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B. hIELCOME

The meetlng was opened at 9:00 am 24 August, by the vlce-chalrman,
Mr. G. Klss. Mr. B. Young, Dlstrlct Foreeter, prlnce George, then intro-
duced the Honourabl-e Ray Llllllaton, I,linlster of Lands, Foreets and trlater
Resources, 8.C., wbo gave the openlng addrese of the symposlum

2:I Address by the HonourabLe Ray l.lilliston

"It gives me great pleasure to welcome you, the members of the
Comlttee of Forest Tree Breedlng ln Canada, to the Clty of Prlnce
George whlch we modestl-y refer to as the rrlJtrlte spruce capital of
the World.rr It ls an approprlate place for your annual meeting
because Ptince George is the centre of a large, integrated forest
lndustry operating within this provlnce's policy of sustained-yleld
managetrEnt.

Of particular interest to you ln this area will be the Britlsh
Columbla Forest Servicets Red Rock Nursery and Regearch Gentre
which you wlll be visiting on Thursday. Red Rock, which serves
this area, has L30 acres ln nursery beds and a potential annual
production of 1,5 nilllon seedlings.
I^Ie are very serious about our tree-breeding program and at this
tlrne, wlth eight Forest Services nurseries ln the province
responsible for provlding the seedl-ings for Brltlsh Columblafs
entire artificiaL reforestatlon program, we are paylng speclal
attentlon to the questlon of tree-breedi.ng.
Red Rock, for exanrpl-e, has sectlons devoted to lodgepol-e ptne and
spruee tree luprovement; and at Cowichan Lake Experlmental Statlon
on Vancouver rsland the Forest service is concentratLng on lmprove-
rnent of the coastal. Douglas-flr.
Although our reforestation program is not necessarl-ly allled wlth
your work, I nevertheless would like to outline briefly some of
the e:rpectations we have of our forest nursery program.

As I already have said, the Forest Service has elght nurserles in
operation and is supplying a1-1 seedlings for our reforestation
needs. Our present objective ls to have an annual productlon of
75 rui.llion seedlings by 1975 through these present nurseries.
However, this probably wiLl not be the ultinate figure as, even
with their present total area, the nurseries have a potenti.al
production of up to 130 million seedlings a year.
However, we are not restricting oursel-ves to meeting our require-
ments with the present nursery and experimental- station acreage.
For examplen just last May the government passed an Order-in-
Council lncorporatLng the reforestatlon nursery and seed orchard
at Red Rock into a reserve to be knor^rn as Red Rock Forest.



The total of the reserve ls over 5 ll2 thousand acres. The nursery'
ae I have sal.d, le 130 acres and the balance of the area is being
devel-oped for seed orcharde and clone banks. The clone banks w111
contaln seedllngs and grafted stock from plus trees selected from
throughout the interior of BritLsh Colunbia, as well as exotic
selectLons obtained from tree breeders ln other parts of the world.
Simil-ar forest reserves have been made In connection with other
nurserl.es ln the province

The need for constant development of our reforestation and research
programs can readiLy be recognlzed'in the reading of f.A.O. economic
studies which show the world demand for wood products is compounding
at an.annual rate of about 5 per cent. This means that denand w111
have quadrupled by the year 2000.

I,lhete w111 this wood come from?

In Brltish Col-umblat6 case our production between I9!+9 and L969
lncreased from an lnitlal rate of 4 per cent to 6 L/2 pei cent by
1969. And we now are lncreaelng our cuts through lnpositlon of a
close utlllzatlon pollcy whlch, in the not too distant future,
shouLd Lncreage our pregent annual cut of 1.8 billlon cubic feet to
the 3.4 btllton cublc feet estlmated as our annual allowable cut at
close utll-ization.
Further lncreasee above the 3.4 billlon cubic feet flgure must come

from lntensifled management, thlnning, feltill-zatlon and so on-
Not ttre least lmportant actlvlty w111 be tree-breedlng.

This then is the challenge.

We are going to have to rely on research to determine the best
thtnnlng preseriptlons to maxlmize yleld and tO determine the best
fertillzer treatments to use. l,Ie are going to have to plant the
most productlve species for each site and we are going to have to
control losses from Lnsects and disease by scientific .management.

You tree-breeders must tell- us what selections, races or strains to
use Ln seed orcharde for the production of genetically linproved
eeed. You must tell- us quickly for the need is urgent. lrle must
have this seed at the earllest possibl-e tlme.

I understand the theme of your meetlng thls year ls the conservation
of the gene resource. I am not a geneticist but I can fully
appreclate that the gene Ls the unlt that controls the develoPment
of the characterletLcs of the lndlvidual. As our mature forests are
cut we lose some of thle gene resource and we therefore must be
Careful to preserve some of these forests to retaln a reservolr of
useful genes for future tree-breeding.
I am optinistlc that Brltish Col-umbla's Ecol-oglcal Reserve Act,
passed at thls yearrs leglslative sessionr.will Prove to be a useful
means of preservlng gene resources of those,tree species lndigenous
to the reserves. Obvlously these reserves will have other values
in seLentific research on ecosystems which atrso will be useful to
the tree-breeders



Througtr Ehls Acc, areas establlehed as ecologlcal reserves {rre wlth-
druwn from any further dlsposttlon that mlght othervlse be granted
underr auy other Act.
Twenty-five reserves already have been eetabllshed by Order-ln-
Council and st.udles are belng contlnued to dlscover addltlonal areas
to serve as examplee of the range of natural- ecosystems character-
izLng the provlnce.

The Ecological Reserve Committee, which is comprl-sed of scientific
representati.ves from our universlties, our pfovinciaL resource
departrnents and other interested groups, has irrdicated that lt wiLl-
probabl.y requlre several more years to compl-ete the program of field
r^rork at whlch time it is antlcipated over l-00 eeological reserves
w111 have been created.
Now, as I know you have a busy schedule ahead of you, I want to wish
you well in your deliberatlons. I trust that your dlscussion wil-l-
be profltable and that you w111 enJoy your visit to our Central
Interior. rf

C. SYMPOSITIM ON CONSERVATION OF FOREST GENE RESOURCES

Following Mr. llillistonf s address, the s5rrnposium, under the chair-
manshlp of D.P. Fowler was opened. The following papers were presented:

T. Rajhathy (read by L. Roche) Conservation of plant gene resources.

B. Zobel. Tree breedlng programs and the conservatLon of forest gene
resources.

C.tr{. Yeatuan. Gene pool conservation in reLation to forestry practl-ce.

B.S.P. Wang (read by C.i{. Yeatnan) The role of seed storage in gene
conservation.

G. Lemieux. Conservation of forest gene resources withln the IBP-CT
framework.

C.F. lJeetman (read by S. Swan) The Canadian Institute of Forestry proposals
for a nati.onaL systeo of natural forested areas.

J.S. Maini. The conservation of forest gene resoufces in Canada: an
ecologlcal perspectlve.

R.T. Franson, D.G. McCrea and E.B. Peterson. Legal and regul-atory aspects
of gene pool- maintenance ln ecological reserves.

In addition the followlng paper rras accepted for publicatlon in the
symposium proceedings: M. Hagman. The Finnish Standard Stands for forestry
research.

10



Two fle1d trLps were arranged by personnel of the BrLtish col-r:mbta

Foresr Servlce, one tL Aleza tate (26 llgust) and'the other:(2'7'August) to
the Red Rock Nursery. A number of white spruce-lodgepole plne site'types
were vlsLted at ALeza Lake. Data pertalning to these types was given by

lJ. Arlldge and G. Ktss. Zones of lntrogressl-ve hybridtiation,between white
and Engelmann spruces were also obsenred. The British Columbia Forest
Servieers Red Rock Nursery and Research Centre has 130 acres in nursery
beds, and a potential annual productlon of 15 rnillion seedlings. The

nursery ls highly rnechanized, and the princlples of forest genetics and

tree improvement gulde a1-L aspects of seed harvesting, processing, and

seedling production.

These papers constltute Part 2 of the Proceedlngs of the Thlrteenth
Meeting of the Committee.

D. FIELD TRIPS

E. BUSINESS MEETING

The busLness meetlng hras heLd on the afternoon of 25 August.

L44. MLnutes of the Last Meetlng

Wlth permlsslon of the mover and seconder, the motlon -by L. Roche

seconded by O.f. Fowler (page 12 af the rninutes) was corrected to. read:

Motlon:
"Forest genetlcs
accepted by the

Moved by L. Roche, seeonded by D.P. Fowler that the rePort
and tree lmprovement research in Cbnada: A critique'r be

commJttee for discusslon and study by the mernbers.

Motion: rMoved by O. Szlkl-at, seconded by J. Klein, that the
m{nutes be accepted as corrected. Carrie4.

.
145. Membership

a) Honorary Member

Attention of the commlttee was drawn to the recent retirement of
A.J. Carmichael. Mr. Carmlchael was, for many years' an actlve member of
the Committee and contrlbuted to the tree lmprovement Program of the Ontario
Department of Lands and Forests.

Motl-on: Moved.by A.L. orr-Ewlng, seconded by !J. Dyer that Mr.
CarrntchafFnade an honorary menber of the Comrnittee. The chalrman was

Lnstructed to wrl-te to Mr. Carmlchael and lnform hirn of thLs change.

l_1



b) New Members, Changee in Status, Reslgnatlons

The followlng new members were duly elected:

Actlve:
Dr. M.H. El-Lakany, University of Brltish Columbia.
Dr. J.W. Green, Laufentian University.
Mr. I. Karlsson, British Columbia Forest Service.
Dr. M.A.K. Khalil, (formerly corresponding) canadian Forestry service.
Mr. M. Lalor, (replaces Kennedy) Alberta Forest Servlce.
Mr. Y. Lamontagne, Quebec Dept. Lands and Forests.
Mr. C.H. Lane, (formerl-y corresponding) Ontario Dept. Lands and Forests.
Mr. M. Meagher, University of British Col_umbla.
Dr. B. Mulllck, University of Brtrish Colurnbia.
Mr. D.A. Skeats, (fonnerly corresponding) Ontarlo Dept. Lands and Forests.
Mr. E.R. Falkenhagen, (reinstated) unlversLty of British cohmbla.

Corresponding:

Mr. A.H. Barnford, British Columbia Forest Serr,riee.
Mr. D. Burton, Ontario Dept. Lands and Forests.
Mr. R. Grinnell, Ontarlo Dept. Lands and Forests.
Dr. P.G. Haddock, Unlversity of Brltlsh Columbla.
Mr. trI.L. McMillan, Rayonier of Canada.

Sponsoring:

Mr. A.J. Herridge, (replaces Dixon) Ontario Dept. Lands and Forests.

Resignations:

Mr. R.M. Dixon, (replaced by Herrldge) Ontario Dept. Lands and Forests.
Mr. L.L. Kennedy, (replaced by Lalor) Alberta Forest Servlce.
Mr. J. Nicholson, (replaced by Khalil) Canadian Forestry Service.
Mr. W.A. Reeks, Canadian Forestry Servlce.

146. Tabulation of Selected Phenotypes of Forest Tgees

Mr. C. Larsson brought the followlng letter to the attention of the
Committee:

"The Northeast Forest Tree Improvement. Conference is in the process
of compiling a tabulation of sel-ected phenotypes of forest trees.
This w111 include sel-ections made on private, State, Provincial,
and Federal land in northeastern United States and eastern Canada.

If you are wllling to cooperate ln this progran would you pJ-ease
tel-l us the nunber of trees you have selected by species and state
or provlnce. The NEEIIC w111 nake this tabul-atlon availabl-e to
other cooperaters, but wlll- not assume responsibil-lty for col-lec-
tion of plant material-s or obtaining pernission to do so. It is

L2



the cooperatorts responslbllity to contact the ol^rner for requests
for cuttlnga or seed or for permlsslon to make su;h colLectLon.

tle woul-d l-ike thls lnformation as soon as convenient so that we
can have it complled before the next NEFTIC meeting.rl

It was decided that Mr. Larsson would contact comnittee members and
sollclt the necessary lnformatlon on an individual basls.

L47. Report on the Committee on Forest Tree lreeding in Genada

This report r^ras submltted by the sub-cominj.ttee appointed at the
Buslness Meetlng of the CFIB ln Canada at Quebec City, L970. It was pre-
pared by Dr. A. Carlisle (chairrnan), Dr. H.S.D. Swan and Mr. L.L. Kennedy.

Ihe report considered that the hlstoryr terms of reference,
structure, and activitles of the Gormnl ttee and presented 25 proposals for
consLderatlon. Each proposal was presented and discussed and the Corrmittee
was asked to accept in princlpal-, reject, or nodify each proposal-.

The follor^rlng is a reaune of the actLon taken on these proposals:

.-lProposal 1

It ls proposed that these terms of, reference be rewritten expllcltly
to lnclude:

a) Promotlon of lLaLson bet\ileen genetlcl-sts, tree breeders and
others concerned wlth tree improvement ln Canada. Approved.

b) Promotlon of llaLson among these sclentists and those people
concerned with the col-l-ection and production of seed, estabLlshment of
trees by planting and sowLng, the management of pl-antatlons; and the pro-
cesslng of wood for pul-p and lumber. .Approved.

c) Invite the views of managers, practlsing foresters and repre-
sentatives of the forest lndustrl-es to particlpate actlvely in pro'bleur
analysis and priorlty deslgnation in the fieLd of tree improvement on both
a National- and Regional basls. Modlfied and Approved.

d) ColLection and distribution of baslc information for genetlcists
and breeders on the current plantLng and sowing policiesr'plantatton produc-
tion, seed productionr'and coste of operatlons, to prowide a basLs for
plannLng a tree improvernent poJ-icy closely tled to Natlonal- and Reglonal
needs and priorlties. ReJected.

e) PartJ.cl.patlon of members ln setting up and contrlbuting to a
tree genetlcs and tree breeding tnformetLon bank for use by all interested
partles ln Canada. ReJected.

(ft ls recorded that Mr. R.H. Spllebury obJected to Proposal- 1. He
suggested the terns of reference shoul-d be: The primary purpose of the
CFTBC is to foster diseussion on sclentific and technlcal matters, and to
rewLew prograru for the beneflt of the active nembers.)
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Jlrg:g"irl _Z

It ts propoeed chat the tltle of Ehe Commlttee ls left as lt le
trnless ma.lor changes ln the structure of the body make the tltle no longer
appllcitble. ReJected.

Changed to:
It is proposed that a more sultable title for the Gommlttee be

found.

Proposal 3

The Chairmpn are el-ected biennial-Ly, and it is proposed that this
should remain unchanged. Accepted.

Proposal 4

It ls proposed that the Executive Secretary shoul,d be elected every
two years as at present. An editor ls to be appointed blennlally by the
executive. Modifled and Accepted.

Proposal 5

It ls proposed that no change ls nade ln the membership classlflca-
tion, unless there ls a major change ln the Connitteers structure. Accepted.

Proposal 6

It is proposed that a sub-cormlttee be set up to define and propose
rules of order in keeping wtth Parllamentary usage. These rules shouLd be
kept to a minimun but be sufficient to safeguard the Conmittee from abuses
arising from misrepresentation at buslness meetlngs. Accepted.

Proposal 7

It l-s proposed that the busLness meeting should be held on the
first mornl.ng of any Comittee session or meetlng; all classes of members
should retaj.n voting rlghts; and al-l nenbers particlpating in a meeting or
session of the Commlttee should attend the business meeting. Accepted.

Proposal 8

It is proposed that provisLons should be made for voting by pro:ry
on constitutional or po1icy issues. Modified and Aceepted.

Proposal 9

It ls proposed that the Conmittee shouLd inltial-Ly coneider holding
lts meetings (when geographLcally posslble) in conJunction with those of the
CIF as a precursor to the establlshnent of closer, more formal- affiliatlons
with the CIF or any other body the members propose and accept. Accepted.

Proposal L0

It is proposed that for the tirne being the CormLttee retains its
present status, but considers long term advantages of becoming an independ-
ent Socl.ety. Accepted.
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Proposal 1-1

tt la proposed that a conerttutlon and Bylaws state that the
ConrnlEtee epeaks ior those lnvolved ln foreet genetlcs and tree lmprovement

work Ln Canada equally, regardless of affiliatton or extent of sponsorshlp'
Modl-fied and Accepted.

Proposal l-2

Consequently it ls proposed that an elected Sub-Cormnittee draw up a

constltution ind Byiarts defining, 1. The Name of the grganization, 2' Its
ObJect, 3. Cl-asses of Members, 4. Officers, 5. Types of MeetinBs' 6'
types of Sub-Comlttees or i.lorking Partles, 7. Parl-iamentary AuthorLty for
nlies of Order (see RRO 1970 p. l-O-11-). Modifled and Accepted.

Prooosal 13

Full-scale Commlttee meetings, lncludlng a buslnese meetlng' are
heLd at not leee than two-year Lntervals. Accepted.

Proposal- l-4

At least two reglonal sub-cormnlttees are establlshed, each with lts
elected chalrman, to hold Lnterlm meetlngs as frequently as ls necessary to
deal- wLth essentialIy reglonal probl-ems of tree Senetics and breeding
research, development and lmpl-ementatlon. Relected

Proposal l-5
Initlall-y two such sub-cormnltteee be set uP, one for eastern Canada

(Ontario, Quebec, New Brunswlck, Nova Scotla, Prince Edward Island and

Newfoundiand), and another for the west (Manitoba, Saskatchewan, Alberta'
N.W. Territorles, Yukon and British Colurnbia). Rejected'

Proposal 15

Changed to:
The natlonal meetlngs lnclude a speclal" session to dlger:ss Active

medberst progress reports. Reportel are to be.tabled but not necessarily
dLscuseed ln detall. Accepted.

Proposal 17

I"Ienberst progress reports and l-ists of their pubtrications are dis-
tributed prLor to a meetLng, and the progress reports publ-lehed later.
Modlfled and Accepted

ProposaL lS

The progress reports are publlshed separately from associated re-
ports on semlnars and working partles and all- types of reports are written
Ln conslstent formats. Accepted.
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(It ls recorded that Dr. C.W. Yeatman consldered Propoeal L8 to be
incompl-ete ln its accepted form. He submltted the followlng modLflcatlon
for considerat{on by the Coumlttee

a) Progrees reports be wrltten ln a conslstent format.

b) Progress reports be publlahed ln Part I of the Proceedlngs t
together wlth other l-t,ems of buslnese (rnlnutes n reporte, dl-e cusslone and
fiel-d trlps) for dl-strl-butlon llmtted to Canadlan members and llbrarles of
Canadlan lnstitutlons .

c) Papers presented ln sy4osLa, or thelr equlvalent, be publlshed
in Part 2 of the ProceedLngs, together with a llstlng of actlve nembers of
the Commlttee and reference to their current work.)

Proposal 19

An actlve member should report in full only when he has some signi-
ficant progress or change in pollcy or organlzatlon to report. ReJected.

Proposal 20

The reports on progress, working Parties and sbminars be given a
greater degree of editlng than is at present the case, by an edLtor elected
every two years. (See Proposal- 4). Rejeeted.

Proposal 2l-

ltrat the edltor should have a poner of veto of reports whLch can
only be exercLsed wlth approval- of the Chalrrnen of the Comittee. Rejected.

Proposal 22

The reports on synposla should continue to be given a wtde clrcula-
tion to selected peop!-e concerned with research and forest management'pollcy
outslde the Comnlttee membershlp. Accepted.

Proposal 23

Greater emphasis be glven to Symposfa, I{orklng Party teports and
probl-ern analysis. ModLfied and Accepted.

ProposaL 24

After each meeting the Chairman, together wLth any members he nay
select to assLst hlm, should prepare and publ-lsh one or more PaPers
su'r'marizing the ualn polnts raised by the Cotmltteers reports on progress'
worklng partles and synposla, ln a journal-, or journal-s serving those
responsible for ndnaging forests and related research pollcy. Modlfied and
Accepted.

Proposal 25

Members should subnit proposals for studies of probl-ems prlor to
the neetlng, givlng the background faets and fLgures to suPPort the pro-
posals, so that the ComLttee can glve the problems full conslderatlon Prlor
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to votlng. Members, however, should be able to submlt to the Chairman pro-
posals during the meetLng (on matters whlch arlse from the current neeting);
lt w111 be for the Chalrman to declde whether or not these latter proposals
should be put to the vote. Modlfied and Accepted

After the dlscusslon of the "Report on the Comnittee on Forest Tree
Breedlng ln Canada", the foll-owing members were eI-ected to the working party
(Sub-Comrlttee): A. Carllsle, (Chatrnan), H.S.D. Swan and A.L. Orr-Ewing.

It w111 be the duty of this workLng party to draw up a constitution
and by-lawe (ProposaL L2) based on the proposals accepted above.

148. Date of Next Meeting

-

The deslrablllty of hol-dlng annual- meetings in conjunction with
meetings of natlonal organlzatLons such as the Canadian Institute of Forest,ry
were dl-scussed. It was the general consensus of the CostrDlttee that such
Jolnt meetings would be desl.rable whenever feastrble.

Motlon: Moved by C.W. Yeatman, seconded by J. Maini that the next
meetlng of the CommLttee be hel-d in August L973 at Frederlcton, N.B., but
that the executive be allowed to select another site if tt so wishes.
Carrled.

, Dr. H. Nlenstaedt suggested that a joint
LSFTIC be consLdered ln the future. It was
Connrlttee that thls wouLd be deslrable.

meeting of the CFTBC
the general consensus

and
ofthe

the

]-49. Electlon of Offlcers

To avoLd confusLon in regard to electlng blenniaL offlcers where the
CFTBC was changlng from an annual meetLng to a blennial- meeting schedule,
al-l the present executLve tendered thelr reslgnatlons to be effectlve at the
end of the 1971 annual meeting.

Motlon: Moved by C.!1. Yeatuan, eeconded by S. Swan that D. Fowler
be electffiilrman, LITL-73. Ca,rrled.

It was proposed by J. Klein and seconded by J. Malnl that L. Roche
be el-ected Executlve Secretary. L. Roche decllned the nomlnatlon because
of other comnltments. He has been nomlnated as Chairnran of the IUFRO
lJorking Party on the Conservation of Forest Gene Resources and would al-so
be at the Corunonweal-th Forestry Institute durlng the comlng winter.

Motlon: Moved bv
worth Ue....Ged Executive

G. Klss, seconded by C.!J. Yeatman that K. Illtng-
Secretary. Carried.

It was agreed that the executLve woul-d appolnt a Co-chairman before
the next neetlng.
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150. Pol-lcv StaEemen! on Conservatlon of Foreet Gene Reeourcee

In the evening of 25 August, the Commlttee held a special- sesslon
t,o dlecuss the CFTBCts role ln the conoervatlon of.foreet gene resources.

After dlscusslon, the followlng pollcy etatement was dfawn up.

COMMITTEE ON FOREST TREE BREEDING IN CANADA

STATEMENT ON CONSERVATION OF FOREST GENE RESOTIRCES

No Canadian tree sp.ecies is, at present, in danger of extinction.
However, sone populations of valuable species are endangered to a point
where serious gene depauperation may result. These populatlons should be
protected in situ or, where this ls not posslbLe, er siiu.

Canada contains about 2 nllllon square kilometers of productlve
forest Land. It ls proJected that nan-made forests r,rill make up less than
27, of Canadars productlve forests by 1985. It ls ewldent.that only under
exceptlonal- circurnstances w111 contamlnatlon of the natlve arboreal- flora
by non-natlve specles or populatlons pose serloue problens.

A few exceptlonall-y valuable tree populatlone have been ldentlfied
as a result of, or in conJunctlon wLth, forest genetics studlee. Identlfl-
catlon of more of these populatlons can be expected ln the future. These
populatlons should be protected in situ and steps shoul-d be taken to assure
that these populations are perpetuated. Unfortunately the means of perpet-
uatLon, especially of cornpetltion-intolerant specles, norr confl-ict wlth the
policles of most preservatLon and conservatlon programs (e.g., Natlonal Parks,
Internatlonal- Blological Program-CT and the proposed Canadlan Instl-tute of
Forestry Natural Forested Areas Prograns). Efforts should be taken to
ellninate this confLlct.

The CFIB supports in principal the proposed CIF Natural Forested
Areas proposal-. This program, if acted upon, with the IBP-CT and Natlonal
Parks prograls w111 eontribute to the preservatlon and conservation of a
wide array of forest gene resources in situ. It wouLd be undeslrable for
the CFTB to undertake a separate program for the preservation of such
natural populations.

Where specific populatlons of trees are recognized as belng
endangered or are recognlzed as belng of speciaL interest ln tree iuprove-
ment, efforts should be rnade to assure thelr continued existence. The
federal and prowincial governments should be urged to take whatever action
is necessary to protect such populations.

The CEIB wiLl establish a standlng l,lorking Party call-ed the
'Vorking Party for the Conservation of Endangered Arboreal- Cern Plaem".'
The duties of the Worklng Party wil-l be as follows:

a) to nonltor the status of Canadl-an arboreal- species and to lden-
tify which species or populations are endangered;
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b) to report blenniall-y to the CFTB on the exlstence of unprotected
endangered popul-atlons; and

c) to recounend to the CEIB approprlate actlon to provide protec-
tion for endangered specles or populations.

Tree breeding and forest genetics prograns play a maJor role in the
eo situ conservation of valuabLe genetic materials (e.g., provenance tests'
progeny tests, seed orchards, and breeding gardens) . ALL tree breeders
should recognize thetr responslbllltles in regard to conservatlon of
endangered popuJ-atlons. tr'lhere practlcal , the conaervation or preservation
of such popul-atlons ehould be consldered as a part of tree lmproveroent
Programs.

Seed banks (and posslbly ln the future, pol-len banks) offer a rel-a-
tively inexpensLve means of preservlng genetlc materLal ea situ. Using
exlsting technlques, seed of some tree specles can be stored fot 25 to 30
years wLthout serious loss of viablllty. It ie probable that, under
optlmum storage condltlons, sone tree seeds coul-d be stored successfully
for 50 to 100 years or more. The CFTB urges that greater effort be placed
on research l-n this fteld.

Motion: Moved by A.L. Orr-Ewl.ng, seconded by J.I. Klein that the
(above) Fiicy statement be accepted by the Cornmitt,ee. Carried.

Motion: Moved by A.L. Orr-Ewlng, seconded by J. Kleln that the
I'Iorkl-ng Effiror the conservatlon of endangered arboreal germ plasm be
cornposed of C.W. Yeatman (Chalrman), W. Dyer and K. I1-Lingworth. Carried.

153. ApprecLatlon

On behalf of al-l Comittee members, L. Roche thanked the Brltish
CoLumbla Forest Service for hostlng the 13th meetlng of the CFTBC. Special
appreciatlon was e:rpressed for the efforts of G. Kiss, R.H. Spllsbury,
B. Young and the staff of the Red Rock Nursery.

F. MEMBERSI REPORTS

Membersr reports were presented and dlscussed durlng the morning
of 25 August.
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TREE BREEDING AT THE IVIA,RITIMES FOREST RESEARCH CENTRE, I97O

D.P. Fowler, H.G. MacGillivray,
S.A.M. Manley and J.M. Bonga
Carndian Fonestny Seznsiee, l

Mariti.mes Forest Research Centz'e
Fred.ez,icton, Neu) Brunsuick

INTRODUCTION

For a detailed review of the objectives of the tree breeding program
at the Mariti-mes Forest Research Centre, the reader is referred to the 1968-
69 report to the Conrnlttee (Fowler et aL., L97L).

Dr. Kalman Roller joined the Canadian Forestry Service, Maritines
Forest Research Centre in August 1970. Dr. Roller had previously been with
the CFS in Winnipeg. He will be working prlnarily on problems of regenera-
tion i-n western Nova Scotia. This work will include species evaluation as
well as intra species sel-ection and other aspects of regeneration.:

Mr. S.A.M. Manley began work on his Ph.D. at Yale University in
September 1970. His dissertation problern will be a continuation and expan-
sion of his work on the genecology of the red spruce - black spruce cornplex.

