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I

The venture was aD expensive one but is commendable for the faith

shown in both the futule oi the species in Austlalia and in the value of tree

bleeding to commercial forestl 'y. Financial ly tbe ploglamme 'was assisted by

the folest selvices of South Austlal ia, Victol. ia and New Zealand and the

Commonwealth For'estry and Timber Bureau. Foresters working closely with

the species have no doubts that this initial expenditule will be handsomely

repaid.

The pr_esent report covers the development of the programme up to Januai_y

196?, and is plesented in thr 'ee parts. Pa,_t l-reports detai ls concelning the

selection, impoltation and propagation of ihe plr'ls matelial in Australia Parts

II- and II I-  repolt obselvaticns by Mr. Perry while in Poftugal, France

and Spain.

At the pr_esent stage the ploglamme is not complete. Scion matel ial is

yet to be disseminaied flom Westeln Australia to all participating centres- This

procedule can only be calied out within tlle time required to multiply shoots

on the init ial  glafts. Sevelal years wil l  be involved. I t  can be said however,

that the major aims of the venture have been satisf ied at this t ime'

TlLe Search Arecl.

Provenance tr ials in Westeln Austral ia clearly sepalate the Poltuguese

soulce of Pinus pinaster as the most suitabie for t lee improvement. The

sealch for supelior phenotypes during the European visit was hence Iestlicted

to Portugal. A reconnaissance of the folests in Portugal levealed that the

best formed t lees $ele to be found in the region of Leir ia and al l  select ions
wele rnade within the Siate Folest of Leiria. Within these forests certain

aleas were excluded f l 'om the intensive search lol plus phenoiypes. These

exclusions included malformecl plotection Jorest along the Atlantic coast and

other aleas seriously afiected by nutritional disordels. Stands unde! thirty
yeals of age wele also eliminated as being too young for.' selection purposes-

The balance of the Jolest was intensively searched to yield 85 plus pheno_

types of acceptable standald. It is estimated that the selection intensitv in-

volved was of the oldel o{ one plus phenotl"pe per qualtei_ mil l ion t lees.

SeLection Stanalards.

The most plonounced weakness of the species is the inhelent instabi l i ty

of the bole. It is subiect to selious lean, butt sweep and bowing Nodal swell-

ing and heavy and ir legular blanching are atso common faults

In the sealch weight \tas given to favour the selection of tr-ees in which

the bole was straight, vert ical,  ol ci lcular cross section and with pronounced

leader'  dominance. Only trees of dominant or co-dominant vigour were

included in the f inal select ion.

The l lasis of the selection standard is revealed in a point glading system

included as Table 1. This grading was employed only aftel select ion of the

best trees available, to allocate priorities to individuals for futule progenv

test and seed orchald attention. Assessmerlt of individual tlee chalactedstics

on this glading system is contained in Table 2.

10
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Vert ical ly and lean were gaug€d against a plumb bob l ine. Vigor was
assessed by comparison with the height and gir'lh (breast height) of the
largest trees within a radius oi one chain of the possible phenotype. On steep
slopes these compadsons were Iestricted to stems within a distance of 20 feei
up and down slope. Allowance $'as also made JoI any obvious valiation iD
soil type \^'ilhin the i-adius of 66 feel.

It has been mentioned that both dominant and co-dominant stems wele
considered fol selection. To receive a Jull score for' vigoul a tlee had to be
both tallel and of greater girth than any othel tlee $iithin the compar-ison
area. Although ii is theoletically desirable io have all selections of top
vigour', in plactice it is not feasible while maintainng the plime selection
cliteria of near per-fect stem chalacteristics. In the ratings in Table 2 it will
be noted that several of the selections do apploach a perfect score.

Bole selectrons, on $'hich the emphasis was placed, required thai the stem
must be straight, \'ertical, smooth, round in section while passing stlaight and
unbloken i,hrough the clown to the leading shoot. Nodal sweuings and bends

or kinks between whorls wefe compleiely rejected whelever feasible.

Spiral grain measufements and 12 mm cores \{ere obtained for ea.ch tlee
foUoNing the procedule of Wheeler (19). Al l  trees wele acculately located,
pelmanently marked for identification, measured, sampled and desci_ibed. All

tr-ees were photographed.

Scions wer'e collected flom each final selection and folwarded to Australla

for propagation. Where possible hal l  sib seed and pol len was also col lected

and forNalded to Westei'n Australia.

The 85 tlees selected range in age from 30 to 136 yeals with the majolity
falling within the 50 to B0 yeal age interval.

Imp ortcLtion .

Scions from 85 plus phenotypes and one speclmen f iom the pool form
protection folesi (see Table 3) \iele imported into Western Austlalia within

foul main int loduction pel iods-September 1964, March and ApIi I  1965, May

1965 and September 1965.

Details concerning the date of arrival, numbef of clones impor.ted, storage

method used in translt and the numbel and type of grafts involved for each

shipment ale sei out in Table 3.

Up to September 1964, 53 trees had been located. Scions from these

tlees wele inciuded in the fir'st three shipments in September 1964. Scions

from the 33 fulther- trees wele introduced in Autumn and Spring 1965. These

latter shipments also included further scions lrom tlees which had failed

in the initial propagatioDs in September 1964

Scions wer..e inspected in Portugal priol to despatch. Any buds vith

obvious insect damage wele discarded l'or shipment the buds wele enclosed

in polythene bags packed in cardboald travelling cases Each shipment was

airJreighted from Lisbon to Pelth via London in the plessulized freight conl-

pa,-tments available in the ailcraft.
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Figrire 3. Examples of plus phenotypcs selected. From left  to r ight at the
top E105 and E162, belorr E104 and E137.
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In the initial tl r-ee shipments received in September 1964, the scions wele

packed in damp moss. R,emaining shipments carried the scions in the air

dr.y conditions which pertained at time of collection

Quarantine.

