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FREFACE 

The literature in Enlish dealing iith variation and 

breedinr,  of tree species is by and iaLD re very specialized and 

scattered in numerous scientific journals and books. It is dif-

f jouit for anyone seekinz, an easily read introduction to the 

subject to obtain frou this literature a coherent view of what it 

is ail about. The essentiai unity of tue subject is simpiy not 

apparent. 

For this reason an effort has been made in this publi-

cation to place forest tree improvement work against the broad 

background of botanical science in the hope that the interrelation-

chips of each aspect of the subject will be brought into clearer 

perspective, and unity iven to the subject as a whoie. Hoever, 

a strictly acaderciic treatment of the subject has been avoided, and 

examples and illustrations stemming directly from the author's 

research work in forest genetics and tree improvement have been 

included in the text. 

In otrivin:;to r.iaintnin an elerientary level throughout 

the text it has been necessary ta glose cver numerous aspects of 

the subject. Hoever,  it is hoped that this does not seriously 

impair the value of the text for the urpose intended, which is to 

provide a coherent and easiiy read introduction to the important 

I 	 aspects of forest .genetics and tree improvement research and practice. 

Terme which are underiinecl in the text are clef mcd in tho lossary. 

A relevant bibliography is also appended. 

I 
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3lL;dllc: £L 

CONIFOUS TR.EE. PCIES Ai; I1RÛjJUCTION 

L. Roche 

1. LJTRODUCTION 

It is reccrded tht the rlov3nent of plant seed by 

man frori its oriinal source began as earlr as ,OOO B.C., 

and it is not unlikely that the purposeful or unitting 

se lection of plants deve loped siriultane ous ly.  The cultivated 

plants of the r.,iodern vorld. are the products of bcth these 

activities of pre-historic man and his descendants through 

t (-  uie ses 

14an bas successfully moved plant species, not oniy 

o f ew hundre 	iles from their original source, but thousands 

of miles. iiany of the eclible plants which we consider 

indigenous mere unknown in North America a fe hundred years 

ago. Indeed, one of the most comrion foods, the tonato, which 

origindted on tlie siopes of the Arides, as did the potato, was 

practicaiiy unknoin in the United States and Canada during the 

early 19 
 th 
 century. Asparagus, beets, broccoli, cabbage, 

caulifiower, celery, and endive, kale, lettuce, parsley, 

parsnips and rhuharb, ail oriinated in those lands iying 

east of the Mediterranean Sea. The Far East gave us egg-

plant, cucumbers and soybea.ns0 The •1iddle East and India, 

oarrots, onions and musknelon, while Africa contributed the 

waterrnelon (8), The wild forms of ail these cultivated plants, 
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where they are stili extant, are c1uite different froni the 

moderri cultivated forms. In soi.-.e instances the wild for-2 bas 

disappeared from the face of the earth, for exaLlple, the 

ancestor 0f :iaize or corn. 

Iith, aerhaps, one striking exception, sian, by 

selection and breedin, bas produced fron the wild plant forma 

which he found useful to his prinitive existence, cultivated 

forma vastly suparior to tha uild ancestors. The one-  - 

excc-ption is the forest troc. mn bas used wood fron time 

imenorial, but the Jouglas f ir -rowing in natux'al stands of 

the Facific Northijest is stiil nature s  own chiid. The sarde 

can be said of lOany of the inc1i2:enous forests of Jestern 

Europe. Thus the forost troc is the only remaining plant 

SOCOS 0f major commercial importance stili, for the most 

part, growing in its wild f orm. 

The conversion of the wild forci cf a tree species to 

a cultivated forci, possessing many characteristjcs desirable 

to non, precludes notural ragenoration of existinp stands, 

and involves the artificiai propagation of inproved varieties 

which have been obtainod fron these stands by selcction and 

breeding, or by the introduction of exotics. For this reason, 

tree hreedinî is particularly aplicable where artificial 

regeneration is practiced. 

The present interest in troc breeding, therefore, is 

iiot due to acadeicic spoculations but to the fact that the 

transformation from old growth to second growth management, and 
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the principles of sustainod yiold, ha; picn riic ta probleris 

which can be solved anly by the wisc utilization of ail avail-

able knowic-d,c  concernin the genetics of forcst trces. Further-

more, as noted above-, since ail horticuitural and agricultural 

plant species of major conelerciai importance are without 

exception tl-ic producta of the plant brecder!s  activities, it 

is not surprisin that ana of the,  noet valuablo plant species 

in the world, the coniferous troc, shouid moi; be subjacted to 

the preliminary aha ses of o si.iiier process0 

In contrast ta many other countries where forcst 

genetics and trac improverient is important, Canada bas a large 

nuuiber of indigenous coniferous troc- spccies These species 

between thon f oru a vast naturai foreot covering & greot part 

of tho country, As sources of raw notarial the species 

composing this great forest arc fairly i;all characterized; their 

biological characteristics9  howevc-, are ony now beginning ta 

be investigatc-d. Thes facts strong-1,, influence, and rightly 

so, the devc-lopmcnt of forost gono-tica and troc improvecent 

rescarch and practice in Canece, 

Thrc-e s1age s aiay ho reconied in ths developcient 

The first je concc-rned wjtL cielinitine th- natteras of variation 

within the spocies. The raw ciaterial je tcatalogucdfl  bio-

loID  gically, or put anothc-r way, an invcntory is made of the gene 

resources of tho major commercial specias by genecological 

rcsearch, or ciore populariy, provenance rcscarch At this stage 

appropriate stops ;eay ho token ta conserc .--a  sit.il populations 

F 
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representativa of diverse gene resources. Tha noxt stage is 

conccrned uith the utilisation of gc-nc. rcsourccs i.e. the 

establishment of sccd zones and sec-d production arc-as, 

delimited and charecterizc-d by the first stage-. à third 

stage, hich nay be conductcd siriultaneously ith tho second, 

pertains to the inprovŒ:lc-nt of geno resourccs by selection, ZD  

breodine end progcny testing, and the noss production of the 

inprovc-d strains. At the uresent tine in Canada troc 

iiaproveuant work is concentrated in stages one andtuo. 

2. GENETICS A'71) 1,111 THECitY 0F EVOLUTION 

2:1 Chrorosones and Oc-nos 

Jhen plant or aninci cc-ils arc staincd uith 

certain cheaicais, long, thrcad—like structures become 

obvious in the ccii nucleus. Thesc- structures which occur 

in pairs in definito nunbcrs in ail plants and oniiaals are 

known as CI-JrO1T1OSOYIGS. For c-xanple lIOn has 46 suc.' chronosones, 

or 23 pairs, the potato has 24 pairs, thc rat 21 and spruce 

species 12. 

Oc-nos are tho fundanental units of inheritance. 

They possaso iiighly compiex chcnical and physical properties, 

and arc arrangod in linLar order along the chromosomes. A 

person has broi1jn cyos because ho possesses a gene or gene 

complex controlling production of a brown pi,  nont in the 

iris of his cyc-. Siriiiarly troc spocies suc'-ri os white spruce 

(Picea Jauca) and ycllow birch (i3etula alleohanionsis) are 
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different fron each other bccausc thcy are genctically differ—

cnt. The individuals within each of these species will aiso 

diffcr gcnatically, though mot to the extont that species 

diffbr. Howevcr, tue c-volutionary processes which ive rise 

to within species variation (intrasoecific variation) differ 

from thoso pivinp risc to bc-tween spccies variation (inter—

Pcific variation) only in dcgroc and mot in kinci. 

Genos not only influence the externai appearance 

of an or.Tanism,  they also control its internai physiolotical 

processes. Thus, becouse of thcir hihiy diffarent gcnetic 

constitutions, 0mo troc spocies will survive in seni—arid 

regions, e.g. ponderosa pine (Pinus ponderosa) whiie anothcr 

- will survive only in :ooist areas, c.. Sitka sprucc (Ficca 

sitcheni). Sinilarly, races within o broc spocies will 

alco survivc and rrou botter in certain rocions thon in 

others, for oxomplo thc coastai arid inland f orns of DouTius 

fir (Psoudctsu:a manziesii). 

22 Thc Brcedinp Systesi and IJaturai Selection 

Durinp the formation of the cgg ccli in fenale 

organisc-is, and tho ope-roi colis in cale organisrls, thc 

number of chromosomes is halved, and each sicriber of o 

sioiiiar pair of chromosomes will occupy different egg or 
n 

spern ceils. This forri of ce-il division which reduces the 

chromosome nuriher, and gives risc to egg and sperm colis 

is terne-d me-iosis. Thus the pollen produced by the male 

flowc-r and tiic egg colis produccd by thc fenale flower on 
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o whitc sprucc troc will cach contain 12 sin2lo chronosornos, 

ai-id not 12 pairs which is thc cor.ip1enent of ail colis of 

this spccics othor tl-ian scx colis. The for:ocr nuribcr is 

known as the h&u!oid nunbor and thc latter as tho diploid. 

ilany coniforous trocs arc sclf—stcriie, that is 

thoy carmot inbreod, and fcrtilizatior norrally occurs i.hen 

pollon from one tri-c is blown anto th,-, fc-nale organ of 

anothor trec of tho sanc spocios (Fig. 1). The fusion of ZD  

the nucicus of those two germ colis, th.-,t is sperra and egg, 

rcsults in tho rc-storation cf the diploid numbc-r of 

chronosones in the fcrtilizcd cgg ccii uhich is now tcr:icd 

tho 2oote. In this aanner cncs arc contributcd hy both 

- parents and f ixcd in ncw combinations in the progony. 

By o proccss of ccli division tcrned mitosis 

the zygote dcvc-iops into tho cnhryo which is tho tiny 

structure containcd within ail troc sccd thet finaily 

dovolops into tho troc. i:iitosîs diffcrs fron uciosis in 

thet the dipioid colis mcrcly duplicatc thcnscivcs and 

thoir chronosono corpicmcnt, sa that there as no reduction 

in thc chronosono nunhor in the colis thus farriod. Thus 

mitotic division resu1ts in ::rowth  whercas meiosis loads 

to reproduction.  

The nu:iher of possiblo hintions of the 

parental genes, roatc. during the fornction of CD 

amounts of sperri and eggs, is very lorge for a conifo-rous 

spccies. For c-xompic in a good seed ycar the sc-ed shed by 
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o spruc(, troc will ivc ris(-. to soecllincs no two cf which 

arc identical genetically. They will, nc-vcrtholcss, ho 

distinguishabic. frein th seedlings of other troc spccias, 

for, though thoy diffor fron c.och othr dcncticolly, this 

- 
differcncc, os alrcady nctcd, is not os ;reat os cnotic 

differcnccs bctoen spccis. I'iany of thcsc secdlings will 

have o genetic constitution chich w111 al1oi thon to survive 

in thc onvironncnt in which thoy arc propagatcd. Others will 

not, and will ho e1iinted. Tus, tho rondon, iithin 

population variation rosulting fron scgrcga.tion and 

rocorbination is thc ruw oterial which is acted upon by the 

scioction pressures cf the onvironnont to produce geographic 

varietion, thot is, bctwc.cn  population variation l4ithin the 

spccics. 

Tho procoas \hereby tho cawironnont "sclects" 

individuals cod clicin os :tocrs is tcr:od natural sc.lection. 

Individuals thus scic.ctcd re oaid bo 'oc. odatcd to thc envi—

roivent in i1j1iich thoy live. It is throu3h the procoss of 

natural selaction that spccics cvolvc, henco tho word 

evo lut ion. 

