitrogen (N), potassium and
tnagtresium (Opi<,t 1987). In greenhouse experiments with open-pollinated
tamarack (i,arix laricina (Du Roi) K. Koch) farnilies, thene were significant
differences iilronq families in N utilization efficiency and dry weight and
significant N-faruily interactions for N accunulation and dry weight" and
Iarge differences in phenotypic stability. Differentiation with respect t-.a

soil types and phosphorus r{as less pronounced (Wanyancha 1986).

Breedinq strategy
Efforts have continued to develop more basic information on nrood
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quality with the objective of using it in breeding strategies. Age-to-age
correlations of relative density were determined for jack pine and black
spruce and heritability of jack pine density was sslignated. A Pilodyn wood
tester was found to be suitable for fanily selection in jack pine and an
appropriate sampling method was devised (Vi.lleneuve 1986a, 19S6b).

Mr. Greg Adams, an M.Sc.F. candidate, developed a selection index for
jack pine based on height, crown form, stem straightness, branch angle, and
branch dianeter. Negative genetic correlations betrceen height and erown
and stem and branch traits indicate that selection for height alone results
in deterioration of quality traits. The thesis is in its final stages.

Cone and seed production and crown development

Distinct within-crown patterns of buildup and annual variation of cone
production u/ere evident in young tamarack and black spruce and lag in
production of pollen cones adversely affected seed set in early years (Tosh
1986, Caron f987). Continued cone production hras intimately related to
developmental patterns of branches of black spruce (Caron 1987). Sirnul-a-
tion of temarack croun development was extended to higher branch orders
(Remphrey and Powell 1987) and will facilitate simulation of foliage and
cone deplolnnent. Composition of bisporangiate cones varied in relation to
position in tamarack crowns (Tosh and Powell 1986). Evidence of rnicro-
climatic pat.terning \{as observed in white spruce crowns (fnelps and Powell
1987). The seed-production process was briefly described for tamarack
(Powell and Tosh f987), eastern hernlock (Tsuga canadensis (t.) Carr.),
eastern white cedar (ttruja occidentalis L.) (Powell l987b,c), and three
tropical leguninous trees (Kariuki 1986). Seeds of one of the latter,
Brachvstegia spiciformis Benth., appeared not to be seed-coat dormant,
whereas those of the other two legumes were (Kariuki and Powelf 1987).

Studies of syllepsis, a feature of many young tamarack trees, were
continued. Syllepsis was associated with greater diameter and height.
growth (McCurdy 1986, Powell and Vescio 1986), was evident in both long-
shoot and short-shoot forms and did not affect leader crookedness (Stairs
1986, Powell 1987a). Even under favourable grovth conditions, some trees
renain non-long-shoot sylleptic. Narror+-sense, individual-tree heritabil-
ity estimates for numbers of sylleptic long shoots produced per year ranged
fron 0.25 to 0.75 in groups of tamarack faurilies (Young 1987).

Tree phvsioloFv

Dr. R.A. Savidge has received substant-ial NSERC funding in support of
his research dealing with the regulation of wood formation. A state-of-the-
art facility for screening trees for hormone levels in relation to vood
quality/quantity should be fully operational by 1988-89. Studies of
regulation of lignification in Larix eurolepis Henry have been initiated.
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aldgronarroN DES ARBRES FoRESTTERs-A m DrREcrroN DE LA REcHERcHE ET DU

DEVELoPPEMENT DU MINISTERE DE L'ENERGIE ET DES RESSOURCES IU QUfNNC
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Mots-c1€s: Populus L., tests de provenances, tests de descendancest test
clonat, s6lection de clones, croisements dirj-g6s, varl6t6s
uulticlonales, vergers d gralnes, s6lection d'arbres,
r6sineux; greffes, densitE du bols

sf;r,rcrron DE cLoNES ET AI"6LroRATr0N

c. Va116e

DU PEUPLIER (POPULUS L.)

En r€suur6, a' ce jour, un total de 2032 clones ont 6t6 sous obser-
vatlon au service, dont 650 ont €t6 s6lectionn6s dans les peuplements
naturels au Qu6bec et 928 dans des plantations comparatives; les 454
autres clones ont 6t6 introdulEs surtout d'Europe et dfOntarlo. De plus
39 disposltlfs de tests clonaux, cinq plantatl,ons de collections de

clones, et 20 dispositifs de tests de provenances et de descendances ont
6t6 mts en place. Un total de 2184 croisements ont 6td falts dont 282 ont
donn6 des senis. Ajoutons ltobcention de pays €trangers de 243 lots de

semences et de la r€colte au Qudbec de 299 lots de semences repr6sentant
23 espdces ou hybrldes.

Durant 1985 et 1986, un total de 734 croisernents artificiels ayant
produit LO 752 semis ont 6tE falts l partir dfarbres de clones
s6lectionn6s dans nos plantatlons et de pollen de P. nigra t. et P.
maxlmowiczil tlenry obtenu d'Italie et du Japon respectivement. Toutes les
ffiim;-EtFrides avec P. maximovticzi-i montrent une croissance exception-
nel1e et une ErEs bonne rEsiETEice au" rnaladies foliaires I'lelampsora
medusea Thurn et Marssonnina brunnea (E11. et Ev.) Magn.

Un test de 30 descendances de P. maximowlczTT comprenant 12 1-37

plants est en cours de r6alisation.- f,us-gr"i""" de ces descendances ont
6tE fournles par 1e Dr. Chiba du Japon et provLennent de 1tile drllokkaido.
Le Dr. Steenackers de Belgique nous a fourni 19 lots de semences r6co1t€es
dans ses plantatl-ons et 165 clones de ses sElections r6centes. Quelque 11

tests clonaux repr6sentant dlvers hybrides et slx tests de provenances
avec P. trichocarpa Hook et P. nigra ont 6t6 1nsta116s durant 1es deux
derntdres arffi
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A cause des d6gits importants faits par $ptoria musiva Peck dans les
ptantations de p",tpli.r" tryUriaes du sud du QGEe.c,lTfffi d6cid6 de
s6lectionner, au niveau de la p6piniEre, les clones r6sistants ou peu
susceptibles i cette maladie. Avec I'aide de Guy Bussidres (pathologiste
au M.E.R.), et en collaboraEion avec le Dr. Hubbes de lfUniversic6 de
Toronto, des m6thodes de producEion drinoculum et drinoculation de rejets
de souches en p6pinlEre ont 6t6 d6velopp6es. Une inoculation a'et6. falte
en juillet 1986 sur 1071 clones avec une souche de Septoria musiva connue
pour sa virulence. Un total de 742 clones ont montr6 une susceptibilit6
61ev6e et seront 61imln6s. En 1987 les 329 clones ayant montr6 une
r6slst.ance ou une faible susceptibitit6 seront 16inocul6s avec 3 souches
provenant. de dlverses r6gions du Qu6bec et une de lrontario afin de
v6rifler lraptitude g6n6rale i la r6sistance ou une faible susceptibilita
vls-l-vis Septoria musiva.

AMELTOMTTON DES Ufir,EZriS (lenrX Sp.), DE L'EprrWrrn NOrRE (PTCEA I'IARrANA
(MrLL.) B.s.p.) nr nnffirNETTE DE NoRVEGE (p. ABrES KARST.F-

A. Stipanicic et A. Ralnville

Dans le cadre de notre projet dfarn6lioration des m6lEzes, deux
nouveaux tesEs de descendances ont 6t6 6tablis en 1986 avec le maL6riel
r6co1t6 sur les arbres s6lectionn6s dans nos plantations exp6rimentales,
Ces tests permettront dr6valuer la valeur g6n6tique des arbres
s6lectionn6s et la posslbil1t6 d'utiliser nos plantations exp6rimentales
comme sources de graines am6lior6es. Trois autres tests de descendances
mis en marche au printemps de 1987 eE compos6s de 60 descendances ont pour
buE d'6tudier lrh6rltabilit6 de deux caractdres rnorphologiques du m6lEze
laricin: la flexuosit6 de la tige eE I'angle dfinsertion des branches.
Un test de I02 descendances esE aussi mis en marche au printemps 1987 dans
le cadre du programme d'lrnplantation des vergers a= graines de ur6lEze
laricl-n. Les lnformations obfenus b partir de ce test servironE l
Itam6nagement dtun verger a= graines de semis install6 simultan6ment dans
la r6gion de Qu6bec. Les travaux de s6lection d'arbres se sont poursuivis
dans les plantations de m6lEzes dtEurope et du Japon; ll5 nouveaux arbres
ont ainsi 6t6 s6lectionn6s et greff6s. Un verger d graines exp6rimental
de n6lEze du Japon a 6.t6 install6 dans ltarboretum de Verchdre. Les 136
clones qui le composent proviennent drarbres s6lectionn6s dans deux
plantaEions de la compagnie C.I.P.lnc., et qui furent reproduits par
greffage ou par bouturage. Aux printemps de l98b et de 1987, nous avons
urLs lraccent sur les croisements dirig6s des clones des rn6lEzes
s6lectlonn6s dans nos plantations ou i ltint6rieur du parc h clones. Ces
croisements avaient pour but de favoriser principalement I'hybridation
intersp6cifique entre les m6lEzes d'Europe, du Japon et laricin. Les
travaux de 1986 nous ont permis d'obtenir 60 petits lots de graines
d'hybrides inter- et intrasp6cifiques. Nous -evaluons pr6sentement la
viabilit6 de ces graines, et les seuis obtenus seront insta116s dans un
test de descendances le plus t6t possible. Au prinEemps de 1987, nous
avons effecEu6 au-dela* de 300 croisements. Malhureusement selon les
derniEres observations, les gel6es tardives ont d6truiE plusieurs fleurs
femelles. Soixante-deux lots de pollen r6colt6s ce printemps sont
actuellement enErepos6s dans notre banque de pollen eE serviront pour les
travaux futurs.



-48-

Concernant les travaux dram6lioration de lt6plnetEe noire, il faut
surtouE noter les neuf Cests de descendances 6Cablis en 1986 et les six
autres 6tablis en 1987 dans le cadre du programme drimplantaEion des

vergers d graines. Ces tests, compos6s chacun d'environ 300 faurilles'
permettront df6valuer dans diff6rentes zones de r6colte de c6nes au

Qu6bec, le comportement des deseendances qui constituent les vergers i
graines. Les informations obtenues serviront i effectuer les 6claircies
s6lectives et I'am6nagement i 1fi-nt6rieur de ces vergers i graines. Nous

avons aussi poursuivi les travaux d.e croisements dirig6s chez Ir6pinette
noire dans le but drobtenir des hybrides inEerproveDances. Un total de 68

croisements ont 6t6 effectu6s sur les arbres s6lectionn6es dans un test de

provenances-descendances et dans le parc 5 clones. Dix-huit lots de

pollen ont 6tA entrepos6s pour les croisemenEs ulE6rieurs.

Les travaux d'am6lioration de lt6pineEte de Norvdge 6taient surtouE
concentr6s sur le greffage des arbres s6lectionn6s et sur la conpilation
des donn6es recueillies dans nos planEations les plus 5g6es. Ainsi 218

arbres ont 6t6 greff6s et seront install6s dans notre parc i clones. Ce

rnat6riel servira pour 1es travaux de croisements dirigEs et pour la
productlon des greffons et des boutures. Lranalyse des donn6es de

mesurages nous a permis de confirmer la variabilit6 de producEion entre
les diff6rentes provenances de cette espEce. Par exemple, un gain d'e 32 %

pour ]taccroissemenE en volume a'et6. not6 dans le cas de 1a provenance
qu6b6coise de Proulx en le comparant avec 2l autres provenances
europ6ennes. Ces renselgnements serviront de guide pour lt6Eablissement
des futurs vergers i grains clonaux.

ar'r6t ronarroN DU PrN
(p. coMoRTA Doucl..

GRIS (PINUS BANKSIAM LAMB.), DU PIN DE MURRAY

VAR. LATIFOLIA ENGELI.,T. ) ET DU PIN SYLVESTRE

(P. SYLVESTRIS L.)

R. Beaudoin et A. Rainville

Afin drexploiter au maximum 1es r6sultats des plantati-ons
comparaEives r6alis6es i travers le Qu6bec avec les pins gris et de

Murray, le Service de Itam6lioration des arbres storiente de plus en plus
vers la cr6ation de vari6t6s multiclonales qui vont fournir des gains
g6n6tiques maximums tant pour la producLion en volume que pour la qualit6
des tiges.

A ce jour, un total de 17 tescs de descendances onc 6t6 r6alis6s sur
le pin gris dont six en 1986 et t987. Le test le pJ-us A96, celui du

canton de Brland, a 6t6 iurplant6 en L971. Notre cholx d'am6liorer ceEte
provenance d6coule de la performance d6montr6e par celle-ci dans le test
de 64 provenances install6es dans le canton de Fontbrune en 1966. Les
r6sultaCs de ce test de descendances nous montrent que des gains en
hauteur et en volurne cle l0 et 32 % respectivement apras 10 ans de

crolssance en plantation sont attribuables b la s6lection dfarbres-plus
dans le peuplement par rapport aux m6mes variables de la provenance sans
am6lloration. La s6lection des 70 rneilleures descendances (25 "l du total)
correspond au nornbre de descendances qui seronE conserv6es dans les
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vergers b graines aprEs les 6claircies s6leccives. Parmi ces meilleures
descendances, 75 arbres ont 5t6 s6lectionn6s et greff6s; les greffes
seront conserv6es dans le parc i clones i la sEat.ion forestidre de
Duchesnay et serviront 6ventuellement de mat6riel pour les croisements
dirigEs et les vergers i graines en serre.

Un total de 57 croisements dirig6s onr 616 r6a1is6s en 1986 et LgBl
dans le parc i clones de pin gris 6cablis en r9g0 a I'arboretum de
Lotbinidre. Les 174 clones compris dans ce parc proviennent des arbres
s6lectionn6s du canton de Briand. En g6n6ral, ces clones prod.uisent ErEs
peu dri-nflorescences m6les comparativement au nombre de fleurs femelles
6tanc donn6 que les greffons ont 6t6 r6colt6s dans le tiers sup6rieur de
la cime drarbres 5g6s de 50 ans. Une pollinisation des mei-lleurs clonesest pr6vue pour 1988, et i cet effet 25 rots de pollen de pin gris
provenant d'une plantation d Cabano de descendances d'arbres s6lectionn6s
de la provenance Mattawin ont 6t6 r6co1t6s. Trente-neuf crolsemenEs ont
6t6 effectu6s en 1986 dans cette plantation sur les plus beaux arbres desept descendances.

Une s6lection d'arbres a 6.t6. effectu6e en 1986 et 1987 dans un testde 125 provenances (turno) de pin de Murray 6tabli en I9B0 i I'arboretum
de LotbiniEre. La s6lection des descendances les plus int6ressantes a 6t6
faite parmi les meilleures provenances pour la croissance en hauEeur. Eng6n6ral' ces provenances sont de la zone int6rieure, la plupart (80 %) de
la colombie-Britannique et b. une alcitude ne d6passant pas 1200 m. Au
Eotal ' L78 croisements interprovenances ont 6t6 r6alis6s en 1986 et l9B7
de mame que quelques croisements intersp6cifiques avec la provenance depin gris du canton de Briand. Vingt-deux lots de pollen sonc conserv6s
dans la banque de pollen.

Plusieurs arbres des trois provenances de la zone int6rieure de l-aColombie-Britannique introduits en L972 oot 6t6 s6lectionn6s en 1986 dansle canton Ross et aux arboretums de Matap6dia et Bonaventure. Ces arbres
seronr' 6ventuellement greff6s et. plac6s dans un parc h clones i Duchesnaypour 6tre utilis6s dans de futurs croisements.

Dans le but de corrstituer Lln parc d clorres et un verger d graines
clonal de pins sylvestres dans 1a r6gion de lrEstrie, 7o irbres ont 6t6s6lectionn6s dans une plantation 5g6e de 75 ans situ6e i la p6piniEre de
Grandes-Piles, ainsi que 36 arbres drAges variables dans les r6gions de La
Beauce et de Drunmondville. De nouvelles s6lections auront lieu dans les
Eests les plus ig6s eE dans drautres planEations i lrautomne 19g7.

sfr,ecrrou D'ARBRES nr firerlrssEMuNr DE vERGERs A cnerruus

Y. Lamontagne

Cette activit6 a pour objectif 1'6tablissement d'un r6seau de vergersi graines pour 1es r6sineux qui fournira 6ventuellement touE.es 1es
semences am6lior6es g6n6riquement n6cessaire pour le programme de
reboisement du ministEre.
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A cette fin, les travaux de s6lection d'arbres se sont poursuivis
depuis 1985, et prEs de 2000 nouveaux candidats ont 6t€ identifi€s, ce qui
porte i plus de t8 000 le nombre total d'arbres-plus. De ces nouvelles
s6lections, 1000 lots de c6nes ont 6t6 cueillis et traiE6s. Au Centre de
greffage de Duchesnay, 46 060 greffes ont 'et€ r6.aLis6es.

Les travaux de d6termination de Ia densitd du bois se sonE poursuivis
sur l43l 6chant11lons drEpinettes blanche et rouge portant ainsi i 4731 le
nombre total drarbres-plus dont la densl-r6 esE connue.

Des travaux de pr6paration de terrain ont 6t6 effectu6s sur 654 ha,
Eandls que des Eravaux drentreitien ont eu lieu sur 192 tB de vergers d6ji
6tablis. De plus, la plantation de 24 nouveaux vergers au prinEemps de
1986 et de 1987 (comprenant 54 ha de type clonal et 385 ha du type de
semis) porte i 42 le nombre total de vergers 6tablis et d 703 ha' Ia
superficle plant6e.



-ir l-

TREE GENETICS AIiID I}IPROVEMENT AT CFS QUEBEC: 1985-1987

A. Corriveau, J. Beaulieu and G. Daoust

Laurentian Forestry Centre
Canadian Forescry Service

1005, du P.E.P.S.
P.O. Box 3800

Salnte-Foy, Qu6bec
GLV 4C7

Keywords: Plnus strobus, Plcea glauca, Picea 1bies, floral lnductLon,
woo<fquallEyl bFlster rust, whlte pine weevil

Ihrring the revles period, emphasls was placed on white spruce, Norway
spruce, and eastern wtrlte pine genetlc research and improvenent. Early
genetl,c tests were completed in controlled envlronments and genecological
testing was undertaken in forest conditions. Selected clones were potted
and floral inductlon was conducted in a polyhouse. Control crosses rJere
made in a breedLng orchard, while scions vere produced in propagation
hedges and genetic naterial was transferred to forest organlzations for
seed orchard establishnent. I^Ihite spruce wood quality variation rtas
Lnvestigated ln natural populations and provenance trials. Research was
begun on Norway spruce tolerance to white pine weevil. Also, variation of
productivlty and phenotyplc stabllity of black and red spruces were
studied ln provenance trials.

EASTERN WIIITE PINE GENETICS RESEARCH AND BREEDING

Followlng genetlc sampling in the natural range of eastern white pine
(Pinus strobus L. ), early testing vras begun in a controlled environment
and nursery. Sone 450 progenles frorn 170 populations were grown and
assessed for phenological and growth performance. Population differences
were found but no clonal varlatl-on in growth was detecEed. Under
artificial freezlng conditlons, hardiness increased with greater continen-
tality of the climate at the source of the populations. No north-south
gradient was shown and cold hardiness of sources appeared to be related Eo

local climatic condltions.

In the spring of 1986, four genecological tests were establlshed
under aspen and birch cover in the moderate rust incidence zone of
southern Quebec. The objectlve was to lncrease the reliabillty of genecic
inforrnatl-on by reducing tree damage caused by the white pine weevll
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(Pissodes sErobi (Peck.)). Shading is an effective way tir control weevil
popufations. ftre undergrowth and wildlife had to be controlled. I'lildtife
severely damaged the Gasp6 test.

An experimental seed orchard was cornpleted by grafting superior trees
on pre-established rootstocks. Field grafting has the advantage of
reduclng losses due to snow damage. However, delay caused by weevil
oviirosltlon and feeding greaEly extended the establishnent period. We

used the lnteracEive computer program MIMOSOL to set up the orchard
layout.

Plus-trees were selected in target populations, bench grafted, and
established in the Cap Tourmente breeding orchard for use in genettc
sEudles. To assess weevll tolerance of the hybrid, Pinus strobus and
Pinus mont.icola vtere crossed with pollen provided by Dr. M.D. lfuagher of

-h" 
P";fm-For e s r rY ce nr r e .

Haploxilon exotic pine species, resistant or partially resisEant to
fusiform rust (Cronartiust rlbicola J.C. Fisch), nere tested for hardiness
in a nursery in sowhwesCern Quebee. No severe frost damage was recorded.
Ilowever, most of the llimalayan pine (Pinus griffithii Mclelland) popula-
tlons showed high susceptibility to scleroderris canker (Greurmeniella
abl-etina (Lagerb). Morelet). Korean pine (Plnus koraiensis Sieb. and
Zucc.) and Macedonian pi-ne (P. peuce Grlseb) were affected to a lesser
extent whlle no infection was recorded on Siberian pine (Pinus sibiri-ca
Mayr ) .

WHITE SPRUCE GENETICS RESEARCH AND BREEDING

Following genetic studies in a greenhouse and nursery, white spruce
(Plcea glauca (Moench) Voss) famllies and populations from its natural
range ln Canada, mainly Quebec and 0ntarlo, were esEablished ln eleven
genecological tests representative of reforestation siEes. Sorne 400
progenies from 100 populations were planEed and a survey indicates that
survlval is excellent on most sites. A first field growth measurement
survey is planned for this summer.

A study on dry mass productivity and wood density variation has been
completed in a ?5-year-old provenance trial and results have been
publlshed. Highly signlficant differences beEween provenances were
observed for both characterlstics. Twenty percent of the total wood
denslty varlatlon could be explalned by the origln of the populations 'while 80% was due to tree to tree variation within sources and to experi-
mental error. These results were confirmed by a second study conducEed ln
natural forests. No geographic trend in wood density was observed within
the sampled portion of the natural range of whj-te spruce in Quebec.
However it appeared that provenances of some regions produce a wood of
higher denslty than the average. Several fast growing populations wltir
htgh wood density were recorded. For breedlng, our results suggest that
substantial galn in dry mass production could be obtained by selecting
rapld growing populations and then by choosing, within these populations,
trees whlch produce wood of above average denslty. A third study,
initiated Ehis year, will provlde accurate informaEion on additive
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genetic varlance and heritabltity estimates of whlte spruce wood denslty
and dry mass productivlty.