BREEDING AI'ID BREEDING SYSTEMS OF FOREST TREES - D.P. Fowler

The objective of this project is to obtain the necessary information
and breeding materials to make possible the lnass production of genetically
superior trees for the MarLtime Provinces. Understanding of the natural and
potential genetic variability of native and prornising exotic species is
essential if genetic improvement is to be maximized. Because of the present
importance of Picea species and the potential importance of Laz,i.t species
for reforestation, work has been concent,rated of these genera.

Picea

1970 was a moderate flowering year for spruce in central New
Brunswick. Wtrite spruce (P. gTnuea), red spruce (P. rwbens), black spruce
(P. nwriarn), and Koyarnai spruce (P. koyamai) were used as pollen parents
on white and black spruce. In addition, black and Koyamai spruce were used
as pollen parents on Norway spruce. The results of these controlled polli-
nations are given in Table 1.

Spruce hybrids and controls produced in 1968 and 1969 were trans-
planted from the greenhouse Lo the Acadia Forest Experiment Station nursery.
Several putative hybrids between white spruce and red and black spruces were
outplanted. The authenticity of the hybrids will be determined by taxonomic
studies when the seedlings are larger.
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Table 1. 1970 Interspeciflc
Polllnations -
Seeds).

Hybridization of Pieea.
Number of Full Seeds Per

Results of controlled
Cone (Total of Full.

Female
Parent

Male Parent

P. koyanni P. gLauca P. vubens P. nwrt)ana

glnuea

sr 553
sr 554
sr 557
sr 558
sr 559

mariarm

I
5
7

L2
13
15

abies

sr 645

<1 (7)
<1 (2)
< l- (4)
<1 (1)
<1 (7)

0
<1 (4)
<1 (10)
<1 (7)

0
<1 (1)

2

L4
30
36
23
L2

(lls6)
(20e8)
( 2s3s )
(1e37)
(L342>

0
0
0
0
0

0
0

<1
0

<1

28
38

2
23
13
1B

(1)

(2)

(836)
(L256)

(64)
(208)
(r76)
(L27)

D

(2)

In 1970, the CFS Joined in a contract wlth the Provlnce of New

Brunswick to locate and evaluate superior stands of black spruce ln the
northern part of the province. Sl-x good stands were located, mapped, and

reserved from cuttlng. One or more of these stands will be used as seed
production areas unEil superlor stralns of bl-ack spruce can be developed.
The search for superior stands of bl-ack spruce will be conrinued in 1971.

Initial steps were taken in 1970 to asslst in the development of a

clonal seed orchard of bl-ack spruce. Plantations l-ocated on the linits of
J.D. Irving Ltd. near Black Brook, N.B. were examined. On the basis of
growth, foim, and freedom from 

"rry 
d"l"terious attributes, 50 Plus trees

were selected; cuttings were taken from them in May and plaeed ln a green-
house root,ing chamber under regulated mist. The success of rooting was

disappointing in that only 37 out of 50 cl-ones produced one or more rooted
cuttings. This work will- be repeated in 1971 using an irnproved misting
system.

Larix
to their rapid juvenlle growth, good form, high wood density'
handll-ng in Uhe nursery, Inz,i,n speeies are of potential value
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for reforestation within the region. On the basis of species trials ancl
provenance tests, it is evident that selecEed strains of ['ctt'i^t: LtIt'it.:ittrt,
L. Leptolepis, and X. decidua are promislng. That interspeclf Ic /,rzt'tl.t:

hybrids ar-e of ten heterotic, has been well documented, tlrus species hyl>rtcl-
ization appears to be a most promising approach to LarLr lmprovement.

The objective of the Larix improvement work is to determine the
magnitude and pattern of varl-atl-on in L. 1.aricina, and to select or develop
a superior strain or hybrid suitable for the Maritine Provinces. Orrer the
past decade, a good gollection of Imi.t species and strains has been
accumulated at the Acadia Station. Much of this rnaterial ls just beginning
to produce ovulate flowers in the quantities required for contro,lled polli-
nation work.

the phenotypically best individuals of.L. Leptolepis'In 1970, the phenotypically best individuals of. L. Lepto
L. decidua, and L, Laz,icina were selected for interspecific crossing trials.
Of the 38 trees selected, only 10 produced ovulate strobili in the quan-
tities required to make meaningful crosses. Each of these trees, was used
as female parent for interspecific crosses with four trees. Of the 40
crosses attempted, 31 produced enough seed to warrant further testing. This
maEerial has been sornm f,or greenhouse experiments.

One of the most serious barriers to Larir breeding in the Maritime
Provi-nces is the scarcity of plantings of exotic species from which selec-
tions can be made. rn an effort to alleviate this Prablem for the future,
lari,s seeds were obtained from the good provenances of Larix Leptolepis,
L. decidua, L. eunolepis, and L. sibiriea. These were distributed to the
forest nurseries of the region to be raised and distributed throughout the
region. The following seed lots were obtained:

Species

L. Leptolepis
L. deaidun

L. eurolepis
L. S1-DLrLed.

Number of
populations

8

15

3

I

Amount. of
gee.d, kg

6.8

1.1

1.1

.1

About 75 individual tree cone collections were made for L. 7,av'icina.

PROVENANCE AND PROGENY TESTING : HrG. MacGilliYrav

The objective of this work is to determine the amount and nature of
genetl-c variation among populati.ons of desirable tree species, and to use
this variation to improve wood production in the Maritine Provi-nces. The
objectives of the lndividual experiments are diverse, but each has its place
within the overall objective. The experiment.s include tests for wood volume
production, insecL resistance, suit.ability for adverse sites, all-range
variation, and suitabillty for Christnas trees.
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In 1970, f ield plantings r^tere established for three seed-source
studies of Nolay spruce (Picea abies) and one of Douglas-fir (Pseudoteuga
menziesii) z

(a) Surplus 2 * 3 Norway spruce from 17 seed sources in central
and northeastern Europe, with native red spruce as cont,rol, were
planted in nine areas in Nova Scotla by the Nova Scotta Depart-
ment of Lands and Forests. These plantlngs v/ere treated with
various rates of N, P and K fertil-lzers. Replicated experlments
using these and other provenances had been established by the
Canadian Forestry Service in 1969.

(b) Observation plots of 4 * 0 Norway spruce fron 39 seed sources
rnostly ln Pol-and, Rumanla, and Czechoslovakia, with natlve red,
white and black spruces as cont.rols, were planted in obser:vation
ploLs by cooperators in 12 locations in the Maritimes. A rep-
licated test using a + 2 trees from these sources will be planted
on the Acadl-a Station in l-971.

(c) Three replicated experiments using 20 populations of 2 * 2 Norway
spruce frorn trees i--n Czechoslovakia, with native whi-te, red and
black spruces as controls, were planted in New Bnrnswick and
Nova Scotia.

(d) A replicated test of Douglas-fir frorn 20 inland seed sources,
with native balsam fir (Abies balsantea) as control, wirs estab-
lished i-n a replicated Christnas-tree test. Twelve sets of
observation plots, each containing trees from most of the seed
sources, rirere established by cooperators. The trees in at least
tr,tro sets of observation pLots w111 be all-owed to grow to timber
size.

Some trends and relationships of seed source and of site quatlty to
survl-val, growth, and insect darnage in whlte spruce, from 24 seed sources
scattered through most of its natural range, were demonstrated by data fron
two plantatlons at the AcadLa Station. Juvenlle gror^rth of trees from t,hese
sources and the locations of the 24 sources are described by Nelnstaedtl.
Plantat.ion A is on a moist-rich site, which ls near optinnrm for white spruce.
Plantation B is on a fresh-moderately rich slte, one that is considered
suit,able, although not optimum, for white spruce.

Using pooled data from both plantations, survival within the
provenances is positively related to average tree-helght (r = 9.87, N - 24,
significant at 0.01 l-evel). The average tree-height for Plantation A was
L77 greater than for Plantation B, a hlghl-y significant difference, t = 48.
Average heights of the most vigorous provenances were between 15 ar;.d, 427.
greater in Plantation A.

INeinstaedt, H. 1969. White spruce seed sounce vaniation and adaptation
to 14 sites in Northeastern United States and Canada. In Proc. IIth
Meet. Comm. Fonest Tnee Bneed. Can. Quebec 1968: Pant 2 183-1,94. Can.
Dept. Fish. Fonest.
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'l'he greater hcigh.t growth in Plantation A was offset, to a small
tlt'1'.rt'tr, by greater clamage by the white pine weeviL (Pissodes strobi Peck).
'l'lrrr trtrmlxrr of' leaclers k11led ln Plantat.lon A was significantly greater,
(c = 6.06,'signiflcanL at 0.01 level) than the number killed in Plantation
B. 'I'o date, the damage l-s not heavy enough (9 and 12 respective.ly) to
indicate possible influences of seed source factors on susceptibility or
resistance to damage caused by the weevil. In Plantation A, most of the
killed leaders occurred on trees from provenances with average-tree-height
above the plantation average.

: cENECoLoGY oF RED AN? BLACK SPRUCE - S.$..g. Mqnley

Red spruce is highly susceptible to defoliation by spruce budworm
(Choristoneura fumifenana Clem.); black spruce is relatively resistant.
An assessment of the hazard to defollation by cover type is difficult
because of the atray of indivlduals intermediate between red and black
spruces. Difficulties in dlstinguishing the two species have been attri-
buted to extensive hybridization. The objectives of this project are to
develop satisfactory field methods for distinguishing red, black, and. inter-
medlate spruces; to establish the frequency and distribution of natural
hybridization in central New Brunswick and elsewhere in the Maritimes; anl
to evaluate ecological irnplications of hybridizalion.

In 1970, the controlled crosses were carried out with three sets of
five trees of the following phenotypes: 1002 black spruce, 717" blask spruce,
intermediate, 752 red, spruce and 1002 red spruee. The seeds from these
crosses have been extracted and are being used in experinents at New Haven,
Connect icut .

Transects and plots were established in southern New Brunswick and
central Nova Scotia. Data from these indicate that widespread introgression
in New Brunswick is restricted to areas within the Lowland Plain. Outside
the Lowland Plai-n, hybridization is not frequent and is controlled by the
extent of contact between the tvro species. In central Nova Scotia, hybrid-
ization is also influenced by the extent of habitat separation of parental
species. .Ground vegetation data collected from sample .plots have
strengthened the relationship described for central New Brunswick. Site
factors whlch influence. the success of parental species also influence the
success of hybrid populations. The composit.ion of the hybrid population
depends upon the sirnilarity of that particular set of sit-e factors to
environmentsh'hichcharacterizeparenta1popu1ations.

IIAPLOID AND HOMOZYGOUS DIPLOID TREES - J.M. Bonga

Young mega- and microsporangiate strobili of red pine (Pinus
nesinosa) were collected at weekly intervals in late sp.ring and early
summer. Megagametophytes and microsporophylls carrying imrnature milcrospor-
angia, were dissected aseptically and t,ransferred to a variety of culture
media.
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Megagametophytes collected between 2 weeks before and 2 weeks after
fertiLization grew in culture. Most growth was obtalned on !{triters medium
supplemenred wlth casein hydrolysate and coconut rnilk. On this medium,
sma11 calluses developed from the gametophytic tissues. Inslde t,he ganeto-
phytes, layers of spindle-shaped cells were formed ln various locatlons.

Abundant callus was obtained ln cul-turee of the microsporophyl-ls.
Some of this callus originated from the diplold sporophyJ-ls and sproangial
tissues, and some developed from the lnaature mlcrospores. Smear prepara-
tions of samples of the calluses from the microspores showed haploid mitotic
configurations. These haploid calluses grew better on Brown and Lawrencers
medium than on the supplemented l{trltets medium. Cultures of pollen nattrred
on the tree failed to produce callus

The calluses derived from the irurnture mlcrospores did not show
any differentiation, but rirere considerably larger than those from the
megagametophytes.

Other possible sources of haploid tissue in conifers are poly- and
reverse-embryos, Several poly- and reverse-embryos of Norway spruce were
dissected and cultured on artificial- nedia. Several of the embryos
developed, and formed a short, often ca1-lusing, root and small needles.
The ploidy of these srnall seedl-ings has not yet been established.

Vegetative Propagati,on bv C_ulturing Buds

Dorrnrnt buds of balsam fir and white spruce were placed on an arti-
ficial medium. Some of the buds elongated to about three times their
original length and formed norrnal- length needl-es. At the base of these
small shoots, a green callus was formed. Roots, however, have fatled to
develop.

PUqLTCATToNS

Bonga, J.M. and D.P. Fowler. I97O. Growth and dlfferentlatlon ln gameto-
phytes of Pinus resinosa cultured in vitro. Can. J. Bot. 4822205-
2207.

Fowler, D.P. 1970. Maternal effects in red pine, Pinus resinosa. Ait. and
their irnplications to provenance and progeny testing. fn SexuaL
Reproduction of Forest Trees I. IUFR.O, Sect. 22, Working Group
Meeting, Varparantud, Finland.

Fowler, D.P. L971. A technique for tnsect control in pollination bags.
Can. J. Forest Res. l-: 66-67.

Fowler, D.P. and D.T. Lester. L970. Red Pine. fn C,enetics of Important
Noreh American Forest Trees. U.S, Dept. Agr., Forest Service. Res.
Pap. I{O-8.

Fowler, D.P., H.G. MacGillivray, S.A.M. Manley and J.M. Bonga. Lg7O.
Tree Breeding in the Maritimes Region, L968-69. Proc. l-2th Meet.
Comn. Forest Tree Breed. Can., Quebec, P.Q. Aug. L970. Part 2: 3-L3.
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FOREST GENETICS AND TREE IMPROVEMENT RESEARCH

L. Roche
CaradLan Fonestrng Sern)ice,

Inurentian Fonest Research Centne, ,

Ste. Eoy, Quebec

In keeping wiEh the program structure of, the Canadi.an Forestry
Service, research projects l-n forest genetics and tree improvement in the
Quebec Region are now assigned to rmrltidisciplinary Project Groups. Each
Project Group has as its rnajor objective either the solqtion of a problem
or the exploitation of an opportunity in foiest resource nanagement. Thus,
for example, research on genetic variation and improvement of yellow birch
(Betula alleghaniensis Britton) is assigned to the Project Group dealing
with the shortage of tolerant hardwoods in Quebec, and the research project
entitled'fProvenance trials of the genera Picea, Pinus, Lav'i't and Pseudo-
tsuge": is assigned.to the Project Group dealing with the reforestation of
abandoned farmland.

Since the last report, a provincial Committee on Forest Genetics
and Tree Improvement has been established under the auspices of the Quebec
Forestry Research and Development Council. Representatives of the provin-
cial Departments of tands and Forests, and of Industry, the University of
Lava1, and the Laurentian Forest Research Centre are members of this
Committee which has met on seven occasions during the last year. Further
progress has therefore been made to ensure that fhe Canadian Forestry
Service research program ln forest genetics and tree improvenent in Quebec,
which is detailed in the following reports, is directed as closely as
possible to the needs of the Province.

At the request of the Society of American Foresters, tl^to publica-
tions, one on Sitka spruce (Pieea sitehensis (Bong.) Carr) and one on
Engelmann spruce (P. engehwnnii Parry), are being prepared for the series
on the genet.i-cs of important forest trees of North America. Development
of this .series of publlcations ls in accord wiltr the resolution of the
World Consultation on Forest Genetics and Tree Improvement at Stockholm in
L963, and of the Fifth World Forestry Congress in Seattle, 1960.

PAPERS ON TRNE GENETICS AND BREEDING AND ALLIED SUB.IECTS
PRODUCED BY SCIENTISTS AT TIIE I,AURENTIAN FOREqT RXSEARCH CENTBE

Bate, G.C., A. DrAoust and D.T. Canvin. Lg6g. Calibration of lnfrared CO2

analyzers. Plant Physiol. 44zLL22-LI26.

Corriveau, A. L97Oa, Etude dfaccroi-ssement et de produetion des peuple-
ments 6pinette-sapin de la p6ninsule gasp6sienne r6sultant de chablis,
.exploit6s partiellement ou d6vast.6s par le feu en I94L'42, Aire
df observati,on no 8 - Peti.te RiviEre Pabos (Qu6bec). Serv. Can. For. ,
Lab. Rech. For., Qu6bec, Rapp. Inform. Q-F-X-4.
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Corriveau, A. 1970b. Etude d'accroissement et de product,lon des forGts du
nord-ouest qu6b6cols aprEs exploltatlon. Serv. Can. For., Lab. Rech.
For., Qu6bec, Rapp. Inform. Q-F-X-5.

Corri-veau, A. 1970c. Effets de 1a Tordeuse (Choristoneura fumifezwrn) sur
de jeunes peuplenents de Sapln-Eplnette-Bouleau blanc 6tablis aprEs
coupe d blanc et coupe suivie de feu. Ser:i. Can. For., Lab. Rech.
For., Qu6bec, Rapp. Inform. Q-F-X-8.

Corriveau, A. L971a.. Lrintensit6 de l-t6claircie s6lective, ses effets sur
un peuplement de sapln baumier de 40 ans. Se::u. Can. For., Cent,re
Rech. For. Laurentides, Rapp. Inform. Q-F-X-20.

Corriveau, A. 1971b. Etude couparative de coupes parcielles effectu6es en
1954 dans ded peuplements de sapin baumier de dlff6rents 6ges de la
riviEre Epaule, Qu6bec. Serv. Can. For., Centre Rech. For. Laurentides,
Rapp. Inform. Q-F-X-21.

Corriveaur A. €t M. Boudoux. I97L, Le d6veloppeuent des provenances
dr6pinette blanche de la r6gion forestl.Ere des Grands-Lacs et du St-
Laurent au Qu6bec. Serv. Can. For., Lab. Rech. For., Qu6bec, Rapp.
Inform. q-f-X-15.

DfAoust, A., G.C. Bate and D.T. Canvln. Lg7L. Effect of CO2 concentrat,ion
and reference cell CO2 content on Uhe cal-ibrat,lon of lnfra-red CO2
gas analyzers. Can. J. Bot. 49:2L7-2I9,

Girouard, R.M. L967a, Anat,omical and blochenlcal studles of rootlng ln
stem cuttlngs of Hedena helis L. Ph,.D. diss., Purdue Unlv., Lifaygtte.

Girouard, R.M. Ig67b. Anatomy of adventitl-ous root formatlon ln stem
cuttings. Proc. Int. Plant Propag. Soc. 17:289-302.

Girouard, R.M. L967c. Initiation and developrnent of adventitious roots 1n
stem cuttlngs of Hederu, heLix. Anatomical etudies of the juvenile
grohrth phase. Can. J. Bot. 45:1877-1881.

Girouard, R.M. Lg67d, InitiaLion and developuent of adventitious roots in
stem cuttings of Hedem, helin. Anatomlcal studies of the mature growth
phase. Can. J. Bot. 45:1883-1886.

Girouard, R.M. 1969. Physiological and biochemical studles of adventitious
root formation. Extractible rooting cofactors from Hedera heLi,r. Can.
J. Bot. 472687-699.

Girouard, R.M. L970a. Rooting cuttings of spruce in a greenhouse under
i.ntermittent mist. Proc. lst N. A.mer. For. Biol. Workshop, August
1970. Michigan State Univ., East Lanaing, Mlchigan.

Girouard, R.M. 1970b. Rooting Blaln,and heeL cuttings of spruce. Plant
Propag. L6:7-I2,

Girouard, R.M. 1970c. Vegetat,ive propagation of spruce. Can. Forest. Serv.,
Bi-n. Res. Notes 2-6241.

Gi-rouard, R,M; I97L,. Bouturage delcertaines espEceg forestiEres. Serv.
Can. For., Centre Ri:ch.'For. Laurentides, Rapp. Inform. Q-F-23, 73 p.

32



GLrouard, R.M. L97L. VegetatLve propagatlon of plnes by means of needle
fasclcles - A llterature revlew. Can. For. Serv., Laurentian For.
Res. Centre, Inform. Rep. Q-X-23, 16 p.

Girouard, R.M. and C.E. Hess. 1964. The diffusio:r of root promoting sub-
stances from st,ens of Hedera helio. Proc. Int. Plant Propag. Soc.
L4zL62-I66.

Girouard, R.M. and C.E. Hess. Lg66. The distribution and mobility of
rooting cofactors on juvenil-e and adult grohrth phases of Hedev'a heLi,a.
Proc. 17 Intern. Hort. Congr., Maryland. Vol. 1, summary paper No. 370.

Hubbes, M. 1969. Benzoie and salicyllc aelds lsolated fron a glycoside of
aspen bark and their effect on Hypoaylon prwirmtum. Can. J. Bot. 47l.
1295-1301.

Hdbbes, M. L97L, Blocheml,cal fact,ors in biological control. Proc. Int.
Unlon For. Res. Organ., Galnesvil-le, Florida. March L97L.

Hubbes, M. et R. drAstous. 1958. Essais de rusticlt6 et driruuunit6 des
peupliers hybrides dans le Qu6bec. Serv. Can. For. , kb. Rech. For.,
Qu6bec. Intern. Q-8.

Hubbes, M. and R. Pomerleau. L969. Factors in elm wood responsible for
the production of coremia by CeratoeAstis uhni. Can. J. Bot. 47:
1303-1306.

Roche, L. lg7}. Forest genet,ics and tree improvement research in Canada:
A critique. Can. For. Serv., For. Res. Lab., Qu6bec. Intern. Rep.
Q-18, 24 p.

Roche, L. L97Ia. The conser:\ration of forest gene resources in Canada.
For. Chron. 47 z2L5-2L7 .

Roche, L. 1971b. Variation, selection and breeding of tree species: An
introduction. Can. For. Serrr., Laurentian For. Res. Centre, Inform.
Rep. Q-X-22, 74 p.

Roche, L. L97Lc. Forest genetics and tree lrnprovement research, Quebec.
Proc. 12th Meet. Cornrn. For. Tree Breed. Can., Quebec, Aug. 1970.
Part 2223-24.

33



L'AulEttoRRtroN DES ARtsRES FoRESTIERS AU ouEBEc, E7a-7r

A. Corrlveaul
Le Seraice Carndien des Fonits,

Centne de Reeherche ForestiDz,e des Lauz,entides,
Ste-Foy, Qudbee

Les recherches en g6n6tique forestiEre au Qu6bec et particuliEre-
ment chez nous au Centre de Recherches forestiEres des Laurentides, sont
encore t,rEs r6centes, crest pourquoi ltaccent y a-t-il 6t6 p1ac6 sur
11 6tude des va.riations g6ographlques des principales essences forestiEres
conunerciales du Qu6bec: 6pinette noire, 6pinette blanche, sapin bauuier,
et bouleau jaune. L'infroduction dtessences exotiques: 6pinette de
NorvEge, 6pinette engel-urann (P. engelnarvtii Parry), sapin de Douglas, Ia,r,Lr,
et diff6rentes espEces dtAbies est 6galement notre pr6occupation.

Les prLncipaux point,s qui militent en faveur de cette orientation
sont les suivants: PremlErement, le besoin urgent drune d6linitat.ion de
zones de r6colte de graines, en vue de lfutilisation courplEte du potentiel
g6n6tlque. de chaque lot de semences destln6 au reboisement. DeuxiEmenent,
lrimportance dtune connaissance pr6clse des variations g6n6tlques E lrin-
t6rleur des espEces avant la mlse sur pied drun programrre de s6lection et
dtam6lloratLon g6n6tique. TroisiEmement, constituer, h force de r6coltes
de provenances i t,ravers lraire de distribution de nos essences indigEnes,
une r6serve de gEnes ttgene pooltt et ainsi al-der b la conservation de
caractEres naturels des essences faisant ltobjet dtune exploitation acc6-
16r6e, en vue de leur utilisation ult6rieure. Finalement, la possibilit6
de d6couvrier, pour une r6gion donn6e, une essence exotique ayanf une
meilleure croissance ou rusticit6 sup6rieure b celle de nos espEces
indigEnes.

ESSENCES IND.IGENES

BouLeau iaune (Betula alleqhaniensis Brhtton\
Au cours des 6t6s L967 et 1968, les semences de quelque 400 arbres-

mEres repr6sentant 48 provenances furent r6co1t6es, Ces seflEnces furent
conserv6es s6par6nent et sem6es selon un dispositif exp6rimental de six
r6p6titions entiErement au hazard. dans la p6piniEre de Valcartier au prin-
temPs de 1969. DEs Ie d6but de la saison de croissance de I97O, clnq semis
de chaque descendance furent choi-sis aa hazard dans chacune des r6p6titions
(30 senlsfdescendance). Sur chacun dteux on nota la date de dGbourrement,
la croissance hebdomadaLre, et la date drentr6e en dormance, et aussi-
chaque semis fut alors mesur6 en hauteur totale et dlaurEtre de tige au
niveau de collet. Egalement un cert.ain nombre de feuilles furent pr6lev6es
sur ces plants, divis6es par caractEres morphologiques et ont 6t6 mesur6es

llng6nieur fonestien, pr6sentement l North Carolina State Univensity pour
Irobtention drun doctonat en g6n6tique.



dans le but de continuer 1'6tude g6n6cologlque ant6rleurement entreprise.
Le prlntemps dernier les plants (2 + 1) furent plant6s en dlspositif exp6-
rimental (rangee de 10 plantsr 6 r6p6titlons) h Fort Coulonge, CtE T6rnls-
couata, Selgnetrrie de LotblnlEre, Ct6 LotbinlEre, et Amqui, Ct6 }4atap6dta.

irtinette noLre (Picea nnriana (NrLLI.\,BSP

Un essal de provenances h grande 6che11e d t 6pinette noLre fut
entrepris en collaborati-on avec le Dr K. Morgenstern et trois autres cher-
cheurs en 1968. Cet essai couvre la presque totalit6 de ltaire de distri-
bution de lt6pinette noire au Canada et dans les 6tats amdrlcains des
Grands-Lacs. Dans le cadre de ce proJet de recherche, quelque 60 prove-
nances furent r6co1t6es en 1969 au Qudbec et 6chang6es avec les collabora-
teurs. Au printemps de 1970, 100 provenances, dont 44 du Qu6bec et 15

am6ricai.nes furent sem6es en di-spositif exp6rimental de six r6p6titions i
la p6piniEre de Valcartier. A lfautomne de cette n6me ann6e, 10 semis
furent choisis au hazard dans chaque r6p6tition de chacune des provenances,
Sur chacun de ces semis, les Desures suivantes furent effectu6es: longueur
de la tige, longueur des racines, diamEtre au niveau du collet, poids sec
a 75'F. A la fin de la saison de croissance de L97L, le rn6ine nombre de
semis par provenance fut marqu6 en permanence, leur date dtent.r6e en
dormance not6e, et leur hauteur totale mesur6e.

Six provenances dr6pinette noire de latltude 44o50' h lat.itude
67"L5' ont fait lrobjet d'6tude b diff6rente photop6riode. Des mesures de
croissance en hauteur ont donn6 les r6sultats suivants (tableau 1) aprEs
6 mois h temp6rature de 15oC la nuit et 20"C le jour, 702 drhumidit6 et
une intensit6 lumineuse de 2,000 ft c.

i,pinette b]:ancjne (Picea alauea (l"loefleh\ VosF\

A ltautornne de 1970, deux plantations (Exp. 93-E-F) exp6rl-rrentales
comprenanl 25 provenances dr6pinette blanche plant6es en 1958 furent
remesur6es en hauteur et la compilation des donn6es effectu6es. En avrll
I97L, un rapport dfinformation (Corriveau et Boudoux 1971a) concernant les
essais de provenances L94-G, 194-H, 194-I-1, L94-I-2, L94'T-3 6tablis dans
cinq localitas distinctes du Qu6bec fut pub1i6. Les r6sultats mettent en
6vidence la vigueur sup6rieure dtune provenance du sud de lrontario, 2438
(Peterborough, lat. 48o18t, long. 78o18t). Cette provenance a l-tun des
meilleurs taux de survivance et une hauteur, E ltdge de 10 ans, sup6rieure
de 20 d 387" E la provenance locale dans chacune des plantations.^ La sup6-
riorit6 de cette ierniEre a 6galement 6t6 not6e par ieich (1970)2 en
Ontario of elle est de L77 stp-etieure en hauteur E la moyenne dans les 11

endroits otr elle fut plant6e. Quatre autres provenances ont une hauteur
sup6rieure de plus drun 6cart type de la moyenne, ce sonLz 2445 (Cushing,
P,Q.), 2446 (Beloell, P.Q.), 2484 (Lac Mitchinamekus, P.Q.) et 2485 (Lac
Sirnard, P.Q. ) (Voir Fig. 1 et tableau 2).

