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1.  INTRODUCTION
One thing is to breed forest trees and to document genetic gain through one or more 
generations. Another, just as important, thing is to mass produce the bred material 
on a large scale for practical use in the forest. These actions can be two independent 
activities, but in forest tree breeding they are often combined. In the following sec-
tions we will look at a number of  methods for mass production of  improved material. 
Some of  these are very simple only including phenotypic selection, while some are the 
output of  intensive breeding programmes.

2.  MASS PRODUCTION WITHOUT 
TESTING 

Mass production of  phenotypically selected material without testing is cheap and 
often used. In this case one relies only on the information about the selection. This 
sounds very hazardous, but an excuse for doing so is that the testing time is rather 
long in forestry and that there may be an immediate need for seed. 

Three methods will be described: 

2.1. Mass production of single-tree progenies from the stand 

This method has been practised in several variations in Australia and the United 
States. 

Plus trees are selected according to a number of  criteria. They are usually selected in 
the neighbourhood of  good roads, so seed collection is easy. 

Instead of  grafting the trees and establishing a seed orchard, the trees are carefully 
marked and mapped. In seed years the seed is harvested and used directly for planting 
purposes. 

From a seed procurement point of  view the advantage with this method is that it 
is cheap. It does not include other costs than the seed collection costs. They will be 
somewhat higher than ordinary stand collections, because the trees are scattered.  

The disadvantages are several: the seed source is endangered because the trees may be 
felled or otherwise injured; the gain will be small because the trees have only been se-
lected according to their phenotype, which does not give much response for characters 
with low heritability such as volume. The plus trees will be pollinated by other trees in 
the stand, which means that half  the genes in the seed will be of  average value. 
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2.2 Seedling seed orchards without genetic thinning 

The establishment of  a seedling seed orchard is a simple and rather cheap way for 
mass production of  selected  material and the method has been widely used.  

The disadvantage with a seedling seed-orchard with open pollinated progenies is that 
the gain will only be small. Firstly, because only phenotypic selection has taken place; 
secondly because half  of  the genes involved are of  only average value; thirdly, because 
there are restrictions in the design in order to minimize pollination between halfsibs.  

2.3 Non-rogued clonal seed orchards

Non-rogued clonal seed orchards were frequently used in the early days of  tree breed-
ing. Emphasis was given to plus tree selection and there was great belief  in phenotypic 
selection. Therefore seed orchards with a small number of  clones, i.e. 15-20 were es-
tablished. With such a low number of  clones there is no possibility of  making a strong 
selection according to the results from progeny testing. 

Such seed orchards will have their final spacing and design from the beginning. The 
propagules will often be graftings from the flowering part of  the crown. That gives 
this type of  seed orchard an advantage compared to the seedling seed orchard, be-
cause the time from establishment to flowering will be shorter.  The gain from the 
clonal seed orchard will be double that of  the seedling seed orchard, because here all 
the genes involved will be from selected trees. Still, the gain from a clonal seed or-
chard will be moderate without genetic thinning. 

The seed-orchard concept in general and the use of  seed orchards are dealt with in 
Lecture Note D-8.
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3.    MASS PRODUCTION WITH 
TESTING - THE SEED-ORCHARD 
APPROACH

3.1 Seedling seed orchards including genetic thinning 

A seedling seed orchard including genetic thinning should be accompanied by prog-
eny tests. Usually a progeny test must be repeated on at least four different sites to 
get a reasonable expression of  the progeny’s ability to cope with a variety of  soils and 
climate, and the seed orchard itself  may serve as one replication of  the test. The prog-
eny tests must be planted not later than the seed orchard and be evaluated before seed 
is harvested from the orchard. The seed orchard should be thinned so that only the 20 
% best families are left. 

In each plot left, the phenotypically best tree should be selected and the rest felled. 
Such a procedure sets up strong restrictions for the design, if  a reasonable gain should 
be achieved, a fairly equal spacing should be maintained, and the seed production for 
the area should be acceptable. Small plots are preferred to give the best distribution. 

