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Plate 1.

C l rmb ina  a  super io r  t ree  o l  Por tuguese or ie in  lo .o l lec r  sc ions  Io r  Bra f l ing  Th is  l ree  is-  - - '  ' i l " v ia r i  ' o to ,  
68  fee t  h igh  and l l8  inch€s  d iameter  over  bark  a t  b reasu he iBh l



Cl imb ina  a  super io r  t rFF o l  Por luguese or ig in  lo  co l lec t  sc ions  io r  e ra l t ing  Th is  t ree  is-  - -  
z i "v ia rJ  b to ,  68  fee l  h igh  and l  l  8  inches  d iameLer  over  bsrk  a t  b reas t  he ich i
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pine. Most work up to 1920 involved the direct sowing methods employed
in Europe and generally resulted in failure. After 1920, establishment effolts
\rere mainly concerned with seedling stock raised in nursenes, and by 192?
suitable techniques of site preparaiion, stock raising and planting out had
been developed to allow establishment to be continued with confidence. Since
1930, the total planted area of maritime pine within the State has increased
gradually to 20,500 acres in 1960

Up to 192?, seed obtailed from the French and, possibly, the ltalian
foresLs, was used exclusively in local work. No deliberate efiort's were made
to keep records of seed source or to separate the siock raised from different
seed batches in the fleld. With the increase in tempo of establishment, after
192?, came the planning for provenance testing to determine if any particular
source of seed was most suited to local plantation requirements. In 1929,
the ffrst trials comparing stock raised from seed of ditrerent geographic
origins were established and since that dat€ all seed of any sp€cies planted
within the State has been recorded on a serial system whereby stock from
any seed batch can be traced from the field, through the nursery and back
to its place of origin and authodty of collection.

It, should be noted that although attempts to compare the charactedstics
ol maritime pine provenance under western Australian conditions was iot
commenced until 1929, at least one visitirlg forester had prcviously brought
to notice the possible impodance of using seed of origin other than French.
In 1916, Hutchins, in his book "A Discussion of Australian Forestry," mentions
". In speaking of the supply of cluster pine seed, I have drawn special
attention to the fact that the Poduguese Forests Department has ofiered to
supply seed at the same price as the Paris quotations. This is of importance
since Lisbon seed represents the exact climate of south Western Australia
and the cluster pine at I-eiria is the finest strain of cluster pine known to me."

From 1929 to 1939, provenance trials comparing stock from forest centres
scattered over the natural range of the species were established annually
and until 1948 careful measurement and uniform treatment were maintained
for all trials. At this stage the results obtained from the project were con-
sidered to be conclusive and measurement was disconiinued. As a result
of this investigation all seed used in the State plantation programme since
1940 has been of Portuguese origin.

The publication oI a detailed account ol provenance investigations in
South AJrica by Rycroft and Wicht in 194? contrrmed and added to local
findines and is possibly the reason arhy no previous effolt has been made to
write up a complete account of the local activity in this field.

In 1957, on commencing a breeding programme for maritime pine in West-
erD Australia it was necessary to review the provenance inJormation accumu-
lated by previous workers. Measurement data was checked and collated and,
\4'here necessary, further work was commenced to proyide as clear an indication
as possible of the local variation within the species as a basis for selection studies.
The information obtained from this review, and recent studies are incorporated
in this bulletin.

THE SEPARATION OF GEOGR,APHIC RACES

The first comprehensive report clearly outlining the fact that the species
Pinus pinoster embraced seyeral geographic races was published by Duff (1928).

Duff, following a study of the species over its natural range and a review of
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In the plesent bulletin discussion is Iestricted to four races: Portuguese,
Landes, Corsican anC Est€rel. lsolated trees of Luccan origin are planted
within the State but he,ve never lleen included in olganised provenance trials.
:Che race has no promis.e of forest potentiality in southern Australia. Several
thousand acles of plantation raised from seed received from the South African,
French Hoek ple,ntation are also established in this State. Ryctoft and Wicht
(194?) infer that this seed probably originated in the Landes ar-ea and do
not distinguish the provenance as a separate race. South AJtican seed (as

the French Hoek pr.ovenance is known locally) appeals to be an undesirable
form of the Landes race and has litUe plantation value in Western Australia.

The molphological defiDition of r:rces acceljted is that of F,ycroft and
Wicht (1947) and Ferl 'y (1949).

Characters discussed ill this bulletin are those of height growth, basal
area growth, taper, branching and general stand quality. These factors are
important to the utilization value of the species and provide readily distinguish-
able features for breeding selection purposes. They are not necessarily con-
sidered as the major factors required to define the racial groupings and until
further detailed work on Pinus pind,ster, Elmilar to that ol Critchfield (195?)

fot Pinus contorta, is carried out, plesent definitions must be accepted.

RACIAL VARIATION IN NEEDLE ANATOMY

Fieschi (1932) and Fieschi and caussen (1932) jn two papers leported on
investigations of the needle anatomy of the maritime pine races separated by
Dufi (1928). They claimed ihat seciions cut at the base oi the leaf fascicle,
$'ithin the region of the basal sheath, never have more than two resin canals
in thg mesophyll in the case of the Ailantic ra.ce (which included the Landes
and Portuguese types) and generally more than two canals in the Mediter-
Ianean races. On this basis it was consideled that the Atlantic race should
be regarded as one species and the Mediterranean races as another with the
Maules and Esterel race e.s one variety and the Corsican race as the othet
variety of the second species.

