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ABSTRACT

With the background in the forestry situation in
Portugal a tree breeding strateqgy is set up.
The strategy concludes that Pinus pinaster has an
econimic importance, which justifies a long term
intensive breeding programme and the main frames
of such a programme are lined out. Some general
information about breeding strategy is given, too.

A short description of the breeding work up to now
visualizes that the breeding activities nust
be intensified in order to cope with the present

~and expected demand for plants.

Breeding aims are defined to

- increase of stem straightness
~ increase of volume per hectar
decrease of spiral grain.

A separate programme for increase of resin content’
ig considered. A breeding programme, which 1isg
scaled for the demand of plants is worked out and

described in details.

The breeding programme ensures that genetic

variability is maintained over generations, while

Simprovement in the desired traits is achieved.

"Improved seed will be available already from the

beginning and larger gains will appear after

"_twelve years.

- Estimates of gentic gains for volume are made,

which indicate that gains in volume between 14
and 27% may be obtained in this period and even

larger gains stem form could be expected.

i




2.

INTRODUCTION

Iin 1984 a proposal for an intensivation of the
tree breeding of the two main species in Portugal
- Pinus pinaster and Bucalyptus globulus - was put
forward to the Ministry of Agriculture from the
Danish Land Development Service. With the pre-
membership funds from the EEC it was possible
to initiate such an activity.

The proposal was further negotiated 1in January
1985,

Tn March 1987 it was finally accepted by all
necessary authorities and could be put into action

in April 1987.

The importénce of the forestry sector in Portugal
is rather large.

The export value of forestry was for 1980 20% of
Portugal's total export.

It is expected that in future the forestry sector
will be of increasing importance to Portugal's
economy because an expansion of the afforested
area is planned as well as a development of the
forest industry. The potential area for further
afforestation makes up approx. 2,250,000 ha.

The aims of the tree breeding are:

- To supply to the forestry with a genetic better
material,

~ increase the production per area unit,
~ increase the quality of wood, and thereby

~ improve the economy for each individual forest
property and the country as such.

The importance of a programme for forest tLree
improvement is emphasized by Portugal's present
comprehensive forest area and by the important
investment now taking place in connection with new
afforestations.

The objectives of this project is to work out a
tree improvement plan for Pinus pinaster,
alternatively for Eucalyptus globulus, and to

_ dimension the framework of the tree improvement

unit of Estacao Florestal Nacional (Ministry of
Agriculture) to solve the tasks.



A complete tree improvement programme will have to
take place in two phasegs:

1) A planning phase where the aim is to create a
breeding strategy and a detailed breeding
plan, and to dimension staff and facilities
necessary for the plan.

2) An operational phase with an implementation of
breeding activities according to the plan.

This project deals solely with the first step.



3. TREE BREEDING STRATEGY

3.1,

Time

The

Tree breeding is generally considered a long-term
procedure, although, with proper planning, some
short-term gain may be achieved. As with all long-—
term projects, careful planning and implementation
are essential since errors will be more difficult
to correct in the later stages of the project.

Unfortunately, in the early days of tree breeding,
long-term plans were often neglected, and - as
experience has shown - long-term gain in these
instances will be ninimal.

However, since the 1970's many countries have
created and  implemented breeding strategies.
The term "strategy" is generally used to 1indicate
planning at a high level, that 1is, establishing
the main parameters of the project and also
including subjects and ideas not necessarily
dealing directly with the topic.

A breeding strategy. should address four major
subjects: Time, breeding organization, the tree
population structure and function, and breeding
technigues, (Kany 1982}, An essential
consideration is, of course, which species to

" breed. In Portugal, at present, from an economical

point of view, the most important species for
breeding are the Pinus pinaster, the FEucalyptus

- globulus, and the Quercus suber. From Lhe
" standpoint of breeding the first two species

mentioned are easier to breed due to a much
shorter generation turnover.

- From and economic point of view it would seem that

the Pinus pinaster would be a good choice for a
long-term breeding programme due to the great
economic importance of this species in Portugal.

An illustration of a tree breeding model showing
the relationship between long-term breeding,
short-term activity and supportive regearch is
shown in Figure 1 (Isreal 1987). A long-term
breeding model has to be invented for Pinus
pinaster. '

reeding Organization

Most recent tree-breeding has been carried out by
the tree-breeding unit at Estagao Florestal
Nacional. (See paragraph 4, page 17). In addition,
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some technical investigations are carried out at
Tnstituto Superior de Agronomia in Lisbon and
at Instituto <Universitario de Tras-Os-Montes e
Alto Douro. The Forest Service has so far made
land available for field trials at five sites plus
an area designated as a clonal seed orchard. In
addition to this, the nurseries at Marinha Grande
and Escaroupim serve in part as nurseries for the
tree-breeding unit. It is within the scope of this
programme to dimension a unit, which is able to
handle two long-term tree-breeding programmes.

. Population Structure and Function

In forest tree breeding, populations are often to
be named according to their function rather than

to their physical subdivision. Namkoong et al
{1966) were probably the first to recognize
different population functions. Van Buitenen

(1975~76) classified populations into four types:

- breeding populations

- progeny test populations

- seed production populations
~ forest stands

Lindgren and Gregorius (1976) considered gix
classifications. They added the concepts of the
founder population and that of  the gene
conservation population to the four groups already
developed by Van Buitenen. Kang (1980) then
introduced the concept of "index populations”.

In this breeding plan for Pinus pinaster four
terminologies are utilized:

-~ gene conservation populations

- breeding populations

- seed and plant production populations
- wood production populations

Wellendorf and Kaosa-ard (1987) give an
instructive illustration of the relationship
between these populations. (See Figure 21}.