Vegetative material was imported Jrom Portugal to Australia subjeci to

the following conditions set by plant quarantine authorities.

1. The number ol scions impolted was to be kept to the minimum

from which successful introduction of the clone could be expected.

2. On auival in Australia all vegetative material had to be fumi-

gated with methyl blomide for iwo hours at 70'F undel a con-

centlat ion of three pounds of methyl blomide per 100 cubic feet

3. All vegetative material had to be dipped in a fungicidal solution
(zineb) prior to graft ing

4. AII glafting was to be calried out in an insect proof shelter'

5. Al l  successful ly glafted matedal was to be maintai led in an in-

sect ploof shelter for at least 12 months following importation

6. Frequent inspections wele to be made in the glasshouse by both

a pathologisi and an entomologist.

?. Clearance from the insect ploof shelter could only be obtained

follo$ing a satisfactorv report from the pathologist, the

entomologist and the Commonwealth and State Quarantine omcials'

Auangements wele also made for the material in the glasshouse to re-

ceive f lequeni insecticidal spr 'ays. Malathion and white oj l ,  metasystox, or

white oil alone, wele sprayed at leasi at monthly intervals. The frequency

of spraying was stepped up to foltnightlv or weekly intervals depending on

growth rate and or seasonal conditions.

Apart f lom two shipments of scions despatched di lect to Canberra and

New Zealand, all fumigaiion and grafting was cauied out in Wesiern Australia

A special insect proof glasshouse was constructed at ihe Folests Department

centre at Wanneloo to hold the grafts. Fumigation was cauied out by the

Depar-tment of Agriculture in the standard facilities at Flemantle'

HaIf sib seed and a small quantitv of pollen were also imporied Ttlis

matedal was inspected by qualantine officials but not Jumicated.

In the f inal shipment in Seltembel 1965, completed grafts were imported'

These leceived the standard quarantine treatment set fol scions with the

added prcvision that ali soil was to be removed from the plant loots plior

to despatch from Portugal.

Prope,g ation.

Both the botUe and tip cleft glafting methods were employed in propa-

gairon.

Ir
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In practice, the September 1964 shipments were received before the above

information was available and \tere packed in a moist medium Also, bottle

glafting imported material ploved to be almost a complete failure'

Failure of the bottle graft to the extent experienced was without prece-

dence in western Australia lt was found to lesult from the presence of a

soft bactelial lot on the old wood of the scions. When the woody shank to

the bud was immersed in the bottle of water the bacteria developed' entered

the vascular system and caused death of the bud.

With the tip graJting technique, all of the old wood is removed from the

scion plior to grafting. The source of the rot is hence lemoved and no leal

ploblem from disease was presented in subsequent development. The presence

of this pathogen was unprediciable and unfortunate The numelous bottle

grafts manipulated had taken well befol'e they were eventuallv killed'

Stocks for graJting were raised in I x ? inch cans and brought to the

lequired high state of vigour by wateling and feltilizing. Prior to grafting

a 4 week flushing period in the glasshouse was plovrded By this means, stocks

were equally successful in both spring and autumn grafting

Duling propagation, two grafting teams of two men each were employed

To minimise influences of oper'ator technique and clone stor_age time, each

team completed at least 10 grafts for each clone in any one day before

returning to any one clone.

Budd,ing on.

Anv latelal buds ploduced on stlccessful grafts during the quarantine

period in the glasshouse were grafted on to new stock This plact ice 'was

followed in any month oJ the year and yielded takes of ?0 per cent or higher'

By this means the survival numbers of many of the clones were greatly

incleased during the quarantine period.

SurDiDdls.

rn Table 4 the avelage percentages oJ sur'\'ivals for each importation period

are shown. These values ale re-allanged in Table 5 to show the differences

obtained between bott le and i ip grafts.

TABLE 4,

SUR,VTVAL VALUES FR,OM DIR,ECT GF,AFTING'

Survn al
G r l
Ttp"

Septent'e., r964
I Iarcb,  1965
-\pril, 1965
Uay, 1965
Septembef. l96rl

'Ibl'rl

Botue nnd l'jp
Bottle :rnd 'l'jp

B(,ttle and llip
Tip only
Tjp onlv

5. t i
2 9 . 6
l0 . i )
s 9 . 3
3 8 . 6

lJt
,63

:J5
il:J

t ,521)
89:
349
, t l
t:15

3 , 1 t 6  5 1 9

22
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TABLE 6.

SUR,VIVAL CLASSES FOR INTRODUCED PIIENOTYPES AS AT JANUARY,

1967 .

No. of

0
1
2

4

6
1-
8

10
1 l
t 2
l 3
I1
t5
r5+

Phenotypes Represenied in Class'

u1r0, 116, r20, r25, 136, r53
8101, 102, r55

No. of
Clones

El2r, 126, 140, 141
Il t03, 106, 108, r09, 128, 142
D104, r32, I35, r50
E137, 138
n115, 163, r79
Dr r2 ,  E l14
El24
E105, 1r3, 13l,  147, l8r
DI0?, rr1, 130, 144, r70
E l l ? . . .
8127, 139, 177, 182

ltr54, l6l ,  173, 183

;
4

t
I
i
b

+
i
33Ell8, r19, 122, l23, r29, 133, 134, 145, r46, 148, 149, r5r,

152, t56, r57, r58, 159, 160, 162, 164, ltiti, 167, 168, 169,
1?1, l?4, r?5, r?6, 178, r80, 184, 185, 186

The fact that all was not lost, due to the dj.versitv of techniques emploved

on all imported batches, favours a conselvative approach in such ventures

where few of the coniingencies. ca.n be precisely evaluated or controlled.

Results fIom tip grafting, even where scion and stock dia,met€rs matched
poorly, provided survival va,lues ol 30 per cent. These results were not far

below those which have been obtained from crafting some local material of low

vigour in Western Australia.

rt was most noticeable thai the largesi, most vigourous buds, provided the

highest survival; even ''vhen poorly matched to stocks.