The flrst genetlc base of our lmprovernent program ls nour complete.
Selected clones were establlshed in a breedlng orchard at Cap Tourmente
Wlldllfe Reserve. Control crosses were lnitiated ln 1984 and additional
ones made each year slnce. However, because of the srnall portion of
clones produclng female and male stroblli each year, only a part of the
planned crosses were rnade. Followlng informatlon from Dr. S.D. Ross,
flower induction through GAltl spray and water and heit stresses was

initiated on potted grafts ih'a polyhouse. One hundred and t\{enty clones
were lnduced. Inductlon will be nnde on ramets of the same clones next
year and we hope to be able to cross clones of the first group.

NORWAY SPRUCE IMPROVEMENT AI{D NATIVE SPRUCES PROVENANCE RESEARCH

Norway spruce genetic improvement in relation to pedocllmatic
condltions of the Great Lakes-St. Lawrence forest reglon and Gasp6 is
based on selectLons made ln provenance trlals that are over I5-years-old
and in outstanding commerclal planEations. Durlng the last few years,
about three hundred trees were selected for superl-or growth, sten quality
and wood density. They were unrlElplled by grafrlng and potted for flower
lnductlon or breedlng orchard establlshment. They constitute Ehe genetic
base of our lmprovement program.

The genic sanpling of lrrtroduced stock for provenance research or
commerclal planting, initlated in 1984, was pursued in 1985-1986. Several
hundred seed lots were collected, treated and stored, awaitlng testing
with 150 Polish progenies obtained from the Warsaw Forest Instltute.

Through growth measurements in a Z5-year-old red spruce (Plcea rubens
Sarg.) provenance experiment, planted in three different locatlons, we

have obtained estimates of popul ation genotype-envlronment interaction and
phenotypic stablllties. Interaction of red spruce provenances with
growlng condltions are important, and careful selectlon of seed sources
are necessary for acceptable tr-owth performance. Fortunately, under the
Eesting condl-ELons, it appears that rhc: p;ovenances wlth good stabillEy
are €mong the most productive.

Flfteen-year growth nreasuremerrts were m.rcle ln black spruce (picea
marlana (Mfl1.) B.S.P.) populatlon trials and served as base for a U.N.B.
bachelor thesls. Cllnal varlalion was found for height growth but not for
survival. Superlor growth was observed at the southern-most Eest slte and
lntroductlon of southern provenances lncreased yleld. Site was the major
source of variatl-on ln height growth, but the provenance component was
large enough to warrant selection. Replicates were more important than
site for survl-val , indicaElng t.hai rnicrosite l-s important.

Extensive slte characterlzation and soil classificaCion cf estab-
lished genecologic*l Eests were begun in collaboration r+ith the forest
site classificatLon secEion of Agriculture Cana<la. These wlll l-ncrease
the level of confidence that could be olaced in the results of our tests.
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MATERIAL AND TECHNOLOGY TRANS}'ER

Superior genetic material is made available to reforestation agencies
and companies through the establishrent and maintenance of propagation
hedges and bushes on which cuttings and scions are collected when needed.

In order to facilitate the layout of seed orchards in which
lnbreedlng ls minimized and ouEcrossing favored, an interactive computer
program has been deveLoped. I',IIMOSOL, written in FORTMN language, is easy
to use and available on request from Ehe auLhors.

Technical communicatlons were presenced to dlfferent interest groups
and short courses on grafEing and rooting of cuttlngs were offered each
year Eo nurserymen.

An eastern white plne experimental seed orchard was esEablished in
collaboration wlth the Quebec Mlnistdre de I'Energie eE des Ressources on
pre-established rootstocks. White pine weevil attacks and rootstock
quallty appear to be the maln difficulties with this approach.
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In 1979, a tree improvement program was initiated by CIP Inc. in
Quebec, followlng two years I lnvolvement in the New Brunswick Tree
Improvement Council. The program's objective ln Quebec ls to produce
genetl-cally superlor seed for Ehe Companyrs reforesEation program on its
Upper St-Maurlce freehold in central Quebec.

The selectl-on and testing of plus trees takes place in the Gouln
(8-3) boreal region (Rowe, J.S. Forest Regions of canada. can. For.
Serv. Publ. 1300, 1972). The prlncipal seed orchard conplex l-s located at
CIP's Harrlngton Nature Centre in southwestern Quebec, and a small orchard
ls at Batlscan, near Three-Rivers, Qu6bee.

CIPts tree lmprovement
mariana [Mf 11. ] B. S.P. ) and

program concentrates on black spruce (Picea
jack pine (Pinus bankslana Laub.), with some

larch (Larix leptolepis ISleb. and Zucc.]
decldua Ml11. ) and Norway spruce (Picea abies

work being done
Endl. ), European
tL.l Karst).

on Japanese
larch (L.

NBIP Forest Products Inc. in Dalhousle, N.B., a CIP Inc. subsidlary'
parflcipates in the NBTIC eooperative, working on black spruce and white
spruce (Picea glauca [I"loench] Voss). Testlng of both species is done in
New Brunswick,-a;A- black spruce seedling seed orchard is located near
Dalhousie. A whtte spruce clonal seed orchard is located at Harrington.

Black and White Spruce and Jack Pine

During the perlod under review, the principal objective attained was

the completl,on of the black spruce seedling seed orchard and fanily tests
in 1986. Approximately 21,000 seedlings were planted ln the orchard and
16,000 in the fanily tests. In Ehe fall of 1986, the 5 year rneasurement
was lnltiated l-n the fanily tesrs establlshed in 1982 for both jack pine
and black spruce (117 and 40 families respectively). Data collected were
total hetght, latest annual lncrement and tree conditLon. In 1987, family
test neasurements will contlnue for the families established in 1983'
representlng 94 jack pine and 49 black spruce families.

In 1986 and 1987, the clonal archlves located at the Harrington Seed

Orchard were completed w"ith the establlshment of approxinately 2,800
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ramets of -jack pine and btack spruce. Thls factlity wlll be used to carry
out controlled crosses for the development of future orchard generations.

The propagati-on phase of rhe white spruce program was completed with
the grafting of z,t+OO scions in 1986 (952 survival) and 370 in 1987. In
L987, orchard establishment began with the first lO0 ramets being moved to
the orchard. Establishnent will be completed in 1988 with the trans-
planting of another 2,14O ramets.

Japanese and European Larch

At llarrlngton, the hybrid larch clonal orchard was filled wi-th the
planting of 180 rarnets of Japanese and European larch in 1987. These were
replacements for mortality which had occurred since 1981 when the orchard
was established.

At Batiscan, the Japanese larch seedling seed orchard was thinned in
1986. About 11200 rodent kllled or damaged trees were removed. In 1987,
the Company provided 200 cuttings to the Maritlmes Forestry Centre for
propagatlon.

Norway Spruce

The Norway spruce clonal orchard at Harrington was completed in 1986
with the establishment of 700 ramets. Scions for this program were
donated by the C.F.S. through the Laurentian Research Centre and the
Petawawa National Forestrv Institute.

NBIP FOREST PRODUSIS INC.

In 1986, two L.76 ba black spruce family tests were established on
the Companyrs license in rorthern New Brunswick. In 1987 the farnily test
program was completed with the establishrnent of a black spruce tesE on the
license, and a jack pine test on the CIP Miramichi freehold ln central New
Brunswlck.

Table l. H"r.1.gt*_!g=!_O.gl"rd Information Sury

Species

Number of
Area 2 Farnilies ( F) /

Typet (ha) Clones (C)

Clone
Clone Bank
Bank Area (ha)

Esrablish-
$enE

Black spruce
Jack pLne
l,Ihite spruce
Norway spruce

S

S

c
C

16,6
I2,0
6ro
l r6

440 F
480 F
65C

t20 c

1985/ 86
1984/ 8s
1987 / 88
1984 & 86

yes
yes
no
yes

213
,:t

012

I

2

S: Seedllng seed orchard
Area ln production

C: Clonal seed orchard
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GENECOLOGICAL AND GENETIC STUDIES IN SPRUCE

A.G. Gordon

Keywords: Picea, lnterspecific hybridization, crossabillty, variation'
clonal propagation of hybrids.

The objectlves of these studies are: (1) to investigate genotype x
environment interaction wlth regard to variation in efflciency' growth and
nutrition as related to slte regions and productivity systems; (2) to
create long-term genetic banks for gene pool and populatlon studies,
breedlng, and assessmenr of genetlc parameters to elucidate the breeding
system and structure of the genus Plcea; (3) to produce, test and select
the best hybrlds for propagation; and (4) to develop genetic and physio-
logical technLques for breeding juvenile trees.

Hybrldlzatlon

Followlng the masslve spruce flowerlng year in Ontarlo in 1984'
flowering in 1985 was llght. Two breeding areas were used, one each in
Sault Ste. Marie, and Sl-mcoe Districts. Eighty-five tree x pollen parent
crosses were mnde with 115 ramets. There wete 24 interspeclflc crosses
involving 16 specles; 12 tri-hybrld crosses; and one hybrid backcross,
lnvolving 14 species. Some of these were repeat crosses to gain repeat-
ablllty estl-mates and to lncrease stocks of partlcular hybrids.

Emphasis continues to be placed on the search for fast-growing
hybrlds for use in the boreal forest. To this end, selections of high-
latltude Plcea sltchensls were crossed wiEh an attay of P. glauca from
Moosonee, nl^act Sturgeon; Pays Plat, Penbroke, and Ltndsiy. These crosses
were, of course, all successful, and the seed banked until all combina-
tions were completed.
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Sinilarly, high-latitude P. sitchensis were crossed wiEh an array of
P. mariana from Black Sturgeonl cffilii-ton, and Thunder Bay, 0ntario, and
Greffir, I'iew Brunswick. I'lost of these were unsuccessful (cf Gordon
f984), failing to produce any seedlings, despite, in a few crosses, low
numbers of filled seed per cone.

Most interspecific crosses rrere unsuccessful; however, P. engelmannii
was crossed successfully for the first time with P. farreri, a high-
elevati-on Burmese species, and P. omorika with P. jezoensis, boLh with
crossabilities of I7". The hybrid ffings *irr uE-Eiil P. sitchensis
h/as crossed successfully with P. jezoensis wiEh a high crossaEit-ffrF-
147". This is not a new cross,-bu-Efrffissability was ooE expected Eo be
quite so high. This confirms Ehe close relationship of fhese species as
suggested by several Bricish workers (Fletcher, A., 1985, pers. comm.).

Tri-hybrid crosses involving P. lutzii (P. sitchensis x P. glauca)
were successful wirh p. grehnii (22);ffiikiang6iEiffi)-; p. onaffi
(6/") ; P. rubens ( . oaz); iiF*"riar.a-( .ffies Eingl!, Frntzii
failed-to-Et6ross with p. 6itffi, providing further credeic"E-
comnents (Gordon 1984) trrir ffi6ffing with several spruce hybrids is
proving much less successfu-l- than expected. This has important implica-
tions for arguments concerning casual introgression.

Flowering in 1986 \das even lighter than 19b5. Two breeding areas in
Sault Ste. Ilarie and Simcoe Districts were again used. There were 63 tree
x pollen parent crosses, of which 55 were interspecific crosses involving
ll species, three tri-hybrid crosses and five hybrld backcrosses with a
total of four species. Further combinations of high-latiEude
P. sitchensis selections were made wittr P. glauca trom Pagwa and Lake
S"pffiG;tions. This seed was arso banked until all combi-nations ;rre
compl ete.

With the same aim, excellent selections of P. omorika and
P. sitchensis were used with P. rnarj,ana froni tsIaEk Sfilpon, Geraldton,
ina-ffirEFB-ay. This seed t6o ffifrtecl trntil all combinations are
made. UnforEunately, results were somewtraf limitecl by ctre low amount of
flovrering. Losses were also incurre<l due to depredarions of red squirrel,
Particularly on the P. omorika x P. mariana c.rosses, and several cclmbina-
tions must be repeatJd.E"" Tn Efrffi"Eerspecif ic crossing was
additionally low because of the poor flowering year and animal depreda-
tions. P. omorj.ka was crossed successfully wit.h P. pungens (0. l% cross-
ability). This was a repeacability cross and i-s very difflcult to make.
There are only one or two other possible records.

Progeny of the Rosendahl spruce (P. glauca x P. mariana) crossed
successfully with P. rubens (lZS, ana aepGffi! on pa?Eif,-Uackcrossed
poorly with P. gtaucaJffi) and well wirh P. mariana (l0Z). P. x lutzii
(P. sitchensi" iTJlauca) crossed s,rccessfurmh one P. *i.iani-
saleEGilJd',-S%),-taTffig-in another. p. lurzii, confirrnt"g ffi
attenlpts, f alled with P. glauca, and wich one f enale parent, f ailed raitlr
P. sitchensis backcros" aiffi strccessfuL (Z/") with another.
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outplanting of cronal hybrids is uncrer way in tria]" and archiveareas. Other work of thi-s unit concerns studi-es of productivity andnutrient cycling dynamics in spruce forest ecosystems, spruce-fir stand
dynamics in relation to budworm events (Gordon 1985), and measurements obiomass, specific gravicy, productiviEy, and nutrient uptake in genotypeenvironment interaction studies in our piceta.

PTIYSIOLOGICAL GENETICS STUDIES

G. P. Buchert

Growth Analysis of Jack pine Container Stock

Two geneEic test plantations were established in l9g4 to determinewhether or not population substructuring was discernable in terms ofdifferencial growth of jack pine population collecti-ons from a portion ofNorthern oncario. Due to size limitations ot production tacilities, twotypes of stock were produced. Half Ehe stock were grown in Ray LeachSuper Cells in a greenhouse in 1983, overwintered in a shadehouse, andoutplanted in June 1984. The remainder were sown in Ehe same containertype in winter 1984 and hardened off for planting in June 19g4. concernfor performance of stock types and how they aftect expression of heritabredifferences led to a continulng analysis oi growttr comparisons be5weenscock types, between plantaEion sites, and among seed sources. At themore southern, Blind River site, over-wint.ered stock from Blind RiverDistrict sources were about 502 taller than current-year stock afger thefirst growing season. By ttre end of Ehe second growing season, thisdifference had dropped to L37.. The average height differential betweenstock types remained at about 4 cnr over both gr'wing seasons. over-wintered stock of chapleau District origin was about. 667" taller thancurrent-year stock of the same origin after the first growing season;after the second season, this differential dropped to rly". The averageheight differenEial between current:year and overwintered stock was j crnafter both growing seasons.

, Stock type pertormaDce at the Chapleau site was identical Eo that atBlind River at the end of the first growing season. However, at the endof the second season' the change in relative heighf between stock rypeswas more pronounced at chis northern site than in tsIinct River DisErict.overwintered stock was 2gz to 30% taller tha' current-year stock,resul[ing in a 6 cm to 7 cm height differentiar. The expected source xplantation x stock type interact.ion will be examined in the tuture to trelpexplain phenotypic variation present in the tests.

Wide TesEing of Selected Whice pine Clones

Numerous wtrite pine genetic tests have been established over the lastfour decacles. Differing in experimental design, replication overdifferent sites, and origin of materiat, Lhese planEations are valuabietor selecti-on and furEher testing. The very best individual trees arecurrenfly being selected, grafted and outplanLed into long-term test are;isacross souttrern ontario in standard replicated designs. rn 19u6, 30clonal selections from Pakistan sources of pinus griffithii included in a
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1979 IUFRO trial were esEablished at the wide-testing experimental sites.
These selections exhibited winEer hardiness and blisCer rust resistance.
In additi-on, six selections from a 1975 weevil resistance experiment were
grafced in 1986 for addition to the wide testing program. Three of these
clones exhibited from 12% to 25"/" weeviling, while the remaining three
showed no signs of weevil damage over the lQ-year period in 1987.
Selections for the 1987 grafting program include clones of P. albicaulis'
P. flexilis, !. peuce, P. strobus, P. strobus.x pegce' l: p?Ytu x Eg!5'
T. stroUus x Farvifforal t. p"r"ift.r" x strobus, P. holfordian? x
par.riflora, p. monticola x parv.llfglq, P. peuce x parviflora and
.L--' 

-P. flexilis x griffithii.

Testi-ng Whice Pine for BlisEer Rust Resistance

Resistance to white pine blisEer rusE by open-pollinated P. strobus
fanilies from the Orono rust-resisEant seed orchard was initiated in 1986.
Previous isozyme phenotyping of the orchard had permitted the identifi-
cation and rameE-to-clone mapping of the orchard, so in December 1985'
open-pollinated seed from l6 rameEs representing seven orchard clones was
sown in the greenhouse. Two bulk general collecEj-ons were also included
for compari-son. One hundned seedlings from each source were inoculated
with blister rusE in September 1986 by placing an infected blackcurrant
cutEing in each seedling container, making sure that maximum contact was

made between the leaves of the curranE and the needles of the pine. Beds

were Ehen covered with burlap and kept moist. AfE.er one week the currant
cuttings were removed and che seedlings were unved to overwintering
facil-ities. Analysis of needle-spotting data indicates quiEe different
patterns of rate of disease development among the differenc clones and the
bulk collecEions. llortality is bei-ng monitored to determine the
diagnostic value of levels of apparent infection within one year of
inoculation.

Black Spruce Clonal Identification

A COFRDA-supported project is under way to develop electrophoretic
standards of isozyne variability in black spruce for identi-fication of
black spruce clones. Furthermore, staff working on this project have
developed a portable, standardizetl electrophoretic system; along wiEh a

comprehensive manual of procedures now in preparation, this will allow
personnel wi-thout extensive specialized training the specialized
laboratory facilities to catalogue, idenrify and eventually certify black
spruce clonal stocks. Isozyme analysis by electrophoresis enables one to
discriminate accurately and consistenEly beEween materials of different
clones by comparing samples with standardized Lsozyme patterns of specific
clones. The equipment development phase has been completed, and proce-
dures have been standardized to use a small inventory of inexpensive
equipment. Chemical procedures have been optirnized for useful information
at relatively low cost. The manual of procedures will cover all aspects
of the electrophoretic technlque in sufficient detail that routine tests
for identification, certification and quality control will become as
commonplace in black spruce clonal prodtrction as they are for nrany

agricultural crops.
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FLOI{ER INDUCTION AND TISSUE CULTURE STUDIES

R.II. IIo

Cone Induction

Seed-cone productlon was enhanced by sprayl-ng GA417 onEo foliage
of black spruce (Picea rnariana). Eighty trees, repredi:irting l0 clones'
were selected from a seed orchard and 44 trees, representing ll clones and
fanl-lies, from two arboreta. The trees from the orchard were sprayed with
dlfferent concentrations of GAO1, and those from the arboreca wl-th
GLdlt, vltamln E, and a combinatlon of GAall and vitamin E. The
perlild of spraylng was from a week afEer vbgetative bud burst in May to
the end of June. Applications were made to each tree a total of six
times. Spraylne GAO1, ar 0, 400, 800 and l2OO ng/L produced 130,
246,235 and 283 cori'es per tree respectively. The results lndicate that
400 ng/L GAr, r, appears Eo be optLnal for bud differentiation in
field-grown-61ack spruce. Vitamin E at the concentration (1,000 niglL)
used was not effecEl-ve and had no synergistic effect when applled wiEh
cA+/1.

Anther Culture

Embryoids were produced through anther culture ln whlte poplar
(Populus -"1b"-). Five clones were selected from an arboretum, and catkln
buds were cotlected when pollen ln the anthers had reached the mono-
nucleate stage. Anthers rrere sterllized and incubated on Ivlurashige and
Skoog (US) rnedium, supplemented with kinetin and/or proline. Embryoids
emerged fron the anther cavity through the abscission layer after a ttto-
month culture on I'1S mediuu wlth klnetln in darkness at 25"C. They were
produced from two clones at a frequency of 0.37" per clone.

Tissue Culture in Black Spruce and Jack Pine

Adventitious roots and shoots have been produced from embryonic
shoots in black spruce while no organogenesis, but only callus formation,
occurred ln the explants of jack pine (Pinus banksian?). In black spruce,
adventitious roots were either generateFfrbrn tlie axillary area of the
leaf primordia or redifferentiated from the leaf prlmordia after embryonic
shoots had been incubated on Gresshoff and Ooy (GD) nedium supplemented
with 2,4-D and NAA. Adventttious shoots were dlfferentiated from the
axillary area of the leaf prirnordia or redifferent.iated from the leaf
primordia on embryonic shoots which had been cultured on GD or Quoirin and
Lepoivre (LP) nedium supplemented with BAP and NAA. llany elongated adven-
t.itious shoots have been excised for rooting to produce plantlets. In
jack pine, calli were formed from young leaves and bud cross sections
afEer the explants were cultured on GD medium supplemented wlth BAP and
NAA.
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OnEarlo's operatlonal tree improvement programs continued to show
steady and slgnlficant growth during the period 1985-1987. Conifer tree
improvement programs are now under way l"n all eight regions of the
province. The Ontario Tree Improvement Council (OTIC) was formed, and
began programs during this perlod. The additlonal efforts of members have
added consl-derably to the progress of programs in northern Ontario. The
OTIC programs are reported elsewhere ln these proceedings (q.v.). Tttis
report will sumrnatlze tree lmprovement actlvities of the various regional
programs and of the Tree Seed and Forest Genetics Unlt.

NORTHWESTERN REGION

The Northwestern Reglon now has programs under way for three specles,
black spruce (Plcea mariana (Mill.) B.S.P.), jack pine (Pinus banksiana
Lamb.) and white spruce (Picea glauca (Moench) Voss). The newly-formed
OTIC is also playing an active role in the region, particularly in jack
pine lmprovement.

Black Spruce

As of 1985, 11 seedllng seed orchards and, 22 open-pollinated fani-ly
tests had been planted. Selections have been completed for one additlonal
orchard, the Red Lake 3300, and the stock ls currently being grown at the
Dryden nursery. Thls orchard, and the Ewo companion fanily tests, will be
planted in 1989. The fanily tests planted tn 1983 are seheduled for 5th
year rreasuremenEs in the fall of 1987.

The fertll{zatl-on and irrigatl,on trlals at the Goodie Lake North seed
orchard in Sl-oux Lookout district have essentially been completed. The
results have been partlally analyzed and models for foruulating both
lrrlgatlon and fertill-zatlon regLmes have been produced.
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White Spruce

The white spruce clonal orchard program is showing steady Progress
with five orchards now under way and the Kenora district orchard
completely planted. l.lost of the selections and grafting have been

"o*pl"t"d 
for all other orchards, and it is anElcipated that the remalnder

w111 be fully stocked by 1989.