In most cases the four types of populations
mentioned above will be found in separate stands
or plantations. However, 1in some casges one
physically isolated or separated stand may serve
various functions.



Forest tree populations in the tree breeding programme
(¥rom Wellendorf and Kaosa-ard, 1987. Stencilled)
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3.3.1. The gene conservation populations

Gene conservation populations are to maintain
genetic variation as breeding continues. If
relatively few highly bred and specific dgenotypes
are utilized, then there is the danger of loosing
genes important for adaptation and resistence to
unforeseen and unknown diseases. In order to be
able to go back and select and intercross such
genotypes with improved ones at a later stage of
the breeding procedure, it may be wise to reserve
some areas for gene conservation purposes.

One might argue that Pinus pinaster has grown, and
will continue to grow through natural regeneration
in small farm forests, and that these stands might
sufficiently serve asg gene resource pools.
Furthermore, Pinus pinaster is cultivated over
large areas of France, Spain, and Italy, so these
stands could conceivably serve as gene resources
ag well,

However, it will have little economic influence on
wood production as such if some areas might be
taken out of normal silvicultural practice and
left over as areas for the purpose of gene
conservation.

It is, therefore, suggested that 10-20 ha in each
forest digtrict {circumscricao) should be
registered as gene conservation area and treated
as such. '

3.3.2. Breeding populations

The breeding populations must have a certain
amount of genetic variation to allow for change
in breeding characteristics. They should also, by
selection and crossing, increase their desirable
traits in each generation. However, selection and
crogsing in a closed population system will sooner
or- later lead to inbreeding, resulting in
inbreeding depresgsion.

To postpone this situation the breeding population
should be divided into a number of sub-populations
or breeding lines. Selection and c¢rossing should
then take place within these lines in the first
generations. When inbreeding becomes a problem,
crossing between sub-populations will postpone
it further. Incrossing of improved material from
other countries may be another method to delay

" or prevent inbreeding.

The breeding populations will in this programne
physically be in the form of c¢lone banks and



progeny tests. Seed orchards may sometimes serve
this purpose also.

- Any succeeding deneration, except the first
two, should derive from controlled c¢rossings.

~ The mating design should be "single pair o
mating" or some sort of "disconnected
Factorial”.

- Each progeny test should be replicated in at
least four sites.

For details, see paragraph 9.

3.2.3. Seed and plant production populations

seed and plant production populations should meet
the national demand for seed and plants. (See
paragraph 6). As soon as even a small improvement
is realized, it should be made available to the
forests through a seed production population.
Larger gains may only be noticed after a number of
years, but nonetheless utilization of smaller
gains should not be excluded for that reason.

This plan will deal with the following types of
seed and plant production populations:

- selected seed stands

- tested seed stands

~ ¢lonal seed orchards

- seedling seed orchards

If the technigue develops further, propagation
orchards for clonal propagation might also be
congidered.

The current practice in Portugal so far is not to
register seed origin nor to Kkeep seed lots
separated.

Under this project an inventory and survey of the
forest districts have en carried out. That has
led to a selection off 53/seed stands. A proposal
for regulations for  seed collection and

. distribution and certification of seed has been

worked out as well. (See paragraph 5 and
appendicesgs 1, 1I & TII}.

The types of seed-orchards and progeny tests are
desecribed in paragraph 9 and appendix IV-VIII in
more detail.
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3,3.4. The wood production populations

The wood production populations are the forest
stands. Tt is not the purpose of this project
to give advice on silvicultural methods. It
should, however, be stressed that a good product
can only be obtained by using genetically superior
plants and by astute silvicultural management. An
efficient flow of information from the tree-
breeding unit of the INIA to the Forest Service
and private forest owners and vice versa is of
prime importance in obtaining good results.

3.4. Breeding Techniques and Subjects Influencing the Breeding

Process

The following breeding technigques and subjects
influencing the breeding process will be
congidered:

- gelection methods

~ mating designs

- inbreeding

- Juvenile-mature correlation

-~ genotype-site interaction

~ breeding zones and seed zoneg

~ breeding population size and structure

3,4.1. Selection methods

‘In this breeding plan various selection mwmethods
‘ghould be used. For selection of seed stands
phenotypical selection for health, growth, stem
form and branching habits should be used. A
further consideration would be that stands should

"be selected from the entire area of cultivation

and representing all altitudes. No specific
measurements or scores would be taken. :

First generation plus tree selection has so far

'been phenotypical selection with records of
"height, diameter, stem-form, branching habits,
wood density and spiral grain. The sane is

recommended for the future. (See paragraph 8).

Selection of second and further generations of
plus trees will be combined family and individual
selection based on measurements of field trials.
For the characteristics in guestion "independent
culling level" or "index selection” will be
considered.

3.4.2. Mating design.

The mating design should ensure the production of
unrelated famillies for <coming generations and



gelection for general and specific combining
abilities. Mating designs should be kept
relatively simple. Mating designs which to some
extent meet these demands are "single pair mating”
and "disconnected factorials". (More details are
given in paragraph 9)}.

3.4.3. Inbreeding

Inbreeding must be avoided in the "seed and plant
production populations”™, i1.e. seed stands and
seed orchards. in the "long-term breeding
populations”" inbreeding is postponed by sublining.
Some inbreeding may be allowed in the breeding
population if the genotypes are outerossing in the
"seed and plant production population”. if
reciprocal recurrent selection is used, inbreeding
can even be an advantage (Lindgren and Gregorius,
1976},

3.4.4. Juvenile—mature correlation

Juvenile-mature correlation is decisive for the
generation turn-over. Progeny tests should be
established and managed in a way which increases
Jjuvenile-mature correlation. A good method for
calculating the optimal age for selecting in
progeny tests is described by Lambett (1980).

