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I.IELCOMING ADDRESS

T.M. Apsey

Depwttl MintutQ.n o( Fonuts

BtLLt.Uh CoLunbict MLnidtnq ctd Fctne,sts

Ladles and Gentlenen, Good Mornlng

It ts my pleasure and prlvllege to welcone you to thls meeting
on behalf of the Provlnce of Brltlsh Columbla and the Mlnlstrv of
Fore8ts.

Yours ls a dlsclpllne that demande comoitment. It deoands
cornnltment from yourselves and it aLso demands comml.tment fron every
other facet of .forest nanagement. Fron governnent. Fron lndustry.

A tree Lnprovement program cannot be consldered on its own. It
must flt, llke the vital plece of a Jtgsaw puzzle, Lnto the overall
pattern of lncreasingly Lntensive forest management practl.ce6. The
achlevenents of srrch a progrem are measured tn the number of seeds corning
out of your seed orchards, the hectares of land reforested wlth superlor
stock and, years later, the increase ln rood harvested - wood froro trees
that grew blgger and reached maturlty faster than they would have in a
natural forest. Before we reach these goals, there mrst be a broad-based
conml.tment to, and long-tenn support for, tree lnprovenent.

I am told that lt has been ten years sLnce thls associatlon
last net ln Brltlsh Columb{a. There have been sone inportant 'changes

slnce that 1971 meetlng ln Prince George:

A naJor commltment to lntensLve forest nanagenent has been urade by
both the Mlnlstry and the forest Lndustry.
Our new Mlnistry of Forests Act, proclalmed at the begi.nning of L979,
paved the way for a revolvLng system of resource analyses and
flve-year plans

- And ln the field of tree Lmprovement we have built on the foundatLons
establlshed by Dr. Alan Orr-Ewlng ln his ploneerlng work ln coastal
Douglae fir. CormLtments now have been made to work ln other
lmportant coastal species and the program has expanded to enbrace the
enornous potential of the InterLor forests.

Durlng thls week you wlll see evidence of these changes for
yoursel,vee. But before you begln, I belleve lt w111 be a valuable
exerelse to examine the role of tree lmprovement wlthln the context of
the overall rnanagement process.

Ask a tree breeder how his program ls going and you ulll get
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back an enthuslastlc response about the great potenElal for enhanclng theforestry practl-ces of the future. He woiks wtih the progrirm day by day.
He has no probleur llvlng lrtth the inherent long-terrn nature of such aproJect. Ilowever, the sLlvlculturl.sts, the forest nanagers and the wood
Proceasors nuat also be lookLng to the years ahead. They, too, nust be
plannlng how best to take advantage of, these long-tern posstbtlltLes.

The fall-down effect - the reallzatLon that even Lf
eecond-growth foresta are managed Lntensively they w111 not produce the
same volumee of wood that nere avatlabLe from the old-growth forests --
hange over all of us. Our Job ls to deal wtth thls shortfall. That w111
requlre all the tools and technlques the silviculturlst has at hle
dlepoeal -- cholce of tree epecLee, qulck establlshment, epaclng control,
poeslbly fertlllzatlon of forest l-ands. And underlylng all thLs, as the
true foundatlon, the genetlc qualLty of the seeds w€ us€o

The effecte of ueing genetlcally-lmproved seed may take a long
Elme to unfold but they are cumulatLve and thelr lnfluence w111 be felt
over the wtrole grolrth cycle and the eventual treatnent of the crop. The
actual cost of the eeed Le euch I tlny fractLon of the total crop value
Ehat addltlonal Lnvestnents to Lncrease seed quallty can be fustifLed as
money well- epent, moat partlcularly wlth those species that have apotentlally htgh lnpact on wood eupply.

Once there ls a comnltrnent to artlficlal regeneratlon and to
plantlng progrems, breeders can take steps to dlrect the crop towards the
greatest return. Tree lmprovement practlces wl11 lead to assured eeed
supply and wlll Lnfluence the quallty and quantlty of wood produced ln a
glven perlod of tlme. rn thl.s provLnce, the mve to mre intenslve
foregtry has been acconpanl-ed by the developnent of a co-operati.ve
approach. The work load for the total prograrn l-s very large, even if you
conslder only the seed productlon functlon. By shari.ng that work wlth
the forest lnduaEry, qte are able to advance faster and rmre efflciently.

The provlnce owns 94 per cent of ttre forest resource and the
Mlnlsty of Foreet,e therefore holde the prlnary responsibillty for
managlng the resource and ensurlng the greatest beneflt to the people ofBrltleh co]-unbla. Sone have referred to thls arrangement aa the "Blg
Brother Effect". r prefer to thtnk of lt as a true "partnershlp". rn
any caaer we have begun to share our reaponeiblllty wlth Lndustry and the
potentlal advantagee of thte partnerehlp have already becorre evldent.

You have heard about BrLttsh Columblare foroatlon of a Coaetal
Tree rnproveoent councLl. Ttrls body, made up of senLor personnel fron
the lllnlstry and frorn roaJor forest llcencees, advLses the Ctllef Forester
on pollcy rDatters and actively works to strengthen Lhe co-operatl.ve
features of the program. slnce then we have -pened a progran tn thernterior and one of the flrst stepg was to estebllsh another
organLzatlon: The Interlor Tree Improvenent Council.

The neede of this new progran are already very large. For a
start' the Mlnlstry eetabllshed an Interlor target of 80 nllllon lrnproved
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seedllngs for 1995. For the provlnce as a whole, the anntral producttorr
target ls 150 nllllon lnproved eeedllnge by the year 2000.

These goals can be rnet oni.y through a strong Joint connltment
by the mlnsltry and lndustry of both the tree breedlng and seed
productlon phaees of the program. As recent evldence of thls comltnent,
a new faclllty has been butlt at Vernon, to be offtclaLly opened ln the
near future. The Vernon Reseerch Statlon and Seed Orchards wlll support
the work of breeders end orchardists aE well ae phystologlsts and
sllvtculture speclallsts who wlll provlde much of the neceseary knowledge
and support. I hope by the tlrc the CTIA cones back to Brltlsh Colurobla
for another meetl.ng, tt w111 be able to Eeet at the Vernon centre. By
Ehen, too, the scale and scope of the Interlor tree Lrnprovement progrnms
wlll be ctoser to belng on par wlth those on the coast. Indeed we o(pect
Ehe scale of the Interlor programs wl.Il ltkely overtake the coastal
commltments, desplte the product value and htgh Mean Annual Increnrent of
the coastel forests.

At present the enphaels of the Interlor prograo le sttLl on the
lnterlor spruces and lodgepole plne but sone attentlon ls being dlrected
to the tree lnprovenent potentlal ln lnterlor Douglas flr and western
Larch.

At the same tlme that wetve been developlng new lnltlatives ln
the Interlor, rrc have noved to meet the lncreased propagatlon
requlrements for coastal prograne through the e><pansl.on of research
facllltles at Cowlchan Lake. The research statlon you will vlsit
tomorrow ls no Longer Just the home of the eetabltshed progran for
coastal Douglas fir. The etaff there ls already lnvolved ln work on
rdestern hemlock and yellow cedar and ln propagatlng Sttka spruce,
arnabllle flr, red cedar and other specles. AB part of the flrst stage of
this expan61onr 331000 grafts were made there thls sprlng. The staff and
facllttlea are belng bullt up. Clone banke are belng establlshed for all
comroerlcal coasEal specles to maLntaln the gene pool agalnst Losses
through fleld exploltatlon. Slmllar developnents are planned for the
Interlor at Vernon and Skinikln.

The work as you can see, goes on. We are rnaklng progress. But
Ehe maln polnt I make today ts thls: tree irnprovement cannot supply fast
anawera: lt needs a serl.ous, long-tern cornnl.tment, In Brltlsh Colunbta
there ls that connltment. Withtn our co-operatlve relatlonghlp wtth
lndustry, the MLnletry of Forestst Sllvlculture Branch Bpent $3 ntllton
ln the laet flscal year on seed orchard eotabllshnent, rnaint,enance,
gervl.ce proJecte and the selection of "plue" trees. In the current
flscal year the amount ts lncreased to $3,5 mlllton. These funds are ln
addltlon to the eupport glven to the tree lnprovetrent sectl.on of the
Mlnlatryra reaearch branch, where expendltures on breedlng, provenance
and regearch run at about the sane dollar figure, Money, of course, Lt
noE the only commitment to be nade, but you all know that havlng a firn,
conslstent flananclal base La an lnporcant part of laylng the foundatlons
for a etable, well-planned program on a useful scale.
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The Brltlsh Colurnbla Mlnlstry of Forests ls relylng on tree
Lmprovenent to pLay a vltal role in helplng to neet future wood ar.lpply
goals. You people meetlng here today provlde welcome reaaaurance that we
are not alone, that connltnents are belng nade Eo tree Luprovement ln
ocher provlncee, other natLons. I hope the exper{encee ehared at thls
conventlon wlll help all parti.clpante expand thetr knowledge and speed up
the eseentlal rnrk they are dotng tn thle fleld.

The prlme obJectlve of the Canadlan Tree Improvenent Associatlon, aa
stated ln your constltution, ls "to pronote the use of sclentlflcally and
technlcally aound genetlc practlces ln Canadlan forestry." To whlch I
say: "Go to lt".
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KEYNOTE. ADDRESS

TREE IMPROVEMENT RESEARCH AND DEVELOPMENT - SOME THOUGHTS FOR ]}IE 1980'S

Roy Faulkner

P nincip ctl G e ne,tic.i,.6 t
Bn LtLt h F o nettntl Cctmni,s t.itt n

Notttheru Rza za"nch Sta-t Lon

Rodt-i.n, Loth,Lan, Seotland

INTRODUCTION

I am indeed honoured to have been lnvlted to speak to the
Canadian Tree Inprovement Assoclatlon and I look forward durlng the
meetlng to seelng and dlsctrsslng mutual problems wlth you all - and, at
the same ttne, to learn sorne of your reclpes for succeas. You should not
assume, however, that my crystal ball is any bigger or better than your
ordn - ln many respects lt is undoubtedly inferlor.

Before warnLng to ny maln theme, which malnly relates to
north-ternperate conlfers, it wlll be helpful, perhaps, if I outllne
brlefly the responsibtlltles and current work of my team engaged on tree
breedlng whlch started ln Britaln ln 1949 and where we have an ercpanding
foreet estate - the current area of which ts some | 3/4 milllon hectares.
The annual programrne of new plantlng ls ln the order of 241000 ha wlth a
further 8,500 ha of re-stocklng.

My associatlon with thls tree improvement programrne goes back
23 years durlng whlch perlod I have seen many changes ln forest poli.cy,
attitudes, thlnklng, methodology technologles, and, 1lke npst others,
have passed through the hoops of economic appraisals and financial
constratnts. A11 these have affected our breed{ng strategi.es r*rlch have
the ultimate goal of maxlmLsing lmproved saw-tl-mber production per
rrnlt-of-tlme. It ts of some interest, perhaps, to rnte that our rD€lnpower
resollrce (whtch currently consLsts of five graduates, eight t,echnlcLans
and support labour of eleven men), has remalned almost statlc since 1963.
Total fundlng, whlch is currently 450,000 C$ per year, has been kept
broadl.y l-n llne wlth inflatLon durlng the past decade. Nevertheless
output per staff rnenber has lncreased greatly due to ever-lncreasing
experlence; flexlblltty of managenent and Job speclflcation; a strong
team splrlt; lntegratlon and relatLonshlps wlth both forest rnanager and
wtth our research colleagrres ln Sllvlculture and Physiology; by havlng
only three well-located f1eld statlons; by having ai-most complete
delegatlon of authorlty and control. under one head; and by having
responslblllty for breedlng reeearch and development for both the
prtvate-and state-owned forestry sectors.

The research eaaenttally applled but we have some lnvolvement



--2-
in baslc- applled projects" In round terms our aunual capacl-ry ls: the
survey of up to 1000 ha of plantatlons for reglstration as irew seed
collectlon areas and the resurvey of up to 500 ha of exlsting registered
stands; maklng 10-12,000 grafts; deslgning arnd supervlslng the pl-anting
of L2 ha of new clonal or seedllng orchards; uraktng 7,500 isolatlons and
artlflclalry pollinating 20,000 fIowersl ra.{sIng 500 famlltes (80,000
plants) and p1-antj.ng these Ln progeny rests on rrp to elgirt sites and up
to 700 mltes apart; and assessLng an equlva.tenf nuruber of plants for
helght and stem form and a proportLon for glrth. Currently h,ri have 38 ha
of orchards of which 25 ha are 1.5 generationr 3T5 ha of progeny tests
and 81500 selecLed trees most of rchlch are now under test.

In descendlng order of lrnportance our specles intere'sts are:
sirka spruce, lodgepole plne, Scots plne, and corslcan plne (pinus nigra
var marltlma). The hybrld between European and Japanese larctres ls also
of lmp6EilEe and there ls a growlng lnterest ln the hybrtd betr^reen Sttka
sPruce and whlte spruce as a frost-hardy hybrtd capable of growlng well
on very dlfftcult sttes ln northern scotland. Breedlng effort and
prlorlties are related broadly on a pro rata basls accordlng to the
lmportance of each species or nybrtcl.--G-EE-dlrlnn to the maln breedi.ng
programme we have establlshed a number of research proJects which alm to
provide baslc lnformatlon to assist us Ln lnprovlng our strategles and
technlques. Of these the rnore lmportant ones have been: a plot-size and
shape experlment; a populatlon heritabllity study of 150 lnterbreeding
trees repreeentlng all size classes; a complete dia11e1 crosslng-pattern
of eeven Sttka spruce trees; population strrdles of lodgepole pLne and otrr
own remnant nattve Scots plne stands usJ,ng biochemlcal techniques; Ehe
development of standardlsed technlquee for the aasessnent of experlments,
mechanlcal data-handllng and cornputatJ.on and lnterpretatlon of genotype x
envlronruent lnteractlons, and a data bank.

On the tnternatlonal scene, and un(ler the aegls of ItlFR0, we
have arranged and made a serLes of provenanc€r seed collectlons of Sitka
spruce, lodgepole plne, grand flr, noble flr and A. lowiana and have
produced a handbook on seed orchards. rn the earTy TEEbrFwe were
lnvolved ln launchlng the OECD scheme for the certlficatlon of forest
reproductLve rnaterlal movl,ng l-n lnternational trade.

Thls sutns up my experi.ences; 1t ls agal-nst these that L present
some rhoughts on how I expect research and developnent ln tree breedtng
to move durlng the next decade and whlch have reLevance to some Canadlan
sltuatlons h.tghllghted during the peEawawa workshop of r978.

The "crle de coeur" for rnore funds, staff and faclllties ls all
too farni.llar; there are no glth answers for these matters which can only
be reallstlcal_1 y, tf not always satlsfactorlly, settled by senLor
admlnlstrators and managers Lmparttelly dLscusslng and firrnly decidtng
how blg the total research and developnrent cake is to be over tl're next
one or two decades, and how lt should be dlvlded. Johnston (L976) sets
out some sound advlce on the organizatl,on and nanagement of forest
research programmes and ln partlcular he highllghts the rmportance of
retalnlng flexlblllty ln stafflng and produclng long-, mid- and
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sh()rt-term plans whlch are regularly updated.

Now let ua constder sone of the acttvltles connected wlth a
tree lmprovement prografiIme, lncludinq some which currently are not so
lmportant br:t whlch we should bear in mind for the future.

SEED SOURCES

Seed Stands

Seed stand reglstraEton and seed certificatlon schemes rdere
organlzed and oper;rted on a voluntary basis In Brltaln durtng the perlod
1956-73; there were three phenotyplcally-based categories. Desplte
several propaganda campalgns the schemes were not a success and although
the 300 members paid ltp-servlce to the objects of the schemes they never
gathered any lmpetus. The reasons for fallure varled but prlmarily were
because: there wErs no establlshed tradition of coLlectlng conl.fer seed
(other Ehan from Scots ptne): we qrere highly dependent on lnports whlch
were easy to arrange through rnerchants ln north-west Amerlca, Europe and
Japan; seed crops on seed stands of all but the pl.oneer specles were
rrnpr:edle-tabte and lnfrequent, financlal statlstlcs and methods of
assessing cone crops were unrellable; the physical dtfflcultles of
collectlng seed by cllnbtng; the strlngent safety rules and practlcal
dtfflcultles of tralnlng and retainlng seed collectlon teems as a unlt
from one year to the next - and - perhaps our mLsfortune to have irnported
the Amerlcan grey squirrel lnto Brltaln instead of Tanniasclurus
douglassil ! !

In the mid-1960's lt was becomlng lncreasingly difflcult to
obtain lodgepclle plne seed from certain CanadLan and Amerlcan sources
which had been proven to have merlt ln orlgln er(periments establlshed ln
the 1930rs. Furthermore, collectlons from some places were lmpossible to
arrange, or, excesslvely expenslve - for example - seed frorn certain
Alaskan sources rdas quoted at 370 C$ per pound (820 C$/kg). For this
reason over 100 ha of seedllng seed plantatlons were establtshed on sltes
well lsolated from contaminant pollen and based either on a slngle proven
srrperior origln, or, slx unproven origins froro a given seed region or
zone. Where stx orlglns were trsed they were planted concurrently wlth
(or a year or tl{to later than) orlgln experlments based on the sarne seecl
lots but establlshed on forest sites. On the seedling seed planEaElon
site each orlgtn ls represented by pure tlnes in each of many randomised
blocks across Ehe siEe. Infertor orlglns - determlned on the basis of
data obtalned frorn t,he foreet experlments - are removed and the
plantat{on of resultant rhedgesr ls then urranaged for seed production.
The final plantatlon may conslst of a slngle orlgin or 2 or 3 origlns if
there are no slgniflcant dlfferences betlreen them ln the foresE
experiments.

Thls rnethod is well sulted to precoclous flowering species,
suc-h as lodgepole plne and jack plne, and lt qulckly provides a reliable
"home" seed source of proven deslrable origin. It ls lnexpensive and
easy to organize and each plantatlon provldes an excellent base
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populatlon for Intenstve tree selectlon and fr,rrtfuer breedlng wrlrk'
i,lnioubtedly thls rnethod rr111 be used ln Brltain well lnto the 1980's'

Seed Orchards

The l.nltlal concept of clonal seed orchard6 propounded by

Syrach Larsen Ln 1934 was slmple and l-n a warre of enthusiasm, which
rapldly spread ln the 1950's to the Present date, teqs of thousands of
hectares of orchards have been establlshed throughout the world' The

mo6t succeseful of these have bec'n assoclated wtth ploneer specles and

amongst the contfers the p{.nes {n partlcular. Less satl-sfactory have

been the sub-cllmax and cllurax species'

Aroongst the rnany problems assoclated wlth orchards the npst
lmportant are: ease of vegetatLvely propagatlng Ehe ortetE; root
stock/sclon lnconpatablllty; unpredlctable flowering behavlour of
selected clones ln terns of amount and perlodlctty of flowerlng' sex

ratLo, perLod of fenale receptlvity and pollen sheddi.ng' gexual

"orpritbtllty, 
tolerance to ielftng, and difftcultles related to ground

nanagemenE, crop protecClon and cone harvesting" Many of these problene
w111 reoain wlth us for decades and many w111, Lf ever' only be solval by

tocal observatlon and exPerl.ence' .Because the number of varLables
lnvolved is large and becauae trost of them are the product of genotype x
envlronnent Lnteractlona, and because we are lnvolved with a changlng
populatlon of Eeveral hundreds of cloneg, lt is obvlously tnrposslble to
develop a satlsfactory blanket Pregcrlptlon to cover all sltuatlons'
Furthermore the 8cele of experlmentatlon needed Eo solve or even shed

light on so6e of the problems wtll requ:Lre areas of ground far ln excess
of orchard requlrements. Progress wtit ualnly cone about through
palnetaking detalled observatLong and recording over a long Perlod such

as the work on scoEs plne flowerlnS by sarvas (1962) who polnted the way

to the more recently reported observatlons by Erlksson (1978), on the
analysle, Lnterpretltfon and lmportance of temperature-aums on orchard

productlvlry for Norway spruce, Scots plne and lodgepole ptne'

Frorn experlences ln Scancllnavla wlth the sub-cllmax speclee

Norway Bpruce ft is recognlzed that Ehe loc,ntlon of an orchard can be of
paramount lnporEance for regular and heavy gone productlon' In general
orchards located Eo the south of and at lo$ter elevatlons than the slte of
the orlglnal natural populatlon encourages heavler flowerlng - probably
as a conaequence of hlgher accumulated temPeratures and perhaps coupled
wlth hlgher nolstrrre atre88 aaaoclated wtth lower ralnfatl and higher
transpliatLon lossee by the ground cover. For these reasons the Danes

have elready arranged ior a Douglae flr orchard to be establlshed ln
southern France, to glve then a shtft of L2 degrees to the south ln order
to achleve heavier and regular flowerl.ng. Undoubtedly other countrteg
wlth elnllar problems wlll lncreastngly seek to cooPerate in thls way ln
the 80rs. Ilowever, further lnvestigatlous of the effects of plant
development from seede derlved fron pa.reng materLal growlng in a totally
dlfferent envlronnent to the orlglnal parenta are needed to supPort or

modlfy BJlrnstadrs (1981) ftndlngs that local envlronmenEal effects'
for example photoperlod may modlfy growth rhythns and glve rLse to
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blochemlcal changes ln grafte whlch may be transmltted by cytoplagmlc
tnhert tance.