. 1cnowlcaio cf th thcoryof evolution, thorefore, 

uhich cmbraces both tha conccpt cf adaptation ond that of 

naturel selection, is essentiel to any cloar understanding 

cf variation Inforest trocs, and tho procossos cf artificiai 

siection and brccding 

Indeed, many bio1o0ists now bclievc that the 



thcory of ovolution is the one grcat unifyin; concept that 

closely knits torcthor nll the branches and exporimental 

disciplines of biolo,y (12). Put e littic more poctically 

it :say ho said that evolution is o liht which i1lunin'tcs 

very broad ficld cf biological phenouena. 

2:3 Inhoritcd end cquirod Chnractristics 

Bcfore discussin evolution and natural sciection 

in rcater dotail it is necc•ssctry ta distinuish betwoen 

those cnvir onnentel influences which e lininatc ill—adaptcd 

individuels, on(-'t those which neroly nociify the c-xtornal 

appeorance of o troc. For exemple tha oxtornal appearanco 

cf a troc nay ho modifieci ta a grcatcr or losser detoc by 

- 	 tho environnent (2ig. 2). £hus whilc o lodgepoic pino troc 

(Pnus çontorta) will aiways be distinctly a pinc e  it can 

ho a scrubby or o tall one deponding on its dogrec of 

cxposurc to strong winds, and/or othcr sitc factors. Thc 

oxternal appearanco cf o troc, thcrcforc, is the rosult of 

tiac interaction of the environnent urevoiling during its lifo 

tine and its gcnetic r.iakc up, that is, its cnotv, and is 

refcrrc-d ta as tlic Put vcry siriply: genotypo 

plus environnent equals phcnotypc. 

Environiaantal influences which clininate iII—

adaptcd indivicluals ai-id soloot woll adapted individuels, 

will in the long run rosuit in the fixation of gonctically 

bascd, desireble characteristics, that is charactoristics 

which confer a survival advantago in tho population. Such 
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characteristics ara inharitod. On thc othcr hand, charactar—

istic s which are norcly the ra suit of tcniporary environiient—

al uodification SUCh as that illustratcd in fig. 2 are not 

inhc-ritcd. Put anothar wsy, a charactoristic accjuirad by n 

trac durinl  its lifa ti:io, as o rasuit of anviron:ntal 

influences provailinl durinj that tjic, is not inherited. 

2:4 Natural Scicction ond Evolution 

Natural scicctiori î.,ey bc cxplainod by the folio— 

ing siiople nna1oy 

ITSup0oc th:t fro:i o pool of ail the 

let bers of the alphabet in largo, aqual abundanco 

you tricd to draw si:.iultancously tho latters c, , 

- and .L. in orcior to achicva o purposcful combinetion 

0f thcsc into th€ word UcatI.  Drawing out thrac 

lcttcrs et a tine and thon discording thon if thcy 

did not forn this usa-fui coohinetion, you obviously 

would have vcry little chnee cf achicvin your 

purpose. You uiht spand day-s, wcc-ks, or aven ycars 

at your task bofore you finaily succcodod. The 

possible nuïabor of combinations of thrca lattera 

is very largo and only one of thoso is suitable for 

your purposo. Indccd, you night woll nover succcod, 

bccause you roi.ght hava drawn ail the 's, s,  or 

tts in wrong combinations ond have- diocardod thon 

bofore you succoocicd in drawing ail thrcc togothar. 

But now suppose tht cvcry tiuc you draw o cy on à. 
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or e t in o wrong combination, you are aliocd to 

put those desirablo letters back in the pool and 

to discard thc undosirablo lettcrs. Naw you are 

sure of obtaining y-our rosult, and your chances 0f 

obtaining it quickly arc rnuch iïiproved. In timo 

thore wilj. te oniy z ts, a is, and Ils in tho pool, 

but you probably will have succeoded long beforo 

that. Now suppose the.t in addition to returning 

«Q 
I s e 	 s, and Ils to the pool and discarding ail 

othc-r letters, you are allowed to clip together 

any two of the desirable letters when you happen 

to clraw thon at the same tine. You will shortly 

have in the pool a large nunbor of cippcd 

and at combinations plus an also large nu.nbor of 

the s, s, und s ncedcd to compiete one of 

thesc if it Is d.ra'm again. Your chances of 

quickly obtaining tho desired rcsult are iriproved 

stili more, and by these proccsses you have 

gcneratcd a high degrce of probability - you have 

made it probable that you will quickly achieve the 

combination cat, ihich was so improbable at the 

outsot. Moreover, you have croated somcthing. You 

did not croate the letters 1, Le and , but you have 

created the word flcattt,  which did not exist when you 

startodtl (37) 

The selecting agent in nature is the environraent, and 

the gencs of an individuel in a natural population, say a popu— 
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lation of treos, corresoond to the lctcrs in the abovo 

analogy. Those individuals of a population with favourable 

geno coubinations - e1l adapte-d individual - have a 

survival advntagc 011cr thosc dth imfavourable cornbintions - 

iII-adapte-d inciividuals. Thus ove-r a period of time- as a 

rosuit of the selectivc action of the environnent the popu—

lation, which shsres n conrion gcne pool, is adapte-d to this 

environne-nt. 

Thc scicctivc action of tho environnent will vary 

from ono gcographic rcgion to anothcr deponding on diffor-

onces in Sud -1 factors as altitude and latitude. Conscoucnt1y 

if a specios is widespread, and occupics nany diverse 

environnents, for oxar.plc, whitc sprucc-, it will vary 

genetically, and norc or lcss parallel with variation in the 

environnent. This variation within a spccies is terrie-d 

geographic variation, and the populations thus adapte-d are 

terme-d goographic varie-tics0 It is this form of variation 

within a troc spcios, which is also rofcrrcd to as 

microevolut, that is of spociel intorcst to the forester. 

In time, and followin; isolation of the variety fron the 

nain body of the- spc-cics n ne-w spe-cius :nay ovolve • This 

is terne-d 

It would be difficuit to improve on tho following 

definition of a geographic variety: "The subspe-cies or 

geographic varioty is a se-ries of poulatiorshaving certain 

morphological and physiological charactoristics in conimon, 
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inhabiting a gcoraphic subdivision of the ranc of the 

species or a scrics of sinilar ecologicai habitats, and 

diffcring  in several characteristics from typical members 

- of othcr subspccies, aithough connccted iaith one- or more 

of tiicm by a sonos of intergrading f orms' (39). This 

dofinition cmbraccs both variation which is continuous 

and variation which is discontinuous, and, since the 

question of which form is predominant in a troc specios is 

net unimportant, it is discusscd in soiec detail in chaptcr 

3. 
In sunnary it may be said that thorc arc thrcc 

le-vois of variation in naturel populations hcrc is 

individual variation that is, within population variation, 

resuiting from segregation and recombinoticil. À number of 

important characteristics of forest treos arc found at this 

levai of variation, for examplo wood qua1ity0 Thoy do not 

confer a survival value on the troc, and are net goneraily 

subjcct te the selection rrossures 0f the environnent,, 

Thesc characteristics, thorefore, are not habitat-corrc-lated, 

but randoiniy occur in individual tracs. Thcrc arc-, 0f 

course, many other characteristics foui-id at this love-1 of 

variation which do confer a survival value on tho troc 

poscssing thora, and theso charactcristics are subject to 

the sclectivc pressures of the environnent. Tho second 

love-1 of variation is micro-evolution by maturai sciection, 

that is, betwocn population variation, Thi is the non- 
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ran1or' hnbitat-corre1eteH vrition iich ch'actcr -  zes 

populations. Characterities nt this 11T1 of variatorb are 

rLssociteri 'ri-th th rrowth rhythrt of the species, for exampie, 

tiries of flushing and 1orrancy. The third level of variation 

recuits Pro- a conbntion of celection an,' ieoiatin 

echanisriq. and leads to the deve1oprent of nei species. 

The firet two levels of variation in forest treos 

are of considerabie interest to the forester, and it is 

important te cloariy distinguish hetween ther. The third 

level of variation is pririarily the concern of the evniution—

let, 

3. VARIATION IN FURNOT TRIES 

31 The Terrinoiogy of Intrasnecifc Variation Patterns 

A provenance ic a piven seed lot fro'' one or "'ore 

trees from any one part of the secios listribution, aric is a 

sa'p1e of the gene resources of the population occupving this 

region. Depending on the intensity of sanpling, and the 

degree cf varietion ithin the populeton, this sariple riiay 

eA.equately represent the gene pool of the population or it 

niay be quite unrepresentative. Thorefore, if seed je being 

colle cte' fer eneriienta1 parnoes ii ic ah laye mi-se to 

coiiect frori a nui-ber of treos well scattereri throuhout 

the ooaulation. In this sense a orovenance is a genetic as 

weli es n geogra±ic entity. 

A population is e group of ootentially inter— 
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brcoding individuals; for oxoaplo o coniferous stand in 

hich cvcry troc is copabic cf passin and racoiving pollen 

fron c-vcry othar troc. 

Tho variction pottcrn of any charactcristic 

ithin o coriiferous spacios nay bc continuous or dis-

continucus. Tht is it :aoy vTry progrcssivcly fron one 

environnant ta anathor, if thora is u graduai transition 

front onc onvirornionta1 rogina ta anothor. If thora is not 

a graduai trcnsition the spocies icay bc brokon up into a 

sanas of ncn-intcrgrading populations cach 0f which 

exhibits thc character in o diffcrcnt f orm. 

If thc variation pattern is discontinuous it is 

saici ta bc ocotypic, and thc population thus adaptcd is 

tcrnod an ctiOc, If thc variation pattern 15 continuous 

it is said tc ko clinal, 	adapted population is 

tcrmcd an acocliac. 

For cxw:pic, thu fragncntcd iudgcpulc pifa popu-

lotions îroJing in such discontinuous cnd divorsa cnvironncnts 

as th0 bogs 0f Lulu Island and thc rocky outcrops of coastal 

British Columbia are likely to exhibit ecotypic variation. 

On tha othcr hand white sprucc populations, which ara 

continuous in thair distribution through gradually changing 

cnvironncnts f rpci lou to hi --h alovations and latitudes are 

likcly to oxhibit dînai variation. 

3:2 Cljmatc, and Variation 

Thc scicctivc pressuras at work in any particular 
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environirient havc thrcc principal coaponents; thasa arc 

cliriatic, eciaphic (influences rclatcd to sou) and biotic 

(influences rclatcd ta 1ivin organisais). 0f those thrce, 

cliucte is by far thc iost important, particulcrly vith 

regard to thc scicction und adaptation cf coniferous trocs. 

Edaphic and biotic factors also play thair part, and in 

spcciol circunstûncos con assuma importance, but in most 

instances thc cliriatc is thc basic component, for it 

largcly deternines thc charactcr cf the othar twa. Thus 

whatevar thc tachniquc used in the study of variation 

within spcics, the riost occurato information possible cf 

the clinatic rcgimc cf the provenances sclectcd for study 

is indispcnsablc. This us particu1- rly important in areas 

whcrc thero arc striking difforancas in clinato over 

relatively short distanccs 

Licncrally spackina, tha lcnith of thc growing 

scason, which may be token as thc nunher cf days between 

thc avcragc. date 0f thc occurrence of lato sprin frosts and 

oarly fail frosts, is closcly correlated with altitude and 

latitude. European workcrs have deaionstratcd that an 

increasc in altitude of 100 rictres, and an increase of 1 

clogrec of latitude i411 bath rosuit in the shortoning of 

the growing season by approxinctcly 5.5 days (14.0)3 There 

is littic doubt that thase figures are only roughly correct 

for Canada, far in aoriy instances thc teraperaturc regimcs 

expectcd on the basis of altitude and latitude may bc 
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rcvcrsecl br  such local factors us air clrainaga, elevotionli  

exposuro to invasions cf cold air, etc. (9). 