The following example will illustrate an acceptable model: 

  150 progenies per block 
  20% = 30 progenies after genetic thinning 
  2 plants per progeny at the beginning 
  1 plant per progeny after phenotypic thinning 
  plot size 4 x 4 m = 16 m² 
  block size 2600 m² 

A practical way to handle the thinning is to make the phenotypic selection in all fami-
lies first. This should be done when the trees start to compete with each other. Then, 
when the accompanying progeny tests have been analyzed, the genetic thinning can 
take place.

3.2 Clonal seed orchards including genetic thinning 

A clonal seed-orchard including genetic thinning can be established in nearly the same 
way as the seedling seed orchard. 150 plus trees will be a suitable number. In this 
case there will be no phenotypic selection in the seed orchard, because it consists of  
clones. We can therefore use single tree plots, and a plot size of  6 x 2 m. After genetic 
thinning the average spacing should be approx. 6 x 10 m.

See further on seed orchards in Lecture Note D-8. 
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4.  MASS PRODUCTION WITH 
TESTING - THE CLONAL 
APPROACH 

The advantage of  vegetative propagation of  improved material is that the improved 
genotypes are maintained completely in the propagules. 

The few forest tree species in which not only breeding at the individual level but 
also direct clonal propagation of  selected individuals have taken place are Cryptomeria 
japonica and species of  the genera Populus and Salix.

Conifers in general have been considered difficult to root and many investigations 
have been carried out to solve this problem. There has been a persistent interest 
among breeders to make it possible to use the advantages that are connected with 
cloning as compared to natural or artificial populations, and today a number of  breed-
ing programmes are strongly influenced by this new possibility.

The main problems to solve in this connection are: rooting, ageing, selection, clonal 
effect, and testing. Some of  these problems are closely related and interact with each 
other. These topics are reviewed and discussed in the following.

4.1 Ageing

The problem of  ageing plays a central role in all breeding programmes. From the 
point of  view of  sexual reproduction, great advantages could be achieved if  the ju-
venile phase could be shortened and more breeding cycles could take place within 
a given time. On the other hand, from the point of  view of  vegetative propagation, 
there are so many problems with mature trees that prolonged juvenility and even reju-
venation is most desirable.

The occurrence of  various characteristics in different stages in the life cycle of  trees 
was observed early and the existence of  juvenile and adult zones have been recog-
nized. 

Chronological ageing refers to the time which has elapsed since the plant germinated, 
but does not give any information about the ontogenetical phase. Ontogenetical age-
ing refers to the process of  passing through different phases of  development, from 
germination to complete senescence. This process is often referred to as cyclophysis.          

A seedling does not age ontogenetically as a whole, but does so from the base to the 
top and from the inner to the outer part. There is no continuous replacement of  cells 
in plants, as it occurs in animals. This explains the paradox that the first formed, low-
est, and chronologically oldest part of  a seedling is most juvenile, while its more re-
cently formed top and periphery are ontogenetically most mature. Full grown and old 
seedlings long retain many characteristics of  juvenility at their base or reproduce them 
when forming adventitious shoots at this site. 
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Ageing and the phenomena related to it, such as decreasing rooting ability, topophysis1 
and growth retardation, are looked upon as the most serious problem in the utilization 
of  vegetative propagules in breeding work. 

The speed of  ageing during repeated propagations is reflected in branch-like growth 
(plagiotropism) and probably in height growth for coniferous species. There seems to 
be a longer period required for change in shape for secondary cuttings than for the 
primary ones, and there also seems to be a depression in height growth of  the terti-
ary cuttings as compared to the secondary ones of  the same age. It does not seem to 
be possible to prevent ageing completely through repeated propagations. So far no 
method of  preventing ageing in conifers has been described. Hedging has been sug-
gested as a means to prevent or delay ageing in some species. For broadleaved species 
the problems of  ageing seem to be smaller. Many of  them sprout from the stump, and 
the sprouts appear to be juvenile. 

The more ambitious aim of  rejuvenation still seems to be a matter of  basic experi-
mentation. Some progress has, however, been made in recent years.

Today’s problem could be formulated in two related questions: 

1) How much is it possible to retard ageing through repeated propagation or hedging? 
and 

2)  How many years do we have from starting to clone an individual to discarding 
the clone because of  age?