Mlnl-lntenslve ()rchards grown withln plastlc-sklnned
greenhouses have been succesefully trsed for several years ln Flnland.
They are ldeal for the mass-productlon of small-seeded precociously
flowerlng broadleaved trees such as birch and alder, but their general
sultablllty for conLfers Is very much less because of the lower
attalnable eeed ytelds per unlt of floor Bpac€r Furthernore several
Buccesgl-ve crops of grafts are needed slnce the llfe of a graft, grown
lnEenslvely under these condltlons, ls unllkely to exceed 4-5 years.
Nevertheless such orchards provlde opportunltles for mass artLftcial-
polllnatlone lthen the alm le the regular productlon of very valuable
hybrtds for vegetatlve Dass-propegatlon schemes. Ilouble the quantltles
of seeds mlght be obtalned tf contalnerLsed stock can be ralsed on
pallets for easy mechanlcal shtfttng into and out of the orchard "house".
BecArtse of the earlLer growth and coneequent earLier date of flower
inl-t{.atlon lt should be posslble to Lnduce two fl-ower crops per season -
one on each of the thro successive graft crops.

Normal seed orchards are wasteful of space - particuJ.arly ln
the formatl-ve years and the lnEenslty of thlnnlng and peri.odlclty of
thlnnlng hae to be carefully planned tc' opttmize seed productlon
throughout a rotatlon. Slmllar problerne have arisen ln top-frult
<>rchardg where lntensLve management of the crowns by regular prunlng
occura. More recently development has swung towards growlng cordon
"maldens" for 3-4 years before clearl-ng the crop and restartlng. In
shy-to-flower conlfers lt aeems lnevltable that more LntensLve research
should be tutdertaken to control the shape and helght of orchard trees and
to manlpulate the angle of branching ln ways whLch will promote flowering
and produce the ruaxlmum number of easlly accessl,ble flowerlng-sltes/per
tree. Perhape orchardlste w111 begln Eo renen and reconsider the sork
r:eported ln the 1950ts and early 60ts whlch almed to develop more
potentlal flowerlng sltes by Judtctous partLal crown rernoval and pruning
for spruce (Nlenstaedt 1981), and cordonlng, by lntenslve croFtralnlng
to produce "flat" tree forms Ln, for example, larch.

New ldeae should be trled guch as those produced by Sweet et
al. (1978) who dlscuse bl-clonal orchards based on parents wlth
exceptlonally hlgh speclfic-comblnlngabllity and tlre use of supplernental
rnase-polllnatlon; the use of growth retardants; anid use of boEh chemlcaL
and mechanlcal methods of lnduclng flowerlng; and flexible deslgns (Be11
et aI.1978). Good progress has already been roade ln these flelds and
musE be pursued further.

To those lnvolved in research I rnake the following pleas: [o
those worklng on flowerlng - report the number of potential flowerlng
potnts per unlt of crown rrhen presentlng your flowering data; Eo those
applytng fertlllzers - report the levels of nutrlent elements rn the
ror>ting zone of the solls before your fertllizer appllcatlons are rnade -
I.n order to lndlcate the startlng fertlllty leve1e; to those providlng
lrrlgarlon data and flowerlng responses provlde data on the soll water
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poten6lal at l1ore thaq one deptLr - uslng tensiometers aud, wherr feasiblet
the planE water potentlal from pressure-bomb measurements - together witlt
a record of the ground vegetatlon and its mauagement'

RESEARCH AND DEVEI,OPI'IENT OBJECTIVES

Publlshedobjectlvestrfmostbreedingprogranunesare:to
lncrease ylelds, or r to ratse the harvest lndex and produce higher
quality timber (llamkoong eE al. 1980); the lncreases arising from

speedier establlshment of-Ttre young crop and faster rate of height and

diameEer-growth, and the higher qu"ffEles of tlmber derlving fronn having

stralghter and more circular stems and finer branching' OnIy

occaslonally are the factors of cotal dry-matter producElon per
uniE-of-volume of the saleable stem-wood, cell waIl-thickness, fibre
lengths, or proportions of sprlng-wood to autumn-wood referred to - yet

all of these are of great lmportance whep deflning conlfer wood quality'
It ls my firm oplnlon that tree breeders will shortly be forced more and

more lnto looklng crltically aE the end-product - wood - rather than

contlnuing to place emphasl-s on the easily assessed phenotypic characters
of helght, glrth and stem- sEraLghtness '

ManyyearsagocattlebreederslnBritalnselectedaridbred
anlmals "for the show-ilng" - concentratlng their efforts on width of

foretread, cJmmetry of horns, coa! color, etc; they paid scant attentlon
to rnilk yleld and its butter-fat content w'ith consequences wtrich took a

long period to rectlfy. we must profi.t from their: negligence and ensure

that slmllar errors are not repeated 1n our progralnDiles t so that due to
lndlrect selecglon we produce crop6 wlth unacceptably low wood-density'
or r timber with undesirably short flbres '

I'OREST MANAGEMENI AND TREE BREEDING INTERRELATI.ONSHIPS

Tlmber Quality

Theuseofmechanlca].stress-gradlngtechnlquesonsawn-timber
ls rapldly lnc.reasing. From data so far obtained tt can be generallsed
that spruce tlmber of even-growth, and grown at a rafe equl-valent to an

annual production of uK)re than l4 m3/ha/ann, may produce timber below

the top grade (l{s 75) standard. The weighted Brltlsh natjonal average

yi.eld-class for Sitka sPf uce, for exan'ple, l-s 12 13 1na/ann and lies
wlthin a rarlFje of 6-24 r3/hr/"n.t, thus it is probable that a

substanrial proportlon of tlmber lnferior Co grade lls 75 will be produced

unlese through selectlon irnd brceding, the hreeder can substantlalLy
ltnllrove tlmber strength- properties.

As a consequence tsritlsh foresEers are now reconsidering some

of their sllvlculture and Eanagement practlces and particularly those

concerned wiEh plant espaceneu!, lurprovlng survival, inputs of
fertlllzers, and later thlnling'r.gi*u" - all of which interact and have

slgnlficant effects on savJrl-tlmber quality and its value' However,
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Cannell (1978) polnts out that many breeders tend to select progenitors
of crops whlch are adapted to grow well on a vari-ety of siEes, rnder a
rlrrrge of climatcs, uslng current slte preparatlon and f orest management
1-..gl111lr1ucs; arrd wi t lrout really conslderlng more lntensive cultural
Lrcatnrlnts lnclrrdlng hlgh fertllizer lnputs whlch asslst crops to
speedlly capttrr:r. tlre slEe and establlsh a full canopy quickly. Obvlously
there are conflicts of oplnion on Ehe baslc sllvicultural techniques Eo

be applled to those species and in those sltuatLons where faster growth,
wlthout some compensatory higher autumn-wood/sprtng-wood ratios, or, an
overall lncrease in wood denslty, could have conrmercially-lmportant
harmful effects 1n the longer-terrn. Clearly lt is essential to
crtrlcally examine wood samples taken from progeny tests on a varLety of
sltes ln order Eo establlsh the genetic and envLronmental components of
varlaElon to the total phenotyplc varlance and to establish the
irnportance of any gene x slte lnteractlons. Nlcholls et al. (1980)
recently provlded a npdel report on wood factors to be considered and irow
tlre data should be treated.

SpectrlaEion on the prots and cottts of fast-grown Eimber, the
possibl.e loss in dry matEer resultlng from indlrect selection due to
negative correlations between ring wldth. and density and the narrow-sense
l'terltabillty estimatcs for the more important wood characters, will not
be settled unttl breeders, silviculturlsts and economlsts begin to
lnte'ract rnore ef f ectivelv themselves.

tdeo type

()n certaln sices and partlcularly on rnarglnal sites at higher
latitrrdes, ftrture management may be dlrected towards the establlshment of
forests which are grovrn to rotatLon age wlth nlnlmal Ehinning or even no
thlnnings at all. Thls problem ls already being discussed in Finland
(Karkl 1980) where the debaEe centres on wtrether or not to select and
breed ideotypes (ideal plant types) with long, narrord crowns which can be
growr to rnaturlty wtth only one or even no thlnnlng. Landscape gardeners
lrave used selected ideoEypes to good effect over many centuries and the
challenge of selectlng and breeding forest tree ideo:ypes for speclal
forestry purposes must not be overlooked and, perhaps, morg so for Ehose
r;pecles which can be easlly and cheaply propagated vegetatively. Several
important irdvantagea are claimed for columnar narrow-crowned trees, suclt
as: improved stem quallty, stem-wood percenE, saw log percent, and value
per unit of timber: fewer plants and lower planting costs: reduced needs
for early economlc thlnnirrg, cost of llmblng, transport and processlng
(and assoclated energy needs); and higher reststance to storns and snow.
The chlef disadvantages are higher establlshment costs and smaller rnean
stem dlametera frorn the final fellings. Certainly the time is ripe for
the establtshment of well-deslgned experiments to provide indications of
the most effectlve ideotypes and/or ideotype mixEures for different
sttuations, their the flnancial benefits, if any, and of certaln
ldcotypes ln sllvlculture and management techniques and on wood volume
production and quallty.
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Nutrlent RequiremenEs

To entranc.e tree grohrth, fertl lizers iire rtow conrmonly and in
some caae repeatedly applled aa a routlne forest management practicet but
the recent very sharp lncreases ln fertlllzers and Lheir appli-cation
costa are now causing managera to reconstder Ehelr policies.
Between-famlly responses and .Lnteractlons to different fertlLizet inputs
have been clearly <lemonstrated for many tree 6pecles but oainly in pot
and nursery experlmenta. The rewards for developing tree varietles which
perforrn weltr under mlnLmal rrutrltlonal regines should be high and lt is
now tlmely for breeders and nutriglonists to Jointly deslgn experlnents
for screenlng treee of low soll N, P and K ferttLl'zer reglmes throughout
a rotation. Such projects w111 be costly in terns of land, the provlsl'on
of plants, mal-ntenance and assessnent costs and particularly lf both

"""dllrrg famllles and clones are Eestecl over a range of environu{:nts' It
ls essentlal for tree breede1s to think boldly and provide adequrte
research materlal for thelr successors even though Ehls creates "hlccups"
ln thelr annual breedlng programr5es - which ln rnany cases have becore
rather stereotyped now that sfrategies and reliabl-e trreedlng techniques
have been developed and introduced.

RISK FACTORS

Foresters are ugually verl' cautlous' largely because their
tralnlng ancl the 1,ong llfe-cycle of thelr croPs make thern ahrare of their
responslbilltles to succee:<llrrg generatlons. Recently this awareness has

been sharpened by the overtures from the gent:'-ecotrogists t

conservatlonlsts ancl the economlsts who predlct world-wide timber
shortages tn the next century. Durlng their tralnLng many foresters, and

partlcularly the more senlor ones, have been tnfluenced by European

ellvicultural practlces whiclt untLl falr.ly recently were ofterr based on

natural regeneration and crops of rnlxed specles and ages. Even today the
extremlsts shun the thought of changing to lrDre productlve species or
orlglns, and the ldea of monocultures and large areas of even-aged
forests are abhorrent to them. It seems inevltable' however, that from a

purely economlc po{nt of vlew Ehat much of l;he worldrs ftrture wood wlll
be clerived from plantatlons of pure species,, and probably more productlve
exotlc specLes planted to produce a nrcsalc of pure stands.

Cholce and Use of Seed Orlgins

Once the declslon to c-hange species has been m.rde flre queStlon

of cholce of seed origln arlses lmrnedlately and the tesElng of dlfferent
orlglns for adaptlve tralts becomes a unJor research task. unless the
area of the orlgln selected for testlng ls prescrlbed and then adequately
and carefully sampled, any resul.ts obtained fron the comparative tests
may be inconclusj-ve. Ignorlng this basic requlrement in some research
and developrnent programlnes has le<t to very nany wasted years and today

there can be no excu8e for repeatlng Ehese errora. Due to physlcal and

flnanclal llmlts lt le always lmposslble to adequately sanple a specles
range, or zone wlth|n a range, ancl the var:lat|on ln perfornance between

orlglns ls often high and often hlgher still- wlthln orlgtns. SlmllarJ'y
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it ls lmposslble to adequately sample the slces on whlch the naterial may

be planted commerclally. Experimental data therefore should be very
thorotrghly examlned and should always lnclude a critical examlnatlon of
wtthln-plot vartatton before reachlng nnjor declslons. Where

experlmental data from orlgl,n experinents show no clear-cut answerr it
rnakes sense to encourage the use of mLxed origlns in conmercLal pracEice
- mtxlng tero or nore seedlots of those orlgins where the rate-of-growth
and stem quallty ls ltkely to meet the potentlal needs of the user within
the regl-on or zone in questl,on. Samples of each orlgln can tlsefully be

kept separate and planted ln pure plots of upwards of 5 ha for further
research and/or general confirmatlon of many experimental tests results.
In future years the best of these sources rnay glve an addltlonal bonus by
providing a suLtable and sizeable "home" seed source.

Use of Plantln[ Stock Derlved from Orchards

Breeders in the north tenperate reglons are noht at the stage
where they have establlshed and are collectlng seed fron mrltl-clonaI
orchards based on unteated clones. A6 yet few have establtshed orchards
based on tested clones and these are mostly confined to precoclous
flowerlng ploneer specles. The untested orchards are nornally based on
clones derlved from a stngle phenotyplcally superior stand, a forest, or
a reglon, and few contaLn rnore than 40 clones; many are based on only
20-30 clones. By the tlme those clones wlth very early, very late or
even lack of flowering have been rogued or dlscounted such orchards wlll
have a rnuch reduced or very narrow effectlve geneElc base and the risk of
inbreedlng through selflng may be hlgh. The rlek factor to the manager
rrslng rnaterlal frorn such a source ls unlr:nown and will vary ln an

unpredlctable way f,rom orchard to orchard. The gain from usl.ng eeed from
such orchards IDay be high, but lt could be negatlve dependlng on

clrcrrmstances. The questlon arlses how should the seed be used durlng
the pertod untLl 1.5- and second-generatlon orcharde based on tested
clones beg|n to bear frult? Agaln I would suggest that rnlxlnS; seed or
plants derlved from dlfferenE orchards, based on clones from the same

zone or even ln sonre cases adJacent zones where phenotyplc variatlon
across an artlflclal boundary between zones or reglons ls contLnuotrs,
should be seriously consldered. Natlonal seed certlficatLon schemes and

regrrlattons tntended to pr,Dtect the purchaser by guaranteeing trueness of
species, variety and orlgin or provenance should, at thls stage ln our
development, lnclude a clause to permit mlxlng of lots 2g!!!ng the
accompanylng certlflcate accuraEely descrlbes the material. If it ls
rnlxed then the certlflcate should clearly lndicate the cornponents and
proportlons of the conponents ln the mlxture.

Clonal Plantlng Materlal

There are greaf economLc attractlons for clonal plantatlons,
mal.nly because these allow the breeder to take advantage of the hlghest
genettc galn fron heterosls, rare comblnations, useful aberrant forms,
irrrertrplolds and polyplolds and to get these lnto conmerce far more qult-,kI.y
ttran through the tested-orchard approach - thereby enhanclng the all
lmportant genetic gain per unit-of-tlrne. In a spruce breedlng programme
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It normally takes 12-14 years from the year of polllnatlon to the
completlon of a progeny test - two trrrre years to provlde a graft - 1O

more years before the first cornmerlcal quantltles of seed are avallable
from the orchard - and a further fLve-ten years before achlevlng fult
orchard seed productlon, 1.e., approxlnately 30-35 years. Assurnlng a
genetlc gal.n of 15 percent the mean annual, gal-n ts only half a percent!
Incontrastoneseed1lngfroruaffi1]-edcrosscanbe
ctoned-up to yleld say 500 plants vrithln flve years, which equates to
10-15000 plants per hand-polli.nated fl.ower or up to 1 L/2 nILLlon plants
per thousand cones five to seven years after a polllnatlon. Thts is
equivalent to a mean annual galn of 2 L/2 - 31(l These are conpelling
statlstlcs and certainly uuat have conslderable ftnpact on our long-term
pollcles and expanslon plans for orchards.

The rlsks of fallure of plantations based on a sl,ngle clone are
unpredLctable and cannot be quantlfied. Sorne forestry organlzations have
taken such rl,sks and, for example, Destremaux (1980) refers to 250,000 ha
of poplar plantatlons ln France of whlch 75 percent consist of clone 1214
robusta, and of four centurl-es of clonal forest practlce ln Japan wlth
Cryptomerl.a Japonlca. Pomcrloglets have taken slmllar rlske, and by 1980
It was eetlmated that some 10,000 urilllon Golden Del.iclous apple treeg
derlved fron a elngLe seedling selected ln Vlrglnla ln 191/r have been
cultlvated. However evldence from agrlcultural crops clearly supigests
that the rlsk of loss or debllity from attacks by pathogens or l-nsects
must be rnrch htgher fron a elngle than from a rnlxture of clones, ntrlch
Tigerstedt (L974) suggeste should be used ln tens rather than Just a few;
Klelnschmlt et al. (L977 ) recournends over one hundred. Heybroelc (1978,
1980) polnts-i-uFthe need for genetic varlation (whlch wt1l not preclude
dlsease darnage) to ltmtt the lmpact of a dlsease by spreadlng the rlsk
and by compeneatl.on when mlxtures are used.

Clone mlxtures are expected to show less phenotypic varlation
than slngle clone cultlvatlons and should be more rellable ecologlcally
and partlcularly wtth regard to hoet-paraslte systensl if comblned
optlmally they should out-perform pure cu'.ltures. It was suggested
(Stern, L969 ) that a naJor task for tree breeders should be the selectlon
of optlmal clone mlxtures. I thlnk lt ls doubtful that strch a project
wlll ever have a eubsEantial pay-off slnce breeders are expected to
produce a continuous atream of rrew and better clones. Thus by the time
satlsfactory nlxturee of the flrst batches of the ten-prevalllng best
clones have been deterrnLned and "comnerclal.lsed" they w111, ln all
probahlllty, have been supersecled by others of greater poEential merlt.

In some rather elementary cornparlsons of growth data made on
seedllng and elngle clone foreet plantatlons the coefficient of varlatlon
of the former was calculated to be 65 percenL whereas ln the tratter lt
r.tas 15 percent - agaln a powerful argument indeed for clonal plantatl-ons.
But - who could really Bay what fractlon of the 15 percent was
attrlbutable to clonal drtft rather than envl-ronnental verlatlon?

In hortlculture searchlng for useful mutation has been a
paeslve occupatlon in the past and Eoday some frul-t tree breeders are nort
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encouraging sllght changes ln their clonal stocks by the controlled use
of mrrtagenic agents - alming to secure, by chance, unaffeeLed fruit
quallties but perhaps hlgher reslstance to pests ancl diseases. This is
an approach to improvement whlch could be pursued by tree breeders when,
haviug obtalned a vast ly superlor clone by regular selection and breedlng
methods, they could then lntroduce minor genetic variations, having no
effect on say vlgour or stem form but which could provide lmprovements ln
dlsease reslstance or rooting qualities. There is at least a case for
exploratory investigatlons in this field ln order to develop methods and
technlques for achj-evlng minor mutations ln tree bud and cutting
rnaterlal.