Jack Pine

The jack pine tree improvement program will be based initially on

seven seedling seed orchards. Two of these orchards will be established
in conjunction with CIIIC. Selections began in some distrlcts in 1985, and

currently all other districts are working on collecting their plus Erees.
Location and preparation of seed orchard and geneEic test slEes are under
way, anticipating inltial planting ln 1989 and the remainder in 1990.

NORTI{ERN REGION

The tree improvenent strategy of Ontariots Northern Region focuses
first generation activity on traditional seedllng seed orchard and testlng
progr"r" for black spruce and jack pine. The dl-rection, planning and

development of the regional Eree improvement program is carried out by the
Northern Forest Development Group. Operatlonal aspects of the program are
managed by the respective distrlct within whlch the acti-vity occurs.
Programs are also under way ln conjunction with OTIC. A breeding hall is
located at, and nanaged by, Swastika lfursery and a private clonal centre
ls operated at lloonbeam, Ontario.

Black Spruce

The region has been divided into five black spruce breeding zones.
Of the targeted 2,200 plus tree selectlons, 2,000 have been completed. A

lack of cones/seed in one breeding zone has prevented compleLion of thls
stage of the program. The remainlng selections are scheduled for the
coming year, conditional on ghe cone crop. The orchard program will see
over one-half of the required 140 ha established this year. The balance
will be completed by 1988/89. All orchard sites have been selected,
cleared and readled for planting.

Open-pollinated family tests are being established as the orchards
progress. There are three tests planned for each breeding zone. These
are on a variety of sltes wlfh excellent slte preparation being a require-
ment. A1l tests are established using randomized slngle-tree plots'
replicated 32 fimes. Rogulng from Eest results will be a reality in the
orchards ln approximately seven years.
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Jack Pine

Plus tree selectlon is now complete for each of the four breedlng
zones. In total, over 11600 natural forest selections were rnade. In
addltion to cones and sclons, breast-helght wood discs were collected from
each selection. Wood quality measurements are complete for three-quarters
of the discs collected and include percent moisture content, percent
heartwood, juvenl-le specific gravity (<20 years), mature specific gravity
(> ZO years), specific gravi.ty at l/2 carnbium, specific gravity at 5, 15
and 25 years, tracheid length at 5, 15 and 25 years and I/2 cambiun.

Of the four jack pine seedling seed orchards planned, three and one
half are now complete. Orchards exist for breedi-ng zones 1 (15 tn) and 3,
at the Island Lake Tree Improvement A,rea orchard complex near Chapleau,
Ontario, and breeding zone 4 (10 ha) at Aidie Creek, near Englehart,
Ontario. The flnal half of the breeding zone 2 orchard (16 ha total) will
be completed in 1988 as part of the OTIC orchard complex near Ramore,
Ontario. A11 orchards follow a standard provinclal four-tree cluster
design. I'lanagement technLques, including determination of the nrost
effective fertillzation regimes, vegetation control, cover crop and
lnsect/disease protection, have become the major emphasis of the orchard
program now that the establishment phase is nearly complete. Jack pine
orchards are expected Co be produclng srnall amounts of collectable seed by
1995 and be the sole producer of seed for planting stock by 2005.

Of the ten open-pollinated faurily tests supporting the four orchards
(minimum of two tests per orchard), seven have been established. Those
established have utilized randomized five-tree row plots, repli-cated five
times. The remainlng 3 tests w111 be established in 1988, utilizing
randomlzed single-tree plots, repllcated 32 times.

Breeding l{all and Clonal Program

In 1985/86, a 1,144 square metre breedlng hall was compleEed at
Swastlka lfursery, near Kirkland Lake, Ontario. The facility, operated by
a specialist and technician, has concenErated, and will contlnue to
concentrate over the next few years, on the development of effective
techniques to promote early flowerlng and healthy rapid growth of jack
pine and black spruce i-n large containers. A test breeding population,
consistlng of ramets from original plus tree selections, is currently
being used for development work.

Also located at SwasElka Nursery is a jack pine clonal archive,
establlshed in 1986 and 1987. Ramets resulting from scion collections for
each jack plne plus tree will be held in the archive and maintalned by
breedi-ng hall scaff. The archive is closely associated with the breeding
hall as a potential source of pollen and scion collections, for selective
supplemental breeding for lncreased seed yield, or for the achievenent of
crosses dlfficult to carry out in the breeding ha1l.
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Also under methods development at the breedlng hall are appropriate
techniques to vegetatively propagate jack pine. Emphasis to date has been
on t.he use of newly developed auxins and the adapEation of Eechniques
currently used operationally for black spruce. Tests will also be under-
taken to determine the ability to increase lateral branching of jack pine
in order to augment the number of cuttings per tree.

A private facility in the region is producing one uillion black
spruce rooted cuttings annually. New clones fron controlled crosses are
added into the program each year, and extensive testing of each clone is
done. A cooperatlve research project, involving sci-entists from the
University of Toront.o and O.M.N.R., ls underway, to find a reliable method
for early identifl-cation of poor black spruce clones. Clonal screening
trials are planted on six different sites each year. These are measured
annually and the results are used to ensure that only the top clones
remain ln production.

NORTHEASTERN REGION

Jack Pine

Most of the establishment phase of the jack pine program is complete.
Over 21100 plus trees have been selected i.n five breeding zones. Five
seedling seed orchards, planted in a four-tree cluster design, and 14
half-sib family tests rrere establlshed in the early I980's. Two addi-
tional seed orchards and 5 farnily tests will be planted ln l9B9 and 1990.
The flrst measurements on the farnlly tests were done in 1986. Fall
grafting is being at.tempted on both jack pine and black spruce, so that
clonal breeding orchards can be established.

The North Shore Tree Improvement Cooperative was formed so that
nembers could mutually advance towards common goals ln tree improvement.
currently there are four menbers - Dubreull Bros. Ltd., Domtar Forest
Prod. Ltd.' E.B. Eddy Forest Prod. Ltd., and Ontario l{inistry of Natural
Resources - Northeastern Region. Menbers are cooperating on the jack pine
program' in which they particlpaEe in plus tree selection, seed orchard
management, and fanily tesE establlshment and malntenance.

Black Spruce

Two seedling seed orchards are planned and Ehese, along wiEh five
family tests, will be estabrished in 1989. over 500 plus trees wilL be
collected this fall to complete the 800 trees required. A clonal breeding
orchard w111 also be established from Ehese plus trees.
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White Pine

Three clonal seed orchards of white pine (Pinus strobus L.), planted
in a permutated neighbourhood design, are in various stages of develop-
ment. To date, 265 plus trees have been selected. Field grafting has
been very successful in these orchards; they are scheduled for completion
in 1991. A breeding orchard has also been started.

I.Ihite Spruce

Two clonal seed orchards are planned. one of these is partially
completed and will be finished in 1992. The other was established in the
early 1970's and will be expanded over the next five years.

EASTERN REGION

The Fast Growing Forests Group (FGF), Brockville, Ontario, initiated
a conifer tree improvement progran for the Eastern Region in 1985. The
species l-ncluded ln the program are, in order of priority, white pine'
Norway spruce (Picea ables (t.) Xarst) and three species of larch (Larix
laricina (m noi) K. Koch, L. leptolepis (Sleb. & Zucc.) Endl., and L.
decidua Mill. ).

Conifers

Tree improvement efforEs over the past tr^/o years have focused on Ehe
following: establishurent and maintenance of controlled seed collection
areas (SCAs and SPAs); plus tree selection and grafting; whice pine
breeding; and development of indoor breeding facilities and treatment
regimes.

Conifer plus tree selection throughout the region is continulng. To
date, FGF has made over 300 conifer selections. Additionally, 74 white
pine selections, previously rnade by district staff, are also available.
Selectlons are made from natlve populations as well as genetic trials and
plantations. Scions of selected trees are grafted onto poEted rootstock;
grafts are allocated to archives, production seed orchards, and Ehe
breeding hall. Over the past two years, l-GF has grafted 150 plus trees.

Breedlng work for all specles is carried out in a breeding hall
located at Kemptville lfursery; the hall serves as an indoor breeding
orchard. This gutter-connect greenhouse measures 22 m x 33 m, for a total
floor area of approximat-ely 722 sq. m., and has 3.05 m straight sidewalls.
To date, breedlng work ln the hall has focused primarily on white pi-ne.
Controlled crosses are carried out on the basis of 5-parent disconnected
half dialleles. A total of 60 controlled crosses have been made to date.
Ensuing progeny trials wlll provide the basis for rouglng two 8-ha white
pine production seed orchards that are to be established over tlee cexl
several years. These progeny trials r,rill also provlde the source of r,exf-
generaEion selections.
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Much development work is being conducted in the breedlng hall' almed
at accelerating the breeding cycle by reduclng the time required for
grafts to flower. Studies have been initiated to define treatment regimes
that l) enhance vegetative growth and crown development, and 2) promote
precocious enhanced flowering. Treat.ments now under study include the
application of gibberellin, root pruning, moisture stress' and forcing
early bud break.

Poplar tree improvement work is in progress. To date, 1850 plus tree
selectlons have been made of native poplar species (p.p"t*- deltoides' P.
tremuloides, P. grandidentata, and P. balsaurifera). Ernphasis on breeding
of P. deltoiaes has been increasing, with aims of exploring and enhancing
tt'e_.'"@pool.Additional1y,interspecificcrossesarebeingmade
to produce first generation hybrid populations from which to select
lndividuals for systerratic testing in clonal screening trials.

ALGONQUIN REGION

The primary focus of tree irnprovement in Ehe Algonquin Region is on
white pine. Additional programs are underway for tamarack and Ottawa
Valley white spruce. A srnall program for red spruce (Picea rubens Sarg.)
is in the formative stages. Hardwood management also plays an importanE
role in the overall strategy for forest renewal.

White Pine

The white pine program (Petawawa source) will be based on three 8-ha
clonal seed orchards. A11 plus trees have been selected, and the initial
graftings have been conpleted. Some clooes will need to be re-grafted in
order to meet the numbers required for planting. A comblned production-
breeding orchard for the Georgian Bay source of white pine witl also be
es tabl ished "

White Spruce

The whlte spruce program in the Algonquin region is concerned
primarily with developing a genetically i-rnproved source of seed from the
Douglas-Beachburg provenance. An Upper Ottawa Valley l^Ihlte Spruce Cooper-
ative program was estabtished jolntly by OIINR (reglonal, district and head
offices) and Ehe Petawawa Natlonal Forestry InstiEute (PNFI) of the
Canadian Forestry Servlce. To date 198 plus trees have been selected and
grafted by PNFI, and a few blocks of orchard have been established.
Future plans call for addirlonal inter-agency cooperation on breeding and
testlng.

Tamarack

A combined production/breeding orchard complex has been established
with grafts of 134 different tamarack plus trees. The seven l'ra orchard
will be used to produce seed via open-pollinatlon and eontrolled breeding
for both production and test plantings. Seed may also be used in a clonal
forestry program.
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Red Spruce

Although red spruce has a linited distributlon in the area, and will
account for only flve per cent of the planting targeE, the region feels
that red sprucers unique role in the ecology of the regionfs mixed-conifer
forests warrants a special program. A clonal foresEry approach is ant.ici-
pated, wiEh seeds supplied from a breeding orchard. To daEe 92 selections
have been urade and an additiorraL 42 are scheduled. Five rameEs of each
selection will be established in the breedi-ng orchard.

CENTRAL AND SOUTHWESTERN REGIONS

Sixty per cent of the Southwest Region's and forty-six per cent of
the Central Reglon's annual planting is with white pine, and it is there-
fore the most important species in the tree improvement program. Other
species in the program are white spruce, Norway spruce, larches (European,
Japanese), black walnut (Juglans nigra L.) and white ash (Fraxinus
anericana L. ).

White Pine

Only white pine warrants a seed orchard program, though seed production
areas have been established for most other species. The 6E white pine
orchard will be 24 ha when complerely established and Ehe 7E orchard will
be 8 ha. A1l selections have been made; grafting and plantlng are
scheduled to be completed by 1991.

White Spruce and Norway Spruce

Based on a survey of Southern Ontario, completed ln l98I-84, breeding
orchards consisting of. 375 white spruce selections and approximately 200
Norway spruce selectlons are being establlshed at the Orono nursery.
PlanEing and testlng stock wll1 be produced through controlled breeding
and vegetative propagation.

Black Walnut

A small black walnuE production/breedlng orchard has been established
at the St. Williams Nursery in the Southwestern Region to meet the needs
of borh regions. Sixty-two clones have been selected and grafted to date,
wlth an additionaf 100 grafts per year scheduled over the next two years.

W.R. Buntlng Tree Improvement Centre

Actl-vlties have concentrated on breedlng hall and clonal forestry
projects in support of the southern Ontario prograns. The 300 sq. metre
breedLng hall is being utilized to accelerate breedlng for the clonal seed
orchard programs of whlte plne and the clonal forestry prograns of white
and Norway spruce and the larches. These are in their early stages and
have concentrated on determlnlng the most approprlate treatments. lnitial
results usl-ng various cornbinations of GLt/t, heaE and root pruni-ng
have been encouraging.
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Rooted cutt.ings are being produced for both extensive testing of
clones and mass proPagation for production plantations. Approximately
120,000 rooEed cuttings from juvenile, potted donor plants are being
produced annually. Developmental work has concentrated on optirnizing
conditions for donor plant production and successful rooEing of Norway
spruce, larches, and red spruce.

TREE SEED AND FOREST GENETICS UNIT

The role of the Tree Seed and Forest Genetics Unit (TS&FGU) is one of
boch techni-cal direccion and support, as well as overall program coordi-
nation. Thts is accompllshed through the development of policy and
procedure directives, bulletlns, and manuals. In additlon, the unit also
holds workshops and short courses ln the fleld, and sponsors visitlng
scientists to provide additlonal expertlse.

Over the past trrro years, TS&FGU strongtr-y encouraged and supported the
acquisition of breeding halls. As a result, three are now in place and
operating, though they are still in initial development phases. To lend
additional support, two experts in the field, Drs. Steve Ross and Mike
Greenwood, r{ere brought in for a workshop, The unit continues to facili-
tate interchange of information among the different programs through a
working group.

In the spring of 1985, Tore Skroppa, a quantitatlve genetlclst wlth
the Norwegian Forest Research Instltute, was sponsored to do a brief study
of the efficiencies of various genetlc testlng designs. His investl-
gations resulted in a report (unpublished) circulaEed to the regions, and
his recommendations were followed in the provlncial tree improvement
strategy.

The conputer data base system discussed ln the last report (1983-85)
was subjected to substantial and close scrutiny, and is undergoing rnajor
surgery. The reglons are playing a very active role in both the design
and writing of the new version.

Three notable docuruents were completed in 1986-87. The original
"Guidelines for Tree Seed Crop Forecasting" was replaced with a new
"Guidelines for Tree Seed Crop ForecasEing and Col1ecting". The same
pocket-size format was used. The "Tree Improvement Master Plan for
OnEario" was published early in 1987, after substantial review and
revision. A field manual titled "Oper:ational Guidelines for Tree Improve-
ment" is now ln press, and is expected Eo be available for distrlbution in
Ehe very near future.
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NATIONAL TREE SEED CENTRE 1985-1987

B.S.P. Wang, I{.H. Fogal and H.O. Schooley

Petawawa National FroesEry Institute
Canadian Forestry Servlce

Chalk River, Ontarlo
KOJ IJO

Keywords: cone crop enhancement, insect control, maturation, germinatlon,
pretreatment, seed-borne fungl, storage, seed bank, testing and
processing

Since October 1986 Ben Wang has become the Project Leader of both the
Research & Development and Seed Bank & Servl-ces projects of the Centre due
to the transfer of Peter Janas to the Silviculture project. Garry Scheer
who was worklng with the Molecular C,enetics and Tlssue Culture Project,
joined the Research & Developnent project as a seed technician Ln
Septenber 1986. Our NSERC Visiting Scientlst, Dr. R.K. Mittal success-
fully completed hls tr{ro-year term plus a six-monEh extension with us and
returned to IndLa in July 1987.

RESEARCH AND DEVELOPMENT

Cone and seed crop assessments

Studies of cone crops ln a red pine (pinus resinosa Ait.) seed
productlon area (SPA) fron 1979 to 1986 demoEsTrEffiE tmporrance of
frost as a mnjor factor controlling seed production. spAs should be
located to avotd man-nade as well as natural features that may create
adverse environments (Schooley et al. 1986). Data on cone crops and cone
damage by insects in three different white spruce (Plcea glauca [Moench]
Voss) habitats from L979 to 1986 will be used to constiuct models for
utilizlng vegetatlon diversl-Ey as a neans of reduclng losses Eo najor cone
and seed lnsects. Perlodtc saurpling of the 1981 whlte spruce cone crop
showed that 39"/" of seed losses were unambiguously attributed to lnsects,
257" coluld not be attributed to any cause, 272 of seeds failed to develop
endosperm and only 14% of potential seed developed to mat.urity. Losses
begln very early in the season and reach a maxl-mum by nld-July. Treat-
ments to reduce Lnsect damage should be ur,ade soon after or before the peak
of flowerlng while damage assessments should not be nade before nid-July.
Whlte spruce cones collected tn 1982 and 1984 showed hlghty slgniflcant
coefflclents of determinatlon (R' values) for seeds per cone with see{is
per cone s11ce and cone length, but not wiEh cone wtdth. The relation-
shlps were specific for location and crop year. Thus, for particular
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locations and years, counts of sound seed per cone slice can be used to
estimate seed yield and, thereby, provide a means of assessing the
efficacy of insecticide treatments. Potential sex-attractant lures for
monitoring the spruce seed moth have been identified in cooperative
studies with the Forest Pest Management Institute. In poor crop years Ehe
noth does not emerge from overwintering diapause. Cliuratic conditions
that favor the rnutualistic response of the insect and its host tree need
to be identified.

Insect control

Foliar-applled systemlc insecticides including lannate, dimethoate
and acephaEe reduce cone damage by insects (Fogal and Lopushanski 1985).
Injections of oxydemetonmeEhyl are effective in the year of EreatmenE and
perslst to the second year. Inplants of powdered acephate are more
effective the year after treatment. Soil-incorporated carbofuran is more
effective in a liquid formulation than a granular formulation. Whi-te and
black spruce (Pjgg" mariana [Mill.] n.S.P.) foliage is protecred ar all
crown levels for at least 2 years, buE cones are not protected until t.he
year following treatment. More research is required to develop equipment
for operational use. Seed yields are not always increased by treatments
because other factors such as pollination success, embryo aborti-on,
squirrel foraging and size of the cone crop influence seed yields and
efficacy of treaEments. Injections and implanEs do not impair wound
closure and compartmentalization within the stem, so that there is little
danger of fungal infection (Bowen 1987) and systemlc lnsecticides do not
cause serious reductions ln seed germination.

Prelimirrary studies, have shown that Beauveria bassi-ana (Sats.)
Vu111.app1iedtoconeletScan1ncreaseseeZ.@(nogaTetar.1986a),
and when applied to soil the fungus provides significant control of cone
maggot (Fogal 1986). More extensive field trials are required. To
facllitaEe thls we have published a guide on Ehe producE.lon and use of
insect-pathogenic fungi (Fogal ec al. 1986b).

Cone-crop enhancement

Fertillzing of white spruce seed orchard trees with NH+NOg on
sandy soils enhanced cone production and substantially increased seed
yields. Similar treatments of whire and black spruce crees growing on
clay loam soils failed to enhance cone production in a budworm defoliated
sPA. However, when fertillzer (ruH*No.) was combined with carbofuran
t.reatments cone bud production was increased ten-fo1d.

Flower induction Erlals with gibberellin GA+12 and NH+NHr
have been initiated in jack pine (Pinus bankslana Lamb.) seed orchards
established by PNFI and the Saskatchewan Division
The interaction of gibberellin treatments with di
of nltrogen are being lnvestigated in potted jack
polythene shelters. Studies on apical control of
development in jack pine have been initiated.

of Weyerhauser Canada.
fferent levels and types
plne trees under
growth and reproductive
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Seed Maturation

WhiEe spruce seeds require 6-week post-harvest
cones to obE,ain nnximun germinability. Apparently,
necessary for the translocation of organic material
the cone.

ripening period in the
this period is
to take place within

Seed Pretreatment and Germination

As a result of variation ln Ehe degree of seed maturation and
dormancy of seed from different trees within a stand, and differences in
collecting, handllng and processing of cones, whlte spruce seeds require
3-week prechilling for unximum, uniform germination in Laboratory and
greenhouse sowing (wang l9s7b). Results of prolonged prechilling rrear-
rnent of whlte spruce and eastern white pine seeds suggested that both
species can be prechilled for 15 weeks aE 2"C-4"C in the dark withoutgerminatlon- Rates of germination under standard conditions began todecline after 8 and 14 weeks of prechilling treatmenE for eastern whitepine and white spruce seeds respectively. contrary to the widely
esEablished hypothesis that prechilling treaEment is detrimental to the
germinaEion of seeds that are physiologically "old" or damaged byprocesslng, white spruce seeds artificially aged in an lncubator at 40oC
and 987" relative hurnidity for lO days responaea very favourably to a
3-week prechilling.

Progress was made
red alder (Alnus rubra

on the ecology of germinatlon of black spruce and
Bong. ) .

Studies of the effects of seed-borne fungl on gerrnination and earlyseedllng development of whlte spruce and easEern white pine werecompleted. The study areas covered were: identification of fungusspecies lsolated (Mitral and wang l9g6a, b), source of infestation (from
cone collection to seed processing) (Mittal and tlang 1987c), pathogenicity
of fungi to seed germination and early seedling developnent under labor-atory and greenhouse conditions (t,tittal and wang l9g7b, I,littat et al .1987), effective control measures, and liEer"u,ri. review (llit.tat and Wang
1985, Mirral er al. f9g7).

Seed Storage

Preliminary results showed thaE white
content frorn 2 to ll7" (fresh weight basis),
weeks of storage under cryogenic conditions
and -I96"C. Germination of seeds witlt L4Z
reduced. Further trials with black spruce
progress.

spruce seeds, with moisture
suffered no injury after 2
at temperatures of -80", -150"

or rpre moisture content was
seeds and other species are in
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Genet.ic changes that may occur as seed germinability declines in
storage are being studi-ed usLng accelerated aging techniques and electro-
phoretic analysis.