Maternal effects on height in Pinus plnaster up to
an age of 9 yvears have been registered in France.
{pers. com. Phillippe Baradat). Due to lack of
experimental data, the time for selection has been
arbitrarily set at 10 years from germination.

3.4.5. Genotype~site interaction

8o far no knowledge about genotype-site
interaction has been recorded. Pinus pinaster
appears to have a great ability to adapt to a wide
range of conditions, and, as mentioned earlier,
seed is distributed freely over the country.
However, Lthe large climatical and edaphical
variation in the regions where Pinus pinaster
thrive make it likely that genotype-site
interaction exists. Therefore, it should be one of
" the primary steps in the breeding plan to analyse
this problem.

3.4.6. Breeding zones and seed zones

As mentioned earlier, no zoning for seed
distribution and wutilization currently exists,
Therefore, as part of the Dbreeding plan, the
immediate implementation of two seed zones is
recommended, these zones to be delineated
according to climatical and edaphical conditions.
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When the genotype-site interaction invegtigation
has been carried out, decisions should be made

regarding changing or maintaining the seed zones

and also as to whether or not breeding zones
should be established. (See paragraph 9 and
appendix III).

3.4.7. Breeding population. Size and structure

The size of the breeding population should in the
first deneration be 256 plus trees with
accompanying progeny tests. In the following
generations it should be reduced to 128 plus trees
and the necessary progeny tests., The "plus" trees
should then be grafted and maintained as clones in
a clone bank. (See paragraph 9 and appendix VI).




DESCRIPTION AND STATUS OF THE TREE IMPROVEMENT ACTIVITIES

Up TO NOW

4.1. Early Work

Tree breeding activities in Portugal are carried
out at Estagao Florestal Nacional under Instituto
Nacional de Investigagao Agraria (INIA). Some
forest genetic research takes place at Instituto
Superior de Agronomia, Lisbon, and at Instituto
Universitdrio de Tréas-os-Montes e Alto Douro.

Improvement and selection of Eucalyptus globulus
haz to some extent been handled by private
enterprises. '

In this context only work on Pinus pinaster will
be mentioned.

The most important work about improvement of Pinus
pinaster dates from 1953 and was done by the great

forest improvement pioneer, Domingos Pereira
Machado. However, it was in 1963/64 when the
Australian technician D.H. Perry came to the
country to select "plus trees" in Mata National de
Leiria, (as a result of tests made in Perth with
Pinus pinaster from different origins) that the

work on improvement of this species began to have
‘a bigger impact in Portugal.

Perry's selection consisted eggentially in
choosing superior trees which were then grafted in
clone banks and seed orchards, not only in
Australia (with material sent directly for that
purpose, by this technician), but also in
Portugal, Perry {(1967), Alpuim (1971}, Machado and
Paesgoa (1972).

The selected trees were progeny tested in
Australia. In these tests some progenies showed a
superiority of 20% in volume and 40% in

straightness of the bole (Butcher, 1977).

The Recenl Breeding Plan

In the following the recent breeding plan is
shortly described.

4.2.1. Breeding characteristics

The following characters have been considered
important Lo improve:

~ height




- volume

~ gtem form

- wood density

- absence of spiral grain
- branch characteristics.

4,2.2, Plus-tree selection

It was early realized that selection of more plus
trees in different areas o©of Pinus pinaster was
needed, (Alpium 1971, Machado 1972). Finally in
1987 it was possible to begin the selection again,
thanks to the c¢ollaboration of D.G. Florestas.

Further 29 plus trees have been selected in the
regions of 8Sao Pedro do Sul, Aveiro, Marinha
Grande, Bussaco and Figueira da ¥Foz. Together with
the 86 plus trees selected in Leiria by Perry it
makes a total of 115. Some of the earlier selected
trees do not exist any more, but most of them are
represented in the clone bank at Foja and in the
seed-orchard al Escaroupim. E—

4.2.3. Progeny test

In 1970 progeny test from open pollination of the
plus trees were sgstarted. Nursery vresults are
published (Almeida 1978), but due to various
reasons field trials were not carried ount,

In 1986 nursery tests were established with 46
open pollinated progenies from the clonal seed-
orchard in Escaroupim. The plants were raised in
the Forest Service nurseries in Marinha Grande and
Mata Nacional de Escaroupim.

In 1987 field -trials with these plants were
established at & sites; 3 in Mata Nacional de
Leiria (deptm. 24, 152, 166) and 2 in Mata
Nacional de Escaroupim (deptm. 5).

%

4.2.4. Clonal seed-orchard

The intention with the plus-tree selection was Lo
transfer genetic superiority to plants used for
reforestation. One way to do that is by means of a
c¢lonal seed-orchard. The work was started in
1970. It was intended to make a progeny test of
all the plus-trees, do genetic thinnings in the
seed-orchard according to the teskt, and to
establish a new clonal seed-orchard with the best
clones. Unfortunately this work was stopped in
1979 due to lack of funds and technical equipment.
The first seed-orchard, 4 ha, is going to Dbe
thinned now. Due to lack of information from the




progeny tests as mentioned above, thinning is
carried out partly after Phenotypical and
phenological evaluation, partly taking equal
spacing in consideration.

The two following pages give the data sheets of
the two clonal seed-orchards.

4.2.5, Seedling seed-orchard

In 1980 a seedling seed-orchard with 50 half-sib
families were established in Mata Nacional de
Escaroupim. Unfortunately harsh climatical
‘conditions caused high mortality, so the seed-
orchards had to be given up.