WhilsE on this subject one should also rrention the risk, again
unrluantlfiable, assoclated with cytological instabillty arising durlng
ceLl and callus culture, partLcularly, perhaps, wtrere chemlcal stLnulants
are used for rootlng or encouraglng re-juvenatlon. There is also a
probabllity of producing some chimaeras arLsing from meristem cultures,
or, root chimaeras from rooted cuttings. As research and development in
these flelds ls pursued, lt is essential for breeders to make detailed
observatl.ona on the plantlets produced and thelr eubsequent perforuance.

PROBABLE IMPLICATIONS OF SO}IE RECENT TECHNOLOGIES

Vege tatlve Propagation

Rooting pine, spruce rrnd larctr cuttlngs has been intensively
rcsearchr:d during the past Ehree decades. Most workers l'rave reporEed
large betweerr-clone differences 1n rootlng abillty, a rapid decrease ln
rootlng ability wlth age of the ortet, and dlfficulties ln satlsfactorlly
weaning the resultant rooted cuttlngs. Stock plants trnder three to slx
years of age are preferred for the commerlcal production of cutEing
materlal in order to achieve htgh rooting succeas and to nininize
topophysis and the frequently associated plaglotropism. Thls poses a
seriotrs dilemrna slnce breeders usually walt B-10 years before declding
whlch progenl-es under tests have sufflclent merit to qrarrant propagatlon,
an age at whlch any selected tree can no longer be satisfactorlly used as
a stock plirnt for cuttlngs. As a resulE the only real options are to
resoq/ some of Ehe original seed to produce stock plants for propagation
whllst lt ls still very iuveniler or, to create a new batch of seed by
repeating tlre appropriate speclflc crosses and then to resohr. However a
very useful option may 6oon becone available lf a promising technique,
under development ln the research department of the French Organizat.ion
'Assoclation Foret-Cellulose', proves successful. The method involves
four cycles of re-propagatlng very old plants (ln their case
4OO-years-old P. plnaster trees) by means of grafting. After the fourttr
cycle complete re-juvenatlon of the rnaterial appears Eo have occurred and
rooted cuttlngs wlth prlmary needles have been obtained. The problems of
maturat.lon and how Eo reverse it, and nethods for the detection and
measurement of juvenility, are of enormous iurportance to all plant
propagators and conlfer breeders and it ls in this field of investigation
that our colleagues ln physlology and blochemistry have such an important.
contlnulng role to play.
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Variation between R1 and R2 generattons of P' !4d1?t,a have

already been noEed by shelbouine et al. (1974) and as they rlghCly polnt
out these could have wlde funpltcat-{on? in clonal selection progranmes '
lE must also be accepted that both genetic and non-genetlc causes may

affect early performance and t,herefore Che speed of establlshrnen-' of
clonal crop6. Clearly Ehe ftelcl for further investigatlon ls large and

of maJor importance (Lindgren, L977; Morgenetern, 1980)'

Tlssue Culture

Probable practtcal appllcat-ions and problems of tissue culture
in foresrry have been l.lsted and brtefly dlscussed by Wlnton *4:
(1976), Bonga (Lg77) and Reinhart et al" (L977) fron which it ls clear
that tree physlologlsts have much work ahead of them before the very
large problerns assoclated wlth embryogenesis and organogenesls are
solved. Furthermore, the reported lncidence of chromosomal abnormalities
1n gymnosperm cultures is stronSly lndicative Ehat this ls unlikely to be

a pracEical technlque for conlfers. Organlc chemlcal compounds, and

teipenolds and phenollcs {n partlcular, rnay be responsible for adverse
growth and survLval of tlssue cultures Ln pines and spruces. Current
resear:ch t.n Sweden ls almed at- the reduction or inhtbition of excess

phenollcs (Erlkson et al. 1980). A technique for loblolly ptne has been

recently publlsheri ty ltotc et al. ( l9B I ) .

ftaploid Culture

The load of deleEerlous genes carried by many conifers is
perhaps the largest deterrent to pursulng research irr the development of
haplold cultures frorn the rea{ily available anci bulky megiagameEophytic
tlssues. Coupled with thls are the reported dtfficulties of getting
haplotd tlssues to dlfferenti.ate dtrring r:ulture and again there is a risk
of mutatLona occurrtng; these three factors suggest that this
partlcularly difflc-ult fleld of research should not be actlvely pursued

at the rrcment.

Protoplast I{Ybridisatlon

Hybrldlsation of somatic or tnploid proLoplasts I.s belng
researched ln several plant genera of comnercially lmportant planf
specles. Success has already been achieved in both potatoes and wtreat -
two crop specles for whlch much l.s already knowrr about thelr genetlc
composltlon. lt seems unltkely that tree breeders wlll enter Ehis field
untll they have a much beEter undersEandirrg of the geneEics of the

Lndlviduals they w'lsh to combine" In the fflantime genetlcists and tree
physlologlete should not be cllscouraged from lrtvesElgatlng and developlng
suiEable t,echnlques for future appllcatlon in both coni'fer and

broadleaved species sl-nce protoplast hybridisation could have mrrch to
of f er tree lmprovers l.n ttre future.

Gene }tanlpulat1on

Thls ls concerned w-Ith the formatlott <'rf new combinations of
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lrt,rttable materlal by the lntroductton of nuclelc acld molecules from an
ttuts lde sortrce l.trto a vlrus, bacterlal plasmld or other vector system,
and to allow thelr incorporatlon lnto a host organism ln whlch they do
rrot natLlrally occ-rrr but ln whlch they are capable of contlnued
reproductl.on. It requlres very sophisticated techniques ln whi.ch
fragnents of DNA are flrst attached to a suitable vector. At present
suitable vectors for higher plants have to be dlscovered but the DNA
pj-ant vlruses and the Tl plasmid of Agrobacterluur tumefaciens appear to
be the two most probable candidates (old et al. 1980). Slnce conifers
are generally devold of viruses there suei-t6-Ue ltttle hope for the
first rnethod but the Tl plasmld of A. tumefacLens may have a future role
for some hardwoods. A 1978/79 OelpFi st"diloaFno rnention of a
recomblnant DNA break-through ln forest tree6 but did suggest a hlgh
probablllty of the developnent of new nltrogen-flxed plants by the year
2000 (Stewman and Llncoln, 1981).

Genetic englneering research and developnent programmes are
extremely expenslve and are associated wlth nany techni.cal,
organlzatlonal, staff and financlal problemsn In Europe it is now
acknowledged that the budget needed to lnitlate and bring to term
researc.h and development Ln a molecular bioLogy proJect tends to exceed
the capablllttes of a slngle lnstltute. For thls reason alone it seens
hlghly lmprobable, both now and for several decades ahead, that tree
lmprovement work in thle field can be adequately and justlflably flnanced
for what ls very speculatLve research.

Blocl-reml-ca1 Studies

To date these have had llttle Lrnpact on the management of
forest reaources but they have contrlbuted to our understanding of the
spatlal and temporal dynaurlcs of populatlons (Forrest, 1980a). In tree
breedlng programnes chenlcal features offer a possible sound method for
monltorlng progeny selectlon and testlng prograrnnea. There are tno
possibllltles for research lnto factors reapons{ble for chenotyplc
varlatton. First, lnvestlgatlons lnto the secondary products, for
example, monG$enes and polyphenols, whlch are lnportant ln themselves,
slnce certain chenotypes have been naturally selected ln dlfferent areas
of the natural dlstrlbutl.on (Forrest, 1980b). In thLs case chenotyplc
varlatlon rnay be used for selectlng trees if the charactera are
commerclally trnportant, for exanple, dlsease or Lnsect resistance.
Second, they may be directly selected by linkage assoclatlon wlth other
dlrectly selected characters (Weissenberg, L976).

Monopterpenes could be used for reflnlng the descriptlon of
natural geographlc varLatlon and therefore are llkely to be used for seed
certlficatlon purposes - uBlng, ln certaln specles perhaps, seed coat
terpenes (or polyphenols) ln addltlon.

Inherttance patterns wl1l requlre investlgation for the rnain
comrnercial specles and, when courpleted, could perhaps be used for
monLtorlng hybrid-orlgln progrannes.
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Polyphenols

Polyphenols have a possibte role to pl.ay as indicators of
heartwood quallty in relatlon Lo resistance to rof and ln hardwood
varlatlon studies where reslns are absent " The part tirat polyphenols
play ln reslstance to browslng or lneect- damage shoulci troE be overlooked
and, lf there lrl a llnk. ,it would provtde a most valuable tool for
lndlrect selectlon.

Isozynes

A greatlv increased urndersLancling of isozyme variants within
populatlons Is requlred ln order to determine the ecoiogical significance
of allelic varlatlon; for exaurple, different alleles uny have different
optinal temperatures for activity, in wh1ch case metabolically inportant
enzyrnes could be userl for selecting trees best adapted to growlng under
dlfferent climates. For these reasons there needs to be an extenslon of
Ehe enzyrne system whlch can he c<;nvenlently anaj-ysed Eo include those
known to be involved in controlllng photosynthesis, respirationn and the
synthesls of secondary prodtrcts r+trictr are accuprrrlated and locked-up to
form energy reserves.

Much research ls requlred to estabilsh relationships between
the dlfferent blochemlcal app::oaches and to <letermlne whlctr are best for
varlatlon studles and whlch urlll glve evidence. At preseut lt appears
that lsozymcs are of li.ml Letl v;ti-ue in stuclles of naturirl geographical
varlatlon but they are llkely to have greater relevance in rnrnltorlng
lndlvldua1ly selected l-1rres where disclnctlons are relatively 'fine' and
ln progeny-Eestlng programmes.

Gentotype x Mycorrhiza lnteractlons

ln the rd-d-1970f s the rnycorrhlza"l fungrrs lf_":titttgs Einctltri'tq
when compared wlth other mycorrhiza-forming specles was repcrrted to
enhance the growEh of loblolly plne seedlings (ltarx et al. 1979)" This
suggested that lt might be possible to screen nycorrhizal fungl for
effect.lveneaa as syrnbionts and so, perhaps, grow large seedlings and
perhape even tree$ to rotatlon age rnore quickly. RecenE observations,
hc,wever, have shown that dtfferent mycorrhizal- species and mixtures of
specles occur ac dlfferent deveilopmental sLages of a rree crop and also
that the beneflts may be highly dependerrt upon the levelt; of available
soll nutrlents.

Desplte the difflcuLtles of ldenttfylng myc.orrhizal fungl and
establlshlng and culturlng pure stralns, l-t does seem vlorthwhlle to
research thts fleld for a longer perlod. Durlng the process of
vegetatlve propagatlr>n by cuttlngs lt should be possible to exerclse a

much greater lnfluence on mycorrhlzal assoclations than is posslble by

ralsl,ng seedllngs and transplant stocks ln normal nurseries' In the same

way that assoclatl-ons can be lnfluenced durlng eonEainerlsed seedllng
productlon. If thts proves to be so then lnvestlgatlng the lnteractlons
between tree clone x mycorrhlzal species x urycorrhizal straln shorrld
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qulckly demonstrate the potentlal value and importance of further
research ln thls field. It is lnterestlng to speculate that ln routine
progeny tests sote of the rapid changes in ranking for vigour between
individuals both wlthin and between plots, and especlally in the early
yearsr DaY be due' partly to mycorrhizal specles or strain changes and
thelr lnteractlons wl th each tree genotype, and partly to seasonaL rnacro-
and mlcro-cllmatlc effects.

CONCLUSIOT,I

when r was invited to prepare thls address ny remlt gave me
plenty of latttude - and as a result r have had to treat npst of the
materlal qulte sketchlly and to leave rnany topics without comrent at all.
Perhaps durlng our tlme together over the next few days r+e can make the
opportunlties to discuss sonp of these matters nore fully. Nobody ever
goE a quart out of a plnt pot nor did anyone run saLlsfactorily before he
could wa1k. In Ehe formative years of a tree improvement programne therc
ls a real danger of rrylng to emulate the work of breeders of
agrlcultural crops and of trylng to keep apace and use new technologles
and rnethods for whtch we are Ill-equtpped to do. Tree breeding is, and
always w111 be, a long-term actlvity and, despite all the words of wisdlrm
whlch have been written and spoken in the last 20 years it nust, in
practical terms, remaln a very lnprecise art for several decades to come.
only after the broadsword has been used, albelt crudery, to reduce the
breeding base-populations to a manageable size, can tree breeders and
genetlclsts hope to get out and uee their scalpels to refine exlsting and
nehler technlques Eo real effect. The tempo and order in which thls is
done depends on many things but foremost ls the available resource boEtr
ln terme of personnel and lts quality, and money. Because the turbulent
B0's are ltkely to be affected by financial instabtllty and strlgency any
ainless meanderlng by R&D staff mu6t not be condoned.

The common goals <lf Lncreased volume production coupled r^r-ith
lncreased valtte, lower costs and minimal losses are very clear but the
route to them is stl1l lnzy. For thls reason we mrst retain a degree of
flexiblltty and adaptabillty so that rre can mould to changing patterns as
they emerge and thls can only be done by belng opportuni.st an{ quick off
the mark and by caklng thlngs forward technologlcatly in a pragmatic an4
tactlcal milrtrror.
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ABSTMCT

The maJorlty of seed orchards Ln Britlsh Columbla are developed
under the ausplces of two (coastal and rnterlor) Tree rnprovement
Counclls. Prlorltles are ldentlfled by each Council, wtrile deslgn and
rDanagement guldellnes are set by Technlcal Plannlng Conmittees. Coastal
orchards are Lnvariably clonal, produced mainly by graftlng; graft
lncompatlbtl-lty has not been a problem. The naJor marragement
conslderatlons of slte selectlon, root prunLng, Lnsect control and the
phenologlcal control, supplenentatLon and collectLon of poLlen are
outllned. The 25 coastal orchards established or planned for 7 specles
and 9 orchard planntng zones, and 9 proposed orchards are brlefly
descrlbed.

nf sur.rf

La plupart des vergers a'graines de la Colombie-Britannique
sont explolt6s sous 1r'eglde de detrx consells d arnElloratlon des arbres:
1'un pour la r6glon c6tle-re, l-rautre pour I'interr6ur. chacun des
conseLls 6tabllt dee prlorltes, tandls que lee conlt6s de planlflcation
technlque 'emettent des recommandatlons pour ce qui est de la conceptlon
et de ltamSnagement. Les vergers cdtlers sont toujours de type clonal et
lls sont Etablis surtout par greffage; 11 nry a pas eu de probldme
d'lncompattblltt6 des greffes. On donne un apercu g6n6ral des principaux
aspects de 1'am5nagement: le choix de 1a statloi, 1'6lagage des racrnes,
la lutte contre les Lnsectes, alnsi que le contrdle ph6no1oglque,
I'am61loratlon et la r6colte de pollen. On falt une bre've descrlption
des.25 vergers cdtlers d6ja etablls ou qu'on se propose dr6tabllr pour 7
espeb'es, de 9 zones propoe6es pour des vergers, aLnsl que de 9 vergers
proltos6s
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INTRODUCTION

The maJorlty of seed orchards in coastal British Colrrmbla are
managed or being developed under the auspices of the Coastal Tree
Improvement Council (C.T.l.C.). Thls is a government-lndustry
cooperatlve Eree improvement program. Its hlstory and developnent have
been well documented eleewhere (Crown 1979, 1980). Recently an InterLor
Tree Improvement Councll (C.T.I..C.) has been formed to serve the same
functlon ln the Lnterior of the provl.nce.

I\trenty-flve seed orchards are establtshed or planned for
establlshment by the coasEal cooperators (Table I). These orchards will
cover aeven dif f erent specles ( F, k, Ba , Cr, Cy, Ss , Se ) I and nine
seed orchard plannlng zones (Figure l).

An addltlonal nl-ne orchards are proposed for the coastal
porElon of Prlnce Rgpert Reglon. firese orchards would cover five specles
(F, Il$t, Pl, S8, Sx)r and four seed orchard plannlng zones (Figure
l).

To arrive at prlorlties for the establishnent of seed orchards,
queetlonnalres were sent ln 1979 to both governuent and industry forest
nanagers. The nnnagers were asked to outllne their plantlng prograns and
speclee preferences ln 1979 and to project these figures to 1994. The
projected flgures for 1994 were complled and used by the C.T.I.C. to
arrlve at prlorliles for seed orchard establishment.

A Technlcal Plannlng CouunlEtee (1f.P.C.) was formed to provlde
technlcal lnpur to the establlshment and lranagemenE of seed orchards
withln the cooperative. fhe T.P.C. is made up of breeders and tree
lmprovement personnel from the Brltish Colunbla Ministry of Forests
(BCMF) and lndustry.

After the C.T.I.C. had established the prlorlties for seed
orchard development, the T.P.C. set guldelines for the nunber of clones
each orchard ehould contaln, estl"mated seed yields to determlne orchard
slzes and general establlehnent and managenent prlncLplers.

The C.T.I.C. seed orchards w111 be establlshed at nlne seed
orchard complexes. Four of the complexes wLll be managed by the BCMF and

LF-
Hw-
IJa -
Cr-
Cy-
Se-
Se-
Pl-
Sx-

Douglas-f 1r - Psuedotsuga menziesll_
I.lestern henlock - f""ag heterophylla
Anabllls Fir - Abl.es aruabllis
western red cea@
Yellow cyprese - Chanaecyparls nootkateneis
Sltka apruce - Picea sltchensis
Englenann spruce - P. engelnant!
Lodgepole plne - Plnus contorta
Interl-or spruce --ntEa-G[p. -



Table 1.

-21 -

CIIC SEED ORCHARDS

TARGET AREA

ZONENo.

I MoF
It Tahsls
L4 MoF
15 MoF
16 CFP
18 Tahsis
20 MoF
26 wFP
27 WFP

28 I4IFP

29 BCFP
30 BCFP

31 MoF
32 l"ts

33 CFP
34 cz
35 MB

36 Tahsls
37 MB

38 cz
39 ttB
40 cz
4l MoF
42 IIFP
43 MoF

R-l *
R-2*
R-3*
R-4*
R-5*
R-5*
R-7*
R-B*
R-9*

EVI
I.rvr

SCM/CIT
JS

EVI/JS
ITVI/NVI

CIT
NVI/wcc( s)
Nvr/wcc(s)
NVr/WCC
}IVI /JS

I{\II
crr/sc

IWI
JS/SCM

JS
EVI/SCM

tfft
SCM/CIT

I{VIlEVI/JS
IwI

EVI/SCM
SCM/EVI/JS

QCI
JS/SCM

ELEVATION (n)

300 - 700
0-600

300 - 900
0-450

600 - 900
0-900

760 - LO70
0-450

450 - 900
0-600
0-450

600 +
1100 * 1500

0-450
0-450
0-450

900 +
0-600

700 - 1200
500 - 1200

0-500
0-500

4s0 - 900
0-450

450 - 900

450 - 900
450 - 900

0-450
450 - 900

0-450
450 - 900

0-450
450 - 900
450 - 900

SEED TARGET (kg)

38. 3
20.8
22.4
1g.g
20.5
3.8

52.4
2.9
1.8
0.9

40.5
4.4

11.4
2.9
1.3

2L.7
31 .7

1.3
3.2
3.2
1.6
0,5

27.s
3.5
3"0

4.9
2.7
2.2
2.2
2.O
3.1
4.8
2.O
2.A

SPECIES

F
F
F

F
F
Ss

F
IIw
Hw

Cr
Ba
Ifi'
Se
llw
IIII
F
Ba
TftI

Cy
Cy
Cr
Cr
Ba

Ss

llw

T
NC

MC

qcr
NC

T
MC

NC

MC

Sx
Ss
Ss
Ss

Ss
P1

F
Ift{t

Hw

* Propoeed New Orchards.
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flve by companles. Each seed orchard manager prepares a co'poslte
worklng plan according to a standard forn"i toi the seed orchard conplexunder hls/her management. Thls plan aervea ae a worklng document. It isrevlsed annually and revlewed by a fl-ve-six nernber Technical RevlewComnlttee. The Technlcal Review Comuittee ls conuprlsed of the seednrchard coordlnator, BCMF breeders and two lndusEry representatlves,

SEED ORCHARD MANAGEMENT

Seed orchard nanagement ln Brltish C.olumbia ls still ln irslnfancy slnce most orchards are in the eetabliehnent phase.