SEED BANK AND SERVICES

Seed Processing and Testing

The Cent.re's seed extract.ion plant has continued to provide seed
processing services to maintain the Seed Bank holdings and t.o other
cllents. Seed lots of about 25 species were processed, including 267 lors
for complete processing from cones Eo clean seeds and l,109 lots for
recleanlng and reconditioning.

The dernand for regulaEory seed t.esting services has decreased but
31000 in-house service tests were conducted in the lasE Ewo years. In
addition, 500 tests were perforrned for ongoing (or routine) monitoring of
seed quality of the Seed Bank stock.

Seed Bank and Information Services

The Seed Bank has continued to procure seeds of various species to
strengthen its holdings1, L7O seedlots of 57 species were procured from 12

countries in 1986 including 25 lots collected by project staff. An
updated list of seeds available from Ehe Seed Bank was published and
distribuE.ed to users. In response to l6l requesEs for seeds, 1r327 lots
of L32 species were dispatched to clients in Canada and 17 other countries
in 1986. Over 2,000 seed and cone samples were distributed to educaEional
institutlons, visi-tor centres and exhibitions through other projecE
activities. In reply to lnquiries, information in t.he form of letters,
reprints, maps, and computer inventory listings were rnailed to 55 clients
in 9 Canadian provinces and 15 countries.

National Seed Statistics

Results of the 1982-83 national survey of conifer forest tree seed
statistics was published. Preparatlon of a summary of resulEs of the
1984-85 survey has been delayed by staff changes and by rhe lack of data
from the Maritime Provinces. The available daEa wlll be published along
with tte results of the 1986-87 survey. Requests for daEa are being sent
out, and returns from all areas of Canada are hoped for.

OTHER ACTIVITIES

The Centre has conEinued to provide programs and facilities for
training in tree climbing skllls, and seed sci-ence and technology to
technical and professional personnel from CIDA's Project in SoutheasE Asia
and other agencies.
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- - In cooperation with Dr. George Edwards of Paciflc Forestry Centre(PFC)' and Ron Smlth of Maritimes Forestry Centre, regional workshops ontree seed testing are scheduled t.o be held at: Petawawa ldational ForestryrnstiEute on september 29 - october I, l9g7 ard March l9gg, Truro, Novascotia on November 24-26, 1987 and pFC, Victoria, B.c. on December g-10,
L987 - The first one will be co-sponsored by the ontario Ministry ofNatural Resources for their staff.
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INTRODUCTION

The Tree c'enetics and Breeding project at pNFr was dlvided and
expanded into three projects in lday, 19g5, wlEh the creation of theMolecular Genetlcs and Tlssue culture project (Dr. I.I.M. cheliak, projectleader) and the Tree propagation project (Mr. z. zd,razrL, pro5ect reader).Dr. Steen lvlagnussen' post doctoral fel1ow fron the Royal veteiinary andAgricultural unLversity of copehagen (Dennark), ioineh the proJect in1985- rn 1986, Dr. Gordon Murray was confirmed in hls new posLtlon of
Program l'lanager, Forest Genetlcs and Biotechnology.

PROVENANCE AND HYBRID TESTING

A study of blomass production and dlstribution in 12 jack pine (pinusb?"k:l?l? Laurb. ) provenances was concluded in 19g5 (uagnusJen ei '-
a1. 19B5). Dlfferences among provenances were greater for blonass thanfor helght growth, and biomass production per unit leaf area rdas constant.
The affect of competitlon was assessed in another jack pine provenance
test (Magnussen and yeatman 1987e). only diameter growth was slgnifi-
cantly affected by competltion, and adjusting for competLtion lead to no
changes of ranklng. Growth and form characters were assessed for 26 jackplne provenance hybrids, growlng on six sites. Ilybrids generally exceededrnid-parental values, but were usually inferior to the better parent.

In a provenance-progeny test of SovLet and Chl-nese Scots plne (pinus
sylvestris L. ), established in 1986, sources f rom southern Siberla wG-
superl-or to ukrainiau and western Russian provenances ln first- and
second-year helght growth. In a 3o-year-old provenance test, diameters of
central Slberian provenances from near Krasnojarsk were not signlficancly
dlfferent fron those of llungarlan and Czechoslovakian provenances that had
been slgniflcantly larger at age 17.
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Three range-wide tamFrack (Larix laricina [Du Rol] K. Koch) trials
were establtshed in OnEario fn t9E'6:-gZl-

PROGENY TESTING

In a seven-tree, complete diallel cross of black spruce (Picea
mariana [Mi11.] B.S.P.), planted at three locatl-ons, genetic cilntro.l of
hefght growth at four ages between six and 14 was predomlnantly addltive.
Ilowever, locatLon and locatLon x cross interaction effects rrere large
(Boyle 1987). Fron about age 10, though, speciflc combinlng abtllty
effects began to Lncrease in size, relative to general conblning ability,
on all three sltes. The same material has been used for a study of wood
propertlesi Specific gravit.y and tracheld characters have been demon-
strated to be hlghly herltable and predomlnantly addittve in thelr
lnheritance.

Analyses of an accelerated nursery trial and standard fleld trlal of
open-pollinated jack pine familles demonstrated the potentlal for early
selectLon for hel.ght growth (Magnussen and Yeatman 1987d). In another
nursery trial, the effects of spacing on branch characters was studied.
Repeatablllties were 1ow, except for branch angle, indicating the
potentlal for genetic improvement of this character, but although
progenies of plus trees r{ere superior to those from "average" trees in
terms of height, this superLority decllned with age (I'lagnussen and Yeatman
1987a, b).

A serl,es of experlments was planted in nursery and fleld tests wlth
control-pollinated jack pine. The objective ls to quantify gains Eo be
achieved by selectLon and breedlng over a range of levels and in flrst and
second generations. Surplus seed will provide plants for block planting
of fanlltes and seedlots for subsequenE selection. A ten-fanlly x spacing
progeny test was established for growth and yield studies in collaboration
with U. of T. Forestry Faculty.

In a Z2-year-old Norway spruce (Picea abies IGrst) progeny test,
whlEe pine weevil tolerance was deinonlT-ra-teE-To-be htghly herlEable, but
susceptlblltty to frost appeared to have 11ttle lnf,luence on future stem
forrn (Coleman et al. 1987). Growth rates of the better famllies were
outs tanding.

POPIJI,;\TI0}{ STUDIES

Analysis of isozyme genotypes of 180 lndlviduals in a "lowland" black
spruce populatLon in northern Ontario indi-cated a random distributlon
pattern wlthln the population. A conparative study on 350 individuals
from a nearby "upland" site Is currently underway.
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BREEDING POPULATIONS

Clones of superLor Norway spruce selected ln plantatl-ons ln eastern
Canada were added to the tland race' populatlon at PNFI. Scions of Norway
spruce and larch select trees were supplied to cooperators ln eastern
Canada. Clones of Upper Ottawa Valley whlte spruce selections ltere
planted ln breeding archives. The Spoor Lake research orchard was used
for a workshop in orchard thLnning. Budworrtolerant Jack plne were
selected, grafted and used for epldenl-ological research by Taylor Scarr,
U. of T. graduate student. Dr. Andy Hurley, Queens UnLversity, completed
his graduate studies of squirrel activlty l-n plne gtaft plantatlons at
PNFI. He was awarded hls Ph.D. ln July, 1987.

DATA COLLECTION

Mr. T. Nieman is servlng as the Canadian representative on a joint
US-Canadian conrmlttee on Electronic Data Collectlon and l{icro-computers
under the Forest Assessment Technology Exchange programme. The purpose of
the comrlttee is to revl-ew exlstlng users and applicatlons and to facllt-
tate the exchange of inforuatLon and ideas. The current status of
Electronic Data Collectlon in the US and Canada was reviewed by Nienan
(1e87).
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The desirability of industrial/governmenE cooperation in tree
improvement in Ontario became apparent when the responsibility for forest
management r{ras transferred to industry through the Forest }lanagemenE
Agreements and wiEh the realization that a possible wood supply shorcfall
may exist in the future.

The Ontario Tree Improvement Councif (OTIC) - an incorporated
industrial/government cooperative - began operati-on in January 1985. The
structure and modus operandi are described. OperaElonal black spruce
(Picea mariana (I-1i11. ) B. S.P. ) and jack pine (Pinus banksiana Larnb. ) tree
improvement projects have been establistred in the chree norEhern Regions
of the Province in those breeding zones not previously addressed by the
ontario I"linistry of Natural Resources (OMNR). To date, approximately 2000
plus trees have been selected, 20 hectares of seedling seed orchard
esfablished and four family tests outplanted. Progress and cooperation
has been excellent and has every prospect of continuing.

STRUCTURE

The Ontario Tree Improvement Council- (0TIC) is an incorporated
cooperative composed of Abitibi-Price Inc., Boise Cascade Canada Ltd.,
Great Lakes Forest Products Ltd., Ontario Paper Co., Waferboard Corp, Ltd.
and the Eastern, Norlheastern, Northern, North Central and NorthwesEern
Regions of the Ontario Ministry of Natural Resources, and employs a

fulltime director headquartered at the Universicy of Guelph. The
objective of OIIC is "t.o increase the supply of industrial roundwood for
Ehe forest industries of Ontario by fosEering the cooperative approach to
an.accelerated tree improvement program tl-rat will shorten rotations'
increase yields and improve wood quality". The objective will be
accomplished by (i) ensuring all seed used in reforestation are well-
adapted and source identified and (ii) providing genetically irnproved seed
through a program of plus tree selection, testing and propagation.
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CIIIC ts structured into three levels of commitEees. The parent
committee of OfIC ls composed of a senior management representative from
each of the cen agencies as voting members and three non-voting rnembers -
the Provinci-al Forester, the Provincial Tree.Improvement Speclalist and
the DirecEor of O[IC. The parent coumittee meeEs twice a year to revtew
progress, to set policy, to provide guidance to the Dlrector and Eo
establish a yearly budget for OTIC and is chaired by an elected voEi.ng
member. Each of the ten agencles is assessed a standard membership fee to
cover office, travel and salary expenses of the Director.

The Technical Comnittee is composed of a voting Eree improvement
representative from each of Lhe ten agencies along wlth non-voEing
sclentific advlsors from the universities and federal and provlncial
governments. The Technlcal Connnitteets functlon ls to review progress,
recommend improvernents, solve short term problems and recommend approaches
to such long rerm opporEunities as improvement of wood quality. The
Technical Committee meets when required and ls chaired by the Director of
OT IC.

Regional working committees are in place for each project and are
composed of the tree improvement specialists from the industrial woodlands
and district and regional OMNR offices involved. The working commlttees
plan and distribute Ehe workload and coordinaEe a budget for each project.
The connnittee and its nembers are responsible for the day-to-day operation
and implementation of the project and meet as required - usually
inforrnally, several times a year.

MODUS OPERANDI

Cooperation between industry, OMNR and Ehe research agencies is the
key to a successful and efficient program and is facilitated by a
framework of clearly defined and accepted groundrules.

i Program Design - the strategy for irnplementing a prograrn will
follow that prescribed by the OMNR (1987) document "Tree
Improvement Ivlaster Plan For OnEario". These strategi_es are
sufficiently flexible to incorporate new knowledge and meet
individual agency's objectives.

li Species - joint projects between industry and Ot'lNR may be
established in those species which are commercially important and
commonly planted and in any area of the province where CIIIC
members determine there is a need.

iii Criteria For Selection - selection of cri-teria are determined by
long-term industrial requirements.

iv Seed Orchards - orchards may be established eirher individually or
j ointly.

v Distribution of Improved Genetic l'laterial - the guiding principal
is that distribut.ion of improved material will reflect the level
of contribution of members to any of the selection, testing or
orchard establishment phases of the project.
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vi Funding - project plans, devised by che Regional l,lorking
Committees, will distribute the workload. Costs incurred to
complete the designated workload wil-L be born by the agency
involved but may be offset shouLd government funding (Canada-
Ontario Forest Resources Development AgreemenE, COFRDA) be
available.

PROJECT S

AfEer a thorough review of OI1NRrs ongoing tree improvement program,
OIIC rnembers determined the need for three operaEional projecEs
( Figure I ).

i In the Northern Region, AbiEibi-Price, OnEario Paper, Waferboard
and 0I1NR (Cochrane, Kirkland Lake, Timmins Districts) are
cooperating to improve black spruce in two breeding zones and jack
pine in one breedlng zone.

ii In the North Central Region, Abitibi-Price, Great Lakes Forest
ProducEs and ()i"INR (Thunder Bay District) are cooperating to
improve both black spruce and jack pine in che Lake Nipigon West
breeding zone.

iii In the Northwestern Region, Boise Cascade, Great Lakes Forest.
Products and 0llNR (Dryden and ForE l'rances DistricEs) are
cooperating to improve jack pine in two breeding zones.

In addiEion, Boise Cascade, Lakehead University in Thunder Bay and
OPINR Regional Office j-n Kenora developed a research project "Development
Of Short Rotation Silvicultural Systems For Selected Populus And Larix ln
Northwestern Ont.ario" (Lakehead University, 1986). The research project
is in response to a desire by Boise Cascade to reforesE the large areas of
marginal farmland in the Fort Frances area.

For each of the four projects, work plans and budgets were devised
and accepted by all parties and proposals were submitted to COFRDA.
COFRDA funding was approved for four years which, in conjunction wich
industrial and (XNR financial commiEments to the projects, will provide an
adequate level of funding Eo complete the projects.

PROGRESS

Operational Tree Improvement Projects

The strat.egy to be employed for Ehe first generati-on of improvement
of both black spruce and jack pine in t.he Province is extensive selection
of plus Erees from natural stands followed by the establistunent of fannily
tests (single-tree plots, 32 repli-cations) and seedli-ng seed orchards.
The seedling orchards will be rogued of their poorest families as requir-ed
to maintain good espacement, based on growth and form measurements in the
family tests.
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Northern Region

Black Spruce, Cochrane Breeding zone. A Earget of 450 plus trees
exhibiEing superior volume growth and good form was seE and Eo date has

been only-p"rtidly met. Poor cone crops have reduced the nurnber of sound

seed available per tree. A 36 ha seed orchard gi6e has been prepared'

Black Spruce, Kirkland Lake/Timmins Breeding Zone. A target of 450
plus trees of superior volume growt.h and form has been rneE by industrial
and OMNR cooperators. A 12 ha seed orchard site has been prepared and

seedlings for the orchard and family tests are currently being produced.

Jack Pine, Kirkland Lake/Tinnins Breeding Zone. The targeE of 450
plus trees of superi-or forn and volume growgh has been met. Seven
hectares of a proposed 14 ha orchard has been planted and seedlings are
being produced to esEablish fanily tests and the remaining 7 ha of orchard
in 1988.

North Central Region

Black Spruce, Lake Nipigon WesE. The targeC of 450 plus trees
exhibiting superi-or volume growth has been met alEhough seed yields have

not been as high as required. A 16 ha orchard site has been prepared for
outplanting in 1988 however an additional 16 ha will be required.

Jack Pine, Lake Nipigon West. AII 450 plus trees of exce.Llent form
and volume growth have been selected. Four family tests and a 14 ha

seedllng orchard were established in the spring of 1987.

NorthwesEern Region

Jack Pine. The criteria for selection of plus trees is superior
volume gror4tth and excellent form. Approximately 3/4 of the 450 plus trees
required for each breeding zone have been selecEed. Two orchard siEes
have been prepared.

Boise Cascade, Lakehead Universit.y, OI1NR Research Project

"Development of Short Rotation Silvicultural Systems For Select
Populus And Larix In NorthwesEern OnEario. " A research associate at the
ffioofot foffiry has reviewed the liEerature, surveyed exisEing Northern
OnEario trlals, selected clones of Populus and species and Provenances of
Larix for tesEing, procured the mateiial and, with assistance from Boise
GFaae, established nursery trlals of the selected materials aE both !-orc
Frances and Thunder Bav.
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SUIIMARY

The Ontario Tree Improvement Council has made significanE sErides
during the first two and a half years of operation. With funding secured,
on-the-ground progress in the operational and research projects has been
excellent and cooperation between industry, government and research
agencies is irnproving. There is every indication that OIIC will prosper
and grow to play a significant role in tree improvernent in Ontario.
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The forest genetics laboratory has become well established slnce lts
lnceptlon in 1984. Undergraduate courses are offered in forest genetics
and tree breeding to the second year and to the fourth year. A graduate
course in forest genetlcs ls offered as well.

Five Ph.D. students rrere enrolled tn 1985-87 (O-M. Rajora'
A. l'losseler, M. Stoehr, E. Chagala and A. Kenny). The first ErYo students
completed their Ph.D. studies ln June, 1986 and June, L987, respectively-
A description of Rajorars thesis work appeared in the Proceedings of the
20th Meeting CTIA, 1985. A. Mosseler has since accepted a positlon as
Research Associate with the Forest Genetics Laboratory, starting June,
L987. In addition, 4 new Masters students have commenced work
(M. Roderick, T. Scarr, M. Simon and E. Viquez).

Graduate studies initiated since 1985, and the research projects
conducted by the Forest Cenetlcs Laboratory at the UniversiEy of Toronto,
are described as follows:

Hybridization.studies in sone North American Salix sPecies

Dr. A. Mosseler has performed these studies as part of his Ph.D.
thesls, and is contlnuing with the same now as a Research Associate.

The reproductive barrlers restricting natural hybridlzation between
S. amygdaloides Anderss., S. bebbiana Sarg., S. discolror Muhl.,,
S. eribcepfial; Michx., S. exigua Nutt., S. luci4? {uhla, S. Pellita
EnaersE.l- antS. petloliils Snittr have been studied. Premating repro-
ductlve lsolation mechanlsms such as different habltat preferences or
flowering Eimes could not preclude natural cross pollination and suggested
that stronger Lnternal (post-nating) barriers must play an important role
in minimlzing natural hybridlzation. llicroscopic observatlons lndicafed
that pollen-pistll Lncongrulty (incompatibility) represented a mejor
lnternal barrier to lnterspeclflc fetti-1.lzation. Among lnterspecific



-8q-

hybrid families, postzygotlc inviability barrlers such as seed incompati-
bility, seedllng inviability and inferior growth performance in hybrid
progeny were also observed. Viable interspecific hybrids generally
suffered reduced levels of fertllity, but rnost female plants produced
open-pollinat,ed seed, indicating enough residual fertility to proceed with
backcross breeding. Preliminary observations on biomass yield obtained
fron F1 hybrids indicated that interspecific hybridization results in
lower mean fami-ly biornass production and a much higher within-faurily
variabllity in yields when compared with intraspecific fanilies.

Inductlon "rd evalration of haploi

-

Populus specles (M. Stoehr)

Anthers with pollen grains at different stages of microsporogenesis
are cultured on a range of nredia supplemenCed with various growth
hormones. Plantlets are lnduced from callus tlssue or embryoidal
structures. Currently, a total of 145 plants have been obtained from one
poplar clone. Ploidy levels of these planEs have not yet been confirmed.
Some of the anther-derived plants produced primirive flowers. In willows,
haploid plants were induced but did not survive in non-sterile
conditions.

Genetic characteristics of Gliricidia spierro (Jacq

This species is native to Central America, but planLed throughout the
tropics for fuelwood, in live fences, and as a protein supplement in
ruminant forage. Despite its widespread use, llttle lnforrnaEi-on exists on
the degree of genetic variation in Ehe specles and on lt.s nating system.
Isozymes will be used to estimate the rate of outcrossing and levels of
heterozygosity and the average number of alleles per polymorphlc loci from
populations throughout the tropics. Seed from natural and introduced
populatlons wlll be supplied from the Oxford Forestry Institute; the
NlErogen Fixlng Tree Association, Universlty of Hawaiil and fron the
International LLvestock Centre for Africa.

The effect of genotype and nutritional status of ortet on rootingj[Lllg

The goal of this study is to est.ablish the effect. of genotype and
nutrient status of the ortet, as related to the nutrients in the soil, on
rootlng. The study is being accomplished in four related trials wlth the
following goals: 1) to investigate the effect of genotype x slLe
interaction on rooting using clones from 15 different sites in Costa Rica;
2) to test the effect. of nuEritional status of ortet on rootlng as related
t.o the soil rnineral confent; 3) to investigare the effecE of genotype o1l
rooting by examining differences ln rooting between clones within an
existi-ng provenance triall and 4) to test the consistency in rooElng by
re-examlning some of the clones used in the flrst trial. Soil, foliar and
carbohydrate/nltrogen analysis are an integral part of the investlgatlons.
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l!i9 95uay is performed at Central Aurerican Research and Trainlng Centre(catrn), cosra Rlca.

9rowtF.responsg_ of some North A
f

Thls study was designed to establish species and clonal differences
in nitrogen uptake and growth response. sallx e:locephals, s. lucida, ands..exigga wlth five ctones per specle", aillEi;cffiGe;rhnll6Ts
raised from cuttlngs, in pots. Fertilization treatments include l) a
chemical solutLon contalning micro- and nacro-nutrients; 2) industrlalsludge; and 3) nnrnlcipal sewage sludge. In addition, a field trlal using
NorEh Amerlcan and European wlllow species has been established aE the
Petawawa National Forestry Institute, and fertillzers with different
levels of macro-nutrients are being applled at an exponentially increaslngrate, during the summer of 1987.

Geneti-c variation in iack ne for resistance to -jack pine budworm
Choristoneura pinus pinus T. Scarr

Surveys were conducted to locaEe trees which contlnue to exhibit verylittle defoliation after several years of lnfestatlon, compared to thelrneighbours. Grafted clones of trees selected for apparent reslstance orsusceptlbtlity are being used as bioassays to determine whether theundefoliated trees are rejected by budworm larvae, reduce larval survlval,or are not preferred by ovipositing moths. Analyses of needle toughness,
Eerpene content, and isozymes will attempt Eo characterlze the green
trees. Increment borlngs and wood disks will be used to measure vigour ofthe Erees.

The establi"htu@e markers for identification of important

The purpose- of this study is: 1) to ldentify marker allozyme genesand alleles which will characterize selected inteispecific hybri-ds anaclonal varieties of poplar; 2) to produce keys for the reliable identifi-cation of the hybrids and clones of poplar used; 3) to study the herit-abillty of some characterlsEic isozymes in poplar hybrids; and 4) to studylinkages between established gene markers and clonal characteristlcs.
Hybrids between P. deltoides and p. nigra will be assayed by electro-phoretic techniq-uesEFffiToximaEely 20 differenr enzyme systems.