The nunher cf days in thc grawin, scason is 

an important index cf thc cliïiatic rcgimc in a given area, 

--v-id consoquently it is closoly relotcd to the growth rhythm 

cf the troc population occupying  that arca. 

hnothcr important factor cf thc environnent 

JhiCh influences the growth rhythm of nany pl nts including 

forcst trocs is the dey lcngth, or phcteçcriod as it is 

tc-chnically rcferred to. Dy lc-ngth varies with thc seasons 

ond with latitude, but ot o ,ivcn altitude end latitude is 

constant from ycar to ycar on any porticular day. On thc 

othcr hand the date cf occurrence of lato spring frosts and 

carly fail frosts et thc sano location will vary from year 

to ycar. If the initiation of, say, dormancy wore influenccd 

by ncthin acre thon tcmperature, thon an unscasonably mild 

lotc fail, rapidly follcwcd by froezing tcriporaturos, would 

rosult in severe frost damage ta shoots stifl -rowing becausc 

of the unscascnably high touperoturos. Howevcr, if "Lay 

length directly influcnccd thc growth rhythri, thon plants 

would go dormant when a critical day length is raachcd ir- LD 

respective cf prcvailin0  teaporaturos. Plants which continucd 

to grow aftcr the occurrence cf the average date cf lote 

full frost would ho continually cut back by frost damage, 

ai-id f inaily eliminatod from thc pupulution. In this way vital 

growth phases cf the population cre cdoptod tu ci particular 

photoperiod. 
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Tho interaction cf clay longth and tomparaturo 

on tue growth rhythm cf trcc spacios is o cornplox ana. 

Nevorthelass, it rnay bc statcd thot dornancy is predominant—

ly influcncod by clay langth and that o icaf pigment tormcd 

hvtochrceic-, or a phytachromc —likc substance, is the 

rasponsibic. agent. Phytachrome changos its ccnposition 

undcr the stimulus cf varyicg day 1cnth and thcrcby LD 

initiates c. sûries cf chonicol processcs which lcad ta 

dormancy. 

Thora is rclotivcly little clin tic information 

for r.iany cf tho grcat forestcd arecs cf Canada. Nover—

thcicss, thc information that is available, together with 

data concerning soil and land foras, and the distribution 

cf plant specios, is sufficic-nt to ollow the rocognition 

of certain broad furcst rogions. Forest ragions arc ccc— CD 

logically distinct from cach othor at their ccntors, and CD  

consoqucntly cxcrt diffcrant sclection pressuras on popu—

lotions cf a smala spocios which ranges through sevoral 

ragions. Thosc rogions (36) and thoir subdivisions (19, 

20,22,23) arc, thorefore, important in relation ta the 

interprctotion cf patterns cf gcographic variation in 

Canadian trac specics, and also in relation ta the 

occurrence cf thcsc spocies. 

In summary, thcrcforo, it may ha said that 

the cliintic pattern dctcrminos the gonotic pcttorn of 



variation ithin the SCÎLS. 1,-ic grawth rhythn cf thc 

adapted population is in phase with the, surrounding clinatic 

rhyth'i This groth riiythï.i is gcncticafly fixed; conscqucnt- 

ly if n provenance is transfcrrcd ta an arco whcrc its 

rowth is out 0f phase uith tho surroundin environnant - 

for exampic if a provenance is transfcrrcd frOm low 

elcvation ta  high elevation - it rnay-  not survive, and certainly 

il1.nnt thrve, in its alien surroundings. 

In tha fulloiing sections practical exoaplas will 

bo given illustratin, the points nodc in the prcccding 

paragrophs Thcase cxanplcs arc for tha raost part roloted 

to thc distribution end variation potiern cf Canadian troc 

s pe C je s 

3:3 Morpholoical Expression of Gcn0tic Variation 

Soue raorpholoical charactcristics of forest 

trecs such as absolutc siza and forai are casily riodified by 

the environnent, that i, thay ara not under strong gonetic 

control (Fi,-. 2). On the othar hand othar choracteristics 

arc undcr stronT genetic contrai, and con be modificd only 

slightiy or not at ail by the environnent. For this 

reason genetic variation in the foncer charactc-ristics can 

La ccasurad with accuracy only whcn t1c provenances under 

study arc brought to o unifarri environnent, whilc the 

lattcr charactcristics can be studied in the natural popu- 

Characteristics which arc undcr strong gcnatic 
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contrai arc rcL:tcd to tho rcproductivc rathor than thc 

vcctctivc parts of the plant thouh thosc vcgctativc 

parts of the plant, r.iorc romoto from the direct action of 

thc envircrticnt, may also bc o. gaod expression of the genotypc. 

Ona cf the main rcasons for thc stability of tho floral ports 

is that thair grcth aftor diffcrcntiation is aiways 

considerably less in forc-st trocs thon in any of its 

vegetativc parts, 

For thoso rcasans, thc-rcfarc, striking diffor—

onces in gross morpholooy of forest trocs in thcir notural 

habitat arc seldou indice.tivc of major genctic diffcrcnccs. 

This statcincnt, cf cursc, cpplio to populatiuns rathcr 

than individuol brocs, for it is ccrtainiy not unusual to 

f md mutant typos which in groso mcrpholoy arc uit cliff or—

ont fram tha rcst cf the population. Thoir occurrcncc, 

howovor, is rarc onough ta rondor thon unimportant vith 

ragard ta notural scicction and tho build up cf subspccific 

variation., Thoy do, cf ccursc provido the horticulturist 

with nuricrous ornomcntals, and more rarciy the troc brccdcr 

with a 	spccics, that is a spccics with threo Cr 

iocrc timcs th(_ hapioid nuiibcr cf chromosomes in its colis, 

for cxanplc th,_ triploid aspen Somotimos, howcvcr, a 

striking  diffcroncc in groso r.crphoiogy cnn rcflcct a 

gonctic clifference betwccn populations occupying extensive, 

cicar—cut climotic rogions; for cxarpic tho bork cf tho 

continental and coostai forns of lodgepoic pino (Fig. 3). 
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Fi-. 4 	th CtÏOaC3 of th( soCtrUn 0f 

variation in cono scalo rnornholo;y in the whitc-Engclriann 

conalox in Ey.itih Columbie nn Fig. 5 shows tho relation—

ship bctwcen an aspact of this variation iind altitude. The 

iplicotions of this rasult with regard to hybridization 

bctwoan white and ngciriann saruce will be riscussed in the 

fol1oi;ing section,, For rosent p ose it ic sufJicicnt 

to nota that thora le n dofinite associotion betwcen place 

of origin and rrorphology of tho sariplo. Tho change in 

shapo of the cone scolo is a progressive ona nd roflccts 

niorc or 1iss the changing cnrironriant vhich runs parollal 

i1iith inercasing alt itucic 

In rot instances selection in n na -cur-ai po-pu—

lotion of rccs involvec rv nv iff:rant ccno. This will 

- 	 bn botter unerctood if it io recallcï tht the zones are 

in lincar order olong the chronosoacs Sono ganes arc so 

close to each othor that thoy arc not seperatcd during 

nciosis Such gcncs arc eaid to ho )4nkr Conscqucntly 

if n gonc c0ritr011i1v: J OhTrLctcristic uhidil conrors 

a survival (TJfltafl on n -t: 	j 	 -i:o onoth-r 

vhiah co:trole anj, snn: cf lcnf or cono -cale for, thon 

both will be ctootcd togrthcr, For oxaniple there is 

evidenco that the cheriical contant of the necdics of 

white and Engclriann rprucc and their hyhricl (21) varies in 

o manner sirriiler to cono scabe forr illustratcd in Fig. 6. 

It must bo notori bore thot tho abovcstatcn:cnt 
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conccrning linkagc cf cncs, and thc implicci one gone-onc 

charactcr rolationship is a very ovcrsiniplificd explanation 

cf the actual situation. Jcvcrthcless, there is littic 

cicubt that mcny non-adoptive chcractcristics in plant 

spacics, that is charoctcristics vhich confer no prrticular 

survival odvantago on the populTltion,  arc correlatcd with 

physiological proco socs, for cxeapL, pericci cf dcrnancy, 

which arc dcc icicdiy adoptive 

In sunnary, thcrcf:rc, it may bc said th,-:,,t the 

variation pcttarn in cane scolc riarpholoy rcferrod to 

abcvc, if not itsclf of direct odvcntagc to sprucc popu-

loti,ns, reflacts o physio1oica1 pattrn cf voriTtion in 

these popultions wiiich enobles then t survive ond thrivc 

in the vorying  habitats in which thcy arc f ouncl. 

The value cf studics cf this noturo is thot 

thcy provide infornotion conccrning the pattarn of variation 

in the wild, nature popul tians cf tre species which have 

undergone scioction and adaptotion, oiid possibly hybrid-

izotion, in their naturol habitct In this way the sccpc 

cf subsoquent oxperincntal work in innature populations in 

controllcd ond pertialiy ccntrcllcd environnents is 

narrowcd. Thcsc tests in turn norrcw tho scopo cf field 

tests which ultinatcly follow ail prcliiiinary ossesonents 

cf variation in ccntrolicd and portiaiiy controllcd 

environnants. 
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34 Notural hybridizution and -\T,-.ri taon 

In thc Lost parrroph f thc prcvious section 

it was inipliod thot thc voriution pottern within o spocics 

rnay be influcnccd by hybridization ond th,-,t o noasuro cf 

the dc.,roc• cf hybridizotion con bu ubtaincJ hy 

oxaninotion cf ficld spccîncns ut ounus and foliagc.. This 

subjcct will now bo cxoincd in relation to the Conadian 

-prucc spccics. 

Whon thc. gougruphic ranges cf plant species 

cvcrlrp, the spccios i-,ru said tu •oo svïiipotri. If thc 

geographic ronges do not ovorlap tho spccics are tcrncd 

allcatric For cxanplc lodgepoic pine- (inus contort) 

and whito opruco (Pçç glouca) are symputric in British 

Colunbia, whilu in ucbcc whitc sprucc is allopatric in 

ropcot tu this spccics 

It is obvious tht if thc ronges of twu 

spccic-s ovcrlup, tho possibiiity cf hybnidllzation is 

greatly incrcascd purticu1or.y if the spccics, unllke 

thoso roforrc-ci tu obuvo, ure oorphologicolly aliko and 

belong  to thc earic gonus. H wevcr, it is vcry iriportant 

tu note th--t the hybrid generatiun connut suc ccsfully 

compote for survival in thc hnbitots cf thc porontal 

f orris, for the po.rcnts will bc -.uch botter adaptcd to 

thcir habitats tlian thc hybrids Consequently an 

occloc'ica nicheciust bu avouable to tho hybrid boforo 

it con survive md colonize un orca. '... This exploins 
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hcw spccis ronain distinct in n-- turc in tue face cf 

hybridizcticn. Sincc the hybrids cro not sc well acleptcd 

as their parents te thcir inhitats, thcy are wecdcd out 

- 	 by nctural sciectian. In disturbcd hobitats forned by 

deforestation, cLarin, cultivation, ctc., sone cf the 

hybrids fcrricd clay hcvc o cambination f characters 

botter adapte:1 thcn their parents to the ncw mixture cf 

habitats prcuccd't (18). 

