
WORKSHOPS
1. PRODUCTION AND UTILIZATION

OF GENETICALLY IMPRTOVED
SEED .

2. ISOENZYMES i,N.,'.FR,EE.,, ' ,'" '

IMPROVEMENT
;..

3. NORTH NTUEhICAN QUANT]TATIVE
FOREST GENETICS GROUP
MEETING.

CLONAL FORESTRY:

IT'S IMPACT ON TREE
IMPROVEMENT AND OUR
FUTURE FORESTS

Canadian
Tree lmprovement

Association

Association
Canad ienne
pour Uam6lioration
des Arbres

tssN 0705-4858

LA FORESTERIE
CLONALE:
SON IMPACT SUR
L'AMEt-lOnnloN GEruErroue
DES ARBRES ET NOTRE FORET
FUTURE

ATELIERS DE TRAVAIL
1. PRODUCTION ET UTILISATION DES

SEMENCES DE ounIIrE
GENETIQUE nUEIIOREC

RvEr-ronATtoN
ARBRES

TORONTO
1 983

COMPTE RENDUS
DIX-NEUVI EIUT CONFERENCE

2E PARTIE

2.

3.

PROCEEDINGS
NINETEENTH MEETING

PART 2

EDITORS z nEoncTEURS
L. ZSUFFA

R.M. RAUTER
C.W. YEATMAN



PROCEEDINGS

OF THE NINETEENTH MEETING

OF THE

CANADIAN TREE IMPROVEMENT

ASSOCIATION

PART 2:

SYMPOSIUM ON

CLONAL FORESTRY: ITS IMPACT ON TREE

IMPROVEMENT AND OUR FUTURE FORESTS

TORONTO, ONTARIO

AUGUST 22 . 28, 1983

EDITORS: L. ZSUFFA, R.M RAUTER, C.\fl. YEATMAN



Part t.

PROCEEDINGS

Minutes and Membersr RePorts

Distributed to Associatl-on members and to
others on request to the Editor' C.T.tr.A./
A.C.A.A.

Part 2. Synposium:

Its Impact on Tree
Future Forests

Clonal Forestry:

Improvement ancl Our

Distrlbuted worldwide to persons and
organlzatlons actively engaged or
interested in forest genetics and
tree l-mprovement.

Additional coples of this publication are
available from:

Ediror, c.T. r.A./l.c.n.n'.
Canadian ForestrY Service
Petawawa Natlonal Forestry Instltute
Chalk River, Ontario KOJ lJO

Produced bY
Canadian ForestrY Servlce

for the
Canadian Tree Improvement Assoclation

I 985



COMPTES RENDUS

DE LA

\,
DIX.NEUVIEME CONFERENCE

DE

L'ASSOCIATION CANADIENNE POUR

t

L'AMELIORATION DES ARBRES

ze PARTIE:

coLroQUE suR

LA FORESTERIE CLONALE:
SON IMPACT SUR L'AMELIORATION

GENETIQTJE DES ARBRES

ET NOTRE FORET FUTURE

TORONTO, ONTARIO

DrJ zz AU 26 notlr rea3

REDACTEURS: L. ZSUFFA, R.M. RAUTER, C.\7. YEATMAN



COUPTES RENDUS

lre partie. Procds-verbaux et rapports des
membres

Distribuds aux membres de 1'Association et aux
autres sur demande au r6dacteur.

2- partle. Syrnposlum. La foresterie clonale:
Son impact sur lram6lloration
g6n6tlque des arbres et noEre
for6t future.

Dlstribu6 I 1f6che11e mondiale aux personnes
et organizatlons actlvement engag6es ou
int6ress6es I la g6n6tlque forestiEre et I
1 I an6lioration des arbres.

Des exemplaires de cette publicatlon peuvent
6tre obtenus h lfadresse sulvante:

R6dacceur C.T.I .A. / A.C.A.A.
Service canadien des for6ts
Institut forestier natlonal de petawawa
Chalk River, Ontario KOJ lJO

Pub1i6 par
le Servlce canadien des forOts

pour
lrAssociation canadienne pour 1'am6ll-oration des arbres,

I 985



PROCEEDINGS OF THE NINETEENTH MEETING OF

THE CANADIAN TREE IMPROVEMENT ASSOCIATION

With the compliments of the Association

EnclwUrie's maLJ be a"ddhe.56ed to the a.tutlrcM otL to rrr. J.F. co1es,
Executive Secretary, c.T.r.A./A.c.A.A., Room 147, Johnston Ha11, University
of Guelph, Guelph, Ontario, NlG 2W1.

IF YOUR ADDRESS ON THE LABEL IS INCORRECT OR INCOMPLETE

PLEASE RETURN CORRECTION FORM BELOW

)tlt en s intette,sted in teeeiving pttcteeQ-dLngt,
e,tc. mau )LQ.tulLn the neplq (onn be,t-otfi to be Iisted a,s'

notice o d meeting,s
C o nne,s ys o nd,Lng lrlemb elt t

(Canadian) on be ytLaeed on tLte maLLLnq U,st (1on- the Pnoeeeding.r on Lq (UbnnnLat,
wLth to n-e-eeive- the-teintti-tuLLont, {oneign addne,s,set) . I u no Lonqett

Pnoceed,i e cheeh " de,Le.te"

The TwenLLeth Mee.LLng 06 the A,alocLaLLon wLL(- be held in Quebee,
futep.9c, \uguAt 19-23, 1985. Syteafr.ent wi-{-(- be invrted to addne,s,s the topic
od "Acee'Lena.ted Genetie Go-Lns thnough Nen Teehnologie,t", canad,Lan and
(onoLgn vi'si-tona ane wo(-ectne. f unthon- in(onnatLon concetLwLng the 20th MezLLng
ahould be addnotaed to: Dn. l,ttna"nd ConnLi,ectu, Centne de Ree"lrcnclp,s do,t-e-ttLd-nle.sdu LaunenLLde,t, C.P. 3800, Sa,Lnt-Foq, eud-bec. GIV 4C7.

To: Edi-ton, C.T.I. A. / A.C. A. A.
CanadLan F onet tnq SenvLce
P e.tawawa. Na.tio na.L F one,s tnq
ClnLlz Rivett, Owta,vLo K|J-
cANADA

IyaLi,tu.te
1J0

PLEASE PRINT

Name:

Address:

Ptto (.
I)t

M.l.
Mn.

Pot.trr..t,

Connectiou

Nuo addnu,tee.

QeLete. {nom C.T.I.A. maL[-iltg [,Ut

Code

fl
t:]
tI

Please check one:

Signed



COMPTES RENDUS DE LA DIX-NEUVIEIqE CONFERENCE

DE L'AssocrATI0N cANADIENNE pouR t-'Rt"tit-toRATION
DES ARBRES

Gracieuset6 de ltAssociati.on

- Let demande,t de nenteignementt peuvent 6,tne adne,s,s6e.t aux autnot
0u a M.J- co1es, Secr6taire ex6cutif , A.c.A.A. /c.T,r.A., Roorn 147, Johnston
Ha1l, University of Guelph, Guelph, Ontario, NlG 2l,ll.

SI VOTRE ADRESSE EST INEXACTE OU INCOMPLiTE SUR t,iTIsUETTE/

S.V.P, RETOURNER LA FICHE DE CORRECTION CI-DESSOI.JS

Le's au.tne,t c1u,L ,senaienr. Lnr.o,r-QAAQA i necevo.in Lot comytters nzndu,t,
Lel avi's de ttzuwLona,- e-tc. , peuvent tLQ,touLnQr In (1onnu,(-e- fJouL q'uQ- Leuha n0m6
,soiewt aiou.tot d. La Lt'ste de'menb,LQA cynLeartondan],s Kana.diznsi ou i" La tLst's.oiewt aiou.tot d. La Lt'ste de'menb,LQA clnLeaytondani,s (cana.diznsi ou i" La tLstz
d.'adyt-e'sAe1s ytoun Let -comytte,t nendu,t ,seutemznt (bibliothd-c1uot, inaLi.tu.tiont,
dotintnLLont 6.tnangA,u). S.{- vlua ne de.t.Ltez necevoin ee,t eomptel nendu,a,
veui.LLez cochQ-tt " " eilt

La vingtidme, cond{.trence dz X-'a,s.tociaLLon a,ulLa .Lteu d- Qu6.bee (Qu6.bee)
du 19 au 23 a-oAi. 1985. De's ona,teu^a Aenont inv.Lttt i,s'ad,te's,sei auluie,t
de " L' ctceel,6'ta.t'Lon du d6.ve,(-oytytene,nt de- La, g6.nd-LLque gniez d, In nouve,Lt-L
technol-ogie" . Tou,s ,sont !,e's biznvenua. PZun d' iutnlel nznteicrnzmentt
concQ-Lna.nt ln vigLLdme condd,,tencQ-, ,s,adne,s.tut d": M. Anmand ConnLveau, ph.0.,
cerutne de rcchenZhu 60ru'ttdnu d,u La.unen-tid.u, B.p. 3g00, so.Lwte-F'oq
(Qutbec) Glv 4c7.

td'Ltu*, A. c. A. A. /c.T.I .A
Senviez eana.d,Lzn de,s Ao6.ts
Tn'sLLtut Aonz,stien na.tiono(- de Pe.trutauta
Cl'La.Ltz RLvett (0ntanLo) K0J tJ0

Code po,sta.L

t-_]

L_-__]

Nom:

Adresse:

Mme

lLI-Lz
PrL

Dn
M

S.V.P. cocher une seule case: Conne-c.tion

Nouveau dersLLnataiLe

Raqen ,Le nom du dettinataine
de La LUte d'adne,s.tat
de. L'A. C. A. A.

Signe



-l-

AC KNOWLEDG EMENTS

On behalf of the Canadtan Tree Improvenent Association' I
gratefully acknowledge Che Faculty of Forestry, University of Toronto,
and the Ontario Forest IndusEries Aassociation for thelr support Eowards
the icebreaker, banquet and lnvlted speakers at the Nlneteenth Blennial
Meetlng.

I^le are grateful to the Ontario l"llnlstry of Natural Resources
for providing the competent assistance of Louis Zsuffa (pr:ogram), Jl-m

Hood (local arrangements) and support sCaff Brad Graham, Dan McKenney,
and Celia Grallam.

The Associatlon ls also lndebted to Sam Foster of the North
American Quantitative Forest Genetlcs Groups, to Bill Chellak and George
Buchert for thelr organizatlon of the isozyme workshop, and to Ben Wang

and Doug Skeates of the Tree Seed Worklng Group for enhancing the
C.T.I.A. conference with thetr annual meeting and workshop,
respectlvely.

R.M. Rauter, Chairman

REMERC I EMENTS

De la part de lfAssoclation canadienne pour lram6lioration des
arbres je suis trEs reconnaissant i la Facult6 de Forest6rie i
lrUniversit6 de ToronEo, et I la "Ontario Forest Industries Assoclation"
d'avoir particip6 au "brls-g1ace", au banquet et aux discours au dix-
neuvldme conf6rence biennal.

Nous t6moignons de la graEltude pour I'excellent appui de Louis
Zsuffa (programme), Jim Hood (arrarrgements locaux), et Brad Graham, Dan

McKenney et Celila Graham (auxtliaires) du ministEre des Ressources
naturelles de lfOntarlo.

L'assoctation salt 916 d Sam Foster des "North American
QuantlEattve ForesE Genetics Groups", a Bill Cheliak et George Bucl-rerE
dtavoir organls6 Itatelier sur 1es lsoenzymes, et d Ben Wang et Dorrg
Skeates ,Cu Groupe de travail sur les semences forestidres dtavoir
contribuE au conf6rence de I'A.C.A.A. en tant que hdEes du conf5rence
annuel et de lratelier,

R.M. RauEer, Pr6sident



-It-
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presents Dr. C. Heimburger with a
plaque in recognition of his out-
standing contributions to Ehe
knowledge and advancement of foresr
genetics and tree breeding.

M. V. Nordin, doyen de 1a facult6
de foresterie i 1'Universit6 ae
Toronto et M. W.T. Foster, adjoint
ministre, ministire des Ressources
naturelles de ltOntario donnent une
plaque i t"t. C. Heimburger en
t6moignage de reconnaissance de
ses excellentes contributions aux
connaissances sur l tam6lioration
g6n5tique des arbres et donc au
d5veloppement de celle-li.
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APPREC IAT I ON/RECONNA I SSANCE

DR, CARL C. HEIMBURGER

The Canadian Tree Improvement Associatlon, the Faculty of
Forestry, university of Toronto, and Ehe Ontario Ministry of Natural
Resources were proud to extend a special honour to Dr" Carl C. Heimburger
at. lts l9th Btennlal Meetlng. Dr. Helmburger was presented with a
dlplonra certlflcate and a special plaque ln recognltion of his out-
sEanding contributions to the knowledge and advancement of forest
genetlcs and tree breeing.

It was through Dr. ileimburgerfs foreslght and enthusLams that
tree breeding goc its foundatlon in Canada in the 1930ts. Dr. Heimburger
continued to make hlsEorical progress ln tree breeding, conducting most
of his work in Ontario at the former Southern Research Centre ln ldaple.

Dr. Heimburger's contributi-ons are acknowledged in Canada and
throughout the world. He is particularly noted for his work in poplar
breeding and white pine hybridization.

M. CARL C, HEIMBURGER

LrAssociatLon canadienne pour ltam6lioration des arbres, la
Facult6 de Foresterie l lruniverslE6 de Toronto, et le ministdre des
Ressources naturelles de 1'Ontarlo ont eu le grand plaisir de rendre
honneur d M. Carl C. Heimburger au clix-neuviEme conf6rence biennlal. On
a donn6 d M. Heirnburger un dlpldme et une plaque sp6ciale pour t6moi-gner
de notre reconnaissance de ces contributions extraordinaires aux connals-
sances sur lram6lloratlon g6n6tique des arbres, et I son d6veloppement.

Cr6tait gr3ce E 1a pr6voyance et au enthousiasme de I"I.
Helrnburger que les canadiens ont commenc6 I sfint6resser b Itarn6lioraEion
des arbres dans les ann6es 30. M. t{eimburger a continuE A r6aliser des
progrEs historlques en ce qul concerne Itarn6lioration des arbres; tl fait
la plupart de son travail a Maple, en ontario, i l'ancien centre de
recherche du Sud.

Les contrlbutlons de M. Helmburger sont reconnues au Canada et
i travers le monde. Ses travaux sur 1'am6lioration des peupliers et sur
1'hybridation des pins blancs sont les mieux connus.
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POTENTIAL OF CLONAL FORESTRY
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INTRODUCTION

To most people, the word "cl-one" is not a neutral word.
To some, the images are wonderful and even magical, full of the

promises of modern molecular biology.
To others, the word is ominous, leading inexorably to visions of

that worst of all monocultures: large, dreary, and biologically unstable
monoc lonal plantations.

RECENT HISTORY

In Canada, clonal forestry was pioneered during the 1940ts by
Carl- Heimburger, largely wiLh poplars. Here and in rnost other parts of
the world, the idea of a clonal forest of conifers was rarely addressed
until about a decade ago. Except for a few species, most of which were
hardwoods, the biological problems kept clonal forestry from serious
consideration. Among those biological problems, now largely solved or
understood, are maturation state. cuttinq environment, cuttinq condition'
problems as.sociated with other ways of cloning, and survival and growth of
propagules.

Maturation State

It was logical to seLect outstanding trees as cutting donors for
clonal- trials and for use in forest plantations. Trees of at least half
rotation age seemed likely to provide better i-nformation for selection
than younger trees; thus mature trees were generally used as sources of
cuttings. Tt only took a few rooting trials to learn that cuttings from
mature trees did not root very weII. Furthermore, those cuttings that
did root didnrt grow very well. But few of those hopeful early cloners
realized that the maturation state of their cuttinqs was the problem.
Even fewer thought that maturation state could be controlledr or better
yet, manipulated. It now seems clear that naturation can be slowedo
perhaps arrested, and maybe even reversed.
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Cutting Environment

We have learned much about the physical environment of detached
cuttings, and we now can modify that environment so that cuttings are
maintained in a heal-thy condition prior to their rooting. We know (with
less certainty) that many elements of that environment, such as bottom and
top temperature, also affect the rooting event.

Cutting Condition

We have learned nuch about the physiological states of cuttings,
and we have particularly gained experience with various plant-growh
regmlators that promote or otherwise affect rooting.

Diseases

we are beginning to l-earn about various important pathosystems
and their interactions in various rooting environments. The low rooting
percentages common in many early experiments were not so much rooting
failures as pathogen successes.

Other Ways of Cloning

Grafting was occasionally used in order to produce genetj-c
uniformity for various experiments, and even for large-scaIe propagation.
Cost, stock-scion incompati-bi1ity, and variable rootstock effects have
largely ruled out these uses. Grafting is still appropriately and
effectively used for seed-orchards, breeding-orchards, gene archives, and
in some urban-forestry operations. Organ- and callus-culture techniques
have progressed from exotic science to become increasingly reliable
alternatives to the more classical rooting of cuttings. Encapsulated
embryoids nay soon be the method of choice.