Since then, there has been no conditions for a
reegtablishment. '

4.2.6. Clone banks

Between 1967 and 1968 a clone bank in Mata
Nacional de Foja was established. The c¢lone bank
contents c¢léhes "selected from Leiria. Two
previously established c¢lone banks in Mata de
Leiria had to be abandonned due to destruction of
labels.

At the moment establishment of a new c¢lone bank in
‘an area of Circunscrigao Florestal de Coimbra,
Viveiro da Mealhada, is planned. This should be
easier to maintain than the first one.



SEED-ORCHARD REGISTER

- 20 -~

.I'

Identification : No. 1
Species_____ Pinheiro _bravo Pinus pinaster
{common name} {latin name}
Responsible institute ___________ ESTAGAO FLORESTAL NACIONAL
Location _ _Mata Nacional de Escareupin__ .
Latitude ___39° North ____ _ _______ Longitude _8°_ West (W)
S5ize 4 ha Map ref.,1/25,000 377
Objectives FProduction of seed for afforestation of public

Selection criteria Volume, height, stem form, spiral grain

and branch habits.

Composition: propagation yvear of initial

of clones method propagation spacing

60 grafting 1970 - 1975 drxdm
Isolation___ _belt of Fucalyptus  globulus and FPinus pinea
Base material

Provenance Leiria Origin

Latitude ___39.5°-40°N___Longitude 8°-9°W __ Altitude 10-100 m
General characteristics of the base material Managed stands



SEED-ORCHARD REGISTER

1.

Identification No, 2
Species ____Pinheiro brave _____ Pinus pinaster
{common name) {latin name)
Responsible institute ___________ ESTAGAO__FLORESTAL _NACIONAL
Location _ Mata Nacional de Escargupim ____________
Latitude ___39° North Longitude _8° West (W)
Size 3 bha . o Map ref.l1/25,000 377
Objectives Production of seed for afforestation of 'public

Recommended zones for the seed Matas Nacionais do Litoral

_Compoéition' propagation year of initial

of_clenes .. ... method o propagation ___spacing ____
a9 grafting 1975 - 1980 4mx Am

Isolation _ belt of FEucalyptus _globulus_ _and_ _Pinus__pinea

Base material

Provenance ___Leiria____ Origin  ___

Latitude __ 39.5°-40°N__ Longitude 8°-9°W__ Altitude 10-100 m

General characteristics of the base material _ Managed stands

for ordinary rotation forestry, more than 60 vyears. The



5. REGISTRATION OF WELL DEFINED VALUABLE OCCURENCES OF PINUS
PINASTER

5.1. Natural Distribution

The natural distribution of Pinus pinaster 1is
according to Chritchfield and Little (1966)
scattered in a number of occcurences.

From the northern part of Marocco toe PBordeaux in
France, and from Portugal through Spain to Corsica
and north western part of Ttaly. (see map, figure
3).

It is, however, doubtful whether Pinus pinaster is
indigenous or it has been planted in early days
{Pinto 1939, Morais 1940, Percy and Hopkins 1967).
Nevertheless, Pinaster has been grown for so long
in Portugal that the Portugueese populabtions may
be genetically different from occurences in
France, Spain and Ttaly.

3.2, Genetic Variation Within Portugal

It is difficult to say whether there are genetic
differences hetween stands or not.

“For the past 50 years seed from coastal regions
. has been sown over large areas in the mountains.
Seed is in general harvested on felled trees
either after clearcutting or thinning. The origin
is not recorded and seed of several origins may be
mixed.

It is, however, likely that some natural selection
has taken place already in the first generation
in. the mountaing. Therefore the zonations and the
provenance test.

5.3. Registration. Method

In order to be able to map possible genetic
differences between stands, it was decided to
gselect a number of good standg in each region of
importance to Pinug Pinaster,

Each regional forest officer in the regions of
Porto, Vila Real, Coimbra, Marinha Grande and
Viseu was asked to ‘show their best stands
according to health, quality and production.




Figure 3
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The stands were inspected by the staff of the tree
improvement section of INTIA and one or two forest
officers from the Danish Land Development Service,
and the best stands in each region were chosen.

To give an impression of the quality and growth of
the stand a photograph was taken, and height and
diameter of a dominating tree was measured. A
formular was filled for each stand. The formulars
are present in appendix II. Below is given a total
list of all the stands selected, and their
localisation are shown in fig. 4.




Figure 4
Selecled seed stands
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Selected Stands

Stand Forest Adm.
No. . district deptm. Area ~ Origin
i Vigeu S. Pedro do Sul 5
2 - T 125
3 Coimbra Figueira Foz iz
4 - - 3
5 - : - 8
6 - - 5
7 - - 6
8 - - 22
9 - _ - 20
10 - - 16
11 - - 18
12 Marinha Grande Marinha Grande 18
13 - - 32
14 - - 23
15 - - 33
16 - - 36
17 - - 36
18 Coimbra Aveiro 20
19 = - 28
20 = Lousa 120
21 - - 120
- 22 - B 145
23 - Arganil 64
- 24 - Lousa 20
.25 - -
- 26 - - 10
27 - - 40
28 Visen Manteigas 120
29 - - . 863
30 _ - - 135
31 - - 53
32 Porto Mongao 33
33 - - 25
34 ‘ - - 27
35 - - 22
36 - - 12
37 Vila Real Pedras Salg. 5
38 - Mondim Basto 9
39 - - 40
40 - Montalegre 40
41 - Mondim Basto 90
42 - Braganga 300

43 - Macedo Caval. 30




Selected Stands (continued)

- 8tand Forest Adm.
No. “district deptm. Area Origin
44 Marinha
Grande Sintra 20
45 - - 95
46 - Marinha Grande 36
47 - - 35
48 - . - 30
49 - - 30
50 = - 28
51 - - 12
52 - - 36

53 - - 36




6. STATEMENT OF ACTUAL AND EXPECTED ANNUAL REQUIREMENTS OF SEED
AND PLANTS

The total area of Pinus pinaster in Portugal is
about 1,300,000 ha and is planned to be extended
‘with another 100,000 ha during the next 10 years.

