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PROCMINGS OF THE SEVENIT{ MEETING OF

THE COMMTTTEE ON FONEST TR@ BREEDING

IN CANADA

Held at the Forest DcPeriment
Columbia Forest Service, Lake
F.C.; on August 21st to 23rd,

Station of the British
Cowichan, Vancower IsJ-and,
Lg6o.

PART If

MTT.{BERS ' PROGRESS RE]'ORTS A}ID VISITORP ' PROGRA}'II\G REVTEIITIS

Prepared and distrlbuted by the Forest Research Blanch,
canada Department of Forestry, ottawa. Part Ii Minutes and

Discussiorsp recelved restricted dlstrlbution to Jommittee
members only. Part II received r'rider distribution to persons
and organizations actively ergaged or intereeted in forest
tree breeding and imProvenent.
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2.

LTST CF' ACT]]I1E MEMBEIlS OF THE @}flUITTffi ON I."OREST
TREE BRmDING IN CANADA., AUGU"ST, lg60

MEI'tsERSI PROGRESS nEPORTS

M" G, Boyzer

A. G, t, rmichael

L. P. Chiasson

W. H. Cram

B. W. Dance

L. F. Ebell

J. L. Farrar

D. A. Fraser

C' Gagnon

C. Heirnburger

M. J, Holst

A. H. Hutchirrson

H. G, MacGillivray

R. J. Moore

, A. L. Or'r-E\'ring

W. A. Porter

J. Salm

VISIT0RS I PROGRAI.fl,IE REV]II/fS

Abelardo E. Alonzo. Estacioh brperimental Agropecuarj-a de1
Delta, Cassilla de Correo No. il+:

*1-

CO},TTES,ITS

Campana F.C .B.lf ., Argentina.

Oregon Forest Research Center,

Page No.

2

T. 1a3

A. 1+

B. 1-10

c. 1{
D. ].-5
E. L-5

tr'. 1

G, 1-2

H. 1

Io L-t

J. 1-B

K, T-27

M. 1-8

N" 1-12

0. L-2

P. 1-l

R. I

$, 1

3,

KLn K, Chirg.
Corvallis, .Oregon, U.S.A,. T. Il

J. M. Ftelding. cormrorrrearth of Australia, Forestry and
Tinber Bureau, Canberra, .A..C.T., Australian T. 54

W. V. Hancocko Canada Dept. of ForestryrForest prodrrcts i

Research Branch, Vancouver, B.C.p Canada. T. T
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I Dr. M. G. Bolrer. Canada Dept, of Forestry, Forest Entomologr
I and Patholory Branch, Silleryp P.Q.

I Mr. A. J. Carml-chae1. Ontarlo Dept. of Lands and Forests, Timber

I Brarrch, Toronto, Ont.

Dr. L. P. ChleFsonf Str Francis Xavier Urriversity, Anti-gonishp N.S.I
I Dr. W" H. Cramr Canada Dept. of Agriculture, Research Branch,

Indian Headr Sask.

t Mr' B' w' h'nce" 
;#f,3i"tJtl;"1il1"fi$1il'rl;:est 

Entomologv and

t Dr. L, F. Ebell. 
;iffiliJ:*:.lt to'"strye Forest Research Branch,

I Dr. J. L. Farrar. University of Toronto, Faorlty of Forestry,
I Toronto, Ont,

I Mr. D. P. Fcwler. Ontario Dept. of Lands and Forests, Research Branch,
I Map1e, Ont,.

Dr. D. A. F?aser. Canada Depti of Forestry, Forest Research Branch,

a Chalk River, Ont.

l'lr. C. Gagnon. Canada Dept. of Forestry, Forest EntornologSr and
- Pathology Brarrch, Sillery, p.Q.
I

Mr. W. V. Hancock. Canada Dept. of Forestry, Forest Researeh Branch,

I 
Vanoouverl B.C.

t Dr. C. C. Helmburg )r, Ontario Dept, of Lands and Forests, Research Branctr,
, (CHAIFMAI{) Mapler ont.

I

I Mr. M. J. Ho1st, Canada Dept. of Forestry, Forest Research Branch,
Chalk River, Cnt.

I Dr' $. H. Hutchins onr UniversLty of British Co}lrbia, Dept" of Biology
ard Botary, Vancouver, B.C.

I Mr. H. G. MacGi.ll5vray. Canada Dept. df Forestly, Forest Research Branch,
Frederictohe N.B.

I Dr. R. J. Moore Canada Deptr of Agriorltwel P1ant Research fnstltute,
I Ottawa, Ont.
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Dr. A. L. 0n'-Ehrirg.

lI?. J. Salmr

Mr. 0. SzikJ-ai.

Mr. C. W. Yeatmil:.
(sEe,RETtRY)
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Br{-tish Colunbia Forest Serrrlce, Researd} Div5-sion,
Vlctoriay B,C.

Canadian fnternational Paper Compar4rl Harrirgton
Forest Farm, Calumet, P.Q.

Universi-ty of British Columbla, Faculty of
Forestry, Tancouvere B.C.

Canada Dept. of Forestrlr, Folest Eesearch Branch,
Chalk Rlver, Ont,,
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NOT FON PUBIJE.AMON

REPORT TO COMMITTffi ON FOREST TREE BREEDING

Ju]-Y 1950

Michael G, Boyer

Canadlan Department of Agrieulture
Forest Biology Laboratory

Quebec, P.Q.

Investlgations have been underbaken since 1958 on dlseases of poplar

presont ln the Provlnce of Queb.rc, wlth particutar ernphasls on their effect

on hybrld and introduced poplars.

At the present time, introduced poplars are not widely dlstrlbuted

in thls Province. OnlJ three plantations have been establlshed; the

Harrington Forest I'arm (C.I.P.) at Calumet, the Morgan Arboreturn at

Montreal and the Forest Blolory Laboratory at Quebec City. Approxlrnately

JJ diseases have been recorded on poplar in the Province, nany of them at

present established on introduced poplar. The identifled fungous dlseases

of lntroduced arrd natlve poplars in Quebec are presented ln Table 1.

Diseases

1) Ciborinia pseudoblfrons Whetzel

2) Ciborinia whetzelil (Seav.) Seav.

3) Cladosporiun subsossile Ell. Barthold

4) Didyrnosphaeria populina Vuill.

5) Dothlchiza populea Saec & Br"

6) Fusarlurn solanl sensu. S. and H.

?) Fusicladium radiosum (Lib.) (Llnd.)

8) GuiEnayrlla populi Thompson
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t 9) Hrrcoxlrlon pruinatum (Klot.) Cke.

r 10) Linospora tetrospora Thompson

I rr) Marssonina populi (Lib.) Magn,

I 12) Marssonina rhabdospora (E1I. & Ev.) Magn.

I
13) M'elampsora abietes-canadensis (Far]-.) c.A. Ludwig

I 14) Melanrpsora medusae Thtlm.

15) Mycosphaerella popullco]-a Thompson

I 16) Mycosphaerella xropu]-orum Thompson

I 1?) l4vcosphaerella populorum (canker phase)
I

18) Nectria canker

I 19) Neofabraea poou]-i- ThornpsonI
20) Septotinia populiperda Waterm. & Cash

I 21) Taphrina. iohansonii Sadeb.

I 22) Taphrina pgpt+igg Fr.
I 23) Uncinula salieis (oc) wint.

I 24) Valsa nivea (Hoff.) Fr.
I

Z5) Valsa sordida Nit.

I
TABI,E I

I Fungous diseases of native and introduced poplars in Quebec

Native poplars

lH
Populus a]-ba var. nivea Ll, 25

I balsamifera 4, 10, 11, 1-3, !4, 15, L6, 23, 25

tr srandldentata 5, 1l-, I4, 16, ]-.9, 2]-, 24, 25

t tr deltoides z, 3, ?, 9,11, 13, 14, 15, 18, 23, 24, ?5

I " tremuf-oides I, 2, 3, ?, 8,91 11, 14, 16, 18, 2:..,23, 24, 25
I

I 
* nuabers refer to diseases llsted previously

t
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TABLE I (Continued.)

I Intioduced poplarst -,
I Populus a]-ba x srandidenta 7, IL, LUt 25
I

" glgbEg x simonii 1rO, Ll-, 25

I 
tt berolinensis x simonii 11, 15, 17

tr candicans x berQlinensls 11, 15, 20, 25

t tr charkowiensis x gg3;g!ina. 11, 14

" ilJ"r" x lncrassatta tI
I

" charkowiensis x ryslg 1,I, 25

-
I 

tr deltoides x balsamifera 1I, l-4, 20, 25

tr deltoides x petrowoslwana 5, l-I, 15

t " dg!!gi5|g, x trichoearpa lr, 25

rr deltoides x volsa L]-, 25

I rt euqenii l-, 11 , Lt+, 25

tt euramericana 10, 11 , 14
I

tr euramerieana x serotina 11, 14

I " generosa Ll, 14

rr grandidentata x alba x gl4!!!g!g!g 7, L4

I It marilandica 11, 14, 20

,, ilJuii x Es.Gi.@. L6, 25
I tr maxfunowiczii x plantierensis 11r 14, 15

I " mi34i!9w:tgz:ul x trichoeanoa 1l-, 14, 16

" gtgB x }aurifolia 10, 1l-, 14, l.6, 2O

I " nisra betulifolia x volsa L:-, l:6, 25

rr ntrrr ltallct 11, 14, 21
I

" .glgg betulifolia x trichocarpa L4, 20

I Oxford poplar 16I

I
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t
I Populus pachert 11

-4-
TABLE I (Continued)

It petrowosl<vana 11 , 14

I " Iffggigq@. x pp-I$ierensls, 20, 25

ft raverdeau 11, 14, L5, 25

r " &ELg L4, :-.6, 25

,, J,'rr, 11, 15
I

rr serotina 11 , 14

I tr tremula 11, 14

" tremuloides x tremula 11, 14
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WHEN REPLYINC KTNOLY OUOTE

tHIg FILE NUM6EFI

Reforestation
ONTARIQ

DEPARTMENT OF LANDS AND FORESTS

Toront'o, Ontario

FOREST TREE BREEDING

August, 1960

Hon. J. W. Spooner
Minlster

F. A, IvlacDougalJ.
Deputy ltrtinister

J. A. Brodie, Chief
Tlmber Branch
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REPORT TO COIIIITTEE O}I

Aurgust

'i. A. J. Carmichael,

Ontario Departmenb of

FONTST TREE BREEDTIIG

1960 
.

B. Sc. F. R.P.F.

Lands 'and Forests

L--LM
@

The existence of nr-itritioiral deficiencies has been
i5rdicated by foliar analysis in a white sprruce provenance test,
The test'was established in 1958 at Arbemesia iownship in sou-th-
wegtefn Ontario, in co-operation ltri-th the Petawawa ltoi^est
Experiment Station. The pale colour of the foliage and the poor
grovrbh 1ed to foliar sar,rpling in fall L959. TeBt results indlicated
a lqw. l-evel of nitrogen lless than 1.0) ') ancl potassium (less than
0.36',!,) in three repllcate plantings of"bhe on'e seed source tested..'Ihis source (Essa Tp. ) caieb from 5n area iiigh in calci-u:n and
magnesi-um, and the soil at the planting site was 'derived'from dol-
onritic llmestone also high iir its calciurt and magnesiurrr content.
A fu.rther aualysis is required, to deiermine ra*rether another source
from a high lirne area shows sfunilar defici-encies, and to compare
these findings with those for a soLlrce frora acid soil conditions.

A poini is raised by these observations concerning the
need for caurtion i-n selecting planting sites for provenance teststo avoid soil deficiences and for the necessity ol having plant-
ing stocl< with an adequ'.ate nutrienb content. lfurther inFormation
is_reqr-rired to develop norns for the nutrient reqr-'.irements ofdifferent seed sources in seedling and transplant stages.
Deficiencies induced b]. nursery management ial.r obscur6 any ecot]?ic
variation present and i-nval-idate conclur.sions based on measurements
of growbh.

F----Esg--ts-qe

.In addition to the nutrient condition of stoclc plants
there are inseet and disease complexes which affect provenancefests. Aparb from the interacti-on of these, there aie the
glggnj-srirs vr*r:l-ch develop on normal stock i-4 plantatlons. A con-dition has developed in red pine provenance-test plantings at
Iio"9- townshlp in centrar Ontario and in Ger:rnan township in
ilorthem 0ntario vrrhich is being stud.ied to define the iausal agents.

Xmploye_d in the l?eforestation Section of Timber Branch,
Al1an J. Carmichael is responsible for carryang out theforest tree brbeding prograrn of Tirnber l3ranth. -
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FoLiar analyses of healthy and unhealth)r red pine of
A1goma source obviate the explanation of reduced vigour dge to
a_nitrogeir, phosphorou.s or potassj_u:,r defj_.c:,-encl'" . T[e' ]evolsof minor elements vri1l be checked. in 1960 to evaluate iheir
stat:l-s: holveverr- it seems that a disease or vin-rs pathogen is
responsible for the tree nortality and that this may be iectored
bJt an i-nsect.

C. Scotch Pine .Chrisl,rias Tree Te_s!,.

i'leasr-rretnents of height grorerbh and forni were made for
!"Ft plairti;rgs of 12 seed sources grovring 1n central and northernOntario (i,ose a:cl. Gerr.r.an townships) which r.rere 7lrears old fromseed. A sj-milar planting at Carnbricige tomrship in the Ottar^ravalley could not be rneaslired.c

llo;re of the solr.rces pla:rted at Germa: bownship r^rill
proc},r.ce -satisfaciory Christmas trees. iiorthern cond.itioirs on a
rneclium. qua].i!y jagk- pile site, produced slow grorvbh and a sparJebranching habit-vrith-shorter ne-eAteA foliage t"han in southe'rnplanti-ngs.

French solr"rces, grown from seed obtained. from rft*Utir-
sements Versepr-ry" grer^r too slolvly in every planting to develop a
P.atisfactory Christmas tree. i.e, 6 ft. rnritirin Z y6ars from s-eed.,i'hese soLr.rces yirl require generally at Jeast 10 yeirs to reach
merchantable size, The needl-e retention anci fall colour for French
soL''rces sLlrpassed al-l others3 however, the shorL need.les produce
an gpqn tree reqttirli'rg rather heavy prllning and this exbenils theperior:l to reach rlerchantable size.

A -rapici growiirg source carred l/est l}-rrope, sold byF. 'l*r. Schurnacher., Jairaica-Plalns, procluced the greltest nurab6rof nerchantable trees. Proirer d6vblopment of t[is soL.:rc€ wourld^necessitate an:rual prunlng to prodr-rce-sr-ritably forrued, brees, andcttttinn would have to be done early iir the iait to avoid too fiigfra percenta5e of yellowish trees.

The best soLr.rce in Rose tovn'rship was l/est Baltic obtainedfrcln tr. .i,/. Schumacherr- 'r'rees had a moclera'ie gror^fth rale, proaucea
an.adequate _ntunber of 

-branches 
pe-r whorl (8) i.trere striigfrtlst,en"neO

and retained their colour reasoi.ably werl 
.in 

the fal.l.
Scar*ldinavian sources from Sweden ancl Fin]and haveproduced trees yoth very. straight sterns" and. in Lose tor^nrship sometrees of Swedish sor"rce havo obtained eilcellent form. Horrev'er.fall discolourratioa of the follage wor-r.Icl prevent thii so"".u-i"oroever being consiclered for Christrias irees.
r'\ niixed source originating from plaltations at st.l/iluams nLr.rserJr in sou.t?lern dntarioj is inblr",cled 1n i rg:6 plant-ing to be e:rairj-ned iir 196r. This sorirce :_s preferyed-by'6o*6-__

Southern Oatario gTor:rers who have inade conpai-iso]rs lvj-th other sourcesavailable .irom seed dea.lers in the tlnited States ind llurope. Itcurryently provides the onl1,, source grown for Christnas trees inUnEario governne;rt nurseries.
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B-3

lI--- Seed Orehards

The propagation of selections from norEhern and central
Ontario contir,rues, with the anphasi-s being placed, on black andytit"_spruce {-r}e, !,2). - crit-eria for the ielection of spmce in
S99d Zone 5 of llorthern Ontario have been adopted to aid in the
elinrination of individual speclmens fronr the i"ank of ph.rs trees.
The preliminary ourt,line of these characteristics is as fol]-orrsg

IIHTTE SPRUCE

Ptinl3gJ Any one factof is sufficient dause to eliminate a tree,
l. Site Tndex below ?5 (tota1 height 75 ft. in 50 years breast-
hg+srtt $e)o using the Lake ,stares"F.E.s. Tech. trot[,-izi, J"r; Lg|T.
Iltig 1a!i{tg ma}' have to be red.uced to srr; 70 ftir Porb AithurDistrict in recognition of the reduced. gfor.ruh rate caused by eon-tinued attaeks by spnrce budworus.

2. ilore than one terrninal shoot or past attempt at twinning,

3. ;loderate to excessive spiral grain.

F$o.g$ary A few factors in combination or individually in €xces:
91v9, degreer.are sufficient cause to elimi-nate a tree, particularlyif the tree is a borderline case for any primary factors.
1. An inactive growing point at the tree apex (less than I ft. ).
2: Broad, oval crown with irregular branching habit, partic-ularly when one or more branches stand out from the lrbvnr in theupper third of the tree,
3. A snral-I diameter or excessive tapero representing row wood
vol-ume for the tree.
h,. Pendulous branches with a branch angle greater than 1100.

5. Fleavy or nuTrerous p-ersistent branches as exemplified by apoorly cleaned stem. these branches are usually ielr*er thin 10 fb.

.6.. . Aq-asynmetrical bole or one which shows excessive fluting orbr-rtt flare or swelling due to burttress roots.
7. Large -vole. scars- or depressions at the branch root, oftenassociated w:ith gun bleedirg.
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BLAC]; SP})'.UCE

The factors are similar to ihose for v'*rite sprLrce
except that trees are eliminated, which have on uplands a $ite
fndex rating below 50 (tota1 height 50 ft. in 50 years breast-
height age ) , and in sr.rarnps a rating below Site Cl-ass r (total
height 36 tt. in 50 years breast-height age).

fhe urpland data referred to are from the Lalce States
F.E.S, Tech. iiote l+73, Jan. 1957, and the swanp trce data from
Dtr, Plonskigs llorrral Tield Tab1e3, L.,l: F. Rep. lio. 2l+, 1956.

B--,_ Re{ Pinq

A red pane seed orchard has been established at Gren-
fe1l tor,'rnship in Nor{heastern Ontario, to sr-'-pply seed for the
easte:n portion of Zone 5. Plantings of abourt L acre in size were
carried out in 1959 and 1960 following a plan designed to promote
pollen dispersal. The bas:-c ur"nit within the orchard has been a
block containing 144 trees (12 representatives of LZ clones)
planted at a uniform spacing of 15 ft. x 15 ft.

Trees used for the orchard planting were grown in the
nursery for 3 to 4 years foll_ol.ring grafting, Stock should have
been pruned in the third year in the nurseiy but was prevented
unbil data were available to defi-ne the proper pruning time.
Plants were moved as balred stocl; and planleci at spots prepared
by hand cuIlivation, with the addition'of I cLr.. ft: sfrr^eAabO peat
moss in each spot.

Foliar analyses for orchard plants after the first
lield season indicated ni'brogen ai:d phobphorous deficiencies.
These were remedied iir the sfring of'196b by broad.casting Armon-
ium ilitrate (loo 1bs. per acle) ino Triple Surperphosphatd (zoo
Ibs. per acre) on a lr se. ft. area sr-rrrou.nding e-ach plant.

The movement of orchard siock in closed po] r,thene
plastic sleeves, IC in. wide x 36 in. Iong, tied at'both end,s
with tvrnstem tuire, has irnproved the vigor-ri-of plants lifted earlSrin the season for shipment to the north. Pl-anting is simplified-also, since rentoval from the plastic sleeve is a.cConrplishea by
r-'.nfasteqing the basal wrre tl-e and rel-easing the treb into a
prepared hole. Fall lifting of red pine and cool storage
overvd-nter l-n plas'Lic bags a.t' a norbherir loca..bion vras clrried out
i'r 1959 -to preveni shoot-grogch prior to rhe prantine p;ri;d.
Clear plasiic sleeves (3 rlir) haire been u$ed bnd i;he5e were placedin burrap bags to prevent darrage by e:cposure to sunlighb. '
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In order io obtain a rneans of nrapping the naturalvariation of d-ifferent wood characteristics'?ouild in black sprLr.ce,g sanpling techniquie is required. An ivesiigation was prepai"edin co-operation with the lorest Producl;s Labdratory to measure
some of the. physical wooc properties- of blacl: sprube trees, andto relate these to measu.res nade'on breast-height increment core
sai,rpl-es. \,rngn a sa;',rpling Lechnique is avarlabfe, it will beposslble _to determine what variaCion is present ior surch factors
as specific-gravity, fibrO length, fibrii angle and surmner:rroodpercent" -an{ hence to nap-this vaiiatio::. An obvi.or-".s advarrtagefor a method reqtu"ring only increraent cores, is bhat it does iot
destroY the sr-rbject br-1t leaves clesirable t:'ees for future prop-
agation.

trir^" trees of good form were sel-ected from the d.om-inant- height class on wet sites in both Fouri:ier and Cna.lfies
toumshrps-, and on drier sites in both;lennedy ancl Leitch towr-qhlps. The north side o:1 each tree vlas rnarked. and the rreefelled" Trees v,rere sectioned to rer[ove S +t . biocks at stumplevel (10 in.-1 breast-height level (5tu in ), 

- 
and-it-eacr, 100'in.level above t_he ground tg-a 3 in. top dia:rreier (t, in. topdiameter in l(ennedy Tv4r. ).

fn Ottawa, sarnple bloclrs will be sectioned andanalysed to deter=rrine the- average specific _gravity, riurir angle,fibre length, fibre clianeter and sumtlenuooa"perce-ii for a*optimu-n loggtion at each height revel,.in the"tree. speciricgravity will be deter:nj-ned also on 5/8 tn, lncrement cores takenat breast-heisf!_on inininllill, maximurnr and ururag" "iaii, *a
measu-rei'i'rents wr_ll be made for each ZO ]rear group of annual 1ayersfrom the bark to the pith. Precaurtionb hrili be-tal<en to avoilcompression wood in the sele-ction of specific gravrby 

"aopfes.Any_ doubtfurl selection !'ri11 be verlfieb by a cEecL oil fibrilangle since this angle is greater in cor,rplession wood. fibres.
lefore. sanrples 'irr€r€ seni to Cttawa, the grovrbh ringswere counted on the Lr"pper slr_rface of eacir brocl< and"dianreter "

measurements made py decades at ong an average d.iar.:reter. These
measuremenis Fuyg peeil.plotted to-show tire ielationship of heightto age and heigirt to diarneter.