The ran'e cf white sprucc in British Co1unbia 

cvcrlops that cf Ene-1nann. Block and whitc are syipotric 

in nany are-as cf the bore-al fcrcst cf northcrn Canada. 

Sitko ond white arc sonpatric in the region cf Hazelton in 

ortbwetern B:'itish Coluihia, and passibly in othcr similar 

rcgions, ,,-,id rcd ci-id black sprucc cre sympotric in southern 

uchec, and in the- Maritimcs Therefore on0 of thc 

principal roquircicents prerequisito te hybridization 

betwe-en thcsc spccics is present (11,16,21,32,33,34). Now 

the requirmoent prcrequisitc te th,-- succcssful estoblishoient 

cf thc, hybrid, that is, the availability cf on e-cololical 

niche, is te n great extent met with re-aard to the whito-

Enge-lnann and whitc-Sitk hybrids. .s clrcady noted therc 

cxists o brcotd trnnsition1 zone bctwean the low elevation 

whitc sprucc forosto, and the- high ele-vation Engelmann 

- 
	 sprucc forosts. This zone is availabic to the whitc-En3e1nann 

hybrid. Thus the p:tte-rn cf variation in cone scale 

morpha1oy (Fi---. 5) varies prclTcssivcly from low elevation, 
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nontona whitc sprucc farcsts thraugh the hybrid forrn ta 

high elavation subalpine Engelmann sprucc forcsts. 

Similarly thora cxists o broa.d tronsitional zone olong thc 

river volleys betwccn thc coastal fcrests 0f Sitka sprucc, 

and thc iiontanc forcsts of whitc sprucc. This zona is 

avouable ta tha Sitka—whita hybrid. iharc, is no such 

cloor-cut transition zone bctoon whitc spruce and black 

sprucc in the horoal forosts of northorn British Colunbie, 

and conscqucnt1y it is not surprising that littlo evidenco 

has buen f ounci of hybrici populations similar ta that of the 

white-Engc;li:iann hybrid (Fig. 5).  Howover, this ducs not 

inply thot individual black-whitc hybrids do not occur in 

northcrn British Colix±bia whcrc these spccics arc f ound 

togcthr. Sinilrly, the black-rod sprucc hybrid in Qucbcc 

docs not appoor ta hvc colonizcci o particulor ccological 

niche interncdLtc botwcen that of thc parental forais. 

Thare is, hcwcvor, no daubt that this hyhrid occu.rs in 

ubec. 

By using graphic ncthods such as that rcprcsentcd 

in Fig. 5 it is possible ta elucidata thc variation pattern 

in thc snapatric zone-s by indicating thc relative proportion 

of ooch opcios prescot, and providing surie ovidence of 

degroc a-ï hybridization, if any. 

In sunniry, tiicrcfarc, it riy ha statcd that 

introressive hvbridization affects thc- variation pattern 

iiithin thc conifarous spocias involvcd. Such hybridization 
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does not accur indcpendently cf thc processcs cf sciccticn 

and adaptation - ot lcast iith regard ta the cxanplcs givcn 

ab:vc - ihich operate ta produco geographic variation. J 

natural hybrid cf a ccnifcrous spccics will bc successful 

only if an ccolag"ical niche favourable ta its survival is 

presont in the goncral region cccupicd by the parental 

species. It is inpertant ta note that in regard ta the 

survivel cf th natural hybrid tha ward ecelagical niche 

refers tu thc total environnent, th.-.t is, ail clin tic, 

edaphic and biotic factors affacting the survival and 

colonization of the hybrid forme 

Jith n prugramaic 0f artificial hybridization it 

is, cf course, possible te raatch hybrid cnd site. This 

possibility, hwevor, is ciicusscd in captcr 5. The 

discussion concerning ortificiol crussing in a secd orchard, 

givon in tue sana chapte-r, is also relevant to this problc-n. 

Therefare, it is sufficient to nate hcrc that o knowlcdge cf 

the gcnecaloa cf each spCCie5, race r provenance involved 

in o crossing progroore is indispensable if the hybrid 

progcnics cf cach cross arc ta forai thrifty plantations, 

that is, if hybrid:nd site are to bo wdfl oiatchod. Thi 

knowledge is obtoincd by investigations such as thosc 

describeda bovc onci in the f olloiaing sections, 

3:5 sscssoient cf Variation in Controlled and Portially 

Controlleci. Environnants. 

Physialoical variation is of direct intcrest to 
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the foroster. is intorostcd in norpho1oical variotion 

insofar as tht voriotion 13 ccrroltcd with gcnetically 

controlled physiological proccsscs. Hoavcr, n complote 

evaluation of those proccsscs whcthcr corrciatcci with 

rorphological choractcristics ur not, con cnly bc achicvcd 

cxperinentnlly. Thoso oxperiisonts con bc ccnductcd in o 

groth chanbcr, th t is, on artificial environnant over 

which thora is colaploto control, in o nursery, which is a 

partiolly controllod environnant, and undcr notural conditions 

in th0 ficid. Ta Jatc oast cxperirncnts involving studie 

0f provcnancc h,-,,v(- baon conductcd under the latter condition 

only. Tha provenances which are solcctcd for study are 

planted in randooizcd and replicatcd blocks in an area 

which is selcctcd fur its ecolegic honogcncity. The 

experircnt, which is reforrccl t os a provenance trial, 

is cxtended by sciocting sioilar arecs in çliffcrcnt choc tic 

zonas and plonting the sorte provcnanccs. 

In roc ont yoars nttcïts hava boen nade te 

asscss genctic differenccs in growth chambers and in the 

nursery, not ta the exclusion of, but as a supplcicnt te 

the field test, that is the provenance trial. Therc is 

littic douht that contrrlled environnants will bc 

incrcasingly uscd in the assesoent of genctic variation 

- 	 in trac spccies, and in releting thot variation to 

oxvir.omental factors ut thc place f origin of the material 

under study. Tho work of Dornhing . (13) is an 
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excellent ex:npL~ cf thc cfficccy :id prcctic1ity cf this 

approach 

nursery con be considcred n p:rtially 

controllcd onvironric-nt For cxonple thc fcrtility cf the 

sou c.-,.n be enhancod onci kcpt uniform, and an optirium 

noisturc rcgimc m:intoinod. Undc-r such conditions, and if 

the oxperirient is well replicnted, and the nuaber 0f 

provenances and individuai treos in cach provenance- is 

sufficiently high, nue-h con be locrncd chout the genetic 

variability cf th spccics in the nixrscry. For exampk-, 

Fig. 6 shows the relotionship between the growth responso 

cf 12 one—year—cld provenances and the altitude ot thcir 

place cf orioin Tho patte-r cf variation is distinctly 

clinal, ond it is cLam tbat tho hifh clevation provenances 

have bch:vcd quito differontly fcm those from 1oi ole-votions. 

Note that the patte-r of variation illustratcd in Fig. 6 CD  

cumpiciients that illustrcted in Fi -,-. 5 

Fige, 7 illustrotcs o geogropl-iic pattern of 

variation in 150, 2—yeor-c1d sprucc provenances in time- of 

entorin dracncy, These- provenances were ail groim in the 

sa-me nursery un Vancouvor Island in British Coiuitbia 

iTcvcrthcicss, because;f the gcrcrlcally de-termine-d pattern  

cf variation rosu1tin froi.i adaptation to widely differcnt 

environisents at thuir place cf origin these provenances 

diffc-r considcrably in tho time the-y enter doriaancy. High 

clevotion provenances enter dormant f irt, thon lower 



clevation, fciicnod by thsc in crcas of coastai influence, 

e.g. the lTcss end Skecn tiver basins. coastai 

provenances, which cf course ore Sitkn sprucc, go dorrient 

last cf ii. Thc siivicultural irpiictions cf these 

pcttorns cf variation in juveniic, sprucc populations have 

boeri discussed by Roche (34). 
3:6 Tho Ficld Test 

Icicaily thc ficid t-,-,t, whiel,  is e-sscntialiy a 

long tcrrq study, fciics the dctaiied short tom genecciogicol 

studios discussed abovo. Theso irciiroincir.y studios provide 

criteric for the sckction .f provenances for ficld testing, 

and for the seicction cf clin: tic zones in which ta test 

those provenances. 

If the ficici test is repiicated in scvcral 

ciicotic zones it is passible n0t anly t0 observe differ- 

onces in provenances, but cisc ta dctcrrine the cliffarontial 

,growth bohvicur cf tice coco provenances under different 

clin. tic conditions. 

Fig. d shaus thc diffrcntial r:wth bchnviour 

cf six, 14-year-c1cl rccl sprucc prvenanccs gruwing at threo 

differont sites in ucbec. It will bc scan that the growth 

cf ail provenances is generaily .iorc vigorous ot Veicartier, 

and thrt growth cf thc ucbcc  and 11cw Brunswick provenances 

is superiar ta thot cf ocre southcrnly provenances cit ail 

thrcc test StO-Se 

Within its tcnpercturc range, rad sprucc is 
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restricted to aroos wiicrc tue climctc is hunid. Precipitation 

at Valcartior durin th groiing scason is higher thari at the 

othcr three test sites. It is possible, thorefore, thot the 

superior rowth f thc provenances at Valcartior con be 

- 	 explainc-d by this inportont diffcrcncc in clioote bctwoen the 

threc test sites. 

Fiold tests such os this, whn ccnducted for a 

period 0f tino which will vary with specios, yicld definitive 

inforiation concernin, the adaptability of diverse provenances 

ta the environnent cf the test site. This inforriatian, in 

conjunction with ail othcr studios 0f variation within the 

specios, is cf considerobie value b,--.th ta the silviculturist, 

and the troc breodor. 

In ordor to brin---  this chapter into correct 

perspoctivc it is necessary t» reccnsider thc practical aims 

of th5 studios outlined above. 

It is oftcn nccessary, ond s:nctincs dcsiroblc 

tu tronsfcr sccd considorabic distances frori its source 

noccssary whcn ioj u:ntitics cf scod arc produce d in 

arecs scheduied for planting, and dosirablo whcn more rapid 

growth can be obtaincd thon is possible et the source. The 

siivicuiturist, thcroforo, with a large planting programme 

ta fuif il, vory frequontly wishes te know the ronge of 

telorance of e porticulor provenance. That is, how for frora 

its source can socd bo transferrcd without detriment ta 

the survival ond perfrriancc cf seodlings. 
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Using thc techniques cutlincd abovo the genccoloit 

attempts ta doUait thc pattern cf variation within a widoly 

distributoc. spcci0s. If ho achicvcs his objoctivos, ho con 

prvidc sccd tronsfcr criteria far the silviculturist. Hc 

will also have 	tha raw notarial far thc trce 

broc-der, or put onothc-r way, ho will have- r.iadc an invcntory 

cf the ganc resaurccs oC thc- spccios. This is the first 

stage in tho conversion af the wild farcst ta cultivotccl 

plantations. Thc second stage, describod in thc foliowing 

ch,ptc-r, doels with thc utilization of th(- enc rcsources 

deliciitod and ciiaractcrized by thc techniques cf thc first 

stage. li third stagc which nay bc concluctcd simultanaousiy 

with the sccond, dools with thc- iinprovcnent of the gcne 

rosources by salc-ctian and hrecdin. Il 

In c:nclusion it is wTrth noting haro thot ail 

thc studios roferrod to in this chapter have as thoir 

objectiva the clucidation cf habitat—corrclatod, gcnotic— 

lly—bascd variation within spccics. These studios, 

thc-reforc-, fo11 into that branch cf batanical science terne-d 

gcnccology. 