Survival and Growth

Much of the early skepticism with regard to the practical
usefulness of rooted cuttings (stecklings) was based on their poor
survival and early growth in field conditions. We are gaining experience
with tJ.e after-care of newly-independent stecklings. Increasingly, we can
produce healthy stecklings that survive as well and grow as wel-l as the
best nursery-produced seedlings.

In short, while we still need to know the answers to a lot of
biological questions to do clonal forestry well, these biological
questions are no longer of a disqualifying nature, such that they block
further considerati-on. we can now begin to think seriously about other
kinds of questions. Questions concerning the economics of clonal
forestry, and policy questions related to clonal forestryr are and wil-I
be important. However, in this paper, I am going to focus on
opportunities and strateqies.
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DO WE NEED A WHOLE NEW DESIGN?

A favourite analogy has to do with the strategies followed by
three major U.S. aircraft builders following World War II, with respect to
the civilian passenger marketl. In the l93Ots, Lockheed was producing
their two-engine "10'and "14"Iseries, and Boeing came out with their
"247" in 1933. Beginning in 1936, Douglas had the DC-3, which for years
was thought by many to be the best and most reliabl-e airplane in service.
The four-engine Boeing Stratoliner appeared in 194O, and then further
civilian development paused for World War II. Near the end of that war,
Al-lied air crews got their first looks at German jet aircraft.

Following the war, piston enqines continued Lo be used on
civilian airliners for more than a decade. Douqlasr wartime four-engine
DC-4 was soon replaced by its lrcpular DC-6. Boeing upgraded its
Stratoliner to a Stratocruiser. In the early and mid-1950ts, Douglas
followed the DC-6 with a series of DC-7's, culminating in the large,
Iong-range DC-7C. Lockheed added two engines and a tail to evolve its 1 OA
Lodestar to its Constellation, and then to its wonderful
SuperconsteLlation. These 19501s models were about as qood as biq
piston-engine airliners ever got.

Responding to much pressure and rfirection from Eastern Air
Linesr Captain Eddie Rickenbacker, in 1959 Lockheed produced the Electra,
the first U.S. civiLian airliner with jet engines. The El-ectra looked
like a fat DC-7, with turbojets mounted where the piston engines used to
be. (Perhaps that was comfortinq to those who were used to the DC-'|, and
thought it was wonderfuL. )

Meanwhile, Boeing had been gaining experience with a jet-powered
miritary tanker, which was designed to take advantage of the jet and to
meet iLs requirements. By 1959, they had modified it for civilian
passenger use, and entered that market with the 707. A year later,
Douglas brought out the DC-8. It l-ooked a lot like the 707. Since 1960,
no new major long-haul airliner has looked anything like the wonderful and
successful Dc-3 or DC-7, and most have rooked r;rttrer like the 707.

I now suggest, perhaps inappropriately, that those forestry
enterprises that attempt to use steckl,ings or culture-origin plantlets or
embryoids in a forestry system designed for seedlings will be creating
sornething about as successful as the Electra. Further, those that persist
with the tried and true seedling as the propagul-e of choice will be about
as competitive as a.l9B3 airliner salesman with a 1ot full of new DC-7's.

But, what are the probable design changes that will produce
7O7-Iike clonal forestrv?

' The material on aircraft in this section, of which I know littte, is
from Wigton, D.C., 1963, From Jenny to Jet, Floyd Cramer, Los Angeles
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BE CAUTIOUS WITH FANTASIES

I opened this talk speaking of promises of modern molecular
biology and fears of unstable monocultures. I believe both are largely
fantasies.

Molecular Biology Fantasies

As exciting as molecul-ar biology is, there are several reasons
that led me to believe that it will not soon provide much to forestry that
is radically new. The first and most obvious reason is its expense.
But clever people may solve the problems of expense.

A more serious problem is that ptants produced by the more
radical techniques of molecular biology will be totally new. And being
totally new, they must be very carefully tested. Thus, the promise of
faster entry of new clones to production forestry through molecular
biotogy appears to me to be a fantasy, and perhaps a dangerous one.
Because propagules for forest plantations must successfully occupy a

variety of sites for very long periods, the tests of radically different
trees should be conservativeti.e., they should be conducted on many sites
for many years, exposing such trees to both the foreseen and unforeseen
conditions that occur on operational plantation sites. It is the need for
this conservative and long-term testing that will increase both the time
and the expense of entering radically-engineered new clones.

In contrast, one may use clones whose histories include
conventional selection from populations known to be adapted to plantation
sites, followed by breeding, cl-onal- testing, and further selection. Such
clones are at least as reliable as seedlings from those same populations.
They may be rapidly entered in large-scale use, with considerable
assurance that most of then will not fail. This is not to say that
radical new cl-ones will never be used. It merely suggests that their use
will (should) be neither soon nor cheap.

The safest technique and thus probably the most usefuL
genetic-engineering technique for forestry, wilI be genetic surgery.....
i.e., the insertion of single desirable genes (operons) into clones that
are already outstanding in most other resPects. At present, this
technique is not operational with forest-tree species. Furthermore, few
sufficiently outstanding recipient clones of forest trees are
available perhaps the poplar cl-one I-214 is one such.

Large Monoclonal Fantasies

The fear of inexorable' rarg'e, unstabl-e, monoclonal plantations
is, I think, fear of a fantasy. Large monoclonal plantations are neither
necessary nor likely components of clonal forestry. If they occur at all,
they are best viewed as rather nasty manaEement errors, and such errors
may be avoided by education and/or regrulation.

fores try.
WeII, none of the above leads obviousJ-y to our 707-like
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SO h'}IAT IS TO BE REDESIGNED?

Production Options

With greater per-tree (or per-unit-area) productivity being
acheived by genetic means, managlers have the option of reducing the amount
of land managed for harvest, or of increasing the total production on the
previous land base. These options occur with any form of successful tree-
improvement, but cl-onal forestry appears to offer the greatest genetic
Ieverage.

Orchards

Classical- tree-improvement has typically relied on seed-orchards
to produce select stock at production l-evels. Seed-orchards also feature
sexual recombination of the select genotypes, a mixed blessing at best.
As clonal- programs come on-line, seed-orchards will be replaced by much
smal-ler and less demanding breeding-orchards, to satisfy the need for
continued advanced breeding. It is appropriate to emphasize here that
continued breeding will be as essential a component of clonal- forestry as
it is for classical tree-improvement. But for most c-lonal forestry,
production-level nultiplication of clones will be done in hedge-orchards,
or by using young stecklings still in the nursery as donors, or by in-
vitro propagation.

Returning to the airline analogy, piston-engine airliners stiII
serve on local- low-volume runs. Here the analogy breaks down.
Seed-orchards are sensitive to economies of scale, and one can rarely
justify a seed-orchard for l-ocal low volume demand. (In contrast, a
relatively few hedges will- satisfy such a special dernand, and they can
easily be included in a larger hedge-orchard. ) Seed-orchards are
site-demanding, can be labour-demanding when cones ripen, should be free
of pollen contamination, and can have other annoying management problems.
You may wish to take pictures of these wonderfuL old components of
seedling-based forestry. If so, do it soon, for they will disappear soon
after rel-iable clonal programs become avaiLable.

Nurseries

If clonaI forestry employs plantlets or stecklings, nurseries
will be substantially redesiqned j-n their early operations and little
affected in their later ones. Seed-handl-ing equipment will be replaced by
mechanized methods of sticking cuttinqs. If plantlets are employed, we
will need new techniques and facilities to acclimatize the delicate
plantlets from culture conditions to harsher field conditions. Compared
to a seedling, a recently rooted steckling needs more attention to the
early form of its roots, using either contaj-ners or root pruning for this
prrrpose.

Once the stecklings or plantlets are well establ-ished,
husbandinq of their contj-nued gro\,/th and their preparation for Iif ting
will be very similar to what is (or strould be) done for seedlings. If it
becomes operationally possible to encapsulate cl-oned embryoids, then

\



-6-

nurseries may handle these very much like they handle seeds today.
However, in order to take full- advantage of clonal forestry, clonal
identities should be maintained at least until assignment of the
propagules to a plantation site, and thus record-keeping at clonal
nurseries wilI have sreater detail.

Finally, when all clones in production use are of high genetic
quality, culling percentages should be greatly reduced and the efficiency
of nursery management wiIl thereby be improved.

Reciprocal Effects

Much of what used to be known as "maternal effects" is turning
out to be due to DNA contained in mitochondria and chloroplasts,
excl-usively (or largely) inherited from the mother. Much hard evidence is
accumul-ating from molecular biology that this mitochondrial and
chloroplast DNA is of importance and is variabfe. Softer evidence has
been bothering us quantitative-genetic types for some time, in that
open-pollinated families told us more about the femalets performance as a
mother than we thought they should.

For sorne time, Itve been recommending single-pair matings as an
efficient and cost-effective mating design for long-term (many-generation)
breeding. And it is, at least for nucl-ear genes that are largely additive
in their effects. But, if most or all mitochondrial and chloroplast DNA
is inherited frorn the mother, as much as half of the variation in these
genes will be lost in the first generation of single-pair matings, and
more may be subsequently lost depending on the assignment of male or
female roles to sibs. This requires some rethinking, no matter whether a
clonaL or seed-orchard option follows the breeding. But note that clones
can capture this variability better than can an open-pollinated
seed-orchard.

Si Iviculture

As with other tree-improvement options that increase the growth
and value of plantations, clonal forestry will make various silvicultural
manipulations more possible and more effective. Because clones wiIl
provide the greatest predictability, the timing and effectiveness of
particular silvicultural treatments can be best optimized with known sets
of clones. The nature of the treatments prescribed may also vary
substantially, depending on the particular clones in a plantation.

Site Characterization

The clonal option allows the selection of sets of clones
adapted to particular sites. Thus, with clonal forestry, there will be
much greater attention to characterization of sj-tes and subsites when
planning plantations, prior to ordering the clonal mixtures for them.
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Deployrnent Strategies

As we learn more about general theory and as we accumulate
specific details about our best clones, the decisions we make about the
numbers and arrangements of these clones may have large effects on both
the appearance and the scheduling of our forest stands. The two
deployment strategies being frequently debated are "widespread intimately
mixed plantations" vs "mosaics of monoclonal stands""

Early in a program, it will be prudent to deploy large numbers
of 1ocal clones to any given plantation site, and it will- also be prudent
to plant them in intimate mixture. Those that are well adapted will sort
themselves out from those that are not, and, with close initial spacing,
sites should thus remain fullv occupied.

- Later, both biological and management arguments may lead us to
favour mosaics of snall monoclonal plantings. For this option, we wiII
probably use rel-atively few clones in each region. Ideally. these clones
will be well known (i.e. thoroughly tested) and biological-ly dissimilar to
each other.

When we learn even more, we may be able to prograrn particular
neighbour sequences during plantingo such that adjacent clones make
complementary demands on the site, or such that a thinning sequence is
Pre-programmed by clone and position. It may be that particular cl,ones of
two or more species can coexist in intimate mixture, even though random
members of the same two or more species do not mix well.

TITLE OF THIS PAPER

I think that there are at least 16 major potential advantages to
clonal forestry.

One advantage is the short-term ability to capture a qreater
proportion of the additive genetic variation, a g,reater proportion of the
variation in chloroplast and mitochondrial genes, and a much greater
proportion of t-he nonadditive genetic variation, than can be done usinq
conventional seed-orchards. However, note that over several generations
of breeding, additive nucl-ear alleles and favorable chloroplast and
mitochondrial gene complexes will be accumulated, and the additional gain
possible by cloning will be relatively reduced when compared to the total
accumulated gain. Put another \{ay, long-term genetic advances will depend
on breeding; clonal techniques will- add a gain increment in each
generation, by locating and propagating those outstanding individuals that
have unusually favourable combinations of genes.

A 2nd potential advantage is the abiJ-ity to provide adapted (and
probably selected) clones for unusual sites. Such sites are not
well served by families selected for the more common sites, and these
unusual sites do not require regeneration in numbers to justify the,ir own
conventional seed-orchards.
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A 3rd is the eLimination of all inbreds (includinq selfs) from
production plantations. For most species. open-poflinated seed-orchards
may produce an unacceptable percentages of selfs. Clones derived from
pedigreed control-pollination crosses can be 1 OOt non-inbred. This is
particularly useful in species that exhibit serious inbreeding depression
in plantations, but whose inbreds in good nursery conditions have high
germination percentages, high viability, and early qrowth above cu1l
IeveIs.

A 4th is the mass production of valuable but expensive
genotypes. These include various kinds of hybrids, the products of
various genetic-engineering techniques, and pedigreed control-cross
seedlinqs.

A 5th is the identification of broadly-adapted and/or highfy
interactive cl-ones, with deploynent of the latter then being restricted to
those sites on which they do well.

A 6th is the ability to use maturation states other than
juvenile. In at least some species, late juvenile or even early
adolescent maturation states of their propagules at the time of planting
confer substantial advantages with respect to subsequent stem-form and
resistance to at l-east some important pests.

A 7th is the possibility of using "correlation break€rsrr.
Multiple-trait index gains attainable by sexual reproduction, on average,
are constrained by genetic correlations between the indexed
characteristics. However, these correl-ations are rarely 1.0, and unusual
"correlation breakers" can be found by clonal testinq.

An Bth allows us to shift biomass allocation in our plantations
from cones and pollen to bole wood. while there is no convincing evidence
that juvenile growth is negatively correlated to seed and pollen
production, it makes sense that heavy commitments to reproductive ograns
are probably at the expense of something else after reproductive maturity
is achieved.

A 9th is the knowledge and experience that accumulates about
outstanding successful clones. (We must avoid the mistake of using too
high a proportion of too few such clones. ) Ihese well-known clones wilf
probably rernain more valuabre than new clones or seedlings from, the
breeding program, which are genetically better but less known than the
current clones. This may sound like a disadvantage with respect to gain
per unit time, but the advantages of managing a welf-understood set of
clones are substantial.

A 1 Oth is the control of genetic diversity in production
plantations. Genetic diversity may be more precisely prescribed using
sets of pedigreed crones than usinq the continuum of unique genotypes
produced in the wild or in seed-orchards. Here, the goal is not merely
plantations that are as safe as those using seedlings, but plantations
that are sj-gnificantly safer as a result of wise and informed deployment
of clones.
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An 11th, related to the 2nd and 10th, is the abiliLy to improve
and thus effectively use a greater number of species. Two elements of
clonal forestry contribute to this. One, noted above, is the possibility
of mixing compatible clones of species that do not typically mix well.
The second is that, in a clonal program, the production of individual
elones is not as sensitive to economies of scal-e as is classicaf
seed-orchard production of improved seedlings. Thus, while it might be

econornicalty possible to genetically improve (and thus effectively
use)only two or three species in a region by classical seed-orchard
techniques, clonal selection and propagation may aIlow deployment of
genetically superior clones from a much larger nllmber of species.

A 12th is the greater simplicity of managing hedge-orchards (or
other donor options) than of managing seed-orchards. In addition, the
unit of manaqement will be the individual clone, rather than the general
seed-orchard. This removes several restrictions (such as putting clones
that should not interbreed in the same hedge-orchard), and increases
flexibility (each clone is individually deployable to different
plantations ).

This latter allows a 13th advantaqe' nanely specific and
probably optimal deployment of sets of clones from the available list of
known clones to each plantation or even to each subsite of a plantation.
It is likely that no two plantations will have exactly the same set of
clones. In contrast, most seed-orchards produce the same general product
for all their client areas.

A 1 4th. true in most species, is the shorter time between
selection and production, compared to seed orchards.

A 15th' discussed above, is the ability to progran planting
sequences, such that productivity is increased by reducing negative
competitive interactions, and/or such that thinning and other activites
may be planned by clone and position.

The 1 6th concerns selection philosophy. In most seed-orchard
programs, in an attempt to quickly use the very best trees from a large
number of candidates, one usually selects a very few of them. These few
selected individuals become the parents of extensive production
plantations. In contrast, most clonal programs begin with many clones and
selection is then incremental. As different characteristics develop at
each round of evaluation during the testsf new increments of the poorer
clones are identified and discontinued. The remaining clones contribute
ever larger proportions to the clonal production plantations. This
incrementally reduced proportion of clones in production is both
increasingly better genetically and increasingly better known, and thus is
increasingly reliable. This latter strategy seems much more in keepinq
with the conservative selection philosophy appropriate to a long-term crop
such as forest trees.
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THE BEG]NNINGS OF CLONAT FORESTRY

One condition that is necessary is that the cloned ramets must
develop into satisfactory trees. Given that, clonal forestry may be
adopted when sufficient additional conditions are present. For example,
clonal forestry has been pioneered with such species as cottonwoods,
willow and tsugi. whose rooted cuttings cost little more (or even less)
than seedlings.