Frory this data, tree volu'mes have been calculated. and.annual volu-me increnents [leterminecl. As wor-ild be e,$ected bhJreis a close relation between total volume and total age, ritft i[eoldest trees being the. largest ancr- having lhe g*;it"ft-average
annr'-a1 volurte increment. fhe iirost notlc6able Except,ion to this istree 29h fron l.ennedy tornmship. l'his is the yor*gbsl tree sampledbr-rt it is the third iar.gest ti-ee and has the 1;"d;i average

$:l$,*."31"1T 
"' liiF.jilH ; 33 

" 
!" ;. t aooi5"ltl.Ii 

";1, 
n"'iif . 

;:,,:i"
there are siiriilar differences betweetr tow.ships-'5n& ifrut therelationshlps between trees changes, showing i rew trees whichnave poor volurmes aiT d were 

, apparentlv surppressed., and one bree
291+ \{rLln very good vol,,.rne (Iig. 3 anit 41.
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Fibre analyses rrlust be corapleted before it will- beposslble to_compare_ the variours tre6s- for volume and qurality
combined. rt will be most interesting i;o see how tree 294. bares.ilill it have a low density as wour-l-d. b6 e:qpected normaIly, o"-*iiiit be the typ." of tree we are looking forl having superior volumeincrenrent with high density and the tibre"yield iequired for aspecial tree.

A" General

Potentlal areas lrave been l-ocated for rvhite sprueein Zone-5 (llortherh 0ntario),.for blacrr sprlrce in Zones I ira I(Oentra]. and ilorbhern ontario), and for r-ed pine ln Zones 2.3
and 5 tsouthern, Central and ilort,hern Ontarib)i AaaitiOn*l'"-rem
are required but are difficu',lt to locate since there are _few

5$:5 ;l3io;"3"a'"i3l';nHl' ;3,"fiIi nli";h:":: 
; lf : 3. 

*u grow'ng on

Re_d pine were thinned to a spacing of rz fE. x 12 ft.in 1957 and floLier and cone cou'.nts have^been"made annually follow-i nc 'l-l-'i nni -^-Lrrg urrrrur-ng. rndividual-s were selected in falt rg5g vfiii:h showeda coirsistently lcrw flowering pattern for trees grornri-ng on srtesprovidrng adequate tree grov,frh.

On each of three sites, fou.r trees were selected withthree to be fertilized and one to'forrn a control, r'oiii"-"niry""s
were made for each tree in fall_ 1959 -and these show a.,rr:-tormti.---low nitrogen level and r-rniformly adequate fevels oi pfrorpfro"ori
and potassiu.rrr.

Thr_ee nltrogen levers (L.5o';'," r.75i!" and. z"oo/,) r^riIl beheld in the foliage of-the treaied. trees oa each siCe. 'By il;";ifoliar-analysis the effects of treatinenis can be meaiured"and
sl'-cceeding fertil-izer applications modified to mainti:-n if.e requiredfoliar levels.. The. application of nutrients other than nit,rogdnwill be made when the- foliar analyses iirclicate :-niOequacies. Coneproducti'or: vrill be exami-ired to see how lhe size oi.o'nu crop or
lhu frequency.of ,crops has been affected by ttre if-t"J. nitroigen-levels maintained.
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r 1960 Report on Tree heeding Research

I L. P. Chiasson St. trbancis Xavler llniversit'y
I Antigonish, N. S.

t Since the last report facilities for genetic research on the campus

I 
have been increased by the erection of a greenhouse by the Nova Scotia

r Researeh Foundatj-on. Several pnoJects had to be interrupted during the past

I winter owing to the loss of nost of the glass ln ttris greenhouse as the re-
t

sult of a fire in a nei-ghboring building.

Interspecific Hybridizatlon in Ables,

I The principal programme of in'rrestigatlons has been and still is the pro-

I duction of lnterspecific trybrids of fir (AU+es) speeies. In the last two
I

years, ovulate cones of A. balsamea had been artifically pollinated with

I rtforeign'r pollens of the fo11or'ring species: A, cephaloniea, A. grandis, A.
I

r homolepis, 4, @9f9gi9 var" l{Eg!la.!3, A. ry}!!!g var. g}l!!ilr {. Veitchii'

r Seeds had been obtained from most isolated cones, but it remained to.test

I whether or not these putative crosses were real hybrids or, possi-bly, the
I

results of self-pollination, Tn deflance of the proverbial inJunctlon not to

I nput all your eggs in one basketrtt all these putative hybrid seeds uwe

I 
planted ln the greenhouse after stratification, Indoor planting was resorted

I to for t&re follow5.ng reasons: difficulty in getting outdoor seed-beds ready

I at the proper time was antici-pated, and it was considered that sorting t:cue
I

hybrlds from posslble self-fertilized types would be more easily achieved

I under greenhor:se condltions, Gerrninatlon of these seeds was general\y good,

- but the seedllngs had not been subjected to careful examination when they

Ir were kj-lIed by heat and frost,

I
I
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': :

fn the spring of 1960'artificial crosses have been attempted with A.
''...'

bgleg4qa as the fernal-e pgrgnt:rl and pol]en of the following Abies 
"pu"iu],

- 

.--
cephaloniea, concolor, homolepis, honolepis var. lglgfkpr @3SEr

i r beenlasiocarpa, and nordmanniana. These pollens have..,applied to isolated cones
: :, . . 1.r _-.r.

on groups of tnees located in for:r well-separated areas wittrin a radius of

10 miles of Antigonish. " ''

Ourle Developrnent and Ferti_lization.

A study has been made of the rftimingr of various stages

ment of the ovure. The occurrence of a lr-6 week 1ag between
'-.:'fertilizatlon has been conflrrred. Durlng this Iag there ''is'

change ln the pollen grains r:ntil they come in contact with
..

which time processes of gernination become apparent.

" 
,, Io viey of the, short ne1, oa of. time eaeh sprj-ng for ttre taslcrof 

,lr-1,!.h__-,i,,'.

flcial pollination, the possibllity of rrlaterr artificial pollinatj-on j-s

being explored. ft'lo rnethods are being tested: the injectlon of pollerl be-

tween the elosed scales of previously isolated cones, and the injection of

pollen.through artificial,openings bored in the scales before the time of,

fertilizatlon. No results are. as yet available as to the practicality of

these methods.

Pollen Germlnation.

studies of polIen germi-nati-on have been instituted. These are to- 
":.

tests -

poJ-1ens

in the. develop-

pollination and
t'-.;i:,.:, ::'
no e'rident
l' ,. ',: it .;. i ,: ' ir: i..; ' ,.;.1

the nucelIus, at
.- !'.,..:,'

I
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tended to check the adequacy of some conmon and sirnpre germination

with respect to pollen of various Abies species. since some of the

used may be transported conslderable dlstances and rnay be in transit for
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varying periods of ti-me, some general test of viability is desirab-le, Tests

performed to date w'ith various concentrations of sucrose and of lactose in

water or in agar do not indicate gross differences in response on tlre part

of 10 different Abi-es speeies.

Dormancy Studies.

ftoo decelerating featwes of e gen€tic programne in conifers'are the

production of flowers at an advanced age, and the necessary period of

dormancy during the faII and wi-nter months even under greenhouse conditions.

The variability of results obtained by the experimental application of

gibberellic acid (Cn) has given hope that aLmost any physiological effect

might be produced in a hitherto untested speci-es. Two sets cf experir,ents

have been performed with GA, one in the field and one 1n the greenhouse. In

the field growing tips of firs 7-10 years old were sprayed periodlcally t'cith

GA dissolved in distilled water in some j-nstances, and in Derments mixture

in others. (Derrnents mjxture contains morpholine and lanol-in, and appears

to provide good continuous contact w'ith the foliage.) Floral formatj-on has

not been i-nduced by these treatrnents; the collection and analysis c,f thc

infornation eoncerning possible effects of GA on vegetative growth have not

been completed yet.

Greenhouse experiments were initlated u.ith young fir trees (mostly 3-

li years o1d) brought ln from the field at intervals from 'nld-November to

February. Different concentrations of GA were sprayed on undisturbed and

on artj-flcally open vegetative buds. There were some indications that

dormancy had been broken by the application of GA, but the numbers were not
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to itsstatistically significant,

anticipated conclusion.

j,. ::r,i-: ;.. S;14' . ':r .' , r .

':
i riand the experiment could not be carried

,1, :r.i ' , I i.;
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L9 28---52 grg4nrgl-{ogrgsg Eeppgb

'IEIIELqERBELT TNEE BREH)ING''

W. H. Cran, superintendent. Forest Nursery station,
Besearch Branch,
Canada Agriculture,
IllDIAl[ ffiAD, Sask.

Generall-

Drorrght conditions, wfiich prevailed in 1958 and 1959r uere unfavorable

to Nr:rsery and Breed5-:rg Research. In 1958 the frost free period was lOJ days
i(frm Jrrne 13 to September 2L) with only 5.0'r of precipitation, that of ]:g59

was 110 days (May 27 to Septenber 13) with 16.6tt of precipltation,

S+"aff changes in l-958 included the retirement of the Superintenderft,

Mr. John Walker on June Zla, and the appointment of Dr. Cram as hls successor

on Jnly L6, 1958. In addition, an Entmologist, Mr. L.O.T. Peterson, was

transferued to the Forest Nursery Station from the Forest Biotogy Dlvision to

investigate insect probler:rs. A position for a Hlant Ptrysiologist to conduct

herbacidal and seed technolory investigations has remained vacant stnce July of

L958. Mr. A.W. C:r:ookshanks, v,*ro r,uas 'assigned to research on NrrrserXr Pnoblems

i.n Febnrary of L95g: was fatsflJr injured in Novmber.

The research program for 1958 and 1959 jnctuded Nursery, Seed and Insect

problens related to the Bneedi-ng Projects for Caragana and Spnrce. Houever, the

above staff and clinnatic conditions materially reduced the volume of research

possible.

Caragana Breedlns:-

$vglgatign_o! lhg gogblni4g gbl$tg for self-incmpatible seLections

contlnued to be a najor phase of the breeding progran for Qaragana ar@rgsgegs

Lan, In Table I are pr.esented data for the cross-conpatibility of five such

clones with the vigor of their F1 progenies. It was evident from Tab1e I that

cross-compati.billty of carag,ana selections vartrr greatly depending on the seedtree
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Tab1e 1. Cr"oss-compatibility of Fj-ve Self-incompatible Caragana Clones vrith
Five Vigor Selections jn L955 'vtut.;h t[e Vigor of the

Resultins 5 vear-old Prosenies in l-959.
Inconpatible

]-5-2
2L-16
92-4

v-16

!rgsg-!oapgtlulEtgl12 L2
2L 1g
23 35
61 39

1I
27
29
36
40_

316
38 L5
20 40
29 15

_23___25_

11
hh
29
35

_ _62-A:1- --39 ---42-
Iigos gf_Pgogegigs3

A-1 l+.7 u,5A-15 t+"5 4.821-15 5.0 t+.7
l5-2 5.O 5.0

' Cross-compatibility6 Vigor ercpressed as

4.8
4.8
5.0
l+r6

l+,7
l+.7
3.5
h.5

4.0
4,O
4.8
l+.5

flowers
in feet.

hr6
l+.6
l+'r6
4.8
J.3*_ - -

seed

-E2:4- --5'8,--5;)-Means 5.0 l+.9 --l.o--ht
as percent of

average height of plants
nated

Table Self-fertility Distribution of 140 Vigorous Selections from I seed

t
I
I
I
t
I
I
I
I
I
I
I
I
I
I
I
I
I
I

6ns No.
Self-f'ertilitv classesl

France
Czechoslovdcia
Holland
Dersnark
u. s. A.
0ttawa
Germany

Self-fertitity as I flor,lers producing seed.

and pollen. The vigor data suggests the relative combining ab'ility of the 10

seleetions. Good general combj:r-ing ability is demonstrated for one self-inccm-

patible selection t B2-l+, by the outstand.ing vigor of all hybrid progenies in

wtrich it was involved. In addition high specific combining abiJity of the

selections B2-4 and V-2 r.ras shown by the hybrid.s, Ff-| x Y-2, Thus mass production

of this hybrid seed rarl-lI be possible from isolated crossing blocks to be planted

lrith 2rO@ rooted cuttings of B2-4 and V-2 in 1960.. It is anticipated that the

fj-rst hybrid seed (to be harvested. only from the B2-4 plants) will be available

for retests in L965.

723159 rL 23 L2
5LI2733L5 11h8-23

t5
23
3t
33
l+5
l+5
52

i

;

2
1
L

1
7

3

l+

1
6

II

5

1;;64
I

33
6
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Self-compatibility r*as deternined for 1,{O vigorous selection of Q,
grlogescens from I seed. accessions. Compatibility results, wtrich v,Iere calculated
as the percent of trlpped flouners produclng seed, are suunarized in Tab1e 2. It
was evldent that self-ferbility of the I4O selections ranged from o to 9676. One

selection, whi-ch originated from ottawa, was found. to be autogamous (self-tripping)
with a fertirity rating of 110%. Fifteen selections proved self-incompatibre and

of these 11 r+ere of czechoslovalcian seed, 2 from France, and one each from Horland.

and U'S'A' These new Caragana selections should ensure genetic diversity for
future hybrids.

logtlng gf-sgftvgo$ Qultlngs of Caragana under mist watering increaeed,
over that under hand wateringr and also materially prolonged. the period of successful
rooting to I weeks. Basal cuttings rooted best wtren the shoot was in an active
stage of growbh, but wtren the moi-strre content of the wood reached a constant Level
than termi-na1 cuttings were superior. Maximun rooting (g6fl) with naturity of the
wood over the 8-week period. Rooting in sand was significantly greater than in
nrixed media with verrnlculite and/or moss.

$olsiqge-Cgnlegt-o! ftrali$dng media was investigated for i-ncreasing
germination of caragana seed. Maximr.un germi-nation occurred after stratificati.on
for 15 days in sand with 1@ moisture, and, decreased as the moi-sture content of
the stratifying media was increased to 20 and,2516.

lhg gefalignghip-betgegn-sged gige-agd3laqt-vlggr is being investigated.
for caragana. Height, of the same seedlings for 5 inbred progeni-es from tr,uo seed

sizes, was record'ed over a period of J years with the results listed in Table J.
Plants frorn larger seed were on the average l/3 tarLer at one xearr Lfi ta1Let aL

three years and only t/8 taller at the end of J years growbh. Evidently, the
differential for vigor due to seed sj-ze was gradually decreasing as the plants
approached sernral matr:rity. From this it would appear that earagana plants retain
their Juvenile grrcwbh character at least for the first five years of growbh,
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Table 3i Height of 5 Inbred progenies from Seed. of Two Sizes as One, _ Three,
and Five-year-old Seedl-inss

Age of Seed Inbred proseni.es
Plants _ SizeI (Yrs, ) (non. ) ("*) (*) (cn) ("ro) ("m) ("r. )une 3.5 zo zo 30 32 L7 zh

3.0_ 16___14__4___2h__r0 __lSfErEe--- 1.t- Et-- -Bo*--5f ---6--6{ ---68
__3,'9, _!3___62-J2___6L__49_ __J9TivE---3,i -:rjl--To6'lzi--Tz6--1-1o- --F.q

-3'0 

9l+ IM 125 I2O l-35 LZI+

0ne 3.5

I
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I
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I
I
I
I
I
I
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Spmce Breedine:-

lef f;r_Cgogs;r_and_0pen-gogpgtlblUtg were deterrn-ine d f or 3 6 trbluerr

selection of Colorado Spruce (3ig"a pryng Engelm. ) in 1959. The set of seeds-

per-cone following arti-ficial self-pollination ranged from 0 Lo 75t and averaged

8.1; the set from artificial cross-polUnation ranged from 0 to 8!, and averaged

j2; and. the set under natural open-pollination ranged from O Lo L59, and averaged.

Jf seeds-per-coneo Thus the average seed yield for "sy-pollination was only 1Il
of the natural seed yie1d., whereas that for arti-ficial cross-polli-nalion was l+1F

of the natural yie1d. Three of the 36 trees proved self-inconpatible, wtriJ-e four

were cross-inconpatible with the sairr.e tester selection. The presence of self-,

and cross incompatibiJ-it,ies in Ccl-orado spnrce can be used to advantage in future
phases of the breeding prograrni

Iogr-insecligi$a1 qpraXs were evaiuated by Mr. LoO.T. Peterson for controL

of Colorado cone and seed insects. All insecticides increased the yield of sound

seed. Maximun seed yields were obtained fo1-lowing application of a n-ixed spray

with 2.5 por-rnds ot 5A% DDT and 5 pounds ot zJS Malathion per 50 gallons of water.

Subsequent investigations confirmed that seed viability was conditioned. by the degree

of insect infestations during the production proeess.

{ gegegslvg gry! le!hg1_a!b1nc ghgrgctel for Colorado spruce r^ras identified
from gerrni-nation data on inbred seed. Self-pollinated seed of one tree produced

281 green and 83 yelJ-ow seedllngs, for an excellent fit to a 3:1 ratio, Open-

pollinated seed of the sa,me tree gave only 2 albino seedlings and 42 green. These
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I data suggest the tree was heterogygous (Aa) for the albino factor, wtrich uas lethalI
ln the homogrgous recessive state. These results suggest only I of t/+ or J-811 ofvr*rl v vt q*+

t the seed from open-pollination in Colorado spruce, j-s from natr.ral self-pollination,
Scure 3J-tt4g"" gefegtlogs-o! Qologa$o-sgqlc.g, from across the Canadian

Prairies, r"Iere added to the grafted pot-orchard in Ug|i}-5g. Obserrrations suggest

I several clones have blue coloration equal to Koster rrrith superior resistance to
I 

lrr vr. e slr'vr 4vr I e 9r e

needle-burn. Approxirnately I2I0OO hybrid seedlings a.re now available for trans-

I planting in 196Ir to investigate the inheritance of the blue needle color character

- in CoLorado spnrce.

I 
leg gtgali{ ents were investigated for seed. of Colorado spruce.

I $tratification for 15 days at l+lrF in sand. with 106 moisture proved superior to aLLI
other treatments nith 9616 gemnation. Sand strati-fieation for 30 days and, soaking

I for one day with 15 days nnakedn stratification also showed prwuise hrith 94 and gLlt

I germination respectively. Holtever, Ionger period.s of soaking and of naked

- stratlfieation proved detrimental.

I lLlscellaneous lternsI
- 

lostU-r+ gelegtlogs-of Scgtch3lng, vutrich demonstrated absence of needle-

t burn in L955-56t have been estabtished in a pot-graft orchard for retesting.

SttfUgtgxlclty gf-Q Brgnlslng lqlgici€s were studies in co-operation with
r Dr. 0. Vaartaja of the Forest Biology Division. Non-toxic rates of application

I r{ere resolved for future research in the control of seedbed dj-seases.I
lhg !4$gegce gf-sg+ salillly on perfozuance of conifer seedli.ngs was

I investigated with the co-operation of I'tr. H. Lueken of the E:perinen1,a1 Farm.

I 
Grorvbhr and srrrrrival of Scot pine transpl,ants were significant\r reduced. as soil

r aafinit'y increased. After 12{ days fresh weight of plants decreased. by 3@, 75fi

I and 14Fr and stand by 5r 11 and 16$, respectively, as soj-I salinity lras increased,I
fron I Lo 3t 3 Lo 6 and 5 to 12 nrntros./cm. Fresh weight of tops was found to

I provide a valid esti-mate of growbh for the entire seedling in salinity studies.

t
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TESTII{G POPLAB.S FOR DISEA,SE RSSISTA}ICE I}I ONTARIO

B' lil' Dance

Forest Biology Laboratory, Mapler 0ntario

the field seasons of 1958 ancl 1959 r'rere devoted malnLy to arti-
ficial infectlon trlals, to life history studies, and to fi:rt'her elucldation
of the fir::gus flora of lgpgbE in Ontario. In adclitionr & preliminary
investigatlon ruas nrade of the effect of bark end leaf extracts from dlffer
ent poplar species and varj.eties on the growth of llrc-e$tlqp .pggi@.