2Tei"h. 1971. In Proe. l-2th Meet. Quebec. August 70. Pant 2: 95-l-00.
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Une 6tude de provenance de lf 6pinette blanche a 6t-e initi6e_en 1970.

Dans le cadre de cettl 6tude, quelque 35 provenances ont 6t6 r6co1t6es dans

la partie sud-est de la province. Les gra-ines ont 6t6 extraites' nettoy6est
class6es par ordre de qualit6, l-e pourc-ntage de germination d6terurin6, le
degr6 d'aifectation par les insectes d6termin6 et le d6veloppement de

lrembryon d6termin6 au moyen du rayon X. Les r6coltes de semences seront
reprises dBs eette ann6e dans les parties sud et ouest de la province.
fg.t.r.nt plusieurs provenances dr6pinette blanche de Colombie Britannique
furent, plant6es d Valcartier ce printemps.

SapIn baumLer (Abies baLsanea (L.\ MLLI.\

Quelque 50 provenances de sapin baumier du Qu6bec on 6t6 6tablies
en dLsposlElf exp6rlmental b Valcartier ce prlntemps.

ESSENCES EXOTIQUES

ipinette de NowFee (P?:cea abias (L. \ Karst\

Les 1r 2 et 3 juin de cette ann6e, 5,700 plants (2+ 2) dr6pinette
de NorvEge, repr6sentant 38 provenances de Bulgarie, de Yougoslavi-e, et de

Pologner-fureni plant6s en dispositif exp6rimental d.e 25 plants et de six
r6p6iitions, b lrarboretum provincial de 1-a Seigneurie du lac Matap6dia'
Gasp6s le.

Egalement quelque 5r000 plants repr6sentant 50 provenances d!6pi-
nette de NorvEge des Balkans et de la Pologne furent regus de PetawariTa et
plant6s en dispositif.exp6rimental (quatre r6p6titions de 25 plants) en

tollaboratlon avec le Dr Gllles Va116e b I'arboretum de Notre-Dame des

Monts (Cc6 Gasp6 ouest).

A la fin du mois de mai 1971, quelque 30 provenances dr6pinette de

NorvEge de Whlte Russia, Baltlcum et dtEurope Centraler.regues par llin-
terrn6dialre de M. Mark Holst (Petawawa) alnsi que 15 Provenances'de
Finlande regues du Dr. Eero Malmlvaara furent sem6es en sLx r6p6titlons d

la p6piniEre de Valcartier.

Sapj:n de Dor+eLas (Pseudotsuaa menaiesii (Mftb.\ Fr?nco\

Toujours en fonction de notre programme dtintroduction dtessences
exotiques, 10 pro.renances de sapin de Douglas des r6gions montagnardes de

Colombie Brltannique furent pJ-ant6es en dispositif exp6rirnental de 25 planLs
et six r6p6titions E Valcartier et b l-farboretum provincial de 1a Seigneurie
du Lac Matap6dia, au printernps I97L.

Sapins exotiques

Le printemps dernier quatre provenances dtAbi.es sachaLinensis' une

provenance d'Abies-homolepis, une pro\tenance d'Abies ueitehiL' une Pro-
*r"rr"rr". d.tAbies proeera, et une provenance dtAbies balsamea drOntario furent
plant6es en dlsptsitif exp6rlmental de 25 plants et six r6p6titl-ons b
Valcart ier.

37



ta.r{ }.1hD5
d0,oc)

F-{ t-l

q,o.dtr
{JOo'd

.o q)
rd€
to
IJ T{.rl t{
tJ \q)
Flo
ql-(s'trl

da)orJ.rl
+lH
d5+JOtr9o60Etr@oJ-{
(U

Fo
F{d

,$ ,q,

(u(u
r{ rl
Fl F-l
O.0)tro dC.d troo o.r{ .rl .Ft
+JHrJ
l.t \o trOP. O 'o.o o"o
O+J OOr.ro l{c
A.d AId

AH0r ooocd u>
dFl d oq, (Iltr
o+Jop{(,l 'r't O
'Fl Or{d
o uJ or-l
H t-l
OO O{J

J 'r{o\t ooqd'do
c,Hri d <U

OF.l O J.r{ (U .F{ (t
{J5+J
5tt Jo'. C dF{l-l 'rl O 'Fl Fl

J E'd E C,
C, .F,l t ..'| 5
O A+J QT'
t{.r{
OFlc{
d
o..€o
oo
€ 'r{orJ.'-{ d
H\O}{.olu

oqt€
FfO
{C

rro
-lNoo

tnF\CD
C\ \O ca
F{ 14

I Or tn F-l
Oo\F\Fl r-1

c{F
coNoo\oo.s

@\Ocn
(\l F.l

Fl r-l C\ O@e.lc{N
F{-l@

(t) N
O .'f,,, o o

rl\O@
atno
.f, Fl

C! t\ rn CaO cn c{ .it
FIF{F\O

'$ \O
r{ .S
oocn cn rnrnroorn rl

@Oroo
oo

OOF\Lo rn \o
\o

Otntno
oocn.f,@.it -$ r\

T\

(\ F\ O\ .S
Flr{O\@
-l e.{ F\ O

-

f\N@O\F{ rn t\ rn
Fl-f,Fl @

Fl

Or f\ .$ ca
N\O.f,CO
Fl .{- O cn

Ft F{

q)o€
oidjtrJ+rFi +J 'rlO 'r{ b0hucado
ZFIFl

38

r\
o\
\o

c!
r--(lt
\o

@
o\
o\
\o

.s
Or
o\
\o

-{.if
cfl

No
o\
\o

o
o
d
(u

U

tl
A

.if
C\l

N
6l

o
c{

EcoA

-
.f,
Fl

N
Fl

o
Ft
@
O
\ooE
.f,o
N
O

o
E
.r{
tr oJ\ol]A3oo
o

Ot

Flo

0)
t{
'rl
o

q)
+J
rJ
o
'r{
\CJ

r,
a
q)
o

c)

Oatr cJ
o. rd

o
X 'F{..1 Ho\o
oo
'o +J

t{ -d5p
orJUJa)
(s
-d q,

otr6oqt
d

oq)o>tro
tdf{oo.
o.r{ Hodl]A
CJ

o
<s 'r{
-.t E

ot{o
5
o|.r)

FI
o
50)OE
l-ta\OE
o.Eov
+Joo
o.d

q)
d>,F{o
q)
EH
(,)o
+, +J
o5r+{ drH id
[rf v

FI

($
o

F{

ql
H



g
99

69

3.b

s9

'i)
1b'

Y = 6.9329 - O.O937X1 + O.O068X2

rr=O.6O8O8
r2=O.27139

ob-bo
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Figure 1. Hauteur 25 pt'ovenances d'6pinette blanche.
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'llableau 2. llauteur totale moyenne des provenancea dans chaque plantatlon
comparatlve (pieds)tt

Plantatlons comparatlves

No
Prove-
nances

llarring-
Eon

Grandes
Plles

St-Jacques
des Plles Baskatong Casey Moyenne

I
2

3

4

5

6

7

8

9

10

11

12

13

L4

l_5

16

L7

18

19

20

2L

22

23

24

25

2469

2438

2446

2445

2453

2464

2463

2467

2470

2603

2447

2452

2454

24s5

2449

249r

247.L

2484

2473

2485

2450

2486

2480

2604

2472

4.0

3.8
3.9

3.7

3.7

3.5

3.3

2.9

3.4

3.4

3.4

3.3

3.4
3.0

3.6

3,7

3.5

3,6

3.3

3.1

'.'

3.3

3.2

4.2

4.r
3.7

3.2
3.3

3.1

3.4

2.8

3.5

3.5

3.5

3.2

3.1

3.7

3.6

3.6

3.2

3.0

3,6

3.7

3.2

3.5

2,7

3.2

4.0

4.5

4.2

4.2

3.8
3.6

3.8

3.8
3,9

4,2

3,7

3.8
3.7

4,L

3.8
3.4

4.t
3.7

3.4

4.3

3.9

4,2
3,7

3.9

3.8

2.6

1.5

L.7

1.8

2.L

1.3

1.4

l_.9

L,7

1.6

1.9

1.6

L.4

1.9

t_.3

1.8

1.5

2.0

L.6

2.2

1.3

1.5

L.4

2.8

3,4

3.1

3.3

3,2
2.7

2.5

3,, o

2.9

2.5

2,6

2.9

2.7

3.2
2.7

2.7

3.0
3.0

2,7

2.8

2.6

2,8

2.7

3.1
2,9

3.3

3.7

3.3

3.3

3.1

3.1

3.2

3.0

2.8

3.0

3.0

3.0

3.0

3.1
3.0

2.9

2,8

3.3

2.9

3.3

3.0

3.1
2.9

2,8

2.9

Moyenne par
plantatl.on 3.45 3.39 3,92 r.69 2.8L 3.06

*Provenancee dlspoeEes par ordre croleeant de latltude.
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CCIVIPAMTI\E PHYSIOLOGICAL STI.JDIES ON BI.ACK SPRIJCE PRO\EMNCES

A.L. D'Aoust
Canadian Forestrg Sernsice,

l-aurentian Fov'est Researeh Centre,
Ste. Foy, Quebee

A comparatlve study of the physlology of black spruce (Pieea
rnari,ana) from dlfferent provenances has been lnitlated. The naln
obJectlves are:

(a) To bulld up a body of lnforrnation concerning the physiology of
this species.

(b) To study geographic variations with special reference to
morphology, growth characteristics, and physiological- activity
at the seedling level.

Prel-iminary observations were made on morphological character-
istics of two Quebec provenances, one from the Nicauba Research Forest,
(B-lb, Rowe 1959) and the second one from the Valcartier Forest Experi-
mental Station (L-4a, Rowe l-959) grown under ldentical conditions in the
greenhouse. There $ras a slgnificant height difference after one year of
growth from seeds, with all of the Valcartier provenances always taller.
Counts of the stouatal frequency shor^ted no slgnificant difference within
or between progenies of single trees, or between provenances in the number
of stonata per centimeter of needle length.

Although the lnltial plan was to begin gas-exchange analysis of
the above rnaterial, thls stage of experirnentation will only be possible
this coning year with acquisltlon of a "Sirigorrf Gas-Exchange Chamber
with temperature and humldity control.
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PROPAGATION OF SPRrcE BY MEAI{S OF STEM CIJTTINGS

R.M. Girouard
Canadian Forestry Senuiee,

Iaurenti.an Eonest Research Centre,
Ste. Foy, Quebec

Thls study has three rnajor objectives:
(a) To deveLop urethods that will promote and hasten the rooting of

cuttings from several species of spruce.
(b) To elucidate the anatomical and physiological factors that

i-nfluence the lnitlation and development of adventitious roots
ln stem cuttings.

(c) To propagate trees by cuttings to establish clonal banks and
seed orchards.

EXPERIMENTS IN A GREENHOUSE

(a) Experiments on rootlng stem cuttings of spruce were started in
late May 1967 uslng perlite and intermittent mlst. Prellmlnary work
involved cuttlngs from black spruee (Pieea narinrn (M111.) BSP.), Norway
spruce (Pieea abies (L.) Karst.), red spruce (Pieea twbens Sarg.), and
white spruce (Picea glnuea (Moench) Voss). The results suggest that only
plain cuttings - those wlth a basal cut and no heel of o1d wood - should
be collected from the lower part of trees no later than the beginning of
shoot, extension, that ls, if the cutt,ings are to be rooted in a greenhouse
within 1 year.

(b) In another experlment, cuttings were uade from seedlings of the
four species rnentioned above to reduce Lo a minimum variables due to age
of plant natertal, mlneral nutrition, and exposure. Red spruce l.ras one of
the most difficult species to root, while Norway spruce was the easlest.
In generaL, short cuttings (2 inches long) rooted more readily than long
ones (4 lnches long): the length of the cuttlngs did not influence the
number of roots formed per rooted cutring. This information ls useful for
two reasons3 l-) if a choiee exists, those species which are difficult to
propagate by curtings can possibly be avoided; and 2) in those clones
where the quantity of plant meterial is lfunited and ramets nust be pro-
duced for clonal banks and seed orchards, short cuttings can be used
wiLhout too rmrch effect on the form and growth in height of fhe ortets.

(c) An intermittent mist system was modified to permit injection
of carbon dloxide, without freezing the water at the point of injection,
in part of the watering syst,em. The purpose of this experiment was to
compare the effects of carbonated versus non-carbonated water on rooting
cuttings of Picea gTnuea. Inforrnation published in 1968 had indicated that
carbonated water could reduce the rooting period and produce more vi-gorous
plants in the case of Junipetws cut,tings. Data from this work remains to
be analyzed.
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UXPERIMENTS IN OUTDOOR PROPAGATTON .BtiDS

Outdoor propagatlon beds that requlre manual waLerlng were pre-
pared during June 1970 Ln a nursery at Valcartier, Quebec, to check the
possible use of lnexpensive propagatlon structures for nase production of
rooted cut-tings of spruce. About 101000 seml-hardwood cutE.lngs were made
with and without a heel of old wood and/or auxin treatment. Results of
this experiment will be available in l-ace summer L97L.

PHYSIOLOGICAL STUDIES

(a) To study the physiological facEors that influence the lnitla-
tion and devel-opment of adventitious roots in stem cuttings, of spnrce, an
irivestigation of rooting cofactors was performed. Prelirninary work with
total methanolic extracts indicated that few differences exist in the
rooting cofactors of Norway spruce, wtrich is easy to propagate from cut-
tings, and those of red spruce, which is difficult. .Two-dimensional paper
chromatography revealed a Large number of fluorescent compounds in the
total methanolic extracts. This findlng clearly indlcated that one-
dimensional paper chromatography of these extracts, a procedure conmonly
used by most investigators of rooting cofa.ttors, is lnadequate. In the
future, all extracts will- requlre fractionatlon before chronatography and
bioassay.

(b) An At)ena coleopelle straight growth bioassay that is sensltive
to plant growth regulators such as auxing, gibberel-llns and inhibitoEsr
was tested and mastered. Poor germination of seed of the standard oat
variety rBrightonr, available fron only one source in North America, had
to be replaced r,rith another variety. Methods were developed to store and
treat the seeds before germination to obtain reproduclble results. Bioassay
of total methanolic extracts of Picea abies revealed growth activity in a
zone where indoleacetic acid, an auxin, is generally found. A coryarison
of methanoli-c extracts from Norway spruce (easy to propagate from cuttings)
and red spruce (difficult.) showed greater activlty from the former. The
fractionation of the extracts by liquid-l-iquld extraction rernains to be done.

(c) A study of soluble sugar content of shoots in relation to
rooting performance of cuttings was complefed. Total sugar content \das
determined using a method described by Ebel (Phytochemistry 82227-233, l-969).
Extracted sugars were isolated by one-dimensional paper chromatography and
their concentration determined by colorimetric and densitomeLric meEhods.
Results of this work will be published with data which I hope to obtain in
the near future from starch analyses of simllar tissues.

ANATOMICAL STUDIES

Stem pieces were collecLed at various intervals from the basal end
of cuttings, with and without a heel of ol-d wood, that were rooti:rg. The
specimens were killed'and dehydrat.ed and then embedded in Tissuenat.
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Sectlonlng of the stem pleces riras started recently. At first, both trans-
ver3e and longltudinal sections were dlfflcult to rnake and stain, but
gradually most of the problens, were overcone. The mounted sections will
be studied to determlne if differences in rooting capacity of cuttings
are due to anatomical fact,ors.

45



POPTAR DISEASES IN OTEBEC

M. Hubbes
Canadian Forestry Seruice,

Iaurenti,an Fonest Reeeareh Centre,
Ste. Fog, Quebec

The dernand for rapidly growing trees increased considerably in the
last four or five decades ln Europe as well as ln other parts of the world.
In Europe and North AmerLca, this need was thought to be partially met by
selectlng and breedlng poplar hybrids best adapted to populculture. How-
ever, the introductlon of new plant material to a continent or a country,
where endemic plant diseases rnight become very virulent, represents always
a certain rlsk. Therefore, experirnents were designed to select, ln the
shortest possibJ-e time, the specles and varleties best adapted to the
clinatlc conditions of Quebec and the most resistant against various
pathogens of this province. Twenty-four plantations have been established
in different areas of Quebec. The 64 popLar hybrids used for these planta-
tions were obtained from Dr. E. Schreiner, Northeastern Forest Experiment
Station, U.S,A.

The plant material is cultivated for 2 years in the nursery from
cuttlngs 10 inches long. After the hybrids have completed their second.
year of grorrth, they are lifted and transported to the locality select.ed
for a future plantation. The next.spring, before plant,ing, the soil ls
ploughed and planting holes are dug. Ttre trees are kept 24 hours in hrater
and then planted about 0.5 foot deeper than they were growing in the
nursery.

The rapid gror^rth, vigor and a certaln degree of resistance of
the popl-ar hybrids depend also of the conditions of growth:

a) A well drained soil favors roots respiration,
b) the r,f,ater table between 2 and 5 feet guarantees a good water

supply, and

c) an adeguate mlneral content with a high base exchange capacity
is al-so very favorable.

In.two localities, plantations were established siuult,aneously
on grassland and on tllled soil to test the effect of cultivation. In six
more localities randomized plantations were establlshed.

Up to now, the following five hybrids proved to be the most
promising in all of our plantations.

a) P. c.u. Angulata X deltoides
b) P. e.u, Candieans x benoLinensis
c) P. c.o. AnguTnta X triehocazpa
d) Hybrld 57
.i Pl d.eltoides e.u. caudina
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The results of the two types of plantati6ns on tilled soll and
grass plots are presented in l"ables 1 and 2. The hybrid P. c.u. Angulata
x delto'tdps (39, NE 252) on crrltivated soll, trlpled its height frorn 6.6
to 17 feet and its diameter (lnn) rsenE from 0.5 to 4.0 inches in 3 years.
The superiority of the cu"ltivated soil is obvious by conparlng these data
with those obtained from the grass plots,

In addition, our studies on differenL tree cliseases show that
extracts of resistant or susceptible host species influence conslderably
the development of pathogets 'Ln aLtro. Growth fluctuation of the pathogens
depends on the extracts obtained from the different parts of the stem of
the trees, the season, and the provenance of the host. It is also evident
that the production of host compounds lnhibiting or promoting the devglop-
rnent of plant pathogens are genetically controlled.

In general, one may assume that in the course of breeding improve-
ments the genetic base of planLs is narrowed and consequently the vulner-
ability is increased, and the sllghtes! change in the pathogenicity of the
attacking organisrn overthrows the plant reslstance. Therefore, investiga-
tions of the biochemical nature of resistance and plant imrmrnity would be
not only profitable for a well founded, plant breedJ-ng program, but would
also lead Eo the detection of new substances that can be used Lo combat
fungal diseases. In addition, lt is clear that. lf the planL breeder had
more information about the far:Eors that, control the rnechani.sms of reslstance
he would knor^r how many barriers were needed and whlch barriers of resistance
have to be strengthened to ens[re long term resistance. These results also
emphasize the importance of a pool of gene reaources as an indispensable
reservoir for breedlng improvements.
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RESEARCH ON TREE GENETICS AND BREEDING AT

PETAV'IAWA FOREST EXPERII'GNT STATIONI $7A-71

A. Carl-lsle
CandLan Foreetry Semsice' Peta,ta,ta Forest Erpet'Lment Station

Chalk Riuen" Ontario

INTRODUCTION

The purpose of thls report Ls to give a general outllne of the yearfs
progress ln tree genetlcs and lmprovement and ancil-lary studles. Details of
these studies are glven ln the following indlvidual reports.

PROGRAM DEVELOPMENT

The consolidation of the reorganlzed program was completed. Emphasis
remains on the genetics of whlte spruce, bLack sPruce, Jack pine, red pine
and exotlc species such as l-arch, Scots pine and Nonuay spruce. The highest
prlority ls belng given to tree specles ln greatest demand for plantlng and
seedlng prograrDn, trees with known high genetic variability where the gains
from selectlon and breedlng are llkely to be great, and trees whlch yield a
product whlch has more than one uae so that there Ls a lower risk of demands
belng unduly affected by changes in lndustrlal teehnology. The nain, alm ls
to provlde the baslc lnformatlon needed to enable the best known seed sources
to be selected with confl.dence to meet the growlng dernands of planting and
seedlng programs. Secondary to thls, but Lncreasing in importancer is
sel-ectl-on wlthin provenances and subeequent breedlng.

The genetics work ls supported by emplrical studles on tree ProPaga-
tion. There l-s al-so a tree physlology program whtch is designed to provide
answers to practical problens ralsed by the genetics research. Studies of
costs and benefits of the genetics and al-lied research are belng made to
calculate tangible returns fron the genetlcs research investnent. The Seed
Unlt, whlch is responstble for the Seed Bank, collation of infornation on
seed availablllty and seed testing, works ln cooperation with the geneticists.

RESEARCH PROGRESS A}TD PJSULTS

DurLng the perLod L970-7L the highllghts of the trork have been:-

White Spruce

(a) CollectLon of scLons
Cobourg) ln darrger of depletlon,
tlon for establl.shment ln a seed

from valuable seed sources (Dougl-as and
and graftlng onto root stocks in prepara-
orchard.

(b) Col-Lection of a small quantity of seed fron the valuable seed
source of the Beachburg area: spruce budworm greatly reduced the cone crop.
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(c) Dtscueelon wlth cooperatora ln Canada and ,the Unlted Statee of
a proposed range-wlde whlte spruce lnveetlgation.

(d) Cornpletlon of a revlew of white epruce genetlce J.n cooperatlon
wlth the Unlted States Foreet Servlce.

Black Spruce

(a) Establlshnent of the range-wlde black spruce nursery test.

(b) Establishnent of experiments to derlve genetlc parameters,
lncluding dialleL crosses.

(c) Studles of general cornblnLng abiltty and genetlc correlations
were carrled out in growth chambers.

(d) Vistts to forest lndustryrs seed orchards in Ontario to evaluate
alternatlve rnethods of seed productl-on and progeny testLng.

, (e) Preparatlon of a proposal for cooperatlve progeny testipg of
black spruce ln Ontarlo.

Jack Plne

(a) DemonstratLon of growth dlff,erences at age 3 rnonths among and
wlthin etands ln the Upper Ottawa Valley

(b) Preparatton of a revlew of studies of Jack plne genetics at
Petawawa.

Seed Unit
(a) Acqulsition, wLth the assistance of many cooperators, of a total

of 183 seedlots of 25 tree species from 100 locatlons for the Seed Bank and
research purposes. Scots plne seed of 0re1, Kiev, and tr'Ioronesch provenances
(known to grow well in Canada) were obtalned from Russia, and Japanese larch
seeds obt,al-ned from Japan.

(b) Conflrnatlon that presoaklng red pine cones considerabl-y increases
(437", seed recovery from cones

(c) Studtes of seed yleLd per:busheL of cones ln 56 cone col-l-ectlons
lncludlng slx Canadlan conlfers.

(d) Conpletion of sunrey of l-nformation on hardwood seed storage.

Phvslologlcal StudLes

(a) DenonstratLon that there are slgnificant dtfferences ln the
photosynthetic rates of dlfferent Jack pine provenances.

(b) Devel-opnent of a method for growLng Jack pine and white spruce
seedlinge rapldly ln controlled environments.
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In addltlon, a survey of tree genetLcs and improvement programs ln
Canada wae completed and publlehed (Carllsle 1970)

STAFF MOVEMENTS

Dr. A.H. Teich, who ls responelbl-e for whlte sPruce genetics at
Petawawa, departed on 1 trliay , L}TL for a l-year leave of absence for work at
the Volcanl Instltute of Agrlcultural Research at Bet Dagan, Israel. During
his stay ln Israel he wll-l be studying the genetiis of disease resistance
and will be tnvolved ln citrus breedlng.

RESEARCH FACILITIES

During the year the Stationrs PDP-8 computerrs capability was in-
creased by addlng to the core rnemory. The controlled environnent faclllty
was lncreaeed by two units sultable for seedllngs up to 6 lnches high. An
audLtorirrn, complete wl.th audlo-vtsual aLds, was completed at the station.
Meetlngs of up to L50 people ean be held ln the new lnstaLlatlon.

MEETING OF THE NORTH AMERICAI.I FORESTRY COMMISSION (NAFC)

I,IORKING GROIIP ON TREE IMPROVEMENT

The NAFC Worklng Group on Tree Iuprovement, lncludLng representa-
tlves from United States, Mexico, Canada and the Food and Agricultural
Organlzatlon, met at Petawawa under the chair^manshlp of Dr. J.S. Maini of
the Canadlan Forestry Servlce. Ihe meetlng included discussion of Petawawars
genetlcs and breeding program, and vtslts to the Stationrs field experiments
and arboreta.

PAPERS ON TREE GENETICS AND BR.EEDING AND ALLIED SUBJECTS

PRODUCED BY SCIENTISTS AT THE PETAI,{AWA FOREST H(PERIMENT STATION
FROM AUGUST 1970 TO AUGUST 1971

CarlleJ-e, A. Lg7O. Tree lmprovenent prograns and thel.r role in Canadlan
forestry. Chron. 46t439-444.

Carl-lele, A. L97L. Tree genetics and breedlng program at Petardawa Fotest
Experlment Statlon L968-7O. Proc. l"2th Meet. Conm. Forest lree Breed.
Can., Quebec, P.Q. L970. Part. 2285-90.

Carllsle, A. and A.H. Telch. L97La. Cost and beneflt anal-ysls of white
. spruce (Pieea glauca (Moench) Voss) lmprovement. Proc. 12th Meet.

Comm. Forest Tree Breed. Can., Quebec, P.Q. 1970. Part 22123-124.

Carliele, A. and A.H. Telch. 1971-b. The economics of the genetlc lmprove-
ment of white spruce. Proc. 12th l'leet. Com. Foreet Tree Breed. Can.,
Quebec, P.Q, 1rg1}. Part 22225-238.

Hegert, G.8., B.S.P. I{ang and C.t{. Yeatman. LglL. A bel-t cleaner for
snal-l sa'nples of tree seed. Forest Chron. 47240-4L.
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Holst, M.J. L97L a. The genetlc basls of lnprovement.of red pine, Petawawa,
1968-70. Proc. 12th Meet: Co!*. Foreet Tree Breed. Carr;, Quebec, P.Q.
L97O. ParE 2:107-108.

Holst, M.J. L97L b. The lntroduction and selectlon of exotic tree species,
Petawawa , Lg68-70. Proc. l-2th Meet. Comn. Forest Tree Breed. Can.,
Quebec, P.Q. 1-970. Part 2:109-114

Holst, M.J. L97L c. The stlmulation of flowering in spruce and pine. Proc.
12th Meet. Corrn. Forest Tree Breed. Can., Quebec, P.Q, L970. Part 2z

L25-L28.

Logan, K.T. Lg7O. A multl-chamber cuvette for studying gas exchange of
detached twigs. Can. Forest Serrr., Petawawa Forest Exp. Sta., Inform.
Rep. PS-X-18.

Logan, K.T. and D.F.I{. Pollard. L97L a. Physiological growth parameters
fbr tree selectlon. Proc. 12th Meet. Corun. Forest Tree Breed. Can.,
Quebec, P.Q. L970. Part 2zL3L-L32.

Logan, K.T. and D.F.W. PolLard. 1971 b. Comparative investigatLons of dry
matter production ln young tree seedlings using classical growth
analysls and gas analysls technLque. Can. Forest Serv., Petawawa
Forest Exp. Sta., Inform. Rep. PS-X-25.

Morgenstern, E.K. L97L a. Forest tree breeders dlscuss silviculture.
Forest Chron. 472L5.