All of the C.T.I.C. orchards w111 be clonal. parent tree llstsare prepared by the seed orchard manager and approved by the T.p.c.
Permutated nelghbourhood or randomized conptetl ulock (with restrlcted
randornlzatlon) deslgns are belng used for the c.T.r.c. orchards.

Most of the clonal ruateriar wtlr be reproduced by grafting.
Llmlted amounEa of henrock, cedar and cypress lrill be reproduced asrooted cuttlngs. Most of the propagatlon for coastal seed orchards rdllbe carrled out at the Cowlchan Lake Experinental Statlon. New facilities
have been constructed for thJ.s purpose.

Based on our current level of knowledge, graft incoropatiblltty
does not appear to be a prob]-em ln any specles except D,ouglas-itr. The
BCMF 1s carrylng on an lntenslve screenLng and breedlng piogram for thepurpose of producing hlghly cornpatlble Douglae-flr rooisioc[.s.

Past experLence in seed orchard nenagement has shown the
lmportance of orchard locatLon ln relatlon to cone productlon. Areasexperlenclng surnmer drought are now consldered prlne areas for seedorchard eetabllshment. Fron i963 to LgTg 

"ore i5 seed orchards wereestabllshed on the coast i 652 of the total seed produced has been by thefour seed orchards located in areas of sunner drought (crown rggo).

Root prunlng, uslng a large (44") tree spade, has proven to bean effectLve method of tnducLng cones ln Douglae-flr orchards on thefrlnge of the aunner drought areaa. In one teat Karlsson (Lg77 ) reporteda ftve-fold lncrease ln cone productlon from root prunlng. Ftlied -seeds

per cone was the same for treated and control.

Phenology data and pollen fllght data are routlnely collected
ln moat seed orchards. Slnce rnost of the present Douglas-flr orchardsare establtshed Ln close proxlmlty to naturel stands, pollen
contamLnatlon ls a very real problem. one rrethod of overcomlng thlsproblem ls the use of eolld seE lrrlgatlon systeos. The concept of uslngthe coollng effecte of water spray to delay ieproductlve bud developmenr
was the flrst reported by silen and Keane (19d8). rn a more recenE
paper' Fashler and Devltt (1980), reported that coorrng suct:essfullydelayed 767( of. the clones ln Paciflc Forest Products'Ieed orchard pastthe peak pollen fllght perLod.
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An added beneflt of reproductlve bud delay is,the posstblllty
of some lnsect conErol. Mlller (Personal cormtun|cationl-) reports
rhat lf buds can be delayed by ten daye, reasonably good control of the

Douglas-flr cone gal1 mldge (Coniartnla oregoqensls Foote) can be

achleved. The proceas ls qulte C;ffier CPenfied-and Lnsecticldes remain

the rnoet effectlve rreEhod of control.

SupplenentalpolllnatlonisfrequentlypractlcedduetoEhe
pollen conEam{natlon problems, young orchards produclng inadequate
quanttttes of pollen, and a deslre io lnfluence the genetic structure of

a partlcular seedlot. The BCMF hae done considerable work on

eupplenenLal polltnatLon technlques. However, these Eechnlques are stI11
generally at the Prototype or testing stage'

Theuseofsupplementalpollinationrequirestheabilltyto
collect and store large quanttties of pollen. Most orchard conplexe8 are

developlng facllltiee for the extraction and short-term storage of
pollen. it" SClfi' Ls developlng a pollen bank for long-tero storage of
pollen at Duncan. Evacuat,ed, vacuum-eealed containers conslstently
produce better seed ylelds although t{ebber ( i980) ls working on more

efftctent rnethods of storlng large quantltlee of pollen'

The work of owens et 9!. (1981) will prove invaluable in
dererrnlnlng the tlmlng of supp-plaentaI pollLnatlon in Douglas-fir'

AstheorchardsarestillrelatlvelyyounS'fewtechnicalor
loglstlcal problens have been encountered l-n cone harvest. orchard llfts
or orchard ladders are Pregently used for access to the trees' Cones are

pi.""a Ln L/3 hl cone sacks and stored on racks Ln cone sheds before
shipnent to the extractorY.

CONCLUSION

In conclusion, seed orchard management ln Britlsh colurnbla Ls

in a very excltlng Eime. We are starting to learn to nanage Douglas-fir
seed orchards wlth sotre degree of expertise but the establlshnent of

orcharde of slx to eight ".lditlott"l 
lpectes wlll pt'ovLde consl'derable

challenge and tax our lngenulty to the fullest'

l- Gordon l{lller,
Victorla

EntomologLst, Canadlan Forest Servlce' PFRC,
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RECENI DEVELOPMENTS IN ENHANCEMEM OF SEED PRODUCTION IN CONIFERS

Stephen D. Ross

Reteanch Bnanch, Bh.LtiAh Ccll-umbia l,LLnLttnq o( FoneaLt,

V.ictonia, B,C.

and

Rlchard P. Pharis

BioLogq Dept., Univ. o( Ca,Lgantl

C*llganq, Al-benta

ABSTRACT

Recent flevelopnents ln technlques to enhance flowerlng and seed

productlon ln conLfers are revlewed. Current operatlon status and future
requirements are dlscussed, and optlnum strategles for thelr use in seed

orchards consLdered. The conventlonal method of produclng "genetlcally
improved" seed ln wtnd-polllnated, soll-based orchards is found lrantLng.
Two new seed orchard concepts - the hedged outslde, and lndoor pott'ed
orchards - both full-elbllng, and both offering the potential for earller
eeed productlon and hlgher genetlc galns, are also exanined.

nfsuuf
Leg auteurs exanLnent les progreb r6cents des technlques

d'am6lloraglon de la floralson et de 1a productlon de gralnes chez les
conlfe'res. I1s dLscutent de leurs appllcations actuelles et futures et
conslddrent les fagons optinales de 1es utill-ser dans les vergers a-

gralnes. Selon eui, 1a m6thode classlque de productlon de gralnes
l6tr6ttq,r"ment arn611or6es, dans les vergers en plelne terre ou' 1a

polllnleatlon est an6urophl1e, est d6flclente. Ils examlnent deux
nouvilles m6thodee: les vergers a'gralnes a'1'ext6rleur et entour6s de

hales ou at lrLnt6rLeur et conatttu'es de plants en pots, dans les detx cas

de descendance blparentale et offrant la posslbtllt'e d'une production
plue pr6coce de gralnes et dram6lloratLons gEn€tlques plus
coneld6rables.



- al

IMRODUCTION

Poor flower{.ng ln eeed orchards remalns a rnaJor obstacle to therapld and full reatlzatlon of tree lrnprovement benefits. Slgnificant
progress, however, hae and ls contlnuing to be nrade both tn the area of
more effectLve technlques to enhance flowerlng and cone productlon, andln new concepts of orchard management. These recent developnents, wlchpartlcular emphasls on current operaEion status and further research
neede, are revlewed hereln.

FLO$TERING ENHANCEUENT A}ID CONE PRODUCTION ITCHNIQI.IES
IN CONVENTIONAL ORCHARDS

wtLhin the conventlonal seed orchards we are conflned tobasicrrlly four techniques: the cultural treatnents of nltrogen
fertlllzatlon, glrdllng and root-prunrng, and the appllcatLon of
hormoneg, of whi.ch glbberelllne (GAs) show the nost pronLse. other
treatmenE/techniques nay be feaelble ln the 'hew concept seed orchard..,but dlscussion of these wtll be deferred to later sectLons.

Properly used ln conJunctlon wlth other managenent practlces
(discussed under Growth Control) these four treatrnents offer considerablepotentLal for enhanclng ylelde of present-day seed orchards. And,
lncreased effectlvenees from all four treatments has resulEed fronn ourbetter understarlding of the critlcal ttrne(s) for lnflueneing flowerlng(see owens and Molder 1978). Addtttonalry, rre are non ardare of the
tmportance of proper slting (e.g. on well-dralned soils and Ln reglons ofhlgh solar lnsolatlon durlng the conebud ctifferentiatlon perlod) for neworchards to enaure earller and mre abundant eeed productlon.

Cultural Treatments

As lttasters (1981) has exanlned weyerhaeuser oornpanyrs
experlence with the cultural treatments of gtrdling and nitrog"r,fertlllzatlon ln Douglas-flr orchards, our dlscusslon of then wlll bebrtef (eee aleo revLewe by purltch 1972, Jackson and sneet Lg7z, LeeL979). Glrdltng has generally been the rnore effectlve cultural
treatment, but for both treatments connrerctally slgnlfleant increases in
seed productlon are confLned to eexually Dature trees on favourable
sltes, and durlng years that are very favourable for flowerlng ln thereglon as a whole. Even so, these treatments have the advantage of betng
operattonally feaslble, relatlvely lnexpenslve, and can be coet-effectlve
when properly used (Masters 1981).

Purltch (L972) concluded that rootprunlng, the third culturaltreaEnent' requlres further experlnentatlon before Lt can be consldered
an accePtable cone-lnductton technlque Ln convent.lonal seed orchards. Atthat ELne rootprunlng had glven qulte varlable results wlth dtfferent
specles. There r*as also concern that repeated rootprunlng muld lnvlte
lnfecElon and otherwise advereely affect tree health. stnce 1972
rootprunlng has been succeesfully used for rtsny years ln sooe southernplne orcharde wtthout adverse effects (Gregory and Davey Lg77). rt has
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Bubsequently been shown Ln nuoerous operatl"onal and research trlals to be

one of the Do6t consLstently effectlve flower stlmulatlon treatments for
Douglas-flr (Stlen 1973, Anon. L977, l,beters 1981, Ebel[ per.
conm, ) .

In trtals on Douglae-flr, 10-fo1d and greater increases ln both
feurale and male flowerlng rtere not unconmon, although, as with all
treatnente, best results were obtalned ln years that were favourable for
cone lnducElon ln the reglon as a whole. Sl-nce lnadequate pollen
productlon rather than poor fenale flowering |s the rnaJor problem ln
young orchards, It ls partlcularly slgniflcant that rootprtrning ls
especlally effectlve for lnducing pollen cone-buds on ramets and
eeedllngs that are too young to respond well to other treatnentst
lncludtng GAa.

Baeed on a revl-ew of the rnainly unpubllshed results on
rootprunlng ln Dougl.as-flr, Ebelj- (pers. conm.) concluded that
rootprunlng should be eufficlencly Bevere to cause a 40'60"4 reductlon In
hetght Lncrenent for maxlnusr flowerlng response. Cone abortlon and even
death of the tree can reeult lf the streas durlng lnductlon ls mrch
htgher. Ebell also observed that repeated annual rootpruning depressed
accumulated cone ylelds, whereas blennlal treatment conslstently reeulted
ln good blennlal cone-bud lnductlon. Trees should be well fertlllzed and
lrrlgated the year followlng strese treatment, otherwLse a tlto-year walt
wtll be requlred for the next rootprrrnlng treatment to be effectlve
(Karleeotl pera. conm.).

Better nnthods for rootprunl.ng large trees rur.rst still be
developed before routLne treatment of seed orchards can be consldered
cost-effectlve. Conmercial tree spades conmonly used ln the West are'
however, sultable for rootpruning small numbers of small trees.
Unfortunately, the models requlred for larger seed-orchard trees are too
expensl-ve and too slow for operatlonal uae on a large scale. Sub-solltng
by neane of a tractor-Dounted rlpptng blade, or vlbratlng plow, has
proved to be a qutck and effectlve treatment ln loblclly ptne orchards
(Gregory and Davey L977), and lts use Ln one Douglae-flr orchard is
currently belng evaluated by Masters (1981). Additlonal research ls also
requlred to optlnlze treatment tlnlng (sptlng va fall), severlty (depth
and dletance from tree) of lnitlal and re-treatnent ln relatlon to tree
elze and slte, and the optlmum tree slze to begln a reglme of blennlal
roo tprunlng.

Gibberelllne

For many years lt appeared that GAs would only pronote
flowering Ln nembere of the Cupreseaceae and Taxodlaceae fanllles (see
revLew by Pharls and Kuo 1977). For these specLes precoclous and

t L.F. Ebell, B.C. MLnistry of Forests, Victorl,a, B.C.

Z S.A.I. Karlseon, B.C. Mlntstry of Forests, Victoria, B.C"
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enhanced flowerLng could readlly be lnduced, even in very young seedl-lngs
by exogenous appltcatlons of a nunber of glbberelllne, lncludlrlg ttp nostreadlly evalLable one, gibberelllc actd (GAl). Unfortunately, pLnaceae
epecles were vlrtually unaffected by GA3. However, tn 1973, followlng
leads from bloassay lnveetlgatlon, we (Ross and Pharls L976) found that
certaln other GAs, notably the rmno-hydroxylated GA4 17 mLxture(e.g. GA4 arrd GA7 exist 1n a less oxldlzed forn than GA3 whlch has
two hydroxyl groups), worrld pronote flowerlng in Douglas-trr. The
efflcacy of GA417 aa a cone-lnductlon rreatment has now been
dernonstrated for at leaet 12 epecles repreaentlng four genera of plnaceae
(see references ln Pharls et a1..1980, Ross et a1. r98l). AuxLns, and toa lesser extent cytokinln"l-"rt- enhance ttre Etllcacy of GA477 rn
soue specles, although neLther they nor other plant gror{th iubstances
are partlcularly effectlve by thernselves (Roes 1976, PharLs et al.1980,
Tonpeett 1978). - 

-

Glberellln A4/7 has proved ro be about the rmst effecclve
and rellable flowerlng stlnulatLon treatment for a wlde varlety of
Plnaceae farntly conlfers. Four- to slx-foLd lncreases ln cone productlon
are routinely achleved, wlth conslderably greater reaponses not unconmon
(see McMullan 1980, Ross et al. 1981). Rootprunlng alone has ellclted
flowerlng responsee of grE-tF magnltude, but to our knowledge only for
Douglas-ftr (S.C. Cade et 41., Weyerhaeuaer Co., unpubllshed resrrlts).
Although the hormone ls-nrolE effectlve on gexually nature trees {see Ross
L976, L978, Greenwood I97S), the age at rrtrlch flowerlng cen be lnduced ls
belng contLnually reduced as research optlnlzes treatment condltlons.
Thus Brlx and Portlock (1982) lnduced precoclous flowering ln potted
I^testern henlock seedllngs that were only tm yearo old fron seed by meansof GA4 17 and water stresa treatment -- Lntereetlngly, thls rmst
responelve of al1 PLnaceae species also has one of the longest Juvenllephases, 20-25 years.

Beet reeults are usuarly achieved r*ren the cAr*/7 nlxturels applled ln conblntalon wlth cultural practLces, whlch'6y theneelves
may be lneffectlve ln that partlcular lnstance. Both nltrate
fertillzatlon and gtrdllng are effectlve ln thle regard (Rose and pharls
1976, Roes et aL. 1981), but the strongest synerglstlc effecte have
occurred wtE- G-ter Brress (Rose L978, pollard and portlock l9g1).
Prellmlnary lndlcatlons are that cMfi plus rootprunlng wlll be
eepeclally effectlve treatnent conblnatlon, at least for lbuglae-flr
(Rose unpub. ).

At preeent GAs have thelr greatest ugefulness ln Lnduclng early
flowering for breedlng purpoees. Ae wtth rootprunLng, nore coet-
effectlve appllcatlon meEhods nugt be developed before horrnonal treatmentof large eeed orchard treee can be consLdered practlcal, except on allnlted scale (e.g.ln Flnland the several-fold Lncreases tn aeed yteld
by GA417 ln scota pLne were accompllahed at a cost for hormone of
about 0.2*/eeea -- not very much untll one considers that 150 mllllon
seedllngs are planted each year). Wegtern hernlock and those speclesof Cupressaceae and Taxodl.aceee that flower profusely in r""pons" to
low-concentratlons of aqueoue GA foltar sprays ere currenrly exceptlons.
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But, for rnoet Plnat:ear. specles cAA/7 f ollar $lrrays are retatlvely
lneffectlve -- they are aleo coscly, belng qulte wasteful of thls ettll
reratlvely expenelve hornone (gcDN 12.OO/gram, 198r)" unfortunately, the
more effectlve (ln Eerms of hormone coat) sten- and branch-lnjectlon
methods are laborlous and not well sulted for large trees (Pharts and
Rose 1976). The prospects of developlng cost-effective GA foltar sprays
are good however. Speclal antl.-evaporant olle and new ultra low volume
spray (IILV) techrrlques have resulted in greatly enhaneed bloi.ogical
actlvity from follar-applled pestlcldes at only a fractlon of dosage
prevlously requlred wtth conventlonal aqueous sprays (Coffee 1979).
Their use wlth GAs on conlfer:s Ls currently being assessed in British
Columbla. Further research :[s thus requlred to determlne the best
appllcatlon EechnLquee, the concentratlon of horrnone, and the npsr
effectlve treatnent echedule for each species.

Growth Control

How long unttl an orchard comes lnto commercinl cone production
appears to be a functLon of tree or propagule size, not age. Ilence, the
faster the early growt.h rate, the better. Thls ls why seedllng orehards
become more productLve sooner than clonal orchards, despite propagation
of clonal orchards from already sexually mature lndivlduals (Puritch et
al. 1979). Seedllngs characterlstlcally grow much faster than vegetaEfve
propagules and they also have nore branches (potential flowerlng sites)
per unLt of stem (Copes L976). Whlle lt ls true that poor flowerlng is
norrnally assoclated wtth good growLng sltes, this l-s because the stress
condltlons required for enhanced cone-bud lndrrctlon seldom occur at the
proper tlme. Ilowever, it now appears that we "can have our cake and eat
1t too" through use of growth-acceleratLon technlques.

Although long known for woody anglosperms (Jackson and SweeE
L972), lt has only recently been shown that subjectlng conlfer seedllngs
durlng thelr flrst year of free growth to extended photoperlods rrtthln
the greenhouse can greetly hasten the onset of flowerlng followtng
outplantlng (Young and Hanover L976, Cecich 1981).

Thls method of growth aceeleratlon ls much less effective on
vegeEarlve propagules where the pattern of slow and determLned growth ls
already establlehed. However, on mature sclons growth rate can be
naxlnlzed by uslng robust sc.lon matertal and fteld graftlng onto
vLgorous, well esEabllshed seedllng rootstock (Copes 1980). Although pot
graftlng has advantages fron the etandpolnt of convenience, Copes (1980)
has ehown that thelr perfornance following outplantlng ls decidedly
lnferlor' even ln the absence of apparent pot-blndlng. Rooted cuttLngs
requl.re even more tlrne to aEtaln cone-productlon slze (Copes f976), and
thls method of orchard establlshnent can only be recommended for those
speclee where rootstock-sclon lncornpatlbillty makes the use of grafte too
rleky. w1'ratever the method of propagatlon, the l-mportance of weedlng,
lrrlgatlon, fertlllzatlon and stocklng control to mLnlmlze the time
requlred for orchard Erees to attaln an optlmal cone-productLon size
cannot be over-enphaslzed.
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Seed orchard rnanagera are often reluctant to accelerate growth

stnce the treee wlll all too rapidly becorne too tall for econonical cone
trarvesElng Bnd other: tnanagenenE practtcee. Also, the vlew scill prevails
that helght control ln conlfer seeC orchards ls nelther practlcal nort:Ifectlve. one method of overconting this problem, annual leader removal(frequently also competing branches) beglnntng at a relatively young age(6-10 years) usually depressed seed yields, often for several years afterprunlng was discontlnued (copes L973, Long et ar. L974). Furthernore,
the check to helght growth was only temporafr-rdith vl,gorous upper-crown
branches raptdly replaclng the renoved termlnal once apical doroinance had
been lnterrupted.

The naln reason wtry this nethod of heLght conErol has been
generally detrl-mental appears to be that prunJ.ng was iniEiated before the
tree crowrl lud sufflclently developed. worklng wlth radLata plne in
Australla' Matheson and Wlllcocks (L976) found that a late, very severe
top-prunlng (pollardlng) not only gave effectlve helght corrtror (3-5
years), but actually lncreased cone producEion. Flower{ng after
pollardlng of 22 n raneta to 8 m was lncreased greater than 702 over thenext telo years. Slmllar results were achieved by Neinstaedt (1981) ln a
l5-year-old grafred whtte spruce orchard by topprunl.ng the upper 33i. otllve crown. Pollardlng of a Dougras-fir orchard has aiso grven
encouraglng results in a preltmlnary trlal by l4aster (1gg1). These
studiea only begln to lndlcate the potentlal that cror,in nanagernent offers

_for increasl'ng the proportlon of cone-producing branches. Research almed-at determlnlng the optlmun tree slze to begtn ireatrnent and the method
and severlty of prunlng, should be given the hlghest priority, rrlth
speclal concern toward rnaklng the applicatlon of, the GA4/7 hormone
treatment more effectl.ve.