I. Artlficlal Infection lbials

Selected pathogens, noted for their destructiveness on certain
poplars, were r.ised to inoculate various poplar species and varieties whose
susceptibllity to those pathogens ls either uikno'*yl or lmperfectly under
stood. AII t]re tnees were located at the Petawawa Forest &cperlnrent
Station, Chalk River; they were either naturally occurring natlve species
or planted lntrod.uced species and varieties. Inoeulation tecbniques
slnulated natural rnethods of j-noculati-on except when the lnocuhsr consisted
of mycelirn. For this reason the raethods varied with the organlsm involved.
Wlth fulgl that carr.se stem or branch cankers or both, the usua-l procedure
was to inoculate trees of dlfferent dianeters on the assr.mrption that
certain dlameter classes are mo::e susceptible than others. This was
assuned to favor the likelihood of infection developing in some instahc€sr
Ttre controls consisted of treatrnents identical with the inoculations
except that lnocuh.m was onritted. Each control was located on the same

sten or branch and about 15 in. above the inoerrlation. Wlth organisns that
cause diseases of leavesr €rB. P-ol-=1-Aqq"ig gad.i€ggr one half of a leaf was ln-
oculated while tl:e untreated half was retaii:ed as the eontrol"

The resglts secured to date range fron consistent infectlons
yith one pathogen (Dottr.icbtza popglea) and ce:rtai-n susceptible hostsr to
inconclu.sive ana often negatTve re.sutts r^.ith other organisras and hosts'
the latter night be interpreted either as evidence of temporary of pelrlEnent
im:nunlty or aJ lneffeetlve inoculatj.on techniques' (It would seem that tltre

only lndisputable result is that in whtch susceptl-billt;r is proven through
the- recovei"y of fruiting structu::e s of the patho.gen used as inocr:lmt fron
a host thaL develops the charaeteristic cl'i-saa'se s;':nptoras caused by that
pattrogen. Ttris creates a diler$na beeR.r:.se tne objective of these trials ls
not to prove that poplars are eJ.1 susceptible to serious dlseasesr but
rather -that 

theSr are-disease-resistan+..) To permit ',,he uraximun nr.unber of
d.ifferent poplar species to be asseesed for disease resistance, each hostr
paraslte coroUination r+as usually llrtiteC to ten separate inoculations and
io rn equal number of controls" Th.l-s nrnlcer was dee:ned adequate to estahlish
tr.end.s. Later, in those instences wl:cre infections had been secured., more

extensive testing is trfanned. It is assured such tnsts wil.l yield. an accurate
Bpasur€ment of the nelction of various po3,J-ars to different pathogens througlr
out a comprehensive range of envirc:rcntal and slte conditi.on.s. In vLew of
ttre consist€nt lnfections alreadir seer:red r^'ith !' #n![e-a (faUte l)r tt is
proposed ln 1960 to thoroughly test the; susceptS-nii-ii;', to this pathogenp
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F\rrttrermore, speciee
on every recognizable
bility of each,
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untested poplcr species and vartetles at Chalk River.
already tested will be re-tested on a large scale and
site ln order to clearly elucidate the ex*ct suscepti-

TABIE 1. Sr.rsceptlbiltty of popla.r species and varieties

to varlous pattrogpns

Pathogen fnoculurir
Infection

Host p€rc€:r,t. Remarks

35
I
I
I
I
I
I
I
I
I
I
I
I
I
I

-(es@et---nothl$iee
popuLea

Cirtosporq
chrrrsosDe:ma

Conldial spore
su,spension.
GerninabiJ-ity
confirmed by
gerrn{-natlon
tests as 50F
ln 2/r hrs.

Conj.dial spore
suspension.
C'endnabllity
ensured by
germlnatlon
tests. Stems
wowrded by
hannering.

Populw naxi-
nowiczjl:l X be-

Iolinensis

8. gg&sb x
verrrirubeas

3. alba

Carolina

Geneva

Besults based on
the recovery, in
1960, of pycnidia
and conidia on
shoots inoculated
in L959. Where
Lnfections had
developed, the
treated shoot was
dead in 1960. 0n
rnost kllled
shoots, pycnldia
were recovered
from the late
growth of 1958.

On tremhling aspen,
the best resrllts
were obtalned on
stens*-lndia.
and lt above the
ground. Results
are based on the
appearance of
large cankers,
consisting of
concentnie orange
rings, and pye
nldla with spore
horns, 12 da;rs
after inocrrlation
Ln Sept. L959, and
on the subsequent
enlargernent of tlre
cankers in the
spr5.ng, 1960. the
reslstonce tn ln-
fectlon shor"nr by
largetooth aspen
contnadictS ttte

100

100

100

100

!. tnernr:loides 62

t. -@gqlg 20

!. prandider
tata

!. maxlnowiczil 0
X belollnees:lg
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TAB[,8 1. (Cont.t6. ]

Host oercent.
- - *-.---Jee!l sqie-el"--

0

0

U

'o

0

0

0

o

30

50

50

90

0
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Infectlon

Hlmo4llon
prui-natrm

Polleccia
radiosa

$iycelitm

Oxoepor"es
genninablllty
of spores
predeterndned

Spore sus-
pension

!. rnaxlmowi-
czli X berolin-

ensis

3'.angr&gb x
ve,rnirubens

8. lig
.8. i4s!b
.E. -@,s,elulgg

3. .gs4gb
x gg!re

!. trenuloldeg _

!. Jackll

Maine

StrathgLass

!. tremulol.des

3.glitn4i49:.!g!g

P. alba X sran-
didentata

3.-@g
3. -!ssg&s

Renarks

prevalonoo of !.
chrvsospe:ma on
ttris host, in this
arga.

Beputed lnfections
are based only on
symptouatoLogyn
not on signs of
the fungus which
nay yet appearr
Profi:se perlthecla
were obsenred on
a natu:ra1 infecr
tion on I. SfgIE&3,

Spores shot from
peritheeia ontn e:r
posed carnbiwr; heav;r
deposition.

teaf development
inhibited or arrested
on ttre half leaf tn-

Pathogen Inoculrm

C, ehryso-
-Epgggg ,conlro.7

P. tremuloides 50
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TABLE 1. (Conttd.)

Pathogen Inocuhm, Host
Infection
Eercent.

(istimeted)
Remarks
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!. radigse
( conttd. )

Germiirabllity
of spores pre-
deterutned
(85fi)

!. srandlden-
tata

3, glbg X gran-
dentata

oculated. As a re-
su1t, the leaves
cunre strongly to
one side and be-
colre folded. Sporrr
lation occurs 12 daSrs
or more following
lnocrrlation.

Restrlts based on
inoculatlons which
resulted ln su:ken
cankers; tSrpical
synptoms not yet
evident.

Based on prelinirr
ary symptorns.

50

t&

Fr:ngrx nlln Mycelfum
(lso1ated

from large,
hlack, spindle-
shaped pereF
nlal cankers
on branches
of P. tremrr
&i4"")-

F\mgus ttlftt Mycelitm
(rieht-

colored.)
One of 2
f\mgL iso-
lated flon
diseased
branch stubs
of !. .@!9-
!95lg fron
uhlch scions
had been
renoved.

f.tmgus ngn Mycelir-u
(darle

colored)
The second
of 2 fungi
lsolated fron
P. adenonoda

l. tgenuloidps

P. tremula

.8. -@ggtg

!. Jackil

3. alba

3. .sro41@@!e

P. t'renula

P. trem:Ioides

3..s@19s@

62

?5

0

0

0

20

0

0

0
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II. Llfe Historv Studies

Dldrmosphaeria sp. on I. .g$g X mrandidenta-ta: This apparentJ-y
new species 1s prevalent on the petloles of dead, overwintered leaves. It has
been obtalned in cr:lture from ascospores; hor.rever, no imperfeet stage spores
have yet developed. To induce their developurent, the fungus is betng cr,rttt-
vated on various media including growd poplar leaves. In vlew of its prerr
alence, the pathogenic capability of thii fungus is being tested using *v""f-
ir.m, and eventually lt is hoped, with conidla.

Leptosphaeria sp. on P. tremrrloides and !. mandidentata:thls fi:ngus is occasionall;; found on aead, overr^rintered stroots of Uoth hosts.
Its parasitic capabllity and life history is being investigated.

Plasiostona populi on 3. alba X erandidentatar Efforts are
underway to connect this fungus with. its supposed irrpeifect stager Gloeospor
.!E sp. on the sane host. Difficulty has been experienced Ln securintasoos-
pore discharge a'rd gennj-nation.

Venturia tremulae on trembling aspen and largetooth aspen; Tfiis
uleommon ascomycete was connected cr:Itr.ra1ly with its ubiquitous inperfect
stage Poll_accla rad.iosa.

rII. The F\mgus FLora of LgBgIgg in Ontario

Nunerous firngir still mosu-y unidentified, uere isolated fron
cankers and other disease lesions on nati-ve and introduced poplars. Thes6
organisms are being retained in culture pending their identification, invosti-
gations of their life histories, and their use in artificial infection
studl-es.

IV. Effect of Bark and Leaf Extracts on the Mycelial Development of E. -Eg-lnatul

Extracts from poplar bark and leaves were incorporated in synthetic
uedla used to cultlvate fungi. Ar infi:sion prepared fron ttre bark of p. treu.
ul=a comprlgtely inhlbited rnycelial developnenl oi !. pruina@. fnfusi6nsF
othgr poqqr species including !. tr-ernrloides *rd I. ldtEggl&gg e:erted only
a mlnor effect or none at all. these experfunents Ere-toE@ated and e:cpandedto inelude other fun$i and infwions from other poplar species. It is noted
that although bark infusions of P. tremr:Ia were most effectlve ln checking
the growth of !. oruirratum, ln the arttfictat infection studies camied out
E' tr,enula seemed to be the rnost susceptible host. Conversely, r.rhile extracts
flom !. J'.renPlpides had negLigible effect on mycelial d.evelo@nt, the nrmberof probable lnfections secured was slgnificantJy lower than r^ritf, !. -!E@tg.Fr.rrther lnvestigation rnay disclose if leaf and bark extracts fom a defense
mechanlsm of poplars against certain firngal pathogens.

I
I
I
I
t
I
I
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i W L. F' Ebell ],

]

Nq flowering response or effect on growth followed irrbonsive foliar
applicationri of gnowbh regulators. Chemical fertilizatlon of young Douglas
fir showed dfrat apptication of nitrogen fertjJ-izers vlefi associatedl with rnarked-
ly increased cone pr.oduction ln L959 on trees whlch had also shornn:f previous
stern diameten gr'owbh response frpm ferbiliuation. Stem analysis of, trm unfer-
tllized treep with long-tern cone prrduction records showed that heavy cone

_cFops years Tuere usually preceded by a Beason of good incrernent and consistent-
ly aecompaniBd by deereasLd incrernent. These obsenrations, to be fnvestigatedfirrther, l-ndii.cate a cloee relationship between nutrition and cone lroduction'

Girdting in the autrmr-t of L957 and spring of 1958 induced heavy cone
pnoduction ln 1959 on the treated tnrnks of Aortile-tf,unked treee, lrhtle the
control tnr4ks prodused few cones. Ana\rsl-e to determine total sugarr starcht
and hmicellulose in the tissues of branches of these trees is beile carried
out to invesiligate relationships between seasonal changes ln carbohydrate re- ;

serues and cone production t,

Thb period of anthesis and arpunt of pol-len produced were recorded
for Dougl.as fi-r and aII associated species at Victoria anct over an elerrational
transect in pentral Vancouver fsland, using reeording pollen-sa,nplbrs. The
earliest flotuerlng speci-es were red and yellow cedaf, followed by lbuglas fire
vrcstern henlpck, grand fir, amabllis flrl lodgepole piner white piher alplne
fir, and nouitaln henlock, in that order. F,rcbensLve circulatj-on of pollen was
evident in Ubtfr upslope and downslope directi-ons i.:n mountainous tofography.
FoILen pr.odu0tion of Douglas fir at the hlgher elev:ations appeared; adequate to
assure good fertilization. Anthesis of this speeles was five to seven days
Iater per thousend feet increase in elerratlon and riras more pnolongld at the
higher elevation. These data will be related to prevailing weather condi.tions
recorded at paeh sanpling station by meubers of the Britlsh Cohmbi.a Forest *r

Serrrlce, whoi are co*operators i-n this study, ,

S+ I}cuglas fir clones representing exceptlonally reliable and hear6r
eone-producipg parent treeE and barren parent trees were pnopagated by wlnter
grafblng in phe greenhouse. It ls hoped that these c.lones will adopt the repro-
duction habtLs of the parent trees to pravj-de a tool for studies on the bioche-
mlstry of flbwerlng and other physiolo-gieal studies where untforotty of naterlal
ts desi.rabfer Methods of forcing rootitocks for winter grafting qere sirnrlta-
neoustry inve-btigated. It yras deternrined that a short ehll.ling periiod llos F3-
guired and that ercbending the photoperiod to 16 hours promoted earlier flIushing.
Where neither of these requireunents r*as met, some individr:aIs went through the
entire growing season without flushing.

Spritrg and late sunmer air-layering of DougJ.as fir has been tried with
only one success out of several hundred. Thls branch, fron the lovrcr crowt,
took alnost one year to root after treatment j.n August and produced 29 nale
eones the first season after pottlng. Red cedar, v*rich pnopagates weIL frcm
cuttjngs, was found to alr-layer reaOtty.

IIJ DOUGL,B A
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Appendlx G

Report to Cmittee on Forest Tree Breeding in Canada
Regarding Work in Forest Genetics, July 1958-July 1959

FACTJLIY OF FonE$Ar, UNTVERSIIY 0F IWoNTO

by J. L. Farrar

Orr work has been principally concerned with the collection of data on the
variation between seed lots and lndividua'l s with regard to the pttysi-ology of gnor*fh.
P1ants have been strbJected to a variety of experj.nental conditions so thst inherited
differences would have a fuller opporlunity to be e:pressed. Most of the naterlal
has k5ndly been supplied by i\h. I'{ark Holst, Petawawa Forest F;peri.nent Stati-on.

A grroup of flve seed. lots of Nonray spruce have been subJected to artlficial
variatlons in the natural cycle of favourable and unfavourrable seasons. lfuch
variation was obsenred in the growbh pattern of jndividuaLs, ht thene was little
consistency u'ithin seed lots. Iromediately after bud-set, erqposure to 2O-hour photo-
periods caueed buds to resume growbh after a comparatively short period which varied
fron days to weeks. After buds had reached a etate of r,ri-nter dotmancy urder out-
door condj.tions, they resuned grorrbh about 200 days after bud-set rrnder sutrmer
weathef eonditione and without e)cposure to chilling. Mter natural chilllngr bud
break dccurred within 3 to l+ weeks of being brought into the greenhouse.

Ttrere wes mrch variation in the flush of growbh which resulted r*tsr a $rmer-
dormant bud was stimrrlated by long photoperiods" Someti.mes growbh consisted of the
normal ocpansion of pre-fomed initials. In other cases grrowih was ildetetminate
as occurs in an anrnraL plant. Srrch grorrbh eventually ceased after a ferrl nonths,
but could be stopped solner by ocposure to short photoperi.ods. Plants with the i-n-
detenrinate ttrrpe of gnontth shorueil no inherited tendency to repeat that tSrpe of
growth afber i subse{uent similar treatment. Other erperiments with mineral rnrtri-
ents have shorrn that the nature of ercbension grcwbh i.s also affected'by the nutrient
supply.

Plants retajned more than one year under sumer conditions shorned a rnrnber of
peculia,rities. Iateral buds often developed whj.le the termirral reneined dornsnt.
Buds produced an abnorma$r large nr:mber of bud scales. New shoots ldelne ofben
dr,varfed with needles reduced to scales. After two years narry plarrts had died'

Plants induced to flush during an off-.season returned to their nornal rhyth
after being ergosed to a natural winter.

In another ocperinent r,yith the sane five seed lots, heavy shading for five
weeks afber bud-sel had no diseernible effect on gnorrbh during the sane year or in
the follordng year, This suggests that those plants were not naldng firll use of
the growing seaspn.

A graduate student - M. Glertych - carried out an e:cperinent in grorrth
gtramhErs in which nine seed lots of jaclcpine and one of lodgepole pine were gnoun

with flve lenels of nitr''ogen under two photoperiods. Responses to treatment were
marked. Seed collected fron northern locallties showed a greatel..response to photo-
period than those from southern localities. t\tro related orperioents a"re in progrees
tslth the same seed lots in which the anor:nt of light is varied.
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Another greduate student - K. }brgenstem - is loaldJrg a study of introgression
of red and black spruce.

A ntmber of prcvenance trials of black spruce, white spruce, red spnrce, Iilrrnray
spruce' red pine, scots pine, and larch have been set out at the llntap ObsenratorXr
Arboretum ard the University Forest near Dorset, Orbario,

A technique was deveJ.oped for the accurate measuretnent of the diametere of seed-
ling stems (Fanar and Ziclurarris 1960).

iilhite pine was successfull;r repnoduced by layering (tr'arar end McJannet, 1959).

Seed of silver naple was successfuJJy ripened on detached branches after arti-
ficial polllnatlon. Ttre tirne fron pollination to germination was 44 dEyE.

A nrnber of species were gltown in plastic tubes one inch in dianeter filled
rrith Ehredded sphagntrn with added mineral nutrients under a 20-hour day. Seed sown
during November to Januery produced stock big enough for field pl,anting i.n Uay. The
sphagnum ubss renaLned with the roots and provided a tenporarTr source of water and
rnrtrients i^mediately after transpl^anting. The transplants grew vetTr well irr the
field. Speci.es which responded favourably were Acer sacchar:inum, Betula papSrrifera,
B. Iutea, Ulmrrs americana, Gleditsi.a triaca.nthos, Robinia peeudoacacia, I€rix
lariclna, TtnrJa occidentells, P5nus sylvestris, P. banlcsiana, Picea gLauca, P.neriana,
P. abies. Pirrus resj.nosa waE ver? poor and P. strobus and Abies baLsamea only fair;
apparently a standard nutrient solution j-s not suitable for them. While the nethod
is e:cpensive, it woufd seen to be lrnrttnuhj-Le for growing valuable seeds.

fublications:

Farrar, J. L. and McJannet, W. D. Air.-layering of Eastern Whlte Pine (Finus strbbue
t.) For. Chron. 353I8-2L. L959.

and Eichmani.s, H. The Accurate Dfeasurenent of Dianeter Changes in
Sel1 Stecns. Annual Rlnq, Faculty of Forestry, University of Toronto,
1960, pp.16-1?f
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fcn the Cornrnlttee on Folest lbee Breeding

ln Canada

Tree PtrYsiolory Section

Petawawa !'orest Experiment Station

D' A' Fraser, D' T' Durzan and w' H' Vanden Born

hr t96oo

Flower primordla ef whlte and black spruce were recognized
through rnicroscopical lnvestlgation in early August, 1959. . 

Floral irrltla-
tion followed thl warm dry peiioA of tlre prLceding two months. A sinllar
situation ocouged in tgli, The emrirorunental factors considered oonduclve

to flooering of spruce trees in nature are being used to design growth

eharnber experi-ments for physiological investi-gatlons.

Gorrelations were made between radlal growth of 15 forest trees

,specJ-es and annual variations in soil moisture, rainfall, and potential
'evapotranspiration during fl}le 1955-1959 perlod. Radial growth was great*
est for most speeles in ig1}, when earl;rinitiation of growbh and adequate

moisture contriUuted to " v"ry long growing season. Drought occtrrred in
ipEE ""4 1959, but whereas in ttre iormer year it extended throughout the
sururer and reduced tree growth, ln the latter it was broken ty August rains
whlch led. to the continuatlon of radial growttt. Cambial activity ln the
stem of all trees studted had ceased by early Septembert even on sites
where nelttrer molsture nor temperature were l-imitingt

A contribution on the experirnent 1 control of growth in spruce

seedlings is nearirg completlon. tfti-s pap"r summarizes growth charnbert

greenhoi.se and ,ro"rEry eiperiments on alcelerated growth by means of long

f,rrotoperiods at vari-ous temperatures in conjrrnction with adequate rnrtrlent
and molsture supply. three-foot-high black spnrce trees wlth stem dlameter

;;;gt"e-iio*112n a lfuu tete grottt in 18 months. supplementary illumln-
ati6n Io give a zh-hour photopeiiod to nursery stoek growing outside
stirnulatef, ZO per cent mote tptcal growth.. In. an evaluation of the effect
of antl-auxins, periodic foliar ;pt+ 9f (2, h dichlorophenory) ButyrLc
acj-d reduced apiLal growth of 3-f-ooiwtrl-te-spruce trees b5r about 25 per centc

one - and two-d.i-mensionaL paper chromatographic analyses of
e1hanol extracts of white spruce UuOs irarre facilitited' tfre -separation of
nearly 30 nitrogenous oompolnds. Identlflcation of thesd compourds indlcates
that there are ilany free 

-a*tno aclds and their amides. Concentrations of

the constituents 1n the free nitrogen pool change with various stages ln
development of the budsr This could ata in an early recogni'tion of flower
irdtiation.