Fig. J.. Nalo (cantcr) end fccalc stri1i (loft end right) 

of whit0 sprucc. Jny conifors arc ub1a'tory cross 

po11initors, and normal quantitics of viable scod 

arc produced only when thu pollen fron one troc Î$ 

blown on te the fenaic strobili of anothcr trcc cf 

tiic saac. sucics (30). 





Fig. 2. (4 Coastal ludgopoic pine (Pinus contcrt ssp. 

contorta) on an exposed rocky outcrop near Whitecliff, 

Vancouver, B.C. Note tho wind blown crown, and the 

generally depressed growth. (B) Tho sane coastal 

for-i1 on a good site near Olympia, Washington. Note 

the normal growth habit in contrast ta that exhibited 

in Gà1li modified character, such as that illustrated 

in (i), which is the result of environmental conditions 

prevailing during the lifetiue of the troc, is net 

inherited (29). 
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Fi. 3. (i) Bcrk cf ccc stal lodgcpolc pina (Pinus contcrta 

sup. contorta) near Parksviflc, Vancouver Island, 
B.C. (B) Bark cf interior 1ogopo1c pino )j 

contarta ssp. latifolin) noar Chinook Pass, 

Washin ton. If c spccic-s is vcry widcsprcacl and 

occupies quito diverse environnonts, as doos 

lodgûpoic pine, which is found in cocstal and 

continental clinctic rogions, thon n striking diffor-

once in n gross morpholoiccl chcractcr, gcneticolly 

basod, nay be found (29). 





Fig. 4. The twa cxtroncs and an intorriodiate forai cf the 

spoctrum of variation of cane scale morphology in the 

whitc-Engclnann sprucc complex in British Columbia. 

(1) represcnts o white spruce population et 2,700 

ft. ncar Williams Lake, (3) an Engelmann sprucc 

population et 5,200 ft. ncar Kamloops, and (2) a 

syrnpotric population cf both spccies nt 3,300 ft. 

near Merrit. Jlthough only one interiaccliate f orrn 

13 shown hore it should bc notod that whero the 

species are syiaptric cvcry variation in conc scale 

morpholoy is f ound bctwecn thc two oxtrcrLes This 

provides strong ovidenco of introgressivo hybridization 

(32). 





Fig. 5. Relationship between altitude and variation in cone 

scale norpholoy in the white-Engelmann spruce 

complex in British Columbia. Each point on the 

curve represents the n6an of 100 conos. The pure 

forms of white and Engolnann spruce in British 

Columbia are distinct taxonouically and occupy quite 

distinct ecoloicl niches. Roever, the intervening 

ecological zone is occupied by hybrid suarrns, with 

the resuit that white and Engelmann spruce in 

British Coluibia are the cxtroric forms o± a clinal 

pattern of variation which ranges frora low elevatiomn  

montane white spruce forest to high elevation 

subalpine Engeiriann spruce forest (32). 
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Fig. 6. Relationship between the growth behaviour of 12 one-

yc-ar-old spruce provenances grown in a uniforrn 

environment and altitude at place of origin. Each 

point on the curve represents the me-an of 20 

xud1ins. Note the cicse relationship betwcen 

growth and altitude. The high elevction provenances 

have the locst shoot length/root collar diameter 

ratio. In white and Engelmann spruce the- amount of 

shoot extension in a nursery during the growing 

season is closely related to time of entering 

dormancy. Those sec-dlings which are the first to 

enter dorriancy produce the least growth (34). 
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Fige 7, Relationship between the degree of dornancy on July 

14, and altitude at place of origin of 150 spruce 

provenances groun in a unifori environnent in a 

coastal nursery. Note that high elevation provenances 

go dormant first, then provenances frrm lower 

altitudes followed by thosc from areas of coastal 

influence (32) 
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Fig. 8. Shoot extension during one groing season and total 

hight for 6 diverse red sDruce provenances at each 

0f three test sites. Note tht growth of ail 

provenances le bet ai tic Valcartier site, and that 

the northern urovenances are suneior in routh to 

the southern. (33). 
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Fig. 9. Diagrnriatic represontation of the stcps involved in 

the selc-ction and brc-eding of coniforous troc specics. 

The first atep in the transfor:iction of the wild un-

cultivated foroet into cultivated plantations possossing 

nany characteristics desirable te :an is the assessinont 

of genocoloical diffarentiation with1i the specios. 

Whon this is donc criteria arc avouable for selecting 

outetanding individual trees or populations. Such 

genecological investigations also provide criteria for 

prograns of inter- and intraspecific hybridization os 

well as inbreeding. This us the ideal. In practice, 

Ilowover, brccding prograois have been initiated 

simultaneously with ge-necological investigation, or even 

boforo. Freucntly there are sound practical recasons 

for this, and local conditions rather thon theoretical 

considerûtions, will often dcterriine the developrnent, 

and direction of the program, Aftc-r the genecologist 

has 1cata1ogued  thc raw nteria1 for the trec brccder, 

individual trocs omcl populations are solcctcd for certain 

outstanding charactoristics, and further propagated in 

clone banks and seed orci-iords. Following controlled 

pollination and progeny tests the genctically irnprovcd 

material is usod for reforestation, Âfter riony years of 

selcction, brcedin and reforestation, the irnproved 

strains of forcst trocs will supplant the wild forms, 

just as hybrid corn has supplonted its prinitive ancestor 

(3'). 
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4. THE UTILIZ2I0N CF GEi'ÎE RESOUUCES WITHOUT BREEDING 

4:1 Secd Zones 

Tho principal objectives of o ::earar1  of 

sc1cctin and breoding of o troc spocics is to insure a 

socd supply that is gcographically appropriate, cnctic-

ally suporior, and quantitativcly acicquato. Whnt is 

geographically appropriate is deter:',inoc1 by ancco1ogica1 

studios. Genotically superior sccd, th6t ±3, superior to 

the ild fora in certain dc-sirable charactcristics, ±5 

obtainod by sciectini phenotypes oxhibitin' te o high 

de-roc the desired characteristics, and thon cstinating 

the heritability of thse charact€rietics b' progcny tests,  

A quantitativcly adoquatc supply of iriprovod secd is 

obtainod by the cstob1ishi.ont of soed orchords on a 

sufficiontly largo scale to supply thc ncc-ds of e reforest-

ation progran 

0bjctives two oid threc cannot bc achieved in 

a short tiuc. A vcry groat dc'1 of iork is involved over 

e 1on period of tiuc to achieo thcse objectives for oven 

0fb spocios. Nevcrthcless, durin thc intcrin period, 

and whcn sono inforiation has boen obbainecl concernin 

gcographic variation within o trec spe'cics, o number of 

stops nay bc taken to insuru that the genetic potential of 

- each sced lot colloctecl for rcforestation purposes is 

fully cxploited0 

This \Jork con bc initiated independcntly of a 
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prorram of scioction and brce.ing of the spccics. It does 

mot depond on such a program, and consequontly, its impie—

nontation nceds not ho hindercd if it is docide-ci for economic 

or other reasons, that a progran of se-lecting and bro-eding 

is not warrantcd.  

The first stop involvcs tho dem.rc:tion of sc-ed 

zones whjch govcrn tho transfor of se-cd. iit thc prose-nt tirae 

in Canada ti-icrc is not enou:h inforr.ition conccrning 

geographic variation within tho major spccios warranting 

the de:trcation of wcii de-fine-d se-e-d zone-s. Thore is, 

nevortheloss, enough information, and this information i 

continualiy accw.iulating, to a11oi the establishment of 

prcli:inory se-cd zones. This has beon attompted by workcrs 

in the Maritimes and British Coluribia (1417). 

Seecl zones are base-d on ail ava.ilable 

information pertaining to variation within the specics, and 

climatic differences throughout its distribution. Rocommond—

ations are made as to hoi far from its place of origin a CD  

provenance nay be transforred witlaout dctrinental silvicultural 

effcct. In sono instances it is possible to indicote the 

probability of siivicuitural gain by moving o provenance 

away from its place of origin. For oxampic, thcre is 

e-vide-ace- thet certain provenancos cf white- aine- (Finus 

strobus L.) nove-d north of their place of origin wili grow 

more rapidly, and survive alriost as well as local white pine 

(14). 
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Tho establisiirient 0f soc-d zones is of major 

importance in rcfore-station programs, for it is the best 

140y of insuring that thc geno-tic potential cf the species 

is fully exploited by the silviculturist. Sec(.' zones, 

hoievcr, arc of littic value if thcre is o chronic shortago 

of scod for reforestation purposos0 For in suc-h instances, 

and howeve-r willing the silviculturist r.iay be in folloing 

the rccoin-.iendations for a particular sec-d zone end specics, 

ho is unabic to do se becouse the apprcpriato sec-d is not 

available for the aroa schoduled for planting. Tho anscr 

to this problcn is thc cstablishncnt of sec-d production 

areas. 

- 4:2 Sec-d Production Arcas, and Production Sec-d 0rchards0 

If artificial regeneration is the acceptc-d moans 

of establishing forests, thon it is siriply o furthur 

rations lization of the planting proarara to insurc an adequate 

supply of se-cd  by culturel iians rather thon continue to 

dcpend on soc-d supplies fron tho -iild uncultivatcd forest, 

a source of soc-d which is erratic in the extrcmc, and 

frccjucntly lo, not only in quantity but also in quality. 

In this regard seod production arc-as can yield resuits in o 

rclatively short period of timc. Furthcrmoro, unlike certain 

aspects of troc- irnprovenent, objectives ;.,,ay bo very sharply 

definod, and the relative value of the end product clearly 

asse ssod. 

Seed production arc-as arc estoblishad by selocting 
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stands '4hicia are suprior phenotypically, within the popu—

lations fro.a which sc-cd is rc-quired. Thc. principal reason 

hy sced is roquired fron such stands is thot studios of 

gcoraphic variation have shon that socd fron thcse popu—

lations is approprioto for arc--s schcdulcd for plonting. 

The stand is thinncd, with porticuL:r attention hoing paid 

te fclling infcrior phcnotypcs, and fcrtilizcd. 

à ho sic assuaption in rog-rd to scc.d production 

oroos is th:t t. scef oroo cf o nturcl ctccd :uty bc 

cnhonccd by certain trcat:ents. Thorc is nuch evidonco to 

support this assuuntion. Howovr, sinco the treatniont 

oppliod will vary with spocies, a nunbor of questions must 

bc ansered before o socd production croc is established 

for o perticuler spcies. For exanplc: (i) Wh--t is the 

optimum stand densit for sccd production, and 1io is this 

dcnsity etteind whilo evoiding wind th-rom (ii) what 

fortilizcr should ba used, how riuch should ho applied, and 

when (iii) whPt ore the bcst mthods of hervcsting conos 

fron stamdin: trocs without offecting the fccundity of the 

tr ces. 