Selection and evaluation of Salix s ci-es for bi ornas s roduct.ion in shorErotation ntations (B. Beatson, A. Mosseler d

This study ls financially supported by the Bioenergy Agreemenr,
rnternaElonal Energy Agency, in cooperaEion with Belgium, Finland,
Ireland, Sweden, U.K. and U.S.A. The objectives are to collect worldwide,
Propagate, evaluate and distribute clones of species and hybrids of genusSalix which are of importance for biomass production in energy plantations
according to the needs of the project participants. A special focus of
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the project is the selection and evaluation of North Arnerican Salix
species, llttle studled up to now. Adaptabllity of the clones-Ellocal
conditLons and susceptibility to insect and disease damage is currently
under study. Several hundred clones from across the North Central U.S.A.,
the Southeast u.s.A., Northwestern canada and ont.ario were shipped to
Belgium, Ireland and Sweden during 1984 and 1985. Testing of these clones
in local conditions is ongoing. Trials were established ln the vieinity
of Toronto, Kemptvi-Ile, Petawawa (PNFI) and in Syracuse, N.y. (U.S.A.), in
1986/87.

coordination of international research and developnent projects

Forest genetics and tree breeding at the Faculty, with L. Zsuffa as
operatlng agent, and R. Gambles as coordinaEor, is the secretariat of a
cooperat.ive task of the Bloenergy Agreement, International Energy Agency.
The grouprs objeclive ls the lmprovement of blomass growth and production
technology tn short rotation forestry. The partlcipants i-n this task are
Belgium, canada, Finland, rreland, sweden, u.K. and u.s.A. The means are
cooperative and coordlnated R & D, transfer of technology and rnaterlal,
and exchange of lnformation ln the areas of genetic lmprovement, factors
of growth, production technology and evaluation. The participating
countries cooperate in planning and executing t.he task. The work is
struct.ured in acti.viEies, and activity leaders are from countries with the
most expertise, strong support and funding. Results are in the form of
reports and recommendations, handbooks and manuals, standardized
procedures and evaluations, superior stock, and disease-free plant
material. The participants contribuEe to the work in-cash and in-kind.

An evaluation and Eic enhancement of Po ulus deltoides Bartr. native
to tario

This project sEarEed with a survey of P. deltoides occurrence in
0ntario,fromwhich10groupingswerede1tn6atffidingatota1of120
Erees. The genetic strLrcture of the trees and populations was studied by
lsozyme analysis. Root tlps were collected from vegetatively propagated
trees, and l3 enzyme systems were resolved by starch gel electrophoresis.
The allelic constltution was determlned at 38 loci coding for these
enzymes. The results of this study were tested using Nei' statistic,
showing much of the variability (882) resided wiEhin populations. Discri-
minant analysis of allele frequencies determined thac the SouthwesE, Long
Point and Perth populations were moderately well separated from the other
populations. Differences among populations were also evaluated on the
basLs of leaf morphology using seven leaf characters and four rati-os.
Duncan's multiple range test and discriminanE analysis showed the Long
Point population was signlficantly different. Mahalanobis dj-stances were
highly significant among all populations, showing a high amounc of morpho-
logical divergence of leaf characters in p. deltoides in OnLario.
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Veeetative DroDaqation of Plnus banksiana Lanb. and Pinus strobus L.
(8. Beatson, L. Zsuffa)

Studies on veget.ative propagation of P. banksiana began in the winter
of 1985/86. Two types of piant material w6reffiT) 1.5-year-old, half
sib stock from selected plus trees (cuttings were taken from actively-
growing seedlings) and 2) seven to 9-year-old plantation stock (dorrnant
cuttings were collected). For both juvenile and adolescent stock, 4

trials were conducted to evaluate clonal differences in rootlng, and
reactlon to rooting media, hormonal application, and environmental
conditions. The results were 1) 25-5014 of the cuttings from the best
clones rootedl 2) 19 of the 40 older ortets rooted; and 3) half concen-
trat,ion llarers powder was the besE hornonal treatment, and the rooting box
was the best environment for rooting.

In trials with P. strobus, two types of plant material were used:
1) nlne to l2-year-old E@s established from rooted cuttings of seven Eo

Zl-year old trees, and 2) two-year old seedlings. These trtals were
established ln rooting boxes (plastic boxes, 36 cm x ll2 cn x 46 cm, wiEh
grow-lux light, kept in a room at approx. 25-30'C). Cuttings were Eaken
fron hedges while dormant in April, and during candle elongation, in Ju1y.
Some of the dormant cutt.lngs rooEed by SepEember, and those taken ln July
failed. Cuttlngs taken from seedlings in April were evaluated for rooting
in August. Rooting for each famlly was 29-57"I. Seedlings of the same

families as used in the sprlng trials were decapitated in June to
encourage lateral shoot development, and cuttlngs were taken for root.ing
in late September. Rooting was up to I00% for some clones by March.
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TREE II"IPROVEI"IENT RESEARCH
IN SASKATCHEWAN L982-I987

M. Pandila, C. Halland and D. MacKay

Forestry Branch
Saskatchewan Parks, Recreation and Culture

Prince Albert, Saskatchewan
s6v 6cl

The tree Lmprovement program of the Forestry Branch of Saskatchewan
Parks, Recreation and Culture has been in place since 1978. program
activities have concentrated on plus tree selection, provenance tests,
mass selection in nursery beds, thinning trlals, seed collectlon stands
and setting up a seed orchard. Thls report describes the progress of the
work for the period, L982-L987.

PLUS TREE SELECTION

since the beginning of the program, 100 plus trees of white spruce
(Picea glauca (Moench) Voss) have been arbitrarlly selected in the
Provincial Forest. Only 36 parent trees have been confirmed. Criteria
for selectlon emphasized height, diameter, growth, stem form and branching
habit. Seeds wlll be collected from these trees for future work. For
superior seed collectlon, flve (5) seed production areas (SPA) have been
establlshed throughout the provincial forest.

SEED ORCHARD

In 1984, a 10 ha site close to the South SaskaEchewan River and
bordering the northeast portlon of the South Branch Forest Nursery was
cleared and fenced for the development of a seed orchard. The following
stock have so far been planted ln the seed orchard.

Whlte spruce mass selected - 1405 trees
Grafted Jack pine clones from canadian Forestry service - 269 trees
(Kleln,1982)
Provenance Test Plots

) - 2056 trees
- 684 trees
Dougl.) - 540 trees

Additlonal space ls available for future expansion of the seed orchard.

Scots pine (Pinus sylvestris L.
Red plne lefnus reGfnosa eft.l
Iodgepole pine (Plnus contorta
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PROVENANCE TESTS

Three (3) provenance tests have been established since 1982 in
various locations in the Provincial Forest. Red pine provenance test-
plots have been established near Greig Lake and Shoal Lake and at the
South Branch Ifursery. Nineteen (f9) different provenances nere used in
this test. Lodgepole pine provenance test-plots have been located near
Greig Lake and Man River and at the South Branch lfursery. Each test
contains 27 dlffetent provenances to determine the most suitable one for
Saskatchewan. Twenty five (25) provenances of jack pine (3i""" banksiana
Lamb.) from within Saskatchewan have been planted at Greig l,ake;ilJ-ig-
River lfursery. A11 provenance Eest plots are neasured every year for the
flrst five years and then every flfth year there after.
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SHELTERBELT TREE II'IPROVE}IENT
PFRA TREE NTIRSERY 1985-87

I{.R. Schroeder
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Keywords: Provenance test, seed orchard, progeny testr shelterbelt,
Populus, Pinus sylvestris, Pinus ponderosa, Larix sibirica,
Fraxinus pennsylvanica.

The primary objective of the tree improvement progran at the PFRA

Tree Nursery is to develop genetically superior tree and shrub species for
shelterbelt plantlng in the prairie provinces of Western Canada. This
program has focused on poplar (Populus species), Scots pine (?inus
sylvestris L.), ponderosa pine (Pinus ponderosa var. scopulorium Laws.),
SJberian larch (Larix sibirica I€d6. ), and green ash (Fraxinus
pennsylvanica Marsh. var. subintergerrima (Vahl) Fern.). Major activities
in the past two years have been assernbling a genetic base for breeding of
Siberian larch, interprovenance breedlng and progeny testing of Scots
pine, establishnent of a ponderosa pine progeny test, development of a

superior poplar clone, and lnitiation of a green ash provenance test and
clone bank.

POPLAR

Over the past 15 years, numerous poplar selections from open-
pollinated populations of P. x deltoides 'Walker' have been evaluated.
a result of thts program, a new-!6[IEi-E1one, rAssiniboine', has been
released for planting ln prairie shelterbelts. This nale poplar clone
superior hardlness and is relatively fast growing. Distribution of
Asslnibolne poplar was inLtlated in 1987.

SCOTS PINE

An interprovenance breedlng program including twenty-four superior
phenotypes is nearing completion. Initlated in 1983, the program has
resulted in a toEal of 300 crosses. A progressive dlallel nating system
was incorporated, replaclng the tester cross system used inltially in the
program. Concurrent rrtth the breedl-ng program has been the establtshment
of a clonal seed orchard. The seed orchard vill contain five ramets each
of 24 plus trees, selected from a 1962 provenance test.
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PONDEROSA PINE

In 1986, an open-pollinated progeny test was established near Indian
Ilead, i-n co-operation with the USDA-Forest Service. The Eest includes 62
families from 11 sources in Nebraska, South Dakota and Montana. In order
that the progeny test be easily converted to a seed orchard, a three-tree
noncontlguous plot design was used. First year survival ranged from 95 fo
100 percent. There were no differences €rmong fanilies.

SIBERIAN LARCH

Investigations into the propagation of Siberian larch are underway.
Current studies lnclude vegeEatlve propagation with softwood cuttl-ngs, and
seed characteristi.cs, including maturlty and germination requirements. In
1986 seed obtained from the Petawawa lihtional Forestry Institute, as well
as collections frorn the native range of Siberlan larch in the Soviet
Union, were propagated. The seedlings, representing ll seed sources, will
be planted at various locations for future breeding programs. rn 1987,
investigations on controlled pollination and pollen handling techniques
for Slberlan larch were lnitlated.

GREEN ASH

In 1986, seed was collected from the northern range of green ash in
North America. This included 36 sources from Nebraska, South Dakota,
North Dakota, Manitoba and Saskatchewan. In total, 100 families will be
represented in the provenance tests, whlch will be established at numerous
locations in Manitoba and Saskatchewan during 1989. In addition to the
provenance tests, a clone bank including 67 grafted plus trees (52 female
and 15 male) is being established near Indian Head. The clone bank will
be used for breeding programs, and ultimately transformed int.o a clonal
seed orchard.
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Tree lmprovement of Jack plne (Plnus bankslana Lanb.) and whlt.e
spruce (Plcea glauca (I'loench) Voss) is cal;ieA out to augment the
Company'I6-reEffiTagement actlvltLes. A short suunary of the progress
made to date ln these programs ls given below,

JACK PINE PROGMM

Seed Orchard

Cone Productlon
A 7.2 hectare orchard, made up of 32 clones irnd established from

1979-1983, ls now produclng small amounts of seed. The seed harvested to
date, shown below in Flgure 11 ls belng grordn and outplanted on prepared
sltes ln the Conpanyrs operatlng area as lE becomes available.

Flgure 1: Seed Collected From Jack plne Orchard
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Flower Inductlon Trlals

A trial to test the effects of glbberellLns and ammonium nltrate
fertllizer on the amount and type of flowering ln the orchard is currently
being carried out in cooperatlon wLth Canadian Forestry Service personnel
from Petawawa National Forestry Institut.e.

Controlled Crosses
Controlled crosses are being carried out in the orchard to get infor-

mation on the general and speciflc conbining ability of the clones, and
for future genetLc uaterial. Three, six-tree half-diallels have now been
started, with the first seed belng collected ln the fall of 1986. The
cones produced were very srnnIl, with the number of untested seed/cone
ranging from 4 to 14.

Famlly Test Measurements

Five (5) year measurements on two sets of open pollinated fanily
tests have been evaluated, and the best indivlduals fron the best fanilies
chosen.

Future Direction of the Program

An accelerated breeding route is being taken wlth this Program.
Individual second generation trees, selected fron the family tests on the
basis of 5-year measurements, are being grafted into a breedlng bank on
the orchard site. They will be bred as quickly as possible to get the
thlrd generatlon, and the best results used to establish a third genera-
tion production orchard.

WIIITE SPRUCE PROGMM

Seed Orchard

An 8 hectare orchard, made up of 40 clones, is in the late stages of
esEablishment. Some grafts are already producing cones.

Fanily Tests

Twenty-eight (28) open polllnated farnilles rlere established ln trials
in 1986.

Seed will be collected from up to 172 more select trees in August of
1987, so that fanily tests can be established for a Eotal of 200
selections.

Seed Production Area

An excellent stand of trees has been located and esEablished as a
seed production area, to gfve an lnterin supply of seed until the orchard
comes lnto producElon. Unfortunately the anEiclpated 1987 cone crop did
not develop, so no seeds will be collected thls year.
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GENETICS AND TREE IT"TPROVEMENT PROGRAM
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Alberta Forest Service

EdmonEon, Alberta
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Keywords: Tree breeding, genetic lmprovement, provenance studies, species
testing, seed orchards, whlte spruce, lodgepole pine

This report summarizes the progress of the Alberta Forest. Service
(A.F.S.) genetics and tree lmprovemenE program for the period 1985-1987.

PROGRAI"I DEVELOPMENT

The expanded genetics and tree improvement facilities at Pine Ridge
were made fully operat.lonal. As a result, the plant propagation program
could be substantially increased and wood quallty analyses could be
carried out.

A large part of the genetics and tree inprovement program budget was
provlded by the 'taintaining Our Forests" project funded by the Alberta
Heritage Savings and Trust Fund. This funding lapsed in 1986 and was
partlally replaced by funding provided by the Canada/Alberta Forest
Resource Development Agreement.

Two new major projects were started durlng the reporE period. These
are: (1) an arboret.um and a set of demonst.ratlon plantings being
established as part of the "Genetics and Future Reforestation" site at the
new DemonstratLon Forest being developed in the Kananaskis Country near
Calgary; (2) a systematic survey to locate, document and designate merit-
worthy stands as gene pool reserves.

GENETIC IMPROVEMENT

Assembl.y of Breeding Stock

Field selection of superlor trees to provlde base material for
A.F.S., as well as A.F.S./industry cooperative genetic improvement
projects, continued. As part of A.F.S. responsibiltty projecEs, a total
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of 100 white spruce (Plcea glauca [t'toench] Voss), 16 black spruce (P.
r"ri".r" tl,Irrl.l B.s.pland-3 tar"iack (Larix laricina Iuu Rot] K. Koch)
superfor trees were selecEed. As part of A.F.S./industry cooperative
projects, a total of. 44 lodgepole pine (Pinus contorta Dougl.) superior
trees were selected jointly wiEh Blue Ridge Lumber, Canadian Forest
ProducEs and ProcEer and Gamble Cellulose.

A11 superior tree selections are being evaluated for wood density and

fibre length. Based on the analyses completed so far, relative wood

density of white spruce superior trees varied from 0.269 to 0.428 with
overall mean of 0.350 (S.8. = 0.005). For lodgepole pine, retative wood

density of superi-or trees varied frour 0.366 to 0.50I with overall rnean of
0.424 (S.8. = 0.006). Mean wood density of superior tree selections of
both white spruce and lodgepole pine from differenE breeding regions was

found to be smaller and differences were statistically non-signiflcant.

Progeny Testing

As part of genetic i-mprovement for breeding region D, four open
polllnated half-s1b family fleld trials were outplanted in spring l986'
uslng plug+2 transplant stock. The trlals contained 144-150 farnllies.
Experirnental design consisted of randomized complete blocks wlth 6 repli-
cations and 5- or 6-tree row-plots.

Site development was lnitlaced for half-sib famlly testing' as parE
of geneEic improvement of lodgepole pine for breeding region 82. Three
sites are being developed jotntly with Procter and Gamble Cellulose for
this project.

Seed Orchards

Outplanting of a lodgepole pine seedling seed orchard (phase I) for
breeding regi-on Bl was completed at the Huallen seed orchard site' near
Grande Prairie. It is 9.8 hectares in size and is the first A.F.S./
industry cooperatlve seed orchard est.ablished in the province. It is
managed jointly by Canadlan Forest Products and Procter and Garnble
Cellulose.

A 0.8 hectare expansion of the white spruce seedling seed orchard for
breeding reglon D at Pine Ridge was completed in order to increase seed
production capaclty of the orchard, which was earliet 2"5 hectares in
size. Stock production for three white spruce clonal seed orchards
(breeding regions E, G and H) continued. Sites for regions E and G

orchards are already finalized and fully developed for ourplanting in
f988. Site developrnent for the region H orchard is scheduled Co courmence

i-n the fall of 1987. Stock production is also in progress for a small
black spruce c1ona1 seed orchard to be esgablished at Pine Ridge.
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GENETICS AND TREE II'IPROVEMENI RESEARCH

Species Testing

Encouraged by good early performance of Siberian larch (Larix
sibirica Ledeb.) in genetics and tree improvement research plantlngs, iE
was decided that operational testing of this species should commence on a
variety of sites. A 3.2 hectare planting was established in 1985 near
Whitecourt. The project was later transferred to a reforesEation
program.

A study $ras started to test the potential of green ash (Fraxinus
pennsylvanica l{arsh. var. subintergerrima [Vahl] Fern.) as a possible
specles for future reforestatlon in Alberta. Green ash, although not
native to Alberta, is extensively grown as a street tree in many urban
locallties in the province. Seeds were collected from 20 desirable type
trees selected in Edmonton and Smoky Lake areas. A nursery trial was
established in 1986. It was assessed for winter damage in spring L987.
Damage among lndividual seedlots ranged from 69 Eo 92 per cent. Nursery
Eestlng will continue for another yearr after which sEock found to be
hardy wlll be lifted and used for establishing several field trials.

Work was started on performance testing of Douglas-fir (Pseudotsuga
menziesii (Mirb. ) Franco) on drought-prone sites in Lhe montane foresE
region of southwestern Alberta. Four test sites were selected and
developed. Outplanting is planned for 1988-89. In addiElon, several
small outplantings were established at Pine Ridge. These contained white
birch (getul a papyrifera l"larsh. ), Norway spruce (Picea abies [L. ] Karst)
and Japanese faich-ll,arix leptolepis Izieb. ana SET nnaf .> (grown from
a seedlot obLained frorn a plantation in the U.S.S.R.).

Provenance Studies

Field outplanting of two additional trials was completed in 1986, as
part of a study to evaluate varlability and comparative performance of the
jack pine (Pinus banksiana Lamb.) - lodgepole pine seed source complex ln
Alberta. A total of six trials have been establistred so far, and three
more are planned.

Three outplantings of tamarack provenance Erials \cere established,
which also included a set of siberian larch seedlots. Nursery stock
production ls being carried out for 3 additional tamarack provenance
trials for outplanting in 1988. Stock production for a series of black
spruce provenance Erials ls also in progress. Province-wide outplanting
of these w111 commence in 1988.

Eight year assessment of Ewo Scots pine (Pinus sylvestri.s L.) seed
source trials containing 25 seedlots of U.S.S.R. orlgin, and a local
lodgepole pine seedloE was completed. One trial is located in norf-hern
Albert.a, at Footner Lake, and the oEher ls located in central Alberta, at
Pine Ridge. Mean height ar the two locations was 98.6 cm and 200.7 crn,
respectively, and survival was 79 per cent and 85 per cent, respectively.
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The best seed source at elEher locat.ion exceeded the plancaEion mean by
about 25 pet cent. InEerestingly, the best-performlng seed source at
both test siEes was found to have orlglnaE.ed from a nearly tdentlcal
latitudinal locatlon in the U.S.S.R. Analysis of variance of the data
showed that locatlon, seed source and seed source x location effecEs were
sEatlstically significant. These results provided preliminary confir-
mation that Scots pine, with proper seed source selection, may prove Eo be
a promising exotic for Alberta, and further tesEing is desired. In this
regard' tl^ro additional Scots pine seed source trial outplantings hrere
established, with 13 seedloLs of Swedish orlgin.

Genetic Studies

Two small divergent selection trials (one in white spruce and one in
lodgepole pine) were esEablished at Pine Ridge. These contained a set
each of the best-performing and worst-performing half-sib families.
Families were selected based on their nursery or early field performance
for height growth in other experiments, established earller.

Controlled pollinations of lodgepole ptne, to build a set of
biparental inter-provenance crosses among selecEed Alberta and B.c.
origins, were completed. A set of aspen (Populus L.) clones exhiblting
very crooked and straight stem characteristics were selected and propa-
gated for establishment ln a demonstration clonal test, to illustrate the
effectiveness of genetic selection.

Seed Production and Related Studies

Eight-year results on flowering and seed production monitoring of
white spruce grafts of northern Alberta origin, outplanted at four clirna-
tically diverse locations (Vernon in B.c., Brooks in southern Alberta,
Pine Ridge in central Alberta, and Grande Prairie in northern AlberEa),
nrere summatized'. It was interesting to note that mean female strobilus
productlon was beEter at the northern locaEions (i.e., pine Ridge and
Grande Prairie) than at the warmer southern locations (i.e., Brooks and
Vernon). The study has provided valuable information for whire spruce
seed orchard planting in Alberta. It also alleviated earller concerns
with regard to the suitability of Pine Ridge and Grande Prairie locations
for establishing seed orchards.

A study evaluatlng the effect of supplemental pollen application on
seed yield and seed quality of lodgepole pine was concluded. It was found
that supplemental polllnation lncreased seed yleld frorn 15.9 seeds/cone
(in an open-pollinated control) to 24.7 seeds/cone. Germination capaclty
and 1000-seed weight of the supplementally pollinated seedloEs did noE
differ slgnificantly from the control seedloEs.

Flowering and seed production monitoring of "accelerated growth"
research seed orchards of lodgepole pine and white spruce was continued*
A mini clonal seed orchard of Scots pine was establlshed at Pine Rldge to
develop information and experience on seed production management of this
species. A ners white spruce research orchard was established at Pine
Ridge, for carrying out experiments on various cultural (irrigation,
fertilization, root pruni-ng, etc.) and protection procedures required for
pracEical seed orchard management.
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PLANI PROPAGATION AND SEED BANK

During the report period, stock productlon consisted of 50,9lz
seedlings, 4,969 graffs, 61530 potted root stock trees and, 425
steckI lngs .

A graftlng date study was carried out on whlEe spruce, in order to
determine the earliest acceptable date for collectlon scions for grafring.
It was concluded thaE sclons could be collected as early as the end of
September. Experimental grafting was carrl-ed out with tanarack and
Siberlan larch to develop local experi-ence and procedures for grafEing
these species. Grafring success was 89 per cent for tamarack and 47 per
cent for Siberian larch.

