
u n i ve r s i t y  o f  co pe n h ag e n  

Gene conservation and tree improvement

Keiding, Henrik

Publication date:
1993

Document version
Publisher's PDF, also known as Version of record

Citation for published version (APA):
Keiding, H. (1993). Gene conservation and tree improvement. Danida Forest Seed Centre. Lecture Note D-9

Download date: 22. maj. 2023

https://curis.ku.dk/portal/da/publications/gene-conservation-and-tree-improvement(5565cf40-89ac-11df-928f-000ea68e967b).html


LECTURE NOTE D-9 - AUGUST 1993

Gene Conservation and Tree Improvement

compiled by
Henrik Keiding



Titel

Gene conservation and tree improvement

Authors

Henrik Keiding

Publisher

Danida Forest Seed Centre

Series - title and no.

Lecture Note D-9 

DTP

Melita Jørgensen

Citation

Keiding, H. 1993. Gene conservation and tree improvement. Lecture 

Note D-9. Danida Forest Seed Centre, Humlebaek, Denmark.

Citation allowed with clear source indication

Written permission is required if you wish to use Forest & Landscape's 

name and/or any part of this report for sales and advertising purposes.

The report is only available electronically from

www.SL.life.ku.dk

ii

http://en.sl.life.ku.dk/Forskning/DevelopmentEnvironment/Publications.aspx


iii

Contents

1. Introduction   1

2. Genetic Resources of an Improvement Programme   1

3. Sampling And Selection   3

 3.1 Effects of sampling on genetic variability 3

 3.2 Heterozygosity and homozygosity   4

 3.3 Importance of heterozygosity   6

 3.4 Inbreeding   6

4. Conservation of Genetic Resources in Relation to 

 Improvement Strategy   8

 4.1 Seed sources in natural forests   9

 4.2 Establishment of seed stands  10

 4.3 Introduced species and provenances  11

 4.4 Provenance trials as sources for genetic conservation  12

5. Conclusion  13

6. References  15

7. Glossary - Definitions  17

 Appendix 19



iv



1

1. Introduction

The aim of  tree improvement is to increase production and quality of  trees in 
connection with planting. The concept “Improvement” implies that a growing 
proportion of  individual trees in successive generations possess the character-
istics that suit the users. The rate of  improvement is measured, initially, against 
the performance of  base populations or the natural occurrence of  the species. 
It may also be considered a measure of  the effectiveness of  selection or the 
ability to remove undesirable genes from the original populations. 

The potential for improvement or scope for selection depends fundamentally 
on the genetic variability of  a species as it has evolved in nature. 

The genetic variability is an expression of  genotypic differences between indi-
viduals in a population i.e. that individuals have different gene compositions. 
The more variable the genotypic constitution between individuals (the broader 
the genetic variability), the better the chance, generally speaking, for a species 
or population to reproduce and survive or adapt itself  to changes in environ-
mental conditions. This circumstance may also provide tree improvement with 
a greater potential for selecting the genetic compositions aimed at.

However, in tree improvement programmes, only part of  the genetic variability 
is used. The tree breeder will try to select and thereby favour only those gene 
combinations that serve his particular purpose(s). This process will mean a 
narrowing of  the genetic variability or loss of  certain genes, which may have 
serious consequences in an evolutionary context or with altered goals for the 
improvement. At the extreme, very high yielding but genetically uniform and 
vulnerable material may replace more robust and variable plantings with the 
added risk of  large scale disasters due to pests and diseases. 

As with other natural and reproducible resources it is therefore necessary to 
consider the sustainability of  the genetic potential or the conservation aspect 
of  tree improvement. 

In the following some of  the principal effects of  operating with small popula-
tions (small compared with the total genetic variability) will be discussed. 
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2. Genetic Resources of an   
Improvement Programme

A »genetic resource« is defined as »a unit« of  heritable variability of  actual or 
potential value. 

A »resource« is a stock or reserve upon which one may draw when necessary. 

In other words, units of  genetic variability in one form or another must be ac-
cessible if  they shall fulfil their function. 

Genetic resources occur at different levels of  selection or intensity of  breed-
ing and therefore also with different degrees of  genetic variability. Examples 
of  genetic resources arranged, principally, in decreasing order of  genetic vari-
ability are natural forests, ex situ conservation stands, selected seed stands, seed 
orchards, and clonal planting. See Fig. 1.

Fig. 1. A schematic outline of  the connection between “yield” or progress in improvement and the levels of  vari-
ability of  the different genetic resources. [see also Lecture Note A-4.]