Other sufficient conditions are that unit values are high and
rotations short. The Christmas-tree industry is thus characteri.zed, and
it is beginning to replace seedlings with expensive but more reliable
clones.

When tree values or mainLenance costs are very high' very
expensive clones (that produce unusually valued trees or that avoid costly
problems ) can be justified. The emerging field of urban forestry is
rapidly adopting clonal propagation of select trees.

When trees are planted at wide spacings, as in agroforestryt
clonal reLiabilj-Ly is highly desirable. Thus, agroforestry wiII probably
adopt the clonal option even though per-plant costs remain higher than
those for seedlings, and values are not unusually high.

For more general wood-and-fiber forestry, two forces appear to
be at work. On the one hand, stumpage values are expected to continue to
outpace infl-ation; and J-and, labour, and transportation costs wiIl make
high unit-area productivity increasingly desirable. On the other hand,
technical advances in producing clonal propagules are eliminating
maturation-related problems, and are reducing unit costs. The joint
effects of these forces will be to shift conventional forestry to clonal
forestry, species by species and region by region, as values and costs
become first favourable, and then compelling.

CONCLUS IONS

Forestry, compared to agriculture, has been very late in
domesticating the organisms it depends on. Clonal forestry provides a
major opportunity to close some of that gap. It seems inevitable that we
will adopt a more aggressive management of the forest resourcei the onJ-y
thing likely to stop this intensification is the failure of civilization.
But inevitable or not, it is exciting to be in on the development and
expansion of clonal forestry. However, let me suggest that our excitement
and enthusiasm shoutd be tempered by the careful conservatism appropriate
to husbanding a long-term resource, and that we should seek wisdom in
instituting not only the techniques but the policies appropriate to clonal
fores trv.

Finally, Irm pleased to note that this first major North
American conference featuring clonal forestry is being held in Ontario,
where so much of the pioneering has been and is being done.



-11-

ACKNOWLEDGEI.IENTS

l4any of the ideas and examples in this paper have come from
colleagmes, frequently at the sites of their research. Particularly
fruitful times erere during the recent IUFRO meeting on Breeding Radiata
Pine (Novembert 1982, Rotorua, New Zealand), Lhe 8th Long Ashton Symposium
on Improvement of Vegetatively-Propagated Plants (September, 1982,
Bristol-, England) and the IUFRO Joint Meeting of Workings Parties on
Genetics about Breeding Strategies Including Multiclonal Varieties
(September, 1982, Escherode and Sensenstein, West Germany). I am pleased
to acknowledge these contributions, and the spirit in which they were
given to me. I have not listed individuals, more from fear of omission
than commission, but I thank all of you who are so productively addressing
this new kind of forestry. A special thanks is extended to Marie Rauter
and Bruce ZobeI for their helpful reviews of this manuscript.



SESSION I

MODERATOR:

DR. D.P. FOWLER

CANADIAN FORESTRY SERVICE

FREDERICTON, NEW B RUNSWICK



-12-

CONCEPTS AND EXPERIENCES IN CLONAL PLANTATIONS OF HARDWOODS
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ABSTRACT

Clonal silvicutture has only evolved in poplars and willows.
Therefore, consideration of the concepts and experiences in clonal
plantations is restricted to these two genera.

Monoclonal planting is common in all forms of poplar and willow
plantations because of ease of propagation by rooting of cuttings,
advantages of growing and utilizing prantations of unifonm trees, and
limited availability of outstanding desired clones. Most of the plantings
over large areas and in different countries are with very f,ew clones.

Multiclonal plantations are a desirable alternative to existing
monoclonal plantations in poplars and wil_l_ows. The concept of
"multiclonal varieties" in individual tree mixtures may be feasible for
forest stand managenent. lrlosaics of monoclonal blocks that are relatively
small and similar in size in which clones are matched to soils, plantation
systems and production objectives seem to be the only reasonable choice
for intensively managed plantations.

Stock for multiclonal management has yet to be developed.
However, active breeding projects in poplars and willows have the capac-ity
for producing such stock. The prospects for sinilar development in other
hardwood species are more distant.

RESUI,IE

La sylviculture des clones ne stest d6velopp6e que pour les
peupliers et les saules. Par cons6quent, iI ne saurait 6tre question que
de Ia th6orie et que des exp6riences touchant la plantation de clones de
ces deux genres.

L'am6nagement monoclonal est r6pandu dans J-es plantations de
peupJ-iers et de saures de toutes formes, en raison de ra facirit6 ae
multiplication de ces espices par racinage de boutures, des avatages de
cultiver et drutiliser des arbres uniforrnes et de la disponibilit6 l-imit6e
des clones exceptionnel-s voulus. La plupart des plantations sur de vastes
territoires et dans diff6rents pays sont 6tablies avec trds peu de clones.
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Les plantations multiclonales representent une solution de
rechange souhaitable aux plantations nronocl-onales existantes de peupliers
et de saules. Lrid6e dtavoir des "vari6t6s multiclonales" dans des
m6langes drarbres individuels pourrait convenir i ta gestion des
peupl-ements forestiers. Des mosalques de blocs monoclonaux de dimensions
similaires, nais rel-ativement petites, orf les clones seraient choisis en
fonction du sol, du systbme de plantation et des objectifs de production
semblent la seule solution raisonnable pour les plantations en gestion
intensive.

Le rnat6riel n6cessaire pour Itam6nagement multiclonal nrest pas
encore disponible. Toutefois, des travaux en cours dans le domaine de
I'am6lioration des peupliers et des saules pourraient produire ce
mat6riel. Par ailleurs, Ies perspectives de r6alisations similaires avec
drautres espbces feuillues sont plus 61oign6es.

INTRODUCTION

Clones of hardwood (broadleaved) tree species (Angiospermae
Brongn. ) have been used as ornamental and fruit producing varieties for
many centuries. Hillierrs manual of trees and shrubs (L974) lists more
than 21000 such clonal varieties, some dating back to the beginning of
known human history. Some of these have been traditionally reproduced by
grafting, while others have been reproduced by rooting of cuttings.
Poplars (Populus L.) and willows (Sal-ix L.), fall within this latter
category. They are well-known for their ease of propagation by rooting of
cuttings, and are, therefore, commonly used.

Ease of propagation by rooting of cuttings has significantly
contributed to the distribution and use of hardwood clones. While
varieties propagated by grafting remained restricted as high-val-ue,
individual- trees for ornamental- and fruit-producingl purposes, other
species which coul-d be easily propagated by cuttings were inexpensively
spread in large numbers. Such clonal material was also used in
multi-tree, forest-type plantations for timber production. In addition to
ease of rooting, the determining factors for such use were the utility of
the wood, facility of plantation establishment, and adaptability to a
variety of sites.

Poplars and willows conform well to these criteria and are
valuable for timber production. Therefore, their clonal culture is the
most widely spread of any hardwood species in a temperate climatic zone.
Although some other hardwoods, such as Platanus L., have the potential for
vegetative propagation, the concept of "f""af si-Iviculture evolved only in
the case of poplars and willows as the result of a unique combination of
economic demand, site requirenents and ease of reproduction.
Consideration of the concepts and experiences in clonal plantations of
hardwoods in this paper is, therefore, restricLed to these two genera.
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HISTORICAT NOTES

Poplars are interspersed throughout aIl forests of the temperate
and colder regions of the northern hemisphere. Willows have a wider
natural distribution and also occur in the southern hernisphere. They grow
in clusters and rarely expand into forests to a great extent. Many
species of both genera are typical occupants of recent alluvial deposits.

fn the International Poplar Commissionts book on poplars and
willows (FAo, 1979), the spread of cultivation of these species is
described as follows: "when the forests of the plains of the OId World
were cleared and converted to agriculture, many parts of the land were
left aside because no worthwhile crops could be expected from them.
However, it was there that poplars and willows r,rere successful in
establishing themselves. People came to look at these areas of natural
growth to satisfy their needs for timber and fuelwood. Because of the
value of the trees and the proven ease of propagating them by eutLings,
people started planting then near their houses and around their fields to
furnish wood and provide greenery and shade".

In Mid-Asia, the Near-East and around the edges of the
Mediterranean, Salicaceae have been closely associated with agriculture
since antiquity. For many centuries, pollard willows have provided fuel
and withes, while poplars provided timber and fuel. As weIl, poplar
Ieaves were used as forage and litter for animals. Even today, from
Kashmir to the Atlantic in the old World and throughout the New Worldn
poplars and willows mark the neighbourhoods of human habitations.

The oldest type of poplar forest culture evolved with locai.Iy
available trees; almost everlnrrhere, this was with various forms of Populus
nigra L. (Zsuffa, L974). However, the introduction of P. deltoides Marsh
from North America into Europe during the seventeenth r""t"ry r"""fted in
natural hybrids (P. deltoides x nigra = P. canadensis Moench, syn. P. x
euramericana (Dod;) GflFer) whiA'l; time revolutionized the ideas about
poplar cultivation. Gradually, this led to the use of poplar in all
modern wood industries.

The extrenely rapid growth and ease of propagation by cuttings
fascinated poplar growers. Nurseries were established and their output
was in great demand. It was clearly appreciated that these poplars,
although of the same origin, were not alike, and people wanted to know
which crones were best suited to their needs. For planting, culture, and
protection against pests, the empirical approach was the only answer.

During the first years of this century, poplar cultivation was
already widery spread in Europe with the support of industry. Voices
began to be raised on all sides deploring the general state of disorder,
the ignorance of tree planters, and the ravages caused by insects and
diseases. Scientists began to take interest in poplar; in France, Dode
(1905); in England, Henry (I914), in ItaIy, Jacometti (1933); in Germany,
Wettstein (1933); in the United States, Schreiner and Stout (1934); and in
the Netherlands, Houtzagers (1937).
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These initiatives were brought together in 1947 with the
founding ofthe International Poplar Commission under the aegis of the Food
and Agriculture Organization (FAO). The efforts of this Commission
resulted in considerable progress in the knowledge of poPlar types and
their cultivation, and led to important agreements in nomenclature,
registration of clones, varietal control, and the exchange of cuttings.
The Commission, of which Canada is a member, is still very active' and is
now al-so concerned with the cultivation and utilization of Salicaceae.

TYPES OF POPLAR AND WILLCW PLANTATIONS

The two main forms of plantations are in stands (blocks) and
rows. A variety of each is practised in different countries depending on
needs, tradition, tree varieties, sites, and economies. The examples
which follow wilI illustrate these practises and also facilitate the
discussion on clonal concepts and experiences.

In stands, poplar is grown most often in medium spacings (3.0 m

to 4.0 m) and harvested in twenty to thirty year rotations. Rooted stock
is used for planting, and some form of site preparation and iniLial
tending is practised. The stands are at times pruned and thinned
depending on growth vigour, tree variety, and the desired tree size and
quality at harvesting. Such forms of plantations are found, for example,
in Scandinavia and parts of mid- and eastern Europe with aspen (P. tremula
L. ) seedlings and its hybrid varieties (aspen does not propagate from
cuttings ) r and throughout mid-Europe and in parts of North America with
Euramerican (P. x euramericana) poplar and various balsam poplar hybrid
clones.

Another common form of poplar plantations uses widely spaced
trees (5.0 to 8.0 m) and harvested in ten to fifteen year rotations.
These are clonal plantations of Euramerican poplarr cottonwoods, and
similar easy-to-propagate varieties. Large-size rooted stock is usually
planted on well-prepared sites, and the plantations are well tended. An

example of this is the well-known Italian poplar culture. It has spread,
together with clones devel-oped in ltaly, throughout the world. Such
poplar plantations, when established on productive agricultural soils, are
associated with annual farm crops (corn, potatoes, etc. ) for 2 to 4 years
until the crops become shaded by fast growing poplars. In other cases,
forage, such as alfalfa, is grown and grazed by cattle in widely spaced
poplar plantations.

A traditional form of poplar cultivation is practised in Asia'
the lrtid East and North Africa. Fastigiate (pyramidal) poplar clones
(usually of P. nigra and P. al-ba L. origin) are grown in very dense
spacings (1.0 m) in ten to twenty year rotations. The trees are an
important source of timber for rural construction, and fuel, and leafy
branches are used for animal feed.

Another form of poplar plantation has been developed in North
America. Unrooted cuttings of easy-to-propagate clones are used for
medium density plantations, and the production goal is usually industrial
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fibre. The planting sites are prepared by ploughing, and the plantations
are tended by cultivation and weed control. The rotation age is
approxinately ten years, and the trees are occasionally regenerated fronr
coppices.

Biomass plantations are a new concept in poplar and willow
cul-tivation. These are very dense plantings (0.5 m to 1.5 m) of unrooted
cuttings, harvested frequently (every 1 to 5 fears)r and subsequently
regenerated by coppice growth. The blocks are nonoclonal, and the trees
onry grow welr on fertire sites and when properly tended. The whole
above-ground portion of the trees, sometimes even the foliage, is
harvested and used as a source of fibre, enerlfy and food. A traditional
form of willow plantations with a concept similar to biornass plantations
are the osiers.

Willow stands are in many cases similar to poplar stands.
However, dense plantings (3.0 n) are more commonly practiced, and t-ending
is usually less frequent and extensive. Willow cultivation is widely
spread in Europe along the Danube River, and in Argentina in the valley of
the Parana River.

In row plantings, there is a variety of cultivation forms of
poplars and willows with different cultivars. A common form of row
plantation uses Euramerican poplar clones along ditches, roads, and farrn
boundaries. The spacing is usually wide (4.0 m to 10.0 m) and large,
rooted stock is planted in single rows, or occasionally, in double rows.
The trees are cut at twenty to forty years-of-age and replaced by new
plantings. This form of row planting is very common throughout Europe.
In some countries, such as parts of Holl-and, France and ltaly,
approximately 40 trees grow in such plantings on every hectare of
farmland.

In the Mid East and North Africa, fastigiate poplars are often
grown in single or multiple rows in dense (1.0 rn Lo 2.0 m) arranqements.
In the Soviet Union and Canada, lnplars are an important component of
windbreaks. In New Zealand, row plantations of poplar check soil erosion
as a result of sheep and cattle grazing on hilly land.

A traditional concept of row plantations, practiced in many Old
World countries, are the poltard willows. The crowns of these willows are
cut back periodically to the trunk and the branches are used as fueI,
withes and stakes.

CONCEPTS IN CLONAL PLANTATIONS

Monoclonal planting is comnon in all forms of poplar and wiLlow
plantations. This concept was applied almost automatically as the most
reasonable and practical method of poplar and willow cultivation.

The reasons for, and practicality of, monoclonal poplar and
will-ow culture are: ease of propagation by rooting of cuttings; the
advantages of growing and utilizing plantations of uniform trees; large
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variation within populations and familiesi and the occurrence of unusual,
desired individuar types. The ease of vegetative propagation arone, if
dealing with relativery uniform populations and sibs containing many
desired types, could have lead to multiclonal cultures. llowever, poplar
species in general, and families of interspecific hybrid poplars in
particular, are well-noted for large tree-to-tree variation. In fact P.
nigra clonal selections of fastigiate forms, such as cvs. italica,
thevestina and plaltierensis, which have been propagated for centuries,
represent unique or rare occurrences. Old selections of Euramerican
poplars, such as cvs. serotina, regenerata and robusta, are also
dis tingnrished by partiEiGIfeatGTi-?6rm, growtit and si te adaptation.
For this reason, and because of the relativery l-ate start of planned
poplar and willow breeding programs, the number of clones used in
monoclonal plantaLions throughout the world has remained relatively small.

The fnternational Poplar Commission has registered fifty-two
clones and has eight more clones which are candidates for registration
(FAo' 1983). Most of these clones are Euramerican poplar hybrids. The
Commissionrs textbook on poplars and willows (FAo, 1979) describes five
clones of P. !l9ra, Lwenty-two clones of P. deltoides (in use since 197A),
forty-four clonGs of Euramerican poplar (;b"ut h"ff "f them in use since
1970), and twenty clones of balsam poptars and their hybrids (eight of
which have been in use since 1970). Thus, the total number of poplar
cLones registered and in commerciar use is less than one hundred.

The situation with wil-Iow clones is similar in that the tota]
number of clones in commercial use does not exceed one hundred. However,
many of these are osier willows (shrubs); few clones are actual trees.

while osiers and biomass (energy) plantations are always
monoclonal, tree plantations of wiIlows, especially of Salix alba L. along
the Danube River, are occasionally multiclonal. This is because special
selections were not made earlier within this species which is native to
the flood plain of the river, and the plantations established on similar
sites are extensively managed as forest stands.