A number of histochenical tests was applied to sections of whlte
spruce buds made with a freezing-rnicrotome. periodlcally during the growi-ng

s€ESorrr Localization patte"rr" i."u establiihed for 10 enz;rmes' Differences
between flowering ard. vegetativd buds were most marked' in patterns obtained

fw peroxidase, cytochronre ocldase, and in seetlors treated with osnic acid'

An evaluation of auxin activlw in whi.te ard black spruce trees ls
also in progress;
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REPORT TO CO}M.{ITTEE ON FOREST IREE BREEDING

JuIY 1P60

Camilien Gagnon

Canadlan Department of Agrleulture
Forest Bio1ogl laboratory

Quebec, P'Q.

Dutch Elm Disease

Testing Amerlcan e1m trees for resistance.

The outline of thls project and the results of the tests carrled
out at the LlAssomptlon Experlmeni station were presented in 1957 and 1958'
Thls programme was contlnued at LtAssonrptlon during the past two years, and
also slnee 1958 at the nursery of the Forest Biol-og3r Laboratory, Quebec
City. Tests of reslstance were al-so carrled out on seedlings obtained from
seeds collected ln the Quebec Clty area. From 1952 to 1956 a grand total
of 162,935 seedllngs were inoculated, of whlch 108,374 came from X-rayed
seeds, and 18,540 from seeds treated wlth Thermal neutrons. The results of
the resistance tests carrled out at l"tAssomption in 1958 and 1959 are
summartzed ln Table I.

Tabl-e I. Inoculatlon Tests of Elm Seedlings at LtAssomption
during L958 al:d 1959

I
I
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Year
of

Year Number Number of Seedltngsseedlings Treatment of previous
lnoculation were planted inoculations Inoculated Not infected

1958

1959

4957
r955
t955
l-957
1956
L957
a95z
l956
L957
]-958
L955
l.956
L957
L958
L956

None
X-Rays
X-Rays
X-Rays
T.N .
T .N.
None
None
None
None

1(a)
0

23
(u)
L?.

74
(u)
6z

(u)
1(a)
(

148
r74

3
2T

r,779
4,29o

10
n6
2i7

]-952 None
1954 None
f956 None

51
32
1w6
n 'l 4((w -aJ/J

2 L85
1 4,574
o L5,946
1 3,441

3,623
1

0
6
223
1 (u)

X-Rays 3
X-Rays 2
X-Rays 1
X-Rays
T.N.

o 5J-,2t14z6z

4,438
12
74

(u)

Lgs? T.N. 1 (U)
1958 T.N. O 2,436

t
I

(a) Stunted tree
(u) tlo aata
T,N. Thernsl Neutrons
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One trse planted tn l-952 has resisted inoculations every fe€rrr llowever,
this particular tree is poorly developod ard produces only small wood
vessels ln which the fungus development is apparently lirnlted; for this
reason it can hardly be accounted for as a good example of resist&hcor

About $ per cent of the seedlings were not infected after the
first inoculation. The percentage of seedlings that were not infected
varied annua1.ly from J.9 to 27.7 as shoun in Table II. This large
variatlon is probably due to elinatic conditions as substantlated by the
fact that the soedlings coming from seeds treated either by X-rays or
Thermal neutrons gave similar vartatlons.

Table rr. percentaEe of seedllnss not rnfected the First year of rnoculation

Year of
lnoculatlon

Seed Treatments

None X-Rays Thermal Neutrons

t
I
I

l-952
L953
t954
l-955
t956
L957
1958
l-959

11,5
10.8
15.3
16.9
5.3

27.7

3.9

.,i.to
OrO

23.5

8.3

2?.6

9.7

I
I
I

The percentage of seedlings that sur:vived the inocu3-ations ln two
consecutlve years was usually less than one per cent as shor,rrn ln Table III.
Only three lndivlduals planted ln A955 suwived to three lncoulatlons,

Table fII. Percentage of Seedlings not Infected after 2nd Tear of
Inoculation

Year of
inoculatlon

Seed Treatments
None X-Rays Thermal Neutrons

I
I
I

L953
1954
L955
L956
l-957
1958
1959

5.32
o.43
0,45
0.13
0
0.78
9,51

:
0.22
0.97
0.38

11.17
o.4g
9.27

I
I
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The results of the resistance tests carried out at the Forest
Blology Laboratory, Quebec, are sununarized in Table IV. From the 1957
crop 420 individuals survived 2 inoeulations, and 977 were not infected
after one inoculation.

Table IV. Inoculation Tests of seedlings in Quebec Laboratory Nursery
during 1959

I Year seedlings
were planted

Number of
previous inocul-ations

Number of Seedlings
Inoculated Not lnfected

I
0

l-957
1958

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

L,253
2,325

420
977

llvbrids of European e]-m species.

Hybrids of European elm species imported from the Wlllie
Conrnelin Scholten Laboratory, Baarn, Holland, are propagated in the
Laborat-ory greenhouses and nursery for testing their potentiallty In
Eastern Canada. These hybrids which were reported to be of 1ow
susceptiblllty in Europe have not yet been tested with our stralns
of Ceratocystls gfu!, nor with native pathogens. However, all of them
appeared to be very-susceptibte to the early frosts which oecurred in
September 1958 and 1959. A11 the shoots were affected for the last
two years and about ?5 pep eent of the current year growbh was killed
every year,
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Surmary Reponts on Foneet Tnee Bneedlng
1958 and 1959

C. Helmburgen

0ntarl.o Depantment of Lands and Fonests

Research Bnanch
Mapler Ont.

lq<B

Bneedlng work wlth whlte plne, acpen poplane ond bard

plnes was contlnued, and some new work wtth whlte ced,ar was

expanded.

Whlte Pl.ne-

--

ReslEtance to bllster nuet and weev1L, and satLsfactony
gnowth fonm and growth nate were the meln obJectlves ln breedlng.
Tho acqulgltlon of new mater"lels compnlsed 5A clonee of nat!.ve

rhlte plne and of exotlc specles obtalned ln natural stands and

fnom sevenal arboneta. One add.ltlonal seed Lot fon the inter-
natloneL 5-statlon provenence test was necelved and sown. A

new sct.on collectlon was undentaken ln the plantatlon at Connaught

Ranges nean Ottawa, to neplace rnatenleLe lost aften gnafttng at
Angus, Ont. Sl*teen seedllngs, showlng resLstance aften sevenal

Lnoculatlons wlth bllster rust, wene selected for vegetatlve pro-
pagatlon and funthen testlng for reslstanoe. An expertment ln
the ralslng of whlte pine seedlings unden Long photopertode ln
tbe gneer*touse during the wlnten ylelded a nlne-fold lncneage ln
growtb und.er norrnal dayLlght pLus eontLnuous hlgh lntenaity
lLlumlnatlon ln 9 months. Fifty-ene lnten-specific cnoeeeg out

of 89 made ln 1956 yleLded 1O9O seedll.ngs, and 3t+81 seedlings

were nalsed 1n the greenhouse from 59 crosses out of 115 made
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in L957. Flfty-four new crosses wene rnade fn 1958. Most of
these vrene between Plnus peuce and the natLve whlte plnes,

pnonpted. by the dlscovery ln L996 of a clone of p. peuc€

tnansmlttlng resLstance to most of lts offsprlng in a cross

wlth natlve whlte plne, rnoculatlon wtth bllster rust was

very successful d.ue to favourable weather condl.tlons. A numben

of blaok cunrant seedLlngs retaLnirqg thelr leavee untll the fall
and showlng good tella fonmatlon were selected fon funther pnopa-

gatLon, to gnow materlals for. whlte plne lnoculetlon wlth bllster
rugt.

Pop1ars.

The productlon of aspen-Ilke hybnlds sultable fon gnowLng

1n southern Ontario contlnued. to be the chief alm of this proJect.

cuttlngs and sclons of 5l+ new clones, and seeds and sclons of 8

new populatlons lrere obtained by means of exchange wtth other
poplar breeders. The new method for eveLuatlng rootl.ng ab1L1ty

of cuttlngs introduced ln 1957 was lmpnoved by the addltlon of
a soll condltioner to the rootlng medlum ln beds prepared for thls
purpose. fn mass productlon for lndustrlal use 12 new hybrld pop-

ul-atlons were obtalned.. The breedlng for good nootlng abtlity
ylelded 1\ hybrtd populatlons and T hybntd populatlons were ob-

taLned 1n bneedlng fon precoclous flowerlng. It was poss!.ble t@

select for further testlng 1l+B new seedltngs, outstandlng ln res-
pect to growth rate and form, fnom hybrld populatlons of pnevlous

yearg.

Hard. Plnes.

-

The d.evelopment of new types, resistant to the Eunopean
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pine shoot moth and sultable for growing ln southenn Ontarlo,

contlnued to be the alm of thls pnoject. New acqulsitLons

compnlsed h2 clones and 2[ populatlons, lncludlng red plne from

Nova Scotia capable of growlng in swamps and not found ln Ontarlo.

Two inter-gpeciflc crosses out of 38 rnade fn 1956, ylelded J

seed.llngs tn 1958. . Out of 47 such crosses mad.e tn L957, !2
ylelded a total of 548 seedltngs and 2l+5 new crosses were rnad.e

tn 1958 becauge of the nathen abundant flowerlng ln that year.

The plantatLon of hard pines at Turkey Polnt r,ras augmented wlth

2378 seed.llngs and 19 grafts of materials grotrn and pnoduced

for shoot moth resistance tests. A ned pine polllnation expenL-

ment was started wtth slx selected. trees, that ln the past had.

responded well to gtndllng and openlng of the stand with heavy

cone crops. The trees were selfed, top crossed with poJ.len of a

selected. tnee, polllnated wlth mlxed pol1en and. open-polllnated.

Thls should detenmine, at leest ln part, the natural breedlng

system of ned. plne and yleld tnfonmation of basic value to seed

orchard work.

Whlte Cedar.

The pnoductlon of lmproved types of thls specles and of
western red cedan hardy ln southern Ontarlo, is the alm of this
proJect. Cuttings and scions of 19 new clones were obtained,

ylelding l+16 nooted cutti.ngs and 91 successful gnafts. Tbese were

mostly western red cedar and Japanese ned cedar. obtained. ln
Brltish ColumbLa and fnom several antonetum collectlons. fn
ad.ditlon, one 'Lot of western ned cedar seed from British Co1umbl.a

ylelded lO2 seedlings. ft r^ras posslble to make some crosses on
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grafts ln the gneenhouse and in thls manner to obtaln some 20

hybnlds of ned cedar with natlve whlte cedar.

Chestnut

Tl:e alm of thls proJect ls the production of hardy dwarf types,

reslstant to bllght and suitable as dwarflng stocks 1n a bneedlng

progrem wlth tlmben-type chestnuts. Two seed lots, one of native

chestnut and one of Chinese chestnut, obtalned ln the fall of 1957

and placed ln boxes wlth sand below the frost llne outslde, yieLded

11 and 228 seed.llngs respectively. ft was also possible to obtain

25 seedlLngs of natlve chlnkapln from a nursery 1n North Carolina and

to establlsh these in the anboretum.

t959

BreedLng wonk with white plne, aspen poplans, hard plnes whlte

cedar and chestnut was continued.

Whlte Pine.

Resi.stance to blister nust and weevi,I, and satlsfactory growth

form and growth rate were the main obJectlves Ln breedlng. The

acquisitlon of new matenlals compnlsed 35 cLones and B populatlons

of native white pine and of exotlc species obtained i.n natural stand.s

and from several arboneta. Thi.s includ.ed sclons from several plus

tnees in nonthern Ontarlo. Two exceptlonally early flowerlng seed-

lings of western white pine were selected for vegetative propagatlon.

Muctt useful lnformation about the wlnter hardilness of exotlc whlte
pine specles was obtained after the unusuallv hard wlnter of L95B-59.

Heavy snow d.amage to grafts was also experlenced durlng this wlnten,

lndicatlng that outslde graftlng above the snow l1ne ls ad.vlsable 1n

areas wlth a d.eep snow cover duning the wlnter. Ttre raislng of
hybrid whlte plne seedllngs under long photoperiods ln the green-

house has agaln been very guccessful. Fifty-nlne interspeclflc
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erosses out of 11! mad.e in lg57 yielded 3781 seedlings and 2g out

ot 5l+ crosses made in 1958 yierded 926 good seeds. Eighty-two
new crosses were made in 1959. The abundant flowerlng in L9S9 of
whlte pine g:rafts mad.e I4 intraspecific cnosses between bllsten-nust
reslstant native white pines posslble. fnocul-atlon wlth blister
nust was rather poor because of adverse weather cond.ltlons. The

selection of black currant materlals oapable of retalnlng their leaves
with bllsten rust until the i-noculation peniod was continued. The

population of P.stnobus x peuce so promlsing during the last \ years
I^tas in 1959 heavily infected wlth blisten nus t and is at present
not above average unselected whlte plne ln reslstance. Several
seedllng populations.of P.grlffithli x strobus and recLprocal are
standLng up very well after repeated infections wlth blister r:ust
and look promisi-ng thus far. pontlons of white plne seed.s of
Chapleau origln were lnradiated with increaslng d.oses fnom 250 n up

to 32000 r of x-nays at the laboratonies of Aiomtc Energy of Canada,

Ltd., in chalk Riven,ont,, with the aim of findlng the t 5o dose

and fnom then on to i-nduce mutations causlng increased herltable
nesistance to bllster nust. The results of genmlnatlon tests indlcate
that 2000 n constltute the L !O dose. This is less tban the 13000 n
necessary to induce the same mortality in dry slash pine seed.s

and more than the 5OO-9OO r needed for the same effect in Norway

spruce and Scotch pine. Doses of SOOO r and above were completely
lethal. Slgniflcant differences in frequency of weeviling were

found Ln a test plantation of whlte pine 1n comparlng a northern
provenance (Temagami) with a southern (Rondeau) while thls
eharacter exhibited an intermedlate senles between the two extremes
in lntenmediate provenances (Petawaura, Gran' Bend) . Thls ind.lcates
that whlte plne in ontario, at reast from this $tand.point, is
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rather weakly differentlated lnto cltmatic races.

Poolans -

The pnod.uction of aspen-Ilke hybrlds sultable for
growlng in southern Ontario continued to be the chlef alm of

this proJect. Cuttlngs and sclons of 38 new clones, and seeds

and sclons of 19 new populatlons were obtalned by means of ex-

change with other poplar" breeders. fn mass production for
lndustnial use l[ new hybntd popuLatlons were obtalned. The

bneedlng for: good rootlng ablllty yielded t hybrid populatiorxs.

ft r,ras posslble to select for further testing 163 new seedlings,

outstand.lng in respect to gnowth nate and form, from hybrld

popuLations of pnevlous years. A fungus causi-ng dieback on

hybnid aspens caused very severe attacks. All F1 hybrlds of

aspens and silver poplan are hlghly susceptible as are some

hybrlds between trembling and largetooth aspen. Hybrlds of

European and trembltng aspen are free from attack. The Aslatic
aspen P.davidlana ls hlghly susceptlble. A system of 3 maJor

genes condltlonlng sr,rsceptibllity is postulated., namely A

(silven poplan), G (lar-getooth aspen) and T (tnernbllng and

European aspen) any 2 of r+hi-ch cause predlsposition to attack

by thls fungus on fungus complex. This fungus is a very serious

factor ln all futune aspen bneedlng and w111 have to be thonoughly

studied. It is a wealcaess paraslte and is found ln all recent

plantlngs of hybrld aspens. fn a ta1Iy of l-year old hybnid

aspens in a plantatlon hybrlds of good langetooth aspen and

Hungarian sllver poplar were found to be far superlon to natural
largetooth-sllven poplan hybrlds, and fulIy comparable to the
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best cottonwood hybrl-ds ln form and vi.gour,

Hard Pines.

The development of new types, reslstant to the European

pine shoot moth and superi.or ln growttr for:m and growth rate'

contlnued to be the aim of this pnoJect. New acqulsitions

comprised 72 clones and }J populatlons, lnblud.ing red pine wtth

very fine branchlng from northern Ontario. In addltion, 5l'1

seedllngs were selected for further propagation and testingt

fnom acquisltlons of previous years. Thlrteen i-nterspecific

crosses out of h7 made in lr957 yielded 548 seedllngs in 1959.

out of 2l+5 such erosses made fn 1958, 3o yielded a total of

255h fuII seeds and 53 new crosses were made in 1959. 0f these,

2 were crosses between precocious Scotch pine, to d.etermine the

lnheritance of this character and 31 wene lntraspeciflc red

plne crosses fon further stud.ies of tbe breedlng systern of thls

species, started ln L958. ft was found that the Japanese black

plne, well known for its high resistance to shoot moth attacks,

was not as nesistant to shoot moth as some P.nlgra materi.als

recently acqui-ned and tested.. This greatly simplifies the

problem of breeding shoot moth resistant hard plnes.

trrlhite Cedar.

The pnoduction of lmproved types of this species and of

western red cedar hardy in southern Ontario, is the aim of this

pnoject" Cuttlngs and scions of h new cLones were obtained and

established successfully. The cross between western red and

eastenn white cedar has been effected successfully 
"n 

1958. The

resulting seedlings were somewhat chlorotlc to at flnst but have
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- Iater become green and now grow normally. The alm of thls cross

I 
ls to pnod.uce a hardy fonm of whlte cedan that w111 reach larger
slzes than the native types.

I chestnut

The aim of thls pnoJect ls the pnoductlon of handy d.wanf

- types, neslstant to bllght and suitable as dwarflng stocks in a

I 
bneedlng program with tlmber-type chestnuts. It was at last
posslble to obtaln a seed. Iot of natlve chlnkapln fnom Vlnglnia

I 1n good. tlme for fall storage. The seed.s show good germinirtion

_ at present.
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BMNNIAT FEPORT

APRII I l-958 to MARCH Jt L950

FOFEST TREE BNEEDING IIND GENETICS

AT TIIE

PETAWAWA FOREST EI\PERIJ\4ENT STATION

M. J. Holst

GE}MNAL

This report gives a brief outline of the ptrysical work
accomplished by the tree breeding group at Petawawa Forest Experiment
Station for the information of co-operators and. fellow workers in the
field. of tree breeding.

.a.s the number of established experiments is increasing, for
the sake of brevity I have listed these in tables with titles suffici-
ently.d.escriptit* io convey the intent of the erperi-ments (TaUles I
and. 2).

WHI1E SPRUCE

our early collections start to bear fruit. I'our single-
tree progeny tests were established on the Station axe&. Some conpare
the progeny of elite trees, others the progeny of broad and slender
trees. All tests were designetl to yield inforroation about the effect-
iveness of the field layout.

A provenance experiment including )Z taces of white sprucet
mainly fronr the middle part of the Great Lakes - St. Lawrencc Forest
Region, was establi-shed. in 15 localities. (ivtanitoba, Ontario, Quebecl
Ih;]nesota, Michigan, l{aryland and Alaska).' ,Nearl5r 85r000 plants were
field planted. The pilot e:cperiment located in the Petawawa Forest
Erperiment Station nursely inCicated. the existence .of slow-growing
inbred. populations to the south of the lange as well as the ecot;pes
developed on calc&reous soils. (nama Tp., Vankleek HiIl, and Erin
p"o.r"rr-u,t"e) which show high mortality whon planted on the acid' sites-tt P"t"*u,"u,. These provenances also showed.,pronounced yellowing which
we interpreted as magnesium deficiency synptoms. 0ther provenances
from linestone areas such as Essa Tp., Dalhousie Tp., and Hungerford'
Tp. were lntermed.iate in mortality and developed a more nonilal colour.
The most northern plovenarlces weTe 20 per cent smaller than the local
Petawawa stock and those from cooler areas than Petawawa were J to
10 per cent inferior to the control. f\ro provenances (Sand- lake and'

Sundrid.ge) fro* the l{aliburton area near Georgian Bay had suprinsingly
poor growth (about lJ per cent poorcr than the control).
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lrlhile studying for fuis }lasterrs Degree at the University of
Nev Bnrnswick, l{r, No:ruan Jones investigated two o1d white spxuoe
provenance extrleriments for woo{ clensity. There was a general
relationship between g:rowth p,te and. specific gravity; the slow
growing trees had. higher clensities. However, in te:ros of cLry wooil

Broauciion, growth seemed. more importarrt than d.ensity. Another
intercsting feature appeared. frorn this investigationg the range
in density is sometimes very narrow and sonetimes very wide, indicating
ecot;4pic varC-ation as well as reJrdom d.istribution r,rithin ecoWpes.
Not ab}y, the Petavrawa stock had a range of 0.155 within the open
pollinated. progeny of one ttree, which was aluost as great as the
iotal range (OlfOl) in the rnaterial under test. Stock fron Kananaskts
in Albertn nrA the'highest specific gravity. (0.423) end that fron
Lake Edward. ln Quebec had the fo"e"t"(O.ff-O). ffrl'high density (.1+68)

white spr'1rce fron Petawawa, which is aLso superior in growthr is
being p-ropagated together with other high apd low density trees of
gooA-gro"lh. The specific gravities just mentioned refer to that at
tne gtfr internod.e oi zO-year-o1d. trees. Iligh correlation was also
fowrd. between the specific gravity of ad.jacent br:anch sa,inples of the
{th, 5th, and- Bth whorI, a:rd. of the sten. Distal branch samples prrcved'

\ too d.ifficult to work wlth and their specific gravity showed only slight
correlation with that of the stem"

fhree white spru.ces with rapid. taper and acute bmnch angle (a'nd

therefore with a high proportion of knot wood) were crossed. llhe
progenies fron theso crosies denonstrzr.te that at least the acute branch
angle is inherited and can be d.etected. on J-year-old seecllings'

Fivo white spruce plus trees were detected by our own crew in the
irnrnediate vicinity of the Station. tJe also grafted 13 uhite spnrce 4o"
'brees selected ir the bo:real forest of northern Ontario by staff of the
Ontario Department Lands and. Forests.