(Personal communication, Eng. Lucilio Martins
Diregao Geral Florestal)

With an average rotation period of 45 vyears
including losses due to fires etc. the annual area
to be planted during the next 10 years will be
about 40,000 ha per year at an average.

The average seed crop per ha is 30-50 kg per vear.

Usually 2,000 plants are planted per ha..

To obtain 2,000 plants ready for transplanting to
the field 4,000 seeds are needed.

1 kg ofrseed is equal to about 15,000 seeds.
About 0.3 kg of seed iz needed per ha.
The annual demand of seed is then 40,000 x 0.2 =

© 12,000 kg. The area of seed stand should then
. cover between 240-4060 ha.




7. BIOLOGICAL INFORMATION NECESSARY FOR THE BREEDING PLAN

A number of biological factors is decisive for the
breeding plan. The characteristics Jlisted below
are based partly on experience of the tree
breeding section at Estagao Florestal Nacional,
partly by investigations of Varela (1986) and
Aguiar (1986).

Flowering:

— The number of years to the first flowering is
about 5, but there is a rather large between
tree variation. For planning purposes it should
be set at 7 years.

=~ Pinus pinaster usually flowers every year. Good
seed years give about four times as much seed as

bad ones.

- Flowering occurs between the end of February and
the middle of April. There are big clonal
differences in flowering.

~ The receptivity of the female flowers lasts Ffor
one week, and the pollen dispersion has the same
duration.

Seed:

-~ The average number of szeed per cone iz 130, with
a range from 70-180,

- — Viability is approximately 85%.

- Survival in the nursery after 5th month is from
35% to 50%.

- Growth:

[l

~ Rotation age is 60-80 years, but forest fires
influence the average living time of a stand
to about 45 years.

.= - Age for evaluation of progeny tests is  expected
' to be 10 years, which in most cases means a
height between 6 and 8 m.




8. DEFINITION OF BREEDING AIMS

The breeding aims in a long-term breeding pro-
gramme must in a biological sense ensure that
the adaptation of the bred wvarieties to the
climatical conditions are not lost or, if
necessary, lmproved.

Besides that the recent and future most important
technical traits must be defined. If the species
in guestion are injured by insects or fungil
resistance breeding may pay better off than
breeding for any technical characteristic.

It is possible to breed for a number of
characters, but it must be remembered that if the
characters are not positively correlated, the gain
in one character will be diminished if a new
“character is subject to selection too.

8.1. Adaptive Characters

In the case of Pinus pinaster in Portugal adap-
tation seems to be good except from damages caused
by snow in elevations above 738 m. These areas are
small conpared with the total area of Pious
pinaster, and should preferably be cultivated with
other species.

8}2.;Resi8taﬁce to Insects and Fungi

Pinus pinaster seems even when grown on poor soil
or harsh condition to be free from severe attacks
of ingsects and fungi. It is in a way astonishing
since the cultivation method is monoculture over
many square kilometers and even aged stands up to
sometimes 300 ha or more.

Tt looks as if we are dealing with a species which
ig well adapted and, so Ffar, without many

aggressive enimies.

It 1is, therefore, not recommended to do any
resistance breeding before a problem shows up.

8.3. Technical Aspects

The uge of wood and other products from the trees
changes. 1t is, therefore,  important that the
overall breeding aim is rather wide, so a change
in a specific character is possible in a later
stage in the breeding process. Pinus pinaster
gives, however, two important raw materials i.e.
wood and resin.
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From a national economic point of view the wood
production is so far most important.

From a social economic point of view the resin 1is
equally important. A large number of farmers and
other people living in the countryside have an

income from resin tapping. A big resin content
lowers the wood gquality, both for sawn material,
chipboards and pulping. (Personal communication

from Eng. A. CARVALHO).

If both wood production and resin production
should be favoured, the breeding population should
be split up into two sgeparate populations after
the first progeny test.

8.3.1. Overall aims

An overall aim for the two populations is
suggested as follows:

Population 1: To maximize dry matter production
per area unit and improve external
and internal quality of the wood.

Population 2: To improve resin production 'per
area unit and maintain a reasonable
wood production and quality.

8§.3.2. Selection criteria

The overall aims are not operational in the way.

Therefore more gpecific characters which c¢an be

measured must be defined and together fulfill
- the overall aim. A large number of characters have
been dicussed. Wood density, or specific gravity
iz a character, which influences both the dry

matter production and the strength of the wood. It
ig therefore consgidered an important character. In
a number of conifer species, wood density is
negatively correlated with growth. A number of
investigations in Pinus pinaster show that in this
species wood density is either not correlated or
positively correlateed with growth, (Polge and
Illy 1967, pers. comm. Henry Chaperon and Philippe
Beradat). Therefore wood density is nobt chosen as
a specific breeding character in this breeding
plan. The feollowing have been congidered the most
important:



Plan 1:

Plan 2:

Stem form
Height (diameter)
Spiral grain

Resin production
Height (diameter)
Stem form




9.