The crucial question then is how much of  the original genetic variability we 
need to retain or conserve in a long term improvement programme in order to 
secure sufficient flexibility in utilization of  the improved material. 

There is no clear-cut answer to that because tree species exposed to selection 
and breeding have different genetic constitutions and react differently to breed-
ing. Furthermore the knowledge of  the genetic structure, breeding systems and 
reproductive biology is rather limited for most tropical species. 

However, some of  the observations and results from population genetics may 
inform us of  the consequences of  narrowing genetic diversity in the efforts to 
obtain improvement for specific purposes. 
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3.  Sampling And Selection

A tree improvement programme operates implicitly only with part of  the total 
genetic variability i.e. the part that exhibits a better average performance of  the 
desirable traits than the base population. 

When samples are taken from the base population, the genetic composition of  
the selected material will be less variable than that of  the total base population 
evolved by nature because certain gene combinations may be lost or deliber-
ately excluded in the pursuit of  favourable characteristics chosen by  man. This 
procedure will continue in subsequent generations of  selection and  will cause 
further reduction of  genetic variability. 

3.1 Effects of sampling on genetic variability

The subject of  sampling is of  fundamental importance for the founding and 
planning of  a tree improvement programme. How do we combine conserva-
tion of  genetic diversity with progress in quantitative and qualitative characters 
of  the trees? How should we sample and arrange breeding populations for im-
provement programmes of  different time perspectives?

The simple answer to that is that we have to know the genetic structure of  the 
individual species, their breeding systems, reproductive biology, and mode of  
occurrence i.e. optimal and marginal areas to mention some of  the more im-
portant characteristics. The equally simple statement regarding most tropical 
tree species is that this knowledge is usually limited.

We therefore have to use experiences from other crops in which studies of  
population or quantitative genetics are more advanced. 

When taking out samples from the base populations, we reduce the frequencies 
of  genes and their alleles. The rare ones of  the latter are the ones that will be 
lost first. The significance of  the loss will depend on the size of  the sample, i.e. 
number of  individuals per sample, and how representative the samples are of  a 
species’ distribution to different environmental conditions. There are other fac-
tors that influence the lowering of  genetic variability in the smaller populations 
such as relationship of  trees from which seed has been collected. This will be 
discussed later. See 3.3.

The most significant reduction of  genetic variability in small populations takes 
place in subsequent generations, for populations of  the same size, as demon-
strated for the Drosophila fly. See table 1. 
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Table 1: The retention of  genetic variance in small populations of  constant 
size for a number of  generations of  Drosophila fly (Frankel & Soulé, 1981).

The table shows that the smaller the population, the more the genetic variance 
is reduced in subsequent generations.

It should be noted that these results for the Drosophila fly are indicative only. 
Other figures apply to other animal and plant species but the principle is the 
same. If  population size in second and following generations is en-larged, 
the reduction in variance will be slower. Further, as to forest tree species the 
change in generations takes a much longer time so the effect on genetic vari-
ance will be correspondingly slower in showing up. 

However, in spite of  the difference between Drosophila and forest trees the fun-
damental effect on variability when operating with small populations should be 
kept in mind, as this is an essential part of  any improvement programme. 

3.2 Heterozygosity and homozygosity

In order to understand the consequences of  sampling and selection in relation 
to conservation of  genetic variability, it is necessary to look at the basic ele-
ments which decide the expression of  the various characteristics i.e. the genes 
and their alleles.

For this purpose the following extract of  “The packaging of  genetic informa-
tion” is cited from “Managing Global Genetic Resources. Forest Trees”.

 “A gene ... is the basic unit of  heredity and has one or more specific ef-
fects on an organism. ... the term “locus” refers to the position of  a gene 
on the chromosome, and it is sometimes used interchangeably with the 
term “gene” when referring to regions ... that are influencing a trait. 

 Alternate forms of  a gene found at the same locus are called alleles. Some 
genes have many alleles, which allow for multiple gene products and 
therefore multiple phenotypes. For example, multiple alleles have been 
identified for many of  the genes that code for human blood proteins. The 

Percentage genetic variance remaining after 
 1, 5, 10 and 100 generations

Population

size (N) 1 5 10 100

2 75 24 6 << 1

6 91.7 65 42 << 1

10 95 77 60 < 1

20 97.5 88 78 8

50 99 95 90 36

100 99.5 97.5 95 60
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allelic frequency refers to the proportion of  loci in the population occu-
pied by each allele ... 

 Most organisms are diploid, meaning they carry two copies of  each 
gene. If  both copies are the same allele, the individual is said to be ho-
mozygous; if  the two copies are different alleles of  the gene, the individu-
al is heterozygous for that locus ...