Nomar. Sp:rrce

Our interest in slender, fast-growing, hardy a'nd weevil-resistant
Ilolr'ray spltrce is still active. One extrlerinent with intra-speeific
hybrids of the weevil-resistant trees growing on the $tation was

*it"Uti*tred. (Exp, No. 6-8) a,nd we add.ed several new clones of apparently
l+eevil-resistant selections to our graft arboretum.

Five provenance e:cperinents and obser:vation plots comprising-
151000 No::wiy spruce seed.lings plantetL on 5,|aqtrEa were established' at
the Petawawa Forest Experinent Station, and. obselsration plots of narqr

N^rvray spruce provenances were established in 8 locatj-ons in Ontario
aHA QueUec with 321000 plants on 2J acres. Some of thes: experimentF
inolud.e progenies from especially slender trees of European originl
others contain mostly carefirlly selected provenances which'have been
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shown to be superior in Eur6ps. Over the years, we have establisheo
a considerabfe acerage of Norway spruce experi-ments and- observation
plots of prcvenance material for'which there is good infornration
atout origin and. where eventualLy we can seleCt weevil-resistant
and winter-hardy' trees for firther breeding.

Red. and Black Spnrce

Seed.lings of JZ ted spruce provenances have been raisetl ln the
nurseries of the Acad.ia, Valcartier eJId. Petawawa Forest Experinent
Stations. Approximately !0r000 2-2 and 2-7 plants have been established'
in 20 locations in eastlrn Canad.a, the New England States and the le'ke
States. Some of these provenances showed. introgression with black
spruce a.nd K. Morgenstern worked out a technique suitable for estimating
-bhe d,egree of introgression in nursery plants. Qne red sp:rrce provenallce
from Sear Meadows, Penn., attracted particufar attention because it
hacl the upright piant fornr typical of black spruce while 1n all other
taxonomic characteristics it was good. red spruce. Many of the Canadian
provenances had- the blue-neerlled, pubescent and upright plants typical
of introgressive populations.

The intent with these provenance experiments i-s not only to find
fast gtowing and- hard-y red spmce proveninces for eastern Canad-at but
also to establish gene Bool5 of red spruce fron its extreme southern
ran€e for producing hybrids between the southern red spruce and northern
black sprucer which we suspect will be heterotj-c.

Many crosses between black spruce and red spruce have been studied
and- various F2rs and back crosses have been nade to investigate the
taxcinomic relationship and ecologicalpreferenoes of the species'

11 black spruce J snall experiments including I provenances llere
planted.

Snruce Hvbrization and Tree Crown Isolpfi,on Tents

Flowering was sperse in 1958 and L959. Howevere we did mana8e

to experiment intensively with the full crown i-solation tents and to
design improvements. Several- selfings were made with the tents in
vhite spruce, bleck sprucer red. x black spruce hybricls and in Scots
pine.

Seed. obtained fron a Picea Kovq.nai x Alauca cross produced at
I{aple did not germinate. The tents promise to be very useful to
efiect self pollination (when both feurale and nale flowers are enclosed-
i" tirn iu"t)'and cross polllnation (female fiowers isolated) in spmce
in goocl flowering y""rs, when several thousand. female flowers raay be

found in the top 5 to 8 feet of mature white spruce,
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In 1959 thermo-couples were used. to measure i;r,ir temperatures in
shade outsid.e the tents anrl at d.ifferent levels iqithin tents erected.'
onthetopsoftaI1treesand'ontreesatgroirnd.1evel.F1owersof
a 35-foot black sp11ce ancl a ZQ-foot red x black spruce hybrid were
not injured. by a maximim temper"ature of 102oF in the tops of the
tents from 3 to 5 pu on 25tir llay; outside ternperature was BBoF with
a clear sky and no wind. The flowers aborted at the top and on the
southern sid.e of the crown of a man-high Scots pine enclosed in a tent.
Here the maximrin tenrperature in the top of the tent was 105oF at 2 PSIIr
Bth and 9th of June; outsid.e terrtrrerature Btof with a clear sky and
negligable wind.. Apparently lethal temperatures m+y develop wlthin
the tent when it is erected near the ground. Also Scots pine flowers
appear to be more sensitive to heat injlry than do spruce fl-owers. 

-A-lent fly has been constmcted. to stede the top of the tent to reduce
insolation, but it has yet to be tested.

Red Pine

A provenance experiment was established. comprising 18 ftr9es of red
pine covering the east-wcst Tange of the species in Canad.a and the United.
St"tu". Eleien experiments were incluCecl in this seri-esi 29t000 extrlerinen-
ta1 and.13r000 surround plants were planted in randomized and replicated.
field experirnents.

Another erperiroent including f small lots of rare red. pine
provenances luas planted at Petawawa !'orest Experirnent Station. , :

Three e:qrerinents were established. in Netu York with 9 red. pine
provenances from the Petawawa seed bar.nk; 10r530 seed.lings were planted'
on 9.1 acres.

Four red. pine provenalrce experiments includirg 7 races were planted.
in Wisconsin with seed. from the Petawawa seed. bank; 7 1200 seedJ.ings were
plarrted on 5 acres.

In New Zealand ? red pine provenances established in 5 localities
are doing vely well accord-ing to repor:ts received. from I. J. Thulin.

Red pine seems to behave strangely in western Europe. Several
provenances have been on trial in Sweden, Denmark, Germany and France.
Although the seed. gerninated welI, the plants have subsequently faded.
away in seed. bed,s and field experirnents. Whether this is owing to lack
of sone specific mycorrhiza or to hanOling of red pine as one would.
Scots pine stock, or to cool sutrmiers, is hard. to tell. It is indicative
however of a narrow ccological amplitud.e.

Provenance hybricllzation in rr-rd. pine seens a promising approach
for increasing growth by brecd.ing. We have therefore established. a
glaft arboretum with populationetmpl,ee of maiure red pine from all over
the range. To this was ad.cLed. naterial from llanitoba and. Newfoixid-land
as well as ?? trees selected. by Dr, C" Heimburger in northern Ontario
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where red pine has a d.isjrrnct occurrenee and pronounced. genetic d.rift'

Earlier provenance hybrids of red piee (Petawawa x Rochester N.Y.
with po1len provided by Dr. C. Heinrburger) were field planted at
Petawawa.

Jack Pine

Jack pine pruvenance experiments established sone years ago have
been remeasured. They are:

Exp. No. 40

Exp. No. 82

Exp. No. 1-25

12 Ontario provenances

6 Ontario and 3 Quebec Provenances

16 lake State provenances

As these experiments are inadequate, seed has been gathered. for a

new series of provenance er4periments covering the whole range of jack
pine. We expect to sow fJ provenarrces in I96L.

Several population samples haver been grafted. However, seedlings
of jack pine produce flowers alnost as quickly as do graftsr so plantirg

"*uAtitg" tu,y t" the better teohnique for establishing gene pools and

material for provenance hybridization'

0ther Hard Pines

New selections of Scots pine suitable for Christmas trees have
been made. 0lder selections were rated for winter browning Ouring
the 1958-J) wlnter when nearly all Ontario Christmas tree plantations
suffered. severe desiccation and. needle drop. T\vo clones and two
seedlings were found that withstood. winter d.anage, and have been
earkrnarked for future breed.ing.

Crosses were rnad.e in an o1d Scots pine provenance erperiment
between trees selected as potential Christmas trees. The following
provenance hybrids were nadel

Checkoslovakia x Riga

x tr'rance

x Scotland

Seed.lings and grafts of !!g1g niE::a, P. ThuFbereiir B. 49S!@,
were prod.uced for our co-operative stud"y of European piile shoot moth
resistance.
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This naterial was established in three locations:

1) Petawawa Forest Experiurent Station'

2) Turkey Point in Southe:rr Ontario
by Dr. C. Heimburgerr Research Divisiont
Ontario Departrnent of J'ancls and Forester

3) Efnira Entomological Fie1d. Station in centraL gntario
by P.J. Pointingt
Slience Branch, 

- 
Canada Departrnent of Agriculture'

li.ttempts were.rnade to cross P. resinosq. w'ith g. densif,loryr
P. thunbereii and B. nigra, If red pine cones are to su::vive in this
area we nrust spr:e.y diligently in spring and faII.

Other Slecies

,, rbout 20r000 seedlings of larch, mainly Europeanr- Japanese and

their hybr:id.srhave been planted. at Petawawa and distributed to various
co-operatoTS.

Larch nay have nerit in eastern Canadian forestry as an early pulp
producer on hardwood siteso ancl may provide a cut before the hardwood-s

becorne nerchantabl-e. We have thereiore introduced' what appeared to
be the best Er:ropean provenances and usec this material partly for
formal provene.nce experincnts and partly in clear-cut hardwood stands.
to obscrve whether the larch carr kLep ahea<l of the hardwood reproduction'

we are also conducting linited trla:,Is with Betula and have

exchanged. Ca^nadian birch provenances with birch specieS from Englandt
No::t^rayl Sweclen, Finland., Derurark, Germany, Korea and Japan'

PITNT, FORCIITG t'NT rtO\'/IlR INIUCTI0N

Ivlost plants nust be a certain size before they will flower'
It is important therefore to know sonethi4g about the techniques for
accelerating growth. While intolerant species such as biroh or
larch will grow continously when exposed to longd.ays in ? "1m- 

greenhouset

the pines, raost spruces attf. fi"s seen to require a period of chilling'
although the pines we have testecl gncler long clay in a wartr greenhouse

secm healtlqr enough, they usually havc difficulty in breaking bud

dormancy. nrr" 
"porces 

seem a little nore plastic in reacting to long
days, tut eventuilly they suffer fronn cbntinous heatrand flushing becomes

"po"iaic 
and abnorull resulting in unsatisfactory growth anu fo:m.

' We have thlrefore enbarkccl on a progran in which we pay particular
attention to the chilling requirements in our plant forcing techniques.
A growth cabinet in which cfritting treatments or d'iumal, tenperaturd
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variations, and short or 1or4: days can be-given trncler hish lisht
intensity is being construct"a f6" us by Engineering Research Section

of Agriculture, Central E:qperinental Famxt Ottawa'

Many experiments have been made with flower induction. The

nost promising from a practical point of view-was the application
of arnmonium nitrate fertitizer lo red pine which gave a 50-100 

-

per cent lncrease in fernale flowers but reduced male flowering by
'eo po" cent. The a,mmonium nitrate fertilizer shoutcl be applied' before
annual growth is completef.. t{ay and. June applications were hlghly
effective; July application was interrnediate and in August and" September

applications hld i.o fto*u"-inducing effect. A.rrrmoniu-ui nitra'te also

stimuLated female flowering aJId. reduced. male flcwering in jack pj-ne'

Guanine hyd.rochloride and. 2, 4 dichloropheno:yacetic acid-when

sprayed on jack pine in concentrations of 20-150 ppm' stiroulated
,Lt"- ftowering tit traO no effe ct on ferrale flowering,

In spruce a combi-nation of early spling root pruning Td anmoniumn*"tw'te

fertilizer gave the highest flowering. The intolerant black spruce

is easier to force than white ancl Non'ray spruce'

Experiments were carried out with branch girclling at two-week

intervals during the growing season with black, Nor"'ray and white sprucet

and red ancl jacf, pinel in a* a.ttenpt to pinpoint when the flower
prinordia are formed.

Veeetative Pronasation

a total of 4180 grafts were made in this Z-yeat period. an

experiment with deep ireezing of winter-collected scions gave the

following suwival percentages after 1 and 2 years of storagel

Red pine

Nonn'ay spruce

I{hite spruce

One Year

l-00

100

75

Tur,ro Yea::s

30

20

6

Casual obsenration of an interspecific grafting e:cperiment

with white, Norvay, red, and black spruce indicates that black spruce

is a superior roo"t'stock. This expe*rinent will get its last rating in the

fall of 1960.

Nurserv Work

The gulity of the nursery soil has iuproved considerably after
*urry y"o"-" of tompost application. New experiments have been started



K-B-
to estimate the long range effect of seed.-bed media. So far the
Dunneman beds are most promising.

About 213r000 seedlings have been transplanted.

Plantation Work

Thirty-three erpexinents including 551060 plants and coveringl
arr area of )5.J acres were established at Petawawa.in the l95B-59
period (fatfe t). Another J4 experiments including 2L0r78O plants
and covering an area of 128 acres were planted with stock d.istributetl
fronr Petahrawa, Acadia and Valcartier Forest Erperiment Stations"
(tatte Z). Table 3 lists the seedlings, transplants and grafts shipped.
from the Petawawa Nursery d.uring the Z-year period.
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TABIE 1

SFRING PrJ\NTrrc 1g5B Altp 1g5g

PETAWAWA F'OHEST EI(PERI],trNT STAfl0N

El.!rDgll a

N0.
DESCruPTION NO.'OF AREA

P]ANTS ACRES

PIANT
AREA

6*g Breeding of weevil resista.nb and weeveil
susceptible Noruay spruce by reans of
intraspecific hybridization of the Norway
spruees on Hudsons P1ace, I'-F.E.S. 

, 
tt8

7 fnterspecific Lrybridization of Worroayi
spruce, and whlte spruee from eastern,
central and western Canada for transfer
of weerril resistance from white spruee
to Norway spruce, P.F.E.S. arboretun. h1

72 Ore-parent proger$r test with red sprucet
red x black spruce hybrids and black
sprucer P.F.E.S. 31

B0-B Observation plots ldth 7 provenances of
Norway spruce, P.F.E.S. 7BB0

85 Selection of early flornrering Scots plne
for root stock pirposes, P.F.E.S. 500

86 Selection of the perfect Seots t'ine
Christmas tree, P.F.E.S. 57O

87 Investigation of jack pine, lodgepole
pine and their hybrids for resistance
to sweet fern blister rust, P.F.E.S. LO53

89 Controlled breed.ing of whlte spruees with
brush and salami- branch types for investi-
gation of branch type variability, P.F.E.S. 19

90*B Obserration of 3 races of lar &, 2

i.ustrian and 1 Folishl P.F.E.S.

91-A Comparison of wood productlon and
gror,rth behaviour of 1B seleeted
broad ard slender vohlte spnrces of
varj-ous provenmc es bY means of
single-tree progery tests, P.F'E.S.

0,01 P.A"1o3

2"9A P.A,lil+

I P.A.106
o"27 :P.A.115

/ P.A.106
o.22 i P.l.u5

/ P.A.106
o.l+o \1.^R,.t15

0"33 P"A.11h

0"03 P.A.10L

O.1O P..4,.lilI

1"02 ' P.A.119I
I
I
I

3.1+0 P.A,'l1l+
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[t3[E 1 (contta)

I
I

PLA]ITS ACM]S AREAuo __
91-3 White spmce single-tree progeny test

with I provenances.

92-!, Single-tree progeny test including
Petawawa vhite sprucesy P.F.E.S.

92-B Single-tree progeny test including
Petawawa white sprucese P.F.E.S.

93-B Provenance dxperinent including 2J
races of Ontario and Quebec white
spruce provenances, P.F.E.S.

94-L Black spruce provena.nce erperirnent
includ.ing B provena.nceq P.F.E.S.

95-G Provenance ertrrerinent including 16
races of red spnrcer P.F.Ef S.

96-A Red- pine proverfrnce oxperiment
includ.ing 15 races of Canad.ian
and U.$.a. red. pinesr P.F.E.S.

97 Observation plots with red pine
originated. fron small stand-s of
varLous orig{n, P.}'.8.S.

DESCRTPTION NO. OF ANE& PIANT

I
I
I
I
I
I
I
I
I
I
I
I
t
T

I
I
I

24LL 0.89

L6
4496 T.65

10
2)76 0.87

P.A. 119

P.a. 114

1 . r l.
t ttLe LL*

lJ464 4.85 P.A. 119

935 0,35 P.An 119

)??6 1.38 P.A. 119

5599 2. 0O P.A. 106

211 0.36

21 0.l-0

P.a. 105

P.ri. 1059B

r7+

Interspecific hybriclization in the
group Lariciones for production of
a hard pine type resj-stant to Europeart
shoot moth, P.F.E.S.

Selfing of early flowering white spruce
of Dlaritine origin, P.F.E.S.

Provenance hybridization in red pine,
with 3 provenancesr PJ'iE.S.

Observation of growth of Picea
oaorika P.F.E.S.

207

2r3-B

25 0.10

308 0.25

190 ' 0.25

P.A. 114

P.J+. 106

P.e. 114

P.ii. 106
2)? Collection of niscellaneous birch

for breed.ing PurPoses, .P.F'E'S '
specics

4r o .06.

TOTirr 1958 49564 2L.79

!*.
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n4qtp r jcontta)

E)(P
NO

N0.

SffiDLINGS lq(q

140 Po1ish'and. Gersran provenancea of Norvray
spruce, and seleoted slender Finnish plus
trees on trials for weevil resistance, at
P.F.E.S . 4730 1.70

141 Conparigon of branch types of Swed.ish
Nonpay gpruce from Hed.esunda planted- at

I
I
I

P.a' 114

1500 0.55 P.A. 114

I
I
I
I
t
I
I
I
I
t
t

F.F.E.S.

IB3-r. Testing of single-tree progenies of high
resin yield iiustrian Pj-ne for shoot moth
resistancer at P.!'.!) .S.

2L5-n Single-tree progeny test in Lake State
red pine cond.ucted in co-operation with
'l'e University of Wisconsin, planted- at
F.F.!.lr$ r

L)5 o.5o

3758 0.08

215-i. Red pine provenance trrperiment including
I8 Lake States and Canad.ian pFovenances
in co-operation with University of Wisconsin,
pla,nted at P'F.E.S . 2L68 0.04

IoraL 1959 l,2301 2,BT

Total 1958-59 61865 ?4.56

P.ar 115

P .F.E , $.
Nursery II

P.F.E . S.
Nursery II
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TIBLE t (Contta)

E](P DESCRTPTION NO. OF AFEA .P.trIII\]T

No- Ptu'NTS aqnss 4ru.a. 
-

I
I

10 Norway spruce grafts for weevil iesis-
tance breeding planted at P.F.tri.S.

130 Single-tree and population samples of
jack pine intendecl for provenaJrce krybrid'-
ization (Ptanted. at P.F.E.S. ,Youngrs
Creek, Rg. ).

I)0 Single=tree and. population samples
of jack pinelplantecl at P.F.E.S" Pj-ne '

rnrn.ft n.rboretum.

P.140 Jack pine grafts, single-tree and.

" population samples, planted- at P.F S.S.

.P.L49 Tamarack grafts from trees selected
near Mattawa, planted. at P J.E'S.

Sgruce graft arboretun '(var. species )

Spnrce graft arboretr.m (var. species)

Pine graft arboretr:m (Conp. I, Scots
pine)

Pine graft arboretun (Conp.IIrRea pine)

Pine graft arborctum (Co*p.IIT,, Lariciones
nvtrtos)

ToTAL Lg58

GRAFTS 1959

10 Norrnray spmce clones selected for
weevil resistance, planted at P.F.E.S.

P,ll+h Population samples.

Totat 1959

Total I95B-59

I
I
I
I
I

723

144

2.39 P.... 11/

0,47 P "e" 105

,'

0"8l|, P.a". 115

0.66 P.A. 105

0.01 P .4. 1r9

2.54 P.i*. L16

0 a5 P.A. 114

0.63 P.a.

0.49 P.A.

18 0.05 P.a. lL1

2690 8.95

25t+

L65

L7

767

25L

I
I

LI5

LL5

19J

148

I
I
I
I

I
I
I
I
I
I

\61+ L,53 P.A.

51 0.17 P.A"

5r5 1,70

3205 10,65

117

105



S"$

pr,,ir{rirrr0Ns *;ffi rN r95B arrD r.959

OUTSIDE PETT.WAW;I tr'OIffiST ETERTI'IE1'{T STATION

TITLE NO.OF i'ffi9
ICFES

;GE}flt
L0Cr*T

I
t

EIJ.
N0.

,rrOra*CS tq58

44-r Provenance experinnent with ! races
of red pine Plented at the Star
Leke llanger School, N.Y. U.S.A. )L50

44-B Provenance experiment with 9 races
of red pine Planted at the Pack
Forest N.Y. iI.S.A. 2860

N.Y. State College
of Forestry Star

2.60 lrakerN.Y. U.S.A.

N.Y. State College
of Forestry Pack

2.80 Forest, N.Y. U'S'lr'

N.Y" State College
of Forestry Tulltr

J.?O Forest, S.Y. U'$'A'

Un, of Wisconsin
Vilas Cor:ntY, Wisc.