Clomal Ve,riatian.

variation in survival due to clonal odgin can be appreciated from data

in Appendix I. Clone E153 was imported i.n September 1964, March 1965, and

May 1965 with zero success on grafting. Similarly clones E110 and E136 were

imported in both September 1964 and April 1965 with no success. Other clones

$uch as E154, E156, E1?4. E1?5, E1?6, E1?8,8180, E185 and E186 produced

up to and in excess of fifty per cent. survival from tip grafting in only one

introduction.

Clonal variation in survival can be expected to haYe a genetic componeni

which cannot be equated to environment and grafting technique (5).
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Figule 5. Long bud development Jrom dornanL scions ( left) compared to
nolmal growth (r ight).  The graft ing posit ion can be identi f ied.

In 1964 a,nd 1965 aU batches with sumcient seed numbers wele raised in
the Wanneroo nursery and incorporated in field pr_ogeny trials planted out

in 1965 and 1966.
A total of 62 plus phenoiypes are represented in these trials. Trees not

introducd in this manne.. '  are E116, E119, E133, E139, E142, E144, E14?, E148'

E150 .  E151 .  E155 .  E159 ,  E163 ,  E166 ,  E16? ,  E169 ,  E170 ,  E175 ,  E1?6 ,  E1?9 '

E185 ,  E186 .

Pollen Introd,uction.

Ii was hoped to import pollen from a Iarge number of the selections for

direct crossing against local clones. This process would have speeded up the
progeny testing programme by at least three years.

In practice it was found th&t limitations in time within Portugal, climbing

difficulties and ihe prime necessity to provide suitable quantities of scions to
guarantee successful introduction, limited pouen collection Pollen of two

trees E154 and E182 was imported successfully and has been used in crossing

work at Wanneroo in 1965 and 1966. The first cones from these pollinations

will be collected in 196?.

Wood, Sanl.plitug ol Plus Ph'enotgpes.

Twelve millimetre col€s extending from bark to pith were extracted from

opposite radii of each tree. These were dipped in a solution of pentachlor-

phenol, wrapped in polythene and airfreighted to fhe Forest Products Division

of the C.S.I.R.O. in Melbourne, Australia, fol evaluation. Results are con-

tained in Appendix II.
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Due to ihis need to build up a, scion leserve, it is not planned to use the
Portuguese selections in Westeln Australian seed orchards until 1969. Con-
trolled pollinations for progeny test purposes will, however', commence in 1967
in certain instances. The new seed orchard will incorporate most imported
clones p.lus the best local clones vith provisions fol culling at least half as
progeny iesi data comes to hand.

The commercial Iesults of the iniloduction venture are stiu at least 10
years into the futule. The introduction will ensure however-, that at that
time, ihe maximum improvement possible, for the species. has been achieved.

In the remainder of this report it wiu be appreciated that the expense
involved in having an offcer in south eastern Europe for a period of two
years has additional beneflts. Our knowledge of the species in its natural

habitat has been gleatly increased. In particular it is possible to appreciate
what the latter stages of rotations in western Australia can ofier' Further
provenances of seed from Portugal, spa.in and France were secured and have

been established in western Australia. Seed supplies were checked and
secured. And Iast but not 1east, an efiective liaison has been established be-
tween Western Australia and the countries visited.
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(i) Thele is a most stliking resemblance between the soils and the
v€getation of the Landes Iegion j.n France, and those in the
vicinity of the forest of Leiria. Many species of plants other than
Pinus pinq.ster are common to boih regions. The following is by
no means a complete Dst:-

Cctlluna aulgaris.
Erice, cineria.
Ericq scopctria.
Erica tetralir,
Ericd, ciliaris.
UleE europq,eus.
UIer natuus,
Arrh en atlL el um thor ei.
Molinat cqerulea.
Pteris aquilina.
Sclroenus nigrice.tus.
Arbutus uneilo.
S im a et hus planLl olio,.

]lho,m,nus trangula.
H A pockeris r ad,ic at e,.
Scorzoilera hunlilis.
AgropEl um junceum.
Atum,optLi,ld ar enarium.
Euplrorbiq paralias.
Cdki le mal i t imd,
Salit repens.
S ar otlro,mtuus s cop arius.
Rubid peregrina.
H eliotuth.emuln guttdtulrL.
Crdetqegus Ttuonoggna.
LI U drocotvle DuIg aris.

The .o;r'eat similality bet$'een the two ecosystems strongly
suggests a similar evolutionary histoly. Reasons for the exclu-
sion of PirxlLs pinaster fto}n the Portuguese region do not appeal
to exist.

(ii) French expelrence denonstrates that wh€n the Leirian pLovenance
is gro\i/n in the Landes legion in cascony, it is vely susceptible
to frost danage. The local provenance is resistant to frost.

(iii) The Landes plovenance in its own habitat does not commence to
shed poller-! before carly April (6) q'hilst the Leirian race in the
forest of Leilia ccmmences pollen shed in early March. When
grown in comparative trials in Western Austlalia. the same
patLern is evident. The Leirian provenance commences pollen
shed some three $reeks before the Landes, indicating that this
factol is under genetic control.

(iv) Wood analyses of the iwo provenarces indicate that the Leirian
odgin has a significantly hjgher specific gr.avity and a lower
incidence of spiral grain (8, 13).

(v) In all plovenance trials in Austlalia and South Africa to date
(4, 10, 13) the fate 01 growth of the Leirian provenance has
ploved to be significantly greater than that of the Landes. New
Zealand studies however, indicate that the Landes provenance
may equal the Leir ian in this legard (15).