A total of. 249 seedlots were added to the genetics seed bank. rt
presently cont.al-ns 2,765 seedlots. Seed quallty of the seed bank entri-es
is monitored by annual testing of a set of reference seedlots, which
consists of a stratified sample of about Lwo per cent of all seedlots.
Since the start of reference seedlot monitoring ln 1981, mean seed
germinaEion has declined sltghtly from the origlnal 80 per cent to 77 per
cent in 1987.
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molecular genetics

Actlvltles lnvolving graduate students and assoclates have focused on
population geneEics, utillzlng starch-gel electrophoresis and molecular
genetics techniques, early evaluatlon of progeny perfornance, and quanti,-
tative inheritance.

MATING SYSTEMS OF CONIFERS

Mr. Albert Sproule expects to defend his Ph.D. dissertation on the
rnating systern and population structure of black spruce (Picea mariana
(Mill.) B.S.P.) shortly. Mr. I,rrllli Fast completed his M.Sc. thesis on a
study of the mating sysEem and possible pollen contaminat.ion in a Douglas-
fir (Pseudotsuga menziesil (Mlrb.) Franco) seed orchard near Nanaimo, B.C.
(in cooperatlon wlth Dr. Ralph Bower, Macnillan Bloedel). Ms. Nola
Dalntlth conpleted her study on pollen and embryo competition ln Douglas-
flr. The mating systen studies have been funded by NSERC operatlng and
forestry development grants, the CFS, Macmlllan Bloedel Ltd. and t.he
Alberta Forest Service.

POPULATION STRUCTURE STUDIES

Ph.D. student Agnes Vanende continues her study of chemotaxonomy of
the Populus balsamifera L. - P. trichocarpa Torr. & Gray complex, under
the jolnt dlrectlon of Dancik and Keith Denford (Botany). Ph.D. student
Chang Yi Xie continues his study of the populatlon structure of Thuja
orientalis L. Brad Johnson (joint with Don Pluth, So11 Science) completed
his M.Sc.. thesis on responses of white spruce provenances to soil chenlcal
and biologtcal factors. Ph.D. student llong Zhu (joint with Ken
I{igginbotham) ls investigating several aspects, including genetic varia-
bility, of ectomycorrhizal fungi. These projects were supported by tire
NSERC Forestry Development Grant and the CFS.
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I,IOLECULAR GENETICS OF CONIFERS

Joyce Kenny completed her M.Sc. thesis on the nucleoLide sequence of
a portion of a lodgepole pine actin gene. Current Ph.D. student John
Barrett is investigating the organization and structure of Ehe lighE-
harvesting chlorophyll a/b-binding protein genes in conifers. I'1.Sc.
student Graydon Srnith is studying chloroplast DNA variation and phylo-
genetic relationships in the Pinus contorta Dougl. complex. Jean Bousquet
(Laval) has been studying genffi;ffi. A comparative stud.y of
lodgepole pine and jack pine (p. Ua.tt""GE--i-amb.) cpDNA with Dave l{agner,
Unlversity of Kentucky continues. Funds have been provided by NSERC.

EARLY EVALUATION OF PROGENY PERFORMANCE

Dancik, R.P. Pharis of the University of Calgary, and Yeh are
pursul-ng studies of very early (90-180 day) progeny performance of several
conifers. This work has been supported by a CFS/PRUF contract, an NSERC
Strateglc Grant, and an Alberta Forest Development Research Trust Fund
granf.

QUANI ITAT IVE INHERITANCE

John King and Alvin Yanchuk completed their Ph.D. programs with
studies of multiple traiE selection on Douglas-fj-r and lodgepole pine.
Ph.D. student Paul Jefferson is working on a study of advanced generation
selection in French mariti-me pine (Pinus pinaster Ait").

NET\I PERSONNEI-

Dr. l"lei Sun joined us in November of 1987, after completing her Ph.D.
at IJBC under Dr. F. Ganders. Mei is lnvesEigating the courpartmenta-
lization of isozymes and Ehe molecular population genetics of red pine.
Dr. orn Rajora, NSERC PDF, recenEly joined us. om completed his ph.D. at
ToronEo under Dr. L. zsuffa. tle is investigati"ng strategies of early
selection and the molecular population genetics of several softtrood and
hardwood species.

PUBLICATIONS FROM THE GROUP

Barrett, J.l^I., P. Knowles, and W.M. Cheliak. f987. The mating system in
a black spruce clonal seed orchard. Can. J. For. Res. 17:379-382"

Bousquet, J., W.M. Cheliak, and M. Lalonde.
tiatlon among 22 mature populations of
central Quebec. Can. J. For. Res. 17z

1987. Genetic differen-
green alder (A-l-nuq_rllrla) ic
219-227.
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GENETIC IMPROVEMENT OF COASTAL DOUGLAS-FIR

lMrRB.I FMNCO)
( PSEUDOTSUGA MENZIESII

Chris Hearnan (1)

Di-a1le1 Prograrn

The breeding program, using a 6-parent dlsconnected diallel natlng
deslgn, reached its target, and progeny ftom 372 parents have been planted
in the field. Each parent is represented in fl-ve full-sib familles, each
of whlch have been planted on eleven test sites across coastal B.c.,
separated into elght annual projects. While 372 represents a ruinirnal base
populatlon, the program j-s designed to meet reforestation needs for higher
slte lands below 650 m and the population target is realistic. As infor-
mation on performance and adaptability accumulate, Ehe need to expand the
population wiIl be considered. Ivleasures of helght increment and survlval
are taken at 7 years and in 1987 the flrst set of measurements at 12 years
will be taken. Progenies fron 246 of these parents have now been measured
and general comblning ability estimates are avai.1able. These figures are
being used Ln an attempt to cu1l the present seed orchards which are norr
producing. Although these are rnainly O.P. seedling orchards, culllng will
have some positive effects. The seven year heights have also been used
for the selecEion of uaterial for the first replacement orchard. Clones
are now established in a holdlng area for flnal plantlng in 1990.

Testing U.S. Parents

Provenance tests have shown that at least in the early years and on
some sites, coastal United States sources can provide gains in perforunnce
over local B.C. sources. The dlallel program does noE contain many U.S"
selectlons and there is a need to provide genotypes from thi-s area,
evaluated under B.C. conditions for inclusion in long-tern breeding and
seed production projects. Wlth the cooperation from Unlted StaEes
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agencies, 160 open-pollinated families from Forks to Waldport are being
planted in B.C. providing an option for future breeding. Five sites and
75 farnilies were planted in 1986 and an additional five sites aod 92

families are being grown for planting in f987.

Douglas-fir Farm-field Testing J.H. Woods (2)

A retrospective earLy selecti-on trial (farn-field tesE) of coastal
Douglas-fir was outplanted in March 1986, on a carefully prepared site at
the Cowichan Lake Research Station. Seventy full-sib families from the
diallel breeding program described above were established. A11 fanilies
are currently represented on eleven field sites which are eight years
older than the farm-field test. Farnily perforrnance and variance compo-
nents will be compared using the two test methods. If GxE remains low in
the field tests, and performance correlations are high, the less expensive
farrn-field test rnay offer subsEantial cost and time savings.

Low-level Inbreeding Effects in Coastal Douglas-fir J.H. Woods (2)

In 1985, a project was initiated to investigate the effect of
different inbreeding levels on the seed production and growth of coastal
Douglas-fir, to aid in the design of advanced generaEion selectlon and
breeding programs. Breedin[T r./as carried out in clone banks and a l?-year-
old facEorial progeny test to develop six cross-types representing 5

different levels of F (inbreeding coefficient). One hundred and sixty-two
crosses were executed, and 6119 cones assayed. Filled seed production, as
measured by fllled seed per cone (FSPC), is negativel-y and linearly
correlated with F. The following mean FSPC values were obtained:
outcross (F=0.0) 31.6, half-sib cross (F=0.125) 21.3, full-sib cross
(p=0.25) 16.7, parent-offspring cross (F=0"25) 15.5, self (F=0.5) 1.2, and
second generation self (f=0.75) 0.0.

Seed from this study was sown in 1987, and two test sit.es will be
outplanted in 1988.

GENETIC IMPROVEMEM OF WHITE AND ENGELMANN SPRUCE

Gyula K. Kiss ( 3)

The objective of this project is to produce genetically improved
plantlng stock of white and Engelmann spruce (Picea glauca (I'loench) Voss
and P. engelmannii Parry)).

Progeny Trlals

Analyses of the lO-year height measurements for the East Kootenay and
Prince Rupert selection unlts' progeny trials tr,ave treen completed. The
results essentially confirrn those reported for the Prince George selectio;t
unit trlals (Kiss 1985). In general, family age-age correlations were
high. Realized gain using the top 25% of farnilies ranged from 8% (Prince
Ruper:t) to 16% (East Kootenay). Most of the good general combiners were
idenciflable at plantation age 3 (6 years from seed). Genotype-
environrnent inEeractions were sma1l.
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New open-pollinated progeny trials involving 850 spruce parent trees
have been established in spri-ng of 1986 in accordance with our previous
reporr (xiss 1985).

Controlled Crossing Prograrn

Flowering in Vernon Breeding Arboretum was moderate in 1986 and very
heavy in 1987. A1l 390 matings have been completed for the comprehensive
conErolled crosslng program (Kiss f984).

MaEings for second generation breeding production have commenced in
f987. The design for Ehis project i-s as follows:

l. The top 50 percent of the tested trees in each of the Ehree selection
units are used for further breeding. Selection units are kept
separate.

2. Trees are randomized into groups of four.
3. Half diallel crosses in each group are carried out.
4. Full-slb progeny trials will determine Ehe best tero crosses in each

group incorporaEing all four parents.

GENETIC IMPROVEMEM OF IMERIOR LODGEPOLE PINE

M.R. Carlson (3)
J.C. Murphy (3)

Breeding l.Iork

First generation parent-tree selection work is compJ.ete for seven
interior breeding zones with a toEal of more than 1,500 phenotypic
selecEions made. Approximately 1,200 of these are now in wind-pollinated
family cests with the remainder to be planted in Eests in the spring of
1988. Our firsE series of 5-year height measurements will be made in the
fall of 1988. Rogued production seed orchard grafting will commence in
the spring of 1989.

Applied Research

Research efforE.s during this period include: l) first measurement of
exist.ing trials aimed at improving progeny t,est.ing eff iciencies;
2) completion of breeding work for intra/incer-population crossing crial
and progress on long-Eerm inbreeding effecEs trial, 3) establishurent of a
steckling/seedling growth and development compari.son trial with accom-
panying hedge orchard; 4) initiation of a harvest index trial, 5) two
studies in our grafted breeding arboreEum aimed at (a) learning the
effects of severe crown pruning and shaping techniques on crown form and
flower product.ion; and (b) a stock-type trial Eo determine the long-tenn
effects of stock type on estimation of growth parameters.
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Miscellaneous

The B.C. }IOFL hosted the 1987 tiestern Forest Genetics Association
neeting in Prince George, B.C. in July. Also organized was a B.C. tour
for the Finnish dendrological society of l{elsi-nki.

GENETIC IMPROVEMEM OF' IMERIOR DOUGLAS.T-IR.

B. Jaquish (3)

The Eree lmprovement program for Douglas-fir (Pseudotsuga
var. glauca (Belssn.) Franco) in the BriEish Colunbia inEerior
iniElated ln 1982 and has advanced rapidly.

Parent Tree Selection

menzlesla
was

Because of poor cone crops' no parent tree selection occurred during
this reporting period. The number of selected parents remains at 1320
frour six breeding zones.

Breeding Orchards/Gene Archives

The breeding orchards at Vernon and gene archj-ves at Barnes Creek
continued to expand. Three ramets of each sel-ecEed parent from the
Mica/l^Iest Kootenay Low, and West Kootenay High breeding zones were planted
at Vernon ln 1986 and 1,987, respectively. Five ramets of each parent. r^rere
planted at Barnes Creek.

Progeny Testing

Progeny testing with wind-pollinaEed families is presently the most
active phase of the program. To date, over 1000 families from four
breeding zones are established in field tests" Three-year baseline height
measurements were made on two sices from the Series I progeny tests
(Cariboo Transicion breeding zone) in fail, 1,986.

Provenance Testing

In 1985, ten-year height measurements were made on the range-side
interior Douglas-fir provenance tesE at Trinity Valley" Ln general,
provenances from the east slopes of the Coasl and Cascade Ranges were the
tallest (D'arcy, B.C. mean ht. 47) cn ar:d Cle [Lum, Wash. mean ht. 46L
cm)r and showed little evidence of maladaption. Dry belt and northerly
provenances were general-ly Ehe shortest, Salmon Arm (rnean ht. 450 cru) was
the tallesE interior source. Regression analysis indicated a signif,icanE
inverse relationship (1=-.76) between provenance lO-year height growth and
source elevation.
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GENETIC IMPROVEI'IENT OF COASTAL WESTERN HEMLOCK

J.H. Woods (2)
C. Woon (l)

The western hemlock (Tsuga heterophylla) breeding program has gone
through a period of review and ad-justment, and will continue as outlined
in a new genetic improvernent strategy cornpleted in 1986. Twenty-two open-
pollinated test sites, and two diallel sites have had five year helght
measurements courpleted. Ten year measurements on the first series of the
O.P. tesEs wlll commence in the fall of f988.

Height and diameter measurements were completed on a single 16-year-
old O.P. test on west central Vancouver Island. This test was measured
previously at 8 years. Genetic correlations, based on block means,
between 8-year height and l6-year height, diameter and volume are 0.67,
0.60 and 0.67 respectively. Predicted gain ln 16 year volume, based on
selection for 8-year height, is abouE half the gain expected if selections
are based on l6-year volume.

Seven existing clonal seed orchards will be tested using a polymix
breeding design which will be carried out Eo complement the existing O.P.
tests. Matings have begun on one seed orchard, and more are planned for
1988 and 1989.

A range-wide provenance testing pro€{ram is also planned. Fifteen
seed sources were collected in the Prince Rupert-Skeena River-Nass River
areas in 1986 to take advantage of a good cone crop

PROVENANCE RESEARCII

Cheng C. Ying (t)

The highllght of the provenance program in the past trrro years is the
revision of seed zones and seed transfer ppidelines for coastal Douglas-
fir, which was the flrst species in B.C. to recei.ve sysEematic provenance
testing. Field rests were established from 1968 to 1974, and nrost of them
are noer over 15 years of age. The results indicate:

l. Genetic dlfferentlati-on parallels the major climate gradients
from rnaritime to subcontinental. After differences among
climatic regions were accounted for, provenance variation,
although still large, was only weekly correlated with environ-
mental and ecological factors. We interpret the geneti-c
rlifferentiatlon along major cl,imate regions as evidence of direct
response to natural selection, and provenance varlation within
reglons is largely the result of an evolutionary bi-product
( chance effect ) .
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2. No evidence that local source is optinal and remarkable stability
' in growth shown by provenances from north eastern l,Iashington.

According to the pattern of genetic differentiaEion, four seed zones,
west maritime, dry naritime, southern subrnaritime, and central
submaritlme, were recommended as the basis to control seed movemenE of
coastal Douglas-fir. We also recommended the lntroductlon of these
productive Washington seed sources.

DEVELOPMENT OF TECHNIQUES FOR THE LARGE_SCALE PRODUCTION OF
ROOTED CI]TTINGS FOR OPEMTIONAL PLANTINGS

John Russell (2)

The production of yellow-cedar (Chamaecyparis nootkatensis) rooted
cuttings for operational plantings (Karlsson 1981) has steadily increased
since the start of the program in 1975, to the current annual production
of 600,000. The cuttings are taken from three sources: tr^ro soil-based
hedge orchards and one containerized hedge orchard (kept under four-years
old). The orchards are composed of untested seedlings from open-
pollinated families and seedlots.

Current research includes:

i) annual testing of hedge orchard material to monitor maturatlon
and its effects on rooted cutting productlon and quality;

ii) developing full-sib farnilles frorn potted parent tree grafts for
Lnclusion lnto future hedge orchards; and

11i) physlological testlng of yellow-cedar rooted cuttings and
seedllngs to monitor stock quality.

Recent analysis of an eight-year o1d seedling:rooted cutting
comparison showed no significant difference in height and form between the
two stock types.

Interior Spruce

Techni-ques for the large-scale production of interior spruce rooted
cuttings from genetically superior families are currently being investi-
gated (Russell 1987). Research is being conducted into:

i) methods of tbulklng up' farnilies;
ii) rooting techniques;

il1) seedling:rooted cuttlng comparisons; and
iv) genetlc variability in rooting.
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Currently, seed from geneEically superior families are grown under
accelerated condiEions in combination with hedging for eight-months.
Cuttings are taken when laterals are just setting buds. RooEing success
has been greater than 90% with no significant variaEion in rooting among
families. Two seedling:rooEed cuEting comparisons with family structure
will be outplanted in the Prince George area in the spring of 1988.

COASTAL GENE ARCHIVES

J.H. Woods (2)
H.P. Jensen (2)

Gene archive objectives and development has been reported previously
(Woods 1985).

The primary objective of the coastal gene archive is to conserve
valuable genetic material from coastal forest Eree species. This involves
maint.enance of clonal material from selected parent trees, and valuable
trees resulting from experimental breeding. This material is available to
breeders and other researchers, and is a source of vegetarive material for
seed orchard development.

The coastal gene archives contain the producEs of selecEion and
breeding dating back t,o 1952. Located at the Cowichan Lake Research
SEation on sout.hern Vancouver Island, Ehe gene archives consist primarily
of clonebanks of Douglas-fir, western hemlock, Sltka spruce (Picee
sitchensis), western red cedar (Thuja plicafa), yellow cedar, Pacific
sihrer fir (Abies amabilis), grand fir (Abies grandis) and Engelmann
spruce. Developrnent of the clonebanks is continuing, wit.h 3450 clones now

established. There is also a large Douglas-fir provenance arboretum
containing f48 population samples from throughout the species raDge' as
well as material from Douglas-fir inbreeding experiments, with several
lines inbred to the S3 generation. Other major plantations in the gene
archives include a native tree arborefum, yellow cedar hedging orchard,
Douglas-fir inter-racial cross progeny test, and a lodgepole pine
provenance collecti-on.
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Silvlculture Branch staff were active both administratively and
directly in British Colunbia's cooperative tree improvement Program. This
report highlights recent contributions wlthin this framework.

ADMINI STMTIVE SUPPORI.

The Branch is responsible for the administration of the province ts

expanding cooperative seed orchard progran which now includes nine
species. At present 10 producing, 32 establlshed and 12 developlng
orchards spanning 34.5, 85.6 and 53.3 hectares respectively are included
(Table 1). Since 1985, eight of these orchards reached the established
stage. Forest companies presently nanage 18 of the established/producing
orchards and the Branch manages Ehe rest.

An additionaL 29 planned orchards (fBO ha) are to be established by
the year 2000, and will mostly be located near Vernon and Prince George.
It is anticipated that forest companies w111 contlnue to nanage about half
the orchards ln the prograu.

Several hundred new selections were added to the parent tree register
since 1985. The reglster now totals over 121000 trees for the province.
A new cooperative selection program for western white pine (Plnus
monticola D. Don) was inltlated and plans for selection of western larch
Iffi,ccidentalis Nutt.) are now in place.

A joint Silviculture/Research Branch project to establish
contalnerlzed lnterior spruce orchards was lnitiated at Skinikin in the
interior and Duncan on the codst. One of the main objectives of Ehis
pilot scale test project is to evaluate feasibility and cost effectiveness
of this approach after a flve year test period.

A cornprehensive, microcomputer-based information system, for the
maintenance of seed orchard records, was also developed under conEract and
installed at several sites for evaluation. A second sysEem for tracking
orchard costs and labour requirenents is presently under development.
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Number (hectares) of seed orchards in
improvenent progran by zone, species

B.C.'s cooperative tree
and stage reached.

Zone Speciesa .Stage Reachedb
Established DevelopingProducing Totals

Coast

Southern
Interior

Central-
fnterior

Ci+.gt
(o.t)

Q.t)

(+.2)

2 (8.6)
3 0.1)2 (r.4)
z (t.z)
5_ ( 16. B)

r (0. r)

(+. r)
3e .t)
(g.e)

1__ ( 2.0)

z (z.B)
L (1.8)
r (1.6)
t 
__(z.t)

3 Qo.7)
t (t.+)

2 (ro.1)

J 00.6)
7 Q.1)
2 (r.4)
e 34.e)
B (21.1)
L (1.6)
+ 0.+)r (0. r)

+ (z+.e)
L1 G1.7)

6 (24.1)

Ba
Cw

Cy
tr'd c
Hw

Se
Ss
Sx

5
1

I
LZ

P1
Sx

P1

Totals ro (14.5) 'J2 (85.6) 12 (51.1) 54075.4)

a Fdc - Douglas-fir (coastal) (lseuaotsuga menziesii (MirU.)
Franco var. nenziessii_

Se - Englernann splffi-(ffia engelmanni parry)
Hw - Western hemt_ock (TG_n"t"r"ptyfQ (Rai.) sare.)ss - sitka spruce (@.) carr.) " '

Ba - Amabalis fir (Abi"" ar"aUrtisTougt. ) Forbes)
Cw - Western red "gdr" f_Th"jg 

-f-Ii""!.g 
lonn. )cy - Yet-low cedar (ctrtnaffi"rls noptlrqtensis (l.lon) Spach.)Sx - Interio" 

"p"r" nn hybrid") pi"". sp.Pl - Lodgepole pine - Pinus cqntorta var. latifolia Dougl

Developing - site preparation and/or propagation underwa.y
(approximate area only)

Establ-ishea - B06+ planted
Producing - seed production in any one .year at least 4& of annuaf

target
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Both the Coastal- and Interior Tree Improvement Council-s and
their associated Technical Pfanning Committees continued to meet and
monitor progress. The first Progress Report of the fnterior Tree
Improvement Council (f9gZ-f984) was published in May 1986 and the Second
Progress Report of the Coastal Tree Improuement Council was published in
the autumn of 1985.

Provenance and progeny tests in both interior spruce and
lodgepole pine were reviewed by a seed zone and seed transfer task
group. This has resulted in the identification of superior provenance
sources and revision of seed zones anil seed transfer rules. Coastal-
Douglas-fir provenance and progeny tests were also reviewed in 1985 and
1986. The results indicate a reduction in the number of seed zones,
revi-sion of seed transfer rufes, and identification of superior
provenance sources.