These publications stimulated interest in both South Africa, and W€stern
Arrstralia where it was hoped anatomical differences would prcvide a rapid
and decisive means of identilyiDg the correct origin of plantation stock at an
early age,

Marsh (1939) in reviewing these publications firstly questioned the validity
"of establishing a species on a difference for which no more could be claimed
than it generally occurs." Secondly, he stated that an examination of material
ol known origin grown in South Africa could not confirm the claims. IIe
found that in sections cut from the basal portion oJ the fascicle in the region
where the individual leaves just begin to be differentiated, two resin canals
predominated in ihe mesophyll of all races. Also, more than two resi!
canals predominated in all races when the section was taken at a point
where the individual leaves had completely separated from one another. The
latter sections were all taken weU viithin the lower hatf of the basal sheath.
The reviewer concluded that the conclusions reached by I'ieschi and Fieschi
and Gaussen had no validity whatsoever'.
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Perry examined some ?,000 needles obtained f.-om stands of known origin

in Western Australia and from material supplied by the lhench and Portuguese

Forest Services. Each needle was sectioned at a point three-quarters of an

inch from the base and examined under a micrGscope A record was made of

both the total number of lesin canals within the mesophyll of each needle and

thei! exact position around the periphery.

The followinc conclusions were made lrom the study:-

(1) Needles with only two resin canals may be found in all races in trees

of all ages up to 35 years.

(2) Needles from younger trees of all races have a lower number of resin

canals than older trees.
(3) Young trees of all races have resin canals predominantly on iheir

rounded or outer needle surfaces, while older trees generally have canals on

both sides of their needles.
(4) Fieschi's statement that the Atlantic lace had always tv/o canals pel

needle and the Meditelranean races generally ccnta"ined more than two canals
per needle cannot be substantiated.

(5) Although needles of the Atlantic races generally had a, lower canal
count than the Mediterranean races. no constant features in ihe leaf anatomy
could be found to distinguish any one lace from the others.

Following an examination of Marsh's review, Peuy agreed that Fieschi's
claim has no validity.

PROVENANCE TRIALS

As a result of extensive trial establishment carlied out in the period 1929
to 1930 it is possible to compare the relative characteristics of diferent proven-

ances over the entire area considered for planting maritime pine within west-
ern Australia. Many of these trials include Portuguese and Landes stock only,
but in the four main plantation centres at Gnangara, Someryille, Myalup and
Ludlow, at least one trial incorporates the provenances from the Portuguese,
Landes, corsican and Esterel Forests. !'or each centre, with the exception of
Ludlow, reliable growttr measurement data is available fol comparative
purposes.

For tria,l purposes individual provenances were planted in adiacent blocks
each of four acres or more in extent. Within each provenance block a plot

consisting of a row of 30 trees was sel€cted, several years after establishment,
lor measurement. Plot selection was not random but so aimed to ensure that
the samples iu each trial were of comparable site quality while at the same
time representatiye of the stand to be sampled.

Height and girth measurements for each plot tree were carried out periodi-
cally up to 1948 for the Somerville and Myalup plots and up to 1952
at Gnangara.

Throughout all stages of establishment and stand maintenance, treatment
within each trial was identical. Thinninc was not cauied out until 1952 when
periodic measurement was discontinued.

All seed employed for trial purposes was obtained through reputable seed
flrms or Forest Services on the direct request that each batch should be col-
lected flom a specific area. In most cases the British Forestry Commission
acted as an intermediary to supply the seed.

Trial design does not permit sound statistical interpretation of the measure-
ment data obtained. There is suffcient replica.tion of trials both within planta-

tions end between plantation centres, however, to permit data to be inter-

1 0
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The Portuguese provenance is obviously the better from the viewpoint of
height and basal alea development. This supeliority has consistenfly been
established in all plantations where portuguese seed is planted adjacent to other
provena,nces. Landes is clearly superior to Corsica.n and Esterel and data in
Figure 1 lndicates that Corsican may be slighuy superior to Esterel in these two
characters. The latter fact cannot be definitely established from trials available
from study in Western Australia.

Rycroft and Wicht (194?) obtained simitar comparisons for height and
diameter growth in South African trials. The portuguese race proved superior
on all sites tested; Landes was consistently in second place and significan y
less than the Portuguese from the viewpoint of diameter, u/hile the relative
merits of the provenances from Corsica and the llrench Esterel ya ed with
difierent trials but were always less than the yalue attained by the Landes
provenance,

From the viewpoint of inherent vigour under plantation conditions tested
in the southern hemisphere, the portuguese race of maritime pine is markedly
supefior to all others tested to date.

VAR,IATION IN THE ACCEPTABTE CR,OP TR,EE
The results expressed in Section V refer to the mean tree of an un_

improved stand. As such they provide an esttnate of the vigour of a
particular provenance and, if converted to volume estimates, would indicate
the capacity of a paxticular provenance to produce raw wood material.
This inforanation provides little indication of the actual utilisation value of
[he species or the range of tree quality present of intere$t for breedine
purposes.