It is not yet possible to answer the first question precisely, but from experiments in Pi-
cea species it is reasonable to believe that in general an ontogenetical age correspond-
ing to a 9-10-year-old ortet can be accepted, provided some plagiotropic growth and 
growth retardation in the nursery is acceptable. In Pinus radiata only 2-3 years seem to 
be acceptable, and this relatively short period makes it desirable to include selection 
for clones which are able to keep their juvenility over a long period. A selection crite-
rion of  this kind will decrease the gain in volume production to some extent. 

Breeding programmes that include bulk-propagation of  already improved material are 
influenced by limitations imposed by ageing. One scheme is to select the tallest plant 
out of  every three plants in a 4-year-old superior progeny or provenance. Another 
scheme is to start propagation of  3-month-old progenies or provenances and grow 
ortets as well as cuttings in favourable conditions which allow repeated propagations 
within the same year.

4.2 Selection, testing and propagation

4.2.1 Theoretical considerations.

From a theoretical point of  view it should be possible to obtain greater genetic gain 
from vegetative propagation of  individuals selected in a progeny, instead of  using 
the progeny as a whole. A selection with additive effect could be obtained, and indi-
viduals may be outstanding because of  either dominance or epistasis. Such fortunate 
genotypes will break down in sexual propagation and may be difficult to re-establish. 

1 Topophysis is the phe-
nomenon that scions, 
buddings and  cuttings 
for some time after they 
have been vegetatively 
propagated maintain 
the branch-like growth 
habit they had as shoots 
on the ortet.
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This has been the main argument for several breeding programmes’ use of  vegetative 
propagation by cuttings. Very often the selection procedures are described in general 
terms, which may lead to an overestimation of  the possible gain from the within-
family selection, particularly when the families are full-sibs. In this situation the fam-
ily sizes are often small, and the additive variance is only half  of  that in a panmictic 
population. Unless large gains can be expected by family selection, it may be almost as 
effective carrying out mass selection in well adapted provenances using high selection 
intensities. Mass selection in the nursery in well adapted provenances has been com-
monly used.

At the other extreme, bulk propagation of  superior progenies has been carried out 
with practically no selection within the families.

4.2.2 Selection and propagation of mature trees

It is the general experience that precision of  selection increases with increasing age of  
provenance, progeny, and clonal experiments, but mass selection among mature trees 
for large-scale propagation has had to be abandoned because of  topohysis. Unfortu-
nately, the phenomenon of  ageing and topophysis in spruces and pines is so serious 
that it restricts selection of  individual clones to an age of  4-6 years or less. This forces 
us to deal with the problems of  early selection and early tests. The same problem does 
not exist in Cryptomeria and in broadleaves which can sprout. 

4.2.3 Successive testing, selection and propagation 

In most breeding programmes with mass propagation by cuttings, height is the cri-
terion in the first selection and probably also in the second selection. Most breeders, 
recognizing the low heritability for this trait, operate with a stepwise selection, carried 
out as mass selection with high selection intensity among 4-year-old nursery plants, 
successive selections based on clone-means at age 3 after the second, third, and forth 
propagations, and finally selection based on clone-means from field experiments at 
various ages. During the later selections, one will select for other characteristics such 
as diameter, stem form, time of  flushing, bud set, and wood density. 

When one is working with cuttings from the second and  later propagation series, 
topophysis and growth retardation during the transition phase (the 5-15 year period 
from the first to the last time one clone is propagated) will obviously bias the results. 
A strong selection at an early age may therefore be doubtful. If  ageing takes place too 
fast, there is a risk that the results from tests are no longer valid for the clones in their 
actual age phase. 
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4.3 Clonal effect 

Clonal effect is a source of  non-genetic variation  associated with cloning, and it has 
been shown experimentally to be an important factor among plant propagules. 

The original concept was restricted to cover effects common to propagules from one 
ortet, deriving from the condition of  the ortet. 

In cases where the ramets are taken from various parts of  the crown in older ortets, 
the variation associated with cloning may be so large that within-clone variation ex-
ceeds within-population variation. When ramets originate from young ortets, clonal 
effect is generally very small. 