 Variation can readily be observed at several levels: between species, be-
tween major types within a species, between populations within a major 
type, and between individuals. An individual’s genetic composition, or 
genotype, in conjunction with the environment in which that individual is 
found naturally, determines the phenotype or observable characteristics. 

 Certain traits are controlled by a single gene and are referred to as qualita-
tive ... Many characteristics, however, are influenced by a larger number 
of  genes; these are called quantitative or polygenic traits. The cumulative 
action of  these genes influences the expression of  the trait, but the effect 
of  any single gene is small and cannot generally be isolated in the pheno-
type. Important production traits, such as yield, growth rate, and straight-
ness, are examples of  polygenic traits. Occasionally, a »major« gene (one 
that has a stronger influence on the trait) can be detected, but there is 
nevertheless modification of  the trait by other genes with smaller effects. 

Fig 2. Some possible combinations of  3 alleles, G1, G2, and G3 (left) and the meaning of  homozygosity and 
heterozygosity (right). From Longman’s Illustrated Dictionary of  Botany. 

chromosome pair 
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gene A and gene B
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B

b
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3.3 Importance of heterozygosity

Genetic variability is expressed by the average heterozygosity per locus. Heter-
ozygosity indicates the presence of  a recessive and dominant gene at the same 
locus, as illustrated in figure 2. The alternative forms with two, both either 
dominant or recessive, genes at the same locus are termed homozygous. 
Heterozygosity is generally linked to viability or ability to reproduce and is 
therefore an important feature of  the sampled populations to retain, or to con-
sider in a conservation context. 
“Among geneticists and breeders there is a heterozygosity consensus; this is the 
belief  based on extensive laboratory and farm experience that fitness (viabil-
ity, vigour, fecundity, fertility, etc.) is enhanced by heterozygosity, and that any 
decrease in genetic variation will be paralleled by a diminution of  fitness. En-
hancement of  fitness due to increased heterozygosity is called heterosis, and it 
is virtually universal in outbreeding domesticated plants and animals.” (Frankel 
& Soulé, 1981).
Homozygosity generally tends to lower viability because recessive deleterious 
genes are uncovered i.e. become present at the same loci. Deleterious genes 
have a negative effect on reproduction and qualities connected with adapta-
tion and vigour. Therefore factors that promote homozygosity, as for instance 
inbreeding, should be kept at a minimum in the course of  sampling and found-
ing of  breeding populations.

3.4 Inbreeding

Inbreeding is defined as the mating of  related individuals, or fusion of  gametes 
in self-fertilization and takes place when members of  the same family (sibs or 
halfsibs) cross-fertilize or if  an individual is fertilized with its own pollen. The 
rate of  inbreeding increases with the degree of  relationship and may be ex-
pressed as the decrease in heterozygosity per generation of  inbreeding. In case 
of  self-fertilization, which is the strongest form of  inbreeding, half  the loci 
will become homozygous for each generation and the coefficient of  inbreed-
ing, F, is said to be O.5.

The effect of  different degrees of  inbreeding expressed as increase in homozy-
gosity is shown in fig. 3.
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Fig. 3.Increase in homozygosity during inbreeding. After Underwood, 1979, as shown in Frankel and Soulé, 
1981.

As indicated above, inbreeding may have a negative effect on characteristics 
important for breeding and efforts to maintain genetic variability. In order to 
minimize this effect, the relationship of  individuals in base or breeding popula-
tions should be kept at a minimum. This should be done by observing certain 
rules for selection of  seed parent trees both in respect of  number and of  
physical distance between trees. The more knowledge we have of  the breed-
ing systems, mode of  occurrence (scattered or in groups, continuous or dis-
continuous) and of  seed dispersal, the more appropriate the sampling can be. 
A typical situation in many tropical countries is collection from natural forests 
for establishment of  seed stands and ex situ conservation stands or for prov-
enance testing. A rate of  inbreeding of  1-2% (inbreeding coefficient F = 0.01 
- 0.02) is generally accepted in samples from larger populations.  The justifica-
tion for this “tolerance” is based on experiences from a broad field of  breed-
ing programmes in which the smallest possible size of  populations sufficient 
for continued survival and reproduction have been tested. The size of  such a 
population is termed effective population or Ne. It is stated that a population 
size of  50 non-related individuals (effective population) would give an inbreed-
ing percentage of  1 based on the formula  

    F = 2Ne , where F = inbreeding coefficient and Ne = effective population size. 