Recent work has aimed at defining both quantitative and qualitative
aspects of wood production at an age when the major properties of the ffnal
crop should be suitably expressed. The sampling method employed was based
on a system used for progeny assessment purposes by the eueensland Forest
Service. (Priv, Com.).

One single strata of the range of tree vigour and form present in unthinned
stands was sampled. This strata, ter-rned the acceptable crop tree, consists of
those trees of desirable vigor, stem straightness, symmetry of cross section and
branching habit to be of high value for present utilization and hence flnal
crop purposes. Essentially the acceptable crop tree is one which will produce
logs of optimum va,lue for milling or peeung purposes and. as such. will r€seive
a higher price through quality oonsideration by the market.

The acceptable crop tree tras been defined to facilitate stand assessment
for breeding purposes. It, is not necessarily the final crop tree marked ln
commercial plantation practice,

Pres€nt pine treemarking prescriptions in Western Australia maintain
100 trees per acre to form the flnal crop. These trees receive the full benefit
of cultural treatment cauied out during the rotation and comprise the best
selection of 100 trees, scattered at a reasonably uniform spacing over the
acre, availa,ble from the initial stocking. In certain instances trees of defective
form and relatively low vigour are included in the nnal crop selection either
to facilitate spacing or to make up the required number of trees.

The acceptable crop tree is not limited by spacing or numerica,l definition.
The numbers per a.cre depend entirely on the capacity of the seed and site io
produce trees of a suitable vigour and form standard. A sta,nd of malformed
stems raised from inferior seed may contain only 1 or 2 acceptable crop trees
out of an initial stocking of 1,000 per aqe. ft may have, however, 100 trees

14
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TABLE 3
Significance of Acceptable Crop Tree Means of Four. provenances Sampled

I
l

I

I

Diferencc ir lleans

Character Calcuiatcd

0 . 0 5 0 0 1

SjgDilicance

a t  0 . 0 1
iril
a t 0 0 1
at 0 0 l
a t 0 0 i

Provenances Conpared

Tsper LT.B.

Volume U.B. to
20 ft.

Dia,meter
Class Over
-tsark (in.)

0 - 6
6 - 7

8 9
9-10

t0-r1
11,12
l2-13
l3 14
t4.-r-

Total

Poduguese-L ndes ....
Landes-Corsican
Poxtuguese-Corsicrrr
Landes-Dsterel
CoNican - Itstercl

Poftuguefc

0 . 7
I . O
0 . 5

t 3
0 2
l 5
t 0
0 8

1 . 0
1 . 0
1 . 3
0 . 7
t - l

(ii) Basat Area Distributiotu Per Acre,
Within each of the four unilorm sampling areas, three 0.1 acre plots wele

selected, enumerated and indexed for predominant height by measuring the
height of the flve tallest trees scattered over each plot. Table 4 sets out the
results of the measurement.

I|ABLE 4
Mean Basal Area Over Bark and Stem Distribution per Acre for Sampled

BasalBasalRasalNo. ofBasal No. of

3 . 3
2 . 4
8 . 5
7 . 9

1 7 . 9
3 3 . 6
14 .3
22.8
l 3 . r
1 . 1

30
t0
27
20

51
20
27
t3

1-

Itio
50
6l
90
40
t6

Mean Predom
! 64 tr't. 42 tr't.

The basal area distribution in 1 in. diameter classes for the four provenances
is illustrated in Figure 4. Figure 5 breaks up the basal area and stem distribu-
tion for each provenance into similar diameter classes to indicate the Dossibte
influence of the unequal thinning.

Provena ce Stands in Compartment 19, Gnangara



TABIJE 3
Significance of Acceptable Crop Tree Means of Four provenances Sampled

Character Provenarces Co trred

DrlTerencc ill Uedls

Calculatcd

.  I  . 6  2 . 2  S . i )

SigDific|1rce

a t  0 . 0 1
a t 0 0 1
a t  0 . 0 5

N'
N; l
r t  0 . 0 5
n t 0 0 I

a t  0 . 1 ) i
.I?
n t 0 0 l
a t  0  0 l
a t 0 0 ;

Xsterel

No. of
Diems

Height Portuguese-Landes
Landes,CoNican
Oorsican-Esterel

.  r . n  : 1 . 0  t 0 . l
1 . 3  2 . 1  t . 8

.  0 l . r  0 . r  I  0 . 0 3
0 l s  0 . 2 0  0 . 0 3
0 .20  0 .21  0 .26

. .  .  0 . r 9  0 . 2 5  0 . 1 6

Taper U.B. Pori ,ugtrese-Lnndes. .
Ld,ndes-Corsican
Corsican-Hsterel
Portuguese-Esterel

Yolume U.B. to
20 l t .

Po ,uguese-Lrndes . . .
l,andes-Corsican
Poxtuguese-CorsicaD
Londes-Esterc]
CoNican-Esterel

- ; -  
-  - 3 -

0 . 7  1 . 0  0 . 2

(ii) Bq,sat Area Distribution Per Acre.
Within each of the four uniform sampling areas, three 0.1 acre plots were

selected, enumerated and indexed lor predominant height by measuring the
height of the five tallest trees scattered over each plot. Table 4 sets out the
results of the measurement.