OnIy a portion of registered poplar and willow clones are widely
used in plantations. According to the reports of the National PopJ-ar
Commissions submitted to the 15th .Session of the International poplar
Commission, the number of clones planted on a large scale is very small in
most of the countries (chardenon, 1980). rn Hungary, three clones (p. x
euramericana cvs. Robusta, J-?14, and tularilandica) represent 81.0t of the
pranlationl in trrE-lletnErlands, nur.*EIETJilIar .1or,"" Robusta and
Zealand account for 60,0t, and in France, Robusta and r-21alffit rot
70.0t of the plantings. rn the Repubtic of rorea, uurilrneri"an poplar
clones I-214 and I-476 are planted almost entirely on the plains, while
s"eatin$-oT a singre ttybrid aspen family (p. alba x grandulosa) are
planted in the hills and lower mountain ranges on a totaL of 4281000 ha.
A few of the clones, such as I-214 and Robusta, have been very successful
and are, therefore, widely pflitea- in .any conntries. Fev/er than ten
clones represent well over 50.0t of a1l poplar plantations, the extent of
which can be estimated at more than 1,5OO,OOO ha worldwide.
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The situation in willow plantations with regard to the number of
clones registered and planted over large areas is similar to poplar' In
England, a single clone (S. alba v. coerulea) has been planted and used

for the production of criEkeE bats. In osiers, as well as in tree
ptant1ngs, a handful of clones are favoured and used throughout the world.

Multiclonal concepts were introduced in poplar and willow
cul-ture in the 1960's in conjunction with the dawn of new ideas in
plantation technology, spreading of plantations to different sites, and

rs11-planned breeding programs. The ideas on integrated use of trees (tne
biomass concept), and new needs and possibilities in bionass utilization
(such as for composite boards, energy, food) led to studies of matching
clonal characteristics to production and utilization technology. These

studies showed significant clonal variation and resulted in new clonal
selections and diversification.

After the Second World War, poplar plantations spread to new and

different sites, such as forest sites, upland sites, and different
countries and climatic zones. Occasionally, traditional clones did not
perform satisfactorily in such conditions and a search for new selections
was initiated. At the same time, some of the well-established breeding
programs, such as in Belgium, (Steenackers, 1970), Germany (t"tohrdiek et
aI., 1g7g) and Holland (Koster, 1976), have come to fruition. In

"ddition, new breeding programs were initiated by geneticists and
specialis ts.

AII this resulted in a variety of ne\,t breeding stock in the
arboreta with new combinations of hybrids, and a large number of new

clonal selections. However, although the need for diversification of
clonaI stock was realized and breeding efforts for this diversification
were made, multiclonal concepts were only considered and developed in a

few cases.

The two main concepts promoted for clonal mixtures l{tere: (i) the
use of mosaics of relatively small monoclonal blocks which were similar in
slrze, anrf (b) the use of now-to-row or tree-to-tree type clonal mixtures.

The concept of mosaics of monoclonal blocks in poplar
plantations was developed and implemented in Ontario, Canada (Ot'lWR' 83).
According to this concept, clones are carefully matched to site,
plantation system and production goal. Sites are planted with several,
rather than one or two, different clones. Monoclonal bl-ocks are no larger
than 5.0 ha in size. Each clone in production is continuously being
tested for growth and pest resistance. As better clones become available
from on-going breeding work, the poorer clones are removed from nursery
propagation and planting. The number of clones in propagation and
planting is more than fifty at any one time, and 5.0 to 10.0* of the
clones in production are changed annually by phasing-out and new

introductions.

The poplar plantation program in Ontario, as well as the
breeding work in support of this program, has intensified since the Iate
1960ts. The existinq clones did not, in many cases, satisfy the needs,
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and studies demonstrated the significant
hybrids and clones (Zsuffa, 1976, 1979).
between research, technology development
development and successful application of
Ontario.

potential for new combinations of
Tean-work, and cooperation

and management led to the
this multiclonal concept in

The use of row-to-row and tree-to-tree type clonal mixtures was
attempted in Holland and cermany. Kolster (1978) investigated the
possibility of decreasing monoclonal risks by mixing two clones by rows in
plantations established with five hundred to six hundred and twenty-five
trees/ha. The results indicated that this method did not offer practical
possibilities. The growth of one clone was suppressed by the other. As
weII, the loss in wood production by one clone was not compensated by the
increased growth of the trees of the other clone. For this reason, the
mi-xing of rows of different clones was discouraged. The same resul-t uras
expected when individual- trees of different clones \.rere mixed.

The concept of such mixtures of individual trees of several
clones, or "multiclonaI varieties", was furthered by Weisgerber (1979) in
WestGermany. With the spreading of poplar cuLture to forest land in that
country, attention turned to aspen and balsam poplars which placed less
demand on climate and soil than cottonwoods and black poplars (section
Aigeiros Dtny). While aspen stock is rarely clonal due to difficulties in
rooting of cuttings, balsam poplar stock often occurs as clones. In 1972,
three balsam poplar clones comprised 54.0t of the market, and the
proportion of baLsam poplars to aII poplar stock produced grew rapidly (to
70.0t by 1977). with the introduction of Populus trichocarpa Torr. and
Gray provenances, efforts were made to enrich the gene pool and enable new
selections. The development of mul-ticlonal varieties is envisaged from
such selections for growth in pure or mixed stands (with other deciduous
and coniferous species ). Balsam poplars are considered to be better
suited than Euramerican hybrids to this forest stand concept.

f4ulticLonaL varieties may succeed better in forest stands with
species mixtures, thinnings, and less intensive tending practices than in
intensively managed plantations. In forest stands, the suppression and
loss of individual trees has Less effect on yield than in intensively
managed plantations. In addition, balsam poplars are more tolerant than
Euramerican poplars and more adapted to growth in clonal stands.

Multiclonal varieties will create problems of naintenance and
control. It will be difficult to maintain a certain predetermined clonal
mixture in the stock because of problems in clonal identification and
differences in the rate of rooting of cuttings of various clones. In
addition' it will be difficult to judge the performance of individual
clones in the rnixture and adjust and improve the multiclonal variety
accordingly. Consequently, the concept of cl-onal mixtures in poplars and
willows can only be conceived as a mixture of uniform monoclonaL
plantations of sizes dictated by site and other needs. In his study of
models of clonal plantations, Libby (1980) came to a similar conclusion
that monoclonal plantations are frequently the best strategy, while
mj-xtures of 2 or 3 clones are frequently the worst and rarely, or never,
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the best. Mixtures of a large number of clones in either nulticlonal or
monoclonal plantings are as safe as seedling plantations.

EXPERIENCES IN CLONAL PLANTATIONS

Experiences in clonal plantations have resulted from monoclonal
plantations of poplars and willows, with a few clones planted on large
areas, various sites, over a relatively long period of time, and in a
variety of plantings. The successes and failures of these monoclonal
plantations with regard to performance of clones, changes of clonal
characteristics in time, and pest problems will be discussed.

Exceptional clonal performance was experienced with only a few
clones. Up until the 1960's, virtually millions of ortets and clones were
screened within the framework of many breeding programs and only several
hundred clones were retained for propagation. I'tohrdiek et aI (1979)
reported that in West Gerrnany from 1948 to 1967, five hundred and
fifty-six crosses were made and approximately 1.08 of the seedlings were
retained for selecting promising clones. Very few of the several hundred
tested clones equalled or surpassed the performance of standard clones.
Thus, new clones of the quality of I-214, Robusta and Androscoggin were
difficult to obtain. It is not surprising that these outstanding clones
were so widely distributed.

Some of the exceptional clones adapted to a large variety of
sites and growing conditions. A good exarnple is I-214, which outperformed
other clones (incl-uding local ones ) in various countries of Europe, Asia,
and the New World. Naturally, its ecological niche has limitations; in
the north, frost limits its growth, while in southern latitudes, it is
outperformed by clones adapted to shorter days. This is the situation in
the southern United States where local selections of P. deltoides
outperform most Euramerican poplars, including clone i-Zfa. A cfrange in
photoperiod, as well as sites and growing conditionsr-Fmits the
performance of clones. On forest sites and in forest stands, clones of
balsam poplar origin, which are less demanding and more tolerant than
black poplars, will outperform many clones from the latter group. In such
conditions, Androscoggin is preferred to I-214. Thus, the outstanding
clones performed welI, but only within the range of characteristics
determined by species and parent trees from which they originated.

The same clones used over a long period of time have not aged
and their characteristics have not changed. P. x euramericana cl.
serotina Hartig is an early selection described in 1775. More than two
hundred years later, its stock is still in use, and its clonal
characteristics and growth pattern appear to be unchanged. The same
applies to very widely used clones, such as Robusta (selected in 1904) and
I-214 (selected in L94O). This phenomenon can be explained by the
well-known ability of poplars and willows to rejuvenate when grafted onto
young stock or rooted from cuttings. Unfortunately, this is not the case
with many other tree species, where ageing, associated with symptoms of
cyclophysis, may present a problem.
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CIonaI pest resistance has not changed over a long period of
time unless new strains of pests appeared. Poplar clones, selected in
western Europe for their resistance to leaf rust (l'{elampsora spp. ), have
remained virtually immune for many years (Steenackers, 1972). However,
some of the same clones became susceptible when moved to North America and
exposed to different species and strains of leaf rust. Clones in
cultivation in Lombardy (Italy) in the 192]ts succunbed to a newly
spreading disease (Venturia populina (Vui11) Fabr) causing spring
defoliation; however, cJ-one.s-subsequently selected for resistance to the
same disease remained resistance for over fifty years. Marssonina brunea
(ElI. and Ev. ) Magn, a fungms causing browning of leaves and green shoots
first described in North America and noted in Europe in 1 958, caused
serious problems in monoclonal plantations in Europe in the 1960rs. More
than one-half of the clones and plantations suffered serious set-backs
from the disease. Since then, new clonal selections resistant to the
disease were found and are replacing the susceptible clones. It is
obvious that pests can move from surrounding natural vegetation to
monocultures, new strains of pests can develop, and new pests can be
inported from other countries and continents. The problems created are
easier to surpass in short-rotation than in long-rotation monoculturest
especially if the former are supported by active breeding programs.
However, multiclonal plantations combined with continuous phasing-out and
introduction of clones can lower the risk even further and represent a

more efficient method of pest manaqement.

Monoclonal plantations of poplars and willows have thrived for
more than a century. Despite Sreriodic pest problems, they have been
successful. I"lonoclonal plantations are easier to nanage than multiclonal
plantations; fewer clones cause less problems in stock productionr
handling and varietal- control. The determination of clonal mixtures and
rnatching of clones to sites can be a difficutt and complicated task.
Therefore, is it worth doing all the additional work associated with
multiclonal pl-antations? What other benefits, in addition to better pest
management, can be derived from such plantations?

The advantages of multiclonal plantations, in addition to
Iowering the risks of pest problems, are in utilizing significant
variations in clonal performances by rnatching these to sites, plantation
systems and production goals.

clone-site trials in ontario (ot'tNR, 1983) demonstrated that the
quality of the soil of the planting sites significantly changed over a

small areai systematic analysis of the planting sites was necessary to map

these changes. The performance of the clones at four and five
years-of-age

Clones can be chosen effectively for different plantation
systems. For example, fastigiate and shade tolerant clones are better
adapted to dense plantings, and clones demonstrating rapid juvenile grrowth
are better adapted to biomass plantations. The ranking of clones in
trials in Ontario changed for a period of five years. Clones which
initially grew well were surpassed by other clones when spacing allowed



-22-

for such conpetition (Zsuffa, 1g7S). The errors in selection for heioht
growth alone would have anounted to al_most 50.0t.

ClonaI biomass qualities vary significantly and large gains can
be realized by the proper matching of clones to production goals, Cl-ona1
variations in poplar biomass qualities were denonstrated in Ontario by
Anderson and Zsuffa (1975,197G,1992,1993). Very significant clonal
differences (sometines more than 50.0t) were observed in many qualities of
wood, bark and foliage (e.g. specific aravity, fibre qualities, gross heat
of combustion, nutrient content, protein concentration and composition).
The feasibility of simultaneous selection for several characteristics
(such as growth rate and specific Aravity, high biomass productivity and
low nutrient content, etc. ) was also demonstrated.

Until recently, poplar and willow breeding programs were unable
to produce a sufficient number of clones of known and desired qualities
for specific sites, plantation systems and production goals. Breeding
programs currently underway, especially in poplar, renewed interest, and
new considerations given to genetics and improvenent of poplars and
willows have provided hope for the realization of such goals. The genetic
base for breeding has been significantly broadened, large collections of
native and exotic species have been assembled and genetic variation
studies are underway. As well, studies of genetic-environment
interactions and parameters for many traits are yielding results. New an<l
better planned crosses are producing rich pools of hybrids for selection
and cl-onaI development. Internationally coordinated programs, such as
those within the frame of the International Energy Agency (IEA), the
rnternational union of Forest Research organizations (ruFRo) and the
International poplar Commission (IpC) provide good exchange of information
and faster results.

A broadened genetic base, new knowledge, and good coordination
can yield the desired stock for proper multiclonal management of lnplarsand willows. It is doubtful- whether this can be achieved within the
foreseeable future with other hardwood species where breeding programs do
not exist or are just being initiated.

Pure cronal stands are easier for the sirvicurturist, the
nursery man, the designated authority for contror of pranting stock, and
the industrial user. However, if the cl-onar barancing is reft to the
userr there is the danger that one or two clones will be favoured and thus
constitute the rnajority of plantings. rn order to prevent this, each
singre clone should have a high and specific usability. Monoclonarplantations tailored to sites, plantations systens and production goals
will be advantageous for intensive, industrial production. On the other
hand, nixtures of clones, or multiclonal varietiesr r[6ry be advantageous in
forest stands when components, site, or their interactions are unknown
(Heybrook, 1978).
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CONCLIJSIONS

Multiclonal plantations are a desired alternative to existing
monoclonal plantations in poptars and willows. The concept of
"multiclonal varieties" in individual tree mixtures may be feasible for
forest stand management. The concept of mosaics of monoclonal blocks
which are relatively small and sirnilar in size in which clones are matched
to soils, plantation systems and production objectives appears to be the
only reasonable choice for intensively managed plantations.

stock for multiclonal management has yet to be developed;
however, active breeding projects in poplars and willows have the capacity
for producinq such stock. The prospects for the same development in other
hardwood species are more distant.
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ABSTRACT

The general background of the concepts of clonal propagation and
cl-onal plantations of conifers is discussed in the first part of the
paper.

The main factors which influence production risk are reduction
of genetic variation, pure plantations, little knowledge of plantations or
tests, Ionger rotations, heterogeneity of environment, extent of
plantation, exotic species, lack of knowfedge about juvenile-mature
correlations, and lack of basic genetic knowledge.

In the second part of the paper, results of a systematic
breeding and selection program, inctuding cutting propagation with Norway
spruce, are discussed. Early testing, genotype x site interaction, and
ageing with repeated repropagation are al-so discussed.

CIonaI propagation may not only improve breeding programsr but
it may also irnprove the transfer of the bred material to application.

RESUME

La base th6orique g6n6rale de Ia multiplication par clones et
des plantations de clones de conif6res est examin6e dans l-a premiEre
partie de lrarticle.

Les principaux facteurs de ri-sques pour la production sont l-a
r-eduction de la variation g6n6tique, Ies plantations pures, Ie peu de
connaissances sur les plantations ou sur les tests, Ies r6volutions plus
longues, L'h'eL6roq6n6it5 de 1'environnement, I'importance de Ia
plantation, les espdces exotiques, le manque de connaissances sur les
corr5lations 6tat juv6nile-'etat mature et ftinsuffisance des connaissances
de base en g6n6tigue.

Dans l-a deuxiBme partie de 1'article, l-es r6sul-tats dtun
programme syst6matique rltam6l-ioration 96n6tique et de s6lection,
comprenant la multipJ-ication par boutures de l'6pinette de Norv6ge, sont
examin6e. on traite 6galement <les contr6les pr6coces, de Itinteraction
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g6notype x emplacenent, et du vieiltissement accompagnant le reclonage
r6p6te.

La multiplication par clones peut non seulement 6tre profitable
aux programmes en g6n6tique, mais 6galement am6liorer l-a mise en
appJ-ication du rnat6riel produit.

INTRODUCTION

Clonal plantations of coniferous species are more restricted in
area than broadleafed trees. Due to the difficulties in rooting many

coniferous species. most of the plantations are not very advanced in age.
In Japan, only easy-to-root species, such as Cryptomeria japonica and
Chamaecyparis obtusa, have been primarily planted in monoclonal
plantations for a long period of time. However, vegetative propagation
has progressed rapidly and has reached the point where operational clonal
programs with coniferous species have been, or are being, initiated.
Early clonal- selection programs have been started in New Zealand with
Pinus radiata (Thulin and Faulds, 1968), in California with Elngg radiata
and Sequoia sempervirens (Libby and Conkle, 1 966), and in Canada wj-th
spruce (Rauter,1971). In addition, a great deal_ of research has been
devoted to Douglas fir in Canada and the United States.

More than one million cuttings of Norway spruce have been
produced annually for many years j-n Germany. Even more cuttings have been
produced in Sweden in recent years and it is anticipated that two million
cuttings will be sold next year. It appears that a re-evaluation of the
concepts and experiences is necessary.