Morgenstern, E.K. L}TL b. Research on the genetic basis of improvement of
red and black spruce, Petawawa, 1968-70. ?roc. 12th Meet- Conn.
Forest Tree Breed. Can., Quebec, P.Q. L97O. Patt 2r9L-94-

Nienstaedt, H. and A.H. Teich. L97L. The genetics of white sPruce. U.S.
Forest Serv. Publ. (in press).

Pollard, D.F.I{. I97L. Automatlc watering and feeding of seedlings ln
controlled envlronments. Can. Forest. Serv., Petawawa Forest Exp.
Sta., Inform. Rep. PS-X-28.

Pollard, D.F.W. and K.T. Logan. L97L. Mechanisms of seedling growth in
lnproved envtronments. Proc. 12th Cornn. Forest Tree Breed. Can.,
Quebec, P.Q. L970. Part 2:129-130.

Santon, J.B. Lg7L. Tree propagation work at Petawawa, L968 to 1970. Proc.
12th Meet. Cornm. Forest Tree Breed. Can., Quebec, P.Q. L970.
Part 2:LL9-L22.

Teich, A.H. L971. Research on the genetic basls of whlte spruce i-mprove-
ment, Petawawa, 1968-70. Proc.. l2th Meet. Comm. Forest Tree Breed.
Can., Quebec, P.Q. 1970. Part 2:95-100.

Yeatman, C.W. L97O. Growth and stlmulatlon of pine and spruce seedlings
with carbon dioxide enrlchment of air. Proc. lst N. Amer. Forest
Biol. Workshlp" Aug. L970. l{ich. state univ., East Lansing, Mich.
(Abstract) .
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Yeatman, C.W. LglL. Genetlcs of jack pine seedllng response to c02 and

polllnatlon studles, Petawawa, 1968-70. Proc. 12th Meet. Comm. Forest
Tree Breed. Can., Quebec, P.Q. 1970. Part 2:101-106

Wang, B.S.P. Lg7L. The Forest Tree Seed Unit, Petawawa, L968-70. Proc'
12th ldeet. Connr. Forest Tree Breed. Can., Quebec, ?.Q. L97O.

Part 2:115-118.
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BLACK SPRUCE GENETICS, PETAI,'IAV'IA T97O-7I

E.K. Morgenstern
Cqtadiut ro"n7ttY Seruiee,

Petauaua Forest L:rperiment Stati.ort '

Chalk RLuen, )ntaYio

Durlng the review period, June 1970 to Uay 197!, studies basic to
the development of breeding- Progranui were contlnued' After the controlled
po1llnatlons ln May 1970, experlments to derive genetic Parameters were

establlshed. ln aiattton, attentlon was paid to flowering and seed set as

new Variables in the consl-deration of alternative breeding and testing
procedures. Some details of the findings follow'

The pollinations of 1970 resulted in a good seed set. Little
insect damage occurred and sufficient seed for experimentatlon was obtained
from each of three nating designs. The 7 x 7 diallel cross ylelded an

average of 19 mg of fi1;d s."ds per cone, the Design I (Cornstock and

nobinJon, Ig52)-2L mg, and open pottLnation 15 mg. Flowers in the diallel
cross were pollinated twice b""rls. this cross ls most informative; its
lower seed set in comparison to the Design I is probably the result of the
few seeds produced by the seven selfings lncluded in the total of 49 conbi-
natlons. The relative inefficiency of open pollination could possLbly be

explained by the rainy weather prevailing at the tlme of oPtlntrrn flower
receptivlty. At the Lane tiure, one should note that the 15 mg of seed per
cone "ott."por,ded 

exactly to the weight extracted per cone in our large
Ontarlo collectlons of Lg67, a good seed year. Extraction methods were the
same in both cases. (To convert seed weight Per cone to an approximate
nuuiber of, seeds per cone, vle use the factor of 1 ng Per single seed of
black spruce.)

Seed from the diallel cross was sonn in a replicated experlment in
Japanese paper pots in two greenhouse environments to obtain estlmates of
general tta- "petffic comblning abil-ity. Gerrnlnation and earl-y growth were
measured. The experiment will be transferred to the nursery for further
observation.

In cooperatlon with Dr. C.W. Yeatman, an exPeriment with seed from
44 open-pollinated mother trees in Site Region 3E of Ontario (Hills ' 1959)

was established in three growth chambers. Each chamber was set to a differ-
ent photoperlod. Control of light, temperature, hurnidity' carbon dioxide
and nutrition accelerated grovrth so that final measurements could be made

13 weeks after sowlng. Estimates of general combining ability and genetic
correlations will- be obtained from this study. The growth of these prog-
enies will also be correlated with their performance in the nursery and

field. A11 90 one-parent progenies frorn this region were sowrt in the PFES

nursery in the spring of. L97L

To evaluate alternative methods of progeny testing and seed pro-
duction, the seedling seed orchard of Spruce Falls Power and Paper Company'
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near Kapuskaslng, Ontario, and the grafted clonal orchard of Kirnberly-Clark
Pulp and Paper Company at Longlac, Ontario, were visited. Mr. R.H. Armstrong
of Spruce Falle and Mr. J.A. McPherson of Kfunberly-Clark were very helpful
and provlded unpubltshed lnfonnatLon. In both orchards, flowering has
started early and seed productlon ls satlsfactory. Glven the possibility of
short generatl-on lntervals, breedlng ln black spruce l-ooks very promlsing.

A proposal for cooperative progeny testing of black spruce in
Ontario was submitted through the Great Lakes Forest Research Centre at
Satrlt Ste. Marle to the Ontario Minlstry of Natural Resources, KLmberly-
Clark Pulp and Paper Co. Ltd. and Spruce Falls Power and Paper Co. Ltd.
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WHITE SPRI.JCE GENETICS, PETAWAWA T97O-71

E.K. Morgenstern

Canadimt I'onestrY fiervi'ee,
Peta'ta'ta Fore st ErperLment Station

Chalk Riuen, )ntarto

Dr. A.H. Teich, who is responsible for white spruce genetics at
Petawawa, started a l-year l-eave-of-absence to work at the Volcanl Institute
of Agrlcultural Research at Bet Dagan, Israel, on 1 l{ay, L97I. The follow-
ing ls a surmary of his accompl-ishments during the past year.

The excellent performance in many provenance tests of white spruce
provenances from southeastern Ontario, i.e. the Beachburg-Westneath-Douglas
area (Upper Ottawa Valley) and Cobourg (south of Peterborough) (teich, L97L>

has led to frequent requests for seed from the parent stands. Most of these
stands are on private land and thelr continued existence is not assured.
To avold the loss of these valuable seed sources, scions from 130 clones
were grafted on root stocks for eventual establishment l-n seed orchards.
Ten of these clones were obtained from the Douglas source (King and Rudolf
L969) ln the Nicolet Natlonal Forest, lJis., through the North Central Forest
Experiment Station. Twenty clones were selected in natural stands in the
Upper Ottawa Valley (nHce and Westmeath) and 100 clones came from the
Cobourg source in a provenance plantation (Exp. 194-D) at PFES. Ottawa
Valley and Cobourg materials was also provlded to the North Central Forest
Experlment Statlon and the Univer:sity of Wisconsin.

In the Upper Ottawa Valley, only a small whlte spruce cone crop
was produced in L97O as a result of an infestation by the spruee budworm,
Chonistoneuna fumLferana (Clem.). Plans for large seed collections could
not be carried out; only seed from 25 trees in the Beachburg area was
collected by the Forest Tree Seed Unit direeted by Mr. B.S.P. Wang. One-
parent progenies from these trees r^rere establlshed in a greenhouse experi-
ment in cooperation wlth Dr. D.F.W. Pollard.

Preparations for a range-wide study of white spruce were continued
by contactl-ng several potential cooperators in the Lake States and Ontario.

A comprehenslve review paper on white spruce genetics was written
wlth Dr. H. Niestaedt of the North Central Forest Experl-ment Station. This
w111 be publlshed as one of the series on native species sponsored by the
U.S. Forest ServLce and the Soclety of American Foresters. A paper by
E.K. Morgenstern and A.H. Teich entltled t'Stability parameters ln proven-
ance selectlon" uslng data from six Ontario whlte spruce provenance experi-
ments r^ras presented by Dr. Telch on March 18, 1971-, at the meeting of the
I'Iorklng Group on Quantitattrve Genetics held during the XVth IUFRO Congress
at Gainesvllle, FJ-orida.
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EARLY SCREENING OF JACK PINE PROVEMNCES BY GAS ANALYSIS,

PETAWAWA I97O-71

K.T. Logan and D.F.I^I. Pollard
Cutadtan Forestng Sezw'Lee, Petauqua Forest Erpez"Lment Statton

Chalk Riuen, )ntarLo

The selection of a superior genotype is usually based on empirical
studies. For the tree breeder, the conventlonal field trial has a maJor
disadvantage: field trials with tree species take many years to complete.
The selection and testing of progeny and hybrids could proceed nrore rapidly
if physlologists could identify characters in a young seedllng that corre-
lated well with performance of the mature tree. At Petawawa, work began in
1969 on a project to identify sueh characters and to develop methods for
their rapid appraisal in either parent or progeny.

Photosynthetic rate rdas the first character to be studied. Recently
some success has been achleved in selectl-ng superior genotypes of agricul-
tural species by thts character. A rapid method of measurlng gas exchange
of detached shoots of conifers was developed for determining their photo-
synthetlc rates. For the lnlttal study, 10 jack pine provenances were
selected from an all-range t.rial sornm ln the nursery ln 1962. The proven-
ances represented a region from the Northwest Terrltories to the Atlantic
Coast, and they dlffered markedly in height. The objective was to deter-
nine if differences in their photosynthetlc rates could be detected, and If
so, whether photosynthetlc rates were related to height. This initial study
demonstrated the feasibility of the technique. Significant differences in
photosynthetic rates between provenances $rere found during only part of the
growing season. In 1970, the results were confirured ln a study of jack
pine provenances from a field trial- planted in 1966.

A prelininary trial using nine jack pine provenances growlng ln the
nursery showed that dtfferences ln photosynthetic rates could be detected at
the end of the flrst growlng season and that these differences srere related
to seedllng dry welght. However, the small size of the slowest growing
Provenances and the lnfluence of ground frost on photosynthetlc rate caused
some problems. Photosynthetic rates will be measured again ln the second
growing season. Plans are also underway to combine growth acceleration and
gas anal-ysis technlques to develop a suitable system for early screening of
Jack plne provenances.

It ls recognized that other factors besides photosynthetic rate
determine growth, and not all species could be screened by thls character
alone. However, for contlnental provenances of jack pine, gas analysis is
showlng considerable promise for early screening.
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GROWTH ACCELEMTION OF TREE SEEU-INGS

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

Canadimt Forestrg Seruiee,
Petanaua Fov'est ErperLment Station

Chalk Riuer, }ntarLo

The purposes of this project are to define, as cl-osely as possible,
the optimum environments for growth of important species of tree seedlings,
and to develop culture methods from these definitions for rapid production
of seedlings in tree breeding experiments. The euphasis on tree breeding
appllcation l-s manLfest especial-ly ln the cholce of containers ' where some

of the constral-nts of regeneration - reforegtation technlques (such as con-
talner size) are less severe.

Orlglnal proposals called for concentrated effort on the manipula-
tlon of factors of the aerlal environmentr ln particular temperature' photo-
period and light lntensity, and CO2 concentration.

An automatlc lrrLgation system, deslgned to supply nutrients and
water to seedllngs in controlled environments (pollard L97L), proved to be
extrenely effective in promotlng seedLlng growth under a range of condltl-ons.
In the first experlment, white spruce seedllngs attalned a total dry weight
of 0.7 g and were about 9 crn talJ-, 12 weeks after sowing; jack pine seed-
llngs weighed 3.9 g and were l-2 cm tall-. A second experiment demonstrated
the irnportance of rooting medium, but seedlings grew quickl-y in all the
media tested (soil, sands, sand and peat, andttTurface"). In sand and peat
and in "Turface", whLte spruce reached 0.8 g ln 12 weeks, and jack pine
5.5 g. Accelerated seedllngs gror^rn frorn May to July and planted directly
into a nursery from a growth cablnet in August 1970 survived the relatively
severe winter of. I970-7L.

The results above have been reproduced in a greenhouse and in large
growth roons. Good growth was obtalned in the po1-ystyrene plug rnoulds
recently developed in British Columbia. The automated lrrigation system
has been adopted by tree breeders for growth cabinet experlments with jack
plne, and for greenhouse e:rperiments with white spruce.

Current research is proceeding on two fronts: the elaboration of
the nutrient. feed principle with specl-al reference to container-planting
of tree breedlng material; and the original plan to investigate comPonents
of the aerial environment. Special attention ls to be pald to the tining
of seedllng acceleratlon and growth cessation for high survival rate and
future growth pattern.
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FOREST TREE SEED IJNIT, PETAWAWA T97O-71

B.S.P. Wang

Canadian Forestry Sez'uiee,
Petq'tas'ta Forest Eweriment Station

Chalk Riuen, }ntav"to

INTRODUCTION

In forest research and forest practice, it is essential that only
seed material of known origin and quality be used for species trials, tree
breeding and genetics, or other silvicultural prograns. To this end, the
Forest Tree Seed Unit at Petawawa provides the Canadlan Forestry Service
establishments with a central source of lnformatlon on seed acqulsition, a
central source of tree seed of known orlgin and quality for research
purposes, and a seed testlng service. The information on seed procurement
and small quantltles of tree seed are available to other research organl-
zations Ln Canada and other countries. The Unit also carrles out investi-
gations into problems of seed extractlon, seed quality and standards of
testlng, and seed storage. The demand for these services has increased
steadily since the establlshment of the Unlt ln 1966. This report covers
briefly the progress of activltles made by the Unit last year.

INFORMATION SERVICES

Twenty requests for information on procurement, coll-ection, treat-
ment, storage and testing of tree seed of native species were received and
answered. The number of enquiries for information increased 207 over
L969-70.

SEED PROCTIREMENT AND SEED DISTRIBUTION

The 1970-7I seed procurement was very successful, largely due to
generous cooperation and assLstance given by the Provi-ncial Forest Services;
universities; forest industries; the Canadian Departments of Industry, Trade
and Commerce, of Agriculture and of Regional Economic Expansion; regional
offlces and institutes of the Canadian Forestry Service; and the Station
staff.

A total of l62.bushels of cones or seeds of. Abies, Aeer,, BetuLa,
Chamaecyparis, Castanea, Fagus, Juglans, f,mir, Astnya, Pieea, Hnus,
Populus, Queneus and Ti.Lia were collected from varlous forest regions of
Canada. These seed collections represent 183 lots of. 25 tree species from
100 locati-ons. During the same period 25 seedlots of 10 tree species were
procured to fulflll special requests for seeds for species trials, proven-
ance research, or exchange. In connection with seed procurement, two
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important international contacts were made. One was wlth the State Comml,ttee
for Forestry of USSR councll of Mlnl-sters, from which 3.1 kg of Ptnus syLues-
trLs seeds of Orel, Kl-ev and Woronesh provenances hrere procured on an ex-
change basls. As the three provenances r^rere proven to be growing well ln
an earlier provenance test at Indlan Head, Saskatchewan, and at Chalk Rlver,
Ontarlo (Telch and HoLst 1970) part of the seeds was provided to the Tree
Nursery of the Department of Reglonal Economic Expanslon, Indlan Head, Sask.,
for use ln establlshing a seed orchard and to the Canadian Forestry Servlce
at Prlnce Albert, Saskatchewan. The other contact was made with the Japanese
Forestry Agency and a Japanese seed dealer for col-lecting large quantitles
of Larir Leptolepis seeds from natural stands ln Nagano Prefecture. After
a valn effort to obtain a flrm contract with the dealer, the Department of
IndusEry, Trade and Conuneree asslsted ln acquirlng the required Laz,in seeds
from Japan. The seeds are to be used for tree breeding in the Maritlme
Provlnces.

In response to 69 requests for seeds for research from Canada and
abroad, 404 packages of seeds of 54 tree species were distributed to nine
countrles and wlthin Canada. Although the number of enquiries was only
slightly Lncreased over l-968-69, the number of seedl-ots requested was
nearly quadrupled.

SEED EXTMCTION AND SEED YIELD

The Forest Tree Seed Unitrs seed extractory processed 446 lots of
single tree and bulk collections of which 331 lots \^7ere service extractions.
Further assessment of soaklng effect on seed yleld of Pinus res'Lnosa cones
has confirmed previous findings that presoaked cones yield 432 more seeds
by wetght and 392 more seeds by number of seeds per cone than the unsoaked
ones.

Laboratory germlnatlon test s of Piru.ts nesinosa and Picea maniana
seeds extracted from the second and third kiln showed a slower speed of
germlnatlon than the seeds extracted from the first kiln in some lots
although there htas no dLfference ln totaL germinative capacity (viabili-ty).
This was especially true with seeds extracted from the third kiln, The
slower speed of germination of the seeds extracted from the second and
third ki-ln seems to be associated wlth seed slze: seeds are usuallv smaller
and lighter from the second and thlrd ki1n.

Seed yield of. Lav.iu Larieirn, Picea glauea, Pimus diuanieata, Pinus
eontonta var. Latifolia, Pinus resirnsa, and Pinus stTobus of 1970 collec-
tions varied greatly from locatlon to locatlon (taUte t).

An X-ray analysis of seed quality of the 1970 collectlons of Pi,nus
stt'obus from l,rlawa, Ontarlo, and Sandy Lake, Newfoundland showed 85 and.962
of underdeveloped embryo and megagametophyte and subsequently germinated
wlth 20 and 37., respectlvely. Collectlons of cones wlth such poor quality
of seed are not warranted. Embryo development could be checked by
X-radiography or dlssection before maturity to determine whether mass col-
lectlon of cones of a gLven epecies in a given area ls worthwhile. The
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Table l. Mean (range) of ylelds of fl1led seed for six species,1970.

Species Co11ec-
tions

['lelght per
bushel, g

Seeds per
cone

Weight per 1000
seeds r , g

Larix Lanieina
Picea glauca
Pinus diuani,eata
Pinus eontorta

var. Latifolia
Pinus resinosa
Pinus strobus

227 (L22-346)
286( 90-396>
lss ( s1-213)
r20( 82-L46>

278(LB4-323)
248( e4-5L6)

- (-)
18( 7-31)
22( e-37)
20 (L8-2s)

3s(26-40>
34(L2-64>

4
L4
T7

3

9
9

- (-)
2.34( r_.80- 3.37)
3.37 ( 2.90- 4.06)
4 .09 ( 3.7s- 4 .ss)

8.26( 7.35- e.42)
l_5.90 (10. 94-18 . s9)

lWeight of 100 seeds was based on 4 x 100 seeds for each seedlot.

underdeveloped embryo and megagametophyte of the Pi-rtus strobus seeds may

posslbly have been caused by severe cllmate similar to the situation des-
cribed by Andersson (1965) for some Norway spruce in Sweden.

SEED TESTING AND 'RESEARCH

In addition to year-round testing of stored tree seeds, 17 service
tests were made for various agencies. Further investigation of laboratory
germlnatlon criteria of Pirws resinosa seeds was carried out by a second
nursery sowl-ng of six lots and a second laboratory germination test at 25"C
constant temperature without light (A.O.S.A. 1965). Two-year findings
clearly indicated that the germinatlon of Pinus resinosa seeds with vigour
classes 1 to 3 after 2 weeks at 25oC constant or 20-30oC alternating tem-
perature was significantly correlated with nursery germination. Studies of
laboratory germination criteria of other seeds are also underway.

In some species, early col-lection does not seem to affect the
germination of the seed, yet in other species the reduction in gernri-nation
rnight be substantial. Seeds from green catkins of Betula alLeghaniensis
collected 1 month earlier than natural ripening showed nearly 1002 gernina-
tlon, but seeds fromPinus resirnsa cones collected on 24 August, 5 weeks
before normal maturity, were not germinable

Some of the Picea glauea seedlots collected tn 1970 were tested
without stratiflcatlon and following four weeks cold, moist stratification.
A11 showed definite requirements for stratification for maximum gernlnation.
The need for stratifl-cation after a period of dry, cold storage will be
checked. In the course of routine testlng, one seedlot of Picea glauca
from Harbour Centre, N.S. gerrninated continuously with curled cotyledons.
It is possible that this characteristic could be associated with an edaphic
ecotype as there are pockets of calcarious solls in the seed collection
area (D.P. Fowler, personal corrnunication). Further lots of Pieea glauca
seeds from the Maritimes (supplted by Dr. Fowler) will be germinated this
suflmer.
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Further improvement hras made on the accuracy and efflclency of
follow-up studles of tree seed by X-radiography by using a combination of a
plexlglass germinatlon template and a partiall-y wet Klmpak (K22, Kimberl-y-
Clark products) germlnation medl-um. To facilltate counting and observing
the germlnation course of each lndlvidual seed, a plexiglass template with
holes was devtsed to hold the seed in lts origlnal position.

A feaslblLlty study of germinabtLlty of Quere?,/E acorns and Carya
rruts by X-radlography was tested wlth encouraglng results. Further work
ls planned.
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JACK PINE GENETICS, PETAWAWA, 7970-7I

C.W. Yeatman

Canadian Forestry Seruiee,
Petauaua Fonest Eaperiment Station

Chalk Riuen, Ontav'io

Genetic studi-es ln jack pine have been described in earlier reports
to the Commlttee. Broad geographic variation continues to be of major
interest, and more attention is being given to studies of variation among
stands within regions and among trees wlthin stands. The best existing
sources of seed for reforestatl-on must be found and maintained for seed
production to supply the Large quantities required as increasing emphasLs
is placed on direct seeding of jack pine (Scott L970). At the same time,
further lmprovement r^rill be sought through individual tree selection and
breeding on the basis of heritabilities calcul-ated from progeny tests.

In 1970, a controlled environment test of 50 Upper Ottawa Valley
jack plne progenies demonstrated signiflcant growth differences at age 3

months among and withln stands. Top dry weight was highly correlated with
mean seed weight at age 40 days from germination (r = 0.6), but not at age
90 days (r = 0.1). A three-fold enrichment of. CO2 in the atmosphere in-
creased seedling growth by some L6Z, but jack pine responded negatively to
a further increase to a five-fold enrlchment, as had been found previously.
A three-fold CO2 enrichment has been adopted as a standard practice for
genetic tests of pine and spruce in the growth cabinets. The results of
the laboratory test can be compared in a few years with data from three
fleld tests of the same progenies planted In l97O-71 between Chalk River
and Deux Rivieres, spannlng the area of collection.

In a field test of.255 9-year-old jack pine progenies, tree height,
cone characteristics, branch angle, and stem form were recorded for 15 pro-
geni-es. Parent-progeny correlations were significant for cone shape
(rz - 0.34) and cone angle (rt = 0.57), but Rot for cone opening, branch
angle, stem form, or tree height. Progeny differences in height were signi-
ficant, however. The results justlfy evaluation of all progenies in the
experiment at age 10 years tn L971

In the growth cabinets, equl-pment for automatic lrrigation of
nutrient solution was l-nstalled following the excellent results obtained by
Dr. Pollard with thls system. After 3 months from germination, dry weight
of jack pine and black spruce seedllngs were double that obtained by manual
irrigation. The test also compared sterilised vs. non-sterilised sand in a
sand:peatmoss, 3:1, rooting medium used with the manual irrigatlon. Better
growth was evident in the sterilised medium during the latter third of the
90-day test and was associated with absence or limited development of green
algae on top and sides of the soil mass.
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X-ray analyses and germinatlon tests confirmed the in uiuo viabi-l--
tty of spruce and pine pollens hel-d ln ftozen storage over sillca gel for
up to 13 years. The relative fallure of some fresh pollen used as control
lndicates that lnltial condltions of collectlon, extractlon and drying are
critlcal for both short- and long-terrn vlablllty of conlfer pollen. A
revlew of genetlc studies ln Jack plne started at P.F.E.S. was completed
and w111 be submitted for Departmental publlcation.

LITEMTURE CITED
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SEED ORCHARDS AND SEED PRODIJCTION AREAS IN ONTARIO

W.(;. Dyer and K.C. Eng

Ontario Mtnistrg of Natural Resourees
Toronto, )ntario

SEED ORCHARDS

Two new seed orchards have been establ-ished in the past year. At
Orono Nursery, silver rnaple clonal- material l^tas set out rePresenting 12

superl-or phenotypes selected by H.C. Larsson ln southwestern Ontarlo.

In Pearson Townshlp, Thunder Bay Dlstrlct, an inltial out-planting
consisted of 285 ramets of 8 clones of whlte spruce selected In Slte Region
4I^I.

The whlte and black spruce seed orchard at Camp 503, Thunder Bay

District, \ras enlarged and now contalns 18 bl-ocks of white spruce and 16

blocks of black spruce, eaeh block containing L44 trees.

The grafting programme at Angus for the I97O-7L season is summar-

ized as follows:

Species

Whlte Spruce
Black Spruce
White Pine

To ratlonaLlze the supply of grafts
number of grafts made from each clone was set
were made for the Phytotoxicology section of
Resources Management for fume damage study.

Clones
Z Survival in

greenhouse

967.
942
957"

to seed orchard planting, the
at 100. The white pine grafts

the Department of Energy and

Total
grafts

L798
99s
903

19
13

4

PROGENY TEST

Second-year heights \^rere measured ln the unreplicated l-parent
progeny test of the tirnber type and Faulkner Scots plne sown ln 1968 in
Mldhurst nursery. In both series, there were fair correlations between the
flrst and the second year height. For exampler ln the tirnber type series'
the shortest clone (#56) in the first year rennined the shortest in the
second year. The tallest clone (ll1-73) in the first year was the tallest in
the second year. The needLe color of alL the Faul-kner clones was obviously
greener than the timber type series. The Faulkner seedlings were distributed
to a group of Christmas tree growers to plant out for further observation.
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REPRODUCTIVE PHENOLOGY

In the sprlng L97O, reproductLve phenology in the 3E black spruce
seed orchard ln Vespra Township lras observed and recorded. The develop-
mental sequence followed the pattern observed ln L969 and 1970. There was
a falr crop of rnale flowers this year, as indicated by the following example:

Clone

345
440
498
344
346
499
388

Trees
flowering

32
L4
26
2L
L7
15

5

Male
flowers

369L
2010
t-095
982
773
738
s39

Female
flowers

174
13
69
53
22

45r
19

Pollen was collected from these clones and turned over to the staff
of the Tree Breedlng Unit ln the Research Branch who bagged the female
flowers ln thls area and polLlnated them with some of the local pollen.

SEED PRODUCTION AREAS

Red Plne

Tr^ro red plne seed productlon areas were established in the past
year.

A L2-acre plantatlon ln Cl-arence Tornmship, a part of Larose Forest,
Kenptvllle Distrlct and a 9-acre plantation at Orono Nursery were selected.
Thinning and roguing have been carried out in both of these areas.

In the fall of Lg7O, 99 bushels of cones were collected from 510
trees in the red pine seed production area at Lynn Tract. Thls year,
seasonal pickers were employed instead of using inmates and picking vras
going on 7 days each week. A modifled pay scheme was tried out in which
every plcker was pal-d $l/hour for an 8-hour day and lC/cone. The Department-
or^med Uppups were used alongside with ladders for picking. Cones collected
from each tree r^rere kept separate and later counted and recorded. Number
of cones fron lndivldual trees ranged from 17 to 960 (Tree 1t504). Alrhough
the average plcklng cost per bushel at $24.47 was more or less the same as
that in 1969 ($24.16), we were able ro pick all the cones before they
started to open.

Also a total of 68 bushels of cones were picked from the timber
type Scots pine seed orchard. It was noticed that cones from this orchard
were usually smaller than those from general collections. The clones
ranged from 1500 to 4500 cones per bushel-. AlL trees in clone No. 95 per-
sistently produced extremel-y snal-l- cones with an average cone volume of
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l

4. I cc.
1 arger
havlng

Two clones not,ed for the large cones they produced In 1967 also had

cones ln 1970 (9.3 and 9.4 cc. , respectively) . One clone rated as

small cones 1n 1967 was next to the smallest (4.9 cc.) ln 1970.