TABLE 4
Mean Basal Area Over Bark and Stem Distribution per Acre fol Sampled

Provenance Stands in Compartment 19, Gnangara

Portuguese Landes

1 . 0  1 . 3  I . 5

.  0 . 8  l . t  0 . 8
0 . 5  0 . 7  I  . 0
0 . 8  l  . l  0 . 8

No. of

Diameter
Class Over
Bark (h.)

0 -  6  . . .
6 - 7  . .

8 9
9-10

10-11 .. .
t l , l z  . .
12 -13  . .
l 3  14

'loisl

Mean Predom

BnsalBasalBasalilasal

3 . 3
2 . 4

7 9
17 .9
33 .6
r4 .3
22.8
1 3 . 1
7 . 1

30
l0
21-
2{)
31-
51-
2(l
2 i
l 3

1-

I t i . 3
1 0 . 7
r 0 5
1 9 . 6
26 I
2.t) 2
? . 1
2 . i l
3 . 1

130

33
t(l
53
50

t 2 . 6
2 . 1

r 9 . 9
22.5
29.3
2 1 . 9
t r . 4

2 2 . 3
l l . t i
1 9 . 9
3 5 6
20.2
9 . 9
2 . : |1 0

1 r3
l0
ti3
53
60
36
l3

i60
50
fi3
90

lu
:J

64 X't.

The basal area distribution in 1 in. diameter classes for the four plovenances
is illustrated in Figure 4. Figure 5 breaks up the basal area and stem distribu-
tion for each provenance into similar diameter classes to indicate the possible
influence of the unequal thinning.
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The Landes acceptable cr.op tree has a greater merchantable volume than
either the Corsican or Esterel provenances, bui has a signiicant advantage over
the Esterel race only, if considered from ihe viewpoint of volume under bark to
height 20 ft.

Under bark volume to 20 ft. stem heieht represenLs the siem section pruned
under present plantation prescriptions. It includes those logs \rhich will pro-
duce high class lumber and plywood and, as such, is a measure of the production
of quality wood.

Taper Varkftion,

No signincant difference could be determined between the mean taper of the
Portuguese, Landes, and Colsican acceptable crop tree. Estelel taper was
significantly greater thar that of these ihree proven&nces.

This result was unexpected. It has ahrays been taken for eranted that
the Corsican race tapered much more rapidly than both the portuguese and
Landes races.

Rycroft and Wicht (194?) found that there was a very evident inverse
correlatioD betrreen the size of the tree and form factor for the four races,
but were unable to state whethet these obseryed variations were due to the
difierences in size of tree or to inherent difierences in form between stocks.
Tape! studies illustrated here appear to indicate ihat tr.ee size was the cause
of the observed form factor differences rrith the exception of the Esterel race.

The value used to express iaper in all cases is the difierence between under
bark diameters at stem heights of 5 ft. and 1b ft.

Vdriat ion in Basal Area Dislr ibul ion.

From Figure 4 it can be seen that. the Portuguese stand has a fat greater
proportion of its basal area distributed in the larger diameter classes (10 in.
plus) than any other provenance. Figure 5 comparing the basal area distri-
bution and stem distribution further shows that even though the additional
thinning in the Portuguese stand has reduced stem numbers to 6b per cent. of
the Landes, total basal areas are more or less eoual.
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VAR,IATION IN THE DISTR.IBUTION OF QUAIITY STEMS

Previously it was suggested that uselul quaniitative values for a padicular
stand could be obtained by defining-

(i) the capacity ol the stand to produce wood mat€rial (vigour);

(ii) the mean acceptable crop tree preseni;

(iii) the number of acceptable crop trees per unit area.

Following the definition of the first two factors lor the four provenances
and the establishment of the superiority of the portuguese race in all charac-
ters tested, the nesessity arose for an overall stand quality index. This value,
to indicate the proportion of quality stems present, was specificially required
to comp&re form properties of the different racial populations.

The fact that one stand is of a higher quality that another is generally
r1ot difficult for a forester to observe. The point always in question, however,
is the degree of quality difierence which may exist in any comparison.

Of recent years, stand assessment systems have been developed for progeny
testing purposes in forest tree breeding programmes. Difiereni systems vary
in detail depending on the intensity of assessment required but all are generally
based on the principle of a,warding points for individual tree factors such as
vigour, stem straightness, stem symmetry of cross section, type and angle of
branching, clown density and crown symmehy. The intensity of the system
depends on the number of points weighied to each cha,racter and through the
treatment of characters singly or in group.

The assessment method employed in Western Australia was based on one
devised for use in Queensland (Priv. Com.) and the major details of the
points system for martime pine are set out in Table 5.

TABITE 5.

Points System Used for Indiyidual Tree Classificaiion in Stand Form
Assessments.

A. Vigour-Maxinum number of points awaded - 5

Outstanding dominant; excellent height, girth and volume gov.th

Domina,nt stem; crown well up in the general canopy level ; above ptor
aYerase rn volum€

Co-dominant to subdominant tr€e; volum€ approaching the a,vera,ge for
the stand

Subd^minanl ,  srem i  cro$n.below Ibe gFDeral  csnopy levFl  or  d iameLer los
[o grve Derow a,verage rolume

Suppressed st€ms or those that e,re becoming inetrective
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Sampling calried out has mainly been lestficted to portions of stands of
site quality II to remove possible interpretation defects due to site changes.

Results obtained lor a form assessment at the 0.1 acre sample plots in
the Gnangara C.19 provenance trial sampling ar'e set out in Table ?.