     Thus with Ne = 50, F will be 0.01. 
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In forestry and particularly in connection with provenance research, the mini-
mum number of  trees required to represent a population is considered to be 
25 which theoretically would amount to an inbreeding rate of  2%. The provi-
sion is that seed parent trees are sufficiently far apart so as not to be related, 
which may differ considerably from one species to another e.g. whether wind 
or insect pollinated. Mechanisms to prevent self  fertilization also play a part. 

It should be emphasized that these rules are very general, but often the only 
ones we have with some background in population genetics. Until more knowl-
edge is obtained about the genetic structure of  tree species, they will have to 
suffice. 

However, new techniques for estimating heterozygosity such as electrophore-
sis coupled with systematic evaluations of  provenance trials are beginning to 
throw more light on the complexity of  the genetic constitution of  tree species. 
There are indications of  a high degree of  heterozygosity in most tree spe-
cies which may be explained by the comparatively recent introduction of  tree 
breeding. 
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4.  Conservation of Genetic Re- 
 sources in Relation to Improve- 
 ment Strategy

Genetic resources have per definition a clear object of  being of  actual or po-
tential value for provision of  improved material. 

In order to secure this potential for continuous use the sources must be either 
conserved or preserved. 

As the terms »conservation« and »preservation« are often used synonymously, 
it may be appropriate to quote Frankel & Soulé (1981):

»We use the term ‘conservation’ to denote policies and programmes for the 
long term retention of  natural communities under conditions which provide 
the potential for continuing evolution, as against ‘preservation’ which provides 
for the maintenance of  individuals or groups but not for their evolutionary 
change” and: “The genetic resource of  domesticates are, for the most part, in 
a static  state. The exceptions are the wild relatives of  crop plants and the wild 
plants used by man, such as forest and pasture species, which are located in 
natural communities. Some local breeds of  livestock also retain a fairly dynamic 
state. All other genetic resources are maintained ‘frozen’ - which in many cases 
is literally true. Their evolutionary potential is enormous, but it needs to be 
realized through recombination, mutation and selection which, of  course, is in 
the hands of  the plant and animal breeders.«

Thus, conservation of  genetic resources in a tree improvement programme ap-
plies, according to the quotations above only to seed sources (stands) in natural 
forests and ex situ conservation stands. It may be a matter of  opinion whether 
selected seed stands in plantations, inclusive landraces, and other types of  seed 
production areas, in which free exchange of  gametes takes place, should also 
be included. When seed, pollen and tissue cultures are stored, the genetic re-
sources they contain are fixed and thus preserved for future application. 

The following four sections (4.1-4.4) illustrate the interrelationship between 
improvement strategy and conservation of  genetic variation. 

4.1 Seed sources in natural forests

The entire range of  distribution of  a species constitutes the total genetic varia-
tion as it is formed by evolutionary forces. This is the genetic base from which 
seed procurement and tree improvement may develop. Only a limited part of  
the whole genetic base may be applied in a tree breeding strategy, either for 
technical reasons in connection with seed collection or because of  restriction 
in scope and time scale of  the improvement programme. 
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Thus the identification of  seed stands in natural forests of  indigenous species, 
which is a common feature of  many tropical countries, has to take into account 
both the technical feasibility (access, age, size etc.) and the genetic representa-
tion. The latter may again be determined by the conditions under which the 
species is intended to be planted. 

In relation to an improvement strategy the aspects of  “technical feasibility” 
and “genetic representation” have to be weighted according to time scale per-
spectives, scope of  planting and relative importance of  species. In the short 
term, emphasis may be laid on accessibility and other technical aspects in order 
to obtain seed. Emphasis may also be laid on protective measures, because 
many natural stands are vulnerable if  not threatened. 

The longer perspective should be considered as soon as possible in the plan-
ning of  tree improvement, and the securement of  a broader genetic represen-
tation should be attempted. Among other things this may imply an extended 
search for and identification of  seed sources. 

Demarcation and management of  seed collection units in natural forest types 
of  mixed composition of  tree species correspond in terms of  methodology 
to in situ conservation. While this is regarded as the most desirable method 
of  conservation, it may not be the most practicable for seed collection, as the 
protection of  a single species or provenance may depend on the interplay with 
other species i.e. the conservation of  the whole ecosystem in which they oc-
cur. Therefore the transfer of  the genetic resource in the form of  planted seed 
stands may be necessary. 

See next section 4.2 and, for a more detailed treatment of  the subject, Lecture 
Note B-2.