2.00 u.s.a.

Un. of Wisconsin
Waukesha Coun[ge

2.00 Wisc. U.S.lr.

Un. of Wisconsin
Jrrneau CountYl Wisc.

1. 00 u. s.a.

Un. of Wisconsin
Burnett CountY

1.00 Wisc. U.S.&'

Un. of Wisconsin
Vilas CountY, Wisc.

1. 1? U. S..;r.

Un. of Wisconsin
Sawyer CountYt
Wisc. U.S.ir.

r1,40

Un. of !ilisconsin
Waukesha County

0. 94 Wis c . U. S.r. .

International laPer
Co., Harrington

8.62 Forest Farn, Que.

I

44-C Provenance experiment with 10
races of red Pine Planted at
TullY Forest N.Y' U.S..'.

55-t' Provenance crperiment with ?
races of red Pine Planted- bY
University of Viisconsin.

55-B Provenance experiment with ?
ra,ces of red Pine Planted. in
Waukesha Couubye Wlsc. U.S.A.

55-C Provenance e:'leriment with 7
races of red Pine Planted in
Juneau CorrntY, Wisc. U.S.A.

55-D Provenance experiment with f
races of red. Pine Planted in
Burnett CountY, Wisc. U.S.A.

J6nt Provenance experiment with J
races of NorwaY spruce Planted.

56-9 Provenance experiment with 5
races of Norvay spl:rlce Planted'
by Un. of Wisconsin in SawYer
County, Wisc. lJ.S.lr.

. .56-C Provenance experiment with J .

races of NorwaY spruce Planted.
i-n !/ar.ikesha County, Wisc. U.S..ii.

I
59-R Provenance exPeriment with 7

races of l'{orvay spruce Planted
at Iiarrington Forest Farm, Que.

4520

2)04

2304

L2g6

L296

I

768

960

t
I
I
t
I

L37IT
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TABffi 2 (Conttd)

I
I
I

EXP. TITIE NO. OF AITEA AGENT AND
No. PT,ANTS AcRES TncATToN

6O Provenance experimmt roith l0
races of norrray strrwe, planted
at Harrington Forest Farm, Que. L55J.

61-A Provenance experiment with 11
races of norway spruce, planbed
in Wainfleet Twp.,Ont. 12000

B0-C-1 Observaticn plots of nonray
spmce provenances planted in
Papineau County, Que, 2100

B0-C-2 Obsenration plot of Polish
norway spruce provenances plant-
ed in Val De Bois, Que, 600

International Paper
Co. , Harrirgton
Forest Farm, Que.

Ontario Paper Co,,
Wainfleet Tl"rp. Ont.

James Maclaren Co.,
Papineau Count;r, Que.

James Maclaren Co.,
Va1 De Bois, Que.

Fores trXr Branch,
Valcartier F.E.S. Que.

Forestry Branch,
Grarrd Mere, Que.

Ont" Dept, Land and
Forests, Artemisia Twpo
Grey Counry, Ont.

Spnrce Falls Pulp and
Paper Co.r Fauquier
Twp" Ont.

Souttr Canada Power Co.t
Drurrnondvllle, Que.

Canadian Interria tional
Paper Co., Harrington
Forest Farm, Que.

Lake States F.E.S.
Touney Nursery, Mich.,
U.S.A.

90-C Obserrration
planted at
Que,

of Austrian larch \,

Valcartier F.E.S. j
!

9O-D 0bservation of Austrian farcf, \
planted. at Grand Mere, Que. -)

93-C Provenance experiment with 25
races of white spruce mairrly
from the central part of the
Great Lakes - St. Lawrence
Forest Region, planted in
Artemlsia Tmp.

%-n White spruce prpvenance experi-
nent with 25 races planted in
Fauquier I\nrp, Onb.

93-E White spruce provenance ercperi-
npnt with 25 races planted in
Drunrnondville, Que.

93-F White spruce provenance experl-
nent with 2l races planted at
Harrington Forest Farm, Quer

93-G-1 Whlte spmee provenance experi*
ment with 25 races planted at
Toumqr Nursery, Watersmeet,
Mi.ch. r U.S.A.

1.50

9,90

L,26

0.70

L,65

131+61+ t, R(

13161+ 4. o)

]..2325 5.50

B3 87 3.10

I
t
I
I
t
I
I
t
I
I
I
I
I
I
I
I

i
I
i

2000 i\
t
t

Jt

I*0 o.J+0
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TABTE 2 (Contta)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
t
t

EXP.
N0.

,ir* Ng;,,gg AREA 
I Acnlr mro

PIAN

934p2

93-J

th-n

g5-M,

%-A

%-n

96-c

96-D

%-s

White spruce provenanc€ ex-
perirnent ui th 22 seed lots of
dhlte spruce, 1 seed 1ot of
tlorway spnrce, I seed lot of
balaam fir ard 1 seed 1ot of
black spruce. 2BB3

tlhite spruce provenance trial
with 17 raees planted at
Harington Forest Farm, Que. 9097

Comparison of h provenances
of black spruce of various
origin planted in Papineau
County, Que. 1800

Provenance ercperiment w lttr
6 provenarces of red sprrrce
planted ln Papineau County,
Qu". 1850

Provenance experiment with
B provenances of red pine
coveri-ng the east-weot range
in Canada and the U.S..A. 2B&5

Red pine provenance ercperi-
nent wittr 16 seed lots plant-
ed at Chignccto Game Sanctuary,
N.S. 5599

Red pine provenance exPeri-
ment with l2 seed lots
planted at Valcartier F"E.S.
0uu. h2B?

Red pine provenance ocPeri-
ment with 9 seed lots plant-
ed on Canadian International

Minn, Schoo1 of
Fonesbry, Prarie
Lake, Grand RaPidst
Mich.1 U.S.Ar

L" 70

Cdnadian International
Co., Harrington Forest

3.2h Farme Que.

James Maclaren Co.t
Papineau Count;rl Que.

1.38

James Maclaren Co.t
Papineau Cor:ntY, Que.

1"h5

Mersey Paper Co',
Li.verpool, N.S.

1.10

Forestry Brarrch,
Chlgnecto Game

Sanctuary Cunberland
2.07 County, N.S.

Forestry Branch,
Valcartier F.E.S.
Que.

r.57

Canadian International
Paper Co., Chatham trP.
Argenteuil CountSr, Que.

1.20

Ont. Dept, of Lands
and Forestsr Norfolk
County, TtrlceY Point,

2.07 Ont.

Un. of Torontot
Dorsetr Ont.

1.20

Paper ttGir+E'ilfi. lots ln Que.

Red pine provenance erperi-
ment with 16 seed lots plant-
ed in the Game Sanctuar;r,
Norfolk Countlr, Ont.

Red pine provenance experi-
rrent wlth 9 seed lots plant-
ed at Dorset, Forest Ranger
School, Ont.

3305

55ee

%-s

3225



K-i5

TABTE 2 (Conttd)

I
I
I

EXP.
tTn

NO. OF
PLI.}ilTS

AREA
ACRES

AGENT AI{D

TOCATION I
96-H

%-t

96-J

96-K

136

138

rB9

Red pine provenance experiment
w:it,lr 12 seed lots planted at
Ingram, Ont. hzBO

Red pine provenance experiment
ldth 12 seed lots planted at
Dryden, Van Horrc Trup., Onto h2B0

Red pine provenance erperiment
lrith 9 seed lots planted on
Sandilands Fonest Reserve. 3225

Red pine provenance experiment
with 5 seed lots for shoob
mottr testsr 600

Gomparison of Danish white
sFruce, sitka x white spruce,
Alaska sitka andwhite spruce,
and loca]. Newfoundland white
spruce, planted in Newfoundland. 1530

Comparison of Danlsh white spruce
ard s itka x white sprue e hybrids
with 0ntario white spruce and
1ocal New York wtrite spmce,
planted in New York on Atomlc
En*gy 0on'nnission Lard, 10h0O

Trial of Polish larch at
Harrirg ton Fore st Farn,
Que o

Ont. Dept. of T,ands
and Forests, Ingram
Tnp.,0nto

Ont. Dept. of Lands
and tr'or"ests, Van Horne
TI,rP., DrYden, Qnt.

Forestry Brancht
Sandila.nds, Man.

Ont. Dept. of Iands
and Forests, Tr.rrkeY
Point, Ont, Ccdrp. Ho

Forestry Branch, Deer
take, Newfoundland.

N.Yn Conservation Dept.,
West Milton N.Y., U.S.A.

Canadian International
Paper Co.n Harrington
Forest Farm, Que.

1"50

1.50

1.20

o,22

1o@

B,60

ll]20 0"60

I
I
t
I
t
I
I
I
I

'totat, t95B t665\J 92,5o

I
I
I
I
I
t
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nl,nf,E 2 (Contld)

EXP,
N0.

TITIE NO. OF AREA AGEM A$D

PU$ilTS ACFES IOCI'TIONI
I
I
I
I
I
I
I
I
I
I
I
I
I
t
I

sEmuNGs 1959

93-C'l+ l{hite spuce provenance etperi-
ment with 15 races planted at
Savage River State Forest.

93-H Whlte spruce Frovenance ^rq)eri-ia)
ment with IJ races, establ. J.

in 2 plantations at Indian lieadjb)

93-T l'lhite spruce provenance experi-
ment w'ith 16 races (fh n. Canada,
2 li, Canada).

93-K White spruee proverrrce experi-
ment with l+ races.

95-n

Dept, of Forests and
Parks, Garrett County,

1"10 Maryland, U.S.A,

1n20 Canada Deptr Agriculture
fndian Head, Sask.

Forestry Branctr Ridirrg
Mourrlain, Manr

l+"50

Brooks Range, A1aska
O.07 U.S.A. Un. of Tenneeee

Forestry Branch,
Acadia F.E.S.1 N.B,

3. B0

Forestry Branch,
Valcartier F.E. S. , Que.

l+"51+

Southern Canada Power
Co., Dn:rnmondvi1le, Que,

)+.6L

Forestry Brandr, Lake
Megantiep Queo

L.5l+

Forestry Branch, Aeaclla
ouzh FrE. s, p N.R"

Forestry Branch,
Valcartien F.E,S ., Que.

1.L0

For"estry Branch,
Drumrondrille, Que.

Red sprrrce provenance experl-
ment i,rith 16 seed lots planted
in New Brunswick, 103h9

6oo

11g0

U5

506B

200

5605

5605

56o5

711+

95-n

95-E

95-F

954

135-t

Red spruce provenarrce erperi-
npnt r^rith !4 naces planted by
Forestry Branch, Que.

Red spnrce provenance experi-
menb with 15 races planted on
land owned by Southern Canada
Power Co.

Red spruce provenance experi-
renb with 1l+ races planted
on lard owned by Megantic
Manufacturing Co. r f,aftg
Megantic, Que.

Red spruce provemnce erperi-
ment with h seed lotsr

Comparlson of Danish white
spruc e and sitka x whj.te
qpruce hybrids, and loca1
Quebec white spru.cee 1681

135-8 Comparison of Danish white
spnrce sitka x whlte spruce
erul local Quebec whlte spruce
planted at Southern Canada
Power Co. land in Drumnordville,
Que. 168I r.h0



K_l9

TirBIiE 2 (Contrd.)

Ele. TlTIE N0. 0F ;rXEA c.GENT irlfD"N0. Ptu$Itri acrus tociTroN

I
I
I
I
I
I
I
I
I
I

LJ|-C Conparison of Danish white
spmce, sitka x white spruce

, . and ]ocal Quebec white spruce

183-8 Testing of single-tree progenies

pine for shoot moth resista.nce.

183-C Testing of sirrgle-tree progen:ies
, :, of high resin yielding. rrustrio,h

pin6 for shoot noth resistance

202-9 Polish larch obsenration pJ-ots
with 4 seed. lots, pla.nted in
Saratoga Cowrtyr N.Y. rU.S.eo.
on the property of Atondc
Energy Conr::ission lrimited

Forestry Branchl
lake Megantict

0.4L lhunt Louise, Que.

Canada DePt. ,tgri-
culture, Elnira

'0,J3. Field Stationt
, Ont.

0nt. Dept. Lands
and Forests, TurkeY

0,66 Point, Ont.

N.Y. Congewa-
tion DePt. r lJest
Milton N.Y. t
U.S.A.

5.73

400

800

500

)906

I
I
I
I
I
I
I
I
t

Total L958-:59 2L05BI L?7.26
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TAHTE 2 (Conttd)

EXP.
N0.

DESCRIPTION NO. OF

PLANTS

AREA

ACRES

AGEI{T AND I,OCATION

OF PLANTATION

186-A-2

186 -B

186-C

GRATTS lSB

Seed orchard of grafts
from selected Scots Pine
Christmas trees, L2/v,
lots of grafts. 150

Seed orchard of grafts
from selected Scots Pine
Christmas trees, h/v.
lots of grafts. 38

Grafts of selected Scots
pine Christmas trees 1/v.
lot of graftso 11

W. E. Nordwell
Courtland, Ont.

0.50

J. McDonald of Forest
Insect Lab., San1t St.
Marie, Ont. Klrl<wood

0.12 Twpo Ontr

. A, Reinke, Cedar ValleYt
Ontr

0.01+

Total t99___9_,66.
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TABIE 3

DISIRIBI}IION OF SEEDTINGS AIil,D GRAFTS TO
ouTSrDE AGEI{TS, SPRTNG t:g58 AI{D 1g5g

I
I

I
I

EXP.
N0. AGE},TT ATID PI,AMING SITE

$n, 0F
SEED LOTS

NO. OF

SEMTINGS

SEEDLINGS 1958

90-C, '.t'orestr5r At Valcartier F.E.S.,
90-D, Brarrch At Grard Mere , Larch seedlinss I t

I
I2000

I
I

P.il+l+;Dept. of L. &-F., Maple, Ont. 6 seedlots of
P.15U Pinr:^s nigra x sylvestrisrj p,rigida, p. densiflora/

96-A, Mersey Paper Co, N.S. at Liverpool, N,S.
lfled Fine, 2-2 stock)

96-8 Forestry Branch at Curnberland County N.S.
tRed Pine, 2-2 stock )

%-C Forestry Branclr at Valcartj-er F,E.S., p.Q.
( neA eine, 2-Z stock I

95-D Canadian Inter. Paper Co, at Argenteuil County
Chatham Twp, Qus"(Bed pine, Z-Z stockl

95-E Ontario Dept. of L. & Fo at turkey polnt,
OntqrGare Sanctuary(Red Pine 2-2, stock)

96-F Univ. of Tornntgr at Dorset, 0nt,
(Red Pine, 2-2 stock)

96-H 0ntario Dept. of L. & F. at Ingram t\,rpr
Northe 0nt. {Red pine, 2-2 stoc[ t

S-f Ontario Dept. of L. & F., at Dryden, Ont.
(Red Pine, 2-2 stock )

S*J Forestry Branoh lulan. at Sandilands Man.
(ned eine, 2Q stock)

g6-X Ontarj-o Dept. of L. & F., at Twkey point, Ont,
(Red Pine, 2Q stock)

Ir

;6
t

A

15

L2

I

15

9

I?

T2

9

6

(
| 2000

"r.l:622L

hooo

3000

3350

3750

2250

3000

3000

2250

6oo

I
I
I
I
I

?OTAI 1958 SEEDLINCS 118
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X-p1

TABtEj 1 (Contrd)

SnEDIINGS 1q<,9

183-8 Divislon of Forest Blology Fleld Stationt
Elmira, /rustrian Pine, 2-2 stock

183-C Ont. Dept. of L. & F.rTurkey Point
(austrian Pine, 2-2 stock)

200 Univ. of New Brunswick at Univ. Arboretu:n
(Worway Spruce, 2-O stock)

201 Univ. of New Srunswick at Univ' arboretun
(Scots Pine, 2-0 stock)

202-C Mersey Paper Co, LiverpoolrN.So at Durling
FielCs (Larch, 1-1 stock)

zO?-D Univ. of Toronto at David. Dunlop Observ.and
Glendon HaII rirboretun, Ont. (Grch, 1-1 stock)

202-E Forestry Branch,N.B. at Acadia F.E.S, N.B,
(Larch, 1-1 stock)

202-E Univ. of New Bnrnswick, at lhriv. Arboretum
N.B. (Larcn, 1-1 stock)

202-C Canadian Internatlonal Papel Co. at llarrington
Forest Fa::mrlQue" (L,arcfr, 1-1 stock)

Tota1 1959 seed.lings

Total l-958 - 59 seedlings

a

2

2

2

A

t)
I

7

+

6

400

800

60

50

3400

670

2L0

t20

L265A

)B

L56

183?0

t+919?



185-A-2

186-B

185-C

Gifr.flIs 1q68

W.E. Nordwell, Courtland, Ont.
(Scots Pine grafts)

J. McDonald., Kirkwood. Twp.
Thessalon, Ont. (Soote Pine grafts)

ir. Reinke, Ced.ar ValleY, Ont.
(Scots Pjne grafts)

K-&?"

Tr*BtE q (Conttd)

Total Grafte l95B

12 vlL 150

4 v/t

1 v/L

I
I
I
I
t
I
I
I
I
I
I
I
I
I
t
I
I
I
I

11

L9917

fu"NT SITE
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TA8I,;B h

gUMMAttr 0F GRAFTTNG puRrNG SPRTNG AND FAr,t 1958 AND 1959

SFRTNG 1958

P-139 & il+z EXP. NO. l2B

10 clones of Poresinosa from Manitoba 160
1 population-oFffiinosa, Newfoundland 100

P-ilil
Island,

100
ont" ho

260

il+o

1 population of P. thunbergii, Lor€
N.Y.
2 clones of P, densiflora, Midhrrst,

P-L37
1 population and 30 clones of exotic
spruce species fron east Asia

Grafti-ng course, Jan and, Oct 1958

5 clones of spruce

FAi,t 1g5g

P-133
2 clores of P. glauca fron Mattawa, Ont.

Exp. No.'2hB CofA storage of scions

3l+B

270

75

350

rl+l+3

913

3Bo

2737

SPRING 1959

39 clones cf P.

Total grafting

'\..

resinosa frorn northern Ontario
P-I39

P-rl+5

-to 
elones of
Germany

P-11+7
B cl-ones of

P-133

early flowering P. sylvestris from

17 clones of P. glauca from nettrern ard western
Ontario

P-T37
33 clones of exotic spruce species from east
Asia, Europe ard 0regon

FX.,L l-959
P-:ffi-l|l.z, ExP. No. 238------38-ffinffifffiosa from Petawawa F.E. S.

225

P. sylvestris (Ctrristmas tree selection) 237

3l+5

637

Total grafting



TI,BIE 1

ry.
202

98

183

lBB

209

201

200

K-2lr

,r*ntc tq68

MtrflbRI/'t

Irarlx frorn Canada, Derunark, Poland' end Japa'n

n YielclersPinus nisra austiiaca, high resi

3-@s nisra from Corsica, Ita1y and Spain

Pjnus sJLvestris from France, Selgir:m' Scotland'
and Ont.

Pinus hybrids

Betulq from Finland

Iotal transPlant

SPRING 1q5O

Larix from Europe, Japan and British Columbia

Einus svlvestris fronn^Finland, european Russia
and Siberia

Picea abies fron Finland, Poland, .Si'redenteuropean
Russia ancl Siberia

Pioea hYbrids

Rootstocks e.t.c.
Total transPlanting

+T0l Plr'lITqD

32600

845

L072

222)0

26+

8?

57A98

35430

I+59L0

5r080

t6tt5

?16o

155695

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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YEATyLLN9 C.W. 1958, A. tree or.own isolation tent' Part fI Proc.
5th Meeting Couun. For. Tree Breed'ingt 19-20'

PIEILICATIoNS - 1a5B -' 60

HOTTST, M. J. 1959. How are our white spruce provenadrce experiments
progressing. .woodla":ros section.r c.P.P.A., Index
No. r?58 (F-I).

Lg5g, Our cooperative white spruce provenance-e:qperiment'
Wood.lands Section, C.P.P.A. Index No. U9lr (!:Z/'

L959. Experinents in flower p:romotion in 34 slauca
(rn"l"prt) to"u. and lggg resinosa Ait. Proc' Ix' Int'
Bot. Congri Montreal.

1950. Genetics as a factor in quality Qontrol',. Paper

read. at Ontar:-o Research Foundation sytnposiuns ilTree

characteristics errd wood quality in relation to logging
and forest marn.gementrr. Toronto.

arrd. C. W. YeatneJr. Lg|g. A provenance study in L@9.
banksiana - ta^nb. Proc. IX Int" 3ot' Congr' Montreal'

Editor. 1958. Prcceedings of the 5th Meeting of the
Cornmittee on Forest .Tree Breeding. Canada Dept'
Northern Affairs and. National Resourcesr Forestry
Branch.

and. A. L. Ore-Euing. 1958, Sixth neeting of the Comnittee

on Forest Tree SreEding in Canada. For. chron' 34t
43t-435.

a.nd. G. K. Vefgf,. L958. A photo-reaction in paper birclt
seed.lings. Forest Sci. 41 208-211.
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K-45

HOI,ST' M. J.

UNPUBI,ISIED BSPORTS - 1q(8 -' 50

Canadian white spruce on trial in the Lake States.
Estab. Rep., Extrl. No. 21.8.