A total of. 532 bushels of cones were coll-ected in 1970 from seven
seed production areas and two seed orchards. The most productive of these
was a 258 bushel collection from the l0-acre red pine seed production area
in Haldirnand Townshlp, Llndsay District. It ls estimated that 400 bushels
could have been collected lf al-l the trees had been plcked.

White Spruce

A 1964 collectlon from the seed production area, Gurd Tovrnship'
Parry Sound District yielded 90 bushels. A11 the white spruce seed sown at
Mldhurst, Orono and Kemptville nurseries for production of Site Region 5E

stock ln the fall of L957, carne from this source. In the spring of L97L,
5,000 super-seedllngs were selected from the total production at the three
nurseries. Minimurn helght for selectton was 17 inches at age 3-0.
super-seedlngs were outplanted in Gurd Township to expand the seed
tion area there.

The
produc-

Jack Pine

There ls a problern ln collectlng jack pine cones t.gfr standing
trees. Damage to nehr growth by removal of the cones and the probability of
only being able to make a collection every 3 to 5 years has discouraged the
development of seed production areas. After discussion with Dr. C.W. Yeatman'
lt was agreed that the only practlcal method of jack pine cone collection is
by the partial fe11-lng of selected plus stands and the regeneration of the
cut portlons with seed or stock from the same source. A number of superior
stands are to be selected as seed collection areas. The flrst of these has
been selected near Burchell- Lake, Thunder Bay District. The method will
require separatlon of the various seed l-ots representing superior stands
and wil-l perurit the assessment of stand-to-stand varlation ln future out-
plantings.

Seed Col-lection
A record quantity of more than 25,000 bushel-s of cones and rough

seed was collected in L970. Of particuLar note was the collection of 8,350
bushels of red pine cones whlch more than overcame the serious shortage of
red pine seed in storage.

On 1 April 197L, the metrlc system was instituted for measuring
cones and rough seed. Contalners holdlng 40 litres were distributed to all
fteld offices. Although the 40-11tre container is used for measuring
quantlties, all records will be in hecolitres (100 litres) .
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T}IE CONTRIBUTION OF GENETIC VARIATION TO PRODrcTIVIW SYSTEI\4S

IN SPRTJCE FOREST ECOSYSTEI4S

A.G. Gordon

Antario l4inistry of NatunaL Resourees,
Research Bnaneh'

Sault Ste. Mavie, 7ntario

The objectives of thls work are:
(a) to illucldate the contrl-bution of species, forms ' provenances '

and hybrids in productlvity systems;

(b) to col-l-ect and interpret lnf orrnation on genetlc variability 'crossability and herltabtl-ity in regard to genecology and phylogeny of the
genus Heeai

(c) to evaluate the effect of seed zones (site regions) in produc-
tivity s)rstems; and confirrn the val-idity of the l-imits of movement of sPruce
stock between regions

GENECOLOGY

A study has largely been cornpleted on the genecoLogy of Heea
z,ubens, and the varl-ation ln P. rntbens as it comes in contact \tith P.
mariana. Character coding of a range-wl-de sarnpling of P. rntbens through
several years has been conpleted and ls currently being analysed. The

extent of hybridl"zatlon of P. mtbens with P. rnartana and the varlation with-
ln P. nubens lsolates ls being examl-ned. Comparlsons have been made with
the composltlon of mature stands and that of the regeneration for all sites.
P1-ot syitems covet all moisture regime sites to the l-imit of P. t't'tbens
occurrence and a good coverage of P. marLana. Data has been collected on
ground vegetationr, cover type, llght, pedological and chemical- characterls-
tics of the sites, and vegetatlon.

Progeny of selected range-wlde populations have been established
l-n a small number of provenance experiments on different sites, and recip-
rocal crossing (not always successfuL) has been carried out. Hybrid Progeny
from selflng, and back-crossing hybrid types have been planted out.

PICETA

Studies are undervay to evaluate growth and efflciency, nutrition,
etc., of a l-arge number of spruce specles, forms, and provenances across a

wlde cllmatlc range. Elrperlmental spruce pJ-antatlons called "Plceta'r have
been establ-lshed on a complete range of all major clirnatlc zones (Ouellet
& Sherk L967) ln Ontarlo. One Picetum has been established ln Brltish
Colurnbla ln co-operatlon wlth the Research Dlvision, B.C. Forest Service.
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Seed zones ln Ontarlo were dellneated a number of years ago by
A.J. Carmlchael and the Tree Productlon Unlt of the Timber Branch, and were
largely based on the very deflnite, edaphlc and cllnatic synthesls of G.A.
Hllls (1954). These zones are not incompatible wlth the cllmatlc zones of
Ouellet & Sherk (L967). Included in the Piceta are cornplete collectl-ons
of. P. glauLca and P. man"Lana, representative of these zones, and reciprocally
planted. Also included are a range of the rather discrete forms of. P. glauca
for subsequent herltablllty studies. Heea may"Lana exhlbits more continuous
variatlon.

Most of the Plceta have been established in the last 3 years, but
a snall prellmlnary one, set out in I96L, is already becorning available for
interspecific crossing studles. Our crossing work has previously been done
on separated lndivlduals or groups of trees. A dlstinct advantage of most
of the present stock ln the Pl-ceta is that they are from colLections made
in natural stands wlth known parent and stand data, thus ptovidlng opportun-
itles for good estimates of herltabillty.

WhlLe the orlglnal collection and establlshment of such material
has been laborious and tlme consuming, the advantages are abundant. A
whole array of spruce specles, genotypes, phenotypes, etc., are becoming
available for comparatlve norphologlcal, physlol-oglcal, and genetl-c studies
ln repllcated plots, on carefully selected, unlform sltes, under a wlde
range of cllmatlc parameters. Tlmlng for pollen collection, polllnation,
etc., and data coll-ectlon can be more readily facllltated when the species
and types are growing ln close proxlnity under the same condltLons. Maln-
tenance ls slmpLlfled since it rnay be concentrated on a few areas rather
than scatfered on a number of sma1l experlments. PLceta have the disadvan-
tage that much valuable material ls concentrated in a few places if pest or
other problems develop.

PROPAGATION AND GROWTH TECHNIQI]ES

Flnally, a very lirnlted amount of work is done on propagating and
growth techniques. t'Ie have developed methods involving artiflcial tenper-
ature and day-Length reglmes to produce spruce stock from seed which is
equivalent to 3-year-old nursery stock and suitable for out-planting in
fron 12 to 18 months. We have produced more than 701000 experimental seed-
lings to date by these methods. We have also had some llnited success with
rooting techniques wlth several- species
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SITE PREPAMTION, SELECTION AND TREE BREEDING FOR THE ESTABLISHMENT OF

HIGH OUALITY HARD{OOD SPECIES IN Tl.{E SWAIVPS OF SOL'T}IERN ONTARIO

C. Larsson

antav,io Ministznl of ltlatunal Resources,
Researeh Bnaneh,
Maple, antar"Lo

The obJeetlves of the South Western Ontario Research Unit are the
development of practlcal- technlques for the selection, mass production,
establishment and culture of fast growing veneer-quality phenotypes of the
conmercLall-y important hardwood specles in the lowlands and uplands of
southern Ontarlo.

SITE PREPAMTION

Moundlng

Site preparatl-on studies started ln the fall of 1969 in the Luther
and Elderslle swamps \^rere continued in the autunn of. L970 ln the Elderslie
and Minesing swamps and on bottomland in the vicinity of Lake Simcoe. The
mounding was done by a plow designed by the Kemptville Distrlct. This
implement was pulled by either a D-4 or a Bombardler Muskeg model- M tracted
vehlcle. The furrows vrere spaced about 3.1 m (10 ft) apart whlch is at pre-
sent consldered adequate for swamp hardwoods. Tlrne studles have lndicated
that it ls possible at such a spaclng to prepare L acre/hour under scrub
willow condltLons at a cost of from $15.00 to $25.00 per acre. Assumlng 20

working days per month such equlpment could prepare 150 acres in that period.

Initial resuLts of planting sLlver map1e, Jackii poplar' and
European willow in the spring of. L970 have indicated that this form of site
preparation is sul-ted and ldeal for some swamps in southern Ontarlo. The
Research Branch in cooperation with the Lake Huron and Lake Simcoe Districts
is now building a nodlfied nodel of the nounding plow which shoul-d be very
effective ln heavy shrub gror.tth.

Drainage

Some of the swamps ln the Southwestern Region have irnpeded drainage
which prevents or partially prevents the normal growth of trees. A small
dralnage e:cperiment was attempted in a stagnant s\damp by preparlng a ditch
uslng ditching dynamlte (ForcLte 502). About 45 m (150 ft) of ditch, 1.8 m

wlde and 0.9 m deep (6 ft x 3 ft r,ras satlsfactorily blown a! a total material
cost of $29.35. The operatlon took 2 men 2 hours to corrylete at a cost of
$10.00 whlch gave a total expenditure of $39.35. Thls is sllghtly more ex-
pensive and less thorough than dltching with a 17-ton hydraulle back hoe
whlch completed 305 rn (l-000 ft) on the same site at a total cost of $240.00.
Dynamite is particul-arly effective ln extremely wet conditions and is more
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economlcal than uelng heavy dltching equl-pment. Silver naple and willow
were unable to grow satlsfactorlly ln this swamp before ditching, but after
dltching rhey grehr up to 84 crn (33 lnches) in helght the first year.

SELECTION PROPAGATION AND ESTABLISHMENT OF FAST-GROWING

VENEER-QUALTTY, SWAI'IP SPECIES

Siiver Maple

A second 9.1 x 1.2 m (30 x 4 f.t) mistlng bed was built alongside
the first bed permitting one misting control unit to service both beds. A
total of 21826 sllver rnaple cuttings frorn 13 phenotypes rdere planted in the
two beds.

The rooted material- wil-l be transplanted to the nursery in the
spring of I97L to bull-d up the stooling bed at Maple and for planting in the
main swamps of southwestern Ontario ln the spring of. L973.

Most of the sllver rnaple progeny produced ln 1968 by the controlled
crosslng of seven selected parents from three populations were planted l-n
the sprlng of I97O ln the Ellice, Beverly, Luther, and Elderslie swampa.
There was consl-derable variation ln the number of trees per progeny (8 - 168)
as well as ln the helght wlthln progenlee,0.6 to 1.8 m (2 to 6 ft). Half
of each progeny were planted wlth roots and half had thelr roots removed
leavlng only the root zone. r There was excellent growth and survlval of
both types of plantlng stock ln the swamps.

Helght measurements were taken of the 1969 sllver naple progeny
produced by crossing eight parents from three populations. There r^ras a
total of 811 sllver maple seedllngs which varied tn height from 0.6 to 1.8 m
(2 to 6 ft) at the end of the second growing season. In addltlon 93 red x
siLver maple hybrids produced by crossing one taIl merchantable high-quality
female red maple with three select silver maple males ranged ln height from
0.3 to 1.2 m (1 to 4 tt) at the end of the second growing season. A11 1969
progeny will be field planted in the spring of 1971.

Eastern Cottonwood and Jackii Poplar

Fl-ve, fast-growlng, lumber-type eastern cottonwood and five Jackii
poplar were reproduced by hardwood cuttlngs in the spring of L970. Cool,
dry condltlons during the early part of the growlng season severely reduced
rootLng success. However, there wll1 be sufflcient rooted qtock available
to plant one cottonwood and two Jackll poplar clones in the Luther, Elder-
slle, and Mineslng swamps and on bottomland ln the vicinity of Lake Simcoe
ln the sprlng of L97L.

lRoot zone is defined in this repont as the centnal axis of the noot system
which suooorts the latenals.
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I\renty rooted cuttlngs of the Jackii poplar (cr'r - 6) were planted
directly ln the Elllce and Beverly swamps and on mounds in the Luther and
Elderslle swamps. Growth and survival of both rooted and unrooted tree-
length cuttlngs \^rere tested and obeervations indicated l-1ttle dlfference in
growth and mortallty at the end of the flrst gror^ring season between the
rooted and the unrooted stock.

A total of 5,200 cuttlngs were prepared in the late fall of 1970
from fLve eastern cottonwood and flve Jackll poplar clones. They were put
Ln bundl-es of 25 and haLf were burLed ln sand and the other half in a mixture
of sand and verm-leuLlte. They will be planted in the spring of 1971.

European WiLlow

The 15 clones of unrooted European wilLow cuttings whlch had been
planted in the sprlng of 1969 in a pure plantation and in a mixture with
sllver naple, were severeLy glrdled by mice ln the wlnter of L969-7O. Over
half of the cuttLngs had to be replaced in the spring of L970. Those whlch
had not girdled were from 2.4 to 3.7 n (8 to 12 tt> tal1 at the end of the
second growLng season. Seventeen cLones w111 be planted ln the Luther,
Elderslle, Minesing, Beverly, and Pusllnch swamps as well as on bottornland
on the south-east shore of Lake Sl-mcoe ln the epring of 1971.

Sllver MapLe Breedlng Studies

The sllver maple breedlng program in 1970 r^ras restrlcted to cross-
lng only two silver naple and one reclprocal cross between red and sllver
naple. The cross between the fernale red mapl-e and the sll-ver maple ma1-e

was slgniflcantly more succeesful than the reclprocal cross of the two
parents.

Rodent and Deer Repellent Tests

Creosote treatnents ranglng frorn 5 to 50i'' by volume in mlneral oil
were effective against mlce for 1 year after application. It was not
posslbJ-e to assess adequateLy the effects of thls repellent on rabbits as
they were at the bottom of theLr population cycle. A danger in using
creosote ls absorptlon of heat fron the sun. It was noted that under full
exposure the bl-aek creosote wtll bulLd up the heat from the sun's rays and
w111 kill the camblal Layer on the south and west sides of the treated tree.
The tests hrere continued ln 1970 on sll-ver maple and wilLow in the Elllce
and Luther swamps usl-ng a mixture of alum, Lanolln and mineral oil. It is
hoped that this repellent wlLL be effective for at least 3 years.
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SPRUCE PROGMM AT THE SOIITFIERN RESEARCH STATION

MPLE, ONTARIO IN 1970

R. Marie Rauter

httarto Ministzg of Natunal Resounces,
Reseaz,eh Braneh,
Maple, Antwio

The objectives of this J-ong-term program have remained essentially
the same as given in the J.ast report, although progress in the program has
pernritted more ernphasis to be placed on the preparation for the establ-ish-
ment of field tests.

As new hybrlds are obtained, lt becomes posslble to compare thelr
performance and relate thls to the planting stock currently used. Several
experlments were started last winter and preliminary nursery measurements
for some of the hybrlds are favourable, but fleld performence will be the
criterlon used to judge their value.

Since we produce many interspecific hybrids, it is necessary Eo
confirm the hybridtty of these trees. Some method must be devised ruhich
can readily identify a species or hybrid at an early age. At present, ex-
amination of cross-sections of prinary needl-es seems pronising.

The vegetative propagation trials have produced good resul-ts ln
rooting. It is now deslrable to know how the rooted cuttings perform in
the field, i.e. what kind of trees they w11-1 produce when raised as timber
trees, and how they wil-l compare to grafted stock when the cuttings are
raised for breeding material. Rooted cuttings from several spruce speci-es
are presently being observed l-n the nursery and some wil-L be ready for flel-d
trials in two years.

New Acquisltl-ons
During the early months of. L970, the following seed lots were

obtalned: one populatLon of Pieea sehTenkiana from Czechoslovakia, one
population of P. spinulosa fron Sikkim, India, one of P. omorLka from Poland,
three of P. abies and two of P. omortka from Yugoslavia, and two populations
of P. martqna were received from Newfoundland. Recently, we acquired one
population each of P. abies, P. sitehensis and P. bneuey,imta,

Scions of flve winter-hardy and weevil-resistant clones of P. abies
were received for graftlng from Petawawa. Scion and cutting materi.al collec-
ted from Massachusetts consisted of L2 clones of P. abies, 6 clones of P,
glauea, 15 clones of P. gLazrca lnterspeclfic hybrlds, 6 clones of P, omorLka,
and 14 clones of P. omorika interspeclflc hybrids.
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Hybridizatlon

Parentage
Female
clones Cones

Seeds

Full Total

CROSSES MADE IN 1970

P. glauca x pungens
P. gLatLea x engelmannii
P. glauea x koyamai.
P. glauea x abies
P. glatLea x omorika
P. gLauea x mar-f,arn
P. abies x man'Lana
P. abies x (757. may"Ltta x 257 rubens)
P. abies x (257 marialm x 757" rwbens)
P. abies x z,ttbens
P. abies x glauca
P. abies x koyamai
P. sehnenk'Land, x engeLmannii
P. sehnenktqta x pungens
P. maytana x mar"Lqna
P. mayLana x (757" mar.Luta x 252 nbens)
P. mariana x (502 maniqta x 507[ ntbens)
P. mariana x (257" mariuta x 757 rnbens)
P. mm'Lana x m,tbens
P. mayLana x koyanai
P. mar.imta x omoz,ika
P. may,iana x glauea

4
4
4
4
4
4
4
5
5
4
4
2
2
2
4
4
6
6
5
1
7

4

24
r67

0
0
0
0
0

18
0
0
0

69
0

63
433
82
85
35

0
0
6
0

87
68
39
74
89

101
26
26
26
T9
L9
13
11
L2

104
73

113
111
115

52
87

L22

4059
3748
2572
5426
5495
497 4
6463
70L2
6L97
4732
4L57
3110
3LL7
3l_07
4LzL
1831
2935
3289
1802
1438
2547
3543

Progenv Tests

A11 of the 1-969 hybrid seed was sown. Those populations having a
sufflcient number of viable seed were put into randomized repllcated experi-
ments. One-parent progeny material obtained from several open-pollinated
black spruce plus trees throughout Ontarl-o was also used in three of the
four experiments. These were established ln January L970 and height measure-
ments first taken in August L970.

In the first replicated experiment, there were four populations of
P. glauca x sitehensis, three of P. glauea x jezoensis, and one control
population of P. gLauca whose seed was obtained from a general col-lection.
The P. gLauea x jezoensis popul-atlons averaged 4.57, 4.85, and 5.36 cur in
helght; the P. gLauea control 4.87; and the P. gLauca x si.tehensis popula-
tions averaged 6.10, 6.62, 6.76, and 7.06 cm.

In a second replicated experlment of P. marLarta x marimta and P.
rm.r'Lana x rubens hybrlds, two Lntraspeclflc crosses of P. may"iana were much



taLler than the remainlng populatlons wlth helghts averaglng 12.00 and 11.25
cm. The fernale parents for these crosses were plus trees from Ontario with
the male pollen from Newfoundland. The bulk seed 1ot of black spruce which
was used as a control did quite wel-l as the height averaged 8.88 cm. Flve
one-parent progeny seed lots from selected plus trees were also used in thls
experiment and the seedlings produced were the five shortest populations
with average hetghts ranging fron 5.58 cm to 6.92 cm. The hybrid of P.
mayLana x nubens was intermediate.

The third experlment using on1-y one-parent black spruce plus tree
progeny produced slgnificant height differences among the ten populations.
The average heights ranged from 6.66 cm to 8.52 cm.

The fourth experinent also consisted of plus tree progeny, but the
seed was dlvided into three seed classes. An analysls of variance lndicated
that there vrere differences due to dlfferent populatlons, but no difference
due to the seed size class.

Several of the same pLus tree progeny populations were used in the
three latter experlments. When thelr measurements rdere compared, the actual
heights between experlments varled considerabLy, but their order of doni-
nance rras very similar.

The above results are based strictly on greenhouse conditions. Un-
doubtedly, nany changes wi.ll occur Ln subsequent nursery and fiel-d perfor-
mance.

Variatlon Stud,'y

The 2-year-old seedlings in the black spruce ecotype study were
measured last sumner and thelr heights compared to the material whl-ch was
started ln 1963. To date, there is no correl-ation between this set of
measurements and that taken in the past. The seedlings were planted ln the
Maple nursery and several characterlstlcs are being exarnined starting this
year. Two features whlch are being recorded are time of bud break and bud
dormancy and their relationshtp to helght growth.

Morphologlcal Studv

Primary needles from seedlings of varlous available spruce species
and hybrids were removed, embedded and sectioned. The cross-sections of
these needles w111 be examlned mlcroscoplcally to determine whether the
seedlings can be identified by thls means, and then to determine whether
the putatlve hybrids obtained in our crossing program can be confi.rmed as
hybrids. Cursory examinatlon of the sectlons to date seem promising. As
seedlings of different hybrids become avallabl-e, we will continue to exanine
the cross-sectl-ons of prirnary needles and try to build a reference collec-
tton of material.

Vegetatlve Propagation

In February L970, cuttlngs
in Massachusetts from whlch we also

were taken from l5-year-oJ-d spruce trees
eoLlected scions. These cuttings were
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put lnto rootlng experLments and those rooted will be outplanted and the
developrnent of these cuttlngs cornpared to the grafts of the same clone.
Rocrtlng percentagee for thls matetLaL 7 months after the establlshrnent of
the experlment appear qulte low. Part of the reaeon for thls is probably
the tlme of yenr the cuttlngs were collected. Rootlng of. P. omor.ika popu-
latlons varled between 4 to 7LZ, the overall percentage r/ras about 302. P.
omonika x ov"ientalis avetaged 287", and P. ono?ika x Koyamai averaged 537".
P. ahi.es populatlons varled between 5 to 802 and averaged 4L7.. P. glauea
and its hybrtds ririth P. jezoensis and P. engelmqnnit had a population root-
lng range from 0 to 1002 wlth the average about 352. Llttle difference in
rootlng percentage r^ras noted between P. gLauca and either of the two hybrids.
These results lndicated that roottng abllity ls dependent upon the ortet
rather than a partlcular specles or hybrld.

Flve P. ab'Les ramets were collected ln April- from the same popula-
tLons as the February materlal-. The rooting percentage for these varied
between 29 and 927 and averaged 5618 after 5 months. In this l-nstance,
sprlng collectLons dld produce better results, at least under the glven con-
ditlons.

One white spruce and one black spruce experiment r^rere established
Ln May to determine whether beneficial results would be obtained lf indole
butyrlc acld (IBA) were used as a rooting hormone. In a 1-5-year-old white
spruce seed production area, 2000 cuttings were coll-ected fron 20 trees.
lrlhen cuttlngs were dipped in captan, rooting was 647" and IBA, 542. Rooting
of cl-ones varied between 30 t.o 922. In a single S-year-old population of
black spruce, 500 cuttings r^rere taken from 10 trees. When cuttings were
dipped in captan rooting was 4218 and in captan and IBA, 582. Rooting of
clones varled from 8 to 887.. These tr^ro experiments Lndicate that the same
treatment has dlfferent effects on the dlfferent species. The whl-te spruce
materlal, even though Lt was l0 years older than the black, attained a
hlgher overall rootlng average than the bLack spruce material.

During the past year, cuttings which rooted from 267 trees l^rere
cloned. The performance of these w111 be observed ln the nursery. Many
wllL be outplanted as comparative mat,erlal for either grafted or seedling
stock.
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POPI.AR AND PINE BREEDING AT THE SOI.flTIERN RESEARCH STATION,

MPLE, ONTARIO IN 1970

L. Zufa

1ntarLo Ministry of Natural Resourees,
Reseaneh Brarteh,
Maple, Crntar"Lo

POPLARS

The work concentrated on the propagation and field testing of the
best selections of hybrld poplars and natLve poplars. A rnajor pilot project
was initlated in co-operation wl-th our Tlmber Management Branch f,or testing
poplars for pulpwood production Ln short rotations in southeastern Ontario.

New Acqulsitions
Seeds from a total of 30 populations of Populus trermtla, P. nigz,a,

P. edrleseens, P. alba, P. trLchoearpa and P. tz,erruLoides were received from
Flnland, France, czechoslovakl-a, Hungary, Yugoslavia, rtal-y, Britlsh columbia,
and Northern Ontario.

Cuttings of 65 treurbling aspen, largetooth aspen, cottoil^rood, and
balsam-poplar clones were acquired from tr'Iisconsin, New Ilampshire, Newfound-
land, and 0ntario.

Selection

Many of the new aspen hybrid clones demonstrated excellent growth
and satisfactory rooting abillty. After 3 years of propagation and obser-
vatlon ln nursery, the best 58 were selected for l-arger scale propagatlon
and field testing. The stems of l-year-old plants, raised in the Maple
nursery, htere straight and clean and had attalned helghts of L2 to 14 ft
(4 ro 4.5 rn).

Hybrid and natlve cottonwood clones of Maple and European origin
were kept under observation in plantatlons and nurseries. Of these clones,
60 were selected for further testlng.

Selection for the Boreal Forests of Ontario
Work is unden^tay to develop winter-hardy cottonwood and hybrid

aspen clones whlch possess good rootlng abltity of the stem cuttings for
the Boreal forests of OntarLo.

The work l^tas started at the Swasttka and Thunder Bay nurseries
where hybrid cottonwoods of European origin (EuramerLcan popl-ars) were
tested for winter hardiness. A11 of the tested poplars suffered frost
damage.
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,l,s,j

In the spring of L970, 8000 cottonwood seedlings were planted i-n

the Swastika nursery for winter hardiness testing. The seedlings originated
in the Prairie provinces under conditions similar to those in the Boreal
forests of Ontario, where cottonwood does not exist.

The winter-hardlness testing of the best new cottonwood and hybrid
aspen clones deveLoped at Maple was started.

The winter-hardy poplars wil-l be propagated by cuttings and field
tested in the Boreal forests of Ontarlo.

Hvbridizatlon

Parentage
Crosses

Successful
made

Unsuccess ful Total

P. (tz,erruLoides x trerm,tLa)
x Jaekiit

P. (tnerruLoides x tremula)
x deltoidest

P. deltoides x Jaekii

P. d,eltoid.es x nigra

P. deltoides x tnermtLoidesl

P. nigna x Jaekii

P. nigra x deltoides

P. nigva x balsanifez'a

P. nigra x triehoempa

P. alba x grandidentata

P. aLba x tremuLoides

0

0

3

1

0

0

0

1

1

2

2

3

1

0

0

2

2

2

I

0

0

0

3

1

J

1

2

2

2

2

1

2

2

llrradiated intermediate po]-len was used in these crosses.

Ve getative propagation

Propagation stools of the selected
clones were started ln nurserles to produce
testing.

hybrid aspen and cottonwood
planting stock for fiel-d
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Fleld Experiments

Euramerican poplar clonal tests were established in Kemptvllle and
Lake slmcoe Dlstrlcts with rooted cuttings in the spring of 1969. The
obJectlve was to select the best clones which would grow into pulpwood trees
ln 5 to 7 years. The 2-year-old plantations show promising development. In
Lake Slmcoe Dlstrlct plantation, the trees of the best clones reached L2 f.t
(3.7 m) tn height and 1.5 in. (:.8 cm) ln dbh. rf rhis rare of growth is
malntained the obJectlves for these plantations should be realized.

A pilot projeet rdas proposed to the Timber Branch for a larger
scale test planting with similar objectives. The proposal was accepted.

T\nro more clonal tests of Euramerican poplar clones were established
in the spring of. L970 using unrooted cuttings. At the end of the first
growing season, more than 902 of the out-planted cuttings survived and the
best clones attained an average height of about 2 ft (6i cm).

Seedlings of selected native and hybrid aspen strains were planted
in comparatlve field tests at Pembroke and Swastika Districts in the spring
of 1970. The expected rotation is 20 to 30 years. At the end of the first
growing season the southern provenance (Maple) of P. trermtloi.des and the P.
tnerruLoides x sieboldii hybrld were the best at Swastika, and the P. alba x
sieboldii hybrid was the L."t "t Pembroke. The average ilr"t-year heighr
growth of the best strains was about 16 in. (40 cm)

Pl-antations of Popl-ar Exotics
A plantation of P. aLba and P. eaneseeT?a provenances of Hungarian

and Italian origin and a plantation of interspecific hybrids, origi.nating
from more than two aspen species, some of which are extoics (multiple aspen
hybrlds, such as P. aLba x g?andidentata x.sieboldii), were established in
Kemptwille Dlstrict on National Capital Conmission land (Ottawa Greenbelt).
The objective is to maintain a gene pooJ- of exotic specl-es and hybrids and
to test and select the best provenances and individual trees for future
breeding and vegetative propagation.