4.2 Establishment of seed stands

As indicated above, the protection of  seed stands in natural forests is fre-
quently difficult to maintain, which combined with rational seed production 
necessitates establishment of  seed stands. The common procedure will be col-
lection of  seed from the natural stand and planting the offspring for later seed 
production. This process implies a transfer of  genetic potential which in terms 
of  conservation is comparable to ex situ conservation, and as such involves 
both genetic and technical considerations as well as their mutual interdepend-
ence. 

With regard to genetic consideration and with the presumption that as much 
as possible of  genetic variation should be transferred, the method of  sampling 
plays an important role. This has already been described in general in section 2 
and 3, where it was emphasized that number of  unrelated individuals, function-
ing as seed parents, should not be less than 25 or 50 depending on allowance 
for increase in inbreeding coefficient (2% or 1%). 

Besides relationship and number, the forestry value (phenotypic value) of  the 
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seed mother trees is often a criterion for selection, which means that a certain 
reduction in genetic diversity may take place. It is doubtful, however, that the 
phenotypic selection at this “wild” stage will influence the quality of  the off-
spring very much, and therefore with greater advantage is postponed to the 
even-aged seed or conservation stands. 

The »technical« considerations concern the effect of  the new and changed 
environments of  the seed stands on flowering and seed production, which  
again may affect the genetic constitution of  the offspring (2nd generation and 
following). It would be a great advantage if  favourable conditions for seed 
production could be secured before establishment take place, but far too often 
this knowledge is lacking. Other technical aspects which have an effect on the 
genetics of  the offspring are size of  seed stand and management. These are 
treated in details in Lecture Note B-2, but in respect of  management special 
mention of  the thinning regime should be made as the conservation and im-
provement objectives have, apparently, conflicting objectives. 

Ex situ conservation aims at maintaining as much of  the genetic variation of  
the original sources as possible. Therefore thinning for improved physical con-
ditions for flowering and seed production i.e. sufficient space between trees, 
should be strictly objective. This means a systematic removal for instance of  
every second tree in a row irrespective of  the quality (vigour, straightness, seed 
production) of  the individual tree. Some problems may arise when natural 
selection has caused the death of  trees and spacing therefore has become ir-
regular. 

For improvement and seed production purposes a “genetic” thinning may be 
carried out in which a combination of  spacing and removal of  the poorest 
phenotypes takes place. The adaptation of  an ex situ conservation stand to its 
present site (1st generation) will be brought about by natural selection. The ge-
netic constitution of  the stand at the reproductive (mature) stage will be differ-
ent from the one at the time of  planting. It may have lost some of  its diversity, 
but may have won in respect of  adaptability in the following generations.

Genetic thinning may further enhance the quality of  the offspring. In this 
process a weighting of  conservation for their highest possible variability 
against adaptation and quality has to be considered. 

For further discussion of  the subject reference is made to Technical Note No. 14.

4.3 Introduced species and provenances

Introduced species or exotics have been, and still are, widely used in planting 
programmes. Formerly, the main interest was attached to species for plantation 
forestry and industrial wood production, and relatively few genera (eucalyp-
tus, pines, cupressus and teak) have dominated the scene. More recently, many 
more genera and species have been introduced for testing and utilization in  
circumstances other than plantation forestry e.g. agroforestry, shelterbelts, ero-
sion control etc. 
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The application of  introduced species on a larger scale should and often does 
follow a stepwise approach via species trials, species/provenance trials com-
bined, and proper provenance trials of  promising species. Sometimes a growth 
trial on a medium scale is carried out after the species trial and before actual 
plantings. 

Often, however, the classic pattern of  early introduction and subsequent ex-
tension to large scale plantings rests on a small population whose origin is un-
known or very vague. The introductions of  teak (Tectona grandis) to East and 
West Africa or to Trinidad are examples of  that. Apparent success in growth 
and yield may not call for any particular conservation measures and improve-
ment by individual tree selection and isolation in clonal seed orchards to fur-
ther improve qualitative characters may be undertaken. 

In this connection and with the possible formulation of  an improvement strat-
egy it may be asked whether new sources (provenances) from a wider range of  
the species’ distribution would increase the possibilities for further progress. 
There provenance trials are established for many of  the most widely used exot-
ics as a means to supplement the breeding base. The international provenance 
trials of  Central American pines, eucalyptus species, teak, Gmelina and South 
East Asian pine species are examples of  this sequence of  events.

Frequently the early introductions have been included in later provenance trial 
as “local provenances” or landraces, both inside and outside their country of  
domestication. In many if  not most of  the trials the local provenance ranges 
among the best in their countries of  domestication in respect of  growth and 
adaptation but often display qualitative characteristics which may be less advan-
tageous. Without going into details about this phenomenon, landraces should 
not be ignored in connection with conservation of  genetic resources. Two out-
standing examples of  important domesticated strains are teak in Tanzania and 
Gmelina arborea in Brazil. 