Western Australian experience with seed batches reputably
obtained from the Landes legion reveals considerable variation
in for'm 5nd ral,e oi growth of the species within the region. In
no instance howrver, has the combination of time of flowering,
r-ate of glowth aDd branching characteristics approached the
patteln consistent for the Portuguese provenance under com-
oarable environment.
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Large aleas of the Serra Estrela, the highest mountain range in portugal,
(6,500 feet), have been afiorested with pi?z1ls pina,stet. Seed was obtained
from othel centres for this purpose. Much of i t  came from the regio4 of
Leilia, but unfoltunately it is not possible Lo relate any stand to its seed odgin.
An examination of these fo!.ests on the 10th and 1lth of Aptil 196b showed
that the time of flowering Iot Pinus pinl,ster on both sides of ihe range vat.ied
with elevation in al l  stands inspected. At about 4,000 feet the terminal buds
were just becoming active and beginning to bleak winter' dor.mancy. With
decreasinq €lelation the buds were more advanced ano active, until at about
1,000 feet pollen was just commencing to shed. It was estimated that pollen
shed would not talte place at 4,000 feet unti l  May.

Within the folest of Leiria in 1964 pollen shed commenced on ot. about.
the Bth Malch, and in 1965 on the 15th March. po en f, ipens and begins to
shed close to the ocean in the vicinity of Sao Fedro de N{oel a fe$r davs ear.lier
than on the easteln side of the folest, some five miles inland.

5. Insect and, Futrgal Pests.

,Sirec sp. occurs in Por.tugal and specimens have been captured and
recorded at intetvals ovet the past 50 yeals. I t  occuls r-arely, only attacks
iveak and dying trees, and is of little economic impor.tance.

1Fs spp. also occurs but is of no economic importance. The forest f loor is
genelal ly kept free of a1l debris by the local people who remove evelything
for fuel. This in addition to the acttvities of its natural pr.edators. keeps the
insect well under control.

The processionar.y moth, Thaumetopoea pituccampa causes considerable
damage by defoliating the trees. Whilst, this must result in loss of increment.
trees appear. to recover satisfactol,ily.

Insect attack to female strobol i  and developing cones gieatly Ieduces
seed yields but little is knolvn about this at present. This factor will become
mole impoltant as the ptoduction of high quali ty seed develops.

Some loss of t imbel production is caused by $ood r.otNing fungi $hich
gain ently through dead branch stubs and along the scars left  by olcl  lesin
tapping opet.ations.

Genelally it can be said that although pinus pindster has been gro$.n in
Portugal a,s pule forest fol sorne hundreds of yeat's, it is singularly free from
serious pests. Thet'e is no doubt however, that some of the insects $rhich prey
on this pine could be potentially very dangelous, if intloduced into Austlalia
where they would be f lee of biological.  control.

Ctlpd,citA lor Sur,il)o.I.

One of the outstanding qualiiies of Pinus 'pinaster is its capaorLy ro
sufvive advelse conditions. This has been amply demonstratecl in Wester.n
Ausilalia and is most noticeable in Portugal. provided only that thele is
suffcient moisture in the soil p.r'ofile to maintain life in the tree, it will toler.ate
a wide Iange of climatic conditions and almosl any soil deflciency. Stands
exist on the dunes in the Fotest of Leiria which are Bd years old and only B
ft.  to 10 ft .  high (Fig. 6). Such tenacity is an admirable characterist ic in a
lorest tree as i t  gives the forestel t ime to rect i ly ertor.s of si t ing. I t  has been
possible in Western Australia to improve failed areas to site quality 1 and 2 by
addit ion of felt i l isels.
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Figure ?.-Sixty years old pinus pinaster. Forest of Lerrra.

The forest is divided into some 342 compartments by straight more or.tess
north-south and east-west fire lines; the corner of each compartment being
marked by a stone survey peg. The north-south lines are numbered and the
east-west lines lettered. These references are cut inio the stone markers.

Specimen tlees of Pi?ras pin.tster lp to 150 years old are still p.reserved
in the forest. One of the oldest and a magnincient specimen is to be seen in
Compartment 118. Its height is 109 feet, height to the first branch is ?4 feet
and the gilth at breast height is 9 ft. 10+ in.

The forest to-day is almost pure pinus pina,ster, with some very small
areas of PiTr?rs pinea and Euc@tuptus gtobulus. It is serviced by an excellent
system of sealed roads which are kept in a very good state of reparr.

2. Cl imate.

The climate is cool and wet in winter, warm and dry in summer. Light
frosts are experienced at ground level in winter and a,re rarely severe. The
summer dryness is alleviated to some extent by the frequent fogs which drift
in flom the Atlantic at night. and often do not clear away before ten o,clock
in the morning. The strongest winds and the big Ninter storms usuallv come
from the north west.

Tables ?, B and 9 providing details of the temperatures and rainfall for
the lorest of Leiria for a, period of ten years, have been extracted from Ar.ala
Pinto's \4rork "O Pinhal do Rei" (12). The recording station of Engenho is
situated oD tbe eastern edge of the forest adjoining Marinha crande, Mioteira
is in the north eastern part of the forest and Vieila in the nor.th west corner
near the Atlantic.
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TABLE 9.

MONTHLY MEAN PRECIP]TATION FOR THE FOREST OF LEIRIA'

Nrmth

January
Februar]'
March . .

Ionthlt' Precipitai;on (Incl,es)

I  Mr, , ierr . r  \ - ie i ra

r\pril
X{ay

Julv
August  . .
September
October

Engenh,)

3 .8 t )

3 . 2 1
1 . 9 1
0 .96
0 .3 ,1
0 . 2 5
L l 7

5 . 0 3
5,  OLJ

4 . 0 9
3 . 3 3

3 . 4 0
2 . J l
r . s 4
0 . 5  t
0 . 2 9
1  . 39

4 . 1 9
5 . ' 4

4 .  l 5
: ] . 0 8
5 . 1 4
2.  i l7
] . 4 4
I  l 7
0 . 3 { i
0 . 2 2
r . 1 4
2 . 5 1
5. ' . ]9