DIRECT INVOLVEI{ENT

Coast

Ac tivities in the four producing Douglas-fir orchards managed by
the Branch consisted primarily of growing stock maintenance (e.9. crown
management, fertilization, graft scoring) and crop management [".s.
induction via rootpruning, fertillzation, GA injection snd girdling;
supplernental mass pollination (Slp); insect control]. Resultant seed
production for I9e5/1986 totaled 2I1.4 kg (sufficient for lO nillion
plantables).

Sites were prepared and trickle irrigation systems instafl-ed for
the Branch's eight developing orchards on the coast. Stock estabtished
in adjacent holding areas was maintained and evafuated for inclusion in
the orchards. Phenological synchroneity and cone production potential,
as gauged follolving application of GA, were two of several selection
criteria used.

Crop managenent techniques for western hemlock and operational
flower induction in Dougl-as-fi-r via GA application and girdling were
studied. Estimates of mal-e and feinale bud production were also derived,
on an individual tree basis, during 1986 and the parental contribution to
the harvested seed evafuated. Surve.y techniques and computer software
designed speci-fical-Iy for this task were empJ_oyed.

Southern Interior

Branch staff managed lf established orchards located at Skimikin
(near Salmon Arrn) and Kalarnalka (Vernon). Activities in these .roung
orcharcts, all estabfished since 1979, consisted primarlly of growing
stock maintenance, fill-in planting and pest management against root rot,
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spruce budworm and cone rust. Seed produced in four of tlresc orchards in
1985 and 1986 totaled 7.0 kg (yield of about 1.7 million planrables). St'lp
was employed to enhance seed yield and genetic quality of Ehese early
crops. A polycross program was also undertaken in several orchards to
enable genetic testing and future roguing. Flowers were induced on select
clones, via root pruning, and pollen was obtained fron both natural stands
and orchards. Staff were also active in several parent tree selecEion/
collection projects in the southern interior.

At skinikin a large pot grafEing program, exceeding 5000 grafcs
annually, r,ras conducted with good success. Field grafting was also
employed for the first time in the interior to fill in vacanE orchard
positions and establish an enlire lodgepole pine orchard.

Central Interior

Staff at the newly named Prince George Tree Improvement Station(formerly Red Rock Seed orchards) maintained varlous tree improvemeng
plantations established on site and managed four lodgepole pine orchardswhich, during 1985 and 1986 produced 2,4 kg of seed (yierd ;f about 1.4
million plantables). Pollen was collected from superior provenances
established at the station and will be applied to the oldest orchard(planted L974) beginning in 1988. Liurited roguing of rhis orchard was
also initiated and early cone/seed production data, collecEed since 19g0,
summarized. off-site assistance was offered in various other aspecEs ofthe program, (e.g. scion collection; grafting; plantation establishnent,
naintenance' measurementl controlled pollinations). This Station hosted
the l{estern Forest Genetics Association meeting for lgg7.

At Ehe adjacent Red Rock lfursery a pot grafcing program, exceeding
3,000 grafts in 1987 was undertaken.

SPECIAL NOIE ANI] ACKNOWLEDGEI'IENI

Through the Federal/provincial - Eorest Resource DevelopmenE
Agreement (FRDA) direct deiiver- j.,,r:;iiirtg was provided by rhe province toconstruct a new tree seed Centre ;.i. :ir',-rI on the southcoast mainland.
Consrruction began in September l98t and was completed late in 19g6. The
1986 cone collections and preparatior:,rf seed for the 1987 sowing seasonwere done at this modern new facilii.:y"

The auttrors wish to gratefully ilcknowledge the contribuE.ions made b,rP. Adamsonn c. Hewson, and J. Farl:iilson, seed orchard projecEs
CoordinaLors for the Central Interior Zone, Southern Interj-or Zone, and.
coastal Zone respecLively to make this progress report possible. The
authors also acknowledge the assistance of C. Bartram, Seed Production
Planning officer, Victoria Headquarters office, for Ehe compilation of
E,his report.
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This report sunmarizes progress during l9B5-87 in the following
major areas ained at improving the efficiency of breeding and seed
production programs for commercially important B.C. conifers:

1. development of container orchards as a cost-effective alternati.ve
to field orchards for achieving earlier flowering and higher
realized genetic gains;

development of crorvn training regimes for size controll

developnent of cost-effective methods of gibberellin (GA)
applica tion;

developnent of po1len management strategies for inproving seed
orchard yields and genetic efficiency.

CONTAINER ORCHARD RESFARCH

Progress since our last biennial report (Ross and Eastham 1985) is
summarized in the following publications and reports (Bower and Ross
1986; Pharis and Ross 1986; Ross lg8Tarbrcrdl Ross and pharis r9B7).

Interior Spruce

Research has concentrated on defining the optiual temperatures for
flowering and po11en and seed development in potted Picea engelmannii
Perry and Picea glauca (Moench) Voss grafts. Flowering waFmaiimized bv
cool (anbienEF-temperatures and moderate water stress during active shoot
elongation, followed by 3 weeks of heat treatment (>20 <30oC) and
adequate water in a polyhouse (Ross 19B7arb). Under anbient tenperarllres
the followi.ng spring, the induced cones developed normally and yielderl
high quality po1len and seed. The use of heat to force early shedding gf
pollen resulted in abnormally sma11 cones, and reducerl the yjelcl and
quality of both po11en and seed (Ross l987c).

t

3.

4.
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Foliar GA+/l sprays can be phytotoxic to interior spruce and other
conifers, especially under drought and/or heat conditions. When foliage
was not subjected to the rinsing action of rain or overhead irrigation,
it appeared that the residue surfactant (Aronox C-12/W) s1ow1y broke down
the cuticle layer. A water rinse 4 days after each spraying ninimized
the injury in interior spruce without reducing the flowering response to
GLq/l (Eastham, Hollefreund and Ross, unpublished).

An operational pilot test of the container orchard concept for
interior spruce was i.mplemented in spring 1987 as a joint project between
Silviculture Branch and Research Branch. Duplicate pilot orchards were
established at Duncan (Chesterfield Nursery) on Vancouver fsland and at
the Skimikin seed Orchard in inrerior B.c. The two sites will a11ow
comparison of perfornance and potential managenent problens under a
noderate maritine and a harsher continental cl.imate. These are
1.5-generation orchards containing approximately 36 grafted ramets, 3 to
5 years o1d, from each of 59 clones (total of 1,464 grafts) from the top
502 based on 6-year height ranking in the Prince George selection unit.
The pilot program is scheduled for 5 years, with the fi.rst seed crop in
1988. Each pilot orchard is anticipated to have an annual productive
capacity of about nillion fi11ed seed, with opportunity for rapid
expansion upon demonstration of favorable cost-benefits in comparison
with similar field orchards.

Western hemlock

Research to date has shown Tsuga heterophylla (nat. ) Sarg. to be an
ideal candidate for container seed-oT-chA?a;. On-tEis basis, attd with
technical support from Research Branch and funding from Section BB(1),
MacMillan Bloedel Ltd. implemented the approach operationally in 1987 at
its Harmac Tree Improvement Centre (see R.C. Bower, this volume, also
Bower et a1. 1986).

Douglas-fir

with the selection of 2nd-generation parents, there is growing
interest in the use of coritainerized orchards to accelerate the
advance-generation breeding of this major coast species. Previous work
established the ease with which potted pseudotsuga nenziesii (Mirb. )Francoseed1ingsandvegetativepropaguffiof1owerby
means of properly timed applications of GA+/l plus drought (or
rootpruning) and rritrate fertilization. However, the optimal temperature
regime and potential value of heat treatment within the polyhouse hacl yet
to be resolved, and was the subject of a recent study (noss l987d).
Douglas-fir proved to be similar to interior spruce. Six weeks of heat
(25/75oC) upon completion of shoot elongatiot wa" highly effective in
promoting female flowering in GA417-treated grafts, whereas sinilar
treatment during active shoot elongation had a slightly inhibitr: ;effect. Both the early and lat.e heat treatments were effective in
pronoting male flowering, and together the effeci: was additive.
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CROWN MANAGEMEIIT STUDY

After 6 years, annual top pruning in a young western hemlock seedorchard (Ross and Eastharn 1985) contiiues to provide effective conEror oftree height (at 2 rn) for ease of induction, pollirr"tion and harvesting ofcones' with no loss of seed production. A final report is scheduled forlate 1988.

HORI'IONE APPLICAT ION RESEARCH

^€ n^Practi-cal 
problems of application have prec-l-uded the operati-onar useur unarT to enhance cone production in Dougras-fir seed orchards.PhilifSon (I9s5) tu.""tiy'aJJI.iu"d the suEcessfur promorion ot fI'weringin girdled picq? sitchensis grafrs ty GAa/ 7 using a sirnprified stenn-injectioncEtrniqffi&rcJ.,t,.c"dethahoIicsoluEionofGA,

injecred inro sharrow holes drilred around .h" ;;;;;^Jr.X^.Jlfll.*:". 2weeks later' Ross and Bower (1987) tested this technique on Douglas-firand found it to be safe, effective and very cosE efficient. A properrytimed single injection was as effective as the same dosage of GAq/l(3'82 mg cm 2 stem XS area) spread over two or three injecEions; al-so theprornotive 
"tt.:::_:1,"!t1Z -and. 

girdling were addirive. Taking inroaccount fixed orchard ccji;is, the produEtio., 
"ort-p"r-conebud wiEhouEtreaEment was $0.92, compared to g0.20 with girdling alone and g0.13 wirhgirdling llus GA477.

PoIlen Management Research

rn our last biennial report (webber r9s6), the importance of porle'management for improving seed yields and gunuii" efticiency in seedorchards was stressed. A recent report (trrlebber Iggl) summarizes severalyears of data colrected for Dougr""-fi. porlen. Resurts for polrensrorage' viability cests and application t.rials verify that pollen can beeffectively stored, and when uppriua correctry can improve seed yields.Adding supplemental polle.t 
"r., arso impro.,u ih"-;.;;i;'J"iJJ-r, seed burthe procedures for achieving ttris requires stored pollen of che highestpossible viability Eo be applied as early as possibr_e to recepE.ive seed-cone buds (Webber and yeh l9g7).

Emphasis is now being placed on dever-oping pollen managementsErategies for white spruce and lodgepore pine"seed orchards. rnitlarrywe assumed that procedures which proved effect.ive for Dougras-fir andwestern hemlock pollen wourd also appry to spruce and rodgepole pinepollen' Although thls generally appears Eo be the case we have noEed thatwhite spruce polren may be more sensitive to handling and dryingconditions which can have a serious impact on i-ts storabllity.
Trials are currently underway to test conditions for optimLzin;4pol1en storage of white spruce and lodgepole pine. we must also definethe optimal condi-tions for reapplication. since Ehe pollination mechanisrnfor spruce and pine are entiruiy different Ehan for Douglas-fir, Eirningand rates of pollination and precondirioning effects (prehydrating) polrenare being considered.
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In order Eo maximize pollen viability over its storage period,
factors affecting pollen maturation are also being studied. This is
particularly important for the container seed orchard programme where

environmental conditions during the maturation of cones can result in
abnormaliEies affecting both yield and quality of pollen obtained (Ross

1987c). Post meioEic Eaturation seems to be affected most and low starch
levels are associat.ed with poor pollen viability. IE also appears thaE

low starch levels are associated with poor storability' The relationship
between carbohydrates (starch, sucrose and glucose) and pollen viability
may hopefully indicate optimal environmental condiEions for maturing
po1l..t crops i-n container stock and, i-n general, indicate the importance
of carbohydrates in pollen destined for storage'
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Research on seed quallty, and the seed testing and certification
progranmes, together with studies on eone and seed insects and diseases at
the Paclfic Forestry Centre, are outllned.

IMPROVING THE USE-EFFICIENCY OF CONIFER SEEDLOTS

D.G.W. Edwards

Emphasls on the so-called "IDS" (lncubation-drylng-separatlon) nethod
of sorting germinable and non-germlnable seeds continued in the research
programme. For some whl-te spruce (Picea glauca (Moench) Voss) seedlots,
sortlng was easler before the seeds were stratified, while in others it
was more effective after stratification. other tests showed that IDS-
sorted seeds returned to cold storage reEained their viability well into
the second year, and decreases in germination were usually less than I0%
after 2 years of storage. Drying trials were made on 2-3 kg quantities of
white spruce and lodgepole pine (Pinus contorta L.) seeds at the pine
Rtdge (Alberta Forest Service) seea proEElsTi-g planr. usi.ng a conmer-
ctally built seed drier, part of Ehe liilleshog-designed seed processlng
equipment, a thln layer of seeds was dried almost exacEly as in laboratory
separations. Further tests to dry thicker layers of seeds will be
conducted when simitr-ar equipment has been installed at Ehe Britlsh
Columbla Mlnistry of Forests and Lands'new Seed Centre near Vancouver,
B. C.

Tests on more than 30 Britlsh Colurnbia white pine (Pinus montlcola
Dougl.) seedloEs showed that compound (warm followea uy cold) ;d;rTTi-.
cation produced better germinatlon than the appllcation of a surface
sterllant (bleach) followed by cold strati.ficatlonl the bleach nethod w:rs
based on research ln the unlted states. Although iE does not produce
complete germination in all seedlots, compound st,raEification is the rnost
practical method availabl-e for stimulating germination in this species-
some lots gerrninated equally well after 2 weeks' (instead of 4 weeksr)
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warm treatment, especially if the'warm" temperature was raised to around
25"C. A 2-day soak was generally better than a l-day soak, bur this did
not appear to be related to a change in seed noisture content, and a 2-day
soak when air was bubbled through the water has produced the best results
so far.

A study (in collaboration wlth CIP Inc.) of the effects of flowering
phenology, cone coltection date and handling, on seed naturation ln a
Douglas-fir (Pseudotsuga menziesii (l,tirU.) Franco) seed orchard found no
discernibteeGilffioffiEbnology.IIighergerminationandyie1d
of filled seeds occurred ln cones col-lected ln mld-August, some 2 weeks
prlor to cone openlng, than from cones collected just as they began to
open. Seeds extracted from the cones immediately followtng harvest germi-
nated better than those from cones stored for 2 months. Seeds from all
collections were dormant, and responded to prechilling by exhibiting
increased germination rates.

REPRODUCTION OF CONIFERS: A TTANDBOOI( FOR CONE CROP ASSESSI'{ENT

S. Eis

Development of reproductive structures and reproductive character-
istics of conlferous specles ln Canada have been studied during the last
few years. Eighteen species have already been described ln looseleaf
publication; these include Douglas-fir, lodgepole plne, western hemlock,
yellow cedar, western larches, grand fir, "lnterlor" spruces, ponderosa
pine, wesEern red cedar, Sltka spruce, mountain hemlock, western white
plne, red spruce, balsam fir, alplne fir, amabllls fir, Norway spruce and
eastern white plne. Two rnore western species and six additional ones from
eastern Canada - namely, whltebark pine, limber pine, black spruce, jack
pine, red pine, eastern larch, eastern white cedar and eastern hemtock -
are now ready for publicatlon, bringlng the total to 26, and covering all
commerclalty important species ln Canada. Since the original publicatton
is out of print, the material will be reorganized to follow the generally
accepted botanical sequence of genera and republished ln a bound format.

CONE AND SEED INSECTS

G.E. t1iller

Evaluation of cone sllclng as a Eechnique for indexing the number of
seeds in cones has been completed for Douglas-fir, white spruce, Engelmann
sprucer Sitka spruce, western red cedar, yellow cedar, trestern hemlock,
lodgepole plne and \desEern white pine. Ponderosa pine aud {,restern larch
are currently being processed.

Sanpling schemes have been developed, in collaboration with B"C"
Forest Service, for estlmating cone and seed efficiencies and the numher
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of filled seeds per cone i-n Douglas-fir seed orchards. A two-phase
system, consisting of slicing a number of cones longitudinally along their
axes and dissecting about one-third of these, hras recommended for
estinating number of filled seeds per cone.

Female spruce seed moths are being examined to deE.ermine the
pheromones being produced. Field Erials, which have l-ed to inconclusive
results so far, have been postponed until chemicals produced by the
females are identified. Chemical identification of the Douglas-fir cone
gall rnidge pheromone is conti.nui-ng in cooperation with Simon Fraser
Universlty.

A field release of Tri-chogramra minuEum, usi-ng cards with parasitized
Sitotroga eEBS, against Douglas-fir cone rnoth eggs resul-ted in about 5%
parasiEism. Problems encountered included ant predaEion and lingering of
the emerged wasps on the cards.

An evaluation revealed that several commercially available diecs for
tortricids are not optimal for rearing Douglas-fir cone moth. tlany
insects had problems completing the larval-pupal mo1t. Placing coneleE
bracts with attached eggs onto the diet improved establishnent rates
considerably.

CONE AIID SEED DISEASE RESEARCH

J.R. Sutherland

A paper was published (Can. J. Foresr Res. 16: 360-362) relating
control of rnland spruce cone rust (chrysomyxa pirolata wint.) to
application of ferbam fungicide, basidiospore production by the pathogen,
rai-nfall, and cone phenology. Losses frorn the disease, which can affect
up to 65"/" of the white spruce cones in an orchard, were reduced to 2-3% by
two applications of ferbam during Lhe pollination period. The fungicide
had no adverse effect on the numbers of cones produced, seed yields, or
seed germi-nation. Applicacion is being made to have ferbam registered for
use against cone rust. In another area, L. Mitchell and J. Sutherland
published a paper (Can. J. Forest Res. 16: 945-948) on use of monoclonal
antibody and ELISA techniques for detection of the seed-borne pathogen
Sirococcus strobilinus Preuss. These new techniques are much quicker and
more sensiEive than tradicional detection-by-placing Eechniques.
J. Sutherland also prepared a working sheet on isolatj-on and identifi-
cation of the seed-borne pathogen caloscypha gulgens (pers.) Boud. for
incrusion in an rsrA handbook on seed health tesEing. rn March r9B7 a
book, ediEed by J.R. Sutherland (Canada), T. Miller (U.S.A.) and
R. Salinas-Quinard (Mexico), was published by the North Ameri-can Forestry
Commission on the Cone and Seed Diseases of North American Conifers.
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OFFICIAL CERTIFICATION AND TESTING OF TREE SEEDS

D.G. Edwards, F.T. portlock and D.W. Taylor

As the Certifying Authority under the OECD scheme for the Pacific and
Yukon Region, 169 certificates representing 2184 kg of seeds i-n the"source-identified" caEegory were issued in 1985. The bulk of these were
fox 724 kg of Pinus contorta Dougl. seeds; also incruded were I2g kg of
Pseudotsuga menziesii (uirl.; Franco seeds in the "untested seed orchard"
category. rn 1986, 137 certificates representing 2269 kg of source-
identified seeds were issued. These included 765 kg of Pinus contorta and
L462 kg of Pi-cea sitchensis (Bong.) Carr. seeds.

Under the ISIA seed testing rules, I15 eertificates of seed quality
were issued in L985/ 1986. These represenred 4810 kg of commercially
collected seeds of 13 conifer species, the bulk of which was made up of
Pinus contorta and Picea sitchensis. In addition, 70 advisory germination
tests were cond,t.t.F-

The "Tree seed inspector's manual" for CFS inspectors under the OECI)
scheme' L/as cornpleted, as was the "Methods and procedures for testing t.ree
seeds in canada." Both are expecred to be published in 19g7. The cFS
successfully protested a ban imposed by Ehe European Economic Cornmunity
concernlng the importation of Canadian Picea sitchensis seeds into the
EEC- This will allow BriEish Columbia s""d *effi t" market the large
crop collected in 1986. The cFS OECD officer attended rhe biennial OECD
meeEings of Designated Authorities in Paris in 1985 and 1987. In 1986,
the federal goverrunent withdrerd support for CFS-drafted Regulat.ions for
Forest Tree seeds drafted by the cFS; these regulaEions were Eo have
accompanied the seeds Act of canada. rn their place, guidelines for
grading and labeling Canadian tree seeds have been written, and they are
expected Eo be published in 1987.
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"Operational" progran of selection and testing

Selection of canker-free parent trees of western white pine (Pinus
monticola Dougl.), under Sectlon 88(1) contract support from the B;e:-
l'linlstry of Forests and Lands, began ln 1985. To date, over 300 have been
selected and open-pollinated seeds are on hand from the majority. The
first major artiflcial lnoculatl,on of familles from these selections wl1l
be attempted in 1987. Seedlings will be selected from the most-reslstant
parents Eo constitute seed orchards for both coastal and lnterior zones.
A Rlbes garden was initlated in 1986 on C.I.P. Tahsis-Pacific Region land
at Saanichton, but most inoculum wl11 be obtalned from artiftcially-
inoculated, natural Rlbes plants for the next few years.

Cooperatlon wlth the U.S. Forest Service has enabled the inltiation
of nursery trials to test for racial differences in the rust, and to grow
stock for plantations Eo demonstrate rust impact on seedlots possessing
known resistance level and defense mechanisms. Sone Idaho seedlings
planted on Vancouver Island showed very high susceptibillty to blister
rust, raislng the prospect of rust races (Hunt and Meagher, 1985).
Furtherrcore, range-wide provenances have been planted within and beyond
the range of whlte plne to test thelr resLstance Eo serious root rots.

Three successive seed crops have been collected from a young natural
stand in order to assess the spatial and temporal variation in outcrossing
rate. The results will assist ln management planning of seed-productlon
areas and in capitalizing on bumper seed crops.

Ten plantatlons of "rust-resistant" sEock planted in coastal areas
prior to 1975 have been examined and rust depredation deEermined. Eastern
white pine (P. strobus L.) was least affected by rust, and untested
western whlte plne stock suffered the heavl,est losses.

A proposal to obtal-n lnterim seed supplles with a potential for s-+r*e
genetic rust resistance, based upon seed-productlon areas of trees rogued
to leave only uncankered trees, is under consideratlon.
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Silvicultural control of rust byis being studied under FRDA contraccs.
will be obrained in l9B7-8g.

branch pruning and
Five-year results

canker excising
frorn CFS trials

The inoculation process followed rust s res on white ].ne

The effects of environmentar factors such as right, co2 andhunidity levels on the gerrnination of basidiospores and subsequent germ
Eube growth on foliage of i.ntact white pine seedlings is being studiedwith the goal of developing more-reproducible, controlled inoculations inprogeny testing.