I^IIIITE PINE

The work concentrated on developing and testing Pinus grLfftthi.n
x stnobus hybrids, on vegetative propagation and on blister rnsi testing of
the progenies of putatlvel-y resistant trees. 

i

Significant progress was made in vegetative propagation of whitepines- Good rooters were found among the tested trees and the development
of white plne clones can now be e:cpected.

Acquisl-tions

Scions of four Pinus auaeahuite x stroblrs cLones were obtained
from Yale Unlversity Arboretum and grafted.

87



Seeds
Koraiensis were

Hvbrldlzatlon

of P. eenandiana, t,. 11ni.ffithti,
acqulred f rom .Iapan, Indla, and

P. pentaphylla and P.
U.S.A.

Parentage
Crosses

Seeds
Total Fu11

P. grnffi.thi.i x strobus
P. stnobus x gtifftthii
P. stnobus x (gniffi.thii
P. (grLffithii x strobus)
P. (g?iffithii x strobus)

x str.obus)

CROSSES MADE IN 1969

x stz,obus)

x strobus
x (s?Lffithni

CROSSES MADE IN 1970

4636

820

595

2882

LL24

0

294

935

L642 580

Cones
23

188

27

P. gni.ffithil x (peuce x sttobus)
P. sriffithii x sniffi.thi.i
P. peuee x (qriffithti x sty,obus)

13

4

4

5

5

5

18

4

Pollen of P. gri.ffithi.i was received from U.S.A. p. gr"Lffnthii.
trees were pollinared with P. strobus, p. (peuee x strobus), and p. g?Lffnthii.;
P. peuee was crossed with P. gniffithii x stnobus. The pollinated P. peuee
(Balkan Pine) demonstrated weevil resistance in the Thessalon test . p.
griffi,thii (Hinalayan Pine) is knornm for bl-ister rust resisrance. The airn
is to combine these propertles and produce vigorous hybrids that are resis-
tant to weevils and bl-ister rust.

, The hybrid seed obtained in L969, which represents P. gri.ffi.thi.i
x stt'obus crosses and back-crosses, is being used for blister rlst resistance
and hybrid vigour testing i"n nursery and field conditions.

Blister Rust Resistance Testine
The regraftlng of the putativeJ-y resistant P. stz,obus trees from

the Connaught Ranges plantation, which was started earller, is now completed.
In 1970 alone, the blister rust l-noculations of these grafts in our nursery
disclosed 15 more susceptlble trees. After the second thinning of the
Connaught Ranges plantation ln 1969, there were 129 putatively resistant
P. strobus trees left. To date, 99 trees nere found blister rusE suscep-
tible, 6 died of other causes, and 24 are left.
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A partial survey of the data on blister rust testing of P. stt'obus
progenies in the nursery r^ras accomplished (Tabi-e 1) . In nursery condltions,
repeated bllster rust inoculations of the 2- to 3-year-old seedlings and an
observation period of 4 to 5 vears were needed to reveal the resistant
portlon of tire tested progenies (Tabl-e 2).

The progenles of P. sttobus and its lnterspeciflc hybrl-ds, raised
and Lnoculated in tubes in 1958, were cal-lied for bl-lster rust infectlon
(stem cankets). Tr^ro repllcated tests were analysed. In the first, signi-
ficant differences were found between progenies as well as between replica-
tLons. In the second, signifl,cant dlfferences were found between the
progenies while the variance due to the replicates was small. This means
that the reltability of the technique of inocul-ation is still questionable.

The percentages of surviving (healthy) p. st?obus seedlings after
2 years compared well to the percentages observed at the age of 7 years for
populations raised and inoculated in the nursery (tables I and 3). The
blister rust testing of l-year-old seedlings thus appear justified. Combined
with the applied rnethod of nursing, it results in a considerable shortening
of the time for blister rust resistance testing.

The resistance of the P. strobus progenies did not relate to the
putative resistance of thelr parent trees (taUte f). P. strobus trees wiLh
good blister rust transmitting ability r{rere not detected in these tests.

The progenLes of F1 crosses and back-erosses of P. griffithii x
strobus were blister-rust resistant to a hlgher degree than the progenles
of P. strobus crosses. Significant differences appeared in the resistance
transmitting ability of the parent trees in the test. The best results
(40 and 447. of. reslstant off-spring) were obtalned in two P. (grtffnthii x
strobus) x sty,obus (raUte g).

The hlgher degree of blister rust resistance of P. griffithl:i x
strobus crosses ls often combined with vigorous juvenile growth. Therefore,
further efforts appear to be Justlfied with these hybrids.

Ve getative Propagation

In 1968, L969 and 1970, several rooting trials were established
with cuttings, needle faclcles and fasclcul-ar shoots of P. stnobus and P.
grLf fnthii x stroblzs trees.

The rooting of the same trees ln different trials gave a good
indication of the rooting ablllty and resulted in the selection of good-
rooting types (taUte 4).

Large varlation ln rooting $ras observed. The varlation in rooting
in subsequent years \das probably due to the seasonal varlatlons. It is
hoped that perfection of the technique w111 result in better rooting of
these ortets.
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Table 2. The bllster rust diseased portion
of Pirzus strobus seedlings in a
5-year observation period
(approxlmate val-ues) .

Blister rust
diseased seedlings, Z

Years slnce
initial inocuLatlon

0
30
80
96
99

1
2
3
4
5

Table 3. Blister rust reslstance of Pinus stt'obus
and P. q?Lffithii x strobus

Orlgin
Progenies

tested
Seedlings

tested

Blister rust reslstance
of progenies tested, Z

Range Avetage

P. stnobus x
P. strobus

P. griffithii x
P. stnobus

P. sxiffithii x
P. (sriffi,thnn

P. (griffithii x
P. sttobus

P. (g!"tffithii x sttobus) x
P. (q!"Lffithii x strobus)

3l_

11

4L67

9L7

352

34L

LO2

0-L2

0-19

0-26

0-44

L2-37

1.3

7.8

11 .1

25.8

23.5

x strobus\
strobus) x

Tabl-e 4. Rootins of white pine clones

Clonal
No. Origin of tree

Age 'years

Blister
rust

resistairce
tested

Rooting of
propagules, Z

1968 L969 L970

5-834
s-848

l^IP863-12
wP864-15
I,rrP865-4
wP980-5
I^lPr000-2
I,JP1085-5
wPl_087-4
IIIP1087-7
wP1092-7
wP1101-5

P. s?Lffithii
P. sruffithii.
P. strobus
P. stnobus
P. stt,obus
P. sriffithii
P. gr"iffi.thii
P. sriffithi.i
P. srtffithii
P. sriffnthni
P. strobus
P. qviffithii

x et?obus
x strobus

stnobus
strobus
stz,obus
strobus
strobus

strobus

x
x
x
x
x

55
39
52
30
67
20
63

100
75
31
40
29

8
25
42
,:

80

:

57

'!
83

100
58
6o

1.00
60
80
50

yes
yes
yes
yes
yes
yes
yes
no
no
no
no

15
l_5

6
6
6
6
6
3
3
3
3
3
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HARD PINES

Selection and Breeding

Seedlings were raised of the crosses made in 1968. The attempts to
produce interspecific hybrids of P. resinosa by using irradiated red pine
pollen as intermedlate gave viable seed in one P. r,esirnsa x P. nigra combi-
nation. T\vo seedlLngs were produced. Ttre authentlcity of the hybrld remains
to be proven.

The P. (densifLona x syltestr"ts) x nigra crosses gave abundant
vlabl-e seeds, whil-e the P. (nigna x densifloz,a) x syluestz"Ls and the P. tabu-
Laefornis x Leueoderrnis crossea nere unsuccessful.

The crossee made ln 1969 were analysed. All- Lnterspeclfic crosses
fatl-ed, except one P. z,esinosa x densiflora cross, which ylelded one viable
seed.

In 1970, the prevlously successful- P. z,esirnsa x ni,gra and P. resi-
nosa x densifT,ona cross were repeated and further attempts were made to pro-
duce l"nterspeclfie hybrlds of P. resirnsa.,

Hvbridization

Parentage Seeds
Crosses Cones Full Total

h

7)

P.
l)

CROSSES I'{ADE IN L969

res'inosa x resinosa
resinosa x (nigna + r,esinosa lrradiated)
resinosa x (densifLona x syluestr"Ls
+ resinosa lrradlated)
resinosa x (syLuestrLs + nesinosa trrad.)
resinosa x (densifLora + resinosa lrrad.)

CROSSES MADE IN 1970

resinosa x (densiflona x austriaea mlxed
x resinosa irradiated)
resinosa x (densiflora x sgLoestrts mixed
x resinosa irradlated)
resinosa x (nigra x syluestlris mlxed
x z,esinosa lrradlated)
resinosa x (nigna mixed + resinosa
lrradiated)
resinosa x (densifLora mLxed, * resinosa
irradlated)
res'inosa x resinosa
(nigra x syluestrLs) x (nesinosa rnlxed
* nesinosa lrradiated)
(nigz,a x syLuestrLs x resinosa irradiated)

30 502 727
L7062

33 o L64
000

L4 la 70

1l_

I

10
7

7

1
1

1
1

D

IJ

P.

D

D

D

10

4
4

10
8

aThe authentlclty of the hybrid ls not yet verlfied.
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The pol-i-en was irradiated at 10,000r/min. A total of 200,000r was
used.

Field Plantings

In the fal-l of L97A, thirty-two popul-ations of P. (densiflora x
austrLaea) x sgLuestz"Ls, P. (densiflona x syluestrts) x syLuestr,is" P. Leueo-
derrrris, P. syltsestr"Ls (Siberia), P, eontoz,ta, and P. rtgidn" represented by
145 seedll-ngs, were outpl-anted to the Mapl-e Arboretum area.

PUBLICATIONS 1970

Zrfa, L, Lg7O. Variation in rootlng abtlity of Pinus strobus L. and P.
g?tfftthni ucCl-elland x strobus L. Proc. lst N. Amer. Biol. Workshop,
Mlch. Abstract.

Zufa, L. Lg71. Sumnary report on poplar and pine breeding in 1-968 and 1969.
fn: Proc. 12th Meet. Comn. Forest Tree Breed. Can. Part 2:53-63.

Zufa, L. L97O. Poplar breeding in Ontario. In: Prospects of Ontariors
Poplar Timber Production, Papers presented at Poplar l{orkshop, Maple,
Ontarlo, 2 Feb. L97O. Ont. Dep. Lands Forests Publ. pp 94-96.

Zufa, L. 1970. Poplar cultj-vation technlques and their appllcation. fn:
Prospects of OntarLots Poplar Tirnber Productton, Papers presented at
Poplar Workshop, Maple, Ontario, S feU. L970. Ont. Dep. Lands Forests
Publ. pp 97-1-05
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TREE IMPRO\EIVENT IN THE PRAIRIES REGION, 1970-71

J.I. Klein

Carndian Forestrg Seruiee 
"Nontherm Forest Researeh Centne,

Edmonton, Alberta

The Canadian Forestry Servicers Lree improvement program in the
Prairi-es Region is currently staffed by one scientist and one technician.
Active projects include a jack pine breedlng program for Manitoba and
Saskatchewan and participation in several cooperative provenance experlments.
A region-wide geographic variation study and a selection progran proposed for
white spruce are scheduled to start in L972. Progress in the regional pro-
gram since August, L97O is reported here.

Tangible progress during the past year has been principally ln the
sowing of new trials. For the jack pine breeding program, 242 opea-pollinat-
ed progenies of trees selected in Alberta and Saskatchewan were sorrm in the
provincial nursery at Big River, Saskatchewan during October, 1970. In the
same period, 80 jack pine populations of range-wide provenance were sor^,n
there. Until the Region is able to carry out plans for developnent of a
research nursery at the laboratory, the Big River nursery seems to be the
most suitable and convenient place to ralse pine seedlings for the tree im-
Provement program, despite its dist,ance from the laboratory. The Prairies
Region component of a cooperative range-wide black spruce seed source study
was started in May L97L, when 100 seed lots were sown at Albertats provincial
nursery Just north of Edmonton. The soil at this nursery is too heavy for
jack pine, but htith the addition of sand and peat,, should a11ow satisfactory
growth of black spruce.

Abouf 700 potted grafts, ramets of the parent, t.rees represented in
the Big River nursery progeny sowing, were moved from Winnipeg to Edmonton,
then planted during May near Edson, Alberta. The principal use of these
ramets will be to provide scions for a permanent clone bank, to be sited and
developed in the next few years

Selection of jack pine parent trees, and collection of cones and
scions were carried out in west,ern Manitoba. Seed processing and grafting
of these rnaterials have been completed. One mbre collection trip, in eastern
Saskatchewan, will complete the collection phase for the jack pine breeding
Program.

PUBLICATIONS

Klein, J.I. Lg7L. Selection and mating for production of second-cycle
populations for a jack pine breeding program in western Canada. Proc.
15 Cong., Internat. Union Forest Res. Organ. Sect. 22, WorkLng Group
on Quantitative Genetics. Gainsville, Fla., l-8-1-9 March Lg7L.
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PROVENANCE TRIAL WITH I{HITE SPRI.JCE OF DIFFERENI SEED SOURCES

IN CENTRAL MANITOBA1

K.J. Roller

Canarlian Fores Lrg Sarttiee,
Maritimes I?ores t llt:search Centre,

Fredericton, Neu Bransuick

Thi-s experiment tras designed to compare the performance in Manitoba
of white spruce (Picea gT.auea (Moench) Voss) provenances from a number of
locations in Quebec, Ontario, Manitoba, and Saskatchewan (Table 1).

In 1959, 14 western (Manitoba and Saskatchewan) and 16 eastern
(Quebec and Ontari-o) provenances were avaj.lable at ,the Riding Mountain Nur-
sery. Transplants of eastern provenances (2-2 stock) were field planted in
the spri.ng of 1959 and of western provenances (2-3 stock) in the autumn of
the same year. Centerhole planting was used to set out the transplants.
Both plantations were laid out. on conpletely randomized blocks at a 6 x 6
foot spacing and formed two tri-als in the same study area. The Quebec-
Ontario trial was replicated four times with 7 x 7 transplants per plot; the
Manitoba-Saskatcher4ran provenances were replicated three times with 6 x 6
transplants per plot. Two rows of l-ocal wtrite spruce of the same age (ob-
tained from the Manitoba Forest Service) were planted around each tria1.

The trials were established on a southeast-facing slope. The pre-
vious stand, a second growth mixedwood stand of white sprucer trembling aspen
(Populus tz,erruLoides Michx. ), and balsam poplar (Populus balsanifez,a L.) ,
had been cut in 1953 and at the time of planting the overstory consisted of
a few scattered trembling aspen with an understory of hazel (CozVLus cornuta
Marsh.). The ground r^ras covered by reed grass (CaLunagnostis eanadensis
(Michx. ) Nutt. ).

The experimental area, located at Riding Mountain (100.5oI^1, 50.8oN,
elevation 2r20O feet above sea level), is within the Hunid Microthermal
Climatic Zone and is characterized by a rain-snow climate with cold winters
and warm suflrners (Anon. r 1957). The soils are Grey tr'tooded and have developed
on moderately calcaresous loam to clay loam til-ls (trIaldron, 1966). Forest
sites predominate and occur on the upper slopes with uroderately moist sites
on the middle slopes.

During the period 1963-1970, when it was necessary, competing vege-
tation within a 3-foot radius of each surviving tree was removed. Aspen and

lRepont based on wonk car"nied out
dian Fonestny Senvice, Winnipeg,

when the author was employed by the Cana-
Manitoba.
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lnazel- suckers were treated with an aqueous solution of 2r4-D applied as a
foliage spray at a concentration of 31000 ppm in L967.

Details of the early work carried out on this project have been re-
ported by tJheaton (1960) and by Waldron (1960) and heights of surviving trees
\i/ere assessed ln 1965 (Roller, 1966). This report deals with the analysis
of the data assessed in I97O, after the 15th growing season from seeding, and
the cornpiled data are presented in Table 1.

Analysis of variance lras applied to assess tree height and survival
with respect to seed sources, separately in both trials. Differences in sur-
vLval percentages rrere found at LZ level between provenances in the Quebec-
Ontario trial but differences in height means were not detected. However,
the hrithin-seedlot variation, indicated by the standard errors (SX) in Table
1, was considerable. In the ManiLoba-saskatchewan trial, differences
between height means were found at 17" level with larger standard errors than
those of the Quebec-Ontario seed sources; a t-test between the means of stan-
dard errors of the eastern and lrestern provenances indicated the differences
at 5i4 level.

Height means for neither trlal were significantly correlated with
degree-days at the seed source. Survival was posltively related at L7" leve1
(r = 0.68, n = 30) to longit.ude (western seed sources have survived better)
and negatively related at 17" leve1 to both annual total preclpitatlon
(r = -0.57, n = 30) and mean temperature (r = -0.60, n = 30) at the site of
seed orl-gin.

In Manitoba-Saskatchewan trial, height growth followed much the same
pattern as survival. The best of the 30 provenances on the basis of height
and survival was from trees at Sandilands, Man. and the poorest fron Riding
Mountain, Man. Records of the Manitoba-saskatchewan trial in l-965 (Roller,
L966) show that the lightest frost, damage and the shortest height were re-
corded for the Sandilands seedlot. This may suggesf that the early frost
damage affected the growth and surrrival of the trees from other seed sources
laEer and more heavily than those of Sandilands and that the trees of the
Sandilands provenance outgrew the others during the past 5 years. However,
the differences in clirnates between the zones of the different seed sources
did not appreciably affect this order over the flrst few critical years after
planting. On the other hand, the direct effect of soil variation on the
different origins cannot readlly be separated from the indirect effects oper-
ative through soil-local climate interactions. No explanation can, however,
be found for the shortest height and lowest survival percentage of the Riding
Mountain seedlot grown in the Quebec-Ontarlo trial. The same seedlot of
Riding Mountain was used also in the Manitoba-Saskatchewan trial where the
trees from this source hrere about average in height and survival. It is
noteworthy that the Big River seedlot ln the Quebec-Ontario trial shows fhe
best survival and average height. It may indicate that the low survival of
the eastern seedlots at Ridlng Mor.rntain are not merely accidental and is at-
tributable to the ecologic conditions of planting site followlng a clfunate-
dependent cline that is related to the longitude from East to West.
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TABLE 1

Source, survival, and height of the provenances of 'whi-te spruce in 1970, 15
years after planting in Manitoba.

Source of seed

Place name
Long.

o 
I^l

Lat.
oN

q
lo

survlval
Helght, cm

(i sf,)

ONTARIO and QUEBEC TRIAL

Riding Mt., Man.
Vankleek, Ont.
St. Maurice, P.Q.
Holland, Ont.
Nipissing, Ont.
Essa, Ont,
Rama, Ont.
Sand Lake, ht.
l4aniwaki, P.Q.
Big River, Sask.
St. Zenon, P.Q.
Denbeigh, Ont.
St. Charles, P.q.
Potter, Ont.
Trols Plst,ole, P.Q.
Carnarvon, Ont.

Candle Lake, Sask. I
Bittern Creek, Sask.
Candle Lake, Sask. II
Swan Plaine, Sask.
Maloneck, Sask.
Torch River, Sask.
Prairie River, Sask.
Riding Mt., Man.
Ki.ssissing, Man.
Ochre River, Man.
Ironglac, Ont .
tove, Sask.
Hodgson, Man.
Sandllands, Man.

"Dlff.r.rrt small
vival; different

n ln height.
"Dash (-) denotes

100.5
7 4.7
73.5
80. 7
79.7
79,9
79.s
79.r
76.O

LO7.2
73.8
77 .3
73 .4
81. 0
69.0
7 8.7

105. 3
L09,7
105.3
102.0
101.9
104.3
103. O

100.5
101. 0
99.7
86.3

104. 1
97.s
95.5

50. 9
4s.3
48.2
44.5
46.2
44.3
44.s
4s.6
46.4
53.9
46.s
45.2
46.4
48.9
48.2
45.2

53.7
50.2
53.7
52.3
52.L
53. 6
52.8
50.9
54.5
5L.2
49.s
53. 5
51.5
49.s

15
29
25
22
2V
19
26
20
27
69
32
25
35
2tr
32
20

36
47
48
50
55
67
69
65
57
57
64
47
57
70

a
c
b
c
c
c
c
c
c
c,:
a
b
c
b
c
b
c

90.3( e.s) -
9L.4( 8.0) -,e9.0(10.9) -
99.3(12.s) -

101.5(10.0) -
L07.4(L7.7) -
108,.6(11. 8) -
10e. s (L6.2) -
111.0 (Lz.L) -
111.1( S.+'1 -
LL2.L(l_o.2) -
LLz.6(15;2) -
113;9(10.6) -
116.1(13.6) -
L22.7 (L2.s) -
L23.7(14.1) -

99.1(16.0) D

103.s(ls.6) D

104.1(L4.2) D

106.9(11.s) c
L07 .9 (12.8) c
LLz.9(11.s) c
113.0(10.6) c
116.1(11.s) c
11_6.9(15 .2) C

119.1(11.3) c
L27 .9 (10.9) B

1_28. 0 (r-s. 2) B
L32.L(L4.s) B
162.9 (13.5) A

MANITOBA and SASKATCHE}'JAN TRIAL

letters denote slgnificant differences (5-Z level) in sur-
capital l-etters denote signLficant differences (1-Z level)

no significant difference between provenances.
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Results after 15 growing seasons from seed strongly suggest that
seed source is an important factor in performance of planted white spruce.
The varying response to precipitation and temperature could be the result of
selection produced by the dlfferences in ecological factors at the differenc
seed sources. Results of the trlals lndlcate that white spruce seeds obtain-
ed from Saskatchewan and Manitoba, especially fron Sandilands are more suit-
able for planting at Riding Mountaln than seeds from eastern provenances.
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SHELTERtsELT TREE BREEDING

W.H. Cram and C.H. Lindquist

Prairie Farrn Rehabilitation A&ninistnation, Tree Nursery,
Indian Head, Saska.teheuan

The tree inrprovement program has been ll-rnited by available resources
since 1965 to:

a) propagation of superior parents for hybrid Caragana seed pro-
duct ion;

b) the 'fused' cotyledon character of Siberian elrn;

c) evaluation of poplar hybrids;

d) provenance testing and regional species evaluations;

e) propagation of hybrid spruce progenies.
A brief surtrtrarv for these activities f ollor^rs.

Caragana arborescens

Some 500 cuttings of two caragana selections (L5'2 and 13-8) were
rooted for establishing a second natural crossi-ng block. Hybrid seed yields
from the l-959 natural crosslng block (A-1 X B5-1A) were low, but to date a

total of 20 pounds have been harvested. Hybrid seedlings from thls seed
have been lncluded ln reglonal test plantings for conparlsons with standard
stock.

Ulmus pumila

A lethal abnormality of Siberian elm was first recorded for a 1968
germination test. This abnormality causes a tube-like fusion of the coty-
ledons with subsequent absence of a terninal leader development. It has
tentatively been designated as tfusedr cotyledon. Data, collected over a
period of 3 years from.germination tests for 295 seed trees, indicate that
237" of the seed trees do not carry this character (Table 1). On the other
hand, 287 of. the trees which produced more than 2O7. seedLings with rfused'
cotyledons were identlfied for discard as seed trees. Controlled pollina-
tions of such seed trees are in progress to investigate the bases for this
characteristlc
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Table 1. Incldencel of 'fused' Cotyledon Character fot 295 Siberian elm
seed trees.

Z Frequency elasses
for fused cotyledons

Seed Years bv Number of See.d trees
1968 1969 L97O Total

Z, seed trees
populat lon

23
36
11

29
40
L4

29
51
T4

68
106

33

10
15

5
10
20

0
1-

11 -
8
5

5
4
1
2
2
1

23
L6
15
13

3
7

7

4

L2
10
L2

B

2

4
3
3

11
5
3
5
1

3
4
I

0
1
0
0
0
0
0
0

30
40
50
60
70
80
90

100

2L-
31 -
4r-
51 -
6l_ -
7L-
81 -
91 -

Totals 98L37L2731 295

Mean (Z) 11.5 L2.4

IAs percenLage of seedlings from samples of 200 seed.

Populus hvbrids

. Thirty-eight poplar selections of 5-year-old hybrids were evaluated
for vigor in comparison to Northwest, a standard productlon clone. These
hybrid selecrions orlginated fron 1962 crosses invoLving FNS 44-52 (Deltoides
X RussLan) polllnated by the Saskatchewan and Petrowskyana clones. Seven

hybrld selectlons (6-10,7-431 6-22, 8-8,5-3,5-10, and 7-15) had equal or
superior vigor to the Northwest clone. A11, except one selection (8-8 from
FNS 44-52 X Petrowskyana), showed evidence of Septoz'ia -Ieaf'spot. None of
the hybrids rnanifested the vigor, resistance to Septoria, nor late defoli-
ation characters of the FNS 44-52 feinale parenL.

Plnus svlvestris

Provenance studies are in progress to evaluate several exotic tree
species, including Scots pine, for selection of promising strains as shelter-
belt naterial in the Prairies. Perforrnance data, from a 1960 co-operative
test with Mr. Holst of Canadian Forest Service at Petawawa, indicated that
the Scots pine provenances from Orel and Kiev in Russia were superior to
nine other sources. A seed production orchard was established in 1970 with
450 grafted plants of the Orel strain and 150 of the Kiev strain.

2.8
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Pinus ponderosa

A co-operative provenance test with the U.S. Forest Service involv-
ing 70 seed sources of Ponderosa pine was planted in 1968. Planting surviv-
al was 93%, bttt subsequent losses have reduced the stand to 667" Southern
provenances from Arizona and New lulexico appeared unsuitable for Saskatchewan

and the most vigorous Provenances were from Nebraska. Provenances exhibiting
the greatest vigor and: survival were from seed sources with elevations of
1000 to 3000 fr.

Eleaenus aneusti-f olia

progenies of 33 Russian olive selections, from the Cheyenne Horti-
cultural Station l-n lJyoming, were fleld planted in 1970 as a shelterbelt at
Neudorf, Sask. Mean planting survival was 847" a1'd Lhe vigor of one progeny

(D833) vras outstanding.