THE BREEDING PLAN

9.1,

Plan 1.

W

ood Production

9.1.1. Explanations of the Breeding Diagram

The breeding plan is shown in a diagram (folded in
the end of the paragraph).

It is shown as a number of boxes and arrows. Black
arrows indicate the direction from one action and
unit to the next. Red ones indicate flow of
information. Green ones indicate production.

In the following each box in the diagram will be
explained using the reference number given at
the right hand side of the box. THE RED FIGURES ON
THE LEFT HAND SIDE ©OF THE BOX REFER TO THE
CALCULATION OF THE GENETIC GAIN GIVEN IN PARAGRAPH
10.2.

1. Stand selection

In order to get a more organized seed supply
including seed of good and known origin, 53 stands
were selected. These stands will serve as a seed
source until more improved material is available.
{See paragraph 5 and appendices TII and 111).

2. Plug-tree gelection ~ 1st generation

In the old programme 60 plus-trees are already
present in a clonal seed orchard and 46 of these
are under test. 1988 more plus-trees will be
"selected. Selection will take plaee —in..the. . seed

stands according to the breeding..criteria. (See

paragraph 8.3.2.,). The plus-trees should have

! a distance of at least 100 m, so that open

pellinated progeny will, most likely, be
unrelated. Seed will be harvested from the plus-
trees, and measures of height, diameter, stem
form, branching, and spiral grain will be
recorded. The trees will be marked and mapped.

3. Open pollinated stand test

“from each sfand will be harvested and bulked.
Two seed stands will be nominated as "standards"
and large quantities of seed will be harvested
from these and stored. This seed will then be used
as standards in all succesgive trials. Field
trials for Pinus pinaster will be established at 8
sites covering 2 marginal and 6 typical sites. The

kﬁqﬁgfféﬁﬁﬁﬁfﬂbf seed from 20 representative trees
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aim of the test is to analyse genotype-site
interaction and to eventually delineate seed
zones, as well as Lo rank the seed-stands,

~Proposal for design of field trial is given in

appendix IV.

4. Open pollinated progeny test

Open pollinated progeny tests will be carried out
for the 196 new plus-trees, the 14 old trees
not yet in test, and 5 of those already in test.
This will make ranking possible for all the trees.
Some difficulties in ranking will .occur because
the open pollination of the old plus~trees is from
the clonal seed orchard and the new from stands.
The progeny test will be separated into two parts
due to the large number of progenies. Design is
shown in appendix V.

5. Evaluation of stand tests

The evaluation should show if there is significant
genotype-site interaction at population level.
If so, then delineation of breeding zones after
the method of Wellendorf et al (1987) should
be considered. The breeding population may be kept
as one, i.e, without divergent selection criteria,
whereas the seed and plant production population
must be split up. According to the results of the
test the 20% best for each seed zone will be
selected as seed-stands.

6. Evaluation of progeny test

The evaluation of the progeny test will _indicate
-genoLypem31te 1nteraction _of open  pollinated
level ”_estlmate ‘fam;ly and

Lhe pé}ent trees, a . t S, This
information will then be used to select plus trees
for the next generation's breeding ropulation,
also to select trees with the highest breeding
value for the seed and plant production
population, and to make genetic thinning in the
first generation of seedling seed-orchard and
clonal seed-orchard I7T.

7. Plus tree selection - Znd generation

To create next generation breeding population. _ the
best tréd in each famlLy is selected. {See page

Ay T THIS IS éstimated Lo give a geneLlc gain of
approx. 8-16%

f ! s . s
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8. Controlled pollination within lines

' The controlled crosses are carried out in. a

factorial de51gn where each tree takes. part Jin. two
combinations. This gives possibilities for slight
family " gelection for 3rd generatlon breeding

\9. Establishment of clone bank

To ensure a certain number of plus trees and to
make multiplication of a genotype possible as well
as_to make controlled pollination in larger scale
possible, a clone bank will be establlshpd. To
begin with, a traditicnal ¢ione bBank is planned

The clone bank should contain 300 clones, each of
them represented by 6 grafts. Design is shown in
appendix VI. The clone bank should at all times
contain the number of unrelated clones selected
for the breeding population in each generation.
The rest of the clones will be the top ranking
according to the latest evaluation. After each
progeny test, clones will move in and out of  the
clone bank. '

Another type of clone bank with the grafts in  25-
50 1 containers in connection w1tﬁ' A breeding
hall should be considered, but this technlque has
to be developed and tested first.

10. Controlled pollinated progeny test

To test the crossings of 2nd generation breeding

. population and to make selection for 3rd

generation possible, a progeny test is established
at four wsites. For design see appendlx VIII.

.ll. Evaluation of progeny test

As in point 6. Exceptions will be that genotype-
site .interaction at full-sib family level and
gpeciflic combining ability will be estimated. The
information from the progeny test will be used in
the plant production population to create new
combinations of pairs for controlled pollination
and bulk propagation.

12, Plus tree selection. 3rd yeneration

have.- xunrelated ~Lrees..within each
he | trees, “the“ Ewo besth famllles”
ach_gggggmgf ﬁgur are selected There will

then be! } unrelated “Plus —€rées in each line.

I? R/

(oo

Mo



13. Controlled pollination within lines

In order to bring the progeny tests down to a more
enient size but yet to continue to maintain
%our unrelated families, a "§ingte—paiF™ mating
egign is recommended. This will_ not allow family
#seleclion in the breeding popglat;onlmmhggwwgnly
within Iamlly selectlon. ST

14. Change in clone bank

The new set of unrelated plus-trees will replace
the trees with the lowest values in the 2nd
generation. Furthermore, an overall ranking of
plus trees (clones) regardless of relationship
will rearrange the rest of the clone bank.