TABLE ?.
Mean Stem Classiflcation on a per Acre Basis for Provenance Sample

Plots in C.19 Gnangara.

Seed Suurco

Portuguese S.40 ....
Landes S.40
Corsican S.30
Esterel S.53

SeeLl  Sou,ce

Stem Clilssilication

Accepiablc

Stem Classilicatiotr

Acceptable

:r,,,"r,""1p.. *,,,.1 ,,,,"' ', r.. *,*1",rmber Per cert

Plots

55t)
550
550

100
100
100
r00

3
3
J
3

2
2
1
0

l 0
l 0
23
0

ti
t 6
7

46
33
86
33

The results in Table ? indicate lhat the percentage ol acceptable crop
trees and plus trees in the Colsican population is double thai of ihe other
thjee races of which the Portuguese may have a slight superiority. Foresters
familiar with these stands would readily accept the faci that the data, pro-
vides a, true comparison for the Corsican population but could not agree that
it adequately expresses the marked form superiority of the Poltuguese stand
over that of either the Landes o! Esterel.

The Portuguese population has a high proportion of double leaders (ap-
proximately 25 per cent. of initial stocking). These would not be seriously
considered by many foresters if the forking occurred above 20 ft. of cood
bole. In the assessment, however, a double leader tree cannot accrue more
than two points for form and hence cannot be of acceptable crop standard.

Mean yalues for the assessment of 19 Portuguese plots, eight Landes Plots,
four Corsican plots and three Esterel plsts are set out in Table B.

TABLE 8.
Mean Stem Quality Values Obtained for Sta.nd Assessmenis for I'our Races of

Maritime Pine. Data Expressed on a Per Acre Basis.

Portuguese
Landes
Co$ican
Estercl

894
691
550
550

r00
10t)
100
100

l9

3

2
I
5
0

2i-
0

l 3
8

l6
,I

120
54
90
33

Individual plot values are included in Appendix u to show ihe degree of
variation experienced within stock raised from a single seed batch of a given
race,

In the assessment project, tl]e Portuguese lace was of most concern and
both the poorest and best sta.nds were measured in an efiort to identify dif-
ferences attributed to seed collection. With the Landes lace only the best
stands (serial No. 60) were sampled in any detail to indicate the highest
quality level that could be expected from the race.
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same age, mainly due to largel branch size and often mor.e accentuated siem
bending.

(iii) Vadaiion due to site quality does not appear lo have as much efiect
on lorm assessment as was previously supposed. Vigour is classified relative
to the surounding stand and is not afiected by site quality change. A previous
consideration that the form on slowel growing trees would be higher than that
of fast grown tlees may not be of great significance in assessment appraisal.

(iv) At least five plots of 0.1 acle ale required to give a reasonable iDdica-
tion of the form-vigour relations of any single seed batch. The portuguese
S.371, Corsican S.39 and Landes 5.60 plots in Appendix I I  were, for each tace,
in stands of the same aee and spacing. of ihe same plantation history and
on similar site qualities. Variation wiihin each serial, as indicated by the ploi
data, is accredited to variation trithin the populations.

For local purposes it is considered the project has satisfactorily covered
the following points required from the reconnaissance assessment:-

(a) Information on the variation in stem quality between separate
provenances has been obtained.

(b) A definition of the form-vigour properties of existing maritime
pine populat:ons has been made to provide a basis tor estimating
both the potential of tree breeding work and the progress of tree
breeding work with the species.

(c) The application of assessment. procedule has provided an idea of
the Iange of tree variation present and the relative imporiance of
the different characters attributed to form and vigour. This will
enable a satisfactoly assessment. procedure to be comp:led for
future progency testing.

(d) Further to (c) the minimum tequirements of the etite phenotype
for bleeding selection in the difierent races have been obtained.

(e) As far as form and vigour are concerned, the obtained information
permits the breeding programme io be concentrated on the portu-
guese and Corsica! populations present within the State.

INDIVIDUAL ASPECTS OF FOR,M
The form appraisal attempted has been on the basis of establishing a

quality stem index by glouping the individual aspects of form in any one tr.ee.
This quality index separates the better trees of the population and concerns
primarily those trees without stem defect rather than the defective stems in
the population.

This approach has been necessary due to the lemoval in certain instances
of some stand abnormality in pruning and cleaning treatments. Under these
conditions any plocedu,-e to assess the proportion of abnormal irees in a par._
ticular stand may be very conservative. It is cettain, however', that a1I the
better class stems still remain intact in the areas sampled.

The two approaches to the problem provide the same information in lhat
relative quality between populations can be compared.

The quality index does not, however, illustrate the major form defects
which occur in the species and the relative importance of each in detelmining
the flnal estimate of quallty. To cover this aspect the following observations
and photographs are included:

(i) Butt Sueep or Bowing ol the Stem.-.l]ne worst feature of malitime
pine from the utilization viewpoint is butt sweep or bending of the stem from
glound level to a height of 6 to 10 feet. This feature is typical of the Landes
and Esterel races, occurs in certain instances in portuguese stock anal is very
infrequent in Cor.sican stands.
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Very Jew of these stem defects can be ascribed to mechanical damage as
is the case with pine tip moth attacks in creat Britain (Forestry Commission
Leaflet No. 40) and investigations of developing kinks reveal no detectable
internal abnormalities. The occurrence of kinks is patchy rather than general
and usually appears at the same gro&'th stage on all stems affected in an
area. Most trees, after resuming vertical growth, continue so without further
abnolmal,ities.