Regional $pecies Trials

Regional tests are planted to evaluate the perfornance-of tree and

shrub species as potential shelterbelt. material for various climatic and

boil zones in the prairie region. Performance data for 1966 plantings of.
16 species at three sites in Saskatchewan and one in Alberta are presented
in Table 2. Planting survival for the deciduous species ranged fron 72 to
842 in Saskatchewan and averaged 567" in Al-berta. Top growth data in 1970

showed Russlan olive to be the most vigorous species, followed in descending
order by mountain ash, Canagana, mayday tree' red elder, and sea buckthorn'
Russian olive suffered rdie backr in all areas, so that its futufe use nay

be restricted. Due to its rapid growth and tolerance to salinity, however,

this species has considerable merit. Cotoneaster, chokecherry' hedge rose'
and honeysuckle performed well at all sites. Of the conifers in these tests'
ScoLs pine was superior at Hays, Alberta and Tonkin, Sask. whereas white
spruce rdas superitr at Langenburg, Sask. Both-species of sPruce suffered
tlrrninal bud darnage due to sprlng frosts ln 1969 at all sites. Conifer
plantings at Lel,ryan in Saskatchewan failed comPletely due to floodlng'

performances of seven poplar and flve willow clones in test plant-
ings at the same four locations are listed in Table 3. Of the poplar, FNS

44-52 exhibited superi-or vigor at three sites but Gelrica tras taller at
Tonkin, trhereas Berolinensis exhlbited the lowest vigor. A11 clones' except
FNS 44-52 and Gelrica, exhibited Septoz'i'a Leaf-spot. Low survival of poplar
and failure of wi1low at Tonkin anil Lewvan hTas prirnarily due to prolonged
flooding and soil salinity. Of the willow clones, Basforf demonstrated
greatest vigor despite considerable winterkill, followed by the Acute clone
with no winter injury; Laurel performed poorly and apPeared susceptible to
chlorosis, while tttit. and silverleaf lacked both vigor and density'

performance of poplar and willow clones \das recorded in L969 fot
1965 plantings at Carrot River, Indian Head, Buffalo Pound, Saskatchewan
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Table 2. Performance of sixteen shrub
1966 regional test plantings
and Langenburg, Sask. , L970,
t ions.

and four coniferous species in the
at Hays, Alberta and Lewvan, Tonkin,
as means tot 25 single plant replica-

Species
Plantine Survival. Z Heieht of Plants. cm

Hays Lew. Ton. Lan. Hays Lew. Ton. Lan. Mean

Shrubs:

Russian oliver
Mountain ash
Caragana
Mayday tree
Red elder
Sea buckt.horn
Native plum
Crabapple
Chokecherry
Honeysuckle
Hedge rose
Slbertran currant
Villosa lilac
Nanking cherry
Korean cherry

Cotoneaster, Peking

L2
5B
82
17
42
72
33
89
88
s4
83
35
60
30
95

88
72
80
76
80
68
32
60

100
92
92
72
68
44
32

100

91
81
88
83
86
80
68
83
90

100
9I

62
85
77
85
62
77
54

100
77
92

100
77
85
62
77

100

180
158
148
L44
r50
156
L42
135
150
105
110
118

94
90
,:

136
77

118
97
9L

105
7L
78
92
93
99

LO7
60
60
69
66

2L9
220
202
188
203
]-74
L82
186
139
146
133

LO7

113
98
85

9;
70
80
85

224 190
206 165
191 765
2L5 161
20r 161
176 153
L7L L42
L66 L4I
L74 139
L54 L24
r52 L24
L28 118
IL7 94
104 92
88 88

LO7 86

Mean
Conifers:

89L3280

80 156
90 52
56 56
80

84

90030
10060
10080
0080

7256 160

130
74
59
56

161 I34

82 L23
90 72
56 57
56 56

Scots pine
White spruce
Colorado spruce
Scop. juniper

Mean

Landing, and North Battleford, Sask. The Carrot River plantlng site in
the aspen-spruce forest zone provided the most favorable conditions,
followed by Indian Head, Buffalo Pound, Saskatchewan Landing, and North
Battleford. The l-atter site had the most demanding environment being dry
with 1ittle to no mnintenance. Based on survival, height, and disease
indicence the best four poplar clones for Carrot Rlver were FNS 44-52,
Gelrica, Sargentii, and Tristis; for Indian Head, P.B.L. /13, Brooks, P38,
P38 and Volunteer; for Buffalo Pound, Cardeniensis, NS 44-52, Vernirubens,
and Northwest; for Saskatchewan Landing, Cardeniensis, Gelrica, Volunteer,

777T8066826228
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Table 3. Performance of seven poplar and
regional test plantings at Hays,
and Langenbutg, Sask., 1970, as
t ions .

five willow clones in the 1966
Alberta, and Lewvan, Tonkin,

means for 25 single pJ-ant replica-

Species and
Clones

Planting survival. 7" Heieht of plants. m

Hays Lew. Ton. Lan. Hays Lew. Ton. Lan. Mean

Sgplgt'

FNS 44-52
Gelrlca
Brooks /17

Saskatchewan
Northwest
Tristis
Berolinensis

100 65
85 55

100 85
-85

95 8s
90 75
75 35

83
33

100
67
67
83
50

94
82

100
82
88
88
65

4.5
3.5
3.5

3.4
3.4
2.6

2.7
2.2
2.2
2.4
2.4
1.9
L.4

4.9 6. I
5.6 4.8
4. 8 s.0
4,4 4.t
3. s 4.5
3.6 3.6
3. s 3.6

4.5
4.0
3.9
3.6
3.4
3.1
2.8

Mean

lJillow:

Basford
Acute
Silver
I^Ihlte
Laurel

696991 86 3.5 2.2 4.3 4,5 3,6

100
100
100
100

70

100
100

75
65
BO

3.1
2.8
2.6
2.3
2.O

2.9
2.8
2.4
2.4
2.3

3.0
2.8
2.5
2.4
2.2

0
0
0
0
0

0
0
0
0
0

Mean 84 2.6 2.6 2.6

and FNS 44-52; and for North Battleford, Vernirubens, Saskatchewan, Car-
deniensis, and FNS 44-52. Performance of willow clones was naturally not
satisfactory in the semi-arid reglons, and the most promising clones were
Basford, Acute, I'Iilford, and Laurel.

Performance data in 1970, for a L966 test planting of 33 poplar
clones at Indian Head indicates the best clone on the basis of height growth
was FNS 44-52 with 6.7 m, followed by Brooks ll7, Cardeniensi-s and Angulata
crecta with 6.1 m.

Picea pungens

Hybrid progenies involving 18r000 seedlings, from 193 crosses made

in L967 for 61 selections of Colorado spruce, were transplanted from the
seedbeds in 1970. These progenies should be field planted in 1973 to evalu-

94
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ate the combining ability of the selections for vigor and needle coloration,
lack of resources rnay prohibit this, however. The same applies for some

41000 seedlings of 70 provenances, from seed col-lections ur,ade in Colorado,
frorn 1960 to 1965. Loss of such test naterial wiLl prevent improvement of
Colorado spruce for future plantings in prairie Canada.
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GEOGMPHIC VARIATION IN PINUS CONTORTA

K. Illingworth

Bz,i,tish Columbia Eorest Seruiee, Researeh Diuision,
Vietorin " B. C.

By combining studies of quanti.tative variatlon in urorphological
characters wlthin wild populations wl-th studies of the variation in norphol-
ogy and growth behaviour expressed in nursery and field trials, this inves-
tigation is designed to:

a) determine broad patterns of geographic variation in Pinus eontoz.ta,

b) locate populations with desirable traits,

c) establish criteria for provenance transfer for reforestation pur-
POSeS,

d) provide background knowledge and material for a breeding progranme
$tith this species. Details of objectives and methods were reported to
the Conmittee on Forest Tree Breeding in L97O.

Nurserv Studies

Observations r^rere continued on seedlings of 144 bulk provenances
and I47 wind-pollinated families sornm in May, L969, at Red Rock Nursery near
Prince George, and Cowichan Lake Nursery, Vancouver Island.

During the second growing season, determination of patterns of growth
behavlour was of primary interest. The periodic enumeration of bud condi-
tion classes had previously been found to be an unsuitable technique for
recording flushing and bud set. This is because, in the pines, spring shoot
growth occurs through the extension of sub-apical, pre-formed stem and leaf
initials, colnmencing with the extension of the proximal internodes of the
bud. The first obvious changes in the external appearance of the bud are,
therefore, preceded by a considerable period of growth activity. Consequent-
ly, growth periodicity was recorded by means of weekly or bi-weekly measures
of height gro\4rth, and an index of periodicity was derived from fieasurements
of secondary needles on two dates.

Autumn colouration ldas much less intense than during the first year,
although stronger at Red Rock than at Cowichan Lake. Needles were bronzed
or reddened among northern provenances, especially from continental sources.
However' attempts to quantlfy these observations ri/ere not satisfactory and
were discontlnued. Similarly, in spite of early and marked lignification
and the assumption of a pronounced lilac colour on st,ems from Hlgh Sierra-
Cascade Mt. provenances, differences i.n stem colour among other sources,
although present, I^rere far less dLstlnct and were not formally assessed.
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Frost darnage has not occurred at Lake Cowichan, but for the second
year it was recorded at Red Rock, being most severe among coastal provenances
frora California, Oregon and southern tr'Iashington (ln decreasing order).

Sarnple seedlings were lifted in October-November, Lg7O, and the
following variables l,rere recorded: stem diameter, needle- and shoot-length,
fresh and over-dry weights of tops and roots. Analysis of these data has not
proceeded beyond the descriptive stage.

Prellmlnary analyses of first year traits, and also of first- and
second-Year data from a 30 provenance pilot trial, include descriptlve sta-tlstics, chi-square and anovas. Marked varlatlon between provenances is
apparent ln such tralts as germlnation pattern, length of cotyledons and
hypocoryl, cotyledon number, epicotyl length, onset and lntensity of autumn
colouration (flrst year), flrst appearance of dwarf shoots and formation of
terminal buds (lndeedr at Cowlchan, south coastal Cal-lfornia provenances
did not set termlnal buds until April, Ig7O, more than ten months after sow-itg). Two-year seedlings showed slgnlficant variation in height, di.ameter,
dry matter production and needle rnorphology. The nagnitude and variabilityof a few of these traits are illustrated in Table 1.

Having ascertained the extent of variability within a large numberof characteristics, analyses are now being directed towards discrimination
between provenances or provenance groups and relating these to environmental
variables.

Variation in VJiid populat,ions

Wood core and foliage samples rrere obtained at the time of conecollection. The former have been turned over to Dr. J.H.G. Srnith, Faculty
of Forestry, University of Britlsh Colurnbia for use in dendro-chronological
studles. Some of the resulting data wl-ll be used in the present study.

Tables 1 and 2 include results of prelimlnary examinations of vari-abillty in cone and needle norphology. Among the several characteristics
examined in needles of 2-year-old plants grovrn at tr{ro nurseries (Table 2) ,stornatal density showed no provenan".-rr,rr"ery interaction, and it would \ *
apPear that the determination of this trait has a strong genetic coryonent. -

Table 2 sumnarlses results of an exploratory survey of variation in
needles from mnture tr:ees in five geographically and ecologically diverse
wild populations. Differences i.n stonatal density among provenances reflect
those found among seedlings, but are more pronounced. The characteristics
seems to be related to the moisture balance of the source environments,
for whlch its adaptive value is obvious.

The study suruniirised in Table 2 included anovas of variation within
and between trees. These results offer a promising basis for a more compre-
hensive survey of variatl-on on a few selected traits within populations ofwild- and nursery-g.rown needl-es frorn both bulk seedlots and hal-f-sib farnilles.
This is currentl_y being made.
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FieId Tests

Thlrty provenancea were planted at coastal, and northern and south-
ern Interior test sites in May L97L, The trials will also afford a compari-
son of nursery effects

Another series of 150 provenances lras sown at Red Rock this sprlng
for testing ln four rnajor climatic regions.

Breeding Arboretum

General proposals for a 160-acre breeding arboretum at Red Rock
were outlined to the Conurittee in L97O. The area was rough-cleared during
the winter of 1970-71, and, upon completion of site-preparation, will be
staked to receive range-wide representation conprising 795 half-sib fanilies
and 91 bulk-provenances in May L972. Coastal provenances will also be estab-
lished in a 20-acre arboretum at Lake Cowichan.

The Red Rock arboretum will also include clonal material represent-
ing 75 Plus trees from a range of elevations and latitudes north of the 55th
parallel. These were obtained through co-operation with Dr. Stig Hagner,
Swedish Cellulose Cornpany (S.C.A.) and Dr. O. Sziklai, University of British
Columbia.

In 1971 during February, and March, 3000 grafts, mostly side veneer,
were made on potted 3-year-ol-d plants at Red Rock. Wind-pollinated seed from
each of the parent trees is to be used in half-sib progeny tests in northern
British Columbia.
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IMPRO\Ef.€NT OF WHITE AND ENGELI"IANN SPRUCE COI"IPLEXES OF BRITISH COLI..}'IBIA

G. Kiss

British Colurnbia Forest Sernsiee,
Researeh Diuision,

Vietonin, B. C.

The prirnary objective of the project is the production of geneti-
cally improved seed of white and Engelnann spruces (Pieea gLauea (Moench)
Voss and Picea engeLnartrtii Parry) in conmercial quantities at the earliest
possible date. The timetable for the project was given by Kiss (1970).

The progress of the project is quite satisfactory. To date there
have been 445 candidate trees selected in three selection units.I

A total of 181 trees have been selected in the Prince George selec-
tion unit. I72 sf. these trees have been successfully establ-ished in our
clone bank. Five trees were lost before successful grafts could be made and
four trees appear to resist our grafting efforts.

Cones were collected from most of the trees and the seedlings des-
tined for progeny trials are 2 and 3 years old. Striking differences in
germination percentages, growth rates, and certain phenologlcal characteris-
tics have been noted. Some of these dlfferences are apparent at the nursery
and research faclllties at Red Rock.

Four progeny plantations will be established within the selection
unit. The first of these plantations w111 be esLablished in spring 1972 at
Aleza Lake using a total of over 111000 seedlings

In the East Kootenay selection unit, 132 trees have been selected.
Most of these trees also have been establ-ished in the cl-one bank at Red Rock.
No cones have been coll-ected yet for lack of a crop but we hope to collect
some this year.

The third selection unit is located ln the Smithers - Houston area,
where 138 trees have been select,ed. Most of them were successfully grafted
during the fall of. L97O and spring of L97L. Cones have also been collected
from all but one of the trees. The l-year-old seedlings from these trees
will be demonstrated during our visit to Red Rock. Striking dlfferences in
germination percentages showed up in this experinent. Some lots had less
than 12 germination out of 1000 stratlfied filled seeds soun. The probable

lA selection unit is an antificially designated anea within whieh the cLi-
matic conditions ane considered to be ne.Iatively uniform. The boundanies
of these units may be nevised in the futune as,expenimental evidence ne-
quires.

l_l_3



reason for the poor germlnatlon of these lots may be the hybrld orlgin of the
parent trees renderLng them rnore or less sterile ''i : i

The Picetum established at Chilliwack in co-operation with Dr. G.
Gordon is largely finlshed. The Picetum planned for the Prince George area
ls ready to recelve the seedlings in the spring of. L972. The seedlings des-
tined for this projeet are nor^r at Red Rock. Some of the spruce species show
very good grordth rate (such as I f 2 black spruce , Picea nw,riarn (Mi11. ) BSP,
averaging over 50 cm).

It was interesting to see that some of the Prince George area clones
grafted in the sprlng of 1969 flowered the next sprlng. Most of the flowers
were rnales but one female and one hermaphroditic flower were also observed.

A number of fall-grafted clones from the East Kootenay area (Engel-
mann sPruces) produced flowers ln the greenhouse the same winter. These
flowers have been pollinated using Sitka spruce pollen and now we are in
possession of a number of hybrld seeds. Germination tests indicate that
these seeds are quite viable. They will be sown next spring and they rnight
supply us with valuable data on the erossability of individual Engelrnann
spruce Parents with Sitka spruce. It will be interestlng to see whether or
not these hybrids will be sterile.

LL4



BREEDII{G PSEI.JDOTSUGA IN COASTAL BRITISH COLUAIA

A.L. Orr-Ewi-ng

British Columbi,a Foz'est SenD,iee t
Reseaneh Diuision,

Vietonia, B.C.

INTRASPECIFIC CROSSES WITH DOUGLAS-FIR

General

Table 1 gives general details on the pollen parents used for the
1963-1968 lntraspecific crossing program, their general locations being
shown in Figure 1. Forty seed parents from Vancouver Island and the Lower
Mainland were used for Ehese crosses, 19 of them being selected plus trees.
The 37r800 seedlings from the crosses made from 1963 to 1966 have already
been planted on 19 test sites selected over a wide range of environments on
Vancouver Island and the Malnland. Their locations are shown in Figure 2,
and the details given in Table 2. In general-, survival is high although
there rdere some unexpected losses from Rhizinia unduLata'. The seedl-ings on
the test sites at Squamish River and Salsbury Lake on the nrainland, in par-
ticular, being heavily attacked the first growing season after planting.
Browsing has also been a problen together wlth hazards from road and po\"er
li-ne constructions which so fan have been successfully countered.

Another nine test sites on Vancouver Island and the }4ainland were
selected and staked in 1970. The planting of these test sites with the more
than 321000 l- * 1 seedlings from the 1968 crosses \das started in February and
it is hoped that it can be completed by the end of May ln spite of delays
caused by snow.

Height,Measurements on the Test Sites

The first height measurements on the test sites are made on comple-
tion of the third growing season after establishment. The results of those
made on test sites 1 to 17, established from 1966-1968, are now being criti-
cally anaLyzed, but some general observations can be made. Firstly, as re-
gards number of seedlings per cross, the decision mnde in 1963 that wherever
possible l-00 seedlings per cross should be planted at every test site has
been more than justified. Some unexpected mortal-ity inevitably occurs with
even the most careful planting, in addition snoht and wildlife can cause fur-
ther darnage. There is considerable genetic varlance within the crosses and
this wiLl be obscured lf too few seedlings have been planted. The opportu-
nlties for further selection are also reduced while statistical comparisons
between crosses are at best unrellable. Secondly, certain crosses have shown
a definite superiority in the nursery which has been rnaintained on the test
sites. Unfortunately, however, this ls not an established pattern with every
cross, so that nursery results have to be accepted with some caution. At
present, very little eulling of particular crosses is carried out in the
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nursery., And thtrdly, most of the crosses hrith either Washington or Oregon
pollen parents from the coast and west of the Cascades have performed extreme-
ly well to date on a wide range of test sites. They further aPpear extreme-
ly adaptable, one partlcular cross, for example, was outstanding, on both the
Squamish and Ucleulet test sites which have widely different environments.
The growth of certain individuals within some of these crosses is also excit'
ing. One tree from a 1965 cross, for example, which was planted in 1958, was

measured at Ucl-uel-et in 1970 and found to be 8.5 feet tall.

The 1968 Crosses

These are the most interesting crosses made to date as plus trees
selected in British Colurnbia were used as both seed and pollen parents to-
gether wlth other pollen parents from Washlngton, Oregon and California. In
addttlon, progeny from wLnd-polllnation of the plus trees themselves were
ralsed wherever possLble. The 1 * 1 seedlings were measured ln the nursery
ln 1970:and the early resuLts are most encouraglng. It was found that the
heights of the progenles from 11 of the l-3 British Columbia plus trees tthen
crossed wlth elther Washl-ngton, Oregon, or California pollen parents were
slgnlficantl-y taller than those from the same pareRts crossed with other
Britlsh Colurnbia plus trees.

INBREEDING STUDIES WITH DOUGLAS.FIR

Nurser:v Develooment. 1970

Investigations into the occurrence of dwarfisn in the Douglas-flr
rirere continued. Seed from the 10 51 inbreds selfed to the 52 generation in
1968 had all been lndividual-l-y nurnbered after sowing in 1969. Detailed rec-
ords were kept of each germinant ln the seedbeds and these were maintained
after transplanting. Such procedures are necessary as there is some varla-
tion among the dwarf seedlings as they grow ol-der. The identlty of each
seedlLng will- be retained when they are planted in l-971-. Segregation into
dwarf and talL forrns was agaln observed confirmlng the 1967 results. Nine
51 inbreds from se!.fed farnll-y 11 have now been inbred successfull-y to the
52 generatlon and eight of these segregate lnto dwarf and tall forms. There
li no Begregation ln the one renalnlng lnbred, which has been sel-fed in L962,
1966 and 1968. TtrLe dwarf form fLrst appeared in limlted numbers in the 51

lnbreds from tree 11 wtrich was selfed ln L954. The dwarfs are nor^l 16 years
oLd but are easlly recognized as they stlll- average 5 feet ln height. Unfor-
tunetely, they have yet to produce either fenale or male stroblli.

1970 Polllnattons

Wlth the knowledge obtalned from previous studies, some more Pre-
clse pollinatlone t,o lnveetlgate dwarflng could be rnade in L970. two 51

lnbreds were eelected in both famlLtes 2 and L1, ln each case one was known

to segregate lnto dwarf and tall forms and the other not to segregate. As

shown tn Table 3, reciprocal polllnatlone were made wlth all four trees and
ln addltton, backerossee were rnade \illth the orlglnal Parents. The pollina-
ttons lrere all success.ful (Tablee 3, 4) and the seed w111 be soliln this spring.
Four other selfed famllieE, 6, 8, 10, and 12, were aLso selfed to the 52

genetatlon wlth varleble regulte.
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Table 1. Pollen parents used i-n the intraspecific crossing progran with
Douglas-fir,1963-68.

Province
or State

General location
of pollen
parents

Range of
Elevat ion,

fr
Cross i-ng

year
M"p1

No.

B. C.

Alberta
Llashington

Oregon

California

New Mexico

Arizona

Mexico

Cowlchan2
Sproat Lake
Trent Rlver
Flrvale
Niemarnanous
Horet2ky
Priestly
Fort St. James
l{est Lake
Tabor Mt.
Lac Le Jeune
Zincton
Stagleap

Shaganappi

So1 Duc2
Mcleary
Olyrnpia2
La Grande
Teanaway Cr.

Molalla3
Meto1lus2
Clear Lake
Lacomb2
Pedee2
Elk Creek2
Springfield
I'lolf Creek

Meadow Valley
Webber Creek2
Mt. Tanalpais2

North Easter

Escudilla Mt.2

Madera

700-2800
200

2300
400
200
500

2200
3150
2750
2750
3800
3400
3825

3500

2400-2500
250
100
600

L200

1520
2700-4L00

3400
900-2000
250- 550
150-1500

1160
l_200

4000
1800-3000

1800

9500

9850

7500

1963, 66,68
L966
1968
1965
L963
L96s
1.963
1968
L966
1968
1963

1963,66
L965

L96s

L964-68
1968
L965

l-965-66
]-966

1966
]-965
1965

L965,66,68
1963, 64,66,68
1965,68

1968
L966

L966
L964,66

1968

L967

1968

1968

1
2

3
4
5
6
7

8
9

10
11
L2
13

I4
15
L6
L7
18
19

20
2L
22
23
24
25
26
27

28
29
30

31

32

33

IFigune l-.
2Uoi" than one pollen panent fnom general location.
rSeed Panent.
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The flrst polllnatlons r{rere also possible on two S2 inbreds which
were. raised from seed in L963, Pollen was obtained frorn an S, lnbred in
selfed family 11 and the flrst single crosses between two 52 inbred lines
rirere successfully made. The cones were admittedly srnall and the yield of
seed correspondingly low but the fact that 52 inbreds can be crossed 8 years
from seed i-s most encouraging.

Table 3. Crossing design for selfed families 2 and 11-, 1970.

SL.2.L2 sI.2.2L So.2 s1.11.32 51.11.85 So.11

SL.2.12
SI.2.2L
s1.11.32
s1.11.85

x
x
x

x
x
x
x

x
x
x
x

x
x
x
x

Table 4. Yleld of seed frorn 52 Inbreds, 1970.

Strobil-i Seeds

Total ViabletInbred Number Colour
Cones

produced

s2.26.4
s2.26.5

18
11

29
37

Green
Purple

227
L56

32
51

rDetenmined by X-ray.
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A PRO\ENANCE STTJDY OF COASTAL MUGLAS-FIR

R. L. Schuridt

British Colwnbi,a Foz,est Seruice,
Researeh Diuision,

Vietoria" B.C.

This study (Experimental Project 599) is concerned with developing
seed transfer rules for application in reforestation projects. It incor-
porates three related experiments:

a) Field testing ln five contrasLlng clirnates to define the range
of adaptability Ln 77 coastal- provenances.

b) Fleld testLng of a high and a low elevation provenance from
each of flve locallties at representative elevations. Thls exper-
lment ls concerned wlth assessing effects of seed transfer over
alt itudinal gradl-ents .

c) Field testing in many climatlc and geographic situations of
five provenances from contrasting cllmates along with a local prov-
enance to assess the possibility of identifying provenance zone
boundaries.

At present 130 acres of test site have been established within the
Vancouver Forest District (Figure 1). The establishnent phase will be con-
cluded in 1973.
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WESTERN HEMLOCK TREE IMPRO\EI4ENT

R.F. Plesch

Canadian Forestrg Seraice,
Pa.cifie Forest Researeh Centne,

Vietoria, B.C.

The objectives, apProaches, and initial progress in this study were

dealt with in the 1970 report to the committee. This rePort deals with the
test plantation establishment phase.

During the sprin g ot L97O, the l-year-old seedlings grown in bullets
hrere transplanted into styrofoam plug mouJ-ds, each cavity of which contained
twice the volume of soil than ln the bullet container. The subsequent year's
growth was excellent; lt much exceeded that expected. Many seedlings reach-

"a " n"tght of a foot or more, thus quadrupling their first-year heights'

During the spring of 1971, the seedlings making up the population
test, h/ere out;lanted on four sites on forest industry lands as follows:

Area

Coal }larbour
Franklin River
Gold River
Beaver Cove

Latitude
50" 37 I

49" 55'
49" 54',
50" 27'

Longitude

L270 33'
r24" 551
126' 081
126" 531

Elevation, ft
200- 300
900-l-200

1200-1300
1700-1900

The 15 seed source populations were planted in a randomized block
design, at an operational spacing of 8 x 10 ft. Plot size was 1/3 acre so

that each block covered 5 acres. At each site, five 5-acre blocks were plant-
ed, i.e. a total of 100 acres in all-. Due to a late spring and abnormally
heavy snow accumulations, planting conditl-ons were not optirnal. The seed-
lingl were flushlng actively when planting was completed in rnid-l'Iay.

A 150-acre tract of Crown land near Victoria has been reserved for
field tests under the project by the B.C. Forest Service. Twenty acres vtere

cleared for planting in Ig7L. A study involving 100 "half-"1b" (wind-polli-
nated) fanilies is f,elng established on the area, with planting scheduled
for completion by the .id of Uty. First year nursery heights were recorded

in the nursery "nd """orrd 
year heights irngediately after planting, enabling

subsequent assessment of annual height increment'

For this study of 100 half-sib families, a complete randomized block
design is bel-ng used with 6-tree plots, and 10 replications. This will be

prirnarily a short-term study with lnitial spacing at 6 x 6 ft. However, the

iesign will enable thinning at a later date to a 6 x 12 or L2- by L2-toot

"p""irrg 
while retaining ali famili-es in all replications, if desired. Thus,

longer term studies such as those oriented toward assessment of juvenile-
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mrture correlations could be undertaken. In addition to progeny test plant-
ings, the area will serve as a clone bank and breeding arboretum. Nearly
21000 rooted cugtlngs from the western hemlock seed trees used for the pop-
ulatlon and half-sib studies will be planted on the site in the fall- of L97L.

Two publications are planned for completion this year: one dealing
with the first-year nurserJl performance of western hernlock families or pop-
ulations; and one reportini "..a and cone yields of l-year-old western hen-
lock rooted cuttings.
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FOREST GENETICS AND TREE BREEDII\G

AT TI.{E FACULTY OF rcRESTRY

LJNI\ERSITY OF BRITISH COLI.JItsIA, VANCOIA/ER

O. Sziklai

Faeulty of Forestry,
Uniuensity of Bnitish Colurnbia,

Vancouuev," B.C.

ACADEMIC PROGRAI.{

The Forest Genetlcs undergraduate course was taken by 22 students
during the spring term of. L97O-7L.

' "' The follor^ring graduate students are urajorLng in Forest Genetics:

Mr. R. Ho, (Ph.D.) completed his course requirements and his compre-
hensive examination during L970-7L. He is presently working on his thesis,ttstudies on pollen grains of selected species in Pinaceae" and expects it to
be ready by the end of L97L.

Mr. M.D. Meagher, (Ph.D.) has also cleared his courses and compre-
hensive examination. He ls working on "Morphological varLations in Tsuga
heterophyLLa (Raf.) Sarg.'r and expects to finish his work by early L972.

Mr. H.G.D. Marshall, (Ph.D.) after his 2 years of residence at U.B.C.
is preparing for his cornprehenslve examlnation scheduled for September L971-.
He is working on economic evaluat.ion of forest tree breeding programs.

Mr. E.R.A. Falkenhagen, (Ph.D.) after completing his first year
resl-dence, esEablished a progeny test of Sitka spruce. The collection is
part of IUFRO Section 22 expedttion and includes 559 trees, representing 39
locations from B.C. and Alaska.

Mr. C. Yao, (M.F.) is completing his program and will present his
thesis on t'Geographic variation in 1r000-seed weight, in cone-scale morphol-
ogy, and in seed gerrnLnation of Douglas-flrtt.