35 .25

3. Soizs.

The soils in ihis forest are mainlv sandy acidpodsols, the "B" horizon

often consisting of a layer of coffee rock This consists of sand' cemenied in

valying aegrees with iron and other salts leached down through the profile

French foresters call this deposition horizon "alios" and the Portusuese
,,surraipa". The western side of the forest is mainly made up of dunes of re_

"".i ueoUu. origin. The balance of the folest covers old formations inter-

spersed with extensive, and in some cases, badly drained flats'

The depth of the water iable valies greatly, being deep on the dunes

and near the surface on some of the more low lying ol the flats'

Apart from some of the more recently folmed dunes' the soils a1e fertile

ty Western Austlalian standards However in view of the responses obtained

to NpX in experimental work, ihe soil nutrients are not readily avaliable to

tle trees.
It has not been possible to relate siie quality in the forest to the amounts

of major-nutl ients calculated to be preseni in the soi ls (9) '

TheIe is unfortunately, little or no information available to indicate what

efiect this forest has had on its soils. It is considered locallv that the trees

have influenced the formation of surraipa.

4. Establishfnent Practice.

Prior to about 1930 the forest was renewed by encouraging the natural

regeneration following the flnal cul. Since then it has been the practice

to sow Pin?rs pinclster seed. broadcast after varying degrees of soil preparation

Present plactice, foltowing the clear felting, is to remove all the debris'
'fhis is usuaily done by the lccal people who cart away everyihing lor fuel'
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The stumps ale then removed, generally by hand labour, although a bulldozer

is now used when available. The stumps are split and sold to the glass

facLories in Marinha Grande for fuel. It will be noted that every vestige

of organic debris is removed from the site. when to this is added the
cumulative eflect of ihe peasaDts raking up and calting away the pine needles

fol hundreds of yeals, it would be strange jndeed if the soils were not
deteriorating.

Figure 10. Small  blanch{ood harvested as fuel.  Folest of Leir ia.

The qht to remove the needles was glanted to ihe peasants bJ royal

charter when the folest was created and has never been revoked. They

are used as bedding foI stock and are eventually carted out on to the flelds

for fertiliser. Restr..iction of the plactice at this stage would inflict consider-
able hardship on the poorel people who cannot afiold to buy chemical
fertilisers.

When the site has been completely clealed it is rotary hoed and fifteen
pounds of seed per acre is broadcast sown by hand.

R,esults lrom recent experillents testing responses to NPK fertilisers have
been most encouraging. Tests are also being made to determine if growth

responses can be obtained by ripping and breaking up of the coffee rock layer
\rhere it is within two or three feet of the surface. Results are promising.

More r-ecent1y, experiments have been carried out to test the spot sowing
of seed in an att€mpt to lower initial costs involved in fertiliser application
and to economise when using seed of better genetic entity. Results are
promising arrd it is also anticipaied that the cost of early uneconomic thin-
nings will be reduced. Labour lor this latter operaiion is becoming increas-
ingly scarce and more costly as Portugal develops industrially.
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Figure 12. Eighty years old. Pinus pituaster. Forest of Leirla.

occulred 'rjblough ihe intloduciion of seed from other sources. Indeed it can
be said thai the reverse is ths case and seed tends to flow away from this
Iolest, rather than tolvalds it. As mentioned, earlier, until very Ieceni
times the system of fostering natural legeneration was relied upon to renew
the forest. During the last thirty years or so regeneration has been accom-
plished by broadcast so$ring. The seed for this operation has always been
collected flom within and immediately around the folest. In support of the
contention lhat seed tends to flow away fr'om this forest lather than towards
it, lalge quln1,ities have been and still ar'e collected every year and distlibuted
indiscliminately all over Poltugal for the creatior of new forests and the
regeneralion of old ones. The reason for this is entirely economic, as seed
of this species can be collected more cheaply and with greatel facility in the
vicinitv of Leilia than elsewhere.

Thele is considelable va4aiion in lorm and rate of growth within the
boundaries of the fo'-est. Most ot this can be related to the effect of site.

The rccent intensive search JoI plus phenotypes revealed that the folm
of the tlees in some compaltnents is bettel than othels if judeed by the yield

of plus trees. This variation is independent of site quality. It is usually
noticeable that compartments which ploduce one or more plus phenotypes,
generally contaln other trees of high quality and the general form of the
compartment is better than average. This suggests, in view of the fact that
a1i compartments ar'e separated by an altiflcially straight line which ignores
the ten'ain, that thele are variations within the local popuiation. The differ-
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TABI,E 10.

STOCKING RATES FOR, SELECTED COMPAR,TMENTS IN THE FOR,EST
OF LEIIiIA.

No. l|rces
()rralitv No.

\o.  ' l rees

/lrect. /rcrc

:t

I
4
+
+
f
+
+
+
4
5

a

t 4
{io

to l
1 l : l
98
9ll
3:]

IJ

I Ot)
:l+
5 t

73
5 l

940
l,2i i t)

1i2i)
i2t)

1 ,100
1 ,0 t )
I ,060
I,t t i t)
1,25t)
1,38n
l,0in)
r,490
1 ,710
t , 8 1 0

3.1(J
:l8l
i j18
:51
292
4.r5
409
+29
1(:9
rio{i
559
s34
603
699

,t90
599
uriLr
5:1.)
5ll0
630
830
930
94tr
8:lt)

I , l4( l
:,0,t0
l , l  ? 0
r , 610
t,t7t)

l9il
t,1:J
3'13
z l l
)i)5

3:]6
:l'ii
:J8l
:l:16
162
826
1'.71
t42
j- li

.160
49(l
640
'190
'1ii0
5i l0
67(l
900
90(i
7 r 0
850

t,5,10
t30

1,400
l.ri00

til6
t 9 8
:59
19lJ
t94
202
2i l
365
865
:8rJ
:111
621
3l( i
567
ri07

It should be appreciated, however, that these changes in establishment
and management practises are only taking place within the forest of Leiria.
The resistance to change is tremendous, both within the Forest Service, and in
private forestry. The private owner of a small area of woodland is concerned
with the necessity to draw funds from it to meet living and emergency needs.