TREATMENT STRATEGIES

Tlte questlon of optinum treatnent strategy has recleved llttle
research attentlon. However, there ere some general guiclellnes, and we
can lndlcate areaa where further research ln technlquee is urgently
needed ln order to realLze rnaxlmurn cone-induction beneflts.

1. Treatments should be tallored for speclflc purposes. Thus, although
nelther GAs nor rootprunlng has yet attained an operetLonal,
cost-effect{.ve status, thelr selective use to enhance seed productlon
by the "genettcally best" clones rnay be Justlfled. A1so, certaln
treatments (e.9. glrdllng/root-prunlng) have a tendency to
preferenttally pronote rnale flowerlng, end should be used for those
clones or orchards rdhere eeed ylelds or genetlc quallty ls belng
ltmlted by lnadequate pollen productlon.

2. The optlnuu treatment(s) will vary wirh the slte (and wtth annual
cllmatlc condltlons, but these can only be predlcted "on the
average"). Nltrate fertlllzatlon wlLl not be partlcularly effective
on sltes where, during cone-bud dlfferentlatlon, a hlgh soil pll anct
cool, molst eolL condltlons favour lts rapld reductlon (Ebell Ig72>.
Rootprunlng nay be absolutely essentlal on wet sites, t.rlth or wlthout



-:l?-
GAA/I treirtment, if any flowerlng at alL ls to be reallzed.
But, rootprunLng could depress ytelds lf ueed on an already
stressful slte. Unfort,unately, we do not yet know how the varLous
treatnents lnfluence flowerl-ng, and hence how they should be used to
conpensate for dlfferent llmltatlons of slte.

3. The optlmuxo treaEment(s) changes wlth age. Thl"s {s another area
where further research ls urgentLy requlred, although ln general r*e

know that the older the tree, the less the stlmrrlus needed' There ls
algo some evLdence that the severe atress necessary to Lnduce
flowerlng ln young tree6 can depress corre and seed ytelds ln older
trees (Rose 1978).

4. There is an optlmurn Eree Blze for init.latlon of treatments that
stlmualte rnaximum flowertng per proPagule. Most orcharda are
deslgned to concentrate seed producti.on on a relatlvely few large
trees, and cro\.rn developnent (and thus future yl-elds) can be severely
depreseed lf stress conditions are Lnltlat-ed too soon.
Growth-acceleration techniqrres should be used to attaln thls optlmun
slze (whlch remaLne to be determLned enperlmentally) as rapldly aa
posslble.

5. BlennlaL treetment--half the orchard one year the other half the next
ln an alternatlng manner--wlll result ln greater accumulatlve eeed
yielde than annual re-treatment of the entlre orchard. Flrstly, the
treee w1L1 requlre at Least a year to phyelcally recover froi[
rootprunlng (or gtrdltng) f<rr re-treatment to be very effectlve.
Secondly, the stress condltlorrs condur:Lve to cone-bud dlfferentlatlon
may result ln lncreaeed cone and seed abortion. And thtrdly' good
growing conditlons durlng the off-treatment year appear to be

requlred for shoot recovery, and for the productlon of vlgorous
terruinal- buds havlng a high poEential for dtfferentlatlng cone-buds.

NEW SEED ORCHARD CONCEPTS

Desplte recent hormonal and cultural treatment developments ln
cone-bud enhancement and helght control technlquee, the tradltlonal
wlnd-polllnated seed orchard renalns a slow, unrellabl-e and generally
lnefflcient method for productl.on of genetlcally Lmproved seed. Control
over (or amelLoratton of ) trnfavourable envl-ronmentat condltl"ons wlll
always be lfunlted, and all the management problerne assoclated rvtth large
trees can only be reduced, not elLmLnated.

Further, the l-ack of confrol over pollen Flrentage results ln
genetlc galns conslderably below those poeslble wlth contolled
pol1lnatlon. Two new seed orchard concepts have recently be proposed
whlch vre belleve are deservLng of serioua conslderatlon and further
reeearch. Theee are (1) the hedgedn frrll-slbltng orchard (Sweet and
Krugman 1978) and (2) the lndoor potted orchard (Haeussler and Ross
1981 ) .
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Iledged, Full-Sibllng Orchards

sweer and Krrrgman (1978) descri.be a new approach to the
prodrrctlon of full-sitrllng seed, whtch although speciftcai.ly almed at
radiata plne, could be adapted to any specj"es. L{hac tirey propose Ls Ln
essence a group of 2-clone orchards where raftete are grout |n clonal
"hedges" kept low by prunlng, and ln whlch pollen parentage ls conErolled
Lhrough arttflclal polllnatlon rather than by JuxEaposlti.on of clones.
In addltlon to naking artlflcial polllnatlon practLcal, the low helght of
ramets (2-4 n) greaEly facllltates many treatnente that promote
flowerlng, as well as the protectlon and harvestLng of cones. The
clonal-row deslgn enables treatments to be cllstom tailored and optlnally
ttned to the requlrernents and phenology of lndivldual clones. It also
makes for more efflclent use of valuable orchard land. Inferlor clones
can be replaced wlth new selectlons, wtrlle retalning those of rnalntalned
genetlc superlorl.ty, ln what we caLl an in situ advanci.ng-fronE deslgn,
Thls ls posslble because the hedged rameG ffi-ne clonal row are never
allowed to reach a sLze where they w111 serlously affect floweriqg of
rameta ln adJacent rows.

The hedged orchard Is rnanaged for early and sustained high seedylelds. Because productlon ls diffused among nany small ramets, rather
than concentrated on a few large trees, as ln corrventLonal orchards,
Ereatments to enhance flowering can be inltlated much earlLe:r. The
rnethod of crown tralnlng also dlffers strbst.antlally fron the pollardlng
treatment prevlously descrlbed. rt beglns early and, ln the case of
radlata plnr:, ls lntended to favour the abundant productton of vlgorous
shoots for eeed cones and/ot suppressed shoote for pollen productLon, co
the excluslon of lntermedl.ate-vl,gor ehoots wtrlch have 1ow potentlal for
dlfferentiatlng cone-buds of eLther sex. For other conlfer species it
remalne neceaaary to better characterize the Eypes of shoots rrtth high"sexual dlfferentlatlon potentlal", than to develop the prunlng
Eechniques to promote thelr rapld production of sroall ramets.

Radiata plne breeding arboreta have been rnanaged along lines
simllar to the hedged orchard concept for a number of years Ln New
Zealand and Australla. Although eeed yields per hectaie have not been
compared ln relatlon to conventlonal orchards, they are expected to be
higher. cror*n tralnlng w111 enhance the potencial for flowerLng, and
cone enhancement technlques should also be rnore efflcl.ent (and effectlve)
on the smaller ramets. Because trees are much snaller, onets abtltty Eo
proLect the developlng cones and seeds is greater, and seed set can be
lcreased through artlflclal polLtnatlon whlch, ln pine at Least, wtll
also reduce conetet abortLon.

Much of the basic technoJ.ogy for artlf lclal gnll.lnaLion exlsrs
now. The challenge wlll be to develop cost-effect.Lve rnethods for
harvesttng, processing and Btorlng, and applytng the large quantiEies ofpollen requlred for hlgh volume productlon of full-srbling jeed. To
facltltate pollen nnnagement we envlsage the creati.on of separate
orchards nanaged speclficlally f.or seed or pollen productlon. The female
orchard ehoul.d, so far as posslble, be geographtcally isolated from
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sourcea of forelgn pollen, although overhead sprlnklera can be used to
delay fenale receptlvlty and thue avold serlous contanlnatlon (Fashler
and Devltt 1980). Pollen storage technlques have lnproved cons{derably
ln recent yeara, but freeh pollen te ettlL preferred. Therefore, tt si.ll
be deelrable lf the polLen orchard can be sltuated t*rere pollen shed slll
predictably occur several weeke before seed cone receptLvi.ty, 8o as to
allow eufflclent tlme for polLen harvestlng and proceeslng. Part of the
challenge nuet aleo reet wlth tree breedere to ldentLfy and develop
parents that are not only genetlcally euperlor, but also have a htgh
degree of uale/feroale conpatiblltty ln pollLnatton/fertlllzatlon lf we
ere to fuettfy the extra coet of productng full etbiing progeny.

Indoor, Potted Orchards

The tdea of culturLng ramets Lndoors ln pots to accelerate
flowerlng for breedlng purposes Le not new (PharLa and Ross 1976,
Greenwood et al. 1979), and we (Ilaeuseler and Rose 1981) and othere
(Luukkanen-19Eb-, notttn{ p€r8r cotrD.) are currently explorlng lte
appllcatlon for volune seed productLon.

The Lndoor, potted orchard haa nany advantagea over soll-baeed
orcharde. tlost lmportant le the ablllty to rellably and precleely
provlde optiroal envl.ronmental condltlone for hastenlng the qge at wttlch
cone-bude can be repeatedly lnduced, and cones natured, ln large nuobers
per propagule, both over a eustalned perlod of tine. Theoe condltlons
are seldon ,achleved alnultaneously in nature, even on the beet floverlng
sltee. Potted atock le not tolerant of nlsnanagement, and the problene
of htgh nortallty of treee, cone-bude, and cones, Eogether wlth poor eeed
Bet, that have been aeeoclated hdth container orcharde are dlrectly
related to our lgnorance of and/or lack of attentlon to proPer
hortlcultural practlceg.

Many etudlee have denonstrated the early and enhanced flowerlng
of potted atock subJected lndoore to lnductLve water streas and high
tenpereturee at the approprlate tine (Chalupka and Glertych 1977,
Tornpeett and Fletcher 1977, Luukkanen 1980, Roee, unpub.). The efficacy
ot GA417 and other lnductlon treatmente Ls aleo Breetly enhanced
(Roes i978, Greenwood et al.1979, Pollard and Portlock 1981r Brlx and
Portlock 1982). AdattTlniifly, there are other potentially htghly
effectlve lnductLon treetnents, euch ae out-of-phase dornancy (Greenwood
f981) and heat Btreaa (Pollard and Portlock 1981), that can only be ued
on Lndoor, potted orchards.

There are el-eo obvious advantagee of norklng lndoors wlth snall
potted propagules: ease of treatment appllcatlon, polllnatton ard cone
harveetlng; lncreased efflclency as a result of better workl.ng
condltlons; and relative freedon fron foreign pollen. Tte fact thet
trees can be mved wtth ntninal expense nakee for efflcLent epace

I B. Rottlnk, Crown Zellerbach, I{llsonvllle, Oregon.
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utillzatlon, as well a6 easy rogui"ng and LntroducEion of new clones. The
abillty Eo separate trees for special treatment is a particularly
tmportar-rt conslderatlon wlth respect to pollen nanagement e.g. for
forclng early pollen shed and delaying female receptivity.

Crrrrently, hlgh producEion co6t appears to be the r,rajor
disadvantage of lndoor, potted orchards. Ilowever, increased seed yields
and more efflclent rnanagement technlques 'should reduce this cost (per
superior seed) considerably. And, the technology of managlng trees in
pots for large-scale eeed productlon ls still relatively new and
unproven, and management techniques must be made more cost-effective.
There 1s also the questlon of how long orchard trees can be profiEably
malntalned ln pots. From the experlence of commercial nurserles, 10-15
yeers wlth lmproved crown and root rrurnagement does not seem unreasonable.
By this age new, lmproved parental selectlons wi-ll be available for
replacement, and the older trees could be outplant:ed to provlde an
lmmedl-ately productive hedged or conventional orchard if regeneration
needs could not be rnet from the potted seed productlorr orchard of full
slbllng.

Western hemlock (see }laeussler and Ross lgBl) and species of
Cupressaceae and Taxodiaceae which are known to flowe:r profusely in
response to GA and/or water stress treatments are ldeal candidates for
Ehe lndoor, potted orchard. So too are those highly recalcitrant sPecies
(or provenances) for whlch a consistent seed supply is urgently required.
The ablllty to rapidly respond to changlng seed requirements also makes
the indoor, potted orchard a hlghly suitable production urethod for
so-called "mlnor specles" whose potentlal value has yet to be determined.
And, even for specles that flower moderately well in the tradltional seed
orchard, there are the prospects for earlLer seed production from
desirable lndivlduals, hence higher genetlc galns. FurLher, in rnany
areaa prlrne seed orchard sltee are becoming scarce and quite expenslve.
Potted orchards requlre orly a fraction of the space of tradltlonal
orchards and they can be located on LnexpensLve and otherwlse
non-productlve land.

It ls axlomatlc that progress in tree breeding remains little
more than an academlc exercise untll the genetic gains are actually
realized 1n betEer, faster growlng foresEs. The two new orchard concepts
dlscussed here are ways to ensure that these beneflts are rapidly and
fu1ly realized. Others, such as clonal propagation through adventitious
buddlng (vla tlssue culture) or rooting of needle fascicles (see RauEer
and Hood l98l) rnay, ln the future, offer the poEential of rnultiplying
each gbnetlcally superlor seed into at least several hundred propagules.
If so, then the potted orchard concept w111 become even mre attracEive.

Flnal1y, desplte lts lnherent limltatl-ons, Ehe conventional
wlnd-pollLnated orchard, lf it must be used, can become a rnore
cost-effecElve production method lf the recent development.s (and future
lmprovements) ln cone productlon enhancement techniques are lmplenented.
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POLLEN I-IANAGEMENT THROUGH PHENOLOGICAL

CONTROL O}' DEVELOP}IENT

Johrr N. Or^rens

Bio !..o g q D ey-tcu_tnent

Llytivzn si,tq o ( Victonia

Victo a-La, BlLLtit|L Co Lunbi.a.

ABSTRACT

The general sequence of pollen cone and po-Llen development are
described ln 13 conifers natlve to Britlsh Colunbla in relatlon to; (l)
the ttme of w'InEer dornancy; (2) the sequence of cell division in pollen
development; and (3) the phenology of post-dornancy pollen cone and
pollen developrnent. The potenElal for alterlng the phenology of pollen
cone and pollen development withln a seed orchard ls dLscussed ln
relatlon to the stages of development rcst llkely to respond to cultural
treafments.

nfsuuf

on d6crlt Ie processus g5ndral de d6veloppement des c6nes de
pollen et du pollen pour 13 conife'res lndigdnes Ce la Colornble-
Britannlque aux polnts de vue sul.vants: 1a dur6e de la dormance
hLvernale, le proceasus de divislon cellulaire durant le d6veloppement du
pollen et la ph-enologle du d6veloppement des 6nee de pollen et du pollen
aprds la dormance,, On dtscute des posslbilltEs de rnodifler la ph6nologle
de cee d6veloppements dans un verger a\ graLnes en essayant de d6ternlner
a'quels stades du d6veloppernent les traLtements culturaux seraient le
plus efficaces.

INTRODUCTION

In seed orchards $e must have vlable pollen available when lt
ls needed for polllnatLons. Thts requires the careful rnanagement of the
pollen-cone crop. To do thle rre mu6t understand the phenology of both
pollen-cone and pollen development for each conLEer species. From the
outset r.re muat realize that there are lluritatlons in our ablIlty to
rnanlpulate the phenology of pollen cone developnent. The duratlon of
only certain etages of developnent can be altered signif,lcantly and in a

seed orchard lt ls presently feaslble only to lncreaase the duratlon of
these stages by coollng

The functlon of pollen Is to provide a neans for the transfer
frour the rnale cone to the female cone of the cell whlch forns the rnale
gametes. We are atrare of the nany morphological dlfferences between
pollen of dlfferent conlfers (Foeter and Glfford L972, Stngh 1978).
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However, Ilt[Ie le known about the phenology of pollen development f,or
speclee growlng ln thelr natl"ve habitat and even less ls known about the
effects on phenology wtren we rmve a specl-es into a seed orchard or.rtside
lts natural range.

In thls paper I would llke to descrlbe the general sequence of
pollen cone development whlch occur€i over turo growing seasons and show
the variatlon wtrich occurs ln: (l) the Eime of wlnter dormancy: (2) the
sequence of ce1l dlvision in pollen development; and (3) the phenology of
post-dormancy pollen cone and pollen developuent l-n l3 native conifers.
Thls should provlde some insight lnto Ehe potential for phenologtcal
control of pollen-cone and pollen development and the sEages of
development most ltkely to respond to cultural treatments.

TIIE TIME OF WINTER DORMANCY

Pollen cones are lnltlated during the late spring or surorner of
the year before these cones shed cheir pol1en (Owens and l{older 1978).
A11 mlcrosporophylls are lnttlated before rvlnter dormancy bnrt the stage
of mLcrosporanglal developrnent reached varies beteteen specles. Pollen
cones of different species nay become dormant, as nFasured by the absence
of cell dlvlslons: (l) soon after sporogenotrs tl.ssue develope: (2) after
pollen rnother cells dlfferentlate frorn the sporogenous E{ssue; (3) during
nelotic prophase of the pollen mother cellsi or, (4) after the pollen
develops (Fig. 1).

Whether winter dormancy occurs at the sporogenous tissue stage
as ln Plnus (Kuptla-Ahvennienl et aI. 1978, Owens and }lolder 1977, 19Bl)
or at the pre-relotlc pollen nnther cell stage as ln Ables and Picea
(owens and Molder L977, Lg7g, l980a; Slngh and owens T9EG-, b) nZilrake
Itttle dlfference to the ultlmate pollen development. ln these genera
both rnelosls and pollen developnent occur after wlnter dormancy.
Ultrastructural studles of overwLnterlng sporogenous cells of Plnus have
shown that a true dormant perlod does not occur, rather nuclear and
eytoplasmic changes occur Ln sporogenous cells throughout winter dormancy
aud thle perlod ls more correctly called a perLod of reduced actlvity
rather than dormancy (Kupila-AhvennLenl et al. l97B). Sinilar studles
have not been made for Ables and Plcea. - -

In Larlx, Pseudotsuga, Thuja and Tsuga, melosis begins ln the
fall then becornes arrested wtlen poffen urother cells reach eiEher the
pachytene or the dlffuse (diplotene) stages of neiosis (Owens and Holder
I97lb). After dormangy, meiosls ls rapldly completed followed by pollen
development. As ln Pl-nus, rnany changea occur ln the pollen mther cells
durlng winter dormancy. In Pseudotsuga chromosomes change frour diffuse
to granular, the nuclear renbrane hcomes nore distinct and there ls a
great l-ncrease ln the number of cytoplasmLc organelles.

In Larlx growlng in Sweden, lvhen pollen mther cells r.rcre
lnduced to de@ beyond the dtffuse stage before wlnter dornancy, there
occurred a hlgher lncldence of pollen abnormalltles than in trees ln
whlch pollen mother cells overwlntered at the dlffuse stage (Eriksson



-l+f-

Pol len-Cotr€ * Mlcrosporophyll - Mlcrosporangial
InltlaElon Developnent - Development

Soorogenous
-* Ti""trE Deveropment
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1968). ConeequenLly, trees noved to seed ort:hards in colder areas may

have a higher lncidence of pollen lnvlablllty or abnormallties because
pollen nnther cells rnay not have reached the "dornrant" diffuse stage
before cold weaEher occurs.

In Chamaecyparis and Juniperus reiosis and po1len development
occur before wlnter dornoancy (Owens ana Uoltier: I974). PoLlen cones
overwLnt.er contalnlng nnture dry polJ-en and no changes uere observed, at
the llght ml-crosc,rpe leve1, drrring wlnter dormancy. Pollen cones
apparently require a sequence of short days and cold followed by long
days before anthesls occurs, as has been shown experlmentally in Thgja
(Pharis et al. 1969).

Therefore, the Eime of wlnter dormancy in pollen cone
development appears Eo be uniform wlthln a species and attempts to alEer
this sequence may result in poor quallty, inviable or no pollen.
Exceptlons may occur when pollen cones are initlated and pollen develops
under unusual condltlons ln a greenhouse or growth chamber.