The most important Iiterature on vegetative propagation is:

( 1 ) IUFRO meeting on vegetative propagation in Rotorua, New Zealand,
1973. Published in New Zealand Journal of Forestry Science (4)
197 4.

(2) Symposium on juvenility in Wood Perennials, College Park/Berlin
1975, Acta Horticulturae (56) 1976.

(3) Meeting on vegetative propagation of forest trees - physiology
and practice, Uppsala, Sweden, 1977. Publ-ished by the Institute
of Forest Improvement ancl the Dept. of Forest Genetics, Swedish
University of Agricultural Sciences, 1977.

(4) Symposium on clonal forestry, Uppsala, Sweden, 1981. Published
by the Institute of Forest Genetics, Dept. of Forest Genetics,
Swedish Universitv of Aqricultural Sciences, research Notes No.
32, 1981 .

(5) IUFRO meeting on in vitro propagation of forest tree species'
Fontainebleau, France, 1 981 . Published by Associacion Foret
Cellulose, Nangis, France, 1982.
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(6) IUFRO meeting on breeding strategies including multiclonal
varieties, Sensenstein, Federal- Republic of Germany, 1982.
Published by the Dept. of Forest Tree Breeding, Lower Saxony
Forest Research Institute, 1982.

Within the proceedings of the last meeting mentioned above, the
papers by Rauter on "Recent advances in vegetative propaqation including
biological and economic considerations and future potentiaf" and by Burdon
on "The roLes and optirnal place of vegetative propagation in tree breeding
strategies" are worth reading.

In the first part of my paper, I $ril1 concentrate on the general
aspects for the use of clonal plantations in breeding programs and for
commercial use. In the second part, I will summarize our ovJn experiences
with clonal selection and plantations of Norway spruce.

GENERAL BACKGROUND

Vegetative propaqutes in conifers are gfenerally more expensive
to produce than seedling plants. Therefore, production is worthwhile only
if the material is superior to seedling material, or if sufficient
seedlings of similar genetic constitution cannot be produced by
conventional rnethods.

Clonal PLantations in Breedinq Proqrams

Vegetative propagation can be quite useful within breeding
programs (e.g. for seed orchards, clonal archives, testing of material'
special physiological research projects and studies of population
architecture) (Burdon, 1982). However, I will onty deal with plantations
of clonal material which are also established for wood production.

Vegetative reproduction is only one means for propagation.
However, it shoutd never be used alone in a breeding program as this would
Iimit progress. For long-term breeding (Kang, 1982), generative
propagation must be used as the main tine of a proqram and vegetative
propagation should be used as a supplement.

In production populations, clonal propagation can be a powerful
tool for utilizinq, or even improving, genetic gain. Clonal- selection and
testing can provide considerable progress compared to bulk propagation of
bred material (e.g. seed orchard progenies, controlled-pollinated
families). These clones can be used at the same time for future breedinq
work.

The main restriction of coniferous species is the ageing
process. It not only influences rootability, but also topophysis effects,
growth vigour, physioloqical behaviour and root intensity (Roulund' 1979;
olesen , 1978). Up to now, only limited progress has been made in the
field of rejuvenation of conifers (Francl.et, 1981). Hedging of ortets and
seria] propagation are two comrnon ways to delay ageing in conifers.
Hedging, which means repeated pruning, has been successfully applied by
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Libby et al. (1972) and Libby and Hood (1976) in Pinus radiata. Repeated
repropagation of Norway spruce has been used in our program for fifteen
years with l-inited or doubtful success. Another approach' used by Rauter
(1982), is the propagation of very young seedlings. However, this is not
clonal selection in the first stage, buL mass propagation of superior and
rare seedling naterial; a very interesting tool for practical forestry and
forest tree breedinq.

Concepts and Experiences for Production Populations

For most foresters, it is important to have clear and
well-founded concepts for the utilization of clones in silviculture. The
criteria on which their decisions are based are high production with
minimal risk, and reasonable economic return.

The productivity of the clones must be guaranteed by the
breeder. The extent to which he is able to do this is the basis for
economic return. Risk depends on a number of factors which are influenced
by the species as well as by the sil-vicultural concept. Production risk
increases with reduction of genetic variation, pure plantations, little
knowledge of plantations or tests, Ionger rotations, heterogeneity of
environment, extent of plantations. exotic species, lack of knowledge
about juvenile-mature correlations, and lack of basic Eenetic knowledge.

Reduction of Genetic Variation

Ivlost clonal plantations have less genetic variation than
seedling populations of natural stands. The nost extreme example would be
a monoclonal plantation. Many variations, from monoclonal plantations to
clonal mixtures of severaf thousand clones, which was the method used in
our early selection stages of Norway spruce, are possible and have been
proposed. Libby (1981) suggested that there may be a small, optimal
number of clones on the basis of theoretical assumptions. This may be
true in theory, however, in practical programs, there are many arguments
for keeping the number of clones hiqh. Very limited sound informatj-on
exists on this queStion. Hdhn (1983) initiated a study from a theoretical
point of view and some experimentat data will be presented in this paper.

FinaIIy, the objective of a clonal program could be to simply
reproduce a seedling population. In this case' there would not be any
difference between generatively and vegetati-veIy propagated material.
Seedling populations can also have a narrow genetic base, such as full-sib
families. Arguments for their utilization parallel the arguments for
cLonal plantations of the same materiaL.

From a risk point of view, the mixture of good clones with
seedlinq plants of the same species, or with other species, in a
systematic pattern may be advantageous. Such a system enables expensive
and rare clonal material to be used without increasing production risk or
reducing economic return. Such systems have been used with timber
species, such as Sequoiade_ndron giganteum, and with Norway spruce clones
selected for frost hardiness in Germany.
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Knowledqe of Clonal performance

The knowledge of c1ona1 performance of most coniferous species,
especially those produced by repeated repropagation, is very limited. On

the other hand, there is a large amount of seedling material available
from breeding prograns which cannot be reproduced sufficiently by
generative means.

The differences between seedlinqs and cuttings have been
described for those species which have been vegetatively reproduced for
nany years. There are species with a pronounced topophysis effect in
cuttings. Araucaria heterophylla is one extreme example where cuttings
from branches of second order remain branches of second order, branches of
first order which are rooted remain branches of first order, and only
terminal btrds oftlie leader, or the leader itself, develops into a compl-ete
tree. Most Abies- species show a strong topophysis influence. Cuttings of
mature trees may maintain the branch habit for more than thirty years
while others change to orthotropic growth after a number of years, often
starting from an adventitious bud. However, severe trunk deformations can
resul- t.

Although not as common in Abies species, plagiotropism in
Douglas fir is a limiting factor of a clonal propagation program.
Cutti-ngs from young ortets change to orthotropic growth within a few years
and after seven years, it is difficul-t to see the differences between a
seedling and a cutting plant. ff the age of the ortet exceeds ten yearsf
the change to orthotropic Arowth may take so long that permanent trunk
deformation results (vieitez et al., i977).

The differences are less obvious in the genera Larix, Pinus and
Picea, however, minor differences between seedling plants and rooted
cuttings have been described for these species. Generally, the
differences increase with the age of the ortets and topophysis effects
partially account for the differences (Fie1ding, 197Oi Roulund, 1979;
Kleinschmit, 1978; Kleinschmit and Svolba, 1 980). In pinus radiata, the
stem <liameter of cuttings was lower than that of seedlTffi-oE-cornparabte
height. The diameter of cuttings of Norway spruce was greater. In a
recent study, we found that Larix had a better root system i-n seedlings
than cuttings. Norway "pru"Jl"dlings and cuttings had conparable root
percentage, however, considerable clonal variation existed in root
percentage. There are differences between seedlings and cuttings in root
collar diameter and in a number of branches of first and second order.

These few examples may be sufficient to stress the importance of
the species influence on clonal performance. Before starting an intensive
cJonaI propagation program, sufficient knowledge of clonal performance
compared to seedling plants should be obtained. As a rul-e, differences
between seedlings and cuttings will be less with very young ortets and
risk is likely to increase with ortets of advanced aqe.
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Rotation Time

Limited knowledge of clonal performance and a limited testing
period are serious problems for species qroltn in long rotations. For
Christmas tree growing or short-rotation forestry, such as pulp wood

production, a shorter testing period is acceptable whereas valuable timber
production requires a rotation period of one hundred years or more" The

period of testing should be realistically related to rotation time. It is
difficult to establish general rules since some characteristics, such as

flushing and bud set, rnay be judged at a very early age. If the aim of
the breeding program is to improve these characteristics' early selection
from locally-adapted populations are sufficient. Other characteristics,
such as wood quality, snow-break resistance, or straightness of Stem

require a much longer period of observation and, therefore' early
selection can be quite misleading. With respect to growth' it is
necessary to follow the clonal performance at least until competition
counterbalances the differences in vigour.

HeterogeneitY of Environment

clonal testing can only be performed on a limited range of
sites. The more uniform the growing conditions' the easier it is to
select c1ones which will reproduce their growth at other locations" For
example, it is more difficult to select clones for Norway or Switzerland
than for the pine region in the Iowland of Northern Germany'

Genotype x site interactions are more strongly expressed on a

clonal- Ievef than within families. These interactions account for
approximately 50.0t of the total variation in Norway spruce clones.
Genetic variation, aS a buffer to environmental heterogeneity, does not
exist on a clonal leveL. On the other hand, different clones show
pronounced differences in their ecological stability (e.9. ecovalence).
This may be partially due to differences in the degree of heterozygosity.
This supports the concept of combined selection for vigour and stability.
The risk of failure can be counterbalanced by a mixture of clones with
different ecological adaptations.

Extent of Plantations

There is a difference if a selected clone is planted in a home

garden or if it covers 1O.O? of the woodland area of a state. Risk
increases with the extent of the area of the plantation. fn our clonal
tests with Norway spruce, obvious clonal differences in susceptibitity to
diseases were found and only appeared if a clone occurred in high
frequency. Pathogene Populations can easily build on a homogeneous
substrate. The strategies for resistance breeding, including clonal
propagation, have recently been discussed by Thielges (1982). Either a

strategy of slowly increasing the pJ-antation area while increasing
knowledge about a certain set of clones, or a long period of intensive
testing which may cause ageing problems, is necessary if large areas are
to be planted. A limitation of the maximum number of ramets per clone i-s

one method of control,linq the extent of the plantations'
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Considering both risk and the Iogic of a breeding program, it
would be wise to use flexible systems for conifers. This nay include
shifLing c1onal composition and different cl-one numbers depending on the
progress of testing time and knowledge.

Exotic Species

The risk of failure of clonal plantations increases with those
species where little is known about their performance under plantation
conditions. The history of growing exotic species in Europe provides
examples of originally promising results ending in disaster, even with
seedling populations. Adaptation to a certain environment is important
not only in conventional breeding but even more so in clonal forestry.
Recent observations in Sweden indicate that on a provenance level,
adaptation to local climate only appears at an age of more than twenty
years (Karl-sson, 1983). We found that in Norway spruce, early selection
from provenances which are not autochthonous is much less effective than
from indigenous materj-al-. This is probabty the case with hybrid material
which can be regarded as exotic in so far as the specific combination of
genomes has never been tested under the ecological conclitions of the
planting site. The probability of failure of hybrids increases if the
ecological conditions of the parent species, especially photoperiod and
Iength of vegetation time, deviates significantly from those of the
planting site (Dormling et al., 1974).

Lack of r.ro*f-"f *"a Juvenile-Mature correlations and other
Genetic Parameters

F'or species which have been in a breeding program for nany
years, basic information regarding juvenile-mature correLations and other
genetic parameters is available. For these species, early selection for a
clonal program is more soundly based. It must be stressed, however, that
correlations calcul-ated from popul-ations cannot be used in clones since
individuals may react differently than a population (xleinschnit et qI.,
1 981 ). on the other hand, this is a possible advantage for a clonal
selection program (e.g. to select correl-ation breakers).

Administrative Requlation Concepts

The above considerations led to the first administrative
regulations for the use of clones of conj-ferous species in Sweden
(Hedstrbm and Krutzsch, 19821. These regulations are wel-l-founded and
consider bothdifferent and important aspects, and are a good base for
similar regulations being developed for different European countries.
These rules are as follows:

(a) Clone-identified material may only be used in mixtures of clones

(b) Minimum numbers of clones and maximum numbers of ramets per
clone depend on the duration of the clonal tests (Table 1 )
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BuIk propagation of
of approved forest
is poor

It is not necessary to maintain clonal- identitv

BuIk propagation of previously clone-identified material is
permitted under certain conditions. In bulk propagated
material, Iess than one hundred ramets per seedling are
permitted. The reproductive material- must contain at least
twenty full sib families with different ;rarents or fifteen half
sib families mixed in equal proportions

Swedish regulations for clone-identified material

Testing Application

seedlinq material is all-owed for propagation
reproductive material where the seed supply

(d)

(e)

Tabl-e 1 .

Duration
of Test

t'tinimum
Number of
Test Si-tes

Minirnum
Nurnber of
Replications

Minirnum
Number of
Clones/
Mixtrrre

t'laximum
Number of
Ramets/
CIone

250, OoO

750,000

1 ,500,000

z

4

6

9

tz

120

60

30

The difficulty with such a system is effective control; the
concept, however, seems to be well-balanced.

EXPERIENCES WITH NORWAY SPRUCE CUTTING PROPAGATION

Background

The first Norway spruce cuttings were rooted as early as 1 830 by
Pfifferling (1830). Clonal propagation of Norway spruce was first
initated in Escherode in 1948 by my father, Richard Kleinschmit. It was
also started in other places in Germany and Europe at approximately the
same time. Summaries of the experiences with spruce cuttings are given
by Girouard (1974) and Kleinschmit et al. (1973).

Norway spruce is the nost important forest tree species in
Germany and centra)- Europe and covers more than 40.0t of the total
woodland area. One problem encountered in breeding Norway spruce was that
it only started to flower after twenty to twenty-five years, even in
grafted seed orchards. As a result of Lhis delay, rapid propagation is
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more desirable. We expect to receive a better return from provenance
sel-ection combined with clonal selection Lhan from seed orchard
es tablishnent.

Program

Concept

The general concept is presented in Figure 1. I'he left side
shows the traditional line of a breeding program using provenance testing
and selection, plus-tree selectionr testing, and seed orchard
establ-ishment. The first clonal selection and testing can be done at the
provenance level, thus improving Lhe best provenances by early selection
in the nursery. The best individuals are selected at an early age
(usuaIly at age four) f rom open-pollinated families, control.l-ec1-pollinated
families, or species hybrids. Each individual is vegetativeJ-y reproduced
and included in clonal tests.

Our hybridization work with spruce has increased considerably
since 1974. To date, we have attempted more than two hundred hybrid
combinations out of a possible 1260 theoretical- combinations' Our aim
is to include up to 10.0t hybrids in clonal mixtures. If the hybrids
subsequently fail, there is no economic loss; if they succeed, they can
form up to 100.0t of the final crop.

The scheme for clonal selection and testing is presented in
Figure 2. It shows the close integration of a general breeding pr'rgram,
clonal testing, and practical application. A set of clones, selected in
one year (e"g. 1974) is propagated and early-tested in the nursery. After
three years, the best clones are then plante<l in field tests yrhich are
establ-ished at three sites in single tree ptots with seven replications
per c1one. Ramets of these clones are already being used for practical
mass propagation. For this purpose, a number of propagation units have
been developed in state forest nurseries with a total capacity of
approximately one million cuttings annually. The selected clones are
rePropagated and new clones enter from the breeding program. The
information collected from the field tests is used for the reselection of
the clones in the nursery three years later and the first set of clones is
replaced by the next in application. The best clones from the clonal test
may be subsequently used for advanced breeding material- in controlled
crosses.

This system guarantees the quick transfer of breeding results to
application without qreatly narrowing the genetic variation at an early
stage. If ageing becomes a severe problem in advanced propagation cycles,
the older clones can be stopped in propagation and a shift in clonal
composition subsequently results. This is advantageous in maintaining
genetic variation, however, it l-imits possible genetic gain.

Applica tion

This system has been applied since 1968, and in 1980, we reached
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the fifth propagation cycle. To date, approximately 55,000 clones have
been selected, one-third of which are still under propagation.

More than one hundred and fifty hectares of clonal tests, with
single tree plots, have been established and the number of hybrids in our
tests is increasing. The annual plantation area of clonal mixtures is
approximately four hundred hectares. Clonal rnixtures contain one thousand
to five thousand clones, depending on the progress of selection. They are
planted in pure stands with 2.O x 2.0 m spacing, which is approximately
ten times the number of the final crop and 20.0t less than in seedling
plantations. CIonaI identity is only maintained in our breeding and
selection program.

The method used for application is bulk propagation of the
clones which we developed. We have established seven propagation units;
only three other units exist in Germany and belong to other state forest
tree breeding institutes. Most of the clones originate from selections of
tested provenances. However, the number of clones selected from half sib
or full sib families is increasing. On the practical side, to date there
have been only limited difficul-ties as \./e had good control of the
propagation units and rnaterial.