4.4 Provenance trials as sources for genetic conservation

When some provenances after assessment and evaluation of  trials are found to 
be promising or superior, the extended use of  such sources will naturally arise. 

Firstly an attempt may be made to obtain larger quantities of  seed from the 
original sources for establishment of  seed or conservation stands locally. It will 
rarely be safe to rely on continuous supply of  seed from the sources of  origin. 
If  a bulk sample is available or obtainable, the same procedure as outlined for 
seed stand establishment from natural, indigenous species may be applied. The 
ex situ conservation project for provenances of  Pinus caribaea, P. oocarpa, Eu-
calyptus camaldulensis and E. terecticornis from 1975, coordinated by UNEP 
and FAO (FAO/UNEP Project on Conservation of  Forest Genetic Resources 
1108-75-05) may illustrate the integrated efforts to combine conservation and 
improvement. The background for promoting a world wide ex situ conserva-
tion programme was the desire to conserve the genes of  the most valuable, 
and to some extent threatened, sources of  these species. Their performance 
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was evaluated in a number of  provenance trials distributed throughout the 
tropics. In order to make the programme manageable, only a few provenances 
(2-4) of  each species were included. Bulk samples were collected from the 
original sources and distributed to countries interested in the establishment of  
conservation stands in accordance with certain technical requirements on es-
tablishment, management and seed distribution.

The programme resulted in the establishment of  a number of  ex situ conser-
vation stands throughout Africa and in South East Asia, the details of  which 
appear in appendix 1. From a seed-procurement and tree-improvement point 
of  view the respective host countries of  the conservation stands have ob-
tained their own seed source and breeding base, from which extended planting 
programme may be made, and an enlarged breeding population of  a valuable 
provenance. 

It is expected that a conservation stand of  10 ha and an initial number of  
1100-2500 (3 x 3 and 2 x 2 m planting distance) trees, will transfer the majority 
of  the genetic variation.  In the course of  time and development of  the trees, 
natural selection at the particular site will probably change the genetic compo-
sition of  the offspring which will gradually become more “specialized” or “do-
mesticated”. While this may be satisfactory in a narrow sense i.e. for the local 
conditions, it may cause a loss of  genetic variation compared with the original 
source, which it was the broader objective of  the programme to conserve. 

However, by having the same provenance established at a number of  places 
under different environmental conditions, the genetic pool will approach the 
genetic variation of  the original source when all ex situ conservation stands are 
considered collectively. On the condition that seed from different ex situ con-
servation stands can be exchanged freely, the international community may still 
have most of  the original genetic variation  at its disposal. 

Unfortunately, after the original sources have been tested in provenance trials, 
seed from these are often difficult if  not impossible to obtain. The reasons 
may be either the disappearance or depletion of  the source area or that restric-
tions on export of  seed have been imposed by the host country. Because of  
these experiences, collections and storage of  bulk samples for conservation 
purposes of  individual provenances concurrently with the actual provenance 
collections are strongly recommended. They have in fact been practised for 
some of  the internationally coordinated provenance trials e.g. Pinus kesiya 
1988-1989. Where seed from the original sources cannot be obtained for one 
reason or another, the founder population is limited to the stand or plot in its 
new surroundings and measures to conserve it have to be taken. 

In provenance trials the individual plots of  the experiment constitute the sole 
genetic resource, and have to be separated from the other provenances in the 
trial in order to avoid contamination from inferior provenance or uninten-
tional hybridization. A mass vegetative propagation with subsequent isolation 
of  ramets - an unselected clonal seed orchard - has to be established. This has 
recently been practised in connection with the international series of  teak and 
Gmelina provenance trials. 
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5. Conclusion

Conservation in relation to tree improvement is a matter of  provision and 
protection of  a base of  genetic variation or a number of  genetic resources to 
which selection may be applied and improved material obtained. 

“Provision” implies the search for and identification of  genetic resources 
through exploration and studies of  breeding systems and genetic structure of  
the individual species. The latter usually involves investigations of  variation 
between and within populations in provenance trials. The more recently de-
veloped techniques for allozyme studies such as electrophoresis may be more 
widely used for estimates of  heterogeneity. 