15. Controlled pollination progeny test

Same as in point 10, except that the design of the
field trial should favour family selection.

16. Evaluation of progeny test

Ag in point 11.

17. Plus tree selection

It is now possible to select four unrelated plus
trees per line, only. At this time one may
consider allowing some relationship and making
"~ ¢rossings between lines.

18. Clonal seed-orchard I

“The first clonal seed-orchard was established in
1970 - 1975, (See page 19). Due to the size of the
" trees, the seed-orchard has to be thinned. Since
no data on breeding values are available, no
genetic thinning will take place. Average seed
vield 1is 40-60 kg. per yvear.

19. Clonal seed-orchard 11

The second clonal seed-orchard will be finished in
1990. 1t will consist of 49 of the 60 clones
in seed-orchard I. 46 of these clones are now
under tests established this year. Genetic
thinning will take place in the year 2000.

20, Genetic thinning

The seed-orchard design should allow a genetic
thinning down to 10 clones. This would give an
approximate gain of 9-15%




21. Selected seed stands

The selected seed stands will, for a long period,
be the most important seed source azs Ffar as
quantity is concerned. The gain in the beginning
will probably not be large, but after the test of
the seed stand progenies a reasonable gain is
expected,

22. Tested seed stands

When the open pellinated stand test is evaluated,
it should then be decided whether there should
be one breeding =zone or two. If genotype-site
interaction is significant, then there should
be two breeding zones and the seed and plant
production population will be gplit up into two
parts, and their size adjusted to the size of the
zones. Selection will be made according to the
average results in the +two zones. Two stands,
which represent the average value, should be
selected as standards and be used as such for as
long as possible. The rest of the stands should be
discarded and new stands included in testing.

23. Beedling seed-orchard I

The seedling seed-orchard I is the fourth output
to forestry from the breeding programme. It should
be split up into three separate orchards of 20
ha. Each orchard should be well isolated from
* other stands of Pinus pinaster. The terrain should
be reasonably flat and there should be easy access

 _to the seed-orchard. The layout is shown in

appendix VIIT.

. 24. Genetic thinning - within family selection

After 6 years the best tree in each plot is
selected. This is to ensure full crown development
and to avoid inbreeding between half-sibs in the
first cone crops.

25. Genetic thinning - family selection

Based on the evaluation of the progeny test (6),
the best 20% of the families c¢an be selected.
Trees belonging to other families must be thinned
away. This will result in unegual distribution
of trees over the area, but only in extreeme cases
should trees from unselected families be left. The
genetic thinning will improve +the wvalue of the
seed from the orchard.




26. Pair crossings

Based on the evaluation of the progeny-test, the
270 best unrelated trees in the seedling geed-
orchard should be selected and pair-crossings
carried out.(The clone bank has not reached the
flowering stage yet). Therefore a limited number
of flowers will be available. One should however
try to create as many seeds as possible.

27. Seedling seed-orchard I

seedling seed~orchard II will recieve only within
family selection. The design will therefore be
slightly different.

28. Thinning within families

A within family selection will take place, leaving
only one tree per family plot.

29. Bulk propagation

27 of the old plus-trees selected by Perry and
present 1in clonal seed-orchard I, are under
progeny testing in Western Australia for more than
20 years. Provided results from these tests could
be obtained, and genotype x site interaction not
is too big, for example with respect to stemform.
pair crossings of the best plustrees should be
made.

Seed from the pair crossings should be multiplied
by vegetative propagation. A method of propagation
of Pinus pinaster is developed at AFOCEL, France.
This method is beeing adapted to Portuguese
‘conditions and a rolling system of paircrossings
and bulk propagation should be practised.

Regin production

The plan for resin production will follow the same
pattern as the plan for wood production.

A test method for resin production has to be
developed. This may influence the field designs
considerably.




i0.

ESTIMATION OF GENETIC GAIN

10.1. Genetic parameters

Besides Lthe description of the seed-orchards,

clone banks, progeny tests etc., the time

and selection methods a breeding plan

contain estimates of the genetic gain

in the various steps. Such estimates

scale

ought to
expected

often

based on experience Ffrom similar situations.
If information on the necegsary paraneters is

available, it is possible to make a more

estimate. Using the formular

G =i x h? x o5
where G = genetic gain
h? = narrow sence heritability

precise

Op = the phenotypic standard deviation

it is possible to calculate an estimate.

situation the problem is thalt there are no
experiments from which the heritability

this

and

phenotypic standard deviation can be calculated or

measured. One possibility is to calculate
and a high estimate based on hypothetic

a low
values

based on experience from the French breeding work
and from heritability estimates in generel.
The following parameters will be used:
~Belection intensities according to Becker: Mannual
of Proceedures 1in Quantitative Geneltics, 2.
edition
Phenotypic standard deviation at age 10:
Stands (provenances) age 10 : 1.0 m 12.50%
Families age 10  : 1.5 m 18.75%
Individuals age 10 : 2.0 m 25.00%
Individuals age 40  : 3.0 n 15.00%




Heritabilities:

Stands (provenances) low estimate : 0.40
high estimate : 0.80

Families low estimate : 0.40

high estimate : 0.80

e
.

| naad
=]

Individuals low estimate
high egtimate : 0.20

Gain estimates

19.2.1. The breeding population

The numbers in the following sub paragraphs refer
to the red figure at the diagram.

[ —— N

l. Stand selection

Phenotypic selection of stands under various
climatic conditions and on various soils are
not expected to give any gain in growth. The
environmental influences are so large that it
is very difficult to get an expression of genetic
variation based on the phenotypic variation.