Jr.ure 1958, Provenance experiment pla.nted spring
1958 includ.ing eleven races of Norvay spruce. PlantecL
in Wainfleet Tovmship, Southern Ontario by fhe Ontario
Paper Conpany. gs1a,[. Rep. Erp. No. 61-A.

L958. Interspecific grafting of jack, red and Scots
pine. Progress Rep. Exp. No. L24,

Dec. 1958, Companies and forest genetics. How to raise
the quality and quantity of your wood supply. Report
presented. to the Forestry Committeen Woodlands Sectiont
C.P.P.A. Montreal, Dec. L2, L958.

l-960. Trial of Po1ish larch on llarrington Forest Farrn.
Planted. by Grenville Division, Canadian International
Paper Cornparry. llstab. Rep. Exp. No. 189.

March 1960. Obsenration plots of Gernan and Austrian
Nor"vray spruce f:rom plus stands. Planted. on Cockburrr
Island. ty tire l4anitoulin Division of The Ontario Paper
Company. Est. .tiep ' Erp. No. 155.

L950, Provena.nce erperinent planted. on llarrington
i'orest Faru lncluding ten races of Norway gpruce.
P1anted. by Grenville Division, Canadian International
Paper Company. Estab. Rep. Exp. No. 60"

1960. Provenance experiment including geven races
of Norvay spruce planted spring 1957 and' I95B 9n
Harringttn Forest Farm. Plantetl by Grenville Divisiont
Canad,ian International Paper Company. Estab. Rep.;
Exp. No. 59-8.

and c. w. Yeatman. L959 Provenance experiment includ.ing
white spruce, red spruoe and black sprucer red pine
a.nrl jack plne. File Rep. Exp' No. 4p.

ia

YEATMAN, C. W. Forclng seedling growth. Paper read to Petawawa Forest' E4perinent Station Research Comittee, 1$ Feb, , L958'

1958. Report on the seconrl meeting of the steering
connr:ittee on standard' grading rules for Canadian
Christnas trees. tr'lIe IleP.

L959. Provenance experinent includ.ing sixteen prove-
nences of Lake States jaok pine planted on the Petawawa
Forest Experinent Station. Estab. Rep. Exp. No. L?5.

I
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IllqPUBI,IElEl @BORTS Je5B - '60_Oont'd)

YEATMAN, C. W. 1959. Spruce, fir and. pine pollinations, petawawa
Forest Experinent Station, 1956. Results and
corunents. File Rep.

L959. Plans for planting, spriq L959, and for the
d.istribution of seedlings and transplants to
outsid.e agencies. File Rep.

L959, Comments on prupooe<l planting stufir by Mare.thon
Corp, tr'i1e Rep.
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UNDER .0. GRA}U FROI{ TTIE NATIONAI, RESEARCII COT'NCIL OF CAIIADA

Al{D THE AU$PrcEs 0F THE uNrrER.srrr oF BRrrrs[t coulMBrA

A GU{Ef,IC EVAEUATION OF THEE GNOWTII

TIINOWfi .AI{ AI{ALYSIS OF TIIE PROGEhIIBS

0F r![DIvIDulL TREES' FILIorrPFf,i A].lD nw]IoNAL poPuLATIoMt

BY A. H. HI'ICHINSON

Yencouverr B. C.,

fime 28, 1960
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A Gn{ETIC EVAIJUATION OF TREE GROTMI

TTIROUGH AI{ .ANAI,YSIS OF THE PROGU{IES

0F INDTVIDUAL TRmS, FILIoTYPES At{D REGIoNAL mPULASIoNS

By A. H. HUTCHINS0N

INTRODUCTION

The irnnecliate problem of forest maint,enance and irrprovement associated. rith
a system of utilization involves the ad.equate production of ecologically atlaptetl
rapittly growing, structurally suitable ancl economically locatecl trees. These re-
quirenents are lnramount in the current system of utilization, and. consequently
nust receive comnensurate attention. Essentially these requirements are problems
of reproduction and growbh.

In the natural system, genetic rmrtation, selection and. hereditary trans-
nission have providett a m.riety of growth forms from which natural selection has
perpetuatett adaptecl, adaptive, regional filiotypes, From the environnental point
of view, these atlaptetl filiotSryes may be calted ecot54pes.

In the economic system the conditions of grorrbh of a selected area must be
satisfietl in ord.er to obtain optimun growth. The relatively sl.ow progress of
notural selection extending over thousands of years in the case of trees must be
speeded up by means of d.irected selection to attain the ad.aptect t;rye in a single
tree generation.

EKPE|RIMB{TTI, IfiEfiIODS

SOrL An original Douglas fir sta,nd on the University of British Colr:nbia la,nds
was cleared leaving a six inch top soil over hard. pan. Socls of three grass crops
were removed and an inch of forest soil rich in humrs uas added. The soil wastile rlrained, and cultivated.

SmIrc AI{D S@ BmS The seecl bed.s are on a slope of 2.5 per cent a^ncl elevated.
six inches. Four rows of seeds are planterl five inches *pari antl. the seecls in the
row one and one half inches; that is, all possible care is taken to inzure rrnifonr
soil anil seecling. Plots are in replicate.

I!RAI{SP+A}'I,TI\TGI The seetl}ings are transplantetl, at age two or three years, in rows
three feet apart and. spacetl _regularly at one foot interrrars.

YAIERIryG IND EYAPORATION PROIECTION During the first sumner after seecling or
transplarrting, water is uniformly applied and tluring dry periods the seeillings are
protected. by a covering of cotton, supported. by wires. Two year olct seedlin!
transplants are treatecl similarly for one month. Otherwise atmospheric conilitions
as recordecL by the weather station are used..

0F PLAllrs Each growing plant is regarded as an individual and. is
a number registering the section, row, plot ancl subrow. Dead

seetllings ere collectecl and examined for lethal characters"
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SI]MMARY - CONDITIONS OF GROW1TH

All plants were grown r:ncler uniform or similarly variable conditions. It
I follows that impingement of ecological factors was uniform, in so far as that may
t be attainecl in fielcl experiments, ancl consequently any variability in growth naf be

attributetl to inclivid.ual genetic sensitivity end response, w'ithin these 1inits.

ATI{,{IYSIS OF GROIfII{ CTIARACTEITS AND EITALUATION OF DATA - DoUGLAS FIR

Qualifiecl foresters selected three trees from
each of three locations on the eastern slopes of Vancouver Island, From each
location a superior, an int,ermediate ancl an inferior mature frlumber typett tree rvag
markecl. From a fourth location, trvo second growth trees, side by sid.Ll were marked.,ta|l ard straight, and shorter and. branchetl, respectivel.y. Ore trunared. cones were
collected' from each of the illumber typ"t' trees at tUe time of felling. The best of
the seed was selectecl from each seerl tree, layerecl and plarrterl, in t950, under the
preparetl cond.itionsr as above. Seeds were plantetl in r{4 pLotsl that is, fourplots per seecl tree ancl.256 seecls in each ptot, that is 1024 seetLs from each seerltree and' a total of 111264 seecls for eleven seecl trees (less 192 seeds in one caseof insufficient seeds..STg, R9, p4). plots were an€mged in five ancl one half
trmralleI rows, with eight plots per row.

In late November 1956 alternate plots in each row were coverecl with coarse
straw as an experiment in protect,ion against winter and spring freezing. Contraryto expectation the result of covering wes harmful to the exte"t of kitting clue
largely to tS4pocotyl injury aact less notably to leaf defoliation, 0n the contrary,
seecllings of Picea glauca ancl of Betula allegheniensis of the sarne age were favor"Uiy
protected..

GROWfiI RESPONSES AI{D CYCLES

EE.IMERAQTI.ON 9F-ffi8 PI"AliT At{D EhMIRONMENT One side of this equation is erqrressedin terms of the life sensitivity ana-ieaEffi-n to ecological conditioos, climati-c,
eclaphic and' biotic; the other approach is the conrlitional effect of the environnen-tal factors as cond.itioners of life processes; one or the other may be emphasizect;
both mrst be recognized. Successful growth is attained. when the ra^nge of iolerance
includes an optimum within the limits of environmental variants. Survival is
conditional. Survival is concLitioned by a parallelism in the organismrs herettitary
range of tel'erance and. the limits of the environmental variabiliiy. This co-
ordinated range of interaction requirement applies specifically tL rliurnal anil
seasonal responses ancl involves cyclic changes of conparative activity ancl tlornancy,
alternately of fooct manufacture or supply and of storage, of stem elongation anil bnif
fomption or seecl procluction, of nuclear or c;rtoplasmic activity; of nucleic acid orprotein metaboLism. Sensitivity of genes corrtrol the phase and rate of the
periodic changes within the limits of supply and dlema,nd.

rHE NATUNE OF GNOIVTH GENES

9F{ES AS UNITS The activities of grorbh genes a.re expressed essentially through
the agency of specific enzymes, wtrich in turn are subject to the laws of mass actionor supply in atld.ition to clefinite conditional requirements of particular temperature,
pHr and' available energr cond.itioners. Growth involves a multiplicity of reactions
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a^nd' a correspond'ingly nultituclinous quota of specifically controlling genes. 
-Recent research reveals that mutation consistsl primarily, in changes of molecularconfiguration such as a change in the position oi side cirain orqyg"i or lSrd.rogen

boncl within a purine or pyrimidine base, of which there are thousancls in thenucleic acid. molecule.

Secondarily, a mutation nay involve a cha,nge in relative position of one of
1? "t more proteins forming a group essential for a specific metabolic proc€ssrFinally, there are the Menttelian genetic entities wfrilfr are e)q)ressed as tall orclrrarf; round or wrinhled-; green or grey. what are genes? flhat are the cleterminater:nits wtrich are basic- to'tie operation of life and to the perpetuation of specieslraces, or intlividual kincls? Becognizing the tu:its of atomic structure similarlythe units we call-rrMend.elian g"t"!tt 

"ooJi"t of subgenic units wtrich have attained.a complexity level w-ith the power of specific and measurable expression in grovbhand' activity of an orga,nism. The lattir may be regarded. astreffective genesn.

[TrtrrPI'E GPlEf . (J'AOTORS) oR ?oLYcH{Es. rt is conceded. generalry that 'quantirtativecharactersl|whichgi@e,shape,metaboIicprodu-cts,ratesof
chemical or physical change or other measurable activity are determine6 by theaction of several primary genes which contribute to a conmon result, varying indegree of expression accord.ing to the number and ";-;;;;;; ;;;; of the genotypicconplex' Growuh in all its phases is depenclent upon the action and erqrression ofmurtiple genes. These genes may be active or inaciive, supprementary or compremen-
!3"yt stinnrlatory or d.epressive, reversible or accelerative-in their expression.The primary character ii that they contribute as a group to a common vitar cycle orprogression.

MULTIPI,E ALLELES ATID TI{E IREQI.IEI\ICY DISTRIRNION
CUR\IE OF GRO1YTH VAINIABLES

T.FIE GEIETIC P+SIS-9F V,tlL\TIOlLMende1ts terrns rrtall anct ctwarfrr are based on theooservation that the height characteristic may be used to ctesignate rmrtualry distinctclasses, without overrap or marginal contact. Schoed.ing-r.-;i;;;-ilencler crectit foratloption of the qu3|tum concept anted.ating Planck antt Einstein. The quantum prin-eiple is basic to the multiple factor 
"y"i"* of genetic classes. These specificentities are prerequisite to trre frequency aistribution system whieh applies tomultiple genes.

MuIjlTION Mutation-provicles new genes and these result in heterozygosity. Thenumber of genetic classes is corresponclingry increasecL, These variants are perpetu-atecl in the same proportion accordiig to irrl Hardy and. lfeinberg Law, i.e. provid.ed.mutation ancl serection do not d.istutu ttt" balancel and the scope of free inten-breecling is not restricted.. rn ad.d.ition, tne nariy-weinberg Liw appries to thefrequency of genes only anil does not appiy airectry to effective genotypes orphenotSpes 
91cept in cases where the genes are muliipre a^nd arlctitive in their ex-pression' There is generarry accepted. evidence, however, of frequent rnrtation a^nd.selection, reproduction and isolat-ion, which by'the ad.clition or deletion of effec,t--ive geneschange the-genetic system in populat-ior',.". These are generarly recognize4as the rrpeaks and valleysrr of ir"qo"r"y ctistribution. Actually there is evidence ofnutation ancl of marked serection iln oougtas fir in our resurts. Favourable mutationis adclett to the complement of growth primoting factors.

* In: rtThat is Lifeil.
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IHE ?ISTRIPUTIoN olMtltTIPLE FAcroRS qoR cRoTfTH. .aNp OTHER oUAlmrT.\TnrE CHAnACIWS
The clistribution of multiple fact
has been consid.ered. in an earlier paper presented. to the X Genetic Congress of
Genetics, Montrear, August, 1958. A copy of the abstract forlows:

rrHutchinson, A. H, The Principles Involved. in Polygenic Select,ion from a poly-
zygous Population of Douglas Fir. Department of Biolory ancl Botany, University
of British Columbia, Va.ncouver, Canad.a.

ItA genotytrlic evaluation of wintl pollinatecl Douglas fir populations is premised
on polygenic segregation involving various growbh rates, frost sensitivity, md
cyclic bucl activity. In each case three or four alX.elic factors are required. to
latisfy the polyzygous states, which are evid.ent frpm more than 8010@ readings.
simpre equations in terms of N, the number of polygenic alleles, *a n, the
degree of parental heterozygosity, relate tfre pfrenotypes antt genotlpes of the
progenitors tgntthe class frequency distribution coefficients of the progenies(r + r)n x zzLr-:n' All popuiation curves are red.ueecl to the 

"ot*oo 
;;;;;-tzfr.

rfEach cont,rotled. biparental class frequency polygon of a specific polyzygous
population is balanced, and. includ.es (n + 1) phenotypic clalses from a poJsible
(eu + r) crasses, each of which belongs to oire or iiactoriar (u * ill iirl"ti""
genotlpic classes. These genot5pes may combine to produce factorial 2N + 1
class frequency seriesr as progenies. l{ind. pollinatett, rmrltiparental stocks are
characterized by class frequency polygons which show predictable skervness,
rnrltiple peahs and extended plateaus.

rrselection may be controlled. genotSpically on these bases. Exannples of natural.
selection are presented.. "

TIT0RETICAII-FRE0.IIENCY. DISTRIBUTION 0F PHENOTY?ES. From the abstract above, and, frouotherconsid.erationsttreora@tip1eacld.itivegenesisreacli1yanti.
cipated. as an expression related entirely to the number of contributary alleles antl
the combinetl heterozygosity of the two progenitors as in Tabre r.
Table I. Frequency Distribution of Phenotypic Classes for Heterozygous Progenies

on Least Number Basis.
Biparental
Heterozygosity Class Frequencies of Progeny Number of Classes

0
T

2
1
4
5
6

4
510
r5

t
3

4
10

20 15

I
2
3
4
,
6
7

H+I
Bringing the expression to a common d.enominator of 64 inctivicluals (progeny) as in

Table fI, a relative scale of frequencies for the various heterozygosities is obtained.
Table II. Frequency Distribution of Three AJ.leles on Least Number Basis,
Biparental
Heterozygosity Relative Class Frequencies Ntrnrber of Classes

0
I
2
3
4
)
6

I
2
3
4
)
6
7

16

15

32

24

64

i2

24

32

24
15

r6

H

t0
r5

20
20

20
15

10

H+1
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EITAI,UATION OF TI{E ffiPERIMMITAL DISTRIBUTION OF I{EIGIT CLASffiS IN A THREE YEAR OI.,D
DOUGI,i,S FIR NURSMY POPUTATION OF KNOWN PROGUVITORS

The 111264 Douglas fir seeds pla.nted. as describecl above produced Z.STB threeyear old plants. Ttre 22 plots which were coyexed with straw auiing the first wintercontain fJ5 voung trees 
",oa 

tn" 22 alternative plots, not coverecl, contain ;r4|'4plants, the ratio is I:I.d.

The progeny of a,ny two parents is theoretically balancecl about the mea.n ac-cording to the multiple factor frequency ctistribution-principle.

Tabre rrr. Frequency Distribution of Height classes in 3 yr. Douglas Fir

IEATT]RESl/
I
I
I
I
I
I
I
I
I
I
I
I
I

Theoretical

T l0 Cov"
T 1O Exp.
Total

Theoretical

T 1I Cov.
T 11 Exp.
Total

Theoretical

T I Cov.
T I Exp.
TotaI

Theoretical

T 4 Cov.
T 4 Eqr.
Total

Theoretieal

T 7 Cov.
T 7 Exp.
Total

Theoretical

38 LOz 374 69L 669 398 108

37 22J 557 7M 557 223 iT

r315L7trlo
00L2L2L2I22
L3282923L32
I+82LZAZL8I+

3 LLg
7 227

to 346
rr 346

34
74

108
108

(t) 3 18
0730
(r) 10 48

r1 54

1920283L324t25
2220495737417r
311407788698296
428709270284296

264
r89
J L52
2 r53

00102518
05153223
0525r74L
2l'53648)6

662
0 Loz
6 L64
3 t63

I67L4I8
98271515

r0 L4 34 49 33
3L5385138

2378 (Pouen
( rnferior

2378 (Skew, low

49 (Seff pollinatetl
& (Low viability
89
88+ (Stew, high

45
62

107
108

L5
47
62
54

(Het 5
(Harity

(Batancea

(ttet o
(Frost Sens.
(Pollen fnf.
(Skew, Iow

(Het 5
(Porten
( Inferior
(Skew, tow

(Het.6
(Superior
(Porten
(BalancecL

9
L2
2L
L5

10
8

18
r5

TOTALS

Total Population 38
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DEryRIPIION 0F TABTE III: A GE'IETIC AI{ALYSIS 0F THE I{EIGIIT CI"A,SS FREQUBICY
DISTRIBUTION FOR 2378 PBOGDIIES. GROWTI FROM EIEVDI WIND POLIINAI@ $@ TRffis
Five tree sa,mples are charted ancl the aggregate population is shown. Three multipLe
alleles are postulated. as sufficient to satisf! the frequency distribution. Then
the maxirmrm combined biparental heterozygosity is 6 (Het. 6) Seven genetic classes
ore present a,nc[ the expectecl frequency tlistribution is Lr6rl5r20rL5r6rl. lftren the
heterozygosity is 5 the coefficient frequency tlistribution series is 1r5r10r10r5rl.
The total population shows lower class coefficients for the higher classes, 7 and 6,
ancl higher coefficients for the lower classes as comparecl with the expected. tlistri-
bution. This skewness is explainect chiefly on the basis that the seed progenit,ors
were selectedl trees while the rind ctistributed pollen is trinferiortr, on the average.

A seconclary consitleration is the killing of frost sensit'ive plants dsing the
first winter. The proportion of sunrivol varies greatly as between coverecl (cov.)
a,ncl exposect (e:cp.) plants. The low numbers inclicate high frost sensitivity since
the record is for survivors. Trees I ancl 4 are similar to the general population,
above, in varying clegree. Trees Il and 7 however show a welt balanced. parallelism
with multiple factor curve of frequency clistribution (theoretical). However, for
tree 7, the tallest of the e:qrected, both the pollen and seecl progenitors are re-
gardetl as superior, especially tree 7, which foms the tallest class of the actual
and is in excess of the theoret,ical. This wou1d. inply a higher clegree of heterozygo-
sity in the seed plant antl also, in a proportion of the pollen, giving homozygosity
in the tallest class.

Tree 10 is very exceptional. High frost sensitivity is shorm ancl in ad.ttition
there is evidence of general deficiency expressed. as low seed viability and high
frost sensitivity. The frequency distribution also suggests a d.egree of self
pollination. ?arent trees 10 ancl l1 are situated sitle by sicle.

The evitlence obtained from this analysis gives ample clata wbich may be usecl in
the selection of superior trees with respect to the characters tested, This a,nalysis
gives a basis of selection. Tree 7 for instance is superior as a progenitor since
its progeny contains tO times the number of trees of the highest superior class, as
comparecl to the general population, antl 3.3 times that of the balanced frequency
ercpectation, in this case r md Tree 11 shows the highest proportion of viability
accompa,niecl. by a rrhighrr mode.

Gm{EttAL CoNSTDEIt{TroNS 0F FREQUB{CY DTSTRTBUTIoN AgpLyrNG T0 ACruAJ,
DATA PNEffiillED IN TABLE III.

. In Iable III Class 7 is the rthighestil class ancl Class l is the illowestn. The
superior height classes are 7 and 6, and the inferior classes are I and 2, The mod.e
lies between and varies in relative position for actual read.ings. From a genetic
selection point of view, the classes superior and inferior and. modal classes are of
primary interest.

Iable f contributes sa.mples of frequency cJ.istribution data as follows. The
ra,nge of height was from 245 nun, to 1050 run. with one mrtant exception wtrich nas
outstancling. The height scale was divicled equally into seven sections representing
seven effective phenotytrlic classes" Three alle1es, or a, maximum of 6 effective
genes were regardecl as sufficient to satisfy the genetical data pertaining to height
grorbh,
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The data represents a high d.egree of heterozygosity. The progeny of these
trees w.ith one exception has representatives in at lea.st five of the seven height
classes qxcl the theoretical frequency clistribution is followed. generally" Digres-
sions are reasonobly attributable to the effect of the variable pollen contribution,
by rind.. It woulcl appear that the pollen, not being selected contributed to
skenness cunre giving higher frequencies in the region of Iow height classes. This
is parUicularly notable in the case of the currre of the total populat,ion. In the
total population the tallest class is according to expectation, while the other
trhighn classes are not fully represented..