In the Spring of certain years, the leaders of many stems of the faster
glowing Portuguese race will droop, supposedly as a result of a moistur-e deficit.
Leader wilting due to either drought stress or unseasonal frosts is apparenfly

Plate 5.
The branchine disorder locolly refe$ed to as .,twisting ctisease.,' This i6 consialered to

be the resutt of chernes attack.
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These major defects of tree form found in mariiime pine populations are
common to most pine species. Progeny testing information is not yet available
for maritime pine, but suffcient work has been ca|Iieal out with other pines
to indicate that many factors of form such as stem straightness, branch angle,
branch size and stem forking are genetically controlled and that population
defects in these characters can be decreased by breeding manipulation.

VARIATION IN WOOD QUALITY
One of the most important oonsiderations in any forest tree breeding pto-

gramme is that of the wood quality of the selected elite parent trees and the
effects of breeding on this quality. Most breeding programmes aim to improve
wood quality in the species: All programmes allow thai in breeding rp lncrease
the usable volume, the present timber standard in the population must be at
ieast maintained.

Unfortunately studies into the variation of wood properties call for a
greater degree of knowledge, skill and equipment than is genera,lly available
to personnel carrying out the reconnaissance phase of a. breeding plogramme.
Further, standards of cell length, micellar angle, basic density, ring width.
percentage of late wood and longitudinal shrinkage and their inter_relations
need to be known for the population. The lead in this direction has been given by
work on Piz?.ls eUoittii irr Australia (Dadswell and Nicholls, 1959).

Little information is available for maritime pine in this direction and local
studies have had to be set aside until an officer could be suitably trained and
equipment purchased. This has been a matter of necessity rather than one of
priority.

Rycroft and Wicht (194?) included comparisons of wood specific gravity
in their South Afr.ican provenance investigations with madtime pine. They
found that the specific gravity differences between the pofiuguese, Landes,
Corsican and Esterel stocks were slight but favoured the portuguese in the two
trials tested. The ordet of decreasing wood density closely followed that for
diameter and height.

Bisset, Dadswell and Wardrcp (19b1) included samples from the Jour
races in the cnangara C.19 provenance trial in a study of tracheid lengths.
They were able to show that the initial tracheid lengths varied from 1.2 to 1.68
mm. lletween the difierent trees. There was no great consistency in difierence
between the races although the portuguese tended to have the highest, initial
tracheid length and the Corsican the lowest.

The small differences in specific gravity and tracheid length b€tween the
Portuguese and Corsican wood samples tested is promising and suggests that
the inter-racial cross between these two stocks may be accomplished with satis_
factory results.

DISCUSSIONS AND CONCLUSIONS
Maritime pine is a species with a high forest potentiat in Wesrern Aus_

tralia. Its adaptability to the undeveloped infertile coastal plain soils, the
close proximity of these areas to the key market perth and. the future shortage
of timber, particularly softwoods (Harris 19b?), all favour its use in the State,s
afiorestation programme. The scarcity of suitable land for estabtishing the
fast growing Pinus rad,iata or any other desirable softwood makes maritime
Prne even more valuable.
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afhese major defects of tree form found in maritime pine populations are
common to most pine species. Progeny testing information is not yet availa,ble
for madtime pine, bui sufficient work has been carried oui with other pines
to indicate that many factors of form such as stem straightness, branch angle,
branch size and stem forking are genetically controlled and that population
delects in these char.acters can be decreased by breeding manipulation.

VARIATION IN WOOD QUALITY
One of the most important oonsiderations in any forest tree breeding prc-

gramme is that of the wood quality oJ the selected elite parent trees and the
efiects of breeding on this quality. Most breeding programmes aim io rmprove
wood quality in the species: All programmes allow thai in breeding !o lncrease
the usable volume, the present timber standard in the population must be at
Ieast maintained.

Unfortunately studies into the variation of wood properties call for a
greater degree of knowledge, skill and equipment than is generally available
to personnel cauying out, the reconnaissance phase of a breeding ptogramme.
Further, standards of cell length, micellar angle, basic density, ring width.
percentage of late wood and longitudinal shrinkage and their inter-relations
need to be knowD for the population. The tead in this dlection has been given by
work oD Pi?rr,s eUoittii in Australia (Dadswell and Nicholls, 1959).

Little information is available for maritime pine in this dhection and loca1
studies have had to be set aside until an officer could be suitably trained and
equipment purchased. This has been a matter of necessity rather than one of
priority.

Rycr'oft and Wicht (194?) included comparisons of wood specific gravity
in thetu South Aflican provenanee investigations with maritime pine. They
found that the specific gravity difierences between the portuguese, Landes,
Corsican and Esterel stocks were slight but iavoured the portuguese in the two
trials tested. The order of decreasing wood density closely followed that Jof
diameter and height.

Bisset, Dadswell  and Wardrcp (1951) included samples from the four
races in the cnangara C.19 prov€nance trial in a study of tracheid lengths.
They were able to show that the initial tracheid lengths varied from 1.2 to 1.68
mm. between the diffetent trees. There was no great consiaiency in differ.ence
lretween the races although the portuguese tended to have the highest initial
tlacheid length and the Corsican the lowest.