A funeral or a do'wry is paid for by falling and selling some trees. and the best
formed and most vigolous are usually the first to go. In addition, to keep

some funds coming in, the owner taps the trees for, resin from an early age.
State practice taps only during the flnal two or three years of the life of the

tree.

The length of the rotation within the forest of Leiria is set at eighty
years. In practice it often exceeds this, possibly due to an imbalance of age

classes and the influence of r_uling economic conditions on d€mand.

Thinnings are scheduled Jor every five years, but are not strictly eniolced.

The trees ale green pruned in their early years (Fig. 15). often commencing

with the first thinning at from three to five years.

In latcr years all branches, as they die, ale removed, from the trees by

the local people. This wood is used fol fuel (Fig. 10).

It is very noticeable in the forest ihat the trees are slow to respond to

thinnings. Apalt flom the fact that all thinnings in the past have been light,

and the release flom competition therefore not great, it is considered that the
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80 Years

\o. Trees

330 t54
'210 97
170 109
320 129
290 I t7
200 8l
)20 89
3 r0  r : 6
310  126
*i0 r0l
260 105
:]20 l:]0
,100 16:
3,10 138
300 126
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Figure 15.. Eight yeals old pi l lus pino,ster after thjnning aicl prunlng.
Present stocking is 1,800 ttees per'  acr.e. Forest of Leir ia, Compartment 340.

the forest and then tlanspor.ted on light nar.row gauge railways out of the
folest. This system has given way to modern motor tlucks, some of which
are Rtted with clanes and winches for loading. An excellent system of sealed
roads traversing the forest is sxill being extended.

Tree rrarking for thlnning is done with a small tomahawk by maKrng
a single biaze in the bark on one side of the tr.ee. Forest Guards usually
wor'k in teams of three oI foLlr men doing ihis work, one man booking and
the rest malking. Each tlee marked is tauied but not measuled. Aftel the
ir'ees have been felled they are measured and given a separ-ate sefial number
which, together \\,ith the mcasulements, is engr.aved rvith a special tool
into the wood of the butt. The logs. sold in parcels by tender or auction as
they lie in the forest, ar'e removed by the purchaser'.

The felling at Iotabiolt age is car,ded out on a face, the ,"vhole coupe
being felled in one oper.ation. TIte uees lall in al1 dilections and some loss
by shattel ing lesults. A team then moves in to Iemove the branches and
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Figure l?.-Pifuas pina.ster poles for the post Office Department. Air season-
ing prior to Tanalith treatment.

Joiner_y, furniture and inter.nal fittings, pulp and cellulose, poles, posts,
s l cqps l5  4n4  m in in .  t imbe r .

Boxes and crates of ai l  kinds.

With Ieference to yield tables for the forest of Leilia, a considerable amount
of work \l|as done on this by Santos Hall some years ago. Unfortunately
the work was never published and the tables are not now available. }Iis
height and volume curves have been pleserved and were revised and adjusted
by Velez (18). These ale reproduced in Appendices III and IV. The volumes
shown in lhis i-epolt represent ail mark€table timber including fuel, down to
5 cm. (2 inches). The calculated volumes include the bark.

Table 11 ext-racted IroD:r the work of Velez, is the production table on
which he based his adjustments to the height and volume curves of Santos
IfaU.

9. Some Nates o', Pinus pinaster Basecl, on ObserDations Ma.d,e in the Forest
of Leiria.

1. The species is very sensitive to light and the tr-ee marker should fully
appreciate this when marking for thlnning. If the trees are left too close
together they grow away from each other and towards any nearby openrng
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TABLE 11.

YIELD TABLE FOR, TIIE FOREST OF LEIRIA.
VOLUMES ARE EXPRESSED IN CUBIC I.EET PER ACR,E. QUALITY CLASS

REFERS TO MEAN DOMINANT HEIGHT AT AGE 50 YEARS.

20
3t)
4lr
n0

;(r

l0r-l
l l 0
l 2 { l

(r0xl)
:11.81 fb

( r  5 l  )
1l) -22 ft

2,525. . {8
:J,2;4.81
3,33, t .0: l
, l - ,317.4,1.
4 , 8 5 0 . 7 5
5,18r ' ; .38
; .421. :14
5 , 5 5 T . l 9
5,59' , i .23
r '1,538.01)
t , : J 7 7 . O t

Qu:rliiJ (11^ss

(J0II)
{ i5.62 ft

: t , 147 .55
.t,0i11.325
4 ,7U9 .25
5,122.i t j
5 , 93 t . 87
6,3r.3.60
6 ,572 .53
6,704.09
{i, ,- l  l  :5
( i ,593.9i1
6,3,t9., t , t

(15rr)
rJ2.03 l t

3 ,821  .  I  I
4 ,U72 .  t 9

6 , 5 1 1 . 0 3
7 ,100 .  22
7,534 96
r - , 816 .68
? ,943 .96
?-,915.3{i
7 ,73 . i . t 7
7 ,399 .09

(3r'1I)
9u.4:t f i

1,'i21- . t-(:
6 , 0 0 1 . 9 ;
7,0S,1.{9
1,915.4-)
8,6r- :1.29
9 , 1 7 U . 0 9
! t ,491 . :?
9,61I  -  , t0
9,53r i .6 l
.q) i2. l i
8 ,8J1. i io

2 , t40 .79
.2, ' , i i  5. i  4
3 ,326 .3 l
3 ,796 .80
4,l l l2.91
4, '188. S,l
.1, t .06
4,8r ' i0.7;
4 ,505 .81
4,4f12.93
l, i ' i l ) .24

in the canopy. The crown tends to develop vigorously on the free or open
side and is severely lestricted where there is insufficient space availabte
for it to develop normally. This further influences the tendency of the tlees
to lean aivay flom each other and results in a bowed and leaning bole with
considerable compression vJood.