The main problems of this type of program are early testing,
genotype x site interaction, and ageing. We have collected a great deal
of information on these problems and some of our results are presented in
the following sections.

Early Selection and Testing

In 1 968, we initiated an early selection progran using material
from Langletts international provenance experiment. we selected thirty
four-year-o1d clones from ten different provenances. Each provenance was
represented by ten clones of inferior plants, ten clones of mean plants,
and ten clones of superior plants.

We followed the growth of the ortets and two sets of ramets
taken tn 1970 at age six, and 1971 at age seven. The results are
presented i-n Figures 3, 4 and 5. These results show that significant
progress can be made at an early age by intensive selection. however, this
is not without exception. Provenances from climatically-different
regions, such as Kolonowskie, Polandr may behave quite contradictorily
which can only be explained by different adaptational behaviour.

As growth continued, changes in rank took place. The amount of
change was due to differences in the test and nursery environments. If
these environments are similar, rank changes are conparatively smalI,
however, they can be quite drastic. The correlations calculated for a
series of field experiments are presented in Table 2 and Figure 5.
Similar results are described for Norway spruce by Dietrichson and
Kierul-f (1982). However, as these figures are based on clonal means and
use ranking, they exaggerate the real changes.
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F1 PRIMARY CUTTINGS: ESCHERODE

RANK M=71 M=73

(100 cLoNES)
' M=76 M =78

f=
S

l=
s 0.6266 o.8203 r = o.9056 0.9326

Figure 6. Norway spruce clones - Changes of ranking with age



Table 2. Correlations for clona]
experiments from age 3,
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height development
6, $ (N = 6'l y 36,

on twenty field
21)

3-6 6-8 3-8

secondary

tertiary

quatenary

0. 69
0. B2

0. B2
o.52
0.70

0. B4
o.62
o.7 6
o. 65
0.83
0. 84
0.81
0. 63
0" 81

0. 84

o. 69
O. B6
u. d5
o.7 6
o. 80
0. B4
n al
0.81

0" 90
0. 80
0. B0
0. 84
0.84

0.50
0. 85
0.70
0.64
0.48
n q?

0.56
o .44
0.70
0. 70

o.52
0"57
0.69
0. 30
o" 44

o.20
n q,(

0. 28
0"13
u. to
o"23
0. 30
0.35
0. 54

Detail-s of rank changes are not very clear. They may fluctuate
or go in one direction. Some cl-ones maintain their positions while others
change drastically. This may be due to chanqes of annual weather
conditions (frost damage, drought, etc.), developmental differences, or
genotype x site interactj_ons.

Early, final decisions cannot be made due to rank changes which
occur in the first years in the fietd. Rank changes between clones depend
primarily on the age of the plantation. They are quite drastic in the
first years after establishment and more or less disappear after ten to
twelve years-of-age after which, changes only occur in one direcLion, from
up to down, due to competition in the pLantation.

We were interested to see how correlations change if qroups of
clones as in a clonal mixture were considered. We formed groups of
different sizes beginning with one cl-one and increasing the number of
cLones stepwise. As expected, the genetic variation slow1y increased
within the groups. However, the expected grain between groups as well as
the genotype x site interactions decreased. Ranking was done according to
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the first measurenent of the field tests and arl subsequent grouping
forrowed this early ranking. For this purpose, we evaluated our order
Norway spruce clonal tests. The general results (Fiqure 7) show that even
if one begins with very poor correlations, such as 0.3 with one clone,
these improve rapidly if the groups increase; with ten clones,
correlations reached 0.8; with twenty cl_ones, O.9r h'ith fifty clones,
0.95; and with sixty-fj-ve to one hun<lred clones, 0.99 to 1.0, depending on
the site. At the same time, differences in height between the groups mean
decreased and gain decreased. However, gain can only be realized at an
early stage if correlations are good. By increasing the group size from
one to five clones, the difference between groups decrease from more than
100.Ot to 15.0to 20.0t. A 15.0t gain can be achieved at the end of the
nursery stage whereas a 100.0t gain requires an additional nine years.
This implies al-l- the problems connected with ageing. An additional
sel-ection of 50.08 of the best clones in the nursery would have produced
an 8.08 gain; 20.0t of the best clones would have produced a 15.0t gain;
and lO.Ot of the best clones, an 18.0t gain. Considering the cost of
field testing, this information can aid in considerably improving the
selection procedure. A selection program which takes these resuJts into
consideration is presented in Figure 8.

Genotype x Site fnteractions

Significant rank changes can be observed between clonal means on
different sites. Genotype x site interaction is significant in al-1 series
and accounts for 8.0 to 50.0t of total variation.

The ecoLoqical stabili-ty of the clones can be quite different.
We cafculated different stability parameters (Wricke, 1964i Htlhn, 1979)
and found differences of 1:10 to 1:2O for the clones. Therefore, extreme
differences are expected in adaptational behaviour of differenL clones
(Figure 9).

AI1 this seems quite pessimistic for the use of clones in a
breeding program. The practicat success, however, can be measured in the
superiority of the clones as compared to seedling standards. We have as a
standard in our experiments, a tested stand, provenance Westerhof, which
is our best indiqenous source.

As a mean fig'ure from all- primary tests, the seedling standarC
ranks between 75,0 to 95.0t depending on the age. The top cl-ones reach
50.0 to 120.01 superiority as compared to the overall- clonal mean. In all-
secondary propagated material, we reached a mean figure of the seedling
standard of 85.9t and 84.9t respectively, with the best clones ranging
from 31.0t to 66.0t superiority as compared to the overall clonaI mean.
As a mean figure of the tertiary propagated material, the seedling
standard had 84.Ot with the best clones showinq 4Ot superiority as
compared to the overall_ mean.

The quatenary cuttings only reached six years of age at the last
measurement. As a result, comparisons are not very valid at this time as
this material had a poor start in comparison to the seedlinqs which



'O-

-44-

Correlotion
I
(Jl

n
rd
o

H

a\
troblo

Q) --lOU
B+r c)
OU

l..roQq)(/)
c>od!r30)!
'.1-{ Ovz
..1
rc!

n
d
(d()

N

..r Ol.lr Oru!

.-l Ot
c)
!ar
! .lJ

oB

C)
do
=o(D(t

q-r ]J
brr

ci q)

16l]
O'{l

F-

(u
!
tt
fr

ds(n
o

oo
f,c
3q
o

r

II
C)o
a

(D

c)

=.o
=
o

rO
(D

oJ
I

o
tO
(D

r\)

Group meon differences



-45-

SELECTION DIFFERENTIAL
1 out of 5OOO to 1OOOO

AGE
YEARS

U

-/---
6000 CLONES

SELECTION
"/"

o.oo1

NUMBER
OF CLONES

6000

+-66"/0-'--+

5"/o

15"/"

Proposed selection program for Norway
3 years proPagation cycIe

2000

1700

1800

1500

1320

2 1200

spruce clonesFigure 8.
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originated from a different nursery bed and had an initial superiority
which subsequently decreased.

Selection of single clones from one location appears to be quite
ineffective. Therefore, we increased the groups of clones using the same
method vre used for different age measurements.

The following illustrates the improvment
a set of 425 clones tested on two verv contrastinq

Number of clones Correlation coefficient

of the correlations for
sites (age 8).

Group differences (t)

1

10
50
75

0.39
0. 84
0.93
1 .00

250.0
41 .0
33.0
1 9.0

At the same time, differences between groups decreased.
Conclusions can be drawn from rank changes due to age influences and
genotype x site interactions. The gain became more stable with mixtures
of c1ones than with single clones, however, the amount of gain decreased.

Ageing

Ageing is the most important problem in clonal programs with
conifers and can have severe implications.

In the autumn of 1979, we had a J-arge amount of material of
primary to quatenary cuttings which had been aqed in the nursery for three
years. The different stages were represented as follows: prinary, 2OOO

clones; secondary, 2197 clones; tertiary, 8417 clones; and quartenary,
5387 clones.

Figmre 1 O presents the rooting percentage and height growth in
the nursery. There is an obvious increase in rooting potential from
secondary to quatenary propagation. There is also an obvious superiority
in heightin the first propagation cycle which may result fron having a
good selection base for primary material. The difference between height
growth from the second to fourth propaqation cycle was not significant

We took a representative sample of twenty clones from each
propagation cycle, which had been replicated four times, for further
analysis. The results are presented in Figures 1 1 and 1 2. There is no
obvj-ous disadvantage between the fourth propagation cycle and the second
or third. The general shape, tropismus and habitus are even better. The
only difference is a shift from branches of first order to branches of
second order.

In 1982, we had collected material from the first to the fifth
propagation cycles in our nursery. The results of height measurement are
presented in Figure | 3. This material is, more or less, a random sample
of different propagations, only biased by the different, original basis
for selectj-on. The fifth selection, however, includes aIl remaining
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Figure 1 0. Rooting and height growth of
different propagation cycles

Norway spruce cuttings in
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Hobiius

Generol Shope

(low f igures better thon high f igures )

Structure of cuttings (3 years)
cycles and from seedlings

SEEDLINGS 3 YEARS

PRIMARY
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SEEDLINGS 4 YEARS ffi
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Tropismus

Figure 1 1. from different proPagation
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Height
cm

40

cm
20

Bronch length

PRIMARY

SECONDARY

TERTIARY

OUARTERNARY

SEEDLINGS
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3 YEARS ffiNumber of bronches
of I ond II. order 4 YEARS

Figure 12. Structure of cuttings (3 years) from different propagation
cycles and from seedlings

Root collor diometer
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clones. The respective mean values from three replications are: first
propagation, 31.1 cm; second propagation 30.4 cm; third propagation, 28.3
cm; fourth propagation 26.8 cm; and fifth propagation 3O.O cm. There
appears to be a slow <lecrease from the first to the fourth propagation
cycle. The fifth, however, is better in height than the third and
fourth. The effect of hiqher selection intensity in this material cannot
be excluded.

The above is an evaluation of developent in a young stage.
Physiological activity and re-establishment of inherent growth vigour rnay

take longer in higher propagation cycles. These small differences'
however, may not be too important from the point of view of production.

Finally, we correlated the growth of the second, third and
fourth propagation cycJ-e of the same clones tested on six (secondary)'
seven(tertiary) and seven (quatenary) sites, with seven replications on
each site. There are still significant correlations between the second
and third propagation cycles for the sarne clones, however, there are
almost none between the third and fourth.

The same is true at a more advanced age. The analysis of
variance calculated with clones, propagation cycles and replications
within propagation cycles qenerally provided low values for clones'
accountj-ng for 10.0 to 20.O* of the total variation. Propagation cycles
account for 30.0 to BO.Ot of total variation, and interaction clone x
propagation cycle accounts for 13.0 to 64,0t of total variation, depending
on the respective set of experiments and propaqation cycles.

The lowest repeatability of the clones was generally found in
the third and fourth propagation cycle with correlation coefficients
decreasi-ng as far as zero or -0.017. As the quatenary material
experienced frost heaving in the nursery, these figures are not very
j-mportant, and further development of this and other experiments including
quartenary propagation should be anticipated.

If groups of clones are increased as was done f,or different ages
and plantations sites, correlations improve with groups of five clones to
0.5, and to 0.9 with groups of ten clones. Since the total number of
cl-ones which passed the fourth propagation cycle was limited, it was not
possible to experimentally evaluate at which clone number the correlations
reached 0.99 to 1.0. However, group differences are much smal-ler with
different propagation cycles than with height and location, and they did
not surpass 20.04 of the overall mean. This evaluation, however, has one
more weak point which rnust be mentioned to avoid a pessimistj-c view of
repeated repropaqation: all clones that had reached the fourth
propagation cycle has passed four selection cycl-es too. Therefore, total-
variation had been reduced considerably and the comparison was made
between the top clones of the species. The selection intensity at this
stage was 1 out of 40,000 to 1 out of 80rOO0 oriqinal seedlinq plants (see
Figure 8).

This means that rank changes are quite possibly due to small
differences between clones, or low correl-ations could be an indication for
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successful- sel-ection as well- as for differences in the ageing progress of
the clones. There are indications for both versions.

Ivlore information must be collected before the question of ageing
of cLones in repeated repropagation cycles can finally be answered.

CONCLUSIONS

Concepts of cl-onal selection programs j-n conifers are generally
more difficult than in broadleaved species due to the ageing process.
They require precautions that guarantee a genetic gain even if ageing is
taking place.

The easiest and most secure concept is that of bulk propagation
of tested superior material. However, this limits the possible gain and
is not a clonal sel-ection and testing program.

The next possibility, which improved bulk propagation material
to a certain extent, is a subsequent screening at the end of the nursery
phase which g'uarantees an additional gain anywhere between 5.0 to 25.0*
depending on selection intensity. Again, this is possible without a
clonal selection and Lesting program. An intensive clonal selection from
good provenance or tested material- with subsequent testing of the clones
can provide considerable gain as long as the genetic base is not
drastically reduced and if ageing does not counterbalance the gain. Due
to errors as a result of early selection, genotype x site interactions,
and genotype x propagation cycle interactions, the success of selection
depends not only on selection intensity, but also on the size of the
selected population of clones. It is not necessary to keep the cl-ones
separate from the applied part of the production. However, they must be
treated separately in the selection and testing part of the program. A
selection program shoutd be kept open to introduce new clones if ageing
becomes a severe problem. The situation may be quite different from one
species to another.

Even if srrperior clones are detected so late that optimal
propagation is impossible, they are not lost from the breeding progran,
They can be used in the advanced breeding population and rejuvenated by
generative means. This possibiJ-ity has been neglected up to now in many
programs.

Production of outstanding hybrid families, and bulk propagation
of these families or the best sinqle plants sel-ected out of these is
another option. To prevent risks, these may be planted with conventional
seedling material- (e.9. in a percentage which corresponds to the trees of
the final crop).

Finally, since tissue culture is most probably a tool for
i-nfluencing a clone without disturbinq the correlating systems in the
plant, it may hopefully be a possibility not only for mass propaqation,
but afso for future reiuvenation with conifers.
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There is reason for optimism with clonal programs in conifers,
and clonal propagation, selection, anri testing are all good methods of
improving the genetic gain and flexibility of tree breeding in conifers.
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CURRENT STATUS OF MACROPROPAGATION
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ABSTRACT

Rooting of cuttings from forest trees, partlcularly conifers,
has reached a level of success in recent years that encourages further
developrnent towards fully operatlonal clonal programs. 0ptimal condi-
tlons for rooting involve the physical condltl-ons of both the plant
materlal and the rootlng envlronment. Maturatlon sEate, type of cutt.lng,
crown position, ptryslological conditlon of the cutting, and season of
collection all affect the rootability and speed of rooting. Though con-
dltlons may vary wLth specles, a general prescription would be to use
stem cuttings from the lower crown, c.ollected in early spring frour young
trees in a good nutritional staEe" Rootlng nnedia, air and soll temper-
ature' humidlty, llght lntenslty and chemical treaEments are all external
factors that may affect the rooting of cuttings. Although the cechnology
to root cuttings has progressed rapidly, there rernalns a number of bir:lo*
gical constralnts tmpeding the rapid implementaElon of cl-orral- forestry.
Control of maturatl-on state and methods of early testing are cructal
problems to be solved. Questlons of genetlc diverslty, deployment
strategles and growth hablt of cuttings must also be further investi-
gated. In llght of recent advances in both practice and theory of the
above issues, the clonal optlon ls rapldly assuming a larger role in
operatlonal forestry.

RESTJME

Ces dernidres ann6es, on est parvenu i i-nduire le d6veloppernent
des racines des boutures dtarbres forestiers, notamment de conifBres, au
point de croire i la possiblit6 de programmes de clonage tout I falt
op6rationnels. Parml les condltlons optlmales du d6veloppement. des
racines, 11 y a les conditlons physiques dans lesquelles baignent le
mat6riel biologique et le m1-1leu drenracLnement. La maturation, le type
de bouture, son origine dans la cimer lr6tat physlologique de la bouture
et la saison du pr6ldvenent inflrrent tous sur les posslbilltds et 1a
vltesse drerrraclnement. MOme sl les conditlons peuvent varler selon
lrespBce, la rEgle g6n6ra1e seralt de prdlever les boutures de la tige,
au d6but du prlntemps, dans la partle inf6rieure de 1a clme de jeunes
arbres en bon 6qul1ibre nutritif. Le ml,lteu d'enraclnement, la temp6r-
ature db 1'alr et du sol, l'humldlt6, lrl-nterrsit6 de lr6clairage et les
traltements chlmlques sont tous des facteurs externes qul- peuvent inftuer
sur le d6veloppement des racines. Mdme si la technique favorlsant le
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ddveloppement des racines des boutures a rapidement 6volu6, il subslste
un certain nombre de contraintes biologiques qul emp6chent lrutllisation
rapide des clones en foresterle. La maltrlse de la maturatlon et les
rn6thodes permettant des tests pr6coces sont capitales. 11 faif aussl
examiner davantage les questions de diversit6 g6n6tique, de strat6gies de
mise en place et de port des boutures. Cornpte tenu des progrEs r6cents
dans la pratique et la th6orie des questlons susmentLonn6es, les clones
prennent rapidement de plus en plus d I lmportance en foresterle
op6rationnelle.