Sod orcliards arc discusscd in sono dotail in 

the followin; chaptor. It shoulc' bc note,,,hrc, i'lowc•vcr, 

thot sc-ed orchards cnn bc cstablishcd with thc solo object—

ive of mass producin; sccd thet is not gcnotically infc-rior, 

and is of the correct provenance dcsired for reforestation 

prograns. Such sccd orcherds should bc callcd production 
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sead orcl-urds in contrast to cxperir:icntal sac-d orchards 

hich ciii at thc production of cnetica1ly iriprovcd sac-d. 

Production sac-d orchards, lika soc-cl production 

areas, arc an intcria ncctsurc to cnsuYc an adaquato seod 

supply during tha 10n: waitinc par iod hctwcan the initiation 

of o broc-ding prograri and tua attainnont of its objective, 

hich is the nass production of onoticolly inprovcd sccd. 

4:3 Sccd Registration and Sced Gertification. 

Cbviously th, dc:nrc:ion of sc,ad zonas mcl the 

establishment of sccd production arecs and production secd 

orchards inevitably land to scad registretion. Jdl saed 

colloctcd for reforestation purposas must bc fully document-

cd as regard to origin. Prccisc inforioation is rcquircd 

concernil the stand froci which it is collcctcd. â1titude, 

latitude and : ust bc occurctcly rccordcd. 

Inforniction concc-rning tho gencral acology of tha arec is 

olso always closirabic. For exanple, whit ara tha percent-

ages of associctcd trac spacies prcsent, and what is the 

aspect, slopc, and condition of drainagee 

.s sccd collacting bcco;.ias more systcmatized, 

and when agoncies rc.sponsibla for sccd col1actin and 

ragistaring, plus trac sciaction and progany ta-sting, have 

dova lopad suffic icnt c ocipatenco and nuthor ity, soc-d 

registration leacls incvitcbly to secd certification. 

Thera are intarnmtionally r&cognized standards 

of sead certification, und in the long rua no trac brecding 
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progroin cn bo succcssful without full odhcroncc ta such 

standards. Furthornor€. no soc-d shouid bo distributed, and 

callcd cnctica1ly impravcd soc-d, until it has fuily mot 

internotionoily rccognizcd standards of tcsting and 

iarkcting, 

In suioory it con bo saici that the bcst way to 

utilizc -ao,raphic variation in o troc spocios during tha 

period bctxiccn the initiation of n progrri of scicction, 

brocclin End progc-ny tctin ond tho nttainmont of its 

objectives, is ta (i) clemorcoto soc-ci zoncs, (ii) astablish 

secd production arcas and production soc-d orchords (iii) 

inaintain a scccl ragistcr. Other things being c-quai, thora 

is littic doubt that if thosc turc-c proccosas formcd an 

intodrai part of a rc-forcstation program for o given species 

dry wcight pc-r acre per annun would bc incrc-ascd in plant—

ations of this spc-cic-s. As Zohcl bas pointc-d out "sono of 

our Trcatcst gains, oftcn largo cnough to justify the wholc 

troc ir.provcocnt effort, hvt c0r1c siapiy hy rccognizing 

and using the proper soc-d (41). 

5. THL UTILIZTI0N 0F GEiJE RESCURCES BY BREEDING 

5l Scic-etion of Indivi0.nn1 Trocs Shoing  Dcsirabic 

Charactoristics. 

Choracteristics of n raw which arc  

considc•rc-d desirablo for ono particular uso riay not be 

consido•rod dosirabic for anothor. Branchincss, with its 
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accompanying knots, is on uncicsirnblo charactc-ristic in 

vencer manufacture, but, ncvcrtholcss, is of loss inportance 

in pain and paper production. 

Thu complote rationalization of silvicuiturc 

ould entail thc production of diverse typos of forcst 

trces cach in its way be-st suitcd to o perticular industry. 

This is not n practiccil proposition at the prcscnt timc, ot 

lcast in those forcst ro-ions hcro growth is rclatively 

slow, iior in it ronily dc-sirabic; for thc procossing 

industries con ho rolicd upon to devolop tcchnicjucs for 

utilizing the mw m -tcrial that is avnilablc 	For oxarople, 

the pulp and popor industry of thc Eastcmn United Statcs is 

now utilizing th(, largo hardwood forcsts of that arc-a. It 

is usuafly nuch casier to develop teclonicjuos for the 

manufacture of n raw uotcriai thon to ottcmpt to change the 

nature of thc mw rmtcriai in order to acconnoclate a 

particular manufacturin proccss. Ilowovor, where the 

rotation period in rnpid, as in thc Southcmn United States 

ond South jifrica, it bc-comcs more fcnsiblc ta attcmpt to 

broed nuncrous stmains for n voriety of usos. 

For the rcasons stntcd ahovc, and bccusc of 

the difficuitics invoived in sciecting for n large nuoiber 

of charactcristics, it in likoly thot scicction in forests 

of thc Nnrth Teaperote rogions will ho confincd, for the 

tiiic boing, to fivo basic chamacteristics which arc 

geno-raily 	 which Jcsirablc irrcspcctivc of the final use to  
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thc. wooc is put. It is assuued th.-,t sclection will bo 

confincd to species which have alrcody bccn subjoctcd to 

genccolo;icul invostilation. These f ive characteristics 

arc as follows; 

(j) Rasistance to discasc. 

Goof secd produccr. 

R:--.Pif growth rata. 

Wood of hih spocific ravity 

(y) StrTightncss of stor. 

It is obvious that cha.ractLristics onc and twa 

are net only dcsirabk, but cssntial. Therc is littic 

value in scicctin:T for thrcc, four snd fivc if the spccics 

cannot bo propagatcd chcoply, anci in abundance. 

Havin clecicicd what char actcristics arc to bc 

soloctcd the troc brocdcr mokas n slj--vey 0f the natural 

population of the spocios ho bas undertakon to iiiprovû. Ho 

thon selects those indivicluals which are outstandllng in 

relation to thcir naarcst noighbours with ronrd ta the 

OSSCSSiOfl 0f thoso dcsirahlc charactcristics. Nunicrous 

sriall branchlcts arc taken frou the upper crown of the 

scluctcd trcs, ncw rcfsrrcd tu cs alus trocs, and thon 

gra.ftcd on rootstocb, that is, younp tracs cf thc sasie 

specics. In this way it is possible to propagato and 

maintain ind.cfinitcly, numerous reprcsentativcs of a single 

superior troc. Thc major stcps involvccl in selection and 

propagation of plus tree iantorial are illustratcd in Fig. 9. 
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5:2 Propagation of Selected itcrial 

The nuncrous rcprasntativos of o single troc, 

that is, tlic branchiots rcfcrred to abovc, arc ail idontical 

gcncticaily both with cach othcr and thc troc fron which 

thcy wcrc talion. This is in direct contrast to the 

progcnics arising fron scod collcted froi tlic so—c troc, 

no two 0f which, as alrcady notcd, ro ocnctically alikc. 

TIcsc nuiocrous rcprcscntatives of a singic genotype are 

colloctivciy tcrnicd o clone. Ech individuol of the clone, 

i.e. ecch branchlct, is tericd n roriot, and the troc fron 

which thoy arc takon, tho ortet. Foliowing grafting on 

rootstock tire rouet is refcrred to os thc scion. 

The donc bank is a continuai source 0f suppiy 

of the selcctcd riatoriol, and providos scions for the 

cstablisbncnt ond riaintonance of sccd orchsrds even whcn the 

forest troc froni which thc scions wero takon bas ho-en 

fcllcci. This is the principal function of o clone bank. 

Having once cstahlishcd o clone bank it is 

possible to draw from it scicctod cions for the purposcs 

of establishing o sc-cd orchard. sccd orcharci is sirnply 

an arca in which the scicctcd riatcriol is brouht together, 

with the objective of sccd production. In the long run 

the principal function of o secd orchard, is the production 

of sced which is gcographically approprietc, gcnctically 

superior, and quantitutivcly adecjuatc. This is possible in 

a socd orchard for the foflowinr: rcasons: 
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(i) Tha prcisc 'copraphic location of thc place of origin 

of c,-,ch clonc in the sced orchnrd is knon. The 

phenotypic quality of the plus troc from which thc 

clone wos token is known, caP if studias such as 

those dcscribcd in chaptcr 3 have boen c:.rried out, 

thc,  racial charactcristics of thc population, of 

which thc, plus troc is o nonbcr, arc also known. àll 

this 1,rovidcs criteria on which to base docisions 

ith re:ard  ta thc artificial crossina, of clones 

roprcsntin Pifferont races. 

itrtifjciol crossing can be controllcd with casa, and 

whcn two clonas have shom good conjj abilitv  

when crosscd, tiot is ha.vc givon superior progc-ny, 

the cross con bo continucd incicfinitely. Clones 

hicIi producc poor progcny, jhotevcr the cross, can 

bc clinin:tcd froc the sced orchordA 

Thc soed orchord cen ba locatcd in a clir'n.tic region 

which favours OGOCI production, and laid out in such 

a way tha t riachanical cultivation, dasignad to 

furthar incrcos. sccd production, is facilitatod 

Conc colLctin is grcetly facilitatccl duc to the 

low position of the crown caP the accc-ssibility of 

avcry trcc 

Becausc of thc, case with which t'neir prosonce con 

bo cictected, and recoPiai censures applied, lossos 

duc to insect Pacage con be rcduccP to o vory lo 

lcvcl, or aven eli1--iinated0 
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The scc orchnrd nay bc cstablishod eithcr by 

rootcd cuttinas, which is the riost dosirablo ricthod, or by 

grafting scions on root stock. Tho sciection of eithr one 

of thc-se ncthods will dcpend on tho soecies rootability. 

Cut;ings frori certain coniferous troe species root vcry 

casily, hilo othcrs ore extre. cly difficult to root. 

Thouh thc vegotativo propagation of plant 

uotoril bas bccn procticc•d for nany ycars thcrc arc stiil 

many probicris to bc solvcd concernin thc vegctativc 

propagation of conifcrous troc spocico. na.jor problcn 

is incoapatibility bctccn scion 'and stock, and it is now 

bccoriina obvious that initial success in grafting a specios 

is no guarontec 0f conpntibilit. draftcd ]Jouglas f ir 

which lias bccn growing vigorously for o nunbcr of ycars is 

now exhibiting wide sprond incoapotibilitr bctwcon scion and 

stock (2e). 

Vogetativo propagation in forest 7cnetics 

rcsearch and practice lias beon cliscusscd in somc detail by 

Nicnstacdt et al (25). It was concluded, ond this conclusion 

is stili valid, thot ?tFuturc  rescorch nust place cnphasis 

upon studios of thc physiolo4co1  processus involvcd in 

. ,raft union fornation md inconpotibility and in root 

initiation. Fundanental aspects of water rclations, 

nutrition, oncL tho raie of hornones nust bc furthr 

invcstigatcd ond undorstood, and tho rclationship betwc-en 

age and rooting must ho clucidatcd" 
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For thoso ro'-sons it is very irnportcnt to take 

into account the spocies ancnability to vch:ctotive 

propagation in the early stoos of a troc ic'provcmcnt 

program. If thc spccics is not aiscnable to any forn of 

vcgctotivc propagation thon it nay bc ncccssary to establish 

soc-diin, seed orchords. This is donc by collocting scod 

frois cach plus troc and thon using soedlin:s in the orchorc1 

thc proe:cnics cf --,ch troc beins carcfully l:-bolled ibat 

thc-y arc olays identifiable. 