4.4 Genetic variation 

In agriculture and horticulture clones are nearly always used as monoclonal cultures. 
With a few exceptions this has been a success. In forestry monoclonal cultures have 
been used with Populus species, Cryptomeria japonica and Hevea brasiliensis. In recent 
years large monoclonal cultures in Eucalyptus have become common practice. This 
has in some cases caused problems and led to severe losses. But since it is still general 
practice, one may assume that monoclonal cultures in these species have a certain 
amount of  success.

The risk of  diminishing genetic variability in artificial populations has often been re-
ported. However, it must not be forgotten that a large genetic variation, such as found 
in natural populations or plantations from seed selected at provenance level, is far 
from being secured against catastrophes as feared in monoclonal cultures. 

In cases, where resistance is bound to a single gene or a few genes, it is found that par-
asites are able to mutate and attack the formerly resistant host. In such cases genetic 
variations may delay the development of  mutated lines that can attack the formerly 
resistant clones. 

One biological reason for genetic variability is a better adaptation to edaphic and 
climatic changes. Forest trees often grow on very variable soils, which cannot be arti-
ficially treated. Therefore, a mixture of  genotypes may be more stable within smaller 
areas, as individual stands, as well as over larger regions. Proven cases of  genotype 
x microsite interaction are few, whereas genotype x macrosite interactions are more 
frequently observed. This leads to a central question in breeding programmes: what is 
the most efficient number of  clones in multiclonal varieties? Very little knowledge is 
available about this point, neither in spruce nor in other species. 50-100 and 200-2000 
have been mentioned, but in the latest years mixtures of  10-20 clones are often rec-
ommended. 

Kleinschmit (1980) presents the following arguments for reducing or not reducing the 
genetic variability in artificial populations. 
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When the genetic variability is reduced, there is

Less risk with:          

- limited plantations      

- homogeneous environments  

- possibilities to manipulate 

  environments          

- adapted populations     

- long knowledge of       

  plantations and/or tests   

- short rotation time     

  (Poplars, Eucalyptus)     

- knowledge of  juvenile/mature correla-

  -tions and other genetic parameters

- high heterozygosity     

- clonal variation       

- production population    

More risk with:

- extended plantations

- heterogeneous environments  

- no possibilities to manipulate

  environments 

- exotic species 

- short knowledge of  plantations

  and/or tests 

- long rotation time (many 

  broadleaves) 

- no basic genetic information

- less heterozygosity 

- ecotypic specialization 

- breeding population

4.5 Multiclonal varieties

Multiclonal varieties can be characterized by the following statements:

- they are based on selection and testing of  individual clones

- they contain a number of  clones in order to diminish risks and optimize

        use of  edaphic differences

- their utilization, over a period of  years, depends on the rate of  ageing

- they can utilize non-additive genetic variance

- varieties for specific regions can fairly easily be created

- they contribute a large amount of  information to the breeding programme.

Most breeding programmes presented for conifers and operating with clonal forestry 
as an actual possibility to make use of  multiclonal varieties.

4.6 Bulk propagation 

Bulk propagation is characterized by: 

- propagation of  selected provenances or progenies, without individual selection 

- no testing of  individual clones 

- large genetic variability 

- high utilization possibilities for mass production of  hybrids and controlled 
crosses 
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- no topophysis or ageing problems 

- no gain from within-provenance or within-family selection 

Bulk propagation in spruce has mainly been practised either by the traditional tech-
nique of  rooting cuttings from 4 year old seedlings, which is a fairly safe and well-
tested technique that may give about 10-20 cuttings per seedling (Picea abies) or by a 
new technique of  accelerated growth and repeated propagation from one-year-old 
seedlings (P. mariana).

4.7 Propagation technique

Vegetative propagation of  many species is described in Hartmann and Kester (1983) 
and Davis, Haissig and Sankhla (1988). A summary of  points to be remembered is 
given by Thompson (1992):

Guidelines for the rooting of cuttings 

Timing: Conifers: use winter lignified cuttings and mid-summer semi-lignified cut-
tings. Broadleaves: use mid-summer semi-lignified cuttings. 