There is little doubt that Pinus pinaster has an inher.ently unstable bole
and vely little outside influence is required to aggravate this. It is hoped
eventually to correct this weakness by selective bleeding, using parent stock
with a strongly developed tendency to produce a stlaight and vertical bole.
Foltunately such trees do exist in the forest of Leiria and a number have
been located. These trees have maintained a vertical habit despite very
strong pressure from nearby dominants and it is believed that this factor is
undel- genetic control.

2. The crowrrs of Pin.us pinatster nevel inter-lace 01- inter-mingle with
one another but Iemain separate and distinct entities thloughout thei! lives.
Not even in the mosi sheltered valleys is it possible to find an exception to
this.

3. Butt sweep is a term used in Western Australia to describe a bend
ol bow in the bole between ground level and breast height. This defect leads
to considelable loss in milling or peeling recoveries from the Iargest log in
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Figure 21. Distolted tr€e folm in the protection folest on the Attantic coast.
Age is about B0 years. Forest of Leir.ia.

5. Cone p€lsistence and t ime of seed shed varies consider,ably within ihe
species. Some trees ar'e capable of carrying their cones for many years although
the seed sheds every year. Other trees wer.e found which not only carry per-
sistent cones but also fail to shed their seed in the first summeI, after ripen-
ing, but carry them into the second summer. Such a tree is 8186. from which
it was possible to collect many unopened cones at the end of a hot dry summer
in 1965. GeneraUy the cones open on the trees the first summer after the seed
ripens. Many of the cones also fall ofi and continue to do so through the
lollowing \linter' and summer. In attempting to assess the seed producing
capacity of a tree it is necessary to fully appreciate these factors as the observer
on the ground could be misled by a tlee that appears to carry a very few
cones,

6. The colour ol the wings oi the seeds valies greaUy between individual
trees but is constant for the individual itseu. The coloul can vary from a pale
fawn as in plus pltenotype E162 to almost blask as in plus phenotype E153.
Seed size is largely gover_ned by cone size, the large cones producing large
seeds and the small cones small seeds. Cone size appears to be influenced by
age, the largest cones being produced by ihe ttees in the 10 to 40 year age
group.

?. The time interval between commencement and cessation oJ pollen
shed is about lhree weeks. It. is improbable that the trees which flower at
the beginning and end of this period fertilise one another. The time interyal
between pollen ripening and complete shedding is about ten days in any one
tree.
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TABLE 12.

TEMPER,ATURE DATA FOR, THE LANDES REGION.

THE AVERAGES. IN DEGREES FAIIRENHEIT, ARE MADE FOR, T}IE

PERTOD 1953-1964.

Localitv

October-Septemb€r
inclusi\.e

l ,e Moutchic L'Hefmitage

Min. \rr\. XIin. !lax. Min. Nax. I Uir.
1 | | . 4 "  l r : . j . 6 '  r . r i o  r r ; . 1 , "  n . t j '  I ' r a . x
23 .0  102 .2  15 .3  94 .5  : 3 .0  104 .0  14 .0 '
6 . 8  1 0 0 . , 1  1 . 4  9 3 . 6  5 . 0  1 0 0 . 4  9 . 4

l ' 1 .0  104 .0  l l . 3  95 .0  15 .1J  107 .6  8 . i i
20 . : r  100 .4  l ? .6  91 .4  2 .1 .8  102 .1  19 . , 1
13 .0  l 04 . r l  l ; . 6  96 .8  19 .4  l 0 : ] . 1  t 4 .0
19 . , 1  100 .4  l , l . ( l  93 .6  19 . . 1  100 .4  12 .2
96 .6  101 .0  l t i . ?  105 .8  93 .0  104 .0  18 .5
6 .2 t i  100 .76  12 .2  96 . i 1  . .  105 .8  10 .4
7 . 3{ 100. ;rJ 3. : u A !  r I i  t n l  n  o 4

14 .  f t i  I 00 .1 r t  11 . :  9 t . 0 10 .9 . t  103 .1  10 .22

M,tiets

lgi:| 5.1
1954-55
1955 56
1956 57
1957 58
1 9 5 8 ; 9
1959 6rl
1960 6l
l96r-62
l9ri9 63
1963 64

}1'rx.

roo.+"
9 9 . 5

1 0 1 . 3
9{i. tt

102 .2
97 .'.i
9 7 . 7

t 0 L 3
95 .0

l0 : l . I

When examining these forests there is litUe dimcultv in recognising that

the greater part oJ it belongs to the Atlantic group of the species. There is,

however', a great deal of varialjion, some of it obviously the efiect oi site.

In other cases it is not possible to determine whether the variation is geneti-

cally controlled or the efiect of environment. It is probable that originally

the species did valy from north to south of its range, and this may still be so.

The best stands seen were glowing near Soustons in the south and many

individual tlees were indistinguishable from those of the Leirian plovenance.

Whether the appearance, gooal form and fast late of growth of these stands can

be duplicated elsewhere can only be determined bv testing. Selecting parent

stands or origins for provenance trials is, and will continue to become, incrias-

ingly dimculL in ihis region. Massive quantiiies of seed have been brought in

from otheir sources, including Portugal. Seed has also been collected in one
part of the region, and transferred to another ior sowing

AU this highlights the necessity, when collecting seed to esiablish pro-

venance trials, to ensure that the collections originate from a sufficient

number of individuals. This is necessary to ensule suiocient diversity on

which io base any subsequent implovement proglamme. The possibility of

obtaining fur-ther seed of identical genetic identitv, bv going back to the source,

becomes more difficult as time goes on.

Fertilisers have been undel test as a means of improving site quality and

some highly significant r-esulis have been obtained (1).
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PIus Trees.-llj.. selecting plus trees a great deal of emphasis has been
placed on vigour and all tlees seen are outsianding for this factor. Serious

faults in folm. such as for instance butt sweep, have been accepied in some of

the €arlier selections, but standards of perfection now closely approximate those

in Western Australia. It was considered when selection commenced in France

that, as the bulk of all logs are sold in short lengths and resin tapping led to

serious degrade in the butt log, some degree of butt sweep was unimpodant.