The small difierences in speciflc gravity and tracheid length between the
Portuguese and Corsican wood samples tested is promising and suggests that
the inter-racial cross between these two stocks may be accomplished with satis_
factor.y results.

DISCUSSIONS AND CONCLUSIONS
Maritime pine is a species with a high forest potential in Western Aus-

tralia. Its adaptability to the undeveloped inlertile coastal plain soils. the
close proximity of these areas to the key market perth and the future shortage
of timber, particularly softwoods (Harfis 195?), all favour its use in the State,s
afforestati.on Frogramme. The scarcity of suitabl€ land for establishing the
fast growing Pinus radidta or any othet desirable softwood makes maritime
prne even mole valuable.
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bility in contemplating pine plantations for.the region and Iesearch indicates
that soil fertilizer programmes may be carried out economically.

The major disadvantage with maritime pine as a commercial species, is
the low percentage of quality trees that can be raised in any population.
Total wood production per acre of th€ portueuese race is acceptable provided
fertilizer aid can be employed on poor.er sites. Up to recently, however, it
was standard practice to plant at 6ft. by 6 ft. spacing largely to prcvide an
adequate selection for final crop trees. This process guarantees 100 suitable
final crop trees but is a cos y one. To manage such initial stockings on
sites which demand wide spacings, either early unmerchantable thinnings or
delayed first thinnings in which a high pr.oportion (approximately 30 per cent.)
of the trces to be removed have no utilizeable value must be carried out-
High quality pine crops such as pizts r&d,iatd, car- cauy such costs. With
maritime pine where the very nature of the site makes any prcfit margin
narrow, such costs can be used as a serious argument against planting the
specles.

The major objeck oi the tree breeding programme fo| pinus pxnasrcr
in Western Australia are therefore:

(1) To improve stem quality in the population to allow increased
spacing and lower establishment and tending costs.

(2) To increase utilizeable volume.
(3) To improve value increment of the species under plantation

condit ions.
(4) Ii possible to increase total volume production.

The programme emphasizes the improvemeni of form in the species and,
through this, to increase utilizeable volume.

Provenance testing has shown that the portuguese race is superior llom
the viewpoint of volume production, has good taper but is reslricted by a high
branch angle, crooked stems and forking. Withln the population, howevel,
acceptable stems and plus stems do occur to indicate that selectron should
decrease many of these delects.

Of the four races investigated the Corsican has the highest quality stem
index with desirable characters of branching, ctown symmetry anct stem
straightness. Its major disadvantage is its restdcted vigour. This rs no[ so
serious when considered from the viewpoints of volume in the 20 tt. pruneai
section of the stem and taper.

Studies carded out to date indicate that the Landes and Esterel races at
present having nothing to add to the species gene pool that is not already
offered to a greater degree by the portuguese and Corsican populations.

Present breeding policy is to cally out selection in the portuguese popula-
tion and eventually to combine the improved vigour and form charactelistics
obtained, $'ith the form of the Corsican race by inter-racial crossing. This
decision is subject to the veriflcation of further wood quality and crossing
studies. Present timited data available does not discredit the proposals.

It, is considered thal pinus pinaster offets exceptionally high promrse tor'
breeding improvement and through such, will become a valuable specres Ior-
use in southem Australia on soils unsuitable for agriculture and pituus rd.did.ta.

ACKNOWLEDGMENTS

The author wishes to acknowledge that many of the r.esults expressed in
this buuetin arise ftom the work of Departmental employees carr:ed out befor.e

30



'dzr
'uI€llrg l€o.r€t 

'acuelal:uoc r{rlsarod aJldtug qslllrtl qlJ!.{ eql 01 paluas
-aJd Jaded rod Jo gdao 'EIJolaJd gclrjv qlnos u\ JalsDuId snulA

Jo sacEJ l€clqd€r8oa8 Jo sI€I4 ptold-l'6T lqc!,t!^. a C puE g II'?Jorc.{tl

'dt 'qlJad 'etuaJeJuoC ,trtsaJod u"-IltsJlsnv aq1

JoJ paJ€doJcl Jod€d tdec Jod 'qllad aeJ? oql Jo surJoJ l€clqd?r8oag
aq1 uo salou arnos Ellerlsnv uralsa/!\ ul JaFDU?d snu?d*'6t6l H C'd ad

'18-9B

: (Z)9 .1o,{ lsnv €rlts4snv rrJaFol! uI Jalsould snu?d-'0t6I 'II C 
'.{rJad

'6II :t cossv -roJ rJv s 
'r 'a^oqe

(zt6I) uossn€c puts IqcsalLi pu€ (zt6l) Iqcsall{ lo ,{\a!^o?I- 6t6T x',E'qsJ"trI

'dtgt

'ldaq 'JoJ 'qlJad EII€IFnV uralsol!\ uI ,{llseloI ro, sacuero]ol I€Icads
q1!& sualqoJd ,{rlsoroJ utsIl9r$nv Jo uolssncslp v-9I6I S 