“Protection” or conservation measures are essential for the securement of  a 
sustained supply of  genetic variation. This is even more important in an im-
provement context as advancement in breeding will lead to a narrowing of  the 
genetic variation, as illustrated in fig. 1. If  the broader genetic base is still acces-
sible, mishaps to the genetically uniform but high yielding crops, may be rem-
edied by incorporating genes which are resistant to pests or diseases. In other 
circumstances where the objectives of  the improvement programme have 
changed and new gene combinations are required, the maintenance of  a broad 
genetic base may also prove necessary. 

Conservation of  genetic resources in connection with tree improvement is di-
rected towards individual species or populations within species. In their natural 
occurrence they are found in association with other species or constitute a part 
of  an ecosystem in which all living organisms interact with each other and the 
environment. Thus the specific conservation object of  a tree improvement 
programme often has to be considered in a broader perspective i.e. in corpora-
tion with nature conservation where sustainability of  diversity in tree species, 
flora, and fauna is the main criterion. This situation is likely to occur more 
frequently in the coming years following the increasing need to identify and 
secure seed sources of  local indigenous species (Lecture Note B-2). 

It is therefore important that different objectives for conservation are clearly 
stated and a management plan worked out which will consider the different 
interests as far as possible. 

Finally, it may be understood from discussions in the preceding sections that 
effective conservation of  genetic variability is dependent on thorough knowl-
edge of  the species in respect of  occurrence, mode of  reproduction, breed-
ing system, genetic structure and a number of  other features related to them. 
Information  from different sectors such as ecology, botany and genetics are 
required to get a full picture of  the factors that influence the genetic set-up of  
the individual species and their reaction to selection and improvement. 

Some of  this knowledge may be available for the more widely used species, but 
generally much more exact knowledge is still required for the planning of  and 
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argumentation for conservation, improvement and consequently  for seed pro-
curement programmes. 

In the absence of  sufficient knowledge of  the individual species, which is 
prevalent for most tree improvement programmes and tree seed projects at this 
time, there seem to be at least three important fields of  action to observe:

1. Apply basic and generally accepted rules (of  thumb) for sampling from 
base populations to establish trials, seed production areas and breeding 
populations. See chapter 3.

2. Describe and register the simple facts about the actions concerned with 
identification and establishment of  conservation areas. See for instance 
Lecture Note B-2, seed source registration. 

3.  Implement, improve and support studies and testing of  factors connected 
with and influencing the maintenance of  genetic variability, e.g. reproduc-
tion biology and breeding system. 
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7.   Glossary - Definitions

Alleles - alternate forms of  a gene found on the same locus. See fig. 2.

Allozyme - any of  the multiple forms of  a multimeric enzyme the subunitsof  
which are coded by alleles of  the same gene.

Breeding system - a term used to cover all those variables apart from mutation 
which affect the genetic relations of  the gametes that fuse in sexual reproduc-
tion. The variable components of  the b.s. are numerous and often not easy to 
estimate. Two main groups may be distinguished (1) Those which affect the 
ability of  particular gametes to fuse or parents to mate, and (2) those which 
affect their probability within the limits set by the first. The variables under (1) 
comprise an aspect of  the b.s. known as the mating system. 

The b.s may be an essential factor controlling population structure and evolu-
tionary divergence (evolutionary rate).

ecotype - a group of  plants within a species adapted genetically to a particular 
habitat, but able to cross freely with other ecotypes of  the same species.

ecosystem - an ecological system in which organisms interact with each other and 
with their non-living environment and in which there is a more or less closed cycle 
of  nutrients.

effective populAtion size (ne) - the size of  an ideal population that would
have the same rate of  increase in inbreeding or decrease in genetic diversity by 
genetic drift as the population being studied. The effective population size of  a 
true population is usually much less than its real size. 

electrophoresis - a technique for separating molecules based on their differ-
ential mobility in an electric field. Each type of  molecule has a specific electrical 
charge, shape, a specific attraction to the solution in which it is kept, and a spe-
cific molecular weight. All these charac-teristics “fingerprint” the compounds in 
a solution so that they can be separated (here, largely on the basis of  electrical 
charge) from other molecules. 

evolution - the transformation of  the form and mode of  existence of  an
organism in such a way that the descendants differ from their predecessors. Evo-
lutionary changes are brought about by the primary evolutionary forces which 
produce and sort out genetic variations and operate in a field of  space and time. 