ST]I&{ARY. CONCLUSIONS ANID CURRMIT PROJECTS

f. In ord.er to evaluate the genetic factors of growbh and su:sivaI, it is
essential that the variability of the environment be in minimum and that the d.egree
of variability be knorm, and includ.ed in the equation.

Z, An analysis of the genetic system involving multiple factors is basic to the
evaluation of quantitative character inheritonce. A system of this type is presented
here, in part,r ud the publieation of further basic considerations is plannetl.

2. fn general the quantitative characters for growth may be analyzed on a basis
of rreffective adclitive genesrt, nhich segregate a.nd combine to prod.uce & series of
phenotypic classes, having frequency coefficients in agreement with rrnormal
tlistribution cux\resrr. The nr:nber of rralleles' (N) and the d.egree of contributing
parental heretozygosity (U) aetermines the number of progeny classes (lrl + f) and the
standard serial frequency, The converse is true. Deviations from this systen may
be interpretecl and adjusted or utilizetl, provid,ecl the environmental or other
limiting factors are known ancl evaluated, A paper is in process.

4. This report d.eals with the height growth in Douglas fir. An analysis of the
progenies of eleven trees, 2378 in aII, shows markecl individuat ranges of variability
and of the level of heterozygosity with concomitant class frequencies. This a^nalysis
gives a be,sis for the selection of progenitor trees.

5. The inheritance of frost sensitivity as depend.ent upon multiple factors
fpolygenes) tras been analyzed anl will be reported. Douglas fir trees from nine sub-
legions of the Pacific Coastal area which trere exposed to the record breaking
November frosts of L954r t55 a,nd r57 have been recorded for growth and frost injurlr,
including 100/" killing" The d.ata gives a,rnple basis for analysis and clefinitive
results. The frequency cur:T'es are highly moclified by frost sensitivity selection,
accorrling to an orderly system.

9. The six year olcl progeny grown from seecl from seven regions throughout the
Pacific Northwest have been analysed. for growbh characters and frost, sensitivity. The
heights at six years vary from six inches to eight feet six inches, and the progeny
from each region has its own mode and growth limits. These variations are inter-
pretecl as the result of selections from the heterozygous coastal type which have been
naturally selected. to prod.uce wid.ely varying and adapted. filiotypes and r&cese A
paper on this subject is in process,

L. The progenies of ten trees of yellow birch, Betula allegheniensis Lr43L trees
are being analyzed. The height growth at age three years vaiieE from four inches to
six feet three inches and various limit,s a,nd. nodes choracterize t,he indiviclual pro-
genies. Obher significant characters are being evaluated.
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g. The progenies of six fourteen year old. white spruce, Picea glauca, 814
trees are uncler stucly. Seed. of spruce species from .many regions trave been sown
this year. .

2. tr{any other quantitative characters, p,rticularly those related to metabolic
processes, are matters of record anil are being analyzed.

.!Q.' The genetic analysis of progenies on a, basis of multiple gene factors makes
controllecl selection feasible,
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REPORT ON MEE IMPROIiEMENT

194 - 1960

by

H. G. I.frcGillivray'

Tree Lnprovement undertaJcen by the Forestry Branch in the }britine
Prorrlnees fron the spring of 1958 to the spring of ]|9& ie dealt with in this
report, and is chiefly concerr:ed rrith pieea rubens. Ables balsanea. pinus

resi-nosa, and. various e:cotics, particularly species of SEi€s.

PICEA RI]BENS

Provenance Studies:
:

,. ., : '(a) Seed fron Eastern Canada and United. States
- '.:.

The P., nrbertg provenance experinents and obse:rration pfots es-

tabLlshed dr:ring l9D and\L60 (rable 1) are pait,of a larger projeet con-

ceived' qnd directed by 14. Holstp Petawawa Forest Experinent S{ation, ChaLlc

River, Ortario. The raain objects of this sturly are to lntnoduce, and test
fast gror'ring southem races in Canada. The seed.'Lots were assembled W In[r..

Holst. In the spring of l-L955t some geed. from each 1ot was sor.rn at the Acadla,i'

"Forest Experi-nent Station ln central New gnnswicto Sbvere winter burrr

danaged rnany seedlings duri?g the wlnter st Lg5|fl and it r^as decided that
the trees should spend three years ln the transplant bede instead of truo, to

allow tine to tnecover fron the winter brrnlo Recover,Sr was good and. they were

large enough to plant tn 1959. In the spring of 1959 one provenance experi--

nent and' sone obsenr'ation plots using these trses were established at the

lForestry-Officer, I4a.ritines Districte Forest Research Di-vision, Forestry
Branch, Department of Northern Aff'drs and I'tational Resourcesr'trtederi"torr,
N. B.
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Exlperiment statlon (raute l). Ali other'nrurrrr.r*s were nade in rg&,

In the spring of 19@ one experinrent was established at Fundy

National Park in southern IIew Bnrnsvrick and one expeiiment rnd. one observation

plot were established at Grirnmer Setttement. in rrorthwestern New Bnrns,rj-ck.
,:r

The locetlons, ft.rndy N,:tiono.l- Park, Ac:dir nordst'&rperLment st:tion, rnd
"il"t 

: :: '" '

Grimmer Settlement hrve m:ritiner nore or,t.bss inteinedirte, rnd contiir;;t"f
climates respectively. The designs for the experiments were 4 x d lettice
squ.trre (cochr.xn :nd cox, r95ot pp. 3/+c-, 36gj-, These experiments i.nd qb-

serv-rtion plots were bordered. by tr+o rows of sumound trees. 'A row of

diuision trees seper:tes e:ch plot, (trUte t). Tn :ddition observ-Ltion plots

were esteblished in the University of New Brrrnsurick Wobdlot, Fredericton,
'!:

N. B. by Mr. ,H. 
!,'. Blents; at Asad11 University; ilotfville, IrI. S, ry Dr. iI,C.

Snith; in the north of Yrrmouth Countyr N. S. b,]r I'lr. H. J. Grrnt, Norre Seotir.

Dep:rtnentgfLands+n.d.Forests;rnd.atoneornore1oc:tj-onsinQu.jens

Countyn N. S' by the Bowr*"ers Mersey Prper 0orep:.ny, T'initedr Liverpool, *. ,,
One experirnent wr,s est-rblished. in the Nieolet Nltionrl Foreste lJisconsin by ,

Dr. Hens Nienstaed.t,, Lrke Stetes.Forest Experinnent'strtion; one experinent

wls pl-rnted::t the Colenrrn St-rte Foreste Stew::,rtstotm, N; H,r md one at the

Frank]-in Pierce Strte Forest, Hillsboror N. H, by Dr.. H. I. Brldr^rinl'of th"

New Hrnpshire Forest ancl Recre;tion comnissioli; in':cd-ition Dr. Hens

Niensteedt, in turl zupplied Prof. S. .S. Pruley of the'Unlve:'sity of

Minnesote with rbout 100 tree$ frona each lot.-- :'
. . .. Phenologieel- drt: ori lender grorlth of this P, zubg.SE stpek wrs coL-

lected fronr:trees. in the nursery at the tixperinent Strtion in 1959. As yet ,

ithasnotbeenconpi1ed.buttherer.rrsconsider.-rb1evrrir'tioninheightof

t'he 2-2 trees, both nthin :nd. between lots. Ven;rtion ney be greater then

thrt shown, as the det: (Teb]-:e 2) were fron trees h."ving healthy, dominrnt
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Table 2. VARIAflON IN I{EtrcHTS OF Z:2. PI0EA RUBENS IN TI{E NIiRSERfI

provenance ; ,,tolt. 
scoefficient

, H"ight , 'r^-?l*r^-I
I
I
I
I

Great Snolry Mts.; N. C,
:i

Glede River, Monongahela Nat. For.p W. Va,

Bear l,leadows, Qentre Co., Perur.

October Mts.y Berkshlre Co., Mass.

Paul Snith, Franklln Co.r N. Y.

Ess€x & C1i.:rton Coo t s, N. Y. . - :

Mt. Monadnock, 2!00-2600 ft., Cheshlre Co.e N.H.

Pillsbumy State Foreste L55O t!., Sulliven Co",
N. H.

Anherst' Handcoolk Co.p 'Mr$ne

Andorra Forestl 1700 ft., Cheshire Co.r N. H.

Valcartierr P.. Q.

St. Charles, P. Q.

Hc-lifax Co., N, S"

Digby Co., N, So

St. John Co,, N. B.

Central Acadla F.E.S., Sr:nbu:ry Co,, N,B.

rg.6

22,2

29,Q

2L,6

22,7

27.4

22.2

2g.g

26.6

25.8

27.1

27 rL

29,5

28.8

25.8

29,O

23.3

L.g,g

3L.6

26rL

33.4

29.6

26,3

23.5

20.'l

22.3

30.lt

33,6

29.6

22.1*

2L.4

33.4

East Acadia F.E.S., SunburSr Co., N.B. !1l7 25rlr

\,teasr:red in mld-Augu,ste L959.

lead.ers ontry. Forty such treeo, randonly chosen, were

'i,

(b) Seea fron Maritine Provi.nces and, VlclnltSr

Seed from 29 seed sources fron Nova Scotia, New Brr:n$rick end l4a-lne

were sowed in the Acad.ia nrrrsery in the spring of L959,

neasured flon each Iot.



$-6

Selecting nnd Progeny Testing

The two best trees, :u:c1 one of the poorest seed belrirg trees, in
each of 11 superior st:nds locuted in Nova Scoti: and. New Bnrnsr.rick were

selected, scions fron these trees were prop3.grted by gr,rfting. This

materirl r"ri11 be set out in the breeding grrden ru:d used in crossing experio

ments' Seed collected fron the st'rnding trees was sown in the nursery'this

spring to produce nroterial for progeny testso

ABIES ilTLSAI\4EA
': _: 

.. .)- 
J.

Provenance' Studie.e,,' :..
_// \ta/ . rrovenlnees fron ttre Ueittlme. provinces

An {. b:.lsanea proveni.nee, erperiment wes prlnted'*t, the Experiurent

stetion i-n ilie :utr:mn of 195g using 2 - ]-ye*_old trees (the seed !rs.s sor,rn

il the spring, rg54). The site was 1evel rnd fairly well drrined. . The trees

vere pl-rnted under en overstory t6:.t'rver:.gefl. ebout 50 squere feet basal crea

per acre. The overstory wes pnrned to n_rlce plenting eesier; S.lash fron a

previous eutting w:s bur:ned. The oVerstory will be reduced'by girdllng :,nd

herbicide treetments-

The experl.ne-nt consists of trees frou ei-ght proven:,nces fron within

the tr4eritj-ne Provincgs€ These were pl:,nted in six r:nd.onrized blocks, SnoeIL

observ,-,tion plots of 'trees fron five other provenlnces were rlso plrnted..: ''.,' '

The spacing is /, x 4.feet" No 'd.ivision or sumound rows were used,. About

131320 trees were phnted,

(t) Proven:nces fron the Atl:ntic
New york

Seed lots from 16 sources

M.arltobl end New York uere sor,nr in

I
I

Provincesl Quebee, Mtnitob: rnd

in the Atlrntic Prrcvj-ncese Quebec,

the sprin g of 1956, fhe est:,blishnent of

I
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t
I
T

t
T

I
I
t
I
I
t
I
l
I
I
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a provenance experiment. in $ew Frun$^riok, using thLs md.terial ruas planned for
the spring of 196O but it was necessary to postpone it until the autunn. In.

the neantine the planting stock will be root pruned to reduce its growbhi.

(e) Provenb.nces frorn Nerufowr&Land (and lo.brad.or) and New,Brr-trErick,

The puqpose of this study is to determine whe-ther heredity is a

roajor factor ln the reported. (uitton end Lewis, 1956 and Rowe, Lgfil pre; .

mature loss of vigor- of A. balse,4ea in the southeastern part of. the, Islend

of Newfor:ndlend: the Avrlon, Buiin and Bonevista Penin$flo;. Seed for this
study w&s sown in the spring o,f L957t Phntlngs'wlJ-l be est:blished. in 1961

in New Brunswiek and Neuiowrdlr,nd.

A nr'usery study showed thrt very signifier.nt d.ifferences (at ,01

Led.ons :of different
provemnces (tr,tle 3). There is : stro{g tendency for the aver*ges to form

two overlapping g?oupss one from NewrBrunsurick h-rving less cotyled.ons Td
onefromNewforrnd1lnd(rndLrbrr.d'or)h:rrr1ng.more'.Ther?noy.be3.re1+tion-

ship between this griuping end the relrtive'*u*ra"rrJ" of 4, p. var.
'

phaneroleoj-s in Newfoundl,rnd. No expl:nrtion is offered rt this tj:ne for
thedifference(etthe.051eve1)but'u"'.th9aver.rgesfor1ots5:nd11

(re.rte 3). seed lots 5 and rL were colleeted i.l the srne area birt in dif- ,,

ferent years, 1956 and 1955 respectively. ,. , 
,\ 

, "

No rel- rtionshi-p wr.s shown to exist betureen the cotyledon nu.nbers

in lots from seed sources where {. belsamea is reported to srrffer a prenature

loss of vigor (tots 5, 9 *nd IL). Provenr.nces fron Ner,rfor:ndland tend to

hrve a greabr number of cotyledons than those fron New Bn:nsi,,rick and the

d.ifferences were highfy significant in some cr.ses. Further study would be

necessrry to determine if f:.ctors other th:.n geographic origin lrrfluence

the nrimber of eotyled.ong,
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Breeding
..- :+":-.,",-.. The breeding with Abies is einred at producing hybrids srrltable for
''' use jgl the Mxritiqe Provinces. Such hybrids shoirld not bb susceptible to

attack by Adelees pice{e. The spring of 19@ wss the first time thet freshly
1.

L:'''" ".'p1e4sced e:rotic AbiSs pollen wag., qvaileble *t the proper time for poJ-lination.
..1. 

,. -. :.1:

'; Pressure of bther work mede it in;nssible to get the isolbtion tepts up be-
. 

..--__rl 
:

-'*i..' ,.fgre a few ficle.flowers on exposed. tnees hrd begun to sfri;A'tJrei.r gr11en.' ''ti :{- 
-"'*' 

' ': .
'i Ar . :ir..:

$!igf albar: A' ailahiliF e.nd.4,..homolepis pollen,were eecli useQ to.pollinate
-L'jj",.-i. .i 

" ;:r:,":_

the fenl1e floners on frio-A. trr?T?+, 'Bt.&9r*g3 porlen'was,used on two

additional {. bqlsaner. t}nt hrd ueen'e>$osed, !o riia-forrre .pollen.
.: ,,.,. r .,:;,. 

,.::i 
r-

No crosses were nade jn L959. rn r9#r crosb'es w"gte attenpted

on'nine trees using o1d !. erandi.g, $, cephalonica. {. npbi4iq +nd 4,

nordruar[riana poJJen;!].r.at hed been kept in eoId. storlge, The gontrol in-
diclted thet some. pre-isoletidn pollin:.tion ruay h.-r.ve t:rken place. Besides

- t'tl4Er,lo* tents were loosened by."high winds. AIL trees produced some rlable
'seed. E:cetrdnetion o^f the one-year-old seedlings showed th:t they resembled

Abies belsanea. However, further,obserrretions rny reveal the presenee of
" '. -.j

' 'sone hybrids.

a 
-'r' ,-,.-,. 

- 

''t; - lt-' 'it'*'i. 
".:;

I Abies ': 
:

I- vatlon plots -'"t Acadic Forest E4gerinent Stetj-on was initiatecl. These plots. _{-,_r,..

I 
-""c.re intend.ed to serve rs prelinnjrrery tests of e:<otic Abies in the }4rritiraesrr--

llnd'.as e source'of 'bre-edj.ng materi:rI, Tn L959 sma-Il lots of Abies erneF;bii,
I t-tti.,'. 

;t.I -t'.1-:.'., "'j''..:.

I " Si honolepist A; koreFgqr A. iibrbana-?! .4. veitphi*, {. vtl-mo:rlnii, {.
- t'-; ': 

*_'' 

'

I "-'- Eg.f,gggeeieeg ind A. b+lsapea, tota3ting c.bout 20oO trees, were plented.'
It

I
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The A. balsanea wo,s j.ncluded for conrparison. In 1960 4. L&fu {. Loreanq, {.
grandis,. $. eoFcolor and also {' bal-qpmea plots were ad,ded lrith a rou of {,
balsamea between each exotic..qpecies. 'A total of rbout 3900 trees uere

phnted c.t this time. The specing is 4 x 4 feet. Specinin trees of Alieg
qrbg, $. concolore {. ernestii. {. grandis. {., horoorepis, A. @,g&g" A.

r..i: ,, FSqgE}9 x $'" veit'ghiL, A. egbgJii, A. pgr@lgiggr, g. pjnsapo, g. veitchii

,:,., an{ {. yilnorjlit spcced,25.,x 25,feet qere plented in the arboretr:n durlng

...i:;: the spring 9,f L959. :i.i- .-.-:-.ri:.. .r;i-,...:.,.

. ti,: t' ,.j ,.f,bfjx ..;,i..i .. '.,.r.. ':' ' - ;

-..., ri.;. ..,;. .;, ',:'.. '.'.. . '..:--;..,::r;1,".' Three sr:rll lots of Lari:r decidua, two of these from lorolrn seed

" sour6es lnd three lots of L. 4. vsr, polbnica elong u:ith one lot of L.
-' : ' ktttrif,ensis, r.1,1 of lcnown seed sotrroeb were preritea: in ddb '#'btfo<itiliii'ln the
:'' spring of 19@;' A few'g liiictnc.x'!. l'ebtoleeis. !. laridi]ii'x 1.

lartcina, g.''leptcitepii x !. l.eptolepis orra'pno$e#es-'of twl!.' a"ctauo onn

' " one !. leptolebis thet raay hav"o cilossed netr-rrelly r^rith each other were rlso
pLented-here. !; l.aiiitha'\i:s iitaiitbo"diorr[:st leest'orrr' side or eaeh of ,

- "the above plot'S''foi''comperison. Spscing t; tn"r" plots i;:OlX lo"lfeet,
-:

About 624 LgEi& aII three years old, were plentecl in the erboretulr,

gther Exotlcs : .!.: ::: -,. .":

Other ercotics added to the..rrboretrSn include-qpegiT,gq t-pe,eq of

Picea Dunsens' !. punsens arsentea. and !, ry4gru oenduLa2, Elag€,urgg, g.

gtrgg rstwrds.ta, !. nisa, B. epdetgSg", E. fjeigfu E. Eglug.glsittu E.

svlvestris arsentear and !. 
lthunbersil; 

and Pseud.otsusa tesi{olia, A snall

lot of Picec orientalis wes elso added.
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Purus nqsrNosA

Provenc.nce Study

The plnus resinosg provenance eiperinent, esteblished. in the spring

of 1958 on the Chignecto Garne Sanctuery in Nova Scotia r,ras vislted in 1959.

I4ortelity wes less thrn for:r per cent. The deed trees were repleced. Fifty-
nine per cent of the trees had been.deueged.by browsing. .Thet:'e4leriment'wlff.':
be re'ie:crrnined in l-960 to detern-ine wliettier d"ur or rabbits ci-rused the d,emage.

NURSEru

There werer aceording to estimltes mcde in August 2 !959t.*6o*t' '

99vOOO. three-y-eer-ol-d. trrnspl,rnts in the nr.lrsery of which, some 2/e-r000 were

Abies balsameg for the Ner,rfor:ndh.nd :ncl New Brtrnsr,rick provenance studyr 
rr-:..'.

mentj-onqd ep.rtrier; 2rooo A.'Fllr?*ry.r1 qor,ergeei.ly t":-"rrL:yr';sunerior
. 1.. : I r.:....'.1. -.-...1.

christmas trgeq;,,,{,8,;,ooo.Fl.rcg rbies rrod'la seed sorrces; rrnd the remainder

wrs nacle up of nriscelleneous lots of Abies, Lerix rnd E!Sj],. fhe 2-0 stock

consisted of ebout 3401000 seedlings for the Province of Neru Brunswiek end

about /+5IOOO for reseerch in tree-inprovement rnd reforestrtion. The 1-0

seed.li.::gs nrrnbered between 6001000 -rnd ?001000. These were mad.e up of ebout

1001000 t:rees for the Province, 40O'0OO or 5001000 Pic.ee rubens from 30 seed

sourcesi about 1001000 Laqix kpekpiCr L, decidun rnd !, ]gg.ig_@,; and

281000 Abig,E. AJ.l surplus seedlings r,rill go to the Province after research

needs have been net. Early frost i-n Septenber, L959 greatly reduced the

Larix leptol-ggts.. Ln d.ecidJ:a was den:ged to r lesser extent, This frost

browned the tops of reany P_1,-q.e-+ trgEtrIs,. Frost heevi.:rg in the spring of 1960

ms no'Uj-ceableo The losses in the L, leptolepis were the nost serious r.s

this nateri-al ceme from 22 defined seed. sor,rces in Jcpan.
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