RESEARCH PROGMI'{

In connection with IUFRO Section 22 cone collection programs sf
Pseudotsuga menziesii (Mirb. ) Franco and Pieea sitehensis (Bong. ) Carr. ,
15-20 cone samples were received from each of the 11823 trees of Douglas-
fir and 550 trees of Sttka spruce.

Btonetrlcal investigations on cone and seed characteristics are
lncluded Ln Yaots and Falkenhagenrs proJects. A progeny test rdas established
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at the U.B.C. Research Forest ldarch L97L. Dr. M.El-Lakany studied nuclear
characteristics and DNA content on 2l- samples of Pseudotsuga during hl-s post-
doctorate time. This project is no\,s extended to include more samples to
elucidate the variation pattern of this inportant species. We are also
atteflpting to indicate the probable origins of Douglas-fir stands established
in France, Gerrneny, and Pol-and during the turn of this century,

Selection of 91 lndividuaL Pinus conto?ta vaLr. Latifolia trees was
complet,ed during the summer of 1970 for Svenska Cellulosa Aktiebolaget
Sundsvall, Sweden. Scions were collected during October and shipped to
Sweden in November. This gene pool w111 be preserved at Red Rock Nursery
by the B.C. Forest Service whil-e a clonal seed orchard will be established
in Sweden.

Tree Iuprovement

The Douglas-fl-r cooperative progeny test that resulted fronr the
1968 intraspecific crosses representing 100 families is planted out Ln
Caycuse, Courtenay and Gold River by the three Coastal forest companles.
Single tree plots were used in an inconplete Latin square design (t = 100,
k = 16 or more).

PUBLICATIONS

E1-Lakany, M.H. and O. Sziklal. 1970. Effects of ganma-irradiation on some
western conifers, Radiat. Bot. L0:4LL-420.

El-Lakany, M.H. and O. Sziklai. 1970. Variation in nuclear characteristics
in selected western conlfers and its relation to radiosensitivity.
RadLat. Bot. 10: 42L-427.

El-Lahany, M.H. and O. Sziklai. 1970. Effects of garnrna-irradiation on
pollen, on sded and on seedling characteristics in Douglas-fir, 15 pp.
Advancing Frontiers Plant Sc. 25254-5I.

Szlklai, O. and R. Ho. 1970. Development of male gametophyte of lodgepole
in pine in uity,o. IUFRO SecEion 22 Worklng Group Meeting on Sexual
Reproduction of Forest Trees, Varparanta, Flnland. Proc. 2(Sz):1-18.

Sziklai, O. and M.H. E1-Lakany. Lg7O. Ileight gror,rtth of intraspecific
Douglas-flr seedl-ings using gamml irradiated pollen. 5th Forest Biol.
Conf ., TAPPI. Raleigh, t{.C: 11-l-3 May. L2 pp.

Szlklai, O. and M.H. El-Lakany. L97O. Results fron diallel-cross of
Pseudotsugd. menziesii (Mirb. ) Franco. Appllcation of Quantitative
Genetics in Forest Tree Breeding. Czechoslovakia, 22-27 June.

Szlklai, O. and M.H. El-Lakany. Lg7O. Intraspeclfic variation in nuclear
characteristl-cs of Dougl-as-fir. Part I. Interphase nuclear volume.
lst N. Amer. Forest Biol; I^lorkshop. Mlch. State Univ., East Lansing.
5-7 August.
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Sziklal, 0., and M.Il. El-Lakany. L970. Progress report on plus tree selec-
tlon of Pinus eontorta Univ. B.C., Fac. Forest.
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A STIIDY OF THE IUFRO SITIG SPRIJCE PRO\ENAtr{CES AI{D SII\GLE TREE PROGENIES

E.R. Falkenhagen

Eaeulty of Forestz'y,
uniuersity of British Colunbia,

Vaneouuer, B.C.

During the 1970 fall, the IUFRO Section 22 "Working Group on Procure-
rnent of Seed for Provenance Researchlr organized an expeditlon to collect Sitka
spruce (Picea sitchensis (Bong) Carr.) cones from British Colunrbia and Alaska.
In most cases, the collectlons r^rere made from 15 trees in each location. The
procedure of the collection rrras outlined by the "!'Iorking Group on Provenance
Research and Testing" Meeting at Pont.-a-Mousson, held in 6-9 Septernber 1965.

The locations of the 39 provenances range frorn 48.38oN to 58.37oN
latitude and from 121.93"W to 134.58"1I longitude. The elevation varies from
0 to 21200 feet above sea level, (Table 1).

Twenty cones from each of the 557 trees representing 39 locations
were provided to Professor O. Sziklai. The seed riras extracted by hand during
the 1970-71 wlnter and stored at 32"F. Thls single tree progeny collection
constitutes the material wlth r^rhich the author cornnenced the present study
as part of his Ph.D. thesis.

Ten cones per progeny \^rere randomly selected and rhe length of each
cone measured to the nearest mm.

Five randomly selected seeds from each tree htere mounted on a special
sheet, and seed length, seed width, wing length and wing width were measured
to the nearest 0.01 rm.

Nested analysis of variance and Duncanrs rnultiple range test for
all the characteristics studied have been performed using biogeoclimatie
zones as defined by KraJina (1969). No definite pattern of variation has
been detected by using univariate anova procedures and mul-tivariate statis-
tical techniques are being applied as each trait probably contains some use-
ful information. A simple correlation matrix has been calculated between all
the characterlstics studied and longitude, latitude and al-titude of the place
of origin of the provenances, using the provenance means. Multiple regres-
slon analysis has been used for investigating this correlati-on natrix. The
percentage of variation accounted for by the geographical coordinates i-s not
too high, leaving much of the variation unexplained.

Seeds from each of the 557 trees have been individually sown in
April L97L, uslng a randomized complete block design with 4 replications.
Characteristics of these progenies will be studied in the nursery during the
first two growing seasons.

131_



Table 1. Geographtcal coordinat,es of the Sitka provenances (39 populations
and 557 trees) studled. ' t: I

Provenance Lat. " Long. o Elev. ft.
No

1
2

3
4
5
6
7

I
9

10
1l
T2
13
L4
15
18
L9
20
2L
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
4L

Vedder 49.12
Squamish River 49.92
Big Qualicum River 49.38
Salaron Bay 50.38

55.47Cranberry Rlver
Kltwanga 55.17
Usk Ferry , 54.63
Sharnes 54.40
Wedene River 54.L3
Kltsunkalun Lake Park 54.72
Derrlck Lake 55.68
Dragon Lake 55.35
ZoLap Creek 55.15
Fuknar Creek 55.15
Aberdeen Creek 54.20
Cedarvale 55.02
Kaslks River 54.28
Hunpback Creek-Porcher Island 54.03
rnverness 54.20
Ilays Mtn., Prlnce Rupert 54.27
Moespolnt, Annette Island 55.03
Cralg 55.50
old Hollis 55.47
V'lard Lake 55,42
Ohmer Creek 56.58
Duck Creek 58.37
Allouette River, I{aney 49.25
Muir Creed, Sooke 48.38
Port Renfrew 48.58
Tahsis 1 50.08
Tahele 2 49.83
Holberg 50.62
Moreeby leland, Skincuttle Inlet 52,28
Moreeby leland, Sewell Inlet 52.87
Moresby Isl,endn Cumehewa Inlet 53.05
Sandsplt, Queen Charlotte Island 53.13
Iuekatla 53.50
Maeeet Inlet 53,92
Blenheln, Sarlta 48.90

L2L.93
L23,25
L24.62
L25,95
L28.23
L27.87
L28.40
r28.95
L28.62
L28.77
r.28.68
L28.95
L29,22
L28.97
L29.92
L28.32
L29.42
130. 3 7

L30.25
130.32
131. 55
133. 13
L32.67
131.70
L32.73
134. 58
L22.60
L23.87
L24,40
L27 ,50
L26.67
L28.L2
L3L.22
132.08
132. 08
131.80
L32.L7
132.08
r24,95

100
100

0
0

1700
2200

450
100
550
450
800
850

50
1300

0
800
100

1000
50

2100
0
0
0

50
25

100
650

0
25

r00
L0

100
50
50

200
250
300

0
700
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SIJVMARY OF GENETICS STTJDIES AT THE INSTITTJTE OF FOREST GENETICS,

FOREST SERVICE, RHINEI-AI{DER, WISCONSIN

Hane NLenstaedt, J.P. Ktng, J.P. MLkeche and Knud E. Clausen

U. S.D.A., Foreat Semsiee,
FhineLutden " Wie eonein

Sluce 1955, the research program has concentrated lnveatigatlone
on PLnue, Pieea, and BetuLa. Lese lntenslve efforts have lnvoLved. Abiee,
Iarir, and Ttwja. The earlLer efforts were provenance research, later
lndLvldual tree progeny testlng, using open- as well as control-poLllnated
eeed, galned ln lmportance. SpecLes hybrtdizatlon studiee have aleo been
carrled out Ln BetuLa and PLcea.

In the foJ.lowing, we outLlne brlefly eome of, our dost reeent
etudlee and preaent sone of the more interestlng regults that we have not
publtahed previouely.

JACK PINE

Ineect and dlaeage reeistance research has been one of two main
lntereate ln Jack plne. The plan for theee studles ltas outllned by Jeffers
(1,970) and the reeults of studLee of the varLatl-on ln tnsect sueceptibtllty
ln Jack plne provenances collected and tested ln the Lake States have been
publ-lshed by King (1971).

After eone prellminary work ln Lg7O, a eecond maJor, rlerr study got
undenray tn 1971. It ls a study of provenance hybrldtzatlon, and w111
lnvolve slx of the provenances ln the rangewl.de Jack ptne test started by
the Canadl.an Forestry Servlce, Petawawa Foreet Experlment StatLon ln the
early 1950fs. The obJectives of the nenr study are:

a) To determlne the relationehlp between the Lnherltance of quanti-
tatlve characterl.etice of Jack pine and the geographic separatlon
of the parente.

b) To co,upare tndivldual tree genetie varlatlon wlth the between-
provenance varlatlon.

c) To determine the effect of teet envl.ronment on the expresslon of
quantitatlve characterlstl.ce .

c) To develop a more thorough understandlng of the genetic control
of lnterprovenance variation.

Ttre alx provenances to be used'are from DurelL leland, N.S. 1fZO3)t;
Petawawa Plalns, Ont. (3246); Mos{uee, t{lec. (3269); Fife Lake, l{lctr. (3272);

lPetawawa numbens.
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Big River, Sask. (3288); and Fort Surlth, N.I^I.T. (3296). They were chosen
to include: (1) a l-arge range of geographtc diversity, and (2) at least one
provenance local to the test planting sltes. The selection of the second
group required conslderable comprornJse. After considerable discusslon, it
finally was decided to use full-sib familles ln the study, rather than to
use po1-len mlxtures. Thls necessitated some limitation on number of crosses
and the outcome was the following crosslng schene (faUte t).

Three to slx pollen parents within each provenance will be selected
and w111 be used as male parenta only, but wiLl be crossed with one female
in each of the slx provenances. We w111 , therefore, produce sl-x l-ntra-
provenance and 15 tnter-provenance comblnatlons and tireir reclprocals. The
actual- number of full-eib famlltes repreaentlng each comblnatlon wlll depend
on the succeee of the lndlvldual croesee. If each of three cooperators can
handle three pollen parents, there will be nLne famllles per lnter-provenance
comblnation and 18 ful-l-slb famlllee per inter-provenance comblnatlon. The
U.S. Forest Servl-ce, Rhlnelander, Wisc.; Petawawa Forest Experlment Station,
Ont.; and Miehlgan St,ate Unlvetsity w111 cooperate on the polllnatlons.
Test plantlngs w111 be establlshed by these three cooperators and by the
Canadian Forestry ServLce at Frederlcton, N.B. and Edmonton, Alberta.

In Wisconsin, we did sone prel-ininary crossing in L97O, and ln 197L
attempted 1-08 full-sib conblnatlons. With four 2-men crehrs and one super-
visor, and all labels prepared in advance, rre managed to polllnate 930 bags
ln 6 hours. l,Ie pollinated an average of 3.3 femaLe strobili per bag. During
the two seasona, we have experienced these problerns:

a) Fernale and male productlon on trees ls sometlnes insufficient for
the required nuurber of bags, partlcularly in northern and north-
western provenances. Therefore, selectLon of parents which
ldeally ehould be random, requlred a compromise. We classed all
treea (about 42 - 48 per source) as having "sufflclent" orrrlnsufficient" male or female stroblll . Parents r.rere than plcked
at random ln the t'suffLclent" class.

b) Cone abortlon rate averagea about 507. for controlled pol-llnatlon
ln Jack pine. This should be considered when determining the
nunber of femal-es to poLlinate.

c) Better estlrnates of the number of viabl-e seed per cone Ls needed.
Stralght or sllghtly curved cones average 24 - 26 full seed per
cone, while strongly curved cones, partlcularly from northwestern
provenances, have an average of 14 full seed per cone after open
polllnatlon (Jeffers, 197L) .

d) lle have been unable to force pollen, and this has lirnited the
nurnber of pollen lots we have been able to handle

It has been our experience that crossing schemes should be sirnple
and flexlble, and because fenale strobill production is Low at least in
younger trees, lt is best to make fulL-strb crosses. From the sirnple stand-
potnt of loglstlcs, it Ls the rnost efflci"ent method and yields more genetic
lnforrnatlon.
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Table 1. Crosslng Plan for Inter-provenance Study of Jack Pine.

Fenal-e Parents Male Parente

Provenance
Number 03 46 69 72 88 96

101 x (03x03)
L02 x
103 x
etc.

201
03 202

203
etc.

301
302
303
etc.

x
x (03x46)
*...

x (03x59)
x
x

etc.

l-01 x
LOz x (46x03)
10,3 x
etc.

20L
46 202

203
etc.

301
302
303
etc.

x
x (46x45)

x
x (46x69)
x

etc.

69
etc.

etc.
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YELLOI^I BIRCH

Measurements during the 3-year nursery phase of a study of 55
provenances of yellow blrch at Rhinelander determined:

a) Cllnal varlatlon ln budbreak - northern provenances flush flrst.
b) Clinal varLatlon in growth cessatLon - southern seed sources

extend theLr height growth longer into l-ate sunner or early fal1.
c) Low elevatlon sources from Tennessee, Ohlo, as well as the

Kentucky and Vlrglnla seed sources, had much winter lnjury.
d) Vatlation in total height growth among sources appears to be

random (Clausen, 1968, L969).

Three-year height gtowth in three other nurserles, Houghton, Mich.;
East Lansing, Mich.; and Syracuse, N.Y. has been added to this orlginal
lnforrnatlon (Table 2). The random pattern of variation is verifLed and
there is considerabl-e evldence of genotype x envlronment interaction. There
are no idenllfiable trends; however, a source that is good in one nursery
may be poor, average or good in the others. This, to us, suggests that
yellow birch nursery growth data w111 show llttle or no correlation wlth
growth later in the ltfe of the trees. Random variatlon in height growth
mlght ln tfune change, and the variatLon pattern becornes cl-inal, correspond-
lng to the cllnal varlation Ln flushLng and growth cessatlon.

BLACK SPRUCE

The cooperatLve range-wlde bl-ack spruce provenance study lnvolving
Canadlan and U.S. research organl-zations was atarted in the greenhouse
February L7 - 23, L97L. The seed was germinated on perlLte Ln petri dishes
and the young seedlings were transplanted to tubes - 256 per source - during
thls phase of the study. On 3 June L97L, the seedllngs were moved to our
lathhouse where they were grorfil under natural daylength.

Prel-ininary data coLlected about 10 July 1971- consisted of:
a) survival,
b) percentage of survlvlng seedlings actively growing, and

c) total height of the tallest 5 seedlings in each of two replica-
tlons per seed source.

We expected the varlatlon patterns shown ln Figures 1 and 2. North-
ern seed sources, particularl-y those from l-atltudes hlgher than 52oN, tend
to cease elongation early, and the more southern seed sources with contl-nued
growth tend to be the tal-Lest.

The seedl-lngs were transplanted to the nursery beglnning 16 August.
plan a 4-yeat nursery test of all 110 seed sources and two field tests
the 50 seed sources that perform best ln the nursery.

tIe
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TabLe 2. Ileight as a percent of the
ln the nuraery provenances

nursery means after 3 years
for yel-low birch

State
Provenance or

No. ProvLnce

Locatlon Nursery

Lat. oN Long. ol{ Iloughton Rtrinelander Lansingl Syracuse

Average height (cn)

324L
3065
3066
3001
2997

2999
3000
2977
2956
2985

2982
297L
33L2
3299
2959

2954
2958
2983
2960
2987

3298
2963
2964
2966
2967

N.S.
N. S.
N. B.
Que.
Que.

Que.
Que.
Me.
Me.
N.II.

Va.
Mass.
Penn.
Va.
N.C.

Tenn.
Ind.
r11.
Mlch.
Mlch.

Wlsc.
Wisc.
Mlnn.
Mlnn.
Mlnn

46.6
45.4
47 .4
49.2
47.0

47.4
47.5
44.8
43.7
44.O

44.7
42.7
4L.6
37.8
35.7

35.7
38. 3
4r.9
4s.9
47.0

45.7
43.L
44.2
47.6
47.8

50.5
61.8
65.2
65.1
70.3

72.6
75.0
68.6
70.9
7L.4

72.6
73.2
78.7
79.L
82. 3

85.3
86.5
89.4
84. 8
88.7

89 .0
88.4
94.L
92.5
90.2

85
89

LL2
82
88

ro4
99

126
98

100

105
L32
108
L07

96

78
88

LO2
94

1r_0

L07
L22

85
94
92

37.3

L22
85

LO2
9L
85

L02
9L
87

t_00
96

119
104
L25

84
LL4

64
96
92

LO7
99

92
L07
108
l_19
108

45.9

L02
96

111_

90
93

108
LL4
90

LL4
I'23

93
93

108
LL7
I.08

72
72

L29
r_08

87

L02
90
90

r02
93

l_0I_.8

LL4
94

r_00
54
5B

114
94

148
LLz

B1

95
r02
83

L95
7L

88
L24

86
85,
72

L24
103

82
L29

91-

29.5

lBased on the tal-lest tree Ln each row.
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WIIITE SPRUCE

Our range-wlde white spruce provenance test is now completing the
10th season of growth and is due for neasurement this fal1. Slnce the
5-year measurements (Nienstaedt, 1969) , we have scored an outbreak of spruce
sawfly (Pikonema alaskensis (noh.)) f" a planting in northeastern lutlnnesora,
and worked on the cytology of the specles.

Sawfly darnage rtas scoted in 1968 and 1970 uslng 5 classes based on
the amount of foliage damaged. Valued from 1 to 5 and 0 to 4 were assigned
to the classes in l-968 and l-970, respectlvely. Thls difference is scoring
accounts ln part for the overall magnitude of the values in Table 3. The
correl-ation between the two scorings was r = 0.838**. There was a weaker
correlation between height growth and degree of injury (r = 0.599!t* in 1968
and r = 0.469* ln 1970). The shorter sources are perhaps partly protected
by the herbaceous vegetation. Neverthel-ess, there is conslderable variation
among the taLler sources of which two Ml.nnesota seed sources (L647, 1699)
were hlghly susceptible, while two ontario seed sources (L662, 1633) had
average or sllghtly bel-ow average damage.

In another test planting, sawfly damage has been more severe and
lt has been luposslble to demonstrate any difference in damage related. to
seed source. Is it then posslble to breed for sawfl-y resistance? Perhaps -
we cannot anslder the questlon with the lnformation we now have. First, we
must know the inpact of damage on grohrth and survLval-. Secondly, if damage
does, tn fact, reduce growth and lower survival, we must learn more about
the causes of resistance and determlne whether resistance can be increased
by combinlng genotypes wlth different resistance factors (or lacklng attrac-
tants or palatablltty) . This ls, perhaps, most ltkely to be the case if
hlghly dlvergent types show resistance. A provenance from the Black Hills,
S.D. (1628) and another from Surnmlt Lake, B.C. (L677) are partl-cularly
lnterestlng. Both are average in helght, but rate low in damage, when suffl--
clent flowerlng occurs these two sources should be crossed with the two low
l-ncl-dence Ontario sources as a first step toward the development of sawfly
reslstant whlte spruce.

Publtshed cytol-ogLcal work at Rhinelander has shovrn slgnificant
differences in DNA content per ce1l among conifer species, and among proven-
ances of some of our native specles (t"tiksche , L967, 1968). In an atteupt
to clarlfy these differences, we have studied base composltlon and the
content of rel-terated DNA ln coniferous material.

Base compositlon was determined by analytical and preparatlve
equillbrium centrifugation in ceslum chlorlde solution, and by plots of
thermal denaturation. No differences were found among slx provenances of
P. glanea or four of P. sitehensis, and there lvere no dif ferences :rmong
these two speciee and l-2 others of North American conLfers. A posslble
expJ-anatlon for speciation and provenance DNA differences lras suggested by
Cot analyses on three provenances of P. glauea and on Thuja oeeidentalis,
Pinus diuarieata and Pinus nesinosa. The differences tn DNA were related
to the eontent of repetitious DNA or reLterated sequences; the higher the
DNA content per cel-I-, the greater the proportlon of such sequences (Miksche
and Hotra, 1971).
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Table 3. Spruce eawfly d'mege on 28 whlte spruce provenances
growlng ln northern Minnesota

Sawfly Damage as
Percent of MeanSeed

Source
No. Locatlonl

5-year
hetght

ln. 1968 L970

]-628
1530
1631
L644
L6t+5
t647
].649

t652
1653
L654
1655
L657
r_658
1659

r.660
t_561_

1.662
1663
L664
L665
L567

L699
L676
L677
L678
1686
L687
1697

s.D.
Mont.
I'Ian.
N,Y'
Wlec.
Mlnn.
N.H.

Al-aeka
Alaska
Alaska
Malne
Labrador
Labrador
N,B.

Que.
Que.
ont.
Ont.
llan.
Sask.
Yukon

Mlnn.
l,I1ch.
B. C.
Man.
Ont.
Ont.
Sask.

Meart

26.8
18.5
32.9
35.2
32.9
36 .8
29.9

9.2
14.8
11.3
31. 1
2L.L
25.2
34.2

34.4
33.5
3s .0
40.4
2s.6
20.4
L2.3

35.9
32.2
2s.9
L7.L
28.0
29.3
2L.L

26.8

87
58

LL7
99

L25
L4t

91-

66
82
54
84
83

L02
104

L02
L11

94
108
L54
L07

7L

158
98
78

11L
L32
TLz

74

18.98a

86
19

LL2
L02
L42
L62

77

30
86
51
90
98

11_6

96

L2t
L22

62
106
136
155

78

r-36
LO7
45

131
133
1r5

86

]-5.62fr

lFor provenance location detalls see Nienstaedt, L969

aTotal average score for 10 replLcatLons. Details of the scoring systems
are included in the text.
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Table 4. Height grohrth of
grown five years

35
1n

Engelmann spruce seed sources
a WisconsLn nursery.

IFG
No.

Roche t s I
thesls
number Source

Lat. ,
oN

Elev.,
fr.

Hetght
(2-3) ,

cm

323;8
3237
3239
3227
3230
3229
3233
3236
3240
3228
3232
3234
3231
3235
3226
3258
3259
324s
3253
326L
3260
3254
3257
3255
362L
3246
3622
3247
3249
3629
3248
3256
3250
3252
3630

25
26
24
37
2L
30
40
15
33
39
36
34
35
27
38

Blrch Isl-and, B.C.
FLy Hills, B.C.
McGllvray Lake, B.C.
Cranbrook, B.C.
Baniere, B.C.
Kel-ownan, B. C.
GoLden, B.C.
Big Bend, B.C.
Nelson, B.C.
Creston, B.C.
Canal Flats, B.C.
Fernie, B.C.
Cranbrook, B.C.
Westwold, B.C.
Cranbrook, B.C.
Okanoyan N. F. , lJash.
Wenatchee N. F. , trIash.
Lewis and Clark N.F., Mont.
Payette N.F., Idaho
Willow-Wtrituan N.F., Oreg.
Deschutes N.F., Oreg.
Sawtooth, Idaho
Teton N.F., [,Iyo.
Cache N.F., Idaho
Larimer Co. , Col-o.
Roosevelt N.F., Colo.
Larlmer Co., Colo
Pike N.F., Colo.
Gunnison N.F., Colo.
Mesa Co., Co1o.
San Juan N.F., Colo.
Dixie N.F., Utah
Sante Fe N.F., N.M.
Coconino N.F;, ArIz.
Gll-a N.F., N.M.

51.6
54.7
50.9
49.6
5L.2
49.9
51_.1
51.0
49.3
49.L
50.1
49.4
49.2
50.5
49.3
48.5
47.9
46.8
45.L
45.0
44.s
44.2
43. 8
42.3
40,7
40.7
40.6
38.9
38.6
38.6
37.7
37.6
36.1
35. 3
33.4

l_400
1500
1500
3800
3800
4100
4300
4300
4300
4600
4600
4600
4700
5100
5500
4400
2500
7500
6200
4700
4200

9000
8500
7900
9000
9400
8900

1_0 ,400
10,500
10 ,600

9900
9500
9400
8200

62.L
48.4
40.7
38.2
20.6
28.5
20.2
22.3
18. 7

L5.7
33.4
2I.O
27.9
23.4
19.2
25.6
26.L
12.8
20.7
20.4
28.8
13. 9

9.5
11.5
35 .9
15.6
L6.7
2L.2
18. 6
2L.9
20.4
L7.7
36.9
30; 3
51.1

lRoche, L. Lg6g. New Phytol. 68:505-554.
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ENGELMANN SPRUCE .' :

An Engelmann spruce aeed source study t""'"i"iied at'thts Institute
1n L965; 35 srand coll-ettlons (15 fron Brltish Col-unbia,2},from the,U.S.)
were grown for five years.Ln a replicated nursery test near Rhinglander'
Wl-sconsln. The 15 Brtttsh Colunbia seed coll-ections were suppLled by the
Brltlsh Columbia Forest Sewice. These sources were also included in the
l-arger study carried out by L. Roche ln the Cowichan Lake Nutsery on Van-
couver Island ln 1954-65. Consldertng the l-5 B.C. collectlons included in
these two studles, there was a signiflcant correlatton between Z-yeat helght
ln the B.C. nursery and 5-year helght ln the Wisconsln nursery (r = 0.79**).
there were, however, strLkLng dlfferences between the nurserles in the amount
of seed source variatLon. The three lowest elevation B.C. seed sources ltere
the taLl-eet at Cowlchan averaglng about 25 pereent above the mean for all
15 B.C. sources. In Wlsconstn, the same three sources averaged 72 percent
above the 15 source nean (Table 4). The source frorn Birch Island, which
Roche considered a product of introgreeslve hybrldlzatton between whlte and
Engelmann spruce, performed moet remarkedly ln the l,Ilsconsin nursery. At
age 5, thle aource wae over twlce as tall ae the average geed gource ln the
study. As a f,atter of fact, Lt wae taller than white spruce material of a

comparable age.

Among the U.S. seed sources, the four tall-est at age 5 included
the three most southernly sources from New Mexlco and Alrzona. And while
these three southern sources were from el-evations ranglng frorn 8200 - 9500
ft, these would stl1l be considered relatively l-ow el-evatlort sources for
Engelmann,spruce l-n those latltudes. Unfortunately, this study was not
designed to evaluate separateLy the effeets of latLtude and elevatlon.

Wtren aLl 35 sources are considered, the five taLlest sources groritn

ln l,ltsconsln were from: Blrch Island, Fly llllls, and McGllway Lake' B.C.;
and Gl1a and Sante Fe Natl.onal Forests, N.M.

Wlthtn L2 of the U.S. stands, there were eufficient slngle-tree
collectlons made so that genetl-c varLance between- and wlthln-stands could
be eval-uated. An analysle of t-02 slngle-tree coll-ections from the l-2 seed
sources showed slgnLflcant 5-year helght dlfferences due to seed source'
but no dlfferencee betweerr lndlvldual trees wlthtn the sources. This nay
lndLcate that ln future studles of Engelnann spruce provenance varLation,
only three or four trees per stand need be used as seed parents.
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