Thcrc .-,ro cortairi fundamontal difforonces 

bct.iccn o sc-cdling scod orchard and a £roftcd sccd orchard 

which nocd not conccrn us hcrc. Th relative rjcrits of 

botli in rcard to improvine thc spccics}o bccn the 

subject of consiclerabic dobatc It is sufficient to note 

that if vogc-tativc propagation of thc scicctcd natcrial is 

not possible, tison thc ostablisusiont of o sccdling secd 

orchard is a valid alt0rnativc, 

5:3 Progcny Trials 

Plus trocs are solcctcd bccausc of thuir 

phenotypic suporiority to thc surroundin trocs in a 

natural population. This, howovcr, hccausc of the 

variobility of tic natural cnviromsont, is no guarantec 

that tise scicctcd trocs oie gonotically superior. For 

this roason all plus trocs must cvcntually bc subjected 

to procny trials to doternino the oxtent to which thcy 

arc. gcnctically superior to thc Lsvcrage of the natural 
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population fron which thoy wcre 0c1octcd. Thc progonios of 

intra— ond intorspccific crosscs :iust bo siniilarly testcd. 

basic ossunption of progcny trials is that when 

progonias of controllod crosses arc grown in n uniforn en—

vironnont tho phcnotype is n good cxprcssion 0f tho genotypo. 

Therefore, if s. particular plus troc bas oocl conbinin' 

ability, that is, if tha progonics of a cross involvin.g this 

troc aricl any ot1er plus trce arc alays superior in growth 

and vicour it c--?,n ho assumcd that this plus troc is 

gc-nctically superior. On the othcr hand if the progenies of 

a plus troc exhibit inforior charcctcristics no natter what 

the cross thon it can bo assuned that this plus troc is 

infor ior tcncticnlly, and should bo eliuinn toP from the seed 

orchard. 

To cvaluntc and scicct that portion of tho 

controllcd crosses shouin super ior chc:rectcristics, the 

proieny must be snwn in n convontional cxperimcntal design 

ernboclying roplication and randorsization, both of which arc 

essentiel to the asscssncnt of oxperinental crror. 

E:rly n.sscssuont of procny difforences nay bo 

made in Trowth chembers, grec-,n bouses, and in the nursery. 

Usuclly thoso prcliminery tests are followo d hy field triris. 

The uctuaods usod, thcrcCorc, in assossing the growth differ—

onces in the progenies of controlloci crosses arc no differ—

cnt in principlo to the methocis uec1 in assessing rcographic 

variation within a troc specios. The improvcd strain must 
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of course, be adaptcd to thc environnent of the area being 

roforcstcd. For this roason a knowlcdgc of the gcnecology 

of the parental f orus is indispensable. 

5:4. rtificisl Hybridization 

Therc arc to asocts cf artificial hybridization, 

betecn and within spccics, which will bc discussed 

soparately. Bctjeen spocis, or intcrspccific hybridizotion 

involves crossin: races of two distinct spccics, while 

ithin species, or intraspocific hybridization, is confincd 

to crossin races cf the saric spccics. 

Thc principal advantages of hybridization, 

whc-thcr bctcen or within o spccics, arc as foliows: 

(j) To increase tho size of thefene pool in respect to 

adaptive charactcrs so thet it may be possible to 

extond tho rnc of a particular provenance or 

spo C jOS 

Dosirahic characteristics f ound in scparatc prove-

nences or spccics, but not found in conbination 

in any one, can be brouht togcthcr to producc a 

strain incorporatina tlic bcst cheractcristics of 

each cf the parental types0 

Tue possibility of achieving and cxploiting 

hybrici viçor in the progcny. 

Thotrh sono of tho earlicst work in troc 

improvcncnt involvcd artificial hybridization, to date 

hybridization bas not bccn an iciportant pirt of troc 
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brooding prograrls in Canada. Hoovor, it is likoly ta 

assunc much nore importance in the future, for thc rosuits 

achicvco in this respect in rccent yecrs arc encouroing 

,sti:iulont to brccdcrs on this continont (27). 

Plant breodors have lon obscrvcd thot inbrccdin 

or crossing closcly relcted strains of naturally cross-

pollinetin plants, unusually resultcd in doprcssed 

vegctotivc vigor in thc propcny. Convcrscly when diverse 

stroins of such plants were crossod the progony wos ofton 

cf suporior vcgcttive vigor. This vcgctative superiority 

within thc procny rcsultin; fror.i n cross bctwccn raccs cf 

dissii.ilar genctic constitution is torcd hctrosis, or 

hybrid vie'or. It appoars ta rcsult fron n physiological 

stinulus to cvclopncnt which, within certain limits, 

increasce with thc canetic divorsity 0f the parents. Put 

sinply, the hypothesis is that thc gcncs contrihuted by 

cach parent perforn sinaic runctions which indîviclually 

contribute loss to vcgctctivc vioor than thoy do in coribi-

nation in thc progcny. 

Tho ctho ci plus troc ocloction is net 

dcsincd to achiovc o hotorotic cffect in thc of 

the sclected trocs. On the contrary, if thc solocted 

trocs arc conccntrated in o. snc.11 arec in e continuous 

popultion there is likcly to bc n dctcriorntion of vigor 

at worst, ciaO et bcst the maintenance of parental vipor. 

For this roason if is certain that introspecific 
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hybridization o± genotically dissir.iilar populations will 

cvontually becoïic a ncccssary acijunct to the ncthod of 

single trcc seloction, and on occasion may supplant it in 

o trc. brccciing prolran. 

Intcrspccific hybrids :.rc now hcinning to 

occupy an inportant position in tho plantin pro,,-r,-,,-.is of 

nany countrics. The hybrid Pinus:tcçniata x Pinus rodj.ata 

is bcing plontcd in thc IJnitcc1 Sta.tcs, ond Ncw Zcaland, 

iustralia and Spain hava importad quontitics of sccd and 

scions fron California. The hybrid Pinus riaido x Pinus 

toada is supplontin tha pitch pino (.L. riaida) as tho 

principal forcst trac in South Korco. Ii ,rcatly surpasses 

the pitcli pife in voluno growth. In Britain sckction and 

brccding of the larchcs (Larix dc-cidua ond Larix 

lcotoia:is) was begun in 1950, and sccd of the first 

gencration lrch (Larix x ourolanis Hcnry) is now being 

produccd on s Lrgc scole in soeci orchords. it the sarae 

tine the hybrid Cuorcosocysaris x lcvlcndii, o cross 

bctwecn CU1DrCSSUS n:crocrca and Chanaccvaris 

nootkaiansis, is prop otJ vcgctotivcly on a mass scalc. 

The odv:•nbagc of this hyhrid undor British conditions is 

that it incorporotes the rapid growth rata of tho southern 

one, th. frost hardincss of tho northorn spccics, Larix 

hybrids arc also p1ayin an iaportant rolc in rcforestation 

pro-crans in thc i4aritinas and in 'ucbcc. 

Thora is lit tic. doubt that a brccdin progrdrir.ie  



of any troc. spocies 15 inconplctc if it does not include 

intcrc.:ciilc hybridization of the specios to bc genetic-

ally improvcd. Crosses betcen rolated species should 

aiways bc attemptccl. Thcrcforc, it is ncccssary for thc 

troc breoder to build up an arboretu::. cf thosc species 

which ora of tbc sa:c 'cnus as the spc.cics ho is cttcnpting 

to irlprovc cnotica11y, ond wliich arc likaly to cross vith 

this sscc1cs. 

5:5 Nutation Brocding 

In 1936 n triploia spdn, which grew more 

rc.pidly than diploid aspcns, was discovcrod in Swc.dcn. This 

finding gcneratc. Troat intcrcst in tho possibility of 

brecding polyploid trocs. Efforts to induco polyploidy, 

which is c-xcccdinCly rare in conifcrs, by physical n.cns such 

as X-rny, tcnperaturc shocks and u1traonic trc-otment have 

not beon very succcssful. Howcvcr, thc oranic cheriical 

co1cbicir, which is net costly and is ccsy to apply, 

offcctively doubles tho chronosoa'e nunher. For these 

roasons colchicine has boen wicicly usc.d in attcmpts to 

producc polyploid conifers. Houcvcr, whilc it is 

rcl:tivcly casy to incluce polyploidy in dividing cclls it 

- is not so Gasy te inclucc bcncficial nutations and to devise 

icans of inrpctucting the polyploid tissue. For this 

ras son littic bonefit has accrucd to datc fron such 

experinc-nts. 

t t1--c prcnb sta:c ii ti darc.lopncnt of 
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forest genotics, it ijoulci appccr tt :iutation brooding has 

no direct pert to play in a troc breodin proramne. It is 

obviously more profitable to concentrato on scicction and 

breoding of dosirabic commercial typos from the abundant 

variation f ound in natural forcsts, rathcr than from randorn 

mutants, artificiolly inducod Mutation brccdin thareforc, 

though it is o worthwhilo fiald of basic research, must 

rernain n minor adjunct to the other methods discussod i-lare. 

5:6 Inbrecding 

Must commercial conifers arc- noturilly outcrossing 

anci self-incorn7notiblo to onc,  dcrcc or -motiior. Thora ara 

some exceptions, o. 	rad pino (ij açp.), but for 

the nost part selfinc: is noarly aiways accornpaniod by 

roduced fcrtility and loss of vigor in the progony. It bas 

beon shoin that soif-pollinotion in resultod 

in 50 percent rcduction in sec(' . :iclds)  though cono yiclds 

wcre alniost idontical i-ith tho cross--pollinated control. 

Sc-cd germination and soodiing hciht for tho first throc 

ycars icrc also below that of 1;me croas-pallincted sccd (7) 

Siijlar resuits have hoon obtoincd ihcn other coniforous 

species have boen scifou, and in boneral it con be 

concluci.od tht selfina will rosuit in ci loss of vigor, and 

o datoriorotion in other charactoristic s in the progeny,  

i-lest agricultural plants arc annuols, and mony 

are d.ifficult te reproduce vc:ct:tivcly:. ïhcrcfore, in 

ordor to rroducc s nirahlc hybril typc it in nccessary to 
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develop rç. lincs by solfing. ïIusc. pure linos con be 

rnaintained indefinitcly and crosscd ooch ycar to prociuce 

the hybrid. Trocs on tho othcr hand arc peronnial and 

there is no nec-d to dovolop e pure lino in orclor to 

muintain e porticular :cnotypo as is necossc-ry in tho case 

of an annual. Furthc-rr:.orc, thc nost iaportent coniforous 

spocies can be naintainocl indcfinito ly by grcfting or from 

cuttins. Thus, if tho pro c-ny of n cross betwcen two 

trocs has provcd dcsira.ble th--it se--.,c cross cnn bo rc-pcnted 

indefinitcly, and one cf the najor rcasons for selfing an 

agriculture.l crop does not apply in rclotion to forcst 

trocs. 

On tho basis of ti:.c csults ohtaincd 4ith 

agricultural crops it is sorictimcs suggcstod that s-vcral 

desirablo charactcristics nay bo inccrporotcd in a single 

strain et a troc snccic's by crossing' a nuribcr of iurc linos, 

oach homozygous for a particuler character Thero arc 

thrce major objections to this prncticc. Firat it would 

tako a considorablo lciigth of une te achievc honozygosity 

in a highly hctcrozygous conifcrous troc.. Sccondly, 

outcrossing inbrcd lincs, uoich WiLL ho grontly rcduccd in 

vigor as alroady noted, is likoly to rcstorc thc vigor of 

thc- parental typos only; hotoresis cannot be expcctod. 