'C 'suIqJtnII

'dZ pu€I€oz ,{loN PUB €lI€JlsnV
'acuoJoluoc frlsaJo,i qlltsar!\uoluruoc qslllrg qluaaos aq1 01 paluaserd rad€d
'xdec JoL{ 'qlJad '€IltsJlsnv uJalso.&\ q uolpnpord pooltrlJos pu€ poo,l{

-prsq uaa^\leq ocu€I€q alqtsJlsap oqJ- 1,96I uunN I tr 1r|c pu€ 'c 
v sIuEII

'0t ou lagBa-I sdlJads

pal€Ior pu? qlou qooqs auld oqJ- 1,96I uolssluruoc fllseJod ulelu8 1€er5

'tT 
IoA OsnolnoJ ep ?Ilarnl€N oJlolslll,p alolcos €l ap ullallntl

e1 solulllJ"ur sural sap uorlBculss€Ic- zt6T uassntsc 'H puE A 
'rqcsold

'tI 
IoA osnolnoJ op ollernl"N orroFrH,p o?alcos €l op ullofing

3.I Sorulllrtsru suld sel zaqc o InaJ €I ep oluol€uv- 286I A 
'lqCsJId

'd99 'rd 
l^o5

'€lJolord pu€Itsaz ,\{oN pu€ gII€JlsnV 'ocuaJaJuoc '{J4soJod arldlug

qsrllrg pJrql eq1 01 pa4uosard red€d 'sclJJV I{1noS pu€ edorng uI'pu€Ios
'Ja$nll?d, snula Jo sluloj lecrqdsrSooS pu€ sel?alJ€a eqJ- Bu 6T 

's 
c 

'Jnc

'dgT aurnoqletr I
:Fnv olllsc 

'slcnpold lsoJod lo uolsl^lc ' ou Iad€d I€cr8olou
-qcal, pu€lsuaanor vroJ! ?!?lonp Je^ l|lJotlp s?2u?d uI I SUIpaaJq 3aJ+

.roJ serlrl€nb poo^{ Jo quaussassv- 696I sfioqclN d -&\ 
'f puB g I{ 

'IIa^\sp€C

'd8TI '€ 'ou uoIlEcII
-qnd 'uollEpunod 1oqtsc sJool I €IJEI I ,tltsJo^IuIl pre^l€Il 'ssE]t eSplrq
-luEC Duo?uoc snltld uI uoll€Ir€^ tlqd€laooc* lq6l 5 ltr plauqcllrc

'gte :t lts Jod €Feqlv pu€ €rqrunloc qsIllJg uI slaJluoc Jaqlo

puts Jg sBISnoG Jo 8u(uoorq paul€Idxaun- 1961 llnx r pu€ c c 'puEl{cng

'08-l,I :(T)gI rod tsnv suels JoJIuoc ur qt€ual plaqc€Il

Sutcuangur srolc€d- 196T dOJpJ€l! €I V puB Ilalf\sp€o g H 
'1!\'r'I'lOSSIg

cEJrc s2rnl,vtrsJl'r

'enp sr €Il€.rlsnv ulalse.d\ uI qcr€as3l

Ja?sould, snu?d Jo llporc eql Jo qtnu uoq& ol fJJad ra$aJod Joluas Jo acua
-uodxe oq1 q8noJql palslss? fIlBa.IB sEllr el?p Jo uolltsnoc aqI luarululoddE sIItr



/'

ll'7 ,oo,,,o,,,,
4 ,, ./:
a: : : : : : : : ' r
: : : : :  ] ] :  L A N D E S
: : : : : : : : :

FRENCH HOEK

L I.o0".^*

ffi u"'*"
0  5  r i  i

A C E  I N  Y E A R S

S€atter diagram showine the height for age.ange o! nve plovenaDces at Somervlue pl&nta-
tions. All proft were establlshed on similar flat srtes. Table 1 plovldes the numbers ol

plots used to compiie th€ scatte!.

,.j

t
i

t
:51



roruud tu.uur.^o9 'Srl^vd I xl]Y :^llroqlnv ^8

I
I
I

I l0t 00I I sl'

z

T

6
L
z

L
I
0{

OI

TI

II
6
1l
OI

9I
€I
OI

0
0

6€ S u€rrsroJ

99
99
99

00r
00r
00r
00r

00t
00r
00I
00r
00r
00r

6

OI
8

6
6I
II
oz
8T
zz

33i ii or* *n*"

00I 98 rr€oN

98€ S
cl8 s
898 S

00I
00t
00r0t S os3n8n}locl

00r 18

00I

qg
9S
99

68
08

rU, S osan8nlod

z
e

?aI

I
I
I
I
I
I
t

a6
€6
€8r
z9r
I8I
{]:!r
'6I

00r
00r
00r
00I
00r
00tTrg S asan8nrrod

'IroJ r6d rsqunN .

srrnos p33s
atqqdor:)y

uorl"Dllris€tc ur3ls

'$old arce I'0 .IoJ
passaJdxo €1tso 'slueluss€ssB rxroJ pu€ls JoJ paurtslqo sanl€^ lold ltsnpr^lpuJ

'II xroNsddv

;;+ 804
r9r

OOI 6L OOI 6L
001 81
00r 8t
00r 8l 

' 
09 s ssput.I

L9 892'S
0l 99€ s
a8 9S8 S a$nrnlrod

9! uesjt

0I I 00I
I 00t

rI OOI

II OOI
90I
IOI
Itr
llI
t0r
8n