The aim ig to avoid a_ negative _selection  with
respect to growth, and..te-.get some. gain_ with
respect to stemform.

2. Plus-tree selection, lst generalion

- / \‘\‘
. Selecting the 10% best J §0 R

G = iy xh? x o oo,

e A

Low estimate : = 1.749 x 0.10 x 0,15 = (.03

High estimate: = 1.749 x 0.20 x 0.15 = 0.05

3. Plus-tree selection, 2nd generation

ggiggglgg_ggggggiggwpo the mating design_the_ . best £

Cfamily of two and to the field  design

;/7-




Low estimate : 0.564 x_ o 40 x 0.188 + 1,539 x
5y= 0.08

High estimate :
0.564 x 0.80 x 0.188 + 1,529
0.20 x 0.25 = 0.16

4. Plus-tree selection, 3rd generation

Frevailing the variation between families are the
same, the estimated gains will be the same as for
the 2nd generation.

The accumulated gain is:

Low estimate : 0,03 + 0.08 + 0.08 = 0.19
' ist gen. + 2nd gen. + 3rd gen.

High estimate: 0.05 + 0.16 + 0.16 = 0.37

10.2.2, The Production population

5. Clonal seed-orchard T

The gain will origin from the plus-tree selection,

# : 7 Low estimate : 0.03
High estimate: 0.05

6. Clonal seed-orchard II

The unthinned orchard will have Lhe gain from the
" plus~tree selection.

o Low estimate : 0.03
'High estimate: 0.05

After genetic thinning an additional gain can be
calculated

: The seed orchard is expected to be thinned down
s from 46 clones to 22 for height and for stemform.

Low estimate : 0.03 + 0.819 % 0.40 x 0.188 = 0.09

High estimate: 0.05 + 0.819 x 0.80 x 0.188 =
0.18




8. Selected seed stands

No response according to height growth. Some
response expected with respect to stemform.

9. Tested seed stands

After testing the seed stands, the best can be
selected. If the 25 out of 60 tested stands (53
selected + 7 additional) is selected for height
growth and 12 of the 25 selected for stemform,
the gain for growth can be estinmated:

- 2
G = 1i_ X hS X Op
5
Low estimate : 0.924 x 0.40 x 0.125 = 0.05
High estimate: 0.924 x 0.80 x 0.125 = 0.09

10. Seedling seed orchard I - genetically thinned

In the within family thinning the two best trees
in each plot according to stemform will be
selected. The most fast growing of these two will
be the only tree to represent the family in each
plot. : '

The final number of families will be 15, which
will give an average space of 64 m® per tree
at the end. Selection due to stemform will reduce
the number of familieg from 60 to 30 and selection
from growth from 30 to 15.

'The egtimated gain is:

s 2 i 2
G=1/2 x i ¥ hf X on+ i, X hl X 0g

i
The accumalated gain is:

03 + 0.777 x 0.40 x 0.188

Low Estimate : 0.5 x 0.
+ 0.564 x 0.10 x 0.25 = 0,00

5
0
From plus-tree selection.

05 + x 0.777 x 0.80 x 0.188

High esfimate: 0.5 x 0.
+ 0.564 x 0.20 x 0,25 = 0,09




11. Bulk propagation

The pair crossing for the bulk propagation could
consigt of 10 trees from each of twoe families,
without having inbreeding. It 1s however most
likely that the best trees are distributed to
more families, Let us in this example say 5. The
situation is ideal for index-selection, but will
be illustrated as independent cutting level
selection made stepwise, first family selection
and then within family selection. Selecting 20
families out of 60 for stemform and then 5 out of
the 20 for growth. The within family selection
could be 8 out of 10 for stemform and 4 out of 8
for growth. The estimated gain will then be:

Low estimate : 0,03 + 1.214 x D0.40 x 0.188 +
0.725 x 0.10 x .25 = (.14

High estimate: 0.05 + 1.214 x ©.80 x 0.188 +
0.725 x 0.20 x 0,25 = 0.27

12. The seedling geed orchard I3

The seedling seed orchard should consist of ten
unrelated full-sib families deriving from pair "
crossing the best tree in the 20 best families.
The best 35 families out of the 60 are selected

- for stewmform and the best 20 of the 35 are

selected for growth. Within family selection is
carried out by selecting 5 out of 10 for stemform,

“and then the best oult of the five for growth. An

additional gain comes from the thinning of the

~seed orchard. In this c¢ase only within family
‘selection is carried out with 2 out of 4 for

stemform, and the best of the 2 remaining for

growth. The estimated gains will be:

Low estimate 0,03 + 0.672 x ©.40 x 0.188 + 1.163
x 0.10 x 0.25 + 0.564 x 0.10 x 0.25

) = 0,12
High estimate: 0.05 + 0.672 x 0.80 x 0.188 + 1.163
x 0,20 x 0.25 + 0.564 x 0.20 x 0.25

= 0,24

The above estimated gains for height are

calculated under the assumption that selection for
gstemform ig carried out with the same intensity.
Since stemform usually has a higher heritability
the gain in stemform i® supposed to be higher.

The gains estimated here refer to age 10. For

~ height growth it is likely that a gain in height

at age 10 corresponds to the same gain in volume
over the whole rotation.



Similar estimates based on diameters are somewhat
higher. : '

The gain in stemform has considerable economic
importance at many levels such as logging
operations, transport, sawmilling and quality due
to diminished compregssion wood.

The gain in growth and volume has an econonic effect
more than Jjust the guantity, because the trees at
an earlier age obtain timber size.
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