Biochemical neti-cs of whlte pine and blister rust

Blochemical techniques are being employed to detect variation in bothwhite pine and Ehe rust. Variation has been detected in the chloroplast
DNA of western white pine. Work is continuing to determine the extent ofthls variation, and whether iE will be useful as a provenance marker.

seedlings have been inoculated with rust for comparison of cDNAlibraries from lnfected and non-infected seedlings. The objective is todetermine which genes are turned on in response to fungal attack.rnoculum derived from a single urediospore is being cycled on ribes plantsto obtain genetically-uniform material for studying the rust genome.

Studies of provenance variation in protein patterns and cell cultureare in abeyance pendi-ng staffing of the posicion left vacant by Dr. L.Mitchell rs departure.

rn conjrrnction with the foregoing, Dr. M.II.L. Leong, universiEy ofVictoria, is studying white piners karyotype in order to detect genellnkages and morphological markers and thLieby improve the basic under-standing of whlte pine's genetlc structure and organization.
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During Ehe period under review, CIP Inc. has gone through a reorgani-
zation that yielded three najor forestry operations: Tahsis pacific
Region in British Colurnbia, CIP Inc. in Quebec, and NBIp Forest products
Inc. ln New Brunswick. Tree improvement activities for these three
operations nere reported separately in the l9g5 proceedings. Tree
improvemenE and forest genetics activities for Tahsis Pacific Region are
located in the sMNrcH FORESTRY CENTRE, saanichEon, B.c., and include
breeding' progeny testing, orchard establishment and management, andseveral supporE research projects.

BREEDING AND PROGENY TESTING

The dlsconnected diallel matlng design was adopted for testing boththe low and hlgh elevatlon Douglas-iir populations. For each breedingpopulation seven dlallel units, each with six parents, r$/ere compleEed (105
crosses). Progeny tests for both populations were planted in 1985 and
L987, respectively. Each testing program conslsted of conventional and
farm field test sites. The conventional tests were planEed on two sites
each with 6 tree-row-plots replicated five times while the farn field lest
was planted in one location but wiEh two spacings. Each spacing contained
a 5 tree-row-plot replicated twice. Buffer rows were planted around all
sltes and 1ocal seed sources were used as a control. Information gained
from the farm field resr (rp+2BR seedlings) will be related to that
collected from the conventional test. The remalning untested parents in
both breeding populatlons w111 be evaluated Ehrough a polycross nating
de sign.

SEED ORCHARDS

Most of our seed orchards are ln their productive phase and ri;datecistatlstics for all orchards appear in Tab1e 1. In addition to exisEing
orchards' nel{ firsc generation clonal western hemlock and 2nd generation
Douglas-fir orchards are in the development st.age. propagation for both
orchards is near completlon and the expected times for establishmenr are
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l98B and 1990 for the western hemlock and Douglas-fir, respectively.
ParenE trees for the wesfern hemlock orchard were select.ed from easEern
Vancouver Island (dry sites ) whtle Douglas-fir were selected fron the
Ministry of Forests and Lands' progeny EesE programs.

Table I. Seed Orchards Inforuration List

orchard status Typet specres Area r crones/ Est. seed producrron (kg)codplex (ha) Fantltes Date 1985 19g6

saanichton Prlvare c/s Douglas-frr 3.4o 80 1965/69 85.00 r.i5Prlvare C/S Douglas-flr I . 30 jt tg65/ 69 5.8a 2.24Prlvare s Douglas-flr 6.30 ll2 lgl3 37.4g 4!..g5prlvare S yellou cedar r 0. ln A 573/75 O. 15 O. 15

roorka corcpr c/s Douglas-flr 3.04 l2o lgro 7.90 5.3rCo-op C Slrka Spruce t.29 138 l97l _ 2.OOCo-op C Uestern llenlock 0.Sl g4 l9l ,- O.2g l.llPrivare C Dougtas-f{r l.5O lO 1969 17. jO !.36prtvare C -.l,nabtlts f 1r r ( l.5O) 83 197;Prlvate C Sirka spruce 0.23 50 l9?l _ l.l2

r C=Clonal; S=Seedling; C/S= Clonal/Seedllng
2 Experimental seed productlon area
3 B.C. MinisEry of Forests and Lands and rhe Industry Tree Improvement

Co-operative Program
h Under-planted in private Douglas-fir orchard

RESEARCH

The seed orchard research program addressed the effecE of management
practices on seed quality and quantiEy (El-Kassaby, 1985; El-Kassaby et
al. 1986a). Theoretical rnodels were developed for estimaring the maEing
system parameters (Ritland and El-Kassaby 19B5) and contamination rates
(El-Kassaby and Ritland 1986a). This research program investigated the
rate of inbreeding of differenE crown segments (El-Kassbay et. al. 1986c),
effecE of reproductive phenology on inbreeding rate (El-Kassaby et al.
1987c) and seed qualiEy (Edwards and El-Kassaby 1987), the relationship
between out-crossing and contamination (E1-Kassaby and Ritland 1986b),
inbreeding in seedllng and clonal orchards (El-Kassaby et al. 1986d), and
genetic variation in fruitfulness in clonal/seedling seed orchards
(El-Kassaby et al. 1987d). Quantitative and statistical genetics research
addressed the lnter-provenance variation in Che IUFRO Douglas-fir
provenance/progeny trial (Fashler et al. 1985), effecE of family size and
number on Ehe accuracy and precision of the estimates of genetic
parameters (El-Kassaby et al. 1987a), use of trend surface analysis in
progenv test trials (Thomson and El-Kassaby 1987), and muttivariate data
mirniprrlatiorr of a Douglas-f ir comrnon garden (Scagel et a1 . 1987 ) ,
Dou.qlot-[ir cone and seed traits (Scagel et a1. 1985a) and a Sitka spruce
nirtrrral poptrlation (Scagel et al . 1985b).
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The use of X-ray Energy-Dispersive Spectrometry technique as a tool
for seed certification was investigated; natural populations showed signi-
ficant differences in their trace element profiles (El-Kassaby and Mclean
1985). These differences have been confirmed to be genotype (clone)
specific (El-Kassaby et al. f986b; Mclean and El-Kassaby 1986).

Further projects completed include the cornpilation of an annotated
bibliography of isozyme research of foresE trees (El-Kassaby and White
1985), the matlng system in western white pine (El-Kassaby et al. 1987b),
genic variation in black spruce (Yeh et al. 1986), a rmmerical analysis of
karyotypes in Ehe genus Pseudotsuga (Sziklai et al. 1985), and the
influences of inittal sp6@6i-S-owth of three western conifers 25 years
after planEing (Smith and El-Kassaby 1985).

During a visit by fhe senior author to the Dept. of Forest Genetics
and Plant Physiology, $redish UniversiEy of Agricultural Sciences, the
utility of chloroplast DIrIA as a tool for spruce seedlot idenrification was
lnvestigated (Szrnidt et al. 1987), the genetic consequences of combining
selective cone harvesting and genetic thinning in clonal orchards was
studied (Lindgren and El-Kassaby 1987), and 1eve1s of inbreeding and
contamination ln two Scots plne seed orchards were estimated (El-Kassaby
et al. 1987e).

Research projects ln progress include the effect of long-term ferti-
lization in seed orchards as a cone-induction method, pollen competition,
genotype x fertilizaLion interaction in Douglas-flr, the relation between
germinatlve speed and early testing and between reproductive and vege-
tative outputs ln Douglas-fir, 0P testing in western hemlock and Sitka
spruce, growth rhythm in spruces, and the effect of supplemental-mass-
pollination on seed yield and quality in Douglas-fir and Sitka spruce seed
orchards.

The Saanich Forestry Centre has continued to provide facilities Lo
university students and professors, B.c. Ministry of Forests and Lands
researchers, and Canadian Forestry Service scienEists.
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MacMl-llan Bloedel Linited has been involved in several tree
improvement/forest genetics actlvitles during the period covered by this
Report. These activitles have included seed orchard nanagement, cone
inductLon research, and progeny testing.

SEED ORCHARDS

lfucMlllan Bloedel Llnited is a member of the Coastal Tree Improvement
Cooperatlve (CTIC), and is nanaging fi.ve clonal seed orchards:

western hemlock (Tsuga heterophylla (Raf.) Sarg.)
amabllls fir (abrEGi-abEGlDougl. ) Forbes)
western red cedar (fhuja plicata Donn)

- yellow cedar (Chana6EfF-arf6-li66Ekatensis (D. Don) Spach)
Sttka spruce (Picea sltchensis (Bong.) Carr.)

A 5.5 hl Sitka spruce crop in 1986 was the first production from
these orchards.

Based on previous work wlth potted western hemlock, the Conpany has
established an operational scale, containetized western henlock seed
orchard.

CONE INDUCTION STUDIES

These projects have been done in cooperatlon with Dr. S.D. Ross (BC
MoFL).

Girdllng as an adjunct to GA 4/7 applicatlon in western henlock - there is
consl,derable disparity between the effectlveness of GA 4/7 when applied to
soll-based and potted western hemlock, prinarily because of Ehe lncreased
abIllty to drought stress the potted material. This project was initiated
to determlne if glrdllng would lmprove the response of soil-based trees to
GA 4/7. Flower counts in spring 1987 look qulte pronlsing.
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Cone trials on yellow cedar - this study was inltiated in 1984
treatmenE period at a GA 3 rate of

2OO W/l weekly gave a very good response in terms of both male and female
flowering as well as cones harvest,ed, however, filled seed counts were
lower than expecEed. A new scudy, "Dormancy requirenents for cone
development in potEed yellow cedar," has been initiated to see if treat-
ments can be developed to solve this problem.

PROGEI{Y TESTS

Douglas-fir (Pseudotsuga menzlesii (Mirb.) Franco)

The project was lnltiated ln 1982 (Bower 1986). The present plan is
for the material to undergo a 3 to 5 year farrn field testing phase to
reduce the populatlon by 25 to 30 percent before field testing beglns.
Two Lr.rndred forty-three families were sohrn in the nrrsery in spring 1987.
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STUDIES IN VARIATION IN WESTERN NORTII MERICAN CONIFERS

J. Maze and S.M. Banerjee

Department of BotanY
University of BriEish Columbia

Vancouver, B.C.
V6T 281

Our studies are focussed on patterns of variatlon and covariation in
western North American conifers such as Douglas-fir (Pseudotsuga menziesii
(Mirb.) Franco), yellow cedar (Chamaecyparls nootkatensis (D. _ Don.)
spach.), noble fir (Abies procera nehd.1, and ponderosa pine (Pings
ponaerosa Dougl.). ttre atE?itntes being studied are increments of growth,
needle morphology / anatomy, and isozymes.

Douglas -fir

One study on Douglas-fir concerns variation in growth of Ewo-year-old
seedlings fron 14 ful1-sib fanilles established at Cowichan Lake Research
Station, British Columbia Mlnlstry of Lands and Forests. The seedlings
were rpasured five times over 85 days during the surmer of 1986 and the
variatlon was apportl-oned to independent variables (block and fanlly) and
covariates (size at time of planting and growth during the first period).
The data were also used to generate statlstics to describe within-famlIy
covariation.

Covariatlon dlffered among fanilies. llithin fanilies' covarlation
changed and variation increased with Eime. Arnong-farnily variation ln size
was high only at time of planting and it declined once growth started-
Growth during the first perlod accounted for more variation in subsequenE
growth periods than did size at time of planting or either independent
variable.

The Lncreaslng variation and changing covariation within families' ln
relation to time, becomes increasingly complex. This phenomenon is also
seen in within-individual development (Scagel et al. 19861 Maze et
a1. 1987).

Dlffering covariation among families indicates Ehat. correlated
responses to selection rnay not be constant for all families. Also,
changlng withln-family covarlatton sith tlme rnay indicate dlfferent
within-famlly correlated responses, depending on when selection is
exercised. The lncreasing variation over tine indicates that estimatlng
growth by using rean values naY become less accurate nith time.



-144-

Because these results are based on two-year-old seedlings, they may
not be consistent with time. Thus, growth of these same seedlings will be
monitored in the future. Regardless, these data indicate Ehat factors
other than family structure may be worth pursuing in attempts to make
decisions about reforestaEion. Based on our data, a better response of
plant.ed seedlings may be realized if Ehe criteri-a for selecting Erees for
planting was based on growth raEe rather than specific genetic origin.

In order to expand our studies on Douglas-fir, a similar study has
been started at the University of BriEish Columbia. The details differ
slightly from that of the Cowichan Lake study, buE preliminary analyses
indi-cate that general results are the same. This study will also be
continued over several years.

The sEudy of growth of Douglas-fir seedllngs at Cowichan Lake is
being conducted along with a study on needle rnorphology/anatorny for the
same plants. We found no relationship between needle morphology/anatony
and growth. As well, most of the variation i-n needle morphology/anatomy
was within farnilies. These results would seem to indicate that the
production of individual variants has a greater impact on t.he mainEenance
of diversity than crosses between specific individuals.

Yellow cedar

The study on yellow cedar is designed Eo ascertain Ehe within- and
among-tree and population variati-on in morphology, growth, and isozymes in
trees growing at two ecologically different but geographically conE.iguous
sites. This study, the M.Sc. project of S.M. Banerjee, is being done in
cooperation with CIP, Inc., Saanichton, B.C. Within- and among-Eree and
population variation in offspring taken from cones from known levels
within the trees is also being assessed. With this data, it will be
possible to deEermine the mating system of yellow cedar. Data from this
study may be useful in esEablishing a seed orchard policy and a refores-
tation protocol for this species.

Other specles

The studies on ponderosa pi-ne and noble fir are both analyses of
growth. For ponderosa pine, tree ring data generated by ForinEek are
being used. For noble fir we are using increments of branch growth.
Through fhese studies, we would like to relate growth rate to ultimate
size (ponderosa pine) and describe che general attributes of growth (noble
fir).

Our research has enphasized covariation, a mathemaEical expression of
organization. By studying organizaEion, which differs among biological
systems, it may be possi-ble t.o obtain new insights into variation of
forest Erees. Through these insights $re may develop a beLter under-
standing of how to manipulate this variation.
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TEACIIING AND RESEARC}I

0. Szlklal

UNDERGRADUATE PROGRAM

Undergraduate enrollment ln the elective forest genetics course was 8

and 6 during the last two years which is nralnfy due to the inplementation
of the new 4 year vs 5 year program, and the reductlon ln the available
elective units.

The winners of G.S. Allen prize in Forest Genetics were Brian Barber
ln 1986 and Ling Cherng-hsi ln 1987 obtaining the highest mark in the
forest genetics course.

GMDUATE PROGRAM

Two students completed their graduaEe program. Dong: "Container
nursery methods for producing seedlings of Chinese pine (Pinus
tabulaeformis Carr.) and oriental arborvitae (Thuja orientalis (L.)
FranEo)==Stained a l"laster of Forestry degree in t9851 naUutan: "The
significance of hydrocarbon-producing plants in the Philippines" achieved
a Master of Science degree ln 1986.

Presently Ms. Davidson is worklng toward her Ph.D degree. Her course
work and comprehenslve examinaElon are behlnd her, but since she has taken
up employment, the thesis preparation on "Genetlc varLation in seed and
seedling characteristics of Abies anabilis" is slowly progressing.
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Ms. Ling is working toward her Ph.D degree and her proposed research
will be on tissue culture of selected western conifer species.

Kantarli commenced his M.F. program and successfully completed his
firsE year course work.

RESEARCH

Research has concentrated urainly on Douglas-fir and lodgepole pi-ne.

(a) Karyotype of the gerius Pseudotsuga. Although seven speeies idiograms
have now been completed, samples from the eighth have not yet been
obtained.

(c)

Lodgepole pine genotype-environmenE inEeraction study. Progeny tests
were established at five locations in Canada and aE three locations
in Sweden during 1986 using the full- and half-sib fanilies obtained
from a seed orchard established in Sweden from plus trees selected in
1970 and L914.

Inter-provenance variatton. The IUFRO Douglas-fir provenance/progeny
tesE was remeasured, pruned and thinned in 1986. Data from the 16th
growi-ng season are present.ly being anaLyzed.
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POLDI BEMLEY NSERC/INDUSTRIAL CHAIR IN FOREST GENETICS
AI{D TREE IMPROVEMEM

D.T. Lester

In 1986, the NaEural Sciences and Engineering Research Council of
Canada matched contributions from four industrial forestry associations in
B.C. and the B.C. Ministry of Forests and Lands to establish a Chair at
uBc. The chair is narned after the late poldi Bentley, a leader in'B.c.
forest industry, co-founder of Canfor CorporaEion, and founder of the B.C.
Council of Forest Industries. The Chair is guided by a research advisory
committee of six including representatives of each sponsor.

On July l, Dr. D.T. Lester was appointed to the Chair and in January,
1987, Dr. J.A. Loo-Dinkins joined the program as Research Associate. Dr.
Lester has done research on a variety of topics including genetic
variation at the progeny and provenance tevel, disease resistance
breeding, and cytology as well as managing an industrial research group.
Dr. Loo-Dinkins has specia1-lzed in quantitative genetics and has worked on
questions of efficiency in progeny testing and of wood quality.

Two research projects are in progress. One deals with the relation-
ship of phenology, acclimation to climate, and relative density of wood.
Lodgepole pine and western hemlock are the species under study. A second
pro-iect involves exploratory crossing among the B.c. spruces and will
estimate whether coastal-interlor matings offer potential for hybrirt
vigor, broadened ecological amplitude, or creation of exceptional
individuals. Eighty single-pair matings have been made among selected
indivlduals from two coastal and two interior breeding zones.

A graduate-level course in tree irnprovement has been developed and
three students have been admitted to the pgaduate program.
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One of the importanE goals of ForinEekrs t"Iood Science Department has
been to assist groups in the incorporation of wood quality consideratlons
in tree improvement programs. At the biennial meeting of the CTIA in
1985, Forlntek organized a workshop on l.Iood Quality Considerations in Tree
Improvement Prograns (Keith & Kellogg, 1985) and was instrumental in the
formation of a Wood Quality Working Group within the CTIA. During Ehe

past cwo years, research of interest to tree improvement workers has been
underway at the Forintek laborat.ories and information on the progress of
these activities is summarlzed in the following report.

WOOD OUALITY STUDIES

Parent-Tree Denslty Assessment

Since I974, Forlntek's western laboratory has been involved in the
assessment of the denslty of incremenl coles taken from parent trees in
order to advise tree improvement councils on the best quality trees to be

included in thelr tree breeding programs. This work has continued with
lodgepole plne (Pinus contorta Dougl.), (Gonzalez, 1987a) and Interior
Douglas-f ir (pse.t-dotsuga-roen"tesii (Mirb. ) Franco), (Gonzatez, 1986)
durlng the last tl^to years.

Development of a Field Wood Density Tester

Because of the large numbers of trees involved in both parent-tree
and progeny testing programs, an instrument is urgently needed for rapidly
assesslng wood density in the field. Our \tork on such an instrument
(Haurm, 1987) is based on the principle that solid wood subsEance has an

essentially constant denslty and ls incompressible. Compression of an
increment core into a constant density nlaterlal vould a1low determination
of bulk density from the initial and compressed volumes. A connpressicr
cylinder apparatus \ras constructed to accommodaEe 5 mm diameEer increuient



-150-

cores up to 16 ctn in length. Consistent results
substantial range of densities. A regression of
density gave a correlaEion coefficient of 0.983.
is currently being develoPed.

have beern obtained ovelr ,'l

acEual versus Predictecl
A prototype field model

Circumferential Variability of Relative Densit in Lod le Pine

This study showed that two samples taken at 180 degrees Eo each

other, gave better estimates of mean relative densiCy than three to four
samples randomly selected (GoozaLez, 1987b).

[.Jood Densit Su of Tree ecies in British Columbia

Values of density of 22 British Co,lumbia tree species have been
analyze<l and collated (Gonzai*ez, 1987). Density values varied wi-th Ehe

method of sampting and analysis. Where plus-tree increment cDres u/ere

divided into inner and outer portions, wood densi-ty values were usually
lower for the inner portions than for the otlter ones'

Predicting Mature whole-sEem Density fron Juvenile Trees

Using data for 60 coastal Douglas-fir trees, <lensiCies at breast-
height at ages 5, 10, 15 and 20 years were regressed against whole-stem
densities of the same trees at ages 35, 40, 45 and 50 years (Gonzalez and

Ricl-rards, 1987). A11 relationships were l-inear and staristically signifi-
cant but the coefflcients of determination were mrrch lowei for ages -5 and

l0 years than for ages 15 and 20 years. Breast-height derrsity of l5-year-
old trees provided a reli-able indication of whole:stem density of the same

trees at 50 years of age.

characterization of wood of Rapidly-Grown conifers in canada

Exploratory studies of wesEern conifers have been carried out on

Douglas-fir (both coasLal and interior forrns ), western hemlock (Tsuga

heterophylla (Raf.) Sarg.), lodgepole pine, interior spruce, white (Picea

ffiT6.""h) Voss.) or Engelmann (Picea engelmagnii Parry), and western
.*l-Ea"r (Thuja plicata Donn). Similai studies of eastern conifers began

in i985 wirh j".t-pilgi""" banksiana Lamb.) and European larch (Larix
decidua Mill.), and continued in-1986 with black spruce (Picea mariana

ft-ill.t B.S.p.). Five trees from each of two sites have been sampled for
each species. Characteristics examined include radial and longitudinal
patterns of variation in growth rate, relative density, propclrtions of
heartwood and sapwood, longitudinal shrinkage, chemical extractives an<l

lignin content. Attention is being paid to differences between -juvenile
and mature wood properties and to means oi {elineating fhe boundary
between -juvenile and mature wood zones. Various aspects of this work irave

been reporreil by Jozsa and Kelloge (1986), Keith (1986), Nault (1986) an<t

Barbour (1987).
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Douglas-fir Provenance Analysis

Correlations of density versus volume for the ten l5-year-old trees
sampled within a provenance were negatively significant in the rnajority ot
cases. A ranking of the 66 provenances based on biom;rss, density' and

several other factors, was developed (Hamm, l9U6).

Properties of Wood from Intensively Managed Forests

Forintek Canada Corp., in cooperation with PAPRICAN, has begun a
national program of research into intensively rnanaged sectlnd-growth
timber. The program consists of integr:ated studies on all aspecEs of
properties and utilization of the timber resource. This research will.
provide the most comprehensive assessment available on the future managed
forest resource and will permit planning for its optimurn utilization. The
results will be important to tree improvemenl workers in terurs of defining
Ehe wood quality characteristics of importance to end-product quality for
a partlcular species. Coastal Douglas-fir was chosen as Lhe species for
initial study but sirnilar coordinated work is now proceeding on lodgepol-e
pine and jack pine.
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