INTRODUCTION

Rooting of cuttings for the majority of tree species
(particularly conifers ) has been deemed sufficiently successfuly only
within the last ten to fifteen years, and is only now being seriously
considered in artificat regeneration and breeding programs. Some glenerat
such as willow (salix L.), trrcplar (populus L.), and cryptomeria
(Cryptomeria japonica- (r,.r. ) Don) nave Ueen routinely rooted for many
years (Chem1ar, 1974i Toda, 1974; Zsuffa, 1976). The successes of
programs using these genera have provided much of the encouragenent and
impetus to solve the problems of difficult-to-root species and genera.

The following sections will (i) summarize the optimal conditions
for successful rooting, with examples showing the variability in tolerance
amongst species, (ii) outrine some biorogical concerns and (iii) suggest
areas where developmental work is needed to make rooted cuttings more
economically competitive with seedlings.

OPTIMAI CONDITIONS FOR SUCCESSFUL ROOTING

Rooting success is dependent upon optimizing many endogenous and
exogenous factors. The endogenous variables include maturation state of
the cutting donor, type of cutting, physiological condition of the
cutting, preconditioning of the cutting or cuttinq donor, and the season
of collection. The exogenous variables include rooting medium, ambient
temperature and humidity, photoperiod and light intensity, and hormone and
chemical treatments.

The degree of control required for each of these variables is
directly dependent upon whether the individual species is an easy or
difficult rooter. Many hard pines require specific preconditioning
treatments (Hare, 1978) or well-controlled environmental conditions (Hare,
1978) to obtain any degree of rooting success, while many poplar and
willow species root easily, and even unrooted cuttings can be planted
directly onto a plantation site (Zsuffa et aI., 1977)i Densmore and
Zasada, 1 978).
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Endoqenous Factors

Maturation State of the Cuttinq Donor

The less mature (i.e. the more juvenile) the cutting donor, the
greater the success in rooting. As the state of maturation increases,
percent rooting decreases. For exarnple, juvenile cuttings of black spruce
(Picea mariana (l4ilI.) B.S.P.) taken from twelve-week-o1d seedlings rooted
more than 99.0t (Armson et qI., 1980), whereas cuttings from four-year-old
seedlings of the same species averaged 62.0t rootj-ng with clonal variation
in rooting ability ranging from Ot to 95.0& (Rauter, 1971). As the donor
plant matures, not only does rooting decrease, but the length of time to
develop roots increases (Isikawa, 1968) and the quality of the root system
changes (Libby and Hood , 1976). Similarly, the subsequent rate of height
growth decreases (Kleinschmit and Schmidt, 1977i Rauter, unpubl. data) and
the effects of topophysis are more pronounced and take longer to overcome
(Kleinschmj-t, 1961 ).

In Ontario, we experienced quick (in less than 5 weeks) and very
efficient (better than 99.0*) rooting of very juvenile cuttinqs. This
changed our approach in starting from more promising, matLrre trees-ortets
and l-ower rooting percentages to propagating young seedlings from selected
full-sib families with fast, reliable rootinq. The poorer perforrning
clones can be dropped from this program if the juvenile state can be
maintained. The remaining clones can be propagated on a large scale. The
quality of the resultant clonaI plantations will be substantially improved
over those produced from seed orchard seed.

There are several pronising methods for retaining juvenility
including hedging (Libby and Hood, 1976i Hartney, 1980; van den Driessche'
1983) and serial propagation (Kleinschrnit, 1977t Morgan et aI., 1980).
However, it appears that these methods are successful with on1.y some
species. For example, serial propagation root-ing percentages over a three
year period decreasedless when cuttings were continously taken from black
spruce donors, and more when taken from white spruce (p. glauca (Moench)
Voss) donors (Phil-tion, unpubl. data). A1so, black spruce exhibited less
topophysis than white spruce.

Type of Cutting

Many recent studies confirm the resul-ts of earlier work on
selecting the best type of cutting. For some species, root cuttings and
brachyblast cuttinqs (made of shoots originating from fascicular buds ) are
the more successful types. Since most aspen species are difficult to root
from stem cuttj-ngs, reasonable success can be achieved by taking root
cuttj-ngs from the parent donor, producing suckers, and then rooting the
resultant suck'ers (zufa, 1971i Schier and CampbeIl, 1976). This is
similar to the work done by Muhte Larsen in the 1940's (in Nienstaedt et
df., 1958). Brachyblast cuttings from nine to twelve-year-old trees of
Pinus densifl-ora Sieb. and Zucc., P. thunbergiana Franco, and P. rigidg
Mifl. root significantly better than stem cuttings taken from the same
trees and treated in the same manner (Hong, 1974). Brachyblast cuttings
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have also been successfully used in Ontario for jack pine
Lamb.) and scots pine (p. sylvestris L.) (Phillion, pers.

(P. banksiana
comm. ).

Stem cuttings are the most common form of propagules and usually
perform the best. The length of the stem cutting can affect the success
of rooting. In jack pine, cuttings less than 2.5 cm in length did not
root as well as those 2.5 to 7.5 cm (Zsuffa, 1974). The growth of the
roots was directly proportional to the length of the basswood (Tilia
anericana L.) cuttings (Morsink and smith, 1974).

The Influence of Crown Position

The crown position from which the cutting is obtained is
important and becomes more crucial as the maturation state of the donor
increases. Spruce cuttings taken from the lowermost portion of the crown
root better than those from the upperrnost portion, and laterals root
better than terminals (Girouard, 1971), Roulund (1979) found that Norway
spruce (picea abies (L.) Karst.) cuttings from the lowermost portion of
the crown exhibited less plagiotropism than those from the top. In
redwood (Sequoia sempervirens (D. Don) Endl.), cuttings from the lower
crown rooted better than those from the upper crown and the duration and
severity of plagiotropism was greater in the lower crown than the upper
crown (Libby, pers. comm.). Most of the evidence is consistent with the
hypothesis that upper cror{rn cuttings are in a more advanced state of
maturation than lower crown cuttinqs.

Physiological Condition of the Cutting

Several factors determine the physiological state of the
cuttings; unfortunately, only a few of these are understood. Although it
j-s known that sufficient carbohydrate reserves in combination with a high
C/N ratio favour rooting (Haissig, 1974b), the relationship between
carbohydrate metabol-ism, root primordium development, and enzyme activity
is not understood. Haissig (1982) attempted to identify enzymes and
enzyme systems, and found that these were positively related to primordium
development and to the metabolism of reducing sugars. He assumed that
these enz)rme activities had a physiological irnpact and influenced the
speed and amount of primordium development in the cuttings.

Cuttings must have sufficient nutrient reserves to survive the
rooting period until proper growth occurs (Land Jr., 1977). Without
sufficient reserves, cuttings are unable to photosynthesize properly and
die soon after insertion (John, 1979). According to Davis and Potter (in
Haissig, 1982), photosynthesis may contribute sugar that is translocated
to the base of the cutting. This increase in sugar availability at the
base of the cutting also enchances root primordium development.

In some difficult-to-root species, the presence of leaves or
needles for photosynthesis appears essential for rooting. In sycamore
(Platanus occideqtalis L. ) r dormant cuttings leafed out after being
struck' probably because of stored food reserves. The cuttings then
dropped their leaves within a short period of time and died (Land Jr. '1977; Foster and Thor, 1977). In conifers, active shoot growth and
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foliage extension often occur simul-taneously with rooting. Thus, there is
competition for the available carbohydrates. Cameron and Rook (1974J
showed that 75.0t of the photosynthates supplied to the roots of the
cutting came from the old foliage. In Eucalyptus camaldulensis Dehn., the
addition of auxins, sucrose, and nitrogenous compounds was not a
sufficient substitute for the presence of l-eaves (Hartney, 1980).

Even though nutrient levels may be favourable, other
physiological factors, such as the presence of root inhibitorsr maY

depress rooting (Haissig, 1974b). Endogenous level-s of root inhibitors
increase with the maturation state of the donor (Davidson, 1974i Hartney,
1980). This increase in the concentration of the root inhibitor is
directly correlated with a decrease in the ability of the cuttings to root
(Paton et at. , 1 981 ).

Preconditioning of the Cutting or Donor Plant

Preconditioning can increase the rooting performance of the
cutting by altering its physiological state at the tirne of striking. The
storage of poplar cuttings in a refrigerator (2oC) induced callus
formation and reduced the time between striking and rooting (Zsuffa,
pers. cornrn. ). Normal1y, cuttings from mature Sitka sBruce (e. 

"itSt *lq!=
(eong. ) Carr. ) do not root; however, when they were placed in cool storar;e
for up to three months, rooting success of 15.0 to 20.0t was achieved
(McI4uIlen, pers. comm.). Van den Driessche (1983) found that dormant
Sitka spruce required ten weeks chilling aL 2oC and Fraser fir (A[rtiu
fraseri (Porsh) Poir. ) required eight weeks at 4"C to obtain the most
rapid and complete rooting. In hybrid larch (Larix eurolepis (ttenry)),
cool storage (2"C) of dormant cuttinqs for six to nine weeks dramatical-ly
increased rooting, whereas warm storaqe (25"C) of more than three weeks
resulted in good callus development, but significantly reduced subsequent
rooting (John, 1979).

Ring-barking (girdling the stem prior to taking cuttings)
contributes to rooting success. This technique is successful with some
difficult-to-root species and with donors that have a more advanced state
of maturation. In slash pine (P. elliottii Engelm.)r up to 34.0t of the
cuttings from girdled branches rooted, whereas a maximum of 3.0t rooted
from ungirdled branches (Hare, 1979). Similarly, in sycanore, 100.08 of
the treated branches rooted, but only 34.0t of the untreated ones rooted
(Hare, 1976). This technique has made operational rooting of mature
radiata pine feasible for seed orchard establishment.

It is important to minimize moisture stress at the time of
striking cuttings. Ivlost water is taken by cuttings through the cut base
of the shoot and through the foliage in contact with moist soil. In
Chamaecyparis obtusa (Sieb. a Zucc.) Endl. cuttings, the rate of wa.ter
absorption decreased with time from when the cut was made (Toyuoka,
1977). A fresh cut at the base of the cutting at the time of strikinq
resulted in a temporary increase in water absorption and in significantly
higher rootinq percentages. Substantially lower moisture deficits in the
cuttings can be maintained if the foliage is sprayed with water (Cameron
and Rook,1974).
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Removal of water soluble root inhibitors may be possible by
soaking cuttings prior to striking. Good (in Bonga, 1977 ) showed that an

inhibitor resembling abscisic acid could be removed from the foliage of
SiLka spruce and European white birch (getula pendula Roth. ) by this
method.

Season of Collection

The optimal collection times vary by species and conditions, but
generally are best in early spring, just prior to the start of the growing
season, and in late summer when growth extension is complete and
lignification is just starting (Hare, 1978; John, 1979, Roulund, 198'l).
Under controlled growing conditions, however, collection periods can be

extended. For example, when black spruce is grown under greenhouse
conditions, cuttings can be taken throughout the year and successfully
rooted, provided that supplemental lighting is available during the short
winter days.

Exosenous Factors

Rooting Medium

The following table provides some examples of different media
which can be successfullv used.

Table 1. ExampLes of different media which can be successfully used

Rooting Medium Species Reference

Coarse gravel Norway spruce Kleinschmit et al.
(1973)

Vermiculite and perlite slash pine Hare (1978)

Peat and sand hvbrid larch John (1979)

Sphagnum peat and vermiculite black spruce Armson et al. (1980)

Sphagnum moss and coarse sand several hardwoods Tervonnen ( 1 981 )

The type of mediurn used influences the type of root systern that
develops. In Douglas fir (Pseudotuga menziesii (Mirb.) Franco)r
differences in root thickness, flexibility, and branching were observed
among cuttings grown in different rooting media (Copes , 1977). When

higher proportions of sphagnurn peat were used, the root systems were finer
and more branched than when smaller proportions were used. As the
proportion of sand increased, the root systems that developed were longert
rel-atively unbranched, and less flexible. Similar results occurred in
radiata pine (P. radiata D. Don) (Hilf and Libby,1969) and in white and
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black spruce (Rauter, unpubl. data). Spruce cuttings grown in 100.0t sand
not only had long, unbranched roots, but the roots also had a tendency to
break at the base of the cutting when disturbed. If these cuttings were
left through the winter dornant season and lifted in the spring prior to
the onset of growth, their roots became flexible and easily manipulated
(Rauter, unpubl. data).

The success of rooting and growth of roots is dependent upon the
proper balance of aeration and moisture within the medium. Copes t1977)
found that a medium with a high content of sphagnum peat was easily
saturated, whereas one with pure perlite or perlite-sand required frequent
watering and media with either too little or too much water produced poor
rooting results. Rauter (unpubl. data) found that when the soil was
saturated, sufficient aeration was not provided and the roots grew upwards
through the rooting medium and inLo the air.

Ambient Temperature and Humidity

The few studies done on the success of rooting at varying
temperatures have shown that cutLings can generally tolerate wide
fluctuations. Rauter (1971 ) noted that even though spruce cuttings were
exposed to temperatures ranging from 1OoC to 32oC, there was no apparent
detrimental effects on rooting. Werner (in Roulund, 1981) observed no
damage to spruce cuttings exposed for short tine periods to temperatures
of 35"C to 40oC.

Arnbient air temperatures can influence the length of time from
striking to rooting. Ideal temperatures appear to be in the range of 20"C
Lo 22"C for many species. As the temperature decreases, the length of the
time required to root cuttings increases. Juvenil-e cuttings of black
spruce that would normally have rooted within five to seven weeks remained
green yet unrooted for four months due to low temperatures (Miller, pers.
comn. ).

Ideally, cuttings root well in cool moist air surrounding the
tops and warm, solid conditions around the base. This temperature
gradient allows greater activity in the base, while minimizing respiration
and moisture stress on the top of the cutting. However, the benefit of
heating cables is greatly reduced once the ambient temperature is 22"C or
hi gher.

High humidity in the air surrounding the cuttings can reduce the
stress caused by transpiration and thus promote rooting. However, high
humidity when combined with high temperatures can promote the development
of diseases such as Botrytis. It is also important to be able to maintain
high humidity withonEElEiilting the rooting medium, particularly if the
medium contains a high proportion of sphagnum peat. High humidity can be
maintained by covering the cuttings with plastic sheets and shade cloth
for greenhouse conditions (Armson et aI., 1 980) or aluminum-painted
hoop-houses for nursery conditions.

Several types of misting equipment and controL devices have been
developed over the years to maintain humidity and humidity control. Many
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have been tried in the Ontario program. The most rel-iable to date is one
that can be set on a timer and adjusted for varying weather conditions.

Photoperiod and Light Intensity

During the spring and summer months, natural J-ight intensity is
sufficient for rooting. If cuttings are rooted during the short days of
winter, it may be necessary to supplement the natural light. Supplenental
Iighting can also be used to induce bud forrnation and subsequent branch
development in order to increase the number of available cuttings on donor
plants. Phillion (pers. comm. ) uses high-pressure sodium-vapour lanps to
intensify the level of brightness to 500, 10OO and 2000 foot candles. The
higher the light intensity, the greater the number of cuttings that are
produced on juvenile scots pine donors.

Hormone and Chemical Application

Results of hormone and chemical application for improved rooting
are contradictory. This can be partially attributed to the different
experimental conditions, the different physiological states of the
cuttings, and to our lack of understanding of some of the chenical and
physiological processes occurring within the plant.

Although many recent studies have shown the beneficial effects
of auxin application (Bhatnagar and Joshi, 1972; Hare, 1974i Morsink and
Smith, 1974i Tervonnen, 1981), there has been little atternpt to explain
the nature of its effect. The enhancement of rooting may not be a result
of the actual chemical applied, but perhaps a transformation of that
chemical- when absorbed by the cutting (Haissig, 1974a) or a physiological
response of the cutting to the chemical (Haissig, 1982).

Both natural and synthetic auxins when applied to cuttingst
usually increase the development of already existing root primordia
(ttaissig, 1974a). Thus, cuttings with initiated primordia would show
better rooting percentages than those without preformed primordia. As an
exception, recent work in jack pine has shown that a new synthetic
chemical, an aryl ester of indole-3-butyric acid, has the ability to
initiate root primordia (Haissig, 1979).

Chemicats have also been used to try to induce bud formation on
donor plants. For example, a benzo-adenine purine spray applied to white
spruce donors increased bud development significantly, but unfortunatel-y,
also created some toxic effects on the plant (Phillion, pers. comm.).
Modification of concentrations and carriers used may reduce the toxic
effect yet still be effective in promoting bud development.