Handling: Stripping is not generally necessary, tip and basal cuttings can be used. Un-
rooted cuttings can be cold stored in plastic bags up to 4 months at 0-2°C.

Rooting media: Start with a 1:1 mixture of  peat:coarse perlite (or 5 mm grit,
or fine bark). If  not successful, try 3:1 for dry summer conditions or soft cuttings and 
1:3 for wet winter conditions or for mature cuttings. A wetting agent may be useful in 
keeping media uniformly moist. 

Rooting hormones: Try IBA followed by NAA or IBA plus NAA (2:1 ratio) applied  
as quick dip (500 to 10,000 ppm for 5 seconds). Many species root well without hor-
mone treatment.

Water: Check pH and conductivity (salt content) of  water to be used for misting/fog-
ging. Full water analysis may be necessary. Cuttings under fog system require supple-
mental irrigation.

Fungicides: Apply only when necessary, use several in rotation.

Light: Use natural low light levels in winter, use added shade in summer; supplemen-
tal light is generally not necessary (16 to 30 watt) for rooting.

Temperatures: Keep air cool (5° to 25°C), use warm (20°C) rooting media.

Mist or fog regulation: Use humidistat, a solar integrator or »electronic leaf« to regu-
late misting or fogging rather than time clocks.

Callus: The formation of  callus is not necessarily a prediction of  rooting.
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4.8 Conclusion 

Although much effort has been directed to solving the problems of  clonal forestry, 
there are still essential parts, which are insufficiently explained. 

However, propagation methods have been developed with which a rooting percentage 
of  70-100 % can be obtained with great certainty, provided the propagation material is 
young. For practical use this is sufficient. 

In conifers it has been proved that the age phenomenon is the most serious single 
factor of  the problems of  clonal forestry, and the largest obstacle to immediate utili-
zation on a large scale. The significance of  the age of  the ortet for rooting as well as 
topophysis is now well known and sufficiently well described. However, more accurate 
knowledge is needed about how fast the ageing of  a clone takes place by repeated 
propagation. Also, the progress of  ageing in hedges has not yet been investigated suf-
ficiently. To answer this, a number of  years are necessary, because a large number of  
clones have to pass through repeated propagation. Available knowledge indicates that 
ageing by repeated propagations takes place faster than expected earlier. If  this is true, 
it will be dangerous to base too much on early selection of  individuals at provenance 
level. It also leads to difficulties in testing, because the cuttings for mass propagation 
will be in an age phase other than that of  the test material. 

The »clonal effect« has great importance in the test situation, because it increases the 
error variation, thereby diminishing the possibility of  separating the clones. If  young 
material is used, the »clonal effect« is of  less importance. 

The risk involved in a limitation of  genetic variability is often canvassed. It is difficult 
to assess the size of  this risk and thus to decide how much the genetic variability can 
be limited. The number of  clones in a clonal mixture is strongly dependent on silvicul-
tural methods and conditions, and also on the breeder’s subjective evaluation. 

For a number of  species, propagation by cuttings is so technically advanced that bulk 
propagation can be recommended as a fast method to mass-propagate improved plant 
material. 

Today many breeding programmes are at a stage where controlled pollination of  al-
ready selected and tested individuals, followed by bulk propagation of  the progeny, is 
a possibility. This method is also useful for mass propagation of  offspring from seed 
orchards, which otherwise might be available only in small numbers. 

With respect to multiclonal varieties there are some problems that are not yet suf-
ficiently elucidated. But there seem to be many obvious advantages in mul-ticlonal 
varieties based on successive testing and selection: fast output of  plant material repre-
senting various levels of  improvement, possibilities of  stronger selection, utilization 
of  specific gene combinations, etc. The system will at the same time contribute with a 
great deal of  genetic information to the breeding programmes and extend the breed-
ing populations, which in many cases may be too small. The application of  clones in 
this way will play a more important role than if  it is used only as a mass propagation 
method. 
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During the last few years of  research, knowledge about clones and the use of  clones 
in forestry has accumulated. It is a valuable alternative to breeding systems aimed at 
seed orchards only. This development has been very important in several breeding 
programmes.
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