It is now realised that the resin industry appears tc have a limited future

unless some new and revolutionary process is devised for tapping the trees,

and also ihat compr'ession wood associated with butt sweep results in serious

degrade.

When selecting plus ir_ees the closest suuounding 30 trees are measuled

and their qualities assessed, as for the plus phenotype itself. This data is

examined statistically and to make selection possible the plus tree must l-rave

a significant superiority over the population sample surrounding it. Girths

are taken at breast heicht but considerable importance is given to mid-log or

tree diameter as measured by a Barr and Stroud F.P.12 dendrometer or a
pentaprism caliper. With the object of pelmitting the degree of genetic gain

to be calculated. seed collected from the group of 30 surrounding trees is tested

against the progeny of the plus phenotvpes in the trial.

Some excellent plus phenotypes have now been located, of which the

fol lowing rate hishly:-4318, 4311, 4312, 4313, 5308.

Hau sib seeds of the following plus phenotypes have been donated by

the Flench Forest Service for. t l ial  in Austral ia:-

Tree No.

00 .16
00.18
00.19

00.23
01.06
01.08
01.23
0r.24

Tree No.

01 .59

02.05

02 .51

02.52

02.83

13 .05

13 .06

31 .05

Tree No.
3  8 .01
38.02
38.27
42.02
43.10
43.16
43.l'.l
4'.1.02

Tree No.
51 .01
51.02
53.01

7 r.02
?1.03
?1.04
?1.05

71.06

These have been received and sown and were planted out in tlials ln
1967.

Most of the plus phenotypes located to date are situated on other than

State Forest and it is not likely that thev will be preserved bevond their

rotation age. Al1 plus trees are in excess of forty years of age

Progen! Trials.-Several half sib tlials have been established and the

oldest is aged about five years. The first full sib tdal was io be planted out

in 1966.
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CONCLUSIONS.

There is sufncient diversity in appearance and glowth r_ate to wauant
further provenance testing of Landes origins in Western Australia.

Th€ tree as seen in tire vicinity of Pontevedra in \[estern Galicia in
Spain also warlants t€sting under Western Australian conditions, and seeds
were collected for this purpose. These were sown in August 1966.

Apa* from these two origins it is not considered that any other proven-

ance seen has the potential to compete with that of the forest of Leiria for

timber productlon in the wester'n Australian €nvironment.
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APPENDIX I.
INT'RODUCTION OF PORTUGUESE TR,EES PR,OPAGATION SUMMAR,Y

TO MARCH. 1967.
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APPENDIX II.

wooo pnbpeRrrEs oF THE sELEcTED TREES.

A-'o.
Iibre clain r'ou ] m.i" Tibrc crDn

LA,A i l r  An , ' lp  \o .  ln .n . i r t  Lengrh  
]  

AnFIF

I

,.,'0." | ..",n
Lmgth ingle

o.2

0,0
0,1
o,2
0,0

0,0
0,0
o.1
t . 1
o, t

0,0
0,0
0,3
0,1
l , l
2,2
0,1
0,0

3,,1
0,1
0.1
0,0

B.A.

Il.,t,
3.4.

.527

.55S

.455

. 5 1 7

.522

.475

.519

.432
,501
.502
.505
.457
.406
.4S9
.478
_ 492
.467
.440
.4 t-2
,498
.471,
.486
.457
.558
.517
.5?6
.45L

Irl1t0
D160
D16t
Dl02
n163
rt0{
r165
]it06
lt167
nl68
I169
!1?0
]'171
IN1?2
8173
x174
rt75
r176
xl77
r17a
xt?9
It180
t!141
8182
tr183
Dt85
11186

B.A,
B.A.

3.4.
B.i..

_604
.541
.5J1
.508
.480
,534
,477
.497
.52 t
.524
.493
.508
. 5 1 6
.400
.465
.401
.422
,464
,460
.501
_ 498
.614
.500
.539
.486
.524
. 5 1 9
.522
.549

n130
nls1
n132
ttls3
1t134
n135
11136
E1B?
D1B8
E t 3 9
xt 40
n141
rl42
M43
n144
xl46
x146
r,147
Ii148
8149
D150
r151
8152
x153
nl54
tri155
n156
lit157
I t158

IJ.A.

3.A.

R.A.

. Tlee MsD for Uaiule Wood.
I A.A. : .Aborc .|leracF. B.A. : BFlow Averace.
I Grain d.vlrtlotr in Dpgre.s lbr lrd forn'.d wood on r-wo opDcil. rrdii.

0,0
0,0
0.0
0,0
0,1
1 , 2
0,0
0.0
1,1
0,0
0,2
0,0
0,0
0,0
0,1
0,1
Q,2
o,2
0,0
0,2
0,0
0,0
0.0
0,0
0,0
0,2
0,1
3,4
0,0

0,2

0,1
0,0
2,0
o,2
0,0
0,2
o.2

0,0
0,0
0,2
o,2
0,0
0,0
0,0
0,1
3,4
o,0
1,0
t .0

0,0
0,0
0,0
0,6
1,2

l ] .4.
B.A.
1].-{.
3.A.

B.,{.

.485

. i!83

. 18rl

. 5 1 9
_454

,6r4
. 5 1 4
.478

.4 io

.524

.610

.490

.442

.503

.533

.631

. !l84

.461

.652
,524
.494
.654
.499
.576
,491

!101
xl02
n103
11104
D105
8106
8107
D108
nl09
x110
nl11
nt12
xt lB
I t l t4
x l16
gt10
r l17
n118
I4119
8120
nl21
m22
E12A
7,124
8196
8126
Dl2?
n12a
Ir129

B.A.
ll.,{.

64
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Vollme psr hectare (cubic mettss)
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