Several of the above factors are closely interrelated. The
alteration of one factor often necessitates the adjustment of others to
retain rooting success. The large number of factors that influence
rooting success also make it difficult to evaluate the effect of any one
factor. Although modifications to improve rooting techniques are likely
for years to come, standards have been established and these are being
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successfully used to reproduce selected clones (Kleinschmit et al., 1973i
Rauter , 1979).

BIOLOGICAL CONCERNS

Important problem areas are juvenility and maturation, early
testing, genetic diversity, deployment strategies and clonal
comparability. The following will highlight the current status of these
problems as related to macropropagation.

Undue concern over biological problems has deterred the rapid
development of clonal forestry, particularly with coniferous genera. To
reiterate a statement of Libby (1984), 'we still need to know the answers
to a Iot of biological questions to do clonal forestry well, but they are
no longer the sort of disqualifying questions that block further
consideration.'. Many of these biological problens have been used by the
traditionalists to oppose clonal forestry, rather than as a challenge to
find solutions to the problems. Many satisfactory solutions to the
various biological probJ-ems do exist, although they may not yet be the
optimal solutions.

Juvenility and Maturation

one reason why vegetative propagation by rooting is not more
widely used is our inability to sufficiently manipulate both ontogenetical
and physiological ageing. We must be able to rejuvenate material that has
an advanced state of maturation, otherwise selections for rooting programs
must be made on young trees and we must accept the risks associated with
early selection. These risks result from changes in growth rhythn and
morphological characteristics as a tree shifts from the juvenile to the
mature phase. This is of particular concern wiLh species characterized by
a large amount of free growth and only a moderate amount of predetermined
growth, because selections may show a height advantage in the early years,
but may not retain this advantage in later years (Eriksson, 19BO). On the
other hand, early selection can be effective for such traits as stem form
and branch angle as there is litt1e change in the expression of these over
ti-me.

Several ways have been developed to at least par:tially retard
maturation and occasionally induce rejuvenation. Maturation can be
retarded either by hedging the parent donor and not allowing upward growth
(Libby and Hood, 1976i Hartney, 1980), by serial propagation of rooled
cuttings (Kleinschmit, 1977; Morgan et al., 1980), or by using basal
epicormic shoots which develop in many hardwood species (Hartney, 1980)
and sprouting conifers (Libby, pers. comm. ). In one instance, Dr. Ball of
California produced some redwood propagules from tissue culture material
derived from mature trees, and these propagules appear to be more juvenile
than seedlings. Rejuvenation also seems to occur when scions from older
trees are grafted and regrafted several times onto younger root stock
(Franclet, 1981). Alt of these methods should improve the physiological
state of the plant by shortening the internal transport system and
improving the supply of water and nutrients to the periphery of the hedge,
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cutting or graft (Fortanier and Jonkers, 1976). It appears that
juvenility in plant tissue is dependent upon the distance of the tissue
from the root system. As distances from the peripheries of the plant are
shortened, there is also a reduction in the amount of root inhibitor
substance present (Paton et al., 1 981 ).

Fortanier and Jonkers (1976) found that hedging induces the
formation of buds and tissues less mature than those being removed, thus
inducinq seni-ontogenetical rejuvenation. They emphasize that
theoretically such rejuvenation cannot be repeated indefinitely because
each pruning activates the meristems and thus stimrrlates ontogenetical
ageing.

Increased maturation of the donor plant will continue to be a

problem until more information is available on the physiological and

biochemical processes of ageing. In the rooting of cuttings, not only is
rooting percentage affecte<i by the rnaturation state of the donor, but the
speed and quality of rooting, subsequent growth rate, form and wood

properties (Hood and Libby, 1978) and within-clone variation (Kleinschrnit,
1977) are also affected.

EarIy Testing

Associated with the problem of maturation is that of early
testing. Since much of the material can only be propagated in the
juvenile state, test material must be evaluated early enough so that the
donors can still be propagated with a degree of success and good future
development. However, the earlier the evaluations are mader the greater
the risk that these selections will not maintain their superiority at the
end of their rotation. Kleinschmit (1977) states that this change in
performance can be partially explained by differential gene activity over
time. To minimize the risk of early evaluations and early selections, he

suggests using adapted populations, maintaining a high genetic variation
combined with repeated selection, selecting under typical field conditions
and using close spacing in plantation establishment. The risk can also be

reduced by testing full-sib families whose parents were superior
performers or whose sibs already exist in older tests. Seed from the best
families can be germinated and the resulting material used for clonal
tests and mass propagation. If rel-iable relationships can be developed
between growth potential and physiological and biochemical processes, such
as photosynthetic efficiency, then the risks encountered through early
selection may be overcome.

Genetic Diversity

sufficient variation within any production program must be

maintained to accomodate the wide variety of environmental conditions /

encountered by alI commercially important species, even within a single
seed zone or planting region. Thus, it is necesary to have a large number

of clones in the clone bank, even though only a rel-atively small number

may be in use in the production program at any given time. As some are
el-iminated from the production proqram, others must be added. Eventuallyn
these new a<lditions will come from advanced generation breeding
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selections. There must al-so be cl-ose control on the number of propagules
per clone that are produced for any production program. It is human
nature to select only a few of the very best clones for production,
however, this can lead to severe field losses. Vegetative propagation, as
a production tool, could come into disfavour (Toda, 1974). Sweden and
other countries have, or are contemplating, the establishment of rules
controlling the number of clones and ramets per cl-one to ensure genetic
diversity (Hedstrom and Krutzsch, 1983).

Deployment Strategies

When discussing deployment strategies, it is irnportant to
consider the size of the area under discussion. Large monoclonal
plantations can be disasterous. In Japan, a single clone of cryptomeria,
when planted on a smal-l scale, dj-d not show susceptibility to stern canker
and foliage mites, but when planted over extensive areas, severe losses
were incurred due to these pests (Toda, 1974). Monoclonal plantations nay
be lessserious with short-rotation species such as poplar. With short
rotations, the pests do not have the same opportunity for a population
build-up and there is less likelihood of abnormal weather conditions
occurri-ng. Even if serious losses do occur and the stand has to be
removed, not as much time and monev is l-ost when compared to a
long-rotation species.

Small monoclonal plantations can be beneficial-. Libby (1981)
and Zobel (1982) recommended a nosaic of monoclonal stands rather than an
intimate mixture of clones for a management system. When a small area (a
few hectares or less ) of single clones are planted, the variation within a
plot is Iess than when a mixture of clones are planted. If individual
clones fail, the problem can be readily recognized in the mosaic planting
and these clones renoved and replaced. This management method is more
expensive because the identity of the clones must be maintained from
collection through planting, yet greater gains can be made through better
site utirization. rf a program is sufficientry werl-developed, then
specific clones can be placecl on specific sites (Zsuffa, pers. comm.). If
there is a significant microsite variation, then a clonal mix sinilar to
that proposed by Kteinschmit (1977) may be more realistic.

The number of clones to be used in a multiclonal mix is still
under discussion. Initially, Japan favoured a large number of clones,
expecting a larger gain than from seed orchard seed of the same parentage
(Toda, 1974). However, when the performance of the clonal plantations was
compared to these seedling plantations, the anticipated gain could not be
confirmed due to the many silvicultural thinnings through the rotation.
Libby ( 1 981 ) ^commends seven to thirty clones as a safe number in any
single production plantation. The National Forestry Board in Sweden
stipulated that a minimum of thirty to one hundred and twenty clones must
be used depending upon the degree of testing for these clones (Twetrnan,
pers. conm.). The number that should be used is affected by such
variabl-es as acceptabl-e risk leveI, intensity of plantation management,
spacing, plantation size and rotation aqe.
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Since the production and establishment of many identified clones
are more expensive than the production of a multiclonal mix, the extra
costs have to be measured against the potential gains, potential risks and
the most efficient use of the plantinq site.

Comparability of Clones

Before embarking on a large-scale clonal forestry Program, there
must be some assurance that material wiII maintain its superiority from
the time of establishnent until the time of harvest. For cuttings, f,ibby
(1981 ) referred to this as the "comparability assumption". Shelbourne and
Thulin (1974) found that the initial growth rate of radiata pine cuttings
was slower than that of seedlings. Sweet and Wells (1974') had similar
results in a nursery study for the same species. In the first experiment,
cuttings were taken from six-year-old trees and in the second experi-ment,
from variable age classes. Perhaps some of these slower growth rates nay
be attributed to the donors being more physiologically mature than the
young seedlings. If cuttings had been taken fron younger material or
hedged material, the results might also have been different. Hood and
Libby (1978) found that, initially, the more juvenile cuttings of radiata
pine had faster rel-ative height growth rates, but that the more mature
cuttings had greater height growth rates than either the juvenile cuttings
or seedlings of the same genotype. Roulund (1978) found that cuttings of
Sitka spruce grew taller, showed less stem form variation, and had less
variation in date of bud flush than seedlings. Although the initial stem
form of the cuttings was poorer, within four years, the form was similar
to that of seedlinqs.

WORK REQUIRD

Techniques are now available for rooting cuttings of most
species. However, as with any new program being initiated, refinements
must be made for the given set of conditions and species in use.
Additional research in rooting procedures shoutd have low priority
compared to research in several other areas.

AII of the biological problems mentioned in the preceding
section require continuing research. The most pressing is the problem of
controlling maturation. If this problem can be totally solved, mature
selections can be effectively incorporated into a clonal Program. This'
in turn, will affect other areas, such as the need for early testing and
thedevelopment of breeding strategies. In addition' many of the
physiological and biochemical processes need to be better understood.

A neglected area of research is mechanization. Rooting is a

labour intensive process. If several of the steps, such as the collection
and setting of cuttings, could be mechanrzed, large-scale program costs
would be reduced substantially. However, mechanization is only economical
when the scale of operation is sufficiently large. Thus, we must first be

cornmitted to a clonal forestry program before we can justify the required
expenditures on mechanization.



-70-

We also need to closely examine the breeding and deployment
strategies being proposed. We must then set up a series of appropriate
guidelines for various kinds of clonal forestry programs, tttus avoiding
problems in the future of our forests and opposition to clonal forestry
generated by such problems frorn public interest groups.

CONCLUSION

Acceptance of new concepts is often difficult, particularly for
those of us who have been trained in the traditional methods of practising
tree improvement and forest genetics. However, the time has come to
re-examine and re-evaluate many of the current programs, determine what
they are capable of providing and then look at some different alternatives
to see whether the results can be improved. One alternative that must be
considered is the clonal option. I believe that for many species and in
many programs across Canada, we will find that macropropagation and the
clonal option wiII become a forestry reality.
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IN VITRO PROPAGATION OF CONIFERS

J.M. Bonga

Matu(LLmot F onz.tt Reteanch Ce-ntne,
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Fneden Lc.tott, Ne'lt BnunswLclz, Ca.nada

ABSTRACT

Conifers are relativety easy to propagate by g vitro techniques
from juvenile material. However, attempts to propagate mature conifers by
in vitro methods have generally failed. We have obtained adventitious
shoots, but no roots, in cultures of explants from mature Larix decidua
and Pinus banksiana. In the Larix cultures, the shoots formed in slices
of fernate """e" ""llected Anrfrf-."iosis and in shoot tips collected
during needl-e primordia initiation. In Pinus, the adventitious shoots
were obtained from cultures of embryonic shoots excised from male buds at
the time of microstrobili initiation. Some of the problerns encountered in
conifer tissue cu]ture are discussed.

nfsul,rf

Il est relativement facile de propager les conifEres par des
techniques in vitro, i partir de mat6riel juv6nile. Toutefois, 1es
tentatives ae pi-opaqation A partir de conifdres d'69e mOr par ces rn6thodes
ont g6n6ralement 6chou6. On a r6ussi ) obtenir des pousses adventives,
mais pas de racines, dans des cul-tures de boutures de Larix decidua et
de Pinus banksiana dtAqe m0r. Les pousses obtenues dans les cultures de

@etianchesdec6nesfeme1Iespr6Iev6esIorsde1a
m6iose et aussi de bouts de pousses pr6lev6es au O6Uut de la fornation des
rudiments (primordia) des aiguilles. Dans les cultures de Pinus, Ies
pousses provenaient de pousses sexueLles males pr6lev6es durant la
formation des strobiles. Lrauteur traite de certains problbmes propres i
Ia culture des tissues de conifbres.

INTRODUCTION

In vitro cloninq techniques have reached a level of
sophistic.tioriiffi're largJ-sc.l" fropagation is now lrcssible for several
hardwood species (for forest trees, see Brown and Sommer, 1982i
Mascarenhas et al., 1982; for fruit trees, see Hutchinson, 1982i
Mascarenhas et at., 1982). Although some hardwood species (SpiegeL-Roy e!
aI., 19g0; ua-scarenhas et aI., 1gB2) can be propagated from mature
specimens, most can stiil o-ify rc propagated from juvenile material.
Similarly, conifers, except Sequoia (Ball et al-. , 1978), can presently be
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propagated from juvenile material only (David, 1982). Although in vitro
propagation of juvenile materiaL can be useful (i.e. for rapid clonal
production of plantlets from valuable embryos obtained in controll-ed
crosses (t'tott, 1981 ; Smith et al. , 1981 ) ), the main requirement for f orest
improvement is propagation of selected mature specimens (Zobel-, 1981).

IN VITRO PROPAGATION OF MATURE CONIFERS

The difficulties in propagating explants from mature trees arise
as a resul-t of the lack of organogenesis in vitro. fwo reasons can be
suggested for this: (1) there are no organoglenetically conpetent cells in
the explants; and (2) there are a few competent cells but these are
prevented from entering organogenesis by correlative inhibitions imposed
by neighbouring tissues (Henshaw et aI., 1982). These conditions may not
be static. There are moments in the annual growth cycle of the tree when
tissues programed to follow one type of development are switched into a
different development plan. Examples of this are initiation of primordia'
the change from sporophyte to gametophyte, and stomatal differentiation.
It is possible that during such developmental changes, some cells
temporarily become more organogenetically competent, or if already
conpetent, are temporarily released from correlative inhibitions (Bonga'
1992bi Riding and Aitken, 1982). This possibility of a temporary
improvement in organogenetic capacity at specific moments at specific
sites in the tree has provided the impetus for nuch of our work over the
Iast few years. So far, we have found three developmental stages in the
annual growth cycle during which, at least in some trees, explants capable
of adventitious shoot formation can be obtained. These three stages are
female cones during meiosis, male shoots during microstrobili initiation,
and vegetative shoots during needle initiation.

FemaIe Cones Durinq Meiosis

A few srnall adventitious buds were obtained from somatic tissues
of immature female cones of Pinus mugo (Bonga, 1981). More success was
achieved with the somatic ti;;ue; 6,ffiemale cones of one
twenty-five-year-old Larix decidua tree. In the spring of 1 981, female
cones were collected Eom tITs tree, cut in transverse slices, and
cultured. Slices of cones collected at about the time of meiosis produced
adventitious shoots; slices of cones collected earlier or later did not
(Bonga, 1 982a ).

This experiment was repeated the next year and again only the
collections that contained cells in meiosis (aII stages between megaspore
mother cell and tetrad) were responsive. However, the origin of the
adventitious shoots was different in the second experiment. These shoots,
instead of arising from slices of the stalk of the cone, developed from
slices containing the bracts and scales. They arose mainly from the cut
surfaces of the young bracts (rig. 1 ) but occasionally frorn the side of
the bract. These shoots were separated fron the bracts and subcul-tured.
In subculture, the shoots produced callus at their base. This callus
formed new adventitius shoots (rig. 2), which could be separated and
subcultured individually after a few weeks. In one of the adventitious
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FIGURES

Figures 1-4 In vitro culture of slices of immature female cones of Larix
decidua.

Figure 1 Adventitious shoots (s) are forming on the cut surface of a

swollen cone bract (b). x 15.

Figure 2 Adventitious shoots are developing on callus formed by the
adventitious shoots shown in Figure 1. x 6'

Figure 3 A needle of an adventitious shoot on a bract has swollen and

is forming numerous bumps (b). x 15.

Figure 4 The bumps shown in Figure 3 have turned into numerous shoots'
x6.

Figures 5-6 In vitro culture of male shoots of Pinus banksiana collected
when the strobili were primordial.

Figure 5 The shoot has produced a calfus which is forming a few
adventitious shoots (arrow)' x 15'

Figrure 6 Elongated needles of one of the adventitious shoots shown in
Figure 5. x 15.

Figures 7-8 In vitro culture of vegetative shoots of Larix,decidua
cotlectea at the time of needle primordia initiation.

Figure 7 The shoot has produced callus which is producing numerous
adventitious shoots. x 8.

Figure 8 A shoot removed from the nass of shoots shown in Figure 7 and

subcultured. One needle in this shoot reached a lenqth of 43

mm. Scale on the right hand side is in nillimetres'