PATTERNS OF CELL DIVISIOI'I DURING POLLEN DEVELOPI'IENT

Two patterns of cell divislon occur during pollen development
ln our native conifers. In Chamaecyparis, Junlperus, Taxus and Thuja,
pollen ls small, lacks saccll-tffiffi.d wlth orbic"res, storage
products are aa oll droplete, and pollen is shed at ttre 1- or 2-celled
stage. The sequence of development ls shown J-n Figure 2. After
mlcrospores separate, the exLne followed by the lntine thickensr oil
droplets form and orblcules from the tapetal cells are deposited on the
surface of the exine. Elther one or no ce1l dlvlslon occur before the
pollen ls shed (Owens and Molder L974, Owens et al. 1980b).

ln Ables, Larix, Plcea, PLnus, Pseudotsuga and Thuja pollen ls
large, saccl aE present rn-litn6 genera tui-,i.rt^'rn- otherslE-rage
products are tn the form of starch and pollen is shed at the 4- or
S-celled sEage. The aequence of development ls shown ln figure 3. As in
the flret type, after microsporea separate and Ehe exine followed by the
lntlne thlckens, then saccl form ln Bome specles and a characteristic
sculpturlng may occur on the surface of the exlne. Unllke Ehe first
type, elther three or four cell divlsions occrrr before the pollen ls shed
(Owens and Molder I97I, 1975,1977,1979a, b, 1980a, l98l; Singh and
Owens l98la, b).

The sequence of cell dlvl.slons normalJ.y occurs just before the
pollen ls shed. In both types two non-motilc male gametes form afEer Ehe
pollen reaches the seed c-one and germinates. Vartations rnay occur ln the
normal aequence <lf cell dlvlslons but the frequency is usually not hlgh
and normally resulEs in snal-l amounts of lnvlable pollen.

PHENOLOGY OF POST-DOR,I{ANCY POLLEN CONE DEVELOP}{ENT

The phenology of past-dormancy polJ.en cone development has been
studled ln 13 of our conlfer species (Flg.4). VJiChln a pollen cone,
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developmerrt ls essentlatiy synchronous lu alr pollen sacs and if
dlf f erences occrrr lt ls I n the dls tal pol l.en sacs of a cone where
development rury be elightly delayed^.

ChamaeryParls noot-Et.ensls, whlctr forms pollen before dormancy,
as do the Jiifleieltras i_Ei1EE-Bt-dormancy stage of oniy I to 2 weeks
durlng whlch tlme no changes have been observed in the poilen (Flg. a)
(Owens and Molder 1974),

Other natlve conifers lrave a post-dormancy perlod of
pollen-cone and pollen development whictr may be as short as 5 weeks as in
Larlx (Owens arrd Molder 19/9b) to as long as 12 weeks as in Tsuga
nffinsrana (owens and Morder 1975) (Fig:4). This rs rhe tTfrFl?ron rhe
end of pollen-cone-bud dormancy (when cell divisions resume) to anthesls
(pollen shed). Regardless of dlfferences in t-he length of the post-
dormancy perlod, in different specles, their pollen cones pass through
flve post-dormansy stages and the duratlon of each stage may vary between
specLes.

Inrnediately foll.owlng dorurancy there i.s a pre-nelotlc di.vlsion
stage durlng wtrlch elther the sporogeneous cells divtde to form pollen
mother cells wtrich enter rnel.otl-c prophase, or the pollen nother cells,
whlch overwlntered ln meiotlc prophase, rapldly reaunn nelosLs. Because
dlfferent species overwlnter at dlfferent stages thls period is varlable
between speciee, rangi.ng from as llctte as I week ln pseudotsuga and
],qrix (owene and llolder l97la, i979b) Eo 4 weeks tn plJilG-iiil-rJEota
Gwens ancl Molder I977a, Siugh and owens l98la) (rlgl [f,EGFng or
decreasing temperaEures durlrrg this tirne could slgnificantly shorEen or
lengthen, respectlvely, the duratlon of Ehls stage. However, because DNA
repllcatlon, chromosome paLrlng, etc., may be occurrlng during this
stager temperature changea may cause deleterious gene or chromosomal
mutattons whlch rnay affecl pollen development or appear after
po L11nattr-on.

The second stage, meiotic dlvislon, {s unlformly short, lasting
no more than I week in any specles studled rhus far (Flg.4).
Attemptlng to alter this stage would not signiflcantly alter the length
of the post-dormancy perlod and may result in melotic irregularl.tles
causing reduced pollen vtabiltty.

The thlrd stage, nicrospore developnent, varies in duratlorr ln
dlfferent speclee f rom I week ln PLnus mont-icola_ and Thuja gU_g1!1 (Owerrs
and Molder 1977a, l9B0b) ro 6 wee[F-It Tsuga mertensfaia-TcFeG--Iila
Molder I975) (Fig. 4). DrrrLng ttrts stagfinTciosfrG-1^'tthln the tetrad
enlarge and separate, the exlne thlckens, saccl (1f present) form and
starch accumulates. llowever, no cell dlvlslons occur. pollen cones
ueually ewell notlceably at thls rine because of the Lncreased sLze of
the pollen aaca. rncreaslng or decreaslng temperatures at this tlm
could slgnlflcantly alter the duratlon of this stage ln some specles
without a hlgh rtsk of genetic danage. However, pollen morphology and
the amount of stored food rnay be affected and these nay ln turn affect
pollen viablllty, germinablltty and vigor.
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The fourth stage i.s a perlod of cell dlvislon whlch is
generally short. The duratLon varies from L week ln Thuja plicata, uhere
at moat only one cell d{vlsLon occurs (Owens and tblder 1980b), to 3

weeks tn some members of the Plnaceae where 3 to 4 cell divlslons occur
(Flg. a). Thle perlod le greatly affected by temperature, which Ls often
qulte narm durtng thls tlme. ModeraEe coollng or warmlng may slow or
hasten the development.. However, excessive coollng may arrest
pc1len-cone developnent and reduce pollen prodtrctlon, wtrereas, excesslve
warmlng nay caused pollen to be ehed prematurely" The effects on pollen
viabtltty are not certain. Since po11en ls free wlthin the pollen sacs
and only some flnal touches of sculpturl-ng occur durlng thl-s stage, it is
ltkely that pollen, if forced to be shed at the 2- or 3-ce11ed stage in
the Plnaceae would conplete development normally once withln the seed
cone and vtablllty would not be affected. However, this {s a perlod when
pollen becomee dry and forclng may prevent cooplete drying, resultlng ln
a hlgh nnisture content and clumping of pollen whtch would adversely
affect storage and diseemlnation. In the laboratory forclng at thls tlne
upsets the eynchrony of cell dlvisl-ons wlthln a pollen cone.
Consequently, the pollen may be shed ac more varlable stages of
development.

The last stage, anthesls, l-nvolves an elongaElon of the
pollen-cone axls causlng mLcrosporophylls to separate and opening of the
pollen a8cs. Openlng of the pollen sacs ln most specles results frou
physlcal separation along a line(s) of dehlscence conslstirg of
speclallzed cel1s dlfferentlated ln the po1len sac rvall after dormancy.
Anthesis appears to be a functlon of drying lf the llne of dehiscence has
differentlated normally. Anthesls may be hastened by warmlng or delayed
by coollng. Anthesls of an indlvldual pollen cone usually occurs wlthln
a few days and often overlaps wlEh later stages of pollen developoent.
It would be dlfflcult to manl"pulate this tlne enough to greatly alter the
duratlon of gnet-dormancy development. Excesslve coollng at thls tlme
nay affect pollen molsture content and cause clunplng as lt does durlng
the perlod of cell dlvislon. ForcLng ln the laboratory often causes the
cone axLs to elongate excessively and prematurely.

SUI'{MARY

Pollen productlon ln seed orcltards can be rnanaged by
ruanlpulaElng the phenology of pollen-cone and polIe.n development (Fig.
wlthln as yet unknown lirnlts by modlfylng Lenperature. However, the
potentlal for thls control wlll vary between specles and only certaln
stages of developnent can potentla.lly be altered.

Generally, the longer the partlcttlar stage the greater the
poeelblllty of slgnlflcantly alrering the duraElon of that stage by
changlng the envlronment durlng whlch Ehal- Btage occurs. At thls tine
do not know the relatlve lnportance of photoperlod and temperature ln
breaklng dormancy of pol.len cone buds. Sarvae (1952, 1965) has
demonstrated the lmportance of temperature on post-dormancy pollen
developrnent, however, the effect of temperature on each of the stages of
developurent has not be carefully studled. Cautlon should be used to

4)
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ensure that phenological rnan,lpulatlons do not cauae genetic or
morphologlcal darnage to pollen wtrlch mlght affect viabillty.
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ABSTMCT

Seed orchard trees are susceptible to attack by the sane
cornplex of lnsects as nearby forest stands of the same or slmllar
specles. Culture practlces, such as orchard slte selectlon and cone
harvest, can have pronounced effects on the levels of danage done by
lnsects ln eeed orchards and on the strategies used in lnsect pest
control. Insectlcides are currently the only p,1'sstlcal agenEs for lnsect
pest control ln seed orchards wtrere need for control is lmmediate. In
Canada, only one lneectlclde (dlmethoate) is reglstered for use against
cone and seed insects (excludlng defollators) and then only on one host
(Douglas-ftr). An expanded arsenal of lnsectlcLdes is needed for use ln
seed orthards. The declslon to epply a rnethod of pest control nust be
based on the value of seed, crop slze, expected losses and effectiveness
of the control method. Ttrts declslon requLres that techniques for
measurLng crop size and for predlctlng seed losses to lnsects are
avallable.

Strategles for applying lnsecticldes are functlons of the
tnsects causlng concern, whlch lneectlcldes are reglstered for use
agalnst those lnsects, when appllcatlons can be made, how the insectlclde
ls forrnulated, and orchard locatlon. Insectlcldes should be used onLy
when necessary and ln such a rray as to maxlmlze the benefit/cost ratlo of
the treatment. Advantages and dlsadvantages of contact and syetemic
lnsecticldes are dlscussed ln relatlon to seed orchards, aa are dlfferent
methods of appllcation.

n6suuf

Les arbres des vergers a'gralnes peuvent 6tre aEtaqu6s 1nr les
n6rnes Lnsectes qui ravagent les peuplements drespe'ces ldentlques ou
semblables dans les forCts avoLelnantes. Les n6thodes de culture, comme
le cholx dee statlona et la r6colte des c6nes, peuvent avLor une grande
lnfluence sur lt6tendue des d6g6ts des lnsectes et les strat6gies mLses
en oeuvre pour les combattre. Actuellenent les lnsectlcldes constituent
le seul rpyen pratlque de r6presslon ftnm6diate des lnsectes nuLslbles.
Au Canada, le seul lnsectlclde homologu6 quron peut employer contre les
lnsects (d ltexcluslon des d6follateurs) des cOnes et des graines crest
le dlm6thoate, et encore nrest-il efflcace que chez 1e Douglas taxifoll6.
Il faudralt tout un arsenal dtLnsecticldes pour les vergers. Avant
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dravolr recours "t .rn" n6thode de lutte contre les insectes, i.l faut
prendre en consLd'eratlon la valeur des gralnes, 1'abondance de la
r6colter lee pertes pr6vues et ltefficaclt5 de la m6thode;11 faut aussi
stassurer de pouvolr dlsposer de techniques F€rmetEant de llesurer la
r6colte et de pr6volr les pertes de senences dues aux lnsects.

Le choix de la etrat6gie de lutte a'Itaide dflnsecticides
d6pend des lnsectea en cause, de lrexlsLence dtinsecticides honologu'es
contre cee lnsecEes, de 1a p6rlode pendant laquell on peut en falre
lrappllcatlon, de la pr6paratlon Lnsectlcide a' utlllser et de

lremplacement du verger. On devrait utillser les lneecticldes seulement
lorequ'lls sont n'ecessalrea et de facon d renteblllser au naxLuun le
traltenent. t

On dlscute des avantages et des lnconv6nients des lnsectlcLdes
de contact et Byst6mlquee relatlvernent aux vergers a' grainee alnsl qr.e

des dlff6rentes m6thodes drappllcatl-on.

II\tTRODUCTION

Seed orchard trees are auaceptible to the saoe cotrplex of
lnsect pests as nearby stande of the sane species. Orchards have
characteristlcs that rnake then oore sultable than forest stands for
control of lnsect peets, namely: 1) estabLlshnent coats and crop values
are hlghr 2) constant and close survelllance Ls posslble and remedLal
actLons can be taken qulcklyr 3) small areas are lnvolved ard there ls
easy eccess to each tree, and 4) a tralned Btaff is available for
dlagnoels and treatment of probleroe (Dlnus and Yates 1975).

Eactr orchard ls subJect to lts onn partlcular complex of lnsect
pests, the conplex belng a functlon of the tree specles and the location
of the orchard. Cholce of orchard l-ocatlon ls an lmportant
conslderatlon, slnce rlsk of attack by tnsects can be ninlnlzed or
avoided wlth good orchard locatlon. Orchards should be located on sltes
eulted to good seed production and, lf posslble, lsolated frou stands of
the sarne epecles or closely related epecles. The prevalence of
potenttally damaglng lnsecte and the probabtllty of daroage should be

welghed agalnet other factors. Insecte of partLcular lnterest lnclude
cone and seed lnsects, clefollators and twlg and shooE lnsects.

The lrnportance of cone and seed lnsects varies among hosts. In
B.C., hoets can be categorlzed by potenttal losses to cone and seed
lnsectB es follows:

Severe Sporsdlc

Sttka spruce
western whlLe plne
hreatern red cedar

ln forest stands wlll

Mlnor

Douglas-flr
lnterlor Bpruces
true flr6
ponderoea plne

Trees heavlly attacked

herolock
larch
lodgepole plne

also be heavily attacked 1n
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orchards, unless the orchards are lsolated. The proportlons of seed
crops destroyed Ln orchards can vary dranatlcally froro year to year and
fron slte to slte. Losses ln Douglas-fir orchards ln British Coluurbla
have ranged from less that 102 to more the 902. Cone and seed lnsects
are rated a6 a top prlorlty problem Ln producing Douglas-fir seed
orchards Ln B.C. and ln produclng plne seed orchards Ln the southern
United States (Overgaard eE al. L975).

Seed orchards present a different situation to cone and seed
lnseccs than do forest stands. Orchard Erees are apaced to pronote
naximun cone productlon, a eltuation that also pronotes infestations of
t,hese lnsects (Schenk and Goyer L957; Kraft 1968; Mattson f976).
Stabtltzlng and lncreaslng cone productlon ln orchards rnay also prouote
lncreased Lneect populatlons (Mattson 1971, L976). Cone crops are
harvested whenever they occur in seed orchards, whereas in frrresE stands,
only heavy and moderate cone crops are harvested and then only when seed
from that partlcular fGrest site ls needed. Most cone and seed lnsects
remain ln the conea until after harvest and are removed fron orchards
wlth each crop. Thue, these lnsects cannot overwinter on-sLte, and must
mlgrate Lnto orchards from adJacent stands to attack crops. A notable
exceptlon ls the splral spruce-cone borer, whlch leaves the cones prior
to harvest.

Defollators, such as spruce budworn and rrestern spruce budworm,
can affect seed production by attacklng cones dlrectly and through the
effecte of defoliatlon. Theee lnsects have been J.nportant seed
destroyers ln forest stands durlng outbreaks (Ilewey 1970; Powel1 1973;
Schooley 1978). Some specles of twlg and shoot borers are important
becauee they atEack conelets aB well as shoots (Yates and Ebel 1972>.

STMTEGIES FOR CONTROL OF INSECT PESTS

Strategles for controlllng l-nsecE pests lrr seed orchards depend
on the lneect causLng concern, lte llfe hl,sEory, habits and populatlon
dynamlcs, the tree specLes lnvolved, the locatlon of the orchard, and
methode of peat control avallable for use. Developing a strategy for a
partlcular sltuatlon conslsts of naklng a serles of decislons.

Is pest control necessary?

Declslons to apply pest control actions nust be based on value
of the eeed, crop sLze, expected loeses and effectlveness of control
actlons. The beneflt/coec ratLo muat be great enough (at least 1) to
economically Juettfy taklng a partlcular control actl-on (DeBarr 1971;
Yates L977 ) .

Crop lnventory is an lmportant factor in determining wheEher or
not control actlone ehould be taken because lt ls lEportant to know the
slze of the crop to be protected. Thusr lt le Lnportant to have a
technlque avallable for estlnatlng the number of cones to be expected at
harvest,. Life tables are partlcularly useful ln crop Lnventories because
they proJect expected harvests fron counts taken early in the development



of cones and they polnt out key sources of seed loss. Llfe tablee have

been developed for cone cropB of several speclee of pines (Shearer and

Schmldt 1971: Ebel and yetes L9742 DeBarr end Barber 1975; I'iattson 1978;

Yates and Ebel 1978).

Ineect pest popul.attons should be nonltored to deternine the
need for control ectLons. Monitorlng nust be done earLy enough for srrch

actlons to be taken, Lf neces6ary, before darnage occurs. Two approaches
are belng developed for monltorlng cone and seed lnsects; namely, egg

eampllng and adult traPping. The dlsadvantages of egg counts are that
they are tedloue and deetructive (1.e., cones are removed). Adult
trapplng avolds both of these problems. Adult trBP,catches uust be

rel-ated to damage for this technlque to be of use. Ltghts' sex
pherononee and host attractants are potentlal luree for trapplng. Light
tr"p" have been used to monl.tor lepldopterans ln plne seed orchards in
the southern U.S. (Yates L973; Yates and Ebel 1975). Sex pheronones can
be used to monLtor population levels of codllng moth ln frult orchards
(ldadeen 

"! "1. 
1974; Riedl and Croft 1974; Madsen g -el. _1975; Vakenti

and Mads6Tj-lq and slmllar systems could be developed for use in seed

orchards. Pheromones are involved in the natlng behaviours of nany cone
and seed Lnsects, lncludlng Dloryctria coneworms (Fatztnger and Asher
L97l; DeBarr and Bertsford 198fi H:rnula et al. 1981)' Douglas-flr cone
rnoth (lledlln and Ruth 1968; Weatherston EE 7.. tgtl), Douglas-flr cone
gall mtdge (Mlller and Borden 1981), spoilc"-Eeedworur (Weatherston et al.
Lg77), and ponderosa pl.ne cone beetie ttrln""t et al. Lg72). The pEsilce
of attractants produced by the lrost has been demonstrated for a coneworD

ln southern plnes (Asher 1970) and for ponderosa pine cone beetle (Klnzer
et al. 1972).

l^lhat methods of pest control are avallable for use?

Insectlcides are the onl.y practlcal control agents currently
avatlable for cone and seed lnsecte and other lnsect pests ln orchard
sltuaflons wtrere need for control ls lmmedlate. Ilowever' cultural
practlces ln orchards can have effects. The importance of orchard slte
selectlon has already been polnted out arrd the effects of cone removal on

populatlons of cone and seed Lnsects should not be underestfunated. It ls
lmportant to collect all cones in an orchard, including cones on graft
rootstocksl oEherwlse, an on-slte populatlon w111 exlst, resultlng ln
hlgher losees. For example, ln 1979, ln a Douglas-flr seed orchard wtrere

cones on rootstocks were not collected ln 1978, cone and seed lnsectg
deetroyed 1.7 tlmes more potentlal seeds than at another orchard lees
than 2 krn dlstanE where all cones were collected ln 1978. Insect-
resistant clonee have been ldentlfied ln southern pine orchards ln the
Unlted States (Merkel et al. f965; Ilerkel 1967i Dt:Barr et al. 1972>'
presence of reslstant doi6s ln orchards could reduce the dependenc-e on

insecttcldes. Unfortunatelyo a Burvey of two DougLas-flr seed orchards
ln B.C. lndlcated that clonal variatLon Ln euscepttbtllty to several cone

and seed lnsects was not of practlcal stgnifLcance (Hedltn and Ruth
1978). Treatlng Douglas-flr wtth cold water to delay reproductive bud

flueh, for preventl-on of pollen contaminatlon (Sllen and Keane 1969;
Faehler and Devitt 1980), has reduced damage by Douglas-flr cone gall
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mldge, but the effectlveness of the technLque varl-es fron year to year
and cannoE be relled upon.

The strategies of applytng control aitlons depend on the type
of acLlon to be E,aken. The foltowlng ls concerned speclflcally with
app1.lcatlon of lnsectLcldes sLnce these are the only practical agents
currently avallable for uee Ln nost sltuatlons.

Strategles for applying lneecticldes

Strategles for applylng l-nsecticldes involve the followlng
questions:

1) l.lhich lnsectlclde should be used?
2) IIow should lt be appl led?
3) When should lt be applied?
4) Whlch tree should be treated?

The lnsecticide actually chosen wlll depend on Ehe insect to be

controlled, whlch lnsectlcides are regletered for uee against that
partlcular lnsect, when appllcation can be made, and location of the
orchard. The lack of reglstered insecticides for use against speclfic
lnsecte greetly restrlct8 the strategles that cen be developed for use.
Only one lnsectlclde (dlmethoate) ls registered for use agalnst cone and
seed lnsecte ln Canada (excludlng defollators that attack cones) and then
only on one host (Douglas-flr). Orchard locatlon can also restrlct
straEegles, eapeclally wtren an orchard ls loceted near or adjacent to
sensLtive areas, such as resldentlal areas, schools and reservolrs'

Insectlcldes can be grouped lnto contact lnsecticides and
systemlc lnsecticldes. Each group has characEerlstlcs that affect the
strategy of theLr use.

Contact lnsectlcldes must contact the lnsect to be effective.
Thus, they must be applled when the l-nsects are exposed. They are not
effectlve agalnst stagee of lnsects that llve rdEhln protected
envlronments, euch as conee. TLrnlng of appllcatlon ls crltical when
controllLng cone and seed lneects, but not as crltlcal rrhen controlllng
lneects that are constantly exposed, such as defollators and aphids. In
the caae of Douglas-flr cone and seed insecta, contact lnsectlcldes must
be appl-led when stroblll are open and adult lnsects are actLve to be

effectlve and, therefore, can only be used as preventatlve sprays because
there le no tlnre to monltor for the need of peat control. Azlnphosroethyl
(Guthlono) ts used ln southern U.S. plne orchards to prevent
lnfestatlone of conesrorrne (Dloryctrla spp.) (Merkel et aI. 1976)'
especlally the webblng conerlorn, one of their naJor pest6. Thls insect
overwlntera as young larvae ln sheltered niches, such as branch
crotches, and lnfests cones once these larvae becone actlve ln the
sprlng. The lneectlclde must be applled when the larvae become active
but before they enter cones, a perlod of a few days.
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Systemlc lnsectlcldes, rrtrlch are taken up by plant tlssues,
have advantages over contact Lnsecticldes for corrtrol of cone and seed
lneects; namely, that tlnlng of appllcation ls not as crittcal and that
systenLcs are less susceptible to waeh-off by rain. Use of a systemic in
Douglas-flr orchards allotds time to nonLtor orchards for the need of pest
control. A dieadvantage of eystemic l-nsecticides is their relatlvely
htgh toxtcitles to nontarget organLsms, including trees. operatlonal
appllcatlons of dlrnethoate in Douglas-flr seed orchards have shor"rn some
clones to be sensltive to, L.e., severely danaged by, a (:oncentration of
0.52 actlve lngredlent. The range of concentratlons used in orchards for
effective control of cone and seed Lnsects Ls 0.5 to 1.02.

Spraylng ls the only nethod of applylng contact insectlcides.
SyetemLc insectlcldes can be applied as follar sprays, paint-ons,
lnJectlons, granules lncorporated into the soil, and soll drenches,
dependlng on formulation. Only follar sprays and soil-incorporatlon of
granular formulations have been developed adequately for operatlonal
use.

Sprays can be applled wtth hydraulic sprayers, mLst blowers or
airblast sprayer. HydraulLc sprayers, the type used ln Douglas-fir seed
orchards ln B.c. for cone and seed insect control, apply high volumer low
concentrate Eprays whlch can be selectively directed to cone-bearing
portl.ons of tree crowns, resultlng ln good coverage. Good coverage Ls
lmporcant if systenlc lnsecticldes apprled as follar sprays are to be
effectlve agalnst cone and seed insects (Iledlln 1956; Johnson and Zingg
1967) because, although systernics are taken up by plant tissues, they are
not translocated far. Mlst blowers and airblast sprayers apply low
volume, hlgh concentrate Bprays. These sprayers can apply a spray to an
orchard more rapldly than can hydraullc sprayers, but the sprays contain
more concentrated active lngredlent and are more susceptlble to drift
because of the sma1l droplet si.zee produced. I'list .blowers and alrblast
sPrayers are used in sout.hern u.S. plne orchards for application of
contact lnsecticides for control of webbLng conenorm and other seed
PeBt8. These sprayers are often more effLcient than hydraullc sprayers
for control of defoliators and other exposed insects.

Aerlal appllcatlons of contact lnsecticLdes for controlling
orchard pests are belng tested ln the southern U.S. and show pronl"se, but
development of thls technlque is not complete (Barry t98l). A problen of
aerlal appllcatlons ls the poor spray dlstribution .that often occurs.

Tlnlng sprays of syetemlc lnsecticldes Ls a functlon of the
tree specles lnvolved. The optlmum tlme for treatlng Douglas-flr ls when
the conelets are closed and turnlng down, but before they reach the
pendant posltLon. Sprays applled before or after thls pertod are not as
effectlve. The optlmun tLrre for spraylng spruce ls after the conelets
have cloeed and are Juet starting to turn down, but before they reach the
horlzontal positlon. Optlmun spray tines for other conlfers have not
been determlned.

Granular lnsectlcldes are used operatlonally in the southern
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plne orcharda, primarlly for control of seed bugs and tip mths (Ilerkel
and HerteI 1976; DeBarr 1978; Nord l97B). SingJ.e appllcations of
granular insecticldes can be ae effectlve as several sprays in reduclng
damage by these pests (DeBarr et al. 19721 NeeI 1980). Ttrese
LnsecElcldes, whtch are applied ln the sprlng when the sap begins rnovlng
ln the Erees, glve season-long control and are particularly useful
against lnsect pests that produce several generations a year. A
disadvant,age of granular lnsecticides is their high toxicitles to
nontarget organlsms, including mamrnals and especially, birds. Because
granular lneectlctdes are applted before insect atEacks take place, they
can only be used as preventative rrnasures. In the southern U.S., they
are ueed l"n orchards that have had hlstorles of seed bug or Elp moth
lnfeetatlons.

The effectlveness of treating orchards w'ith slngle sprays are
often adequate for Lneects, such as defoliators or aphids; but for
control of cone and seed insects, the effectlveness of single sprays
depends on the varlatlon of reproductLve bud f-Lush. Variation in
stroblli development ln Douglas-fir can range up to 9 days on a slngle
tree (Allen 1943). Cones on one Eree may be pendant while on another
chey rnay 6ti11 be open. Two or three appllcations, spraying each t,ree
only once, when conelets are at the optirnal stage of development, may be
necessary to ensure an effectLve treatment.

Treatment should afun only at producing Erees, and possibly only
at the heavlest produclng trees, depending on seed value. lt ls not
uncornmon f.or 20% of. che produclng trees to produce 80% or more of the
cones, especl-ally in young orchards thaE are Just begtnning to produce
cone crops. Treating only moderate and heavy cropped trees maxl,mlzes Ehe
beneftt/cost ratlo for the Lnsectlclde appllcation by reduclng the amounc
of lnsecticlde used and the anount of labor requlred to apply the spray
while protectLng the bulk of the crop. This ls the approach currently
used ln Douglas-flr eeed orcharda in 8.C., and has been suggested as a
good approach for use ln plne orchards ln the southern U.S. (Yates
r977).

CONCLUSIONS

Insectlcldes are currently the only practical agents for
controlling lnsect pests ln seed orchards where need for control ls
lrmredlate. An expanded arsenal of insecticides for use against cone and
eeed lnsects ln seed orchards is needed because only one insecticide is
regLstered for uee againat cone and seed lnsects (excludlng defoltators)
and only for use on one host. The strategy ueed for control of seed
orchard pests wlll vary among orcharde, dependLng on the locatlon of the
orchard, on the lnsects causLng darnage, on which lnsectlcides are
registered for use agalnst the insects of concern and on how these
lnsecElcldes are formulated. Technlques for measuring crop si.ze and for
predlctlng seed losses to Lnsects must be developed for fhe Judiclous user
of ineectlcldes.
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ABSTMCT

A descrlptlon of Weyerhaeuserts Douglas-fLr orchard program on
the West Coagt ls presented. Emphasls ls placed on genetlc
conslderatlone, rDanagement phllosophy and flower stlmulation. The
progran obJectlve ls to maxlmlze genetLc galn per unlt tlne. Therefore,
the orchard type chosen was clonal; the deslgn a randornized conplete
block. The lrnportance of proper spatlal dlstrlbutlon of the orchard, and
of breedlng zones and rarnets wlthln are dLscussed, as were the problens
of clone number and rogulng levels. ConcernLng nanagement, three phases,
establlshment, growth and productLon are dLscussed. For establLshnent,
the maJor lssue ls the cost of delays. rn approach, wlth the advent of
compatlble rootstock, fteld graftlng offers a tlme and growth advantage,
slnce rootstocks can be developlr\g root systems I-n the fleld while
decielons on sclon aource are pending. The growth phase enphasLzes
maxlnun helght growth and crown volune, not only to reech productlon
targets quickly and maximLze productlon, but ln preparatlon for helght
control. In addltlon to developlng crown volume, culturlng for maxintrm
lnternode length maxl.mlzes long-term yteld by allowlng greater ltght
penetratlon, a key element of any helght control procedure. other
components of the growth phase are also dlscussed, The focus of the
discusslon of the productlon phaee ls flower stinulatlon, Exampl.es of
recent Weyerhaeuser data lllustrate the stlmulatory effect of
fertlllzatLon, glrdllng, root prunlng and gibberelllne. For each, yteld
Lncreasee of 2.5, 2.L, 5.2 and 3 tlroes, respectively, were observed.

nfsuuf

On pr6sente une descrlptlon du progranme de vergers a'graLnes
de Douglas taxlfol16 de la cornpagnLe weyerhaeuser sur la cdte ouest.
Lraccent est mls sur les aspects g6n6tiques, les concepts drandnagenent
et lrlnductlon fLorale. LrobJectlf de ce progranne est de maxinl.ser
I'an6lloratlon g6n6tlque par unlr€ de tenps, €t, pour eela, {.1 faut un
verger de type clonal entllrement constltu6 de blocs al6atoires. On
dlecute de lrLmportance de la disposltlon du verger, des zones de
reproductlon et des rameEs qul sty trouvent, alnsl que de la questlon du
nombre de clones et de la quantLt6 de rebuts de s6lectlon. Pour ce qul
eet de 1'am6nagement, on analyse troLs des 6tapes: lr6tablissement, la
crolesance et le rendement. Le prlnclpal probldme de 1''etablLssement est
le c8ut drattente. Un facon dty r'em6dler, naLntenant qu'i'l est posslble



dfobtenir des porte-greffes compatlbles, est de falre le greffage au
champ; cetEe m6thode est avantageuse dr.r polnt de vue tenps et crolssance
parce que les raclnes dea porte-greffes peuvent se d6velopper en
attendant le cholx de la source des greffons, En ce qul regarde la
crol-ssattce, crest 1a hauteur rnaxl,male et Ie volurne de la couronne qui
prlrnent, non seulement pour attelndre rapldement 1es niveaux de rendement
vls6s et obtenlr un rendetrent maxlmal, maLs aussi pour pouvolr contr6ler
la hauteur. En outre dfaugmenter le volume de la couronner la culture
vlsant a'obtenLr la plus grande distance lnternodale lalsse p6nEtrer J.a
lumie-re davantage, ce qui porte a'son maxl.mum le rendenent a'long terne
et constitue un /el6ment essentLel de toute rn6thode de contrOle de la
hauteur. On discute aussi dfautres suJeEs relatlfs a' Ia phase de
croissance. Ltexpos6 sur la phase de productlon porte surtout sur
I'lnductlon florale. Des r6sulEats obtenus r6cemment par la conpagnie
hleyerhaeuger montrent lreffet stLmulant de la fertllisation, de
1fann61atLon, de lt6lagage des raclnes et des gtbb6relllnes, avec des
rendements accrus de 250r210r520 et 3O0Z respectlvement.

INTRODUCTION

When I was asked to dlscuss Weyerhaeurser's Douglas-flr
(Pseudotsuga nenzlesll (Mtrb.) Franco) seed orehard progran on the west
coast, lt seemed that our approach to deslgn, ersEablishment and
managemenE of seed orchards lras not unlike that of tDany organlzatLons.
Therefore, what should the focus of thls paper be? There Ls not tlme to
dLscuss the speciflc detalls of each and every aspect of the program.
Instead, I have chosen to deecrlbe our management philosophy and diecuss
the reasonlng behlnd lt. Also, slnce flower stinulatlon technl.ques are
one of our nost lnportant rnanagement tools, Lt Ls appropriate to focus on
Ehls aspect of the progran as wel-l. To that end, examples of
Weyerhaeueer data for the four maJor stl,mulatlon technlques
(fertillzatlon, glrdllng, rooE prunlng and gtbberelllns) are discussed.
Overall, the obJective of thls paper ls simple. That ls, to present a
polnE of vLew, Btlnulatlng questlons and dLscusslons, that wlll help tn
developlng an orchard program. Ernphasls ls on the flrst generatl.on
only.

Any glven management apprrach Ls based on a set of obJectives
and an ablllty to meet those objectives. Therefore, before revlewing
l^leyerhaeuserrs approach, some bac.kground informatlon ls helpful . Our
tree lmprovement programs on the r{est coast headed lnto full swlng ln
1965. The obJectl-ve was to obtaln addltlonal product value rhrough
optlmal eelection of speeles, seed source, famllles and indlvlduals
wlthin famllles. Ttre systeut chosen to meet thls obJectLve rr'as genetLc
recurrent eelectLon. In L967, the lnltlal flrst-generatlon seed orchard
remets were planted at Rochester, Washlngton and Turner, Oregon. In
L973, addltlonal. acres were establlehed at Sequlm, Washlngton. To<lay,
Weyerhaeuser nanagee 69.2 hectares of Dcuglas-flr orchards, produclng
seed for l1 breedlng zones. The regeneratlon requiremenE through 2004 ts
on the average 161200 hectares per year across 1.13 mtllion hectares in
Waehlngton and Oregon. The average age of the oldest orchard ls now 13
years. In terms of meettng plant.ing stock requl-renents, there strould be
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an abundance of seed for sourc breedlng area; for others a potential
shortage.

The obJectlve of our orchard program ls basicalJ.y two-fold.
That ls, to produce large quantitles of eeed, and eo naintaln the proper
genetlc quallty control to aBsure predlcted geneti.c gains become realized
gains. The latter ts by far the more lmporEant; yet, the most difflcult
to achleve. Therefore, Ln descrlblng our phllosophy and approach lt
seema ftttlng to qulckly touch on the genetic considerations before
delvlng lnto management practlcee.

GENETIC CONS IDERATIONS

Prellmlnary planning le an extremely innportant phase in the
development of a seed orchard program. Several questLone need to be

anewered. For example, nhen Ls the seed needed? I.Itrat ls the productlon
capabtllty? What ls the planting etock requlrement by breedlng zone;
perhaps seed zone or elevatlon band? Once these questions have been
answered, lmportant deslgn questLona need Eo be consldered. The flrst
questl,on generally asked concerna the type of orchard -- seedllng or
clonal? The type selected depends on the situatlon. Our cholce IJas

clonal becauge the approach offers the t'o1lowlng advantages:

f) Parents are of known conblnlng abllity.
2) Rogulng or other spaclng adJustrnents can be rnade rrtren needed.
3) Inbreedlng ehould be less.
4) Offers a meana to preserve genotypes.
5) Orcharde can be placed on sLtes conduclve to seed productlon,

etc.
6) Orchards can be cultured for seed productlon.
7) Flowerlng generally occurs earlier.

I.Ie have opted to keep the testlng and seed production functLons
separate. By so dolng, and wlth the clonal approach we expect to Produce
seed capable of maxLmun gain.

The destgn questi-on Is usuall"y the nexE Lssue. Giertych (1975)
ln the text Seed Orchards, edlted by Faulkner, offers a number of design
opttons. ttrFane-,r'any sultable deslgns. Ilowever, only those designs
which nl-nlrnLze selfing and favor pannlxls should be consldered. Hence,
our cholce of the randomlzed cornplete block design, whtch meets boEh
crlterla. Also, lt lends ltself to valld clonal cotrparlsons and to
performlng repllcated experlnents. Once the slte has been sel-ected,
orchard layout questions need to be resolved. The rnaJor lssue i.s pollen
contaml-natlon. A11 too often we have 6een €rxamples of orchard blocks
eetabllehed on uneuitable sltes, or blocks representlng dlfferent
breedlng areaa placed too closely together. The reasoning has been
elther to save space or because the ecres were not avallable. I,tre have
our own examplee of poor layout, but lt ts not the way lt should be done.
Seed orchards can becone a costly embarrasgment lf predlcted galns are
not reallzed. Therefore, our approach wtll be to do the best Job ue can
to rnlnlmlze pollen contamlnatlon through proper spatlal dlstributlon of
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orchard blocks and lsolation of the orchard ltself. Our philosophy ls --
Itrs better to be safe than sorry. Unttl r^le have strong evldence that
pollen cont,aminatl<ln ls not a serlous problem, or have conslstent
treatmencs to minlmlee lte effects, llke bloom delay and supplemental
pol llnatlon, \.re wi l1 conslder dollars f or isol"ation well Bpent. The
generally accepted wldth of an lsolation sErip is LZ2 neter:s. some
evtdence suggests this Is arnple; some doe6 not. rt goes wtthout saylng
that the dlstance between rarnets of the same clone needs to be as large
as posslble. Thls appltes to lndlvlduals wlthln famllies as welr.
Agaln, the generally ac,cepted standard has been 27 meters.

The last lssue dLscussed wtll be that of clone or genotype
nrrmber. The size of the breedlng and productlon populatlons is
compretely dlfferent. The breeding populatlon carries al1 genotypes
requlred to tnove through tlme rr1thout unduly narrowLng the genetic base.
The productlon populatlon does not. Slnce orchard management is costly,
carry only enough clones to neet the following objectives:

1) To provlde a repreaentarlve sample slze (selectlon) capturLng
the genetlc dlverstty of the breedlng area and later gain
through roguing.

2) To provtde a representatlve sample of the breedlng area (after
rogulng) fron whlch production and later perfornance will be
based (reasonable genetlc base).

So, what should the number of clones be in the final productlon
poprrtatlon? Some feel 1O is ample; others feel more comfortable wtth 30
or 40. For now, i.t is stlll a good questlon. our current thtnking is
that 20 ls aropler'but lt ls sttll based somewhat on professional
lntul t lon.

concernlng rogulng levels, trased on an examination of our
progeny test data definitely plan for at least a 50 percent rogue.
However, do not put yoursel-f lnto a box durtng the destgn phase. plan
for a hlgh roguing level. It ls much nicer to have the option to remove
clones, than wtshlng others were avallable. For example., lt ls less
costly to butld an "ellte orchard" through rogulng than by establishnent.
rn the same veln, by not eetablishlng enough ramets per clone, to allow
for sllvlcuttural thlnning, or by ltrnltlng spacingr you can agaln pur
yourself lnto a box. Progeny test informatLon seems to notorlously lag
behtnd orchard development. Rogulng to naintaLn ramet productivity in
the future wlthout Ehe benefit of progeny test informatlon can also be a
costly embarrassment' Our cholce would be to lnltlally increase the
number of ramets per clone, allowLng for a silvlcultural thLn, and
reaplng the beneflts of early productlon. Ilowevern each sltuatl.on is
dlfferent. Nevertheless, two key urrds are flexlbtllty and box. you can
keep yourself out of boxes by narntalnlng flextbility. rt is good to
keep ln rnlnd that sound selectlon, breeding and testlng buy you notlling
ln terms of reallzed galn lf your orchard program ls not sound.
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ORCHARD MANAGEMEI']7

There are three phases of orchard nanagement: establlshmentt
growth and productlon. The approach to each ls to dlscuss then
separately wlth emphasls on the production phase; speciflcally, flower
stlrnualtlon. Also, Ehe lntent ls not to get bogged dor,m with
nltty-grltty, but to focus on the overal.l phllosophy.