The principal causes of  biological e. are: (1) Mutations supplying the raw ma-
terials, (2) selection shaping these raw materials into the biologically fit geno-
types of  races and species, (3) random  genetic drift which can produce rapid 
changes in gene frequency in small populations, (4)  differential  migration 
and  gene flow which can shift gene frequencies via exchange of  individuals 
and genetic information between populations, (5)  isolation and  annidation 
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which may act in a way similar to selection as a directive force in evolution and 
prevent the mixing of  differentiations arisen in the population.
fitness - in  population genetics, a quantitative measure of  reproductive suc-
cess of  a given genotype, i.e. the average number of  progeny left by this 
genotype as compared to the average number of  progeny of  other, competing 
genotypes (= adaptive value, selective value).

gAmete - a haploid sex cell, whose function is to join with a gamete of  the op-
posite sex, to form a diploid zygote.

genetic vAriABility - the formation of  individuals differing in genotype, or 
the presence of  genotypically different individuals, in contrast to environmen-
tally induced differences which, as a rule, cause only temporary, non-heritable 
changes of  the phenotype. Genetic variance is the term used to denote that 
portion of  the phenotypic variance which is caused by variation in the genetic 
constitution of  the individuals in a population. G.v. is a universal feature of  
breeding populations and a necessary preliminary condition for evolutionary 
change. The g.v. of  a population is usually measured by the average heterozy-
gosity per locus. 

genetic drift - (1) any change, either directed (“steady drift”) or undirected
(“random drift”) in gene frequency in a population (2) Irregular (random) 
fluctuations in gene frequency in a population from generation to genera-tion 
due to finite population size (in “effectively” small populations whose effective 
breeding size either remains small or periodically be-comes small) or randomly 
fluctuating selection intensities (g.d. in the sense of  random drift only). These 
fluctuations in gene frequency may lead to the fixation (random fixation) of  
one allele and the extinction of  another without regard to their adaptive value. 
Random drift is a po-tential evolutionary factor is referred to as the “Sewall 
Wright effect”.

genotype - the allelic composition of  a single locus, several loci, or the
entire chromosome set of  an individual.

inBreeding coefficient - the probability that two alleles of  a particular
locus in an individual are identical by descent.

phenotype - the observable characteristics of  an organism regarded as the
result of  the interaction between the genotype and the environment.

For further definitions and explanation of  genetic and biological terms the fol-
lowing two publications may be consulted:

1. Rieger, R., A. Michaelis, M.M. Green: 1991
Glossary of  Genetics, Classical and Molecular. 5th edition, Springer-Verlag, 
1991.

2. Sugden, Andrew: 
Longman Illustrated Dictionary of  Botany. See REFERENCES.



19

 - 19 - 
 
 
 

 
 
 
         Host countries 

Species
Provenances 

C
on

go

Iv
or

y 
C

oa
st

 

K
en

ya

N
ig

er
ia

Za
m

bi
a 

Ta
nz

an
ia

In
di

a 

Th
ai

la
nd

Ph
ili

pp
in

es

Ex situ 
total

No. of 
localities

Euc. Camaldulensis 
   Petford 
   Katherine 
   Gibb River 

   
2.6 
1.5 8.0 

22.0 

19.9 

24.6 
9.4 
19.9 

2
2
1

Euc. Terecticornis 
   Cooktown 
   Mt. Garner 

9.1 
9.8 

   
1.6 
3.0 

19.0 
11.0 

8.0 

8.0 

   8.0 
29.7 
31.8 

1
3
4

Total Eucalyptus 18.9   8.6 30.0 24.0  41.9  123.4  
Pinus caribaea 
   Alamicamba 
    (Nicaragua) 
   Los Limones 
    (Honduras) 
   Poptun 
    (Guatemala) 

16.4 

20.0 

8.2 

7.0 

8.1 

7.5 

1.4 

8.0 

 7.0 
19.8 

20.0 

5.0 

8.2 

7.2 

10.2 

12.6 

13.1 

10.0 

10.0 

7.0 
69.8 

86.3 

36.6 

1
7

7

4

Pinus oocarpa 
   Bonete 
    (Nicaragua) 
   Mountain Pine Ridge 
    (Belize) 
   Yucul 
    (Nicaragua) 

20.0 

10.1 

20.1 

9.4 

9.0 

18.4 

14.7 

30.5 

20.0 

20.0 

10.0 

9.2 

10.9 

4.0 

14.9 

18.7 

67.6 

80.0 

102.3 

3

6

7

Total pines 94.8 33.5 7.5 73.0 50.0 56.8 44.5 69.5 20.0 449.6  
Grand total 113.7 33.5 7.5 81.6 80.8 80.8 44.5 111.4 20+.0 573.0  

Appendix

FAO/UNEP Project on the conserva-
tion of forest genetic resources 
(1108-75-05)

Summary of Ex-situ conservation stands (1985). Area in ha.