U..ry fcw of tho thousands of inbrcd linos of agricultural 

crops, Wi1Cfl outcrossed, show hctcrosis in n measuro that 

makes thcm valuable conncrcially. Thirdly, in theory any 
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variation that is obtaincd by inbroodin and outcrossing 

can be obtained by crossinl alonc (i) 

Thc principal purposo cf inbrccding  in n troc 

brecdin proramnc is to dctcruinc thc degroc of inbrc-cding 

dcprcssion in trc species involvcd. It is nlso n usoful 

technique for evnluctin the inhuront quolitios of the 

specios (26). For both thcsc rcasons it is ncccssary to 

conduct inbrccdin oxporimonts laith the spccios which bas 

bccn scicctc-d for improvemont. 

6. TEE CONSERVATION CF GENE RESOtJRCES 

- 

	

	 There are many social, sciantific and economic 

reasons why plant gouo resources, includin forest trees, 

should be conserveci j  situ (4,5,6,1505). Soue of the more 

important of thse eau be sumrnarized as follos: 

(j) Selcction and broedin reducos genctio variation, 

and genetically uniform plant material is hidhly 

susceptible to attack by insects and disease. 

This in turri leads to the massive use of 

herbicides and pesticides which have serious 

undesirable si-de effecta 

Jfter a periocl of selection and breedinl during 

hich the lenetic base is continuously being 

narrowed, n point is reached beyond which breeding 

for production and diseaso resistance becomes 

aluost impossible. 



(iv) If wild forns cf the plant species are 

available thcy con he crossed with commercial 

f orna to broaden the genetic base, and thus 

allow further improvenent by selection and 

breeciing0 

(y) The perpetuation of sanples of the full 

diversity of the world s plant and animal 

cornsiunities in outdoor laboratories for a wide 

variety of research (24) 

(vi) The protection of saïplcs of natural and semi- 

notural ecosystems for comparison with managed, 

utilized, and artificial ecosystens (24). 

This ]:ind cf conservation, in relation to 

foresi trocs, hecories increasinly important if sustained 

yiald 1s discarded, as has boen advocatcd (38), and if an 

incrcasinf  area of land surface is denuded of forests. Even 

with the acceptance of sustained yield it is estimated (10) 

that an onnual total of 500,000 acres cf out-over, and 

burncd-over forcst land will mob bc recnerated in Canada. 

The conservation cf forast gene resources 

should mot ho consideroci as n static and negative conservation, 

but simply as another facet of integrated resource 

management (2,35) As the FÂO Panel of Experts on Forest 

donc Resources has pointod out 'The -rowing public awarenoss 

of the need to reserve forest areas for recreation, water- 

sheds, wild lif e refufes, and other purposes, could ha 

harnessed to serve the joint purpose 0f gcne resourcos 

conservation" (15) 
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GLO SSFLY' 

ADÀFTATION. The procc'ss of cvolutionary (2cnetic) adjustrnents 

- 	 fittine bioioical groups ta thcir environnent. Often 

the change in structure or function itsclf is rcforrcd 

te as an adaptation. 

ADPTED. Sec adaptation. 

.LLOPTRIC. Refers ta species which do net ovcrlap or occupy 

the sans arca. 

CHROSOr'E. A iiicroscopic usuaiiy thrcad- or rod-iikc body 

carryinq the units of inheritancc (cncs). The 

chromosomes arc the prin'ry constituents 0f the ccli 

nucleus but are individuelly distinguishabie oniy 

uring nucicar division. Thcir nunhor and f orn arc 

usuaily constant for each specics. 

CLIiJiL VRLTION. 01mai variation rcsults fron an cnviron.mcntal 

gradient. Portions of populations cxhibiting SUCh 

continuous (ciinal) change from onc area te another 

prcfcrably erc mot designtcc1 as ecotypes, and arc more 

corrcctly tcrmcd. ccociincs, 

1 
This glossary is conpilcd with socic codification principafly 

from Snyder ts  Giossary for forest trc-e improvonent workers 

(Snydcr, E.B. 1959- Glossary for trce improvesient workors, 

Southcrn Forcst Exp. Sto. USDi), and Knight's dictionary of 

genctics (Knight, R.L. 1948.  Dictionary of gcnctïcs, Chronica 

Botanica Co. Sclthas iass.). 
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CLONE. Â group of plants dcrivoci froa o sin1c individual 

(ortet) by L00] reproduction Âll mcmbors (ramets) 

cf o clone Nove th,--  sono gonctypo and conscqucntly tend 

to bc uniform 

COLCHICINE. poisonous chonical (an oihaloid) uscd for 

nuit iplyin or modifyin: the cllrono sonos or encs in an 

cffc:'t to croate 11017 typos of plonts 

COrIBINING Â2ILIiY. Tho roloive ability cf o bictypc to transmit 

gencs for dosirabic porfornenco. ioncrol cornbinin 

ability indicotos o high avcror;o perforriance of profcny 

fron crosses iith nany othor parcnts spocific combining 

ability indicatos thot, luth e certain fcw of the 

combinations, perfornanco is botter thon cxpcctcd on thc 

hasis of avcrabo  perfornancc biotype nay exhibit 

both gcncral and spocific conhinine ahi1ity,  

DIPLOID. Havin tio sots of chronosoucs in thc nucleus - 

indicatcd by '2n 	On hoif et tl-ie chronosones arc 

contributed by the fonde :arcnt, ono haif by the riale 

parent. 1iany hihor organisos arc oiploid exccpt for 

thoir ccx colis ond asooeiatccl tissue. Similoriy 

tripioids, totraploits, hoxaploits have three, four and 

five sots of chronosones respoctivciy0 Âil those arc 

polyploids, thot is, thoy havo sorc than the dipioid 

conpicnont of chronosones. 

ECOCLINE. ciinal variation. 



ECOLOGICL NICHE. È«Iii environaent whorc the factors affccting 

survival, reproduction, and growth combine in a 

ay favorable to some porticular biotypc. Such a 

habitat may bc discontinuous or bc in an ocological 

grcdicnt. Unique niches favor hybrids, mutants, 

etc., thot might bc at s. diso.dvantagc in othcr 

cnvironrients. 

ECOTYPE. Ji race whosc charactcristics adapt it to a distinct 

habitet. Therefore, ecotypic variation is 

discrote or non-clinal. Soma diffcrtnccs among 

ocotypcs, particulerly bhose wholly physiological, 

show up only whcn plants from different ocotypes 

are gron in e single environment. Ecotypes arc 

dcscribed as cliciatic, odaphic, etc. 

ECOTYFIC. Sec ecotype. 

EVOLUTION. The grodual dcvclopsient of biological groups fron 

prior groups as n result of tho action cf natural 

sckction on hero-ditary venants existing in the 

populations. 

FERTILIZTIûU. The union of the nucicus and other cellular 

constivants of o :slc. ;ameto (spern) with those 

of n fanaL ganete (c-gg) to forn n zygote fron 

hich develops n new plant. In sono spccîes, 

fcrtilizatior :aay occur months after pollination. 

GENE. The unit of inheritance, which occufiies n fixod position 

on the chromosome ond which governs affects or 

controls the transmission and dcvclopmcnt of a 

hcrc :.itary cheracter, 
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GENECOLLJGIST. One compote-nt in the science of Genocology. 

GENCOLOiY. Tho study of gcnotically-based, habitat-correlated 

variation within species. 

GENOTYPE. The entirc genctic constitution oxprcsscd and latent 

of an organiom. 

HiPLOID. Havini thc rcducacl chromosome numbor, that is, having 

one set of chromosomes in thc nucLus. This is normal 

in ocx ceils, i-,ich have only haif thc nunbcr of sets 

occurring in the dllploid. 

HETEhOSIS. Hybrid vior thc incroase-d vigor of a hybrid as 

comparc, to tiic vigor of thc parents. Hctcrosis is at 

a maximum in thc first cnoration. Incrcascs may 

occur for any noasurabic character such os size, 

fruitfulncss, survival and rasistanco. 

INCOi1PfIBILITY. 	failuro or partial failure in sono proceso 

loaclini to fortilization c-von though the egg and sporm 

colis arc potentially functionai. 

INTRORESSIVE }iïT2IDIZ2ION. The natural infiltration of genes 

froc-i one population to anothc-r through hybridization, 

and thc successive backcrossin-  of thc rosulting 

hyhrids to ont: of thc parent spccics. 

ISOLATION. Tho prcvcntion of brc-oding anong populations by 

interfcrcncc mochanisris, c.., so-asonal differencos in 

f1owring tire-, or ecological soparation because of 

diffar0nt soil or habitat dharactoristico, gcnetic 

incompatibility, stcriiity, and distance. 
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ISOLATING TOEANISIS. See isoiTtion. 

LI1fD GTTTS. The association of characters fro one generation 

to the nexi because the genes related ta these 

characters are grouped, or iinked on the sare 

chronosore. There are as nan3r linkage groups as 

chrornoeo-ic paP ro. Linhage, however, is rarely 

cornlete, i.e. new cnbinntions of linkccJ characters 

can oc''ur. 

MkOROEVOLUTION. The evolutonary processes which over long 

periods of tire give ri-se ta new species. 

EIOSIS. Nuclear division which resuits in the formation af sex 

ceils each containing the haploid nuriber of chrorosoies. 

NIROIVOLTJTIDN. The evolutionary  orocosses ihich currently 

determine geographic variation within soecies. 

TTOSIS. Nuclear division which resuits in the forrntion of 

ccfls ther than sex celle cach of which contains 

the -n1oir1 nuber cf chrariosories. 

ftJTIdTT F)PLN. Thc phenot3rpic expression of a mutation. 

MUTATION. A sudden heri.tahle change in o gene or in chromosome 

structure r, 

NATURAL SELlTIOîT. The selection which takes pl'ce under natural 

conditions by reason 0f the death or partial inhibition 

of indiviivals iess fittc-d to thrive under the 

condition obtaininp. 

ORTET. The one plant from which members of a clone were oriinally 

derived. 

PI-iENOTYPE. The demonstrable characteristice of an organisep. the 

product of the interaction of the genes of an organism 

with the environLient, 



- 74 - 

PHYTOCHROME. A protein-like substance which changes cor'position 

under the atrnuluc of photooeriod, and thereby 

triggers physiolopical processes controliing growth. 

PLUT TREE. A ±ree aopearing distinctly superior to surrounding 

trees on the same site. 

POLYPLOID. Sec diploicl. 

PURE LIP. A sexually renrorlucinp population that is relatively 

pure geneticaiiy, thot is hornozygous, and, therefore, 

truc brec i ng. 

RACE. Populations within a snecies hi-ch exhihit generai 

simjiartjes discontinuous and distinct from other 

populations though not sufficiently so to achieve the 

statua oT a suhspecies. 

RA'ET. An individuel r".ea'her of a clon. 

RECOMBINATION. Combinations of genes different fro the 

narental cornbinations. 

ROOTSTOCK. The root_hearinLç plant or plant prrt, usually stem 

or root, on to which another plant is grafted. 

Usualiy referred to as stock, 

SCION. Any aeriai plant pnrt, often a branchie t, that is 

grafted on to the root-bearing part of another plant 

.hich is cal-lei the rootstoclz, 

SEGRPGATION. The senaration of' genes, or of chromosomes, of 

paternel and maternai cri in at oicoia. 

SY'ÎPATRIC. Inhabitin:' one and the sa-e area. 

ZYGOTE. The ccli which recuits froni union of suera' and egg. 