Establlghment Phase

Gener:a1ly, the establlshrnent pharse lasts one to four years.
The thlnklng belng that a tree planted later than that would be too far
behtnd Eo compete successfully from a production point of view -- at
least at current orchard spaclngs. lllth the use of compatible rootstock'
there ls some truth to "Ehis llne of thinking; wlth wll"d rootstock, not
soo Graft inconpatlbiltty creates holes in orchards. tllth these holes
also comes Ehe opportunlty to nove In ramets of top performing clones.
It never falls, these ramets always seem to find themselves next to each
other ln the orchard. To rogue them neans a loss in production and
genetlc gain; to leave Ehern would nean considerably less yteld anong all
competlng ramets. The cost of a transplantlng operaEion would qutckly be
recovered in terms of lncreased seed and genetic gain. Agaln, it poinEs
out the crltical relationshlp ln timing between Ehe progeny Eest and
orchard. Although the conpqtitton issue offers lnteresting debate and
opportunlty, Ehe real lssue ts the cost of delaying establishment. Each
year establlghnent is delayed means a delay in getting iuproved stock co
roEatlon.

There are two conmon establlshment technlques .used. In the
first, grafts are made on 1- to 2-year-old ported rootstock. Outplantlng
follows ln the fall or the next sprlng. In the second, grafts are nade
on fleld-grown rootstock 2 to 3 years after planting. Our efforts wlth
the potted rootstock approach have been successful. l.llth this approach
hlgh graftlng euccess Ls assured and establlehnent flexibtlity
maLntalned. A drawback of the potted system is that if grafts become
pot-bound, poor performance can result. Growth raEe ls reduced,
plaglotroplsm seems Eo be accentuated and, later, wlnd firrmtess rnay be
affected. NeverEheless, lt ls our preferred method of establlshnent.

We are, howeverr lor:klng very hard at grafLing on fleld grown
stock. there are two maJor reasons why thls approach is appeallng.
Flrst, graftlng on stock with well-developed root systems should offer a
growth advantage. Thls fact ls well establlshed. One spln-off of thls
lncreased growth shou-d be earller flowerlng. Secorrdly, there l"s a time
advantage. Rootstocks can be growlng ln the fteld while decision on
eclon source are pendlng. The E,echnlque ls well suited to a breedlng
orchard sltuatl-on, where growth, flowerlng and tlne are considered
lmportant. I.Ieyerhaeuaer Ls currently using the approach in lts breeding
orchard at Sequlrn, Washl-ngton, and ls planning its use l-n advanced
generaElon orchard establlshment. The maJor drawback to thls sytem would
have ro be Lncreased risk of poor graft survlval due to the chance of
unfavorable cllmatLc condltlons durlng graftlng. To date, however, thls
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has not been a slgnlflcant problen wlth Douglas-fLr orr the west coast.

Growth Phase

Although flowerlng ls llml-ted durlng the growth phase, there is
opportunlty to culture for maxlmum growth, Three advantages qulckly come
to nrind. These are:

1) To reach full productl.on targets as qulckly as possible.
2) To develop a crovm capable of maxl.nun cone productlon (long

lnternodes), and
3) To develop a crown thet will mlnlmize reductlon ln yield

followlng height control (agaln, lengthy Lnrernodes).

The thlrd advantage may be mre lnportant than many realize.
IlarveeElng cones fron tall trees ts costly. Reeults from t{eyerhaeuser
research on height control at our McDonald orchard lndicated no
difference ln yleld ( = 0.05 leveJ.) between control ranets and those
height controlled, for both the 1978 and 1980 crops (Masters, unpubllshed
data). The palred-plot study lnvolved 12 clones wlth one ramet per clone
per treatment, chosen for thelr slnllarltles Ln hetght and crown volune.
At the tlme of helght control, the average helght of control ramets Has
13.7 metere, of those helght-controlled, 6.7 Deters. Although the study
was srna11, the redlstrlbutlon of flowering seen on height-controll-ed
rameta was responsible for the cornparable ylelds on those ranets. Larger
studles have been lnstalled. Therefore, in additlon to developlng crown
volume, culturlng for maxl"num Lnternode length naxlrul-zes long-term ylel-d
by allowlng greeter ltght penetratLon, an inportant element of any helght
control procedure.

Sttll, there are meny unanswered questlons abouE how to
maxLmlze the growth of Douglas-flr. Fertlllzatlon ls obvlously an
lmportant treatment. A Weyerhaeuser technical report 'The prlnclples and
practLce of nutrltlon ln Douglas-flr seed orchards" (Masters and Webster
1980) sumrnarizes the state of the art on Douglae-flr nutrLtlon for
growth. The lnformatlon ln thls report offers gui.dellnes on monltorlng
nutr{ent statua ae well as developlng the fertlllzer prescrLptlon.
Overall, our obJectlve ts to malntaLn nltrogen, phosphorus and sulfur at
htgh levels and the other micronutrlents at lredlurn levels. Also, the
mlcronutrients are not allowed to reach crltical levels" Irrigatlon ls
another treatment that can be used to lmprove growth. Sone sltes requLre
lt; others do not. concernlng a speclflc prescrlpElon, roe have none.
When our solls dry we rdater to fleld capaclty. Our mst frequently used
monLtorLng devlce ls the Preesure Bonb!. other cultural practLces
have been used from tlne to tLme, dependlng on the sltuatlon -- vlz.
subsolllng and weed control. Subsolllng lmproves aeratLon of heavy soils
or those heavlly compacted. I{eed control, again dependlng on the
sltuatlon, can reduce competitlon for llght or rooisture. It can also
provlde some rodent protectLon.

I pUS InBtrument Company, CorvallLs, Oregon
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Before rmvlng on to the productlon phasc, arrot.rer questlon that
musL be asked -- when does culture f,or growth shlft to productlon?
There is no speclflc polnt at wtrlch the shlft should occur. The decislon
shorrld he made baeed on ablllty to meet plantlng sEock requlrements.
This means poollng lnformatlon on orchard stocklng levels, site
productlvlty and responae to stimulatton treatments. For some, It mi.ght
be at the polnt Douglas-ftr begins produclng signific.antly, which ts
generalJ-y between Ehe agee of 10 and 12. These ages w111, of course,
vary and depend on slt.e end the successful culture for growth. Others,
and Weyerhaerrser currently flts lnto thls group ln some sliuatlons, may
feel the need to walt untll larger cr()wn volumes are attal,ned before
beglnnlng a stimulatLon program, The concern ls that reduced helght
growth (a characterlstlc of flower sLlmulatlon treatments) wll1 foster
development of compact crowns reduclng future ylelds. ProducElon then
occurs only on the outslde edges of the crown because of poor ltght
penetratLon. Stt1l others rnay favor hlgh denslty plantLngs, practiclng
stlmulatlon early to obtaln early yields. We are workLng toward this
posttlon in the future. We want our best material lnto the fleld
qulckly. Also, we have placed ourselves lnto enough boxes ln the past.
We want the flexlbtltty to manlpulate genetlc galn and r.re nant ro keep
our trees low. Whether we are talklng about harvest, supplenental mass
polllnatlon or Lnsect control, smal1 trees are less costly to manage.

Productlon Phase

"Productlon phase" to us means flower stimtrlatlon. And ue are
nearing thls phase of our rnanagernent. However, graft incornpatlblllty,
changlng plantlng stock requlrements and poor orchard site selection in
one case, make Lt essentlal to carefully conslder what we do. Our
concern at the moment ls that intenslve ftower stlmulatlon too early will
reduce growth and future ylelds. There is one exceptl-on. We do
fertlllze to stlmulate flowerlng but only because the rates r€ use do not
negatlvely impact growth. So currently, our focus ls to learn as much as
we can about w'hat our flower stlmulatlon practices shorrld be. Therefore,
the dlscussion of thls sectlon wlll revolve around examples of recent
I^leyerhaeueer data collected on each of the four rnaJor flower stlnulatlon
treatments: fertlllzatlon, glrdllng, root prunlng and glbberelllns.

Ferttllzatlon
The practlce of fertlllzlng Douglas-fir to promote flowerlng

has been wlth us for some time. Varlous rates and types have been used.
Generally, rates have ranged from 224 to 448 kg N/ha, with the nltrate
form of nltrogen being Ehe Eype most comrnonly used. Success has been
varled, wlth fertllizer rate and type, site and tree age (maturation) all
being lmportant varlables. Weyerhaeuser has not done any fertlllzatlon
research sLnce the mld-70rs when the operational recommendation of 224 kg
N/ha calclum niErate was made. I'lore ls planned in the future because we

do not feel we have the best prescrlptlon. Nevertheless, slgnlflcanr
responses ln flowerlng, even at low rates are posslble. The data
represents an operatlonal check of the prescrlption and is based on
lnd ividual production.
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Table I lllustrates the eff,ect of calciun nitrate fertlllzatton
at 224 kg N/ha on the 1980 crop at Turner, Oregon (Masters and Dotter,
unpubllshed data). l'Ialf the Coos Bay and Sprlngf leld low-elevatlon
blocks recelved f ertit tzer 1n L979 . As a rr:su1t of thts trea:Ement, the
dlfference between fertlllzed and control groups was st.rlking.
Signlflcant lncreases ln yie[d can be seen for all productl"on tralts
(Table 1). Ilowever, the npsE strlktng dlfference was ln the cotal cones.
The percent increase in total cones for the l2-year-o1d Coos Bay block
and the ll-year-old Sprlngfield block was 145 and 59 percent,
respectlvly. In terms of ectual numbers, the Coos Bay block produced an
addltlonal 69,498 cones; the Sprlngfield block, 441427 cones. Not only
dtd the treatrnent lncrease the nurnber of trees produclng, but also the
yleld on those destlned to fLower. Had the slze of the 1980 crop been
predlctable ln the sprlng of 1979, a,rd the whole orchard fertlllzed
rather than half, an addltlonal 3.3 sg/ha of good seed qould have been
produced ln the Coos Bay block alone. Thus, a total yleld for Coos Bay
of 16.5 kg/tr would have been a very respectable yield for a l2-year-old
orchard.

Table 1. The effect of calcluru nitrare fertillzatlon (224 ke tt/ha) on
cone productlon at Turner, Oregonl.

Block (CB)
Control

Springfleld Block (SP) Percent
Fertlllzed Control Increase

Tralt (N-494) (N=495) (N=650) (N-650) CB SP

Total Cones
Produclng Trees
Cones,/Prod. Tree
Cones/Tree

Lr7 ,472
243
483
238

47 ,947
162
296

96

119,989
285
42r
184

7 5 ,562
2t7
348
116

r45 59
50 31
63 2L

148 s9

f l9B0 Data: Coos Bay age 12; Sprlngfield, ll.

Glrdllng
Glrdllng should be consldered a vlable florer stlrnulatlon tool

ln seed orchards. Based on pa6t Weyerhaeuser research and thaE of
others, yield lncreases of 1.5 to 2 tlrnes are not unheasoneble. In 1979,
a pllot gtrdllng trlal was lnitlated at Turner, 0regon, and Rochester,
Washlngton. Ite purpose was to determlne flowerlng effectlvenesa on a
large scale, and to help deternlne long-terro appllcatlon strategles.

The study was deslgned to conpare ramets t.reaEed wlth an
overlapplng half-clrcumferentlal saw glrdle (maln stem) to unglrdled
(control) ramets. The dlstance between the gtrdles was set at I.5 tlmes
the dlameter of the stem. Eight rows l"n each orchard were selected for
gtrdllng, and an addltlonaL 8 were treated as controls (= 250 ranets/
treatment/orchar:d). A11 study frees selected were relatlvely unlform
wlth reepect to growth wlth no slgns of graft lncompatibltty. Included



ln the study were plans to assess the effect of yearly glrdltng and

alEernate year glrdltng. Flrat-year results (1980 crop) were agaLn
striklng (Maatere and Roee, unpubllshed data). Yteld lncreases ln total
conea produced were 78 precent at Ttrrnerr Oregon, and 115 percent at
Rochesrer (Table 2). Increaees ln yleld aeemed equal-ly spltt hetween
Increaeee ln total produclng trees as well as Ln coneE per producing
rree. In addltton, slgnlflcant lncreases ln male productlon were noted
(not shown).

Table 2. The effect of glrdllng on cone productLon at Turner Oregon and

Rochester, I^lashlngtonl-.

Turner (CB) Rochester (LV) 
_.

-Gir-dling Control Z

Tralt (N=256) (N=255) Inc. (N-276) (lI=271) Inc.

Total Cones
Producing Trees

Cones/Prod. Tree
Cones/Tree
Cone Ef f lc. (7")

34,405
LL7

2s4rf,&
134F19

ot+o

L9,322
B6

225+50
76F18
70;10

26,807
92

291+53
97T20
ssT3

12,526
54

232+52
46TL2
8OT4

78
36

31
76

LL4
70

25
r11

I
z

1980 data: Turner age 12; Rochester, 11.
Standard error.

Root Prunlng
Root prunlng wlth a Vermeer tree spade or subsolllng has become

a standard flower sElmulatlon treatment ln many orchards. Examinatlon of
the state of the art shows the potentiat exlsts to at least double
ytelds. In fact, a quadrupltng of ylelds ls not unreasonable. For
example, tn 1974, a study lnvolving two root prunlng treatnents and a
control was lnl-tlated on 7-year-old grafEed Douglas-fir at Rochester,
Washlngton (Maeters et aI. 1981). Root prunlng was achieved by fully
extendlng all four blades of a 762-urm Vermeer tree spade wlthout llftlng
the tree. An early treatment (Aprtl L9, L974) was timed to correspond
wlth the begtnning of vegetatlve bud swell; the late treatment (June 26,
1974), to the end of rapld ehoot elongatlon. In all, each treatnent
lnvolved an average of 2.5 ramets from each of 20 clones. The results
lndlcate that 74 percent of the early root-pruned clones produced fenale
cones and 54 percent produced male buds (Table 3). The percent of clones
flowerlng ln the control group was 22 and 20 percent for female and
malea, reapectively. Early root prunlng slgnlflcantly (0.05 level)
lncreaged the number of female cones per cone-bearing ranet, fenale cones
per ranet and male bude per ranet 5, 34 and 9 tlmes respectlvely. Ftlled
seed per cone rdas not affected by treatrnent. Based on the evLdence' root
prunlng hae been recommended as a flower stlmulatlon treatnent in
breedlng and seed orchards. llowever, work contlnues on a mre cost
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efflct^ent approach to thls treatment --

Table 3. The effect of root prunlng on
and nale bude ln the tongvlew
Washlngtor[

aubsol I tng .

the productLon of femaLe cones
block at R.ochester,

Treatnent

Percent CLones
producLng

Femalee Males

emale Cones
produclng

ranet
Fenale Cones
per ranet

Male Buds
per rapet

xx x

Early root
prunlng

Late root
prunl,ng

Control

1b

2b

22

15

s4

37

20

74

43

22

120J

4b

23b

4l

r95

4l 68a 4L 52Oa

41 5b

196 50b

I
z 1975 data; gtaft age 8

Values wlth the same letter do not dlffer slgntficantly ( - 0.05)

Glbberelllns
The research on glbberelllc aclds (GA) to pronote flowerlng ln

Douglas-fir and other epeclee has been extenslve. The
llterature on thls subJect ls arnple. The work at weyerhaeuser was
ploneered by s.D. Ross, and the resurts have been succeseful. A
testlnony to that succese ls our uae of sten-lnJected GM/l ,GA+/l * gtrdllng and GAq/l ln courbinatlon wlth other treatments
operatLonally ln our breedlng orchard. When these treatnents have beerr
applled to )'oung ranetg (3 to 4 yeare old), they have nade the difference
between havlng a crop and not havlng one.

our concern now ls to expand thls technology for use on large
producElon orchard trees. Research on the "cut-branch" urethod of
lnJectlng GA lnto large trees has been succeseful (Masters, unpubllshed
data), but the method ls labor lntenslve and hae other dravbacks ae weII.Follar appllcatlon of GA ts our goal. The lnltlal w.trk at l{eyerhaeuser
by Rose (1979) was successful. Indlvldual branch treatutents to 9 year
old Douglae-flr grafte resulted ln 27 percent of the branches yieldtng
fernales, and 15 percent tnalee. Controls bore no flowers of elther aex.

In 1978, ln support of Rosgr work, I lnltlated addlttonal sork
on follar appllcatlon of GA. The obJectlve was to conflrn the response
obtalned rrlth lndlvidual branch sprays by treattng whole trees. The
etudy, a clonally balance paired teat, lnvolved 10 weekly appllcutlons offollar GAq/t, and a control. The treatments were applied to 8
clones and 4 ramets per treatment per clone, ln the 8-year-old cascade
block at Rochester, washington. Both clone and treacment sources of
varlatlon were sLgnlflcant at the 0.01 level. The control rDean \raa
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8t + 45 (S.8.) flowers and ylelded a Eotal of 2352 harvested cone6. For
the spray treatment, the mean was 246 + 79 flowers, produclng a total of
6942 harveeted conee, The response waE clearly, a 3-fold Lncrease (Table
4>. The data are aelf-explanatory. The most signtflcant Lmpact was in
the number of clones and raneta flowerlng. However, there was also a
eignlflcant Lncrease (62 percent) ln the number of c<ines per produclng
tree. Also, no slgnlflcant dlfference {n cone or seed efflclency was
observed. It ls acknowledged that trnprovement ln the tlrne and duratlon
of treatnent Le needed to nake large-scale follar spray appllcatlons less
costly. Also, work on nethod of applicatlon is needed. souc of this
work ls ongolng. rt ts clear that follar appltcatlon of GAs ln seed
orchards ls near at hand.

Table 4. The effect of GA follar spray on cone production i.n the Cascade
block at Rochester, Washlngtonl.

n Control
Tralt3 (trl=32 )

Follar Spray
(N=32 )

Percent
Increase

Total Cones
Produclng Trees
Percent Produclng Cones
Cones/Produclng Tree
Cone s /Tree
Cone Efflclency (Z)

2,352
I1
63

24r+r12
74T4LIr

6,942
20

100
347+98
21 7+68

la

195
82
59
52

193

t
z

1979 data; grafr age 8.
Treatmenta hrere slgniflcantly different at the 0.01 1eve1.
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ABSTRACT

Procedures for tree lmprovment are examlned in relation to the
common management actlvltles of planning, lnplenentatlon, and control.
Plannlng calls for a clear and acceptable enunciatlon of purpose, a
declslon on how to select strategles, identlficatlon of strategy optlons
and their subsequent evaluatlon, and a tonsl.deratlon of risks assoclated
wlth the chosen pathway. Inplernentatlori ls effected through traLning,
although lt ls expedited lf planning procedures are properly explalned to
a11 partles when several organlzations are involved. Simllar1y, control
ls favoured by commonly recognlzed obJectives and a sense of rmrtual
comml tment .

nfsuMf

On 6tudle les mdthodes d'am6lioratlon des arbres en consid'erarrt
les 'etapes nornales de I'am6nagement: la planiflcation, la mLse en
oeuvre et la condulte de projet. La planlflcatlon exlge que le but solt
expos6 de manie-re claire et acceptable; tl faut d6clder de la fagon de
chotslr les strat6gles, d6termlner lesqtrelles on peut employer, Ln falre,
1'6valuatlon et calculer les risques que conporte le cholx qu'on fait.
La mlse en oeuvre se falt par ltapprerrtlssage, bl-en qurell-e puisse €tre
acc616r6e si les mEthodes de planlflcatlon sont bien expllqu6es at tous et
chacun lorsque plusieures organlsnes sont en cause. De m6me, la cottdulEe
du proJet est facl1lt6e si tous s'entendent sur 1es obJectlfs et
conslddrent qutlls font partle dtune 'equlpe.

INTRODUCTION

Tlrc word "strategyr" strlpped of lts original mllltary ireaning,
can he deflned as a plan for the sklllful management of any enterprlse"
At flrst glance, tree Lmprovement appears to requlre only a simple plan.
0n further cnnslderatlon, as the conplexLtles of gene pool formatlon,
blology of seed productlon, uncertalnties of r:ost and beneflt, and
problems of l.ong-term comnitment are unvelled, vre see ttrat there are many
posslble Btrategles for thls cornplex enterprlse" Cholces among options
become necesaary as does the need to organLze lnformatLon ln ways that
faclllrate declslons.

Subeequent speakers wll1 present some speciflc strategies. In
preparatlon for those discusslons, I have chosen to emphasize managenent
of the process by whlch strategy optlons mlght be